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A b s t r a c t

IInnttrroodduuccttiioonn::  Thromboembolism, usually originating from the left atrium (LA)
and left atrial appendage (LAA), is a major complication of atrial fibrillation and
may result in transient ischemic attack and stroke. Computed tomography (CT)
is a noninvasive test for detection of LA and LAA thrombus. We sought to con-
duct a meta-analysis to evaluate the accuracy of CT in detecting LA/LAA throm-
bus.
MMaatteerriiaall  aanndd  mmeetthhooddss::  The PubMed, Medline, ISI Web of Knowledge and Co -
chrane Library databases up to June 2012 were searched for studies comparing
CT and transesophageal echocardiography as the reference standard in detect-
ing LA/LAA thrombus. Meta-analysis methods were used to pool sensitivity and
specificity and to construct summary receiver operating characteristic (SROC)
curves.
RReessuullttss::  A total of 9 studies with 1646 patients were included in this meta-analy-
sis. The publication years spanned from 2007 to 2012. For CT diagnosis of LA/LAA
thrombus, the mean sensitivity and specificity were 81% (95% CI: 70-90%) and
90% (95% CI: 88-91%), respectively. The SROC analysis showed an area under
the curve of 0.93.
CCoonncclluussiioonnss::  Computed tomography shows a good diagnostic accuracy in detect-
ing LA/LAA thrombus with high sensitivity and specificity. Thus CT should be
considered the foremost noninvasive alternative to transesophageal echocar-
diography for detecting LA/LAA thrombus. Randomized studies at the patient
level are needed to address the potential use of CT in detecting LA/LAA throm-
bus.

KKeeyy  wwoorrddss::  computed tomography, transesophageal echocardiography, left atrial
thrombus, meta-analysis.

Introduction

Investigation of potential embolic sources is an important diagnostic
step in treating patients with acute ischemic stroke or transient ischemic
attack (TIA), especially when the mechanism is considered to be embolic.
Cardiogenic embolism has been estimated to be the causative factor in
20-40% of all cases of stroke [1-3]. Atrial fibrillation (AF) is the most com-
mon cause of embolic sources from the heart, and AF-related strokes con-
stitute about 60% of all cardioembolic strokes [4]. Patients with stroke and
AF frequently have concomitant potential cardiac sources of embolism
and are at increased risk of recurrent embolism, despite anticoagulation
[5, 6]. The detection of certain concomitant potential cardiac sources
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of embolism in patients with stroke and AF may
thus help to identify a patient group with a high
risk of recurrent stroke. Furthermore, preexisting
atrial thrombus should be excluded before the car-
dioversion of atrial fibrillation or catheter ablation
to avoid embolization.

Thromboembolism, usually originating from
the left atrium (LA) and left atrial appendage (LAA),
is a major complication of AF and may result in TIA
and stroke [7]. Accordingly, the 2007 Heart Rhythm
Society/European Heart Rhythm Association/Euro-
pean Cardiac Arrhythmia Society consensus state-
ment recommends pre-procedural transesophageal
echocardiography (TEE) in order to screen for the
presence of thrombus, especially in patients with
persistent AF at the time of ablation [8]. Although
TEE is still considered the gold standard to exclude
LA/LAA thrombus, TEE requires special skills for
proper performance and interpretation. Addition-
ally, it is a relatively invasive test, usually performed
with the patient under conscious sedation [9, 10].

Alternatively, a potentially non-invasive and effi-
cacious method allowing identification of LA/LAA
thrombus with reliability and accuracy comparable
to TEE would be of significant clinical value. Recent
advances in multi-detector spiral CT (MDCT), includ-
ing improvements in temporal and spatial resolu-
tion, now allow accurate and consistent imaging
of cardiac structure, including LA/LAA thrombus.

Over the last decade, mainly smaller studies
have been performed among patients to determine
the diagnostic value of MDCT for detecting LA/LAA
thrombus, compared with TEE as the reference
standard. However, sensitivity and specificity of
MDCT in excluding LAA thrombus were varied in
prior studies. However, the ability of MDCT to detect
LA/LAA thrombus has never been systematically
validated because of the small sample sizes. We
therefore performed a meta-analysis to explore
the potential diagnostic value of CT in detecting
LA/LAA thrombus.

Material and methods

LLiitteerraattuurree  sseeaarrcchh

This meta-analysis was performed in accordance
with the Quality of Reporting of Meta-analysis
(QUOROM) consensus guidelines and according to
a protocol that prespecified outcomes, search
strategies, inclusion criteria, and statistical analy-
sis [11]. We identified studies by a literature search
of the PubMed, Medline, ISI Web of Knowledge 
and Cochrane Library databases up to June 2012
with the following key words: “left atrial thrombus”,
“left atrial appendage thrombus”, “left atrial filling
defects” or “left atrial appendage filling defects”
plus “computed tomography”. In addition, we re view -

ed the reference lists from all relevant articles to
identify additional studies if necessary. All search-
es were conducted independently by 2 authors.
The results were compared, and any questions or
discrepancies were resolved through iteration and
consensus.

IInncclluussiioonn  ccrriitteerriiaa  ffoorr  iinncclluuddeedd  ssttuuddiieess

We included articles in any language that (i)
compared MDCT with TEE as the reference stan-
dard; (ii) had a prospective design; (iii) included
patients with suspected LA/LAA thrombus; (iv)
involved multi-slice CT scanners (≥ 16 slice); (v)
clearly stated the number of true positive, false pos-
itive, false negative, and true negative results for
diagnosis of LA/LAA thrombus, or they could be cal-
culated from the article; (vi) defined LA/LAA throm-
bus as an intracavitary contrast filling defect with
attenuation values similar to non-enhanced tissue
by MDCT; and (vii) defined LA/LAA thrombus as an
intracavitary echogenic mass that could be distin-
guished from the surrounding tissue in more than
one imaging by TEE.

DDaattaa  eexxttrraaccttiioonn  aanndd  qquuaalliittyy  aasssseessssmmeenntt

Data were abstracted by use of specific data col-
lection forms by two authors and checked for accu-
racy. We extracted data on study population char-
acteristics, relevant technical information about
the CT and TEE approach, and detailed reference
standard specifications. We assessed methodolog-
ical quality by the Quality Assessment of Diagnos-
tic Accuracy Studies (QUADAS) tool [12] and indi-
vidually tailored the guidelines for scoring each item
in our review as suggested [13].

DDaattaa  ssyynntthheessiiss  aanndd  ssttaattiissttiiccaall  aannaallyyssiiss

We used meta-analysis software (MetaDisc, Ver-
sion 1.4, Unit of Clinical Biostatistics, Ramón Y Cajal
Hospital, Madrid, Spain; STATA, Version 11.0, Stata-
Corp, College Station, TX, USA) for the analysis.
The pooled indices of sensitivity and specificity with
the corresponding 95% confidence intervals (CI)
were calculated by using weighted averages accord-
ing to the sample size of each study. The pooled
estimates of positive likelihood ratio, negative like-
lihood ratio and diagnostic odds ratio (DOR) were
computed by the DerSimonian and Laird method
based on a random-effects model [14, 15].

In addition, an assessment of diagnostic thresh-
old variation among studies was undertaken using
a summary receiver operating characteristic (SROC)
curve. The SROC curve (and area under the curve)
represents the overall performance of the test, and
depicts the trade-off between sensitivity and speci-
ficity. A symmetric curve suggests that the vari-
ability in accuracy between studies is explained, in
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part, by differences in thresholds employed by
the studies.

Heterogeneity in meta-analysis refers to
the degree of variability in results across studies.
Heterogeneity of results across trials was assessed
with a standard χ2 test with significance set at 
p < 0.10 and an I2 statistic with significance set at
I2 > 50%. A value of p < 0.01 was considered sta-
tistically significant [16]. Stratified (subgroup) analy-
ses were used to identify study design and test-
related factors responsible for heterogeneity in test
accuracy.

Publication bias was assessed using several
methods. Visual inspection of a funnel plot for
vascular-related end-points was performed. A fun-
nel plot provides a visual representation of each
study included in the meta-analysis plotted by its
effect size on the horizontal axis and variance on
the vertical axis. When publication bias is not
present, the funnel plot resembles an inverted

funnel, with less precise studies having greater
variance scattered at the bottom to either side
of the more precise studies. If publication bias is
present in a meta-analysis, the plot does not
appear as an inverted, symmetrical funnel. Egger’s
weighted regression method was also used to
assess publication bias (p < 0.05 was considered
representative of statistically significant publica-
tion bias) [17]. 

Results 

TTrriiaall  ffllooww

The primary search revealed 261 reports. At
review, 239 reports were excluded after reading
the abstract and a further 13 reports were exclud-
ed after reading the full report because they did not
meet the inclusion criteria. We finally accepted 9 re -
ports [18-26]. Figure 1 shows the selection of stud-
ies for the study.

Computed tomography for detecting left atrial thrombus: a meta-analysis

QQuuaalliittyy  iitteemm PPoossiittiivvee  ssccoorree

1. Was the spectrum of patients representative Only patients suspected of stroke were included.
of the patients who will receive the test in practice?

2. Were selection criteria clearly described? It was clear how patients were selected to undergo  
CT scan before and during or after IVUS exam.

3. Is the reference standard likely to enable correct Transesophageal echocardiography was used as the 
classification of the target condition? reference standard.

4. Is the time period between the reference standard Time period between CT and TEE was short enough.
and index test short enough to be reasonably sure that 
the target condition did not change between the two tests?

5. Did the whole sample or a random selection All patients or a random selection of the patients received 
of the sample receive verification with verification with TEE.
a reference standard?

6. Did patients receive the same reference standard All patients received the same reference standard 
regardless of the index test result? regardless of the index test result.

7. Was the reference standard independent The reference standard was independent of the index test.
of the index test?

8. Was the execution of the index test described The CT scan protocol (scanner type, acquisition mode, 
in sufficient detail to permit replication of the test? reconstruction method, length of fasting before scanning, 

and interpreter(s)) was described.

9. Was the execution of the reference standard described Sufficient details or citations were reported to permit 
in sufficient detail to permit its replication? replication of the TEE.

10. Were the index test results interpreted without Interpretation of CT findings was performed without 
knowledge of the results of the reference standard? knowledge of IVUS findings.

11. Were the reference standard results interpreted Interpretation of the TEE results was performed without 
without knowledge of the results of the index test? knowledge of the CT findings.

12. Were the same clinical data available when test results Clinical data, such as age, sex, and clinical symptoms, 
were interpreted as are available when the test is used were available when CT results were interpreted.
in practice?

13. Were uninterpretable and/or intermediate test results All CT results, including uninterpretable and/or 
reported? intermediate results, were reported.

14. Were withdrawals from the study explained? It was clear what happened to all patients who withdrew 
from the study.

TTaabbllee  II..  Criteria used to assess the methodological quality of included studies according to the QUADAS tool
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SSttuuddyy  cchhaarraacctteerriissttiiccss

From the literature search, 9 studies were accept-
ed finally [18-26]. The study characteristics are
shown in Table II. The publication years spanned
from 2007 to 2012. Patient enrolment in single stud-
ies ranged from 51 to 402 patients. The total num-
ber of patients was 1646. All of the included reports
involved patients with AF or stroke who had high
risk factors for thrombus formation. All of the
reports described single-center prospective cohort
studies. All of the reports used contrast-enhanced
CT protocols to detect LA/LAA thrombus. In order
to validate the CT results, all the included studies
required patients to undergo TEE. Of all the includ-

ed studies, LA/LAA thrombus was defined as an
intracavitary contrast filling defect with attenuation
values similar to non-enhanced tissue by MDCT and
an intracavitary echogenic mass that could be dis-
tinguished from the surrounding tissue in more
than one imaging by TEE. Of the 9 included stud-
ies, 6 used a 64-slice CT scanner [18-20, 22-24], 
1 used a 128-slice CT scanner [26], 2 involved 2 dif-
ferent types of scanners [21, 25], and 3 used a dual-
source CT scanner [19, 20, 26].

MMeetthhooddoollooggiiccaall  qquuaalliittyy

Findings from the QUADAS tool for quality
assessment of diagnostic accuracy studies can be
found in Figure 2. Table I shows how the studies
scored on each item. The quality and completeness
of the reporting of studies were variable, and
the studies were generally of high quality. All of
the reports met the requirements for at least 8 of
the items and in 8 of the 9 studies fulfilled more
than 10 items of the 14-item QUADAS checklist. Ten
of the QUADAS items were met by more than 75%
of the studies. 

QQuuaannttiittaattiivvee  ddaattaa  ssyynntthheessiiss  

True-positive (TP), false-negative (FN), false-pos-
itive (FP) and true-negative (TN) results for includ-
ed reports are shown in Table III. Among the
9 reports providing data on the diagnostic accura-
cy data of CT in detecting LA/LAA thrombus, the
pooled sensitivity was 81% (95% CI: 70-90%) and
the pooled specificity was 90% (95% CI: 88-91%)
(Figure 3). To assess the impact of diagnostic
threshold variation between studies, a symmetri-
cal SROC curve was fitted (Figure 4). The SROC
curve displays a ROC-type trade-off between sen-

Studies finally included in this 
meta-analysis (n = 9)

Papers were excluded because they
were reviews, case reports, or not

related to detect left atrial thrombus
by CT and TEE after reading 

the abstract (n = 239)

Papers were excluded because they
didn’t met the inclusion criteria after

reading the full report (n = 13)

Total of articles identified 
by primary serach in the databases 

(n = 261)

Potentially appropriate 
articles (n = 22)

FFiigguurree  11..  Trial flow diagram of the literature search
resulting in 9 included studies

SSttuuddyy  CCoouunnttrryy  PPuubblliiccaattiioonn  NNuummbbeerr  MMeeaann  aaggee  MMeenn  DDiisseeaassee  TTEEEE  ttyyppee  CCTT  ttyyppee--sslliiccee
yyeeaarr ooff ppaattiieennttss [[yyeeaarrss]] [[%%]] ssttaattuuss

Dorenkamp et al. [18] Germany 2011 329 62 65 AF 5 MHz 64 s

Kapa et al. [19] USA 2010 255 58 78 AF 3.5-7 MHz Dual-source 
64 s

Hur et al. [20] South Korea 2012 63 64 78 AF 5 MHz Dual-source 
64 s

Kim et al. [21] New York 2007 223 57 82 AF 5-7 MHz 16 and 64 s

Martinez et al. [22] USA 2009 402 56 76 AF 3.5-7 MHz 64 s

Singh et al. [23] USA 2009 51 64 73 AF 7 MHz 64 s

Tang et al. [24] China 2008 170 56 72 AF 5 MHz 64 s

Sawit et al. [25] New York 2012 70 58 73 AF NA 64, 128 
and 256 s

Hur et al. [26] South Korea 2011 83 63 67 Recent 5-7 MHz Dual-source 
stroke 128 s

TTaabbllee  IIII..  Characteristics of included studies

NA – data not available, AF – atrial fibrillation, TEE – transesophageal echocardiography
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sitivity and specificity. The area under the curve 
(± SE) was 0.93 (±0.02), indicating very good diag-
nostic accuracy.

To determine the implications of our results for
clinical use, we calculated the probability of CT
detecting LA/LAA thrombus. Table IV shows the like-
lihood ratio profile of CT (positive likelihood ratio =
6.24; negative likelihood ratio = 0.22) primarily as
a tool for ruling out thrombus.

To assess possible explanations for the hetero-
geneity, we performed stratified analysis to identi-
fy sources of heterogeneity among included stud-
ies. Table IV presents three factors that were found
to be most strongly associated with the observed
heterogeneity. The estimated DOR was nearly 
6.3 times lower with a prospective study design than
no or unclear study design. Studies with CT types
that used a dual-source CT scanner produced diag-

0 10 20 30 40 50 60 70 80 90 100

[[%%]]

FFiigguurree  22..  Methodological quality of included studies according to the QUADAS tool

Representative spectrum?

Selection criteria?

Acceptable reference standard?

Acceptable delay between tests?

Partial verification avoided?

Differentia verification avoided?

Incorporation avoided?

Index test execution?

Reference standard execution?

Index test results blinded?

References standard results blinded?

Relevant clinical information?

Uninterpretable test results reported?

Withdrawals explained?

Yes (high quality)           Unclear           No (low quality)

SSttuuddyy  NN TTPP FFPP FFNN TTNN SSeennssiittiivviittyy  ((9955%%  CCII))  SSppeecciiffiicciittyy  ((9955%%  CCII))

Dorenkamp et al. [18] 329 2 8 5 314 0.29 (0.04-0.71) 0.98 (0.95-0.99)

Kapa et al. [19] 255 4 29 0 222 1.00 (0.40-1.00) 0.88 (0.84-0.92)

Hur et al. [20] 63 13 18 0 32 1.00 (0.75-1.00) 0.64 (0.49-0.77)

Kim et al. [21] 223 3 42 0 178 1.00 0.29-1.00) 0.81 (0.75-0.86)

Martinez et al. [22] 402 9 31 0 362 1.00 (0.66-1.00) 0.92 (0.89-0.95)

Singh et al. [23] 51 2 2 0 47 1.00 (0.16-1.00) 0.96 (0.86-1.00)

Tang et al. [24] 170 4 10 7 149 0.36 (0.11-0.69) 0.94 (0.89-0.97)

Sawit et al. [25] 70 2 11 0 57 1.00 (0.16-1.00) 0.84 (0.73-0.92)

Hur et al. [26] 83 13 13 0 57 1.00 (0.75-1.00) 0.81 (0.70-0.90)

TTaabbllee  IIIIII..  Study results

N – number of patients, FN – false negative, FP – false positive, TN – true negative, TP – true positive, CI – confidence interval
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nostic odds ratio estimates 2.3 times higher than
studies that used other MDCT. In addition to the
above two factors, quality of the study also affect-
ed the results. However, even after stratifying by
study design and target sequence, considerable
unexplained heterogeneity persisted in all the sum-
mary measures. The shape of the SROC curve sug-
gested that variability in diagnostic thres holds 
(cut-points) across studies could partly explain
the heterogeneity.

The evaluation of publication bias showed that
the Egger test was significant (p = 0.003). The fun-
nel plot also showed marked asymmetry, with stud-
ies missing from the left, suggesting a publication
bias (Figure 5).

Discussion

Atrial fibrillation is the most common cause
of embolic sources from the heart, and AF-related
strokes constitute about 60% of all cardioembolic

0 0.2 0.4 0.6 0.8 1.0

SSeennssiittiivviittyy  

FFiigguurree  33..  Forest plot of pooled sensitivity and specificity of CT in diagnosis of LA/LAA thrombus

SSeennssiittiivviittyy  ((9955%%  CCII))
Dorenkamp 2011 0.29 (0.04-0.71)

Kapa 2010 1.00 (0.40-1.00)

Hur 2012 1.00 (0.75-1.00)

Kim 2007 1.00 (0.29-1.00)

Martinez 2009 1.00 (0.66-1.00)

Singh 2009 1.00 (0.16-1.00)

Tang 2008 0.36 (0.11-0.69)

Sawit 2012 1.00 (0.16-1.00)

Hur 2011 1.00 (0.75-1.00)

Pooled sensitivity = 0.81 (0.70-0.90)
χ2 = 38.97; df = 8 (p < 0.0001)
Inconsistency (I2) = 79.5%

AA
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SSppeecciiffiicciittyy  ((9955%%  CCII))
Dorenkamp 2011 0.98 (0.95-0.99)

Kapa 2010 0.88 (0.84-0.92)

Hur 2012 0.64 (0.49-0.77)

Kim 2007 0.81 (0.75-0.86)

Martinez 2009 0.92 (0.89-0.95)

Singh 2009 0.96 (0.86-1.00)

Tang 2008 0.94 (0.89-0.97)

Sawit 2012 0.84 (0.73-0.92)

Hur 2011 0.81 (0.70-0.90)

Pooled sensitivity = 0.90 (0.88-0.91)
χ2 = 83.61; df = 8 (p < 0.0001)
Inconsistency (I2) = 90.4%

BB
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FFiigguurree  44..  SROC for CT in diagnosis of LA/LAA thrombus
SROC – summary receiver operating characteristic, 
AUC – area under the curve
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strokes [4]. Prevalence of AF is a major risk factor
not only for stroke, but also for other cardiovascu-
lar events, such as cardiovascular death, unstable
angina and myocardial infarction. One report has
shown that the annual incidence of nonfatal stroke
and unstable angina was higher, and cardiovascu-
lar death was more than double, in AF versus non-
AF patients. Although numerically higher with AF,
there was little difference in the rate of nonfatal
myocardial infarction between AF and non-AF 
patients [27]. There were notable differences in
the baseline characteristics and risk factor profile
of patients with AF compared with non-AF patients,
with older age, higher prevalence of hypertension,
and a larger waist circumference. These differences
may contribute to cardiovascular events for patients
with AF [27].

Thrombi of the LA and LAA are common sources
of stroke, and because LA and LAA thrombi are treat-
able sources of embolism, the detection of throm-
bi may significantly affect patient management.
Currently, TEE is considered the reference standard
for the detection of intracardiac thrombus. The
main advantages of TEE include high temporal and
spatial resolution, as well as the lack of radiation
and contrast exposure. However, TEE requires spe-
cial skills for proper performance and interpreta-
tion. Additionally, it is a semi-invasive test, usually
performed under conscious sedation [9, 10, 28].
Multi-detector spiral CT allows visualization of
the entire LA, including the LAA. In most cases,
anatomic rendering of the left atrium and pul-
monary veins using CT is performed in addition to
TEE to exclude the presence of thrombus in the LAA.
Contrast enhanced cardiac MDCT provides high-res-
olution volumetric data sets of the heart and adja-
cent anatomical structures. It would be a clinically
useful setting to rule out LA/LAA thrombus with

the identical MDCT data set, obviating the need for
pre-procedural TEE.

Alternative diagnostic approaches for the visu-
alization of LA/LAA thrombus must prove their accu-
racy, reliability, and prognostic value before they
can be recommended for clinical practice. We per-
formed a meta-analysis of the diagnostic perform-
ance of CT as a potential noninvasive method for
detecting LA/LAA thrombus compared with TEE as
the reference standard. Table III displays the sensi-
tivity and specificity estimates from each of the
9 studies in detecting LA/LAA thrombus. Both sen-
sitivity (range: 0.29-1.0) and specificity (range: 0.64-
0.98) estimates were highly variable. Among these
reports, two prospective reports have very low sen-
sitivities (29% and 36%, respectively) [18, 24] and
others have 100% sensitivity. Differences in sensi-
tivity and specificity between the studies may be
presumed to be partially attributable to: (i) a rela-
tively low rate of thrombus occurrence in the stud-
ied patient populations; (ii) contrast bolus tech-
niques and (iii) different experience levels of the
interpreting physicians. Despite the high hetero-

GGrroouupp  oorr  ssuubbggrroouupp PPoooolleedd  PPoooolleedd  PPoossiittiivvee  NNeeggaattiivvee  PPoooolleedd
sseennssiittiivviittyy  ssppeecciiffiicciittyy  lliikkeelliihhoooodd  lliikkeelliihhoooodd  ddiiaaggnnoossttiicc

((9955%%  CCII)),,  %% ((9955%%  CCII)),,  %% rraattiioo  ((9955%%  CCII)) rraattiioo  ((9955%%  CCII)) ooddddss  rraattiioo  ((9955%%  CCII))

All reports 0.81 (0.70-0.90) 0.90 (0.88-0.91) 6.24 (4.05-9.63) 0.22 (0.08-0.59) 26.44 (11.97-58.41)

CT type:

Dual-source 1.00 (0.88-1.00) 0.84 (0.80-0.87) 4.65 (2.39-9.07) 0.07 (0.01-0.31) 71.83 (13.44-383.95)

Others 0.65 (0.46-0.80) 0.91 (0.90-0.93) 7.55 (4.63-12.31) 0.41 (0.18-0.94) 21.53 (8.07-57.41)

Study quality:

QUADAS item > 10 0.74 (0.59-0.86) 0.92 (0.90-0.94) 5.54 (3.03-10.13) 0.34 (0.12-0.99) 22.18 (7.32-67.20)

QUADAS item ≤ 10 1.00 (0.81-1.00) 0.88 (0.86-0.90) 7.00 (4.35-11.26) 0.12 (0.03-0.44) 60.04 (13.59-265.19)

Prospective study design:

Yes 0.33 (0.13-0.59) 0.96 (0.94-0.98) 7.33 (3.30-16.27) 0.70 (0.51-0.97) 10.72 (3.59-32.01)

No or unclear 1.00 (0.92-1.00) 0.87 (0.85-0.89) 6.04 (3.69-9.90) 0.10 (0.04-0.27) 67.50 (21.85-208.48)

TTaabbllee  IIVV.. Stratified analysis for the evaluation of heterogeneity in studies

CI – confidence interval, QUADAS – Quality Assessment of Diagnostic Accuracy Studies
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FFiigguurree  55..  Funnel plot of this meta-analysis
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geneity, we observed a good weighted sensitivity
of 81% and specificity of 90% for CT in the detec-
tion of LA/LAA thrombus as compared with TEE.
The area under the SROC curve (± SE) was 0.93 
(± 0.02), indicating very good diagnostic accuracy.

Of note, we found significant heterogeneity 
in results among the included studies. Thus, our
results should be interpreted cautiously, although
our use of a random-effects model meta-analysis
should correct for this issue at least in part. Use
of stratified analysis may explain some of the
sources of heterogeneity. Computed tomography
type, study quality and prospective study design
may be sources of the heterogeneity. Funnel plot
of included studies showed a significant publica-
tion bias as well.

Intracavitary LA/LAA thrombi present as filling
defects on MDCT. However, such defects may also
result from inadequate mixing of contrast agent and
blood and may even give the false-positive appear-
ance of thrombus. Conditions associated with al -
tered atrial blood-flow patterns, in particular AF, may
favor the occurrence of filling artifacts that are incor-
rectly interpreted as thrombus [23, 24].

Our meta-analysis contains some limitations.
First, most of the included studies performed the 
2 examinations within a 3-day period but not on
the same day. Thrombus could have formed or been
lysed in the time between the TEE and CT exami-
nations. Second, differences in the experience lev-
els of the interpreting physicians could contribute
to differences in results between studies. Third, only
2 of the studies had a prospective design; one lim-
itation is the reliance on chart review for data col-
lection. Fourth, because meta-analysis combines or
integrates the results of several independent stud-
ies, the quality and reliability depend on the qual-
ity of included studies. We used the QUADAS tool
for assessing methodological quality of individual
studies as they were reported. Though 8 of the
9 studies fulfilled more than 10 items of the 14-item
QUADAS checklist, the included studies we reviewed
scored poorly on selection criteria, relevant clinical
information and reference standard execution.
The high number of items that scored “unclear”
shows the need for further improvement in this
regard. Finally, a common limitation in undertaking
meta-analyses is the issue of publication bias, in
which clinical trials with statistically significant
results are published and those with undesirable
results frequently are not [29]. The funnel plot
of included studies suggests the presence of pub-
lication bias, which may have led to an overesti-
mation of the true diagnostic performance. Other
very different mechanisms can also lead to asym-
metry in funnel plots, including true heterogeneity,
data irregularities, artifacts and chance.

Transesophageal echocardiography is not only
the imaging method of choice for the detection
of LAA thrombus, but is also able to detect car-
dioembolic sources such as patent foramen ovale,
valvular vegetations, and mobile thrombi in the aor-
ta. Transesophageal echocardiography is also a valu-
able tool to image thoracic aortic atheroma associ-
ated with the prevalence of high-risk coronary
anatomy [30]. In addition, in contrast to CT, TEE can
be performed in patients with renal dysfunction 
or an allergy to contrast media. However, TEE is
a time-consuming, invasive, and uncomfortable pro-
cedure. Furthermore, thrombus evaluation involves
individual judgment that is reader dependent.
Therefore, in clinical practice, a less invasive modal-
ity that is capable of assessing intracardiac throm-
bus in the setting of embolic stroke is desirable.
With ongoing technical developments, CT might
have more potential in detecting LA/LAA thrombus.
Additional detector rows and improvements in tem-
poral resolution will advance CT technology. Thus,
we believe that CT can be used as an alternative
modality for detecting thrombus in selected
patients with stroke or AF, because it has high diag-
nostic accuracy for the detection of intracardiac
thrombus, and is a noninvasive and reproducible
modality. In addition, coronary artery calcium meas-
urement, determined with CT, is a powerful pre-
dictor of future cardiovascular risk [31].

Finally, we note that, even though CT is a non-
invasive method compared to TEE, the radiation
exposure is a disadvantage of CT. One report has
mentioned that CT examinations may be associat-
ed with increased risk of future fatal cancer.
This risk varies markedly and is considerably greater
for women, younger patients, and for combined
cardiac and aortic scans [32]. Hence further devel-
opment of a system with a lower radiation expo-
sure dose for use in clinical radiology will be nec-
essary.

In conclusion, CT should be considered the fore-
most noninvasive alternative to TEE for detecting
LA/LAA thrombus. Randomized studies at the
patient level are needed to address the potential
use of CT in detecting LA/LAA thrombus.
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