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Abstract

Objectives To test whether multidetector computed tomogra-
phy (MDCT) could completely replace transoesophageal
echocardiography (TEE) to detect left atrial appendage
(LAA) thrombi in atrial fibrillation (AF) patients using a large
sample size.

Methods 783 patients with AF who underwent MDCT and
TEE before catheter ablation were retrospectively included.
Demographic data were obtained. Two radiologists blinded
to clinical data made the imaging diagnosis.

Results Most of the patients (96.2 %) had a CHA,DS,-VASc
score (congestive heart failure, hypertension, age > 75 years
old (doubled), diabetes, stroke/transient ischaemic attack/
thromboembolism (doubled), vascular disease, age 65-74
years, female sex) < 3. Eight thrombi were identified by
TEE, all of which were detected by MDCT; no thrombus
was observed with TEE without the observation of filling
defects by late-phase MDCT scanning in any of the patients.
Using TEE as reference standard, the sensitivity, specificity,
positive predictive value and negative predictive value of
MDCT for thrombus detection were 100 %, 95.74 % (95 %
CI94.33 %-97.15 %), 19.51 % (95 % C1 16.73 %—22.29 %)
and 100 %, respectively.
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Conclusions For AF patients with low risk of stroke, when

MDCT images showed no filling defect in the late phase, TEE

prior to catheter ablation can be avoided.

Key Points

* MDCT can help detect the presence of LAA thrombus.

* TEE can be avoided when late-phase MDCT shows no filling
defect.

» TEE is required in patients whose MDCT images indicate
thrombus.
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Abbreviations and acronyms
AF Atrial fibrillation

CA Catheter ablation

CHA,DS,-VASc  Congestive heart failure, hypertension,
age > 75 years (doubled), diabetes
previous stroke/transient ischaemic
attack/thromboembolism (doubled),
vascular disease, age 65—74 years,
and sex category (female)

CHF Congestive heart failure

LAA Left atrial appendage

LAD Left atrial dimension

LVEDD Left ventricular end-diastolic dimension
LVEF Left ventricular ejection fraction
MDCT Multidetector computed tomography
SEC Spontaneous echo contrast

TEE Transoesophageal echocardiography
TIA Transient ischaemic attack

VASc Vascular diseases
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Introduction

Catheter ablation (CA) to isolate pulmonary veins is common-
ly used as a therapeutic option for atrial fibrillation (AF) [1].
The presence of thrombus in the left atrial appendage (LAA) is
considered to be an absolute contraindication to CA since the
navigation of catheters inside the left atrium may dislodge the
thrombus and result in a thromboembolic complication [1].
Therefore, transoesophageal echocardiography (TEE) is rec-
ommended to exclude the presence of a thrombus prior to the
procedure.

Although TEE is currently considered the gold standard for
the detection of an LAA thrombus, as a semi-invasive ap-
proach, it has several disadvantages, such as physical discom-
fort and potential life-threatening complications [2].
Additionally, there are also some contraindications for TEE,
such as an oesophageal diverticulum. Therefore, an effective
and comfortable modality that can identify an LAA thrombus
with diagnostic accuracy similar to TEE would be of signifi-
cant value in clinical practice.

Multidetector computed tomography (MDCT) has a well-
defined role in the assessment of pulmonary veins and left
atrial anatomy before CA in patients with AF and may have
the ability to reliably detect thrombi in the LAA [3, 4]. Over
the past few decades, several studies have investigated the use
of MDCT as an alternative to TEE [5—18], and meta-analyses
have concluded that MDCT may replace TEE [19, 20].
However, the sample size of the meta-analyses was not suffi-
ciently large. Therefore, the aim of this study was to further
test the diagnostic value of MDCT in the detection of an LAA
thrombus and compare the results with TEE in a larger patient
cohort.

Materials and methods
Patient population

A total of 783 consecutive patients (55 + 11 years old; 72.3 %
male) with AF between May 2009 and January 2016 who
underwent dual-phase MDCT and TEE examinations before
CA were included, and were divided into a thrombus group
and a control group based on their TEE diagnosis. This study
was approved by our institutional review board. As shown in
Table 1, compared with patients in the control group, patients
with a thrombus had lower left ventricular ejection fraction
(LVEF) (63.25 % + 7.38 % vs. 53.20 % + 11.69 %, p <
.001) and larger left atrial dimension (LAD) (38.63 mm +
6.4 mm vs. 48.87 mm = 5.06 mm, p = .001). Most of the
patients had a low CHA,;DS,-VASc score (congestive heart
failure, hypertension, age > 75 years (doubled), diabetes pre-
vious stroke/transient ischaemic attack/thromboembolism
(doubled), vascular disease, age 65—74 years, and sex category
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(female)); 96.2 % had a CHA,DS,-VASc score < 3.
Additionally, 22 (2.8 %) patients had a CHA,DS,-VASc score
of4, and six (0.8 %) and two (0.3 %) patients had CHA,DS,-
VASc scores of 5 and 7, respectively. Baseline characteristics
of the population are shown in Table 1.

Pre-procedure imaging

All the patients underwent electrocardiogram (ECG)-gated
MDCT and TEE prior to operation. The imaging diagnosis
was made in a blinded manner by two experienced radiolo-
gists. Two readers disagreed on the diagnosis of ten cases, but
a consensus was reached during a joint reading. The interval
between MDCT and TEE was analysed.

Multidetector computed tomography (MDCT)

ECG-gated MDCT was performed using a 64-slice spiral
scanner (Lightspeed Volume CT, GE Healthcare, Little
Chalfont, UK) within a single breath-hold (respiratory ex-
ercises were required prior to examination); the scanning
range for early-phase scanning was from the diaphragm to
the aortic arch, and to reduce the total radiation dose, the
range for late-phase scanning was from the aortic arch to
the middle of the left ventricle, mainly aiming at the LAA
area. Detector collimation was 64 x 0.625 mm and the
gantry rotation time was 350 ms. The tube settings for
the early- and late-phase scans were the same: the tube
voltage was 120 kv and the tube current was 300 mA.
ECG-based tube current modulation was applied to obtain
high-quality images and to reduce the radiation dose. A
bolus of contrast media (50 - 60 ml) was injected via the
antecubital vein at an infusion rate of 5 ml/s followed by
an injection of saline (40 ml, 5 ml/s). Early-phase scan-
ning started after a time delay determined by the bolus-
tracking technique: 6 s after the threshold of 100 HU was
reached in the region of interest. Late-phase scanning be-
gan 15 s after the end of early-phase scanning. In patients
whose heart rate was > 70 beats per minute before the
scanning procedure, a beta-adrenergic blocking agent
was administered (5-15 ml metoprolol). If beta-
adrenergic blocker treatment was not sufficient for heart
rate control, intravenous amiodarone was used according
to indications under close supervision, especially in pa-
tients with persistent AF. Retrospective ECG gating was
used to obtain the helical scan data. Based on the dose-
length product (250 - 400 mGy-cm), the total radiation
dose was estimated to be approximately 4 - 7 mSv, but
the actual radiation exposure may vary and may be higher.

The early-phase and late-phase imaging results were clas-
sified as normal filling, poor filling or filling defect, and an
MDCT scoring system was established to better describe and
analyse the results: 0 points were given for normal filling, 1
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Table 1 Baseline characteristics

of atrial fibrillation patients in the Thrombus group (n=8) Control group (n=775) P value

thrombus group and in the control

group Age (years) 61.13 +£4.58 5491 +11.17 0.116
Male sex 6 (75 %) 546 (70.4 %) 0.871
Hypertension 1(12.5 %) 271 (35.0 %) 0.169
Diabetes mellitus 3 (375 %) 72.(9.3 %) 0.008
Prior stroke or TIA 2 (25 %) 59 (7.6 %) 0.074
CHF or LV dysfunction 0 3(0.4 %) 0.083
VASc 1(12.5 %) 22 (2.8 %) 0.208
CHA,DS,-VASc score <3 6 (75 %) 743 (95.9 %) _
CHA,DS,-VASc score >4 2 (25 %) 32 (4.1 %) _
Paroxysmal AF 4 (0.7 %) 568 (73.3 %) _
Persistent AF 4 (1.9 %) 207 (26.7 %) _
LVEF (%) 53.20 £ 11.69 63.25+7.38 <0.001
LAD (mm) 48.87 +5.06 38.63 £ 6.41 0.001

CHF congestive heart failure, 7/A transient ischaemic attack, LV left ventricle, VASc vascular diseases, LVEF left
ventricular ejection fraction, LAD left atrial dimension; CHA,DS>-VASc congestive heart failure, hypertension,
age > 75 years [doubled], diabetes, previous stroke/transient ischaemic attack/thromboembolism [doubled], vas-
cular disease, age 65-74 years and sex category [female])

point was given for poor filling and 3 points were given for a
filling defect; then the final MDCT score was calculated.

Transoesophageal echocardiography (TEE)

TEE was performed with a 5.0-mHZ, 128-element, multiplane
probe (Phillips, Bothell, WA, USA). Examinations of the
LAA were performed by rotating the imaging sector from 0°
to 80° to optimize the visualization of the entire LAA, with a
focus on detecting thrombus, spontaneous echo contrast
(SEC) or other abnormalities. Thrombus was defined as an
intracardiac echo-dense mass that was distinct from the adja-
cent normal tissue and SEC that appeared as a slow swirling,
smoke-like echo.

The TEE imaging results were categorized into four clas-
ses: normal, SEC, thrombus, and SEC and thrombus. A TEE
scoring system was generated to better describe and analyse
the results: 0 points were given for a normal result (no throm-
bus and no SEC), 1 point was given for SEC and 2 points were
given for thrombus; the final score was then obtained.

Statistical analysis

All statistical analyses were performed with SPSS software,
version 20.0 (Statistical Package for the Social Sciences,
Chicago, IL, USA). Continuous variables were expressed as
the mean and standard deviation, and categorical data were
expressed as a percentage of the frequency. Student’s #-test or
analysis of variance was used to compare continuous variables
between groups, and Pearson x test or Fisher’s exact test was
used for categorical variables. Using TEE as the reference
standard, the sensitivity, specificity, positive predictive value

and negative predictive value were calculated, including the
95 % confidence interval based on a binomial distribution. A
two-tailed p value < .05 was considered to be statistically
significant.

Results
Timing of pre-procedure imaging

All the intervals between MDCT and TEE were < 5 days; the
percentage of intervals spanning 0 days, 1 day, 2 days and 3
days was 29.9 %, 35.9 %, 11.3 % and 12.1 %, respectively.

Results of left atrial appendage (LAA) images by MDCT

As shown in Table 2, the MDCT LAA imaging results were as
follows: (1) 85.7 % (MDCT score of 0, 671/783) of patients
did not exhibit filling defects in either the early phase or the
late phase; (2) 5.24 % (MDCT score of 6, 41/783) exhibited
filling defects in both phases; (3) 0.89 % (MDCT score of 4,
7/783) exhibited a filling defect in the early phase and poor
filling in the late phase; (4) 1.53 % (MDCT score of 3, 12/783)
exhibited a filling defect in the early phase but normal filling
in the late phase; (5) 3.32 % (MDCT score of 2, 26/783)
exhibited poor filling in both phases; and (6) 3.32 %
(MDCT score of 1, 26/783) exhibited poor filling in the early
phase but normal filling in the late phase.

Compared to patients with paroxysmal AF, patients with
persistent AF were more likely to exhibit filling defects not
only in the early phase but also in the late phase (13.3 % vs.
5.6 %, p =.001 and 9.0 % vs. 3.8 %, p = .006, respectively);
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Table 2 Comparison of the imaging results of MDCT and TEE in the
detection of left atrial appendage (LAA) thrombus

TEE score
MDCT score 0 1 2 3 Sum
0 664 7 0 0 671
1 26 0 0 0 26
2 25 1 0 0 26
3 10 2 0 0 12
4 7 0 0 0 7
6 26 7 4 4 41
Sum 758 17 4 4 783

Data are numbers of patients

TEE transoesophageal echocardiography, MDCT multidetector computed
tomography

MDCT score: 0, normal results in both phases; 1, poor filling in early or
late phase; 2, poor filling in both phases; 3, only filling defect in early
phase; 4, filling defect in early phase and poor filling in late phase; 6,
filling defects in both phases

TEE score: 0, normal result; 1, spontaneous echo contrast (SEC); 2,
thrombus; 3, thrombus and spontaneous echo contrast (SEC)

this is shown in Table 3. Additionally, as shown in Table 4, the
LVEF of patients with filling defects in the early phase or the
late phase was lower than that of patients without a filling
defect in the early phase or patients without a filling defect
in the late phase (59.05 % + 10.10 % vs. 63.50 % = 7.13 %, p
<.001 and 60.16 % +9.99 % vs. 63.33 % +7.29 %, p = .008,
respectively), and the LADs of these patients were also larger
(44.92 mm + 8.84 mm vs. 38.29 mm + 11.08 mm, p < .001
and 46.15 mm = 6.71 mm vs. 38.39 mm + 6.24 mm, p <.001,
respectively).

Results of LAA imaging by TEE

The results of TEE were reported as normal (without throm-
bus or SEC) in 96.81 % (758/783) of patients, having a throm-
bus in 1.03 % (8/783) of patients and as having SEC in 2.68 %

(21/783) of patients, among which four patients had a throm-
bus and SEC at the same time.

As shown in Table 3, the percentages of patients with throm-
bus or SEC in the persistent AF group were both higher than
those in the paroxysmal AF group, but the difference in the
percentage of patients with thrombus was not statistically signif-
icant (1.9 % vs. 0.7 %, p = .221 and 5.2 % vs. 1.7 %, p = .021,
respectively). Additionally, patients with SEC and patients with a
thrombus had a lower LVEF (53.20 % + 11.69 % vs. 63.25 % +
5.78 %,p <.001 and 57.51 % + 10.16 % vs. 63.32 % +7.34 %, p
< .001, respectively) and a larger LAD than patients without
SEC or a thrombus (48.87 mm + 5.06 mm vs. 38.63 mm +
6.41 mm, p =.001 and 47.95 mm £ 7.27 mm vs. 38.55 mm =+
6.29 mm, p < .001, respectively), as shown in Table 4.

Agreement between MDCT and TEE

As shown in Table 2, a total of eight thrombi and 21 SECs
were detected by TEE. As depicted by MDCT, all patients
with a thrombus observed by TEE exhibited filling defects
in both phases. Among the 17 patients with SEC alone, the
MDCT images revealed filling defects in both phases in seven
patients (41.2 %), early-phase filling defect in two patients and
poor filling in one patient; the MDCT images of the remaining
seven (41.2 %) patients were normal (Figs. 1, 2 and 3).

Performance of MDCT in the detection of LAA thrombus
in the whole population

TEE was used as the reference standard in our study and there
were three conditions. When an early filling defect observed at
LAA was considered a thrombus, the sensitivity, specificity,
positive predictive value and negative predictive value of
MDCT for thrombus detection were 100 %, 93.19 % (95 %
CI191.43 % —94.95 %), 15.38 % (95 % C1 12.85 % — 17.91 %)
and 100 %, respectively. When a filling defect observed in the
late phase was regarded as a thrombus, the values were 100 %,
95.74 % (95 % C1 94.33 % — 97.15 %), 19.51 % (95 % CI
16.73 % — 22.29 %) and 100 %, respectively. When filling

Table 3 Relationships between
the type of AF and the results of

TEE/MDCT

Parameter Group Persistent AF Paroxysmal AF P value

Thrombus in TEE With 4 (1.9 %) 4 (0.7 %) 221
Without 207 (98.1 %) 568 (99.3 %)

SEC in TEE With 11 (5.2 %) 10 (1.7 %) .012*
Without 200 (94.8 %) 562 (98.3 %)

Filling defects in early phase With 28 (13.3 %) 32 (5.6 %) .001*
Without 183 (86.7 %) 540 (94.4 %)

Filling defects in late phase With 19 (9 %) 22 (3.8 %) .006*
Without 192 (91 %) 550 (96.2 %)

TEE transoesophageal echocardiography, MDCT multidetector computed tomography, SEC spontaneous echo

contrast, AF atrial fibrillation

*P value is statistically significant (< .05)
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Table 4 Relationships between

basic characteristics and the Parameter Group Age (yearsold)  LVEF (%) LAD (mm) LVEDD (mm)
results of TEE/MDCT
Thrombus in TEE With 61.13 £4.58 5320+ 11.69% 4887 +5.06% 49.63 £7.25
Without  54.19+11.17  63.25+5.78 38.63 +6.41 48.15+5.04
SEC in TEE With 56.95+14.19  57.51+10.16% 4795+727% 4938 +8.16
Without  55.04 +11.04  63.32+7.34 38.55+6.29 48.13 +4.96
Filling defect in early phase ~ With 56201172  59.05+10.10% 4492 +£8.84* 48.10+6.39
Without  54.99+11.08  63.50+7.13 3829+ 11.08 48.16+4.95
Filling defect in late phase ~ With 5722+£1230  60.16 £9.99%  46.15+£6.71% 47.16+6.13
Without 5497 +11.05  63.33 +7.29 38.39 £ 6.24 48.19 +5.00

Data are means and standard deviation

TEE transoesophageal echocardiography, MDCT multidetector computed tomography, SEC spontaneous echo
contrast, LVEF left ventricular ejection fraction, LAD left atrial dimension, LVEDD left ventricular end-diastolic

dimension

*P value is statistically significant (< .05)

defects in both the early phase and late phase were considered
a thrombus, the values were 100 %, 95.74 % (95 % CI 94.33
% —97.15 %), 19.51 % (95 % CI1 16.73 % —22.29 %) and 100
%, respectively, which are similar to the values for the second
condition.

Performance of MDCT in patients with high or low
CHA,DS,-VASc scores

Seven hundred fifty-five patients (96.17 %) in our study had a
low CHA,DS,-VASc score (< 3); therefore, we divided our
patients into a low CHA,DS,-VASc score group (< 3) and a
high CHA,DS,-VASc score group (> 4), and considered a fill-
ing defect in the late phase to indicate the presence of a throm-
bus according to the above results. The sensitivity, specificity,
positive predictive value and negative predictive value of

MDCT in the low CHA,DS,-VASc score group were 100 %,
95.38 % (95 % CI 93.91 % — 96.85 %), 15.38 % (95 % CI
12.85 % — 17.91 %) and 100 %, respectively. The MDCT
values in the high CHA,DS,-VASc score group were all 100 %.

Discussion

The main findings of our study were that late-phase scanning
with MDCT was sufficient for the detection of LAA thrombus
and the performance of MDCT was much better among pa-
tients with a high CHA,DS,-VASc score than among patients
with a low CHA,DS,-VASc score. Additionally, the specific-
ity and positive predictive value of MDCT in patients with
low CHA,DS,-VASc scores were relatively low, indicating
that MDCT can not completely replace TEE in these patients.

Fig.1 Multidetector computed tomography (MDCT) and transoesophageal echocardiography (TEE) images in a 59-year-old male patient with left atrial
appendage (LAA) thrombus. (a) Axial CT map shows filling defect in the late phase in LAA. (b) TEE image shows thrombus (arrow) in the LAA
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Fig. 2 Multidetector computed tomography (MDCT) and transoesophageal echocardiography (TEE) images in a 71-year-old male patient without
thrombus. (a) Axial CT map show filling defect in the late phase in left atrial appendage (LAA). (b) TEE image shows no thrombus in the LAA

Therefore, TEE may not be required before CA for patients
with a high CHA,DS,-VASc score and patients with a low
CHA,DS,-VASc score without a filling defect in the late-
phase MDCT image; however, TEE is still required to confirm
the presence of a thrombus in other cases.

As shown in our study, MDCT imaging of the whole pop-
ulation exhibited good sensitivity and negative predictive val-
ue, especially in the late phase. In 2013, Romero et al. [20]
reported that the mean sensitivity of MDCT was 96 % and the
mean negative predictive value was 99 %. Additionally, the
pooled sensitivity and negative likelihood rate reported by

Zou et al. [19] was 95.7 % and 0.06, respectively. In this
respect, our results were consistent with the conclusions of
the two prior meta-analyses, exhibiting high sensitivity and
negative predictive values for thrombus detection using
MDCT.

Additionally, we found that when only late-phase images
were considered, the diagnostic values of MDCT were the
same as those when both phases were considered but better
than those when only the early phase was considered. Romero
etal. [20] also reported that the specificity of MDCT improved
from 92 % to 99 % in their subanalysis of studies considering

Fig. 3 Multidetector computed tomography (MDCT) and
transoesophageal echocardiography (TEE) images in a 43-year-old male
patient without thrombus or spontaneous echo contrast (SEC). (a) Axial
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CT map shows no filling defect in the late phase in the left atrial
appendage (LAA). (b) TEE image shows no thrombus or SEC in the
LAA
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the delayed phase; moreover, the positive predictive value
increased from 41 % to 92 %. Thus, this finding from our
study was consistent with the findings from other previous
studies [9, 10, 21, 22], further confirming that late-phase
MDCT scanning is sufficient for the detection of LAA
thrombus.

The positive predictive value in our study within the wide
positive predictive value range (12 % —100 %) through the
previous studies but was inferior to the mean values reported
by the studies included in the two meta-analyses [6, 11-13,
16, 19, 20, 22]. The potential reasons for the false-positive
results from MDCT have already been discussed by several
previous studies [6, 10, 16], including: (1) the inadequate
mixing of the contrast agent and the blood due to the low
blood flow velocity in the LAA, which is observed as a filling
defect by MDCT; and (2) the bulky pectinate muscles of the
LAA might interfere with the filling of the contrast or even
mimic a thrombus. Additionally, unlike images obtained by
TEE, the images obtained by MDCT are static and lag behind
the injection of the contrast, and as shown in our results, filling
defects are associated with persistent AF, lower LVEF and a
larger LAD. A sufficient long delay before late-phase scan-
ning enables the complete mixture of contrast and blood in the
LAA, thus allowing for better distinction of the thrombus
from stagnant blood flow and decreasing the false-positive
rate of MDCT. It should be noted that the late-phase scanning
in our study was performed 15 s after the end of early-phase
scanning, which was less than the 30-s delay in the two studies
by Hur et al. [9, 10], and 60-s delay in the study by Lazoura
etal. [18]. The positive predictive values reported by Hur et al.
[9, 10] were 93 % and 100 %, which were much higher than
the positive value reported by the present study. Additionally,
Lazoura et al. [18] demonstrated that a 60-s delay improved
the diagnosis of thrombus compared to the single standard
scan, which may indicate that the high false-positive rate ob-
served for late-phase scanning in our study may partially be
attributed to the short delay time.

Of note, most of our patients (753) had a CHA,DS,-VASc
score < 3, indicating that they had a low risk of stroke, which
was an important characteristic of our study. In our
subanalysis, the performance of MDCT in patients with a
low CHA,DS,-VASc score was not different from its perfor-
mance in the whole population; both had a low positive pre-
dictive value, and the sensitivity and negative predictive
values were both 100 %. Only 30 patients in our study had a
CHA,DS,-VASc score higher than 3 and the predictive values
of MDCT in these patients were all 100 %. As we discussed
above, the false-positive results for MDCT were partially as-
sociated with the type of AF, slow blood flow in the LAA,
larger LAD and bulky pectinate muscles, but these factors are
not included in the CHA,DS,-VASc scoring stratification sys-
tem [23]. Although the performance of MDCT in patients with
a high CHA,DS,-VASc score was satisfactory in our study,

additional studies on a larger sample size are required to con-
firm this finding.

Additionally, another concern about MDCT is the radiation
burden on patients, but the radiation dose is associated with
scan protocols and the radiation dose of the delayed MDCT
scan could be significantly lower than that of the early-phase
scan [24-26]. Although we used the ECG-based tube current
modulation technique and minimized the scan range for the
late-phase scan to reduce radiation exposure, the relatively old
protocol of our study resulted in a relatively high radiation
dose of approximately 4 - 7 mSv. In 2016, Lazoura et al.
[18] used a low-dose, dual-phase CT protocol to detect LAA
thrombus and reported that the total radiation dose was 2.1 -
5.2 mSv, which was much lower than the estimated dose in
our study; moreover, the radiation dose for the delayed scan
was only 0.2 - 0.6 mSv, which was consistent with the find-
ings of several previous studies [9, 10, 22]. This demonstrated
that novel CT techniques, modified scan parameters for dif-
ferent patients and modified scanning phases could help re-
duce the radiation dose, especially for the delayed scan, there-
by improving the application value of MDCT in the detection
of LAA thrombus.

SEC is caused by the stasis of blood in the LAA and is
associated with an increased risk of thromboembolism in pa-
tients [27]. Established definitions of SEC using MDCT are
still not available, but as reported by Kim et al. [22], filling
defects observed only on early-phase MDCT images were
more likely to be SEC, with high sensitivity and specificity
when compared with TEE; however, as opposed to the results
reported by Kim et al. [22], as depicted by MDCT in our study,
about 41 % (7/17) of patients with SEC alone detected by TEE
exhibited normal fillings in both phases, 41 % (7/17) of pa-
tients exhibited filling defects in both phases, and only three
patients exhibited early-phase filling defect or poor filling,
which indicated that MDCT alone cannot reliably diagnose
SECs in patients with AF. It should be noted that the poor
performance of MDCT in the detection and differentiation of
SEC does not affect its potential usage in the detection of an
LAA thrombus prior to CA since SEC is not a contraindica-
tion for CA [28].

Therefore, based on the findings of the present study, the
following is recommended. First, whether MDCT can
completely replace TEE for the detection of LAA thrombus
prior CA in patients with AF depends on different situations.
If the results of MDCT do not indicate a thrombus, especially
in patients with a low risk of stroke, it is reasonable to avoid
TEE, whereas if MDCT images show a filling defect in the
late phase, TEE is still required to confirm the presence of a
thrombus. Additionally, we found that the performance of
MDCT is better among patients with a high risk of stroke than
among patients with a low risk of stroke, which requires more
attention in clinical practice. Second, late-phase MDCT scan-
ning performed as well as dual-phase examination, which
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indicates that the late-phase scanning is sufficient to detect
LAA thrombus in patients with AF and may be preferable as
the radiation dose of the late-phase scan is lower and could be
reduced further by modifying the scan protocol. Additionally,
although MDCT could not definitively identify SEC, it may
still be an alternative to TEE before CA of AF.

The main limitation of our study was the low incidence of
thrombus in our population; almost all of the included patients
were referred for CA and had taken anticoagulants regularly,
potentially reducing the incidence of LAA thrombus below
that in the general population. In addition, our study was lim-
ited by its retrospective design. As a result, the dimension of
the thrombus, the morphology of the LAA, the blood flow
velocity in the LAA, CT values and the radiation dose of each
patient were not obtained. Additionally, the MDCT examina-
tion protocol used in our study was not the most recent, and
the scanning parameters were not modified based on the spe-
cific conditions of each patient, such as body mass index,
which prevented the further reduction of radiation exposure
to patients. Furthermore, the delay time for the late-phase scan
was relatively short, which may have influenced the perfor-
mance of MDCT. Although we found that MDCT performed
much better in patients with a high risk of stroke, the number
of these patients in our study was small and thus additional
studies are required to confirm our findings.

In conclusion, for patients with AF, especially those with
low risk of stroke, delayed MDCT could be used to detect
LAA thrombus prior to CA, and if the images do not show a
filling defect, TEE can be avoided. However, for patients
whose MDCT images indicate a filling defect, TEE is still
required to confirm the presence of a thrombus.
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