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Abstract

The heterogeneous anatomy of the left atrial appendage (LAA) necessitates preprocedural imaging essential for plan-
ning of percutaneous LAA occlusion (LAAO) procedures. While transoesophageal echocardiography (TOE) remains
the gold standard, cardiac computed tomography (CT) is becoming increasingly popular. To address the lack of con-
sensus on the optimal imaging modality, we compared the outcomes of preprocedural TOE versus CT for LAAO
procedure planning. A retrospective single-center cohort study of all LAAO procedures was performed to compare
the outcomes of patients receiving preprocedural TOE versus those receiving CT. The primary outcome was proce-
dural success and rate of major adverse events. The secondary outcomes were total procedure time, rate of device
size change, and maximum landing zone diameter. A total of 64 patients was included. Of these, 25 (39.1%) under-
went TOE and 39 (60.9%) underwent CT. There was no significant difference in the procedural success rate (96.0% vs.
100%, P=0.39) or major adverse event rate (4.0% vs. 5.1%, P>0.99) between TOE and CT patients. Compared with TOE,
CT was associated with significantly shorter median procedure time (103 min vs. 124 min, P=0.02) and a lower rate
of device size change (7.7% vs. 28.0%, P=0.04). Compared to CT, TOE was associated with a significantly smaller mean
maximum landing zone diameter (20.8 mm vs. 25.8 mm, P<0.01) and a higher rate of device upsizing (24.0% vs. 2.6%,
P=0.01). No significant difference in detected residual leak rates was found between TOE and CT (50.0% vs. 52.2%,
P>0.99). Planning of LAAO procedures with CT is associated with a shorter total procedure time and a lower rate

of device size change and is less likely to underestimate the maximum landing zone diameter.

Keywords Atrial fibrillation, Left atrial appendage closure, Multidetector computed tomography, Transoesophageal
echocardiography

Background

The left atrial appendage (LAA) is a highly complex and
heterogeneous structure implicated in the pathogenesis
of nonvalvular atrial fibrillation (AF)-related strokes [1].
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tor of five [2]. Although long-term oral anticoagulation
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(OAC) remains the standard of care for stroke prevention
in AF patients, percutaneous LAA occlusion (LAAO)
may be considered in select AF patients who have an
absolute or relative contraindication to long-term OAC
[2,3].

While the real-world efficacy and periprocedural safety
of percutaneous LAAO have been well-documented
in the form of long-term outcomes of randomized con-
trolled trials and LAAO registries, the evidence and con-
sensus on the optimal preprocedural imaging modality
for LAAO procedure planning are weaker [4—6]. From
its origins as the sole imaging modality in early pivotal
trials, two-dimensional (2D) transoesophageal echocar-
diography (TOE) is widely regarded as the gold standard
for LAAO procedures [7-9]. However, cardiac computed
tomography (CT) is becoming increasingly popular due
to its ability to capture high-resolution, 3D images non-
invasively. CT provides consistently accurate LAA meas-
urements regardless of elliptical ostial morphology or left
atrial load [9, 10].

Accurate preprocedural measurement of the dimen-
sions of the LAA is important for accurate device sizing,
procedural efficiency, and preventing complications from
peridevice leakage or device embolization. Observational
studies have found that CT is superior to TOE for plan-
ning LAAO procedures, resulting in less frequent device
undersizing, more accurate LAA measurements, and
fewer residual leaks [11-14]. However, the real-world
impacts of using CT for more accurate LAA assessments
compared with TOE are less well understood in everyday
clinical settings.

Given the lack of an established consensus on the
optimal imaging modality for the planning of LAAO
procedures, we compared our clinical experiences with
preprocedural TOE and CT for percutaneous LAAO.

Methods

Study design and population

We undertook a retrospective single-center cohort
study of patients who underwent percutaneous LAAO
using TOE or CT for preprocedural planning. All
patients who underwent preprocedural imaging prior to
percutaneous LAAO between January 2018 and Decem-
ber 2022 were included in the study. Included patients
with a clinical indication of percutaneous LAAO were
fully informed about the procedure and provided
informed written consent for the procedure. Preproc-
edural TOE or CT is routinely performed in the outpa-
tient setting. TOE served as the default modality until
January 2022, when CT became the default choice. Clin-
ical considerations also played a minor role in assigning
patients to both TOE (severe renal impairment and/or
inability to tolerate contrast administration) and CT
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(known esophageal stricture and/or inability to tolerate
TOE). On the day of the procedure, TOE was performed
to rule out LAA thrombus, a contraindication for the
procedure. While LAA measurements were performed
on the same day as TOE, they were used for correlation
purposes with CT but not for guiding the clinical selec-
tion of LAAO device size.

Patients were assigned to the TOE group if they under-
went preprocedural TOE only and to the CT group if
they underwent preprocedural CT. The impact of pre-
procedural imaging modality on a percutaneous LAAO
procedure was assessed by collecting and analyzing key
procedural characteristics and outcomes. The primary
outcomes were procedural success and rate of major
adverse events, which were defined as a composite of
periprocedural stroke, death, device embolism, pericar-
dial effusion, myocardial infarction, and surgical conver-
sion. The secondary outcomes consisted of variables of
procedure characteristics: total procedure/fluoroscopy
time, rate of change of device size, and maximum land-
ing zone diameter. A post hoc assessment was performed
using postprocedural CT to evaluate residual leaks after
LAAQO in both groups.

Transesophageal echocardiography

Preprocedural TOE was performed in 2D mode using a
Phillips EPIQ CVx cardiovascular ultrasound apparatus
with an X7-2 T ultrasound transducer probe (Philips).
LAA size, morphology, and presence of thrombus were
systematically evaluated along with interatrial septum
characteristics to guide transseptal puncture. Follow-
ing stepwise obtainment of informed consent, a topical
10% lidocaine spray was administered to the posterior
oropharynx, preoxygenation, and intravenous mida-
zolam or diazepam was administered incrementally to
sedate the patient. The transducer probe was advanced
to the midesophageal level to visualize the LAA in a two-
chamber view. The LAA was then thoroughly assessed at
angles of 0°, 45°, 90°, and 135° to evaluate ostial and land-
ing zone widths in accordance with manufacturer rec-
ommendations for an Amplatzer Amulet LAAO device
(Abbott). The maximal landing zone dimension was sub-
sequently measured 10 to 12 mm from the LAA ostium
at end-systole, in anatomical alignment with the origin of
the left circumflex artery and the left superior pulmonary
vein ridge (Fig. 1). Device selection was then performed
by aligning the obtained measurements with the manu-
facturer’s sizing chart.

Cardiac computed tomography

Preprocedural CT imaging was performed with prospec-
tive electrocardiogram gating using a SOMATOM Defi-
nition AS 128-slice CT scanner (Siemens). A target heart
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Fig. 1 Transesophageal echocardiography measurement of left atrial appendage dimensions at a 49° angle at end-systole and in alignment

with the level of the coumadin ridge

rate of <65 beats/min was achieved by incremental dos-
ing of oral and/or intravenous metoprolol. LAA dimen-
sions were measured at end-diastole to maximize LAA
volumes. Images were acquired craniocaudally with a
gantry rotation time of 330 ms, a tube potential of 100 kV,
a tube current of 300 to 500 mA, and detector collima-
tion of 128x0.6 mm. Arrhythmia detection software
was used to minimize the need for scanning during atrial
and ventricular ectopy. Following a chest topogram, an
ulrichINJECT syringeless CT motion system (GE Health-
care) was used to administer Omnipaque 350 contrast
(GE Healthcare) through an 18-gauge high-flow intra-
venous cannula. After a 20 mL test bolus and 13-s delay,
contrast-enhanced scanning was initiated with a trigger
threshold of 150 Hounsfield units (HU) and the ascend-
ing aortic root was chosen as the region of interest. This
was followed by injection of 70 mL of contrast, followed

by a 40 mL 1:1 mixed contrast-saline chaser. Contrast-
phase images were reconstructed using slices 0.5 mm
thick at increments of 0.25 mm, while noncontrast phase
images were reconstructed using slices 3 mm slice thick
at increments of 3 mm. All images were analyzed using
the commercially available OsiriX DICOM Viewer soft-
ware package (Pixmeo SARL). The 3D multiplanar recon-
struction was achieved with 90° locking-in of the sagittal,
coronal, and axial planes (Fig. 2). LAA size and morphol-
ogy and presence of thrombus were assessed.

The LAA ostium was identified using the left cir-
cumflex artery and the coumadin ridge as landmarks.
Once the angle of the plane was set, the landing zone
was located 10 mm from the LAA ostium. At this point,
both the maximal and minimal landing zone dimensions
were recorded. While recent studies have shown that a
perimeter-derived diameter of the landing zone on CT

Fig. 2 Computed tomography measurement of left atrial appendage (LAA) dimensions. A Coronal projection of the LAA with maximal
craniocaudal depth from the LAA ostium. B Axial projection of the LAA with maximal landing zone diameter
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imaging provides a more accurate estimate for LAAO
device sizing [10], our center used the established
parameter of maximal dimension to size the LAAO
device, following recommendations. This approach
remains the official standard of practice as determined
by expert consensus [15].

Percutaneous LAAO procedure

All percutaneous LAAO was performed under conscious
sedation, using fluoroscopy and intracardiac echocardi-
ography (ICE) for intraprocedural guidance. In patients
on OAC, anticoagulation was discontinued 48 h prior
to the procedure. Access was obtained through the right
femoral vein using two sheaths to accommodate the ICE
catheter and the LAAO device delivery system. Follow-
ing transseptal puncture, a stiff guidewire was advanced
into the left atrium (LA) and the delivery sheath was
advanced over the stiff guidewire to dilate the intera-
trial septum, allowing passage of the ICE catheter into
the LA. Within the LA, the ICE catheter was positioned
either in the left superior pulmonary vein or the mid LA
to provide guidance for positioning of the LAAO device
in the designated landing zone. The Amplatzer Amulet
LAAO device (Abbott) was advanced out of the deliv-
ery sheath into the lobe landing zone position. The disc
was deployed while the ICE catheter verified orientation
and stability. Subsequently, an LAA angiogram was con-
ducted to ensure proper alignment of the device with the
LAA neck. Once the operator had assessed the device for
leaks, performed a tug test, and confirmed the final posi-
tion, the delivery system was uncoupled from the LAAO
device and retracted.

Residual leak assessment using postprocedural CT

All patients included in the study were evaluated retro-
spectively for suitability for postprocedural cardiac CT to
assess residual leaks after LAAO. Residual leak (patency)
within the LAA was defined as persistent contrast opaci-
fication of the LAA from the left atrium. The presence
of contrast was assessed quantitatively by measuring
the average linear attenuation coefficient (in HU) in the
LAA distal to the implanted LAAO device. Using a circle
2 mm in diameter as the region of interest, the LAA was
classified as patent if the cutoff of 100 HU was exceeded
(sealed if <100 HU), as previously described [16].

Statistical analysis

All calculations and analyses were performed using IBM
SPSS ver. 27 (IBM Corp). Continuous data with normal
distributions were reported as mean +standard devia-
tion, while data with non-normal distributions were
reported as median (interquartile range, IQR). Cat-
egorical data were reported as number of patients and
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percentages. Statistical comparisons of continuous and
categorical variables were performed using Student
t-test, a median test, and Fisher exact test. A P-value
of <0.05 was considered statistically significant. In
patients within the CT group who also underwent pre-
procedural TOE, Pearson correlation analysis was per-
formed, and Bland—Altman analysis was used to assess
bias and limits of agreement (LOAs) between the two
imaging modalities. As a previous study had identified
a discrepancy of two or more device size intervals as
indicative of disagreement, a 6-mm difference was con-
sidered clinically significant [17].

Results

Baseline patient characteristics

A total of 64 patients underwent percutaneous LAAO
with preprocedural imaging in our center. Of these, 25
patients (39.1%) underwent preprocedural TOE and 39
(60.9%) underwent CT, and were subdivided into the
respective groups. Baseline patient characteristics of the
TOE and CT groups are described in Table 1. The mean
age of the cohort was 76.9+5.5 years, with patients in
the CT group being significantly older than those in the
TOE group (74.8 £5.8 years vs. 78.2+5.0 years, P=0.02).
A total of 50 male patients (78.1%) was included, with a
similar distribution between TOE and CT groups (80.0%
vs. 76.9%, P>0.99). Patients in the groups had similar
comorbidities, with hypertension and history of ischemic
heart disease the two most commonly reported condi-
tions. Patients in the two groups had similar indications
for LAAO, with gastrointestinal bleeding (56.3%) being
the most common, followed by intracranial hemor-
rhage (23.4%). The mean CHA,DS,-VASc scores in the
TOE and CT groups were similar (3.6+1.3 vs. 3.9+ 1.5,
P=0.45). The mean HAS-BLED scores in the TOE
and CT groups also were similar (3.9+1.0 vs. 4.1+0.9,
P=0.31). Mean hemoglobin level was significantly
lower in the CT group compared to the TOE group
(13.1+1.8 g/dL vs. 12.0+ 1.7 g/dL, P=0.03).

LAA measurement

The mean maximum landing zone diameter was signifi-
cantly higher in the CT group compared with the TOE
group (20.8+3.0 mm vs. 25.8+5.5 mm, P<0.01). Fur-
ther correlation and agreement analysis was performed
in 28 patients (71.8%) within the CT group who also
received preprocedural TOE. As shown in Fig. 3, Pear-
son correlation identified a strong positive and significant
relationship between CT measurements of maximum
landing zone diameter and TOE measurements (r=0.72,
P<0.01). Agreement analysis with the Bland—Altman
plot revealed a mean difference (bias) of 4.4 mm, 95%
LOAs (mean difference+1.96 x standard deviation) of



Soh et al. Journal of Cardiovascular Imaging (2024) 32:27

Table 1 Baseline patient characteristics
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Characteristic TOE group (n=25) CT group (n=39) P-value
Patient demographic
Age (yr) 748+58 78.2+50 0.02
Male sex 20 (80.0) 30(76.9) >0.99
LAAOQ indication
Intracranial hemorrhage 6 (24.0) 9(23.1) >0.99
Gastrointestinal bleeding 15 (60.0) 21(53.8) 0.80
Stroke on anticoagulation 1(4.0) 3(7.7) >0.99
Epistaxis 1(4.0) 4(10.3) 0.64
Hematuria 2(8.0) 2(5.1) 0.64
Baseline parameter
Hemoglobin (g/dL) 13.1+1.8 120+1.7 0.03
Creatinine (umol/L) 85.1+19.5 104.6+68.8 0.12
Left ventricular ejection fraction (%) 53.0+4.8 536+2.6 0.57
CHA,DS,-VASc score 36%13 39+15 045
HAS-BLED score 39+10 41+09 0.31
Values are presented as mean + standard deviation or number (%)
TOE Transesophageal echocardiography, CT Computed tomography, LAAO Left atrial appendage occlusion
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Fig. 3 Scatter plot of transesophageal echocardiography (TOE) and computed tomography (CT) measurements of maximum landing zone

diameter with Pearson correlation coefficient

11.3 and —2.6 mm, and a resulting wide 95% LOA range
of 13.9 mm (Fig. 4).

Procedure outcomes and characteristics

Procedure success and major adverse event rates did
not differ significantly between the TOE and CT groups
(Table 2). Nearly all LAAO procedures resulted in a suc-
cessfully implanted device in the TOE group (96.0%) and
CT group (100%). Of all procedures in the TOE group,

only one did not result in successful implantation of an
LAAO device. This outcome was attributed to an insuf-
ficient maximum landing zone of 14 mm (measured on
TOE), which could not accommodate even the smallest
Amplatzer Amulet LAAO device. Although the size of
the deployed Amplatzer Amulet LAAO devices did not
differ significantly between the TOE and CT groups,
there was numerically more frequent use of larger
devices (31 and 34 mm) in the CT group (23.1% vs. 4.0%,



Soh et al. Journal of Cardiovascular Imaging (2024) 32:27

Upper LOA

Page 6 of 10

Bland-Altman Plot

Lower LOA

—— Mean Difference (Bias)

95% LOA Range
(Upper - Lower LOA)
13.9

[N
IS

12

Upper LOA
1 113

Mean Difference (Bias)
4.4

Difference of TOE vs CT max LZ measurement (mm)

Lower LOA
4 -2.6

20 25 30 35

Mean of TOE & CT max LZ measurement (mm)

Fig. 4 Bland-Altman plot of difference in and mean of transesophageal echocardiography (TOE) and computed tomography (CT) measurements

of maximum landing zone diameter. LOA, limit of agreement

P=0.07). Procedure-related pericardial effusion was the
only major adverse event, and it presented with a simi-
lar distribution between TOE and CT groups (4.0% vs.
5.1%, P>0.99). While the median fluoroscopy time did
not differ significantly between groups (25.5 min [IQR,
19.5-37 min] vs. 27.5 min [IQR, 22-33 min], P>0.99),
the median procedure time was significantly shorter
in the CT group compared with that of the TOE group
(124 min [IQR, 100-175 min] vs. 103 min [IQR, 78—115
min], P=0.02). A change in device size due to poor fit
of the initially deployed device was significantly less fre-
quent in the CT group than the TOE group (28.0% vs.
7.7%, P=0.04). Of the device changes, upsizing was sig-
nificantly more likely to be required in the TOE group
(24.0% vs. 2.6%, P=0.01). Device percentage oversizing
(percentage difference from measured landing zone size
and implanted device size) was significantly higher in the
TOE group compared with the CT group (18.6%+9.3%
vs. 8.7% £ 9.4%, P<0.01).

Postprocedural residual leak

Postprocedural CT was performed in 16 patients (64.0%)
in the TOE group and 23 patients (59.0%) in the CT
group (Table 2). The median time to CT follow-up did
not differ significantly between the TOE and CT groups

(661.5 days [IQR, 434.5-934.5 days] vs. 573 days [IQR,
294-896 days], P=0.57). Within the cohort of patients
who underwent postprocedural CT, there was no sig-
nificant difference in LAA patency (residual contrast
leak) between the TOE and CT groups (8 [50.0%] vs. 12
[52.2%], P>0.99).

Discussion

By comparing our clinical experiences with preproc-
edural TOE and CT for percutaneous LAAO, our study
did not detect any significant differences in procedural
outcomes or residual contrast leaks between the two
imaging modalities. However, the study did demonstrate
that, compared with TOE, preprocedural CT is associ-
ated with favorable procedure characteristics, such as
shorter procedure time and reduced likelihood of device
size change, especially upsizing. While TOE and CT
measurements of the LAA landing zone diameter had a
strong and significant positive correlation, the wide 95%
LOA range of 13.9 mm suggests unacceptable agreement
between the two imaging modalities as it translates to a
device size discrepancy exceeding two or more intervals
(6 mm), a difference that is likely clinically significant.
The prevalence of CT-detected residual leaks in our study
was consistent with findings reported elsewhere, and
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Table 2 Procedure outcomes and characteristics
Characteristic TOE group (n=25) CT group (n=39) P-value
Maximum landing zone diameter® (mm) 208+3.0 258+55 <0.01
Procedure outcome
Successful device implantation 24 (96.0) 39 (100) 0.39
20mm 1(4.0) 1(2.6) >0.99
22 mm 6 (24.0) 12 (30.8) 0.78
25 mm 11 (44.0) 12 (30.8) 0.30
28 mm 5(20.0) 5(12.8) 0.49
31 mm 1(4.0) 5(12.8) 0.39
34 mm 0(0) 4(10.3) 0.15
Major adverse event 1(4.0) 2(5.1) >0.99
Periprocedural myocardial infarction 0(0) 0(0) -
Periprocedural stroke 0(0) 0(0) -
Device embolism 0(0) 0(0) -
Pericardial effusion 1(4.0) 2 (5.1) >0.99
Surgical conversion 0(0) 0(0) -
Procedure characteristic
Procedure time (min) 124 (100-175) 103 (78-115) 0.02
Fluoroscopy time (min) 25.5(19.5-37) 27.5(22-33) >0.99
Device size change 7 (28.0) 3(7.7) 0.04
Extra device for upsizing 6(24.0) 1(26) 0.01
Extra device for downsizing 1(4.0) 2 (5.1) >0.99
Device oversizing from measured landing zone (%) 186+9.3 87+94 <0.01
Postprocedural CT follow-up
Received post-LAAO CT follow-up 16 (64.0) 23 (59.0) 0.80
Median time to CT follow-up (day) 661.5 (434.5-934.5) 573 (294-896) 0.57
Assessment of LAA patency (residual contrast in the LAA) 8/16 (50.0) 12/23(52.2) >0.99

Values are presented as mean +standard deviation, number (%), or median (interquartile range). Percentages may not total 100 due to rounding

TOE Transesophageal echocardiography, CT Computed tomography, LAAO Left atrial appendage occlusion, LAA Left atrial appendage

2 LAA sizing characteristic

while TOE-detected residual leaks are associated with
greater thromboembolic risks, the clinical significance of
CT-detected peridevice leaks remains unclear [18].

Due to the complexity and heterogeneity of LAA
anatomy, LAAO device sizing is challenging for four key
reasons:

(1) The LAA structure varies significantly between
individuals.

(2) The shape of the LAA ostium can range from round
to elliptical.

(3) The LAA ostium is not clearly defined along an ana-
tomical line but an imaginary boundary between
the left circumflex artery and the left superior pul-
monary vein ridge, leading to significant inter-oper-
ator variability in interpretation.

(4) The distensible nature of the LAA results in dimen-
sions that are significantly influenced by volume
(preload status).

Studies consistently demonstrate that, compared with
LAA using 2D-TOE imaging, 3D-CT imaging is associ-
ated with larger landing zone measurements [11, 12].
These measurements correlate with more appropriately
sized devices, resulting in fewer residual leaks postde-
ployment [11-14]. The results from our study mirror
these findings, with the mean measured maximum land-
ing zone diameter being significantly higher in the CT
group compared to the TOE patients. The larger maxi-
mum landing zone diameter measurement within the CT
group also more closely resembles the true anatomical
LAA dimensions, as assessed from the significantly lower
likelihood of device size change, and significantly lower
percentage device oversizing in the CT group. The ten-
dency for TOE to undersize the LAA is also reflected by
the significantly increased likelihood of device upsizing.

The mechanism by which CT more accurately esti-
mates larger LAA dimensions is attributed to the ellipti-
cal shape of the LAA ostium [19]. While LAAO device
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sizing is conventionally based on the circular disc of
the occluder, the LAA ostium is often oval-shaped with
varying degrees of eccentricity, depending on the extent
of distortion along its major axis [20]. Conventional
2D-TOE imaging may fail to identify the major axis of
an elliptical ostium (Fig. 5), even with views from mul-
tiple angles, as shown by Chow et al. [14]. Consequently,
undersizing based on 2D TOE would be more pro-
nounced with highly eccentric LAAs. In contrast, 3D
assessments from CT consistently identify the major axis
of this oval structure, leading to more accurate measure-
ments of the maximal LAA dimensions. The extent of
this discrepancy is illustrated in Fig. 5, in which TOE and
CT assessments of an LAA in the same patient demon-
strate significant differences in LAA dimensions based on
2D and 3D perspectives of an eccentric LAA.

The shorter procedure time associated with preproc-
edural CT compared with TOE is based on superior CT
spatial resolution and more accurate sizing of elliptical
LAAs. This leads to more precise preprocedural siz-
ing, a reduced rate of device size change, and improved
planning considerations for the LAAO procedure. Pre-
procedural imaging for LAAO is necessary for exclud-
ing patients with contraindication, accurate device
sizing, procedural efficiency, and preventing complica-
tions from peridevice leakage or device embolization.
In addition to the invasiveness of preprocedural TOE,

CT measurement

TOEOEIIeasurement

Fig. 5 Comparison of transesophageal echocardiography (TOE)

and computed tomography (CT) assessments of maximum

landing zone diameter in the same patient. Despite measurements
from multiple angles, the two-dimensional assessment by TOE may
miss the major axis of an eccentric oval-shaped left atrial appendage,
resulting in underestimation of the landing zone
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the requirement for fasting, and provision of only 2D
assessments, further inaccuracies of LAA measure-
ments can be introduced based on the patient’s vol-
ume status as LAA dimensions are highly dependent
on preload [21]. The consistent undersizing of LAA
dimensions by TOE reflects the limitations of 2D
assessments in evaluating elliptical structures and the
impact of fasting and low preload states in false reduc-
tions in LAA dimensions. This consistent undersizing
results in the need for additional time to exchange the
deployed suboptimally sized device and resize the LAA
intraprocedurally with LAA angiography.

Beyond the inadequacies of TOE, preprocedural CT
enhances planning considerations, resulting in shorter
procedure times. Noninvasive 3D LAA assessments
provide more accurate measurements of landing zones
and depths. A 3D reconstructed image also provides an
LAA angiogram roadmap, guiding optimal C-arm angu-
lation for transseptal puncture and device implantation
[13]. By improving LAAO procedural workflows through
enhanced planning considerations from preprocedural
CT, the operator can better anticipate optimal transseptal
puncture positions and reduce the procedure time.

The results from our study align with those of a recently
published study by So et al. [22], in which preprocedural
CT for a Watchman LAAQO device (Boston Scientific)
implantation resulted in shorter procedure times and a
reduced likelihood that the device size would need to be
changed compared with TOE. Given that cardiac CT has
become the gold standard in imaging for planning tran-
scatheter aortic valve implantation (TAVI) procedures
[23], and the complex and variable structure of the LAA
presents similar challenges to TAVI in terms of device
sizing and residual leaks [24], adopting a 3D assessment
with CT as the mainstay modality for preprocedural
imaging in LAAO procedures may be logical, particularly
after the development of new and more accurate LAA
measurement parameters such as perimeter-derived
diameter [10]. While our study’s consistent findings of
more accurate LAA measurements and shorter proce-
dural times with CT support extending the gold-standard
use of preprocedural CT from TAVI to LAAO proce-
dures, further randomized studies are required to con-
firm this conclusion.

Our study has several limitations that must be acknowl-
edged. First, the sample size (n=64) within our single-
center study was small. This small representation prevents
generalizability of our results to the wider population.
Second, the lack of randomization subjects subjected
our study to selection bias when selecting preprocedural
imaging modality. This could result in unacknowledged
systematic differences between the two cohorts. Third,
only Amplatzer Amulet LAAO devices were used, further



Soh et al. Journal of Cardiovascular Imaging (2024) 32:27

limiting the generalizability of our findings to LAAO pro-
cedures using the same device.

Conclusions

The planning of LAAO procedures using preprocedural
CT was associated with shorter procedure time, lower rate
of device size change, and a reduced likelihood of under-
estimating the maximum landing zone diameter compared
with preprocedural TOE.
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TAVI Transcatheter aortic valve implantation
TOE Transesophageal echocardiography

Acknowledgements

The authors would like to acknowledge the cardiac physiologists and radiog-
raphers at University Hospital Limerick, whose assistance in image acquisition
was essential for the success of this study.

Authors’ contributions

All authors contributed to the study’s design, interpretation of findings,
manuscript revision, and approval of the final version. BWTS, CG, MK, MW, and
KM were responsible for data acquisition and analysis. WS and JOB conducted
measurements for the CT images. TK and SA provided input on TOE measure-
ments. Statistical analysis and initial manuscript drafting were carried out by
BWTS. SA provided oversight for all study aspects.

Funding
None.

Availability of data and materials
Not applicable.

Data Availability
Data is provided within the manuscript.

Declarations

Ethics approval and consent to participate

Ethical approval was granted by the Research Ethics Committee of UL
Hospitals Group, Mid-West Region (No. 120/2022), prior to the study. Included
patients were fully informed about the procedure and provided informed
written consent for the procedure.

Consent for publication
Not applicable.

Competing interests

The authors declare no competing interests.

Received: 4 April 2024 Accepted: 20 July 2024
Published online: 04 September 2024

Page 9 of 10

References

1. Holmes DR, Schwartz RS, Latus GG, Van Tassel RA. A history of left atrial
appendage occlusion. Interv Cardiol Clin. 2018;7:143-50.

2. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomstrom-Lundqvist
C, et al. 2020 ESC Guidelines for the diagnosis and management of atrial
fibrillation developed in collaboration with the European Association for
Cardio-Thoracic Surgery (EACTS): the Task Force for the diagnosis and
management of atrial fibrillation of the European Society of Cardiology
(ESC) Developed with the special contribution of the European Heart
Rhythm Association (EHRA) of the ESC. Eur Heart J. 2021;42:373-498.

3. January CT,Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC,
etal. 2019 AHA/ACC/HRS focused update of the 2014 AHA/ACC/HRS
guideline for the management of patients with atrial fibrillation: a report
of the American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines and the Heart Rhythm Society
in collaboration with the Society of Thoracic Surgeons. Circulation.
2019;140:e125-51.

4. Lakkireddy DR, Turagam MK. NCDR left atrial appendage occlusion regis-
try: the “watch”man has arrived. J Am Coll Cardiol. 2020;75:1519-22.

5. Reddy VY, Doshi SK, Kar S, Gibson DN, Price MJ, Huber K, et al. 5-Year out-
comes after left atrial appendage closure: from the PREVAIL and PROTECT
AF trials. J Am Coll Cardiol. 2017;70:2964-75.

6. Osmancik P, Herman D, Neuzil P, Hala P, Taborsky M, Kala P, et al. 4-Year
outcomes after left atrial appendage closure versus nonwarfarin oral
anticoagulation for atrial fibrillation. J Am Coll Cardiol. 2022,79:1-14.

7. Holmes DR, Reddy VY, Turi ZG, Doshi SK, Sievert H, Buchbinder M, et al.
Percutaneous closure of the left atrial appendage versus warfarin therapy
for prevention of stroke in patients with atrial fibrillation: a randomised
non-inferiority trial. Lancet. 2009;374:534-42.

8. Holmes DR, Kar S, Price MJ, Whisenant B, Sievert H, Doshi SK, et al. Pro-
spective randomized evaluation of the Watchman Left Atrial Appendage
Closure device in patients with atrial fibrillation versus long-term warfarin
therapy: the PREVAIL trial. J Am Coll Cardiol. 2014;64:1-12.

9. Korsholm K, Berti S, Iriart X, Saw J, Wang DD, Cochet H, et al. Expert
recommendations on cardiac computed tomography for planning
transcatheter left atrial appendage occlusion. JACC Cardiovasc Interv.
2020;13:277-92.

10. Cho |, Kim WD, Lee OH, Cha MJ, Seo J, Shim CY, et al. Pre-procedural
determination of device size in left atrial appendage occlusion
using three-dimensional cardiac computed tomography. Sci Rep.
2021;11:24107.

11. Clemente A, Avogliero F, Berti S, Paradossi U, Jamagidze G, Rezzaghi M,
et al. Multimodality imaging in preoperative assessment of left atrial
appendage transcatheter occlusion with the Amplatzer Cardiac Plug. Eur
Heart J Cardiovasc Imaging. 2015;16:1276-87.

12. Saw J, Fahmy P, Spencer R, Prakash R, McLaughlin P, Nicolaou S, et al.
Comparing measurements of CT angiography, TEE, and fluoroscopy of
the left atrial appendage for percutaneous closure. J Cardiovasc Electro-
physiol. 2016;27:414-22.

13. Wang DD, Eng M, Kupsky D, Myers E, Forbes M, Rahman M, et al. Applica-
tion of 3-dimensional computed tomographic image guidance to
WATCHMAN implantation and impact on early operator learning curve:
single-center experience. JACC Cardiovasc Interv. 2016;9:2329-40.

14. Chow DH, Bieliauskas G, Sawaya FJ, Millan-Iturbe O, Kofoed KF, Sgn-
dergaard L, et al. A comparative study of different imaging modalities
for successful percutaneous left atrial appendage closure. Open Heart.
2017;4: e000627.

15. Tzikas A, Gafoor S, Meerkin D, Freixa X, Cruz-Gonzalez |, Lewalter T,
et al. Left atrial appendage occlusion with the AMPLATZER Amulet
device: an expert consensus step-by-step approach. Eurolntervention.
2016;11:1512-21.

16. Saw J, Fahmy P, DeJong P, Lempereur M, Spencer R, Tsang M, et al. Cardiac
CT angiography for device surveillance after endovascular left atrial
appendage closure. Eur Heart J Cardiovasc Imaging. 2015;16:1198-206.

17. Ruile P, Blanke P, Krauss T, Dorfs S, Jung B, Jander N, et al. Pre-procedural
assessment of aortic annulus dimensions for transcatheter aortic valve
replacement: comparison of a non-contrast 3D MRA protocol with
contrast-enhanced cardiac dual-source CT angiography. Eur Heart J
Cardiovasc Imaging. 2016;17:458-66.



Soh et al. Journal of Cardiovascular Imaging (2024) 32:27 Page 10 of 10

18. Samaras A, Papazoglou AS, Balomenakis C, Bekiaridou A, Moysidis DV, Pat-
siou V, et al. Residual leaks following percutaneous left atrial appendage
occlusion and outcomes: a meta-analysis. Eur Heart J. 2024;45:214-29.

19. Su P, McCarthy KP, Ho SY. Occluding the left atrial appendage: anatomical
considerations. Heart. 2008;94:1166-70.

20. Rajwani A, Shirazi MG, Disney PJ, Wong DT, Teo KS, Delacroix S, et al. Left
atrial appendage eccentricity and irregularity are associated with residual
leaks after percutaneous closure. JACC Clin Electrophysiol. 2015;1:478-85.

21. Spencer RJ, DeJong P, Fahmy P, Lempereur M, Tsang MY, Gin KG, et al.
Changes in left atrial appendage dimensions following volume loading
during percutaneous left atrial appendage closure. JACC Cardiovasc
Interv. 2015;8:1935-41.

22. So CY,Kang G, Villablanca PA, Ignatius A, Asghar S, Dhillon D, et al. Addi-
tive value of preprocedural computed tomography planning versus
stand-alone transesophageal echocardiogram guidance to left atrial
appendage occlusion: comparison of real-world practice. J Am Heart
Assoc. 2021;10:e020615.

23. Achenbach S, DelgadoV, Hausleiter J, Schoenhagen P, Min JK, Leipsic JA.
SCCT expert consensus document on computed tomography imaging
before transcatheter aortic valve implantation (TAVI)/transcatheter aortic
valve replacement (TAVR). J Cardiovasc Comput Tomogr. 2012;6:366-80.

24. Freixa X, Aminian A, Tzikas A, Saw J, Nielsen-Kudsk JE, Ghanem A, et al.
Left atrial appendage occlusion with the Amplatzer Amulet: update on
device sizing. J Interv Card Electrophysiol. 2020;59:71-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Preprocedural cardiac computed tomography versus transesophageal echocardiography for planning left atrial appendage occlusion procedures
	Abstract 
	Background
	Methods
	Study design and population
	Transesophageal echocardiography
	Cardiac computed tomography
	Percutaneous LAAO procedure
	Residual leak assessment using postprocedural CT
	Statistical analysis

	Results
	Baseline patient characteristics
	LAA measurement
	Procedure outcomes and characteristics
	Postprocedural residual leak

	Discussion
	Conclusions
	Acknowledgements
	References


