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Abstract
Background: An inferoposterior transseptal puncture (TSP) is generally recommended for percutaneous
left atrial appendage (LAA) closure. However, the LAA is a highly variable anatomical structure. This may
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have an impact on the preferred TSP site.

Aims: This study aimed to determine the optimal TSP site for percutaneous LAA closure in different LAA
morphologies.

Methods: In this prospective study, 182 patients undergoing percutaneous LAA closure were included. The
spatial relationship of the LAA to the fossa ovalis and its consequence for TSP was assessed at preproc-
edural cardiac computed tomography (CCT).

Results: Based on CCT analysis, it was predicted that coaxial alignment between the delivery sheath and
the LAA would be obtained by an inferoposterior, inferocentral, or inferoanterior TSP in 75%, 16% and
8% of cases, respectively. This was also confirmed by procedural LAA angiogram in 175 cases (96%) with
<30° angle between the delivery sheath and the LAA central axis. Multivariate logistic regression analysis
identified reverse chicken wing LAA (odds ratio [OR] 6.36 [1.85-29.3]; p=0.005) and posterior bending of
the proximal LAA (OR 17.2 [3.3-96.2]; p<0.001) as independent predictors of a central or anterior TSP —
this to increase the chance of obtaining coaxial alignment between the delivery sheath and the LAA.
Conclusions: An inferoposterior TSP is recommended in the majority of percutaneous LAA closure proce-
dures in order to obtain coaxial alignment between the delivery sheath and the LAA. An inferior but more
central/anterior TSP should be recommended in case of a reverse chicken wing LAA or posterior bending
of the proximal LAA, which occurs in 20-25% of cases.
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Abbreviations
ANOVA  analysis of variance

CCT cardiac computed tomography
Cl confidence interval(s)

LAA left atrial appendage

LAO left anterior oblique

MPR multiplanar reconstruction
NVAF non-valvular atrial fibrillation
O0AC oral anticoagulation

OR odds ratio

RAO right anterior oblique
TEE transoesophageal echocardiography
TSP transseptal puncture

Introduction

Percutaneous transcatheter left atrial appendage (LAA) closure can
be an alternative to chronic oral anticoagulation (OAC) as stroke
prevention in patients with non-valvular atrial fibrillation (NVAF)
and a high stroke and bleeding risk or contraindications to OAC
therapy'*. In order to secure a safe and effective LAA closure pro-
cedure, careful sheath and device manipulation, as well as correct
LAA closure device size selection, is of critical importance.

In order to implant a device into the LAA by the transfemoral
transvenous approach, a transseptal puncture (TSP) has to be per-
formed. A general consensus exists prescribing that an inferior and
posterior puncture of the fossa ovalis should be aimed for in order
to facilitate delivery of the LAA closure device into the LAA3S.
This also makes sense as the LAA is typically located superior and
anterolateral in the left atrium (LA) and the LAA long axis is typi-
cally oriented anteriorly’?.

However, the LAA is a highly variable anatomical structure in
humans®'°. Consequently, a classic inferoposterior TSP does not
always provide operators with the greatest ability to obtain co-
axial alignment between the delivery sheath and the LAA central
axis. Importantly, prior studies have also described that suboptimal
device alignment (off-axis at the landing zone) carries a higher
risk of incomplete LAA closure — with residual leakage into the
LAA™

To date, no studies have investigated the spatial relationship of
the LAA to the fossa ovalis and its possible consequence for TSP.
Hence, this is the first cardiac computed tomography (CCT)-based
study aimed at determining the optimal TSP site for LAA closure
in different types of LAA morphology and to identify independent

predictors of a non-classic TSP site, if any.

Methods

STUDY POPULATION

In this prospective study, 182 consecutive patients with a prepro-
cedural CCT and undergoing percutaneous LAA closure in the
period 2019-2021 were included. All patients were known to have
non-valvular atrial fibrillation (NVAF) and a high risk for stroke
and bleeding and/or contraindication(s) to OAC therapy. All pro-
cedures were performed under local anaesthesia with intracardiac

echocardiography guidance and using one of the following
CE-mark approved LAA closure devices: AMPLATZER Amulet
(Abbott Laboratories) and Watchman FLX (Boston Scientific).
All patients gave written informed consent for the procedure
and the use of anonymous data for clinical research. All baseline
patient and procedural data were collected prospectively in the
Copenhagen LAA Registry.

CARDIAC COMPUTED TOMOGRAPHY (CCT) ACQUISITION
AND ANALYSIS

All patients underwent a multidetector CCT scan before the
procedure. CCT data acquisition was performed in accordance
with a site-specific protocol used for CCT imaging in prepara-
tion for percutaneous LAA closure, as published earlier'>. CCT
data acquisition was electrocardiography (ECG)-gated, contrast-
enhanced and performed with 0.5 mm slice thickness and 0.5 mm
increments.

First, quantitative assessments of left atrial (LA), right atrial
(RA), left ventricular (LV) and right ventricular (RV) diastolic
volumes were made on an external workstation (Vitrea 6.3; Vital
Images Inc.) in the mid-diastolic phase of the heart cycle, as pre-
viously described. LA and RA volumes (including appendage, but
carefully excluding pulmonary veins and vena cava) were assessed
manually by tracing the endocardial borders on 15-20 tomographic
slices. LV and RV diastolic volumes were derived as manually
corrected automated delineation of the endocardial borders.

Second, the LAA morphology was assessed for each patient
and classified into one of three types: non-angulated (windsock,
cactus, and cauliflower), chicken wing, and reverse chicken wing
LAA. The chicken wing morphology was defined as an obvious
bend in the proximal or middle part of the dominant LAA lobe;
in cases where the dominant LAA lobe bent posteriorly, the LAA
was classified as reverse chicken wing. Next, the dimensions of
the LAA ostium and LAA landing zone — at a depth of 10 mm dis-
tal to the ostium — were measured. LAA-specific CCT measure-
ments were made using the LAA workflow of 3mensio software
(Pie Medical Imaging).

Third, the anatomical relationship between the fossa ovalis
and LAA was assessed. The fossa ovalis was defined using the
LAA Septal Crossing workflow of 3mensio software. As shown in
Figure 1, the lateral view (RAO 45°) was used to assess the co-
axial alignment with the LAA central axis following an anterior
versus posterior TSP — by measuring the angle (<180°) formed by
an anterior or posterior puncture of the fossa ovalis and the proxi-
mal LAA central axis, the latter connecting the centres of the LAA
ostium and LAA landing zone. The apical view (LAO 45°) was
used to assess the alignment with the proximal LAA central axis
following a superior versus inferior TSP — by measuring the angle
(<180°) formed by a superior or inferior puncture of the fossa ova-
lis and the LAA central axis. The closer this angle is to 180°, the
more this TSP site is in line with the proximal LAA central axis
and, hence, should be considered the preferred TSP site for this
patient’s LAA anatomy.



A Lateral view

Measuring angle (<180°)
between anterior/posterior
puncture site at fossa ovalis and
LAA central axis — connecting
LAA ostium and LAA landing zone

B Apical view

Measuring angle (<180°)
between superior/inferior
puncture site at fossa ovalis and
LAA central axis — connecting
LAA ostium and LAA landing zone

Transseptal puncture for LAA closure

LAAC —transseptal (TS) puncture

Lateral view - RAO 45° view
Assessment of anterior vs posterior
puncture of fossa ovalis

Apical view - LAO 45° view
Assessment of superior vs inferior
puncture of fossa ovalis

Figure 1. Anatomical relationship between the fossa ovalis and the LAA. A) The lateral view (RAO 45°) was used to assess co-axial alignment
with the LAA central axis following an anterior versus posterior TSP, by measuring the angle (<180°) formed by an anterior or posterior

puncture at the fossa ovalis and the proximal LAA central axis. B) The apical view (LAO 45°) was used to assess co-axial alignment with the

LAA central axis following a superior versus inferior TSP, by measuring the angle (<180°) formed by a superior or inferior puncture at the
Jossa ovalis and the LAA central axis. The closer this angle is to 180°, the more this TSP site is in line with the proximal LAA central axis and,
hence, should be considered the preferred TSP site for this particular anatomy. LAAC: left atrial appendage closure; LAO: left anterior

oblique; RAO: right anterior oblique; TSP: transseptal puncture

Fourth, orientation of the proximal LAA was assessed in the lat-
eral view. The angle between the LAA ostium and proximal LAA
central axis was systematically measured at the side of the left cir-
cumflex artery, the proximal LAA central axis was again defined
as the line connecting the centres of the LAA ostium and LAA
landing zone. This latter CCT analysis was performed by using the
LAA workflow of 3mensio software.

PROCEDURAL LAA ANGIOGRAM

In this series of LAA closure procedures, the TSP site was cho-
sen and TSP was performed as predefined at preprocedural CCT
analysis. The angle between the delivery sheath (distal end) and
the proximal LAA central axis was assessed and measured at the

procedural LAA angiogram, before deployment of the LAA clo-
sure device. In the case of <30° angle, the TSP was considered
successful with co-axial alignment between the delivery sheath

and LAA central axis.

STATISTICAL ANALYSIS

Categorical variables are reported as absolute values and per-
centages. Continuous variables are reported as means+standard
deviation. The mean optimal predicted TSP site at the posterior-
anterior axis for three different LAA morphologies (non-angulated,
chicken wing, reverse chicken wing) was compared using a one-
way analysis of variance (ANOVA). In order to identify possible
independent predictors of a non-classic, non-inferoposterior TSP,
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all variables with p<0.10 on univariate analysis were included in
a stepwise multivariate logistic regression model. The results of
these analyses are reported as odds ratios (OR) with 95% con-
fidence intervals (CI). Statistical significance was defined as
a p-value <0.05. All statistical analyses were performed with SPSS
software, Version 24 (IBM Corp.).

Results

PATIENT POPULATION

A total of 182 consecutive patients who had undergone preproce-
dural CCT and percutaneous LAA closure in the period 2019-2021
were included in this study. Demographic and baseline data are
summarised in Table 1. The distribution of non-angulated, chicken
wing and reverse chicken wing LAA morphology was 48%, 39%
and 13%, respectively.

PREDICTION OF OPTIMAL TSP SITE

Based on the described CCT analysis, the optimal TSP site could be
predicted and calculated for every individual patient (Figure 2A).
A scatter plot showing the distribution of the optimal TSP site for
all patients included in this study (N=182) is shown in Figure 2B.

Table 1. Baseline characteristics.

Age, years 73.6+£8.0
Male 115 (63%)
Hypertension 133 (73%)
Diabetes 27 (15%)
Atrial fibrillation

Paroxysmal 47 (26%)

Persistent/permanent 135 (74%)
Previous stroke (ischaemic/haemorrhagic) 86 (47%)
eGFR <45 ml/min/1.73 m? 24 (13%)
LVEF, % 54.0+8.9
LVEF <45% 23 (13%)
CHA,DS_-VASc score 3.8+1.7
HAS-BLED score 3.4+1.2

Indication for LAA closure

Prior major bleeding 109 (60%)

High bleeding risk without prior bleeding 51 (28%)

Ischaemic stroke despite OAC therapy 9 (5%)

Medication side-effects/intolerance 13 (7%)
LAA anatomy

Non-angulated (windsock/cactus/cauliflower) 87 (48%)

Chicken wing 71 (39%)

Reverse chicken wing 24 (13%)

LAA closure device
AMPLATZER Amulet 117 (64%)
WATCHMAN FLX 65 (36%)

eGFR: estimated glomerular filtration rate; LAA: left atrial appendage;
LVEF: left ventricular ejection fraction; OAC: oral anticoagulation

For all patients, co-axial alignment between the delivery sheath
and the LAA central axis was predicted to be obtained by an infe-
rior TSP (100%). Along the posterior-anterior axis, there was
a wider spread of optimal TSP sites (Supplementary Figure 1).
Consequently, the fossa ovalis was subdivided into a posterior,
central and anterior zone corresponding to an A angle (anterior—
posterior) of (=30° to —10°), (-10° to 10°), and (10° to 30°),
respectively (Figure 2A). Co-axial alignment between the deliv-
ery sheath and proximal LAA central axis was predicted to be
obtained by a posterior, central, or anterior TSP in 75%, 17%,
and 8% of patients, respectively (Figure 2C). This was also con-
firmed by procedural LAA angiogram in 175 cases (96%) with
<30° angle between the LAA closure device delivery sheath and
proximal LAA central axis.

The mean optimal TSP site along the posterior-anterior axis was
significantly different between the three different LAA morpholo-
gies (Figure 2D, Figure 2E) (ANOVA between groups: p<0.001).
Transseptal crossing at the central or anterior part of the fossa
ovalis should be considered in two-thirds of cases with a reverse
chicken wing LAA morphology.

ASSOCIATION BETWEEN PROXIMAL LAA ORIENTATION AND
OPTIMAL TSP SITE

The orientation of the proximal LAA was assessed in the lateral
view, indicating whether the proximal LAA had a predominantly
anterior (<90°) or posterior (>90°) orientation (Figure 3).

The majority of patients had an anterior orientation of the proxi-
mal LAA (N=158, 87%); only 24 patients (13%) had a posteriorly
oriented proximal LAA. A posterior orientation of the proximal
LAA was observed relatively more often in reverse chicken wing
LAAs (8/24, 33%). Also, LAAs with a classic chicken wing mor-
phology were sometimes found to have a posterior bend in their
proximal LAA, favouring a more central anterior transseptal
crossing. A posterior TSP should be preferred in case of a predom-
inantly anterior orientation of the proximal LAA (<80°), whereas
a central-anterior TSP could be the better option in LAAs with
an LAA ostium-LAA central axis angle >80° (N=33/51, 65%)
(Figure 3).

PREDICTORS OF A CENTRAL-ANTERIOR TSP SITE

Based on a stepwise multivariate logistic regression analysis,
including a wide range of clinical, echocardiographic and CCT
characteristics (Table 2), the only independent variables predict-
ing a proximal LAA central axis alignment with a central-ante-
rior TSP were a reverse chicken wing LAA morphology (OR 6.36;
p=0.005) and an LAA ostium-LAA central axis angle >80°
(OR 11.3; p<0.001) and >90° (OR 17.2; p<0.001).

Discussion

This is the first study investigating the spatial relationship of the
LAA to the fossa ovalis and its possible consequence for TSP
during percutaneous LAA closure. In brief, our results indicate
that the fossa ovalis is best punctured inferoposterior in 75-80%
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Figure 2. CCT-based prediction of optimal TSP site. A) Schematic images illustrating the calculation of A angle (anterior - posterior) in the
lateral view. B) Scatter plot showing the distribution of the optimal TSP site for all patients along the anterior-posterior axis (X-axis) and
superior-inferior axis (Y-axis). C) Distribution of a preferred posterior, central and inferior TSP in the entire study population. D) Distribution
of a preferred posterior, central and inferior TSP in the three morphological subgroups. E) Preferred TSP site comparison between the three
LAA morphological subgroups, showing box-and-whisker plots (box, 25" and 75" percentile; whiskers, 5" and 95" percentiles) and one-way
ANOVA comparing the means. CCT: cardiac computed tomography, LAA: left atrial appendage; TSP: transseptal puncture
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Non-angulated (windsock) Chicken wing (proximal-anterior bend)

~ Anterior

Reverse chicken wing Chicken wing (proximal-posterior bend)

E Association proximal LAA orientation and favoured TSP site
60 4
M Favours posterior TSP
[ Favours central TSP
M Favours anterior TSP

50 4

Number of patients (N)

<60° 60-69° 70-79° 80-89° >90°
Proximal LAA orientation

Number of patients

Non-angulated 22 27 21 1 10
Chicken wing 16 18 15 16 6
Reverse chicken wing 5 4 3 4 8

Figure 3. Association between proximal LAA orientation and optimal TSP site. A) - D) The orientation of the proximal LAA was assessed in
the lateral view, indicating whether the proximal LAA had a predominantly anterior orientation (A & B) or posterior orientation (C & D).
The angle between the LAA ostium and proximal LAA central axis was systematically measured at the side of the lefi circumflex artery;

the proximal LAA central axis was defined as the line connecting the centres of the LAA ostium and LAA landing zone. E) A posterior TSP is
the best option in case of a more anterior orientation of the proximal LAA (<80°), whereas a non-classic, central-anterior TSP should be
considered in LAAs with an LAA ostium-LAA central axis angle >80°. A posterior orientation of the proximal LAA was observed relatively
more often in reverse chicken wing LAAs. LAA: left atrial appendage; LCx: left circumflex TSP: transseptal puncture

of cases, in order to have the best chance of obtaining co-axial =~ wing LAA or posterior bending of the proximal LAA. A superior
alignment between the delivery sheath and the LAA central axis. TSP should be avoided in all cases (Central illustration).

An inferior but more central-anterior TSP should be considered in Typically, the LAA is located in the superior and anterolat-
20-25% of procedures, especially in cases with a reverse chicken  eral aspect of the LA and the long axis of the LAA is oriented



Transseptal puncture for LAA closure

Table 2. Predictors of central or anterior transseptal puncture.

Multivariate analysis p-value

Univariate analysis p-value

Clinical characteristics

Age, years 0.99 (0.95-1.03) 0.604
Male 0.92 (0.42-2.01) 0.832
Hypertension 0.79 (0.34-1.82) 0.579
Atrial fibrillation, type Paroxysmal 1.97 (0.87-4.47) 0.104

Persistent/permanent 0.51 (0.22-1.15) 0.104

Echocardiography

LA diameter, mm* 0.96 (0.90-1.02) 0.148
LA area, mm? ¢ 0.96 (0.89-1.03) 0.232
LVEF, % 0.99 (0.95-1.04) 0.810
LVEDD, mm* 1.02 (0.96-1.08) 0.557
RA area, mm? 0.99 (0.99-1.00) 0.416

Cardiac computed tomography

1224 R A ARTARAATA I IEIVE O E |

LA volume, mm? 0.92 (0.82-1.04) 0.185
LV volume, mm? 0.96 (0.91-1.03) 0.217
RA volume, mm? 0.94 (0.85-1.03) 0.173
RV volume, mm? 0.96 (0.89-1.02) 0.176
LAA dimensions Mean LAA ostium &, mm 0.96 (0.90-1.03) 0.215
Mean landing zone &, mm 0.94 (0.86-1.02) 0.126
LAA morphology Non-angulated 0.22 (0.09-0.55) 0.001 0.41 (0.13-1.25) 0.115
Chicken wing 0.97 (0.43-2.16) 0.933
Reverse chicken wing 8.52 (3.23-22.45) <0.001 6.36 (1.85-29.3) 0.005
Angle LAA ostium-LAA >80° 18.9 (7.28-48.6) <0.001 11.3(3.06-39.7) <0.001
central axis >90° 38.2(9.02-148.1) | <0.001 17.2 (3.27-96.2) <0.001

*as measured in parasternal long axis view. *as measured in apical four-chamber view. LA: left atrium; LAA: left atrial appendage; LV: left ventricle;
LVEDD: left ventricular end-diastolic diameter; LVEF: left ventricular ejection fraction; RA: right atrium; RV: right ventricle

anteriorly”®. Consequently, it has been recommended (and has
been common practice) to aim for an inferoposterior TSP when
performing LAA closure. In comparison, a more superior-posterior
TSP is targeted when performing a MitraClip (Abbott) procedure,
whereas a more anterior TSP is recommended when engaging in
a pulmonary vein isolation®S.

The LAA is a highly variable anatomical structure between
patients which does not only vary in its dimensions but also in the
number of lobes as well as in the shape and orientation of these
lobe(s)”!°. Clearly, this may have an impact on the TSP site to
be targeted, as operators strive for co-axial alignment between the
delivery sheath and proximal LAA central axis. In case of subop-
timal co-axial alignment, an LAA closure procedure may become
very challenging and the risk of off-axis device implantation, with
risk of peri-device leakage'!, as well as procedural complications
may increase markedly.

Traditionally, imaging and sizing of the LAA has relied on tran-
soesophageal echocardiography (TEE)'“'">. However, in parallel
with the acceptance of CCT as the “gold standard” imaging tool
to prepare for transcatheter aortic valve implantation, CCT is also
increasingly recognised as a valuable imaging modality to prepare

for percutaneous LAA closure!?!¢!¥, The possibility of easily gen-
erating three-dimensional multiplane reconstructions not only
results in more accurate and reproducible measurements of the
LAA dimensions but also offers the opportunity to study in detail
the spatial relationship between the LAA and fossa ovalis and its
possible consequence for TSP.

As the WATCHMAN FLX and AMPLATZER Amulet LAA
closure devices are designed to be implanted in the proximal part
of the LAA (at the landing zone), co-axial alignment with the
proximal LAA central axis should be aimed for'. In accordance
with common practice, this study found that an inferoposterior
TSP results in co-axial alignment between the delivery sheath
and the proximal LAA in the majority of patients (75-80%).
Independent predictors of an inferior but more central-ante-
rior TSP were found to be a reverse chicken wing LAA and an
angle between the LAA ostium and proximal LAA central axis
>80/90°, which was found in 20-25% of patients. Therefore, it is
important to make a distinction between the “overall” orientation
of the LAA and the orientation of the proximal LAA. Figure 3D
illustrates an “overall” anteriorly oriented chicken wing LAA
in which the proximal part bends posteriorly, favouring a more
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Cardiac CT analysis before LAA closure

Optimal transeptal puncture (TSP) site (N=182)
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Central illustration. Cardiac computed tomography-based selection of transseptal puncture (TSP) site for percutaneous left atrial appendage

(LAA) closure. An inferoposterior TSP is recommended in the majority of percutaneous LAA closure procedures in order to obtain co-axial

alignment between delivery sheath and LAA; an inferior but more central/anterior TSP should be recommended in the case of a reverse
chicken wing LAA or posterior bending of the proximal LAA, which occurs in 20-25% of cases.

central-anterior TSP. Appreciating this aspect preprocedurally
will not only result in a less complex procedure, but will also
increase the chance of implanting the LAA closure device in line
with the LAA central axis and, hence, obtain complete LAA clo-
sure without any peri-device leak. This should also become the
new criterion in order to label an LAA closure procedure “suc-
cessful” in the future.

Although many centres have adopted CCT as a routine investi-
gation in their preprocedural planning for LAA closure', it is not
yet a routine assessment to delineate the fossa ovalis. The latter
assessment is also not always easy, as it requires high-quality
CCT with also a minimum of contrast at the right atrial side.
Therefore, detecting a reverse chicken wing LAA and/or meas-
uring an angle >80° between the LAA ostium and LAA proxi-
mal central axis should flag the possibility that a non-classic,
more central/anterior TSP may be the better option to obtain
co-axial alignment between the delivery sheath and LAA cen-
tral axis. An example of how comprehensive preprocedural

planning, including optimal TSP site assessment, can reduce
procedural complexity and improve its outcome can be found in
Supplementary Figure 2.

Despite the usefulness of CCT in preprocedural planning, it is
important to emphasise that echocardiographic imaging during the
LAA closure procedure is still recommended — either by intracar-
diac echocardiography or by (mini- or micro-multiplane) TEE.
This is merely to assess the interatrial septum (whether lipoma-
tous, aneurysmal or patent foramen ovale is present) and guide the
TSP and LAA closure device implantation.

In conclusion, although this study presents strong data support-
ing the use of CCT in the preprocedural planning for LAA clo-
sure, a randomised controlled trial comparing a standard (TEE)
and CCT-based preprocedural planning of percutanecous LAA
closure should be encouraged. Whether such a trial will ever be
conducted is doubtful. However, dedicated structural heart inter-
ventionalists with skills in CCT analysis are becoming the new
standard. The use of CCT in preprocedural planning (replacing



and/or supplementing TEE, depending on which kind of struc-
tural heart intervention is planned) is more often becoming routine
practice. This now has been even further accelerated by the cur-
rent COVID-19 pandemic.

Limitations

The inability to incorporate a pre-shaped delivery sheath into our
CT analysis and assessment of the preferred TSP site was one of
the main study limitations. The most recent 3mensio Structural
Heart LAA software, version 10.0, includes a “Catheter Path
Simulation” in the septal crossing module. Unfortunately, this fea-
ture did not generate reliable simulations in our experience. In
addition, the analysis and findings reported in this study may the-
oretically be different for other LAA closure devices and/or deliv-
ery sheaths. Also, the arrival of steerable delivery sheaths may
have an impact on the ease of obtaining co-axial alignment with
the LAA central axis and eventually make the exact site of intera-
trial septum crossing less important. However, these data are still
missing and will have to be collected in future registries and stud-
ies. Despite the above-mentioned limitations, this study investi-

gated a topic which has never been studied before.

Conclusions

An inferoposterior TSP should be recommended in the majority
of percutaneous LAA closure procedures in order to obtain co-
axial alignment between the delivery sheath and proximal LAA.
An inferior but more central-anterior TSP should be considered
in the case of a reverse chicken wing LAA or a posterior bend of
the proximal LAA, which occurs in 20-25% of cases. There is no
doubt that an optimised preprocedural planning for percutaneous
LAA closure will be one of the keys to a further optimisation and
streamlining of this structural heart procedure. Larger multicentre

studies will be needed to confirm these findings.

Impact on daily practice

An inferior and posterior transseptal puncture (TSP) has been
generally recommended when performing percutaneous left
atrial appendage (LAA) closure. An inferior but more central/
anterior TSP should be recommended in the case of a reverse
chicken wing LAA or a posterior bend of the proximal LAA,
which occurs in 20-25% of cases. Preprocedural cardiac com-
puted tomography analysis can help to determine the optimal
TSP site.
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Optimal transseptal puncture site
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Supplementary Figure 1. Optimal calculated transseptal puncture site.

Bar charts showing the number of patients in which a (A) superior or inferior TSP, or (B)
posterior, central, or anterior TSP is preferred in order to obtain the best possible alignment
with the proximal LAA central axis.

LAA: left atrial appendage; TSP: transseptal puncture



Preprocedural planning — favours inferior-anterior transseptal puncture (TSP)
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Supplementary Figure 2. Prospective determination of the optimal transseptal puncture (TSP) site using CCT
analysis.

A) & B) Transseptal crossing-specific CT analysis indicating an optimal coaxial alignment with the proximal LAA
central axis in case of an inferior and anterior TSP.

C) Additional LAA CT analysis indicating a slight posterior orientation of the proximal LAA.

D) A prospectively planned inferior-anterior TSP was performed, as also confirmed by CT fluoroscopy fusion
imaging.

E) Proper co-axial alignment of the AMPLATZER Amulet delivery sheath (Abbott Laboratories) and the proximal
LAA — a more posterior TSP would have resulted in a worse co-axial alignment (as suggested by this RAO view).
F) Final implantation of an AMPLATZER Amulet device (28 mm) at the predefined landing zone and with the lobe
perpendicular to the LAA wall; the disc nicely restored the concavity of the LA.

CCT: cardiac computed tomography; LAA: left atrial appendage; RAO: right anterior oblique; TSP: transseptal
puncture



