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Abstract

Background: Simultaneous atrial fibrillation (AF) catheter ablation and left atrial appendage closure (LAAC) is sometimes

recommended for both rhythm control and stroke prevention. However, the advantages of intracardiac echocardiography (ICE)

guidance for this combined procedure have been scarcely reported. To evaluate the clinical outcomes and safety of ICE

guided LAAC within a zero-fluoroscopy catheter ablation procedure. Methods and Results:From April 2019 to April 2020, 56

patients with symptomatic AF underwent concomitant catheter ablation and LAAC. ICE with a multi-angled imaging protocol

mimicking the TEE echo windows was used to guide LAAC. Successful radiofrequency catheter ablation and LAAC was achieved

in all patients. Procedure-related adverse event rate was 3.6%. During the 12-month follow-up, 77.8% of patients became free

of arrhythmia recurrences and oral anticoagulants were discontinued in 96.4% of patients. No ischemic stroke occurred despite

two cases of device-related thrombosis versus an expected stroke rate of 4.8% based on the CHA2DS2-VASc score. The overall

major bleeding events rate was 1.8%, which represented a relative reduction of 68% versus an expected bleeding rate of 5.7%

based on the HAS-BLED score of the patient cohort. The incidence of iatrogenic atrial septal defect secondary to a single

transseptal access dropped from 57.9% at 2 months to 4.2% at 12 months TEE follow-up. Conclusion:The combination of

catheter ablation and LAAC under ICE guidance was safe and effective in AF patients with high stroke risk. ICE with our

novel protocol was technically feasible for comprehensive and systematic assessment of device implantation.
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Abstract

Background: Simultaneous atrial fibrillation (AF) catheter ablation and left atrial appendage closure (LAAC)
is sometimes recommended for both rhythm control and stroke prevention. However, the advantages of
intracardiac echocardiography (ICE) guidance for this combined procedure have been scarcely reported. To
evaluate the clinical outcomes and safety of ICE guided LAAC within a zero-fluoroscopy catheter ablation
procedure.
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. Methods and Results:From April 2019 to April 2020, 56 patients with symptomatic AF underwent con-
comitant catheter ablation and LAAC. ICE with a multi-angled imaging protocol mimicking the TEE echo
windows was used to guide LAAC. Successful radiofrequency catheter ablation and LAAC was achieved
in all patients. Procedure-related adverse event rate was 3.6%. During the 12-month follow-up, 77.8% of
patients became free of arrhythmia recurrences and oral anticoagulants were discontinued in 96.4% of pa-
tients. No ischemic stroke occurred despite two cases of device-related thrombosis versus an expected stroke
rate of 4.8% based on the CHA2DS2-VASc score. The overall major bleeding events rate was 1.8%, which
represented a relative reduction of 68% versus an expected bleeding rate of 5.7% based on the HAS-BLED
score of the patient cohort. The incidence of iatrogenic atrial septal defect secondary to a single transseptal
access dropped from 57.9% at 2 months to 4.2% at 12 months TEE follow-up.

Conclusion:The combination of catheter ablation and LAAC under ICE guidance was safe and effective in
AF patients with high stroke risk. ICE with our novel protocol was technically feasible for comprehensive
and systematic assessment of device implantation.

Keywords

atrial fibrillation; intracardiac echocardiography; left atrial appendage closure; catheter ablation; outcomes

Introduction

Atrial fibrillation (AF) is the most prevalent arrhythmia worldwide and leads to an increased risk of ischemic
stroke as high as 5% per year.1 Despite the beneficial effect of catheter ablation in improving AF-induced
symptoms, long-term sinus rhythm maintenance remains challenging.2 Furthermore, solid evidence of a
proven role of AF catheter ablation in stroke prevention is lacking.3 The latest guideline does not recommend
discontinuation of oral anticoagulation post-ablation in patients with high stroke risk.4

The left atrial appendage (LAA) is the main source of thrombi in patients with nonvalvular AF, and mechan-
ical exclusion of the LAA has emerged as a nonpharmacologic approach for long-term stroke prevention.5

Thus, combining catheter ablation and LAA closure (LAAC) in a single procedure has been proposed as a
promising therapeutic strategy for simultaneously alleviating symptoms and reducing the risk of thromboem-
bolic or bleeding events..6,7 However, intraprocedural transesophageal echocardiography (TEE) guidance for
device implantation is associated with a significant logistical burden, gastroesophageal damage, and risk
associated with routine general anesthesia.8Intracardiac echocardiography (ICE) with the potential to over-
come these shortcomings has therefore been performed as an alternative to TEE for LAAC.9,10 However,
systemic assessment of LAA device deployment accompanied by AF ablation under ICE monitoring remains
uncertain.

We aimed to report the outcomes and safety of ICE-guided LAAC within zero fluoroscopy radiofrequency
catheter ablation procedure using a novel “FLAVOR” protocol with multi-angled imaging assessment.

Methods

This prospective, single-center study involved patients aged [?]18 years with documented drug-resistant non-
valvular AF at high risk of stroke treated by ICE-guided AF catheter ablation and LAAC. Informed consent
was obtained from all patients, and the study procedure was approved by the ethics committee of the first
affiliated hospital of Wenzhou medical university.

Catheter ablation was performed prior to LAAC under conscious sedation with fentanyl and midazolam. The
procedure was performed via both the left and right femoral veins. A decapolar coronary sinus electrode
(Abbott, Saint Paul, MN, USA) was advanced through the left femoral vein access using a long 25-cm 7-Fr
insertion sheath. Double right femoral vein access was obtained for introducing the 10-Fr ICE catheter
(SoundStar; Biosense Webster, Irvine, CA, USA) and transseptal puncture. The geometry map of the left
atrium (LA) including the LAA was created by ICE probe manipulation at the right median atrial septum
and at the entrance of the coronary sinus using a three-dimensional mapping system (CARTO 3; Biosense
Webster). Single transseptal puncture was guided by ICE. A contact force-sensing catheter (Thermocool
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. SmartTouch; Biosense Webster) supported by a steerable sheath (Agilis NxT; Abbott) was used to perform
circumferential pulmonary vein isolation (PVI). The ablation power was set to 45 W with a target ablation
index (AI) of 450 for the anterior wall and 40 W with a target AI of 350 for the posterior wall. The
Visitag (CARTO3; Biosense Webster) settings included: inter-lesion distance [?]5 mm, minimum force 5 g,
force-over-time 50%, minimum time 3 seconds, maximal range 2 mm, and lesion tag size 2 mm (Figure 1).
In patients with persistent AF, cardioversions were delivered to restore sinus rhythm after PVI. Substrate
mapping and additional ablation were then conducted.

A 6-Fr pigtail catheter was advanced to the LAA to perform LAA angiography, with LA pressure of [?]12
mmHg, at right anterior oblique and caudal projections. The Agilis NxT sheath was further exchanged
with a 10-Fr delivery sheath to pre-dilate the transseptal puncture site. The delivery sheath was then
retracted into the inferior vena cava while keeping the guidewire in the left superior pulmonary vein (LSPV)
to allow the ICE catheter advance into the LA through the same site, which was tagged on the image
guided by the CARTOSOUND system without fluoroscopic exposure. The echocardiographic LAA ostium
and landing zone diameters were measured using the “Four Long-Axis Views around Orifice” (FLAVOR)
approach at 90°, 135°, 0°, and 45° (Figures 2 and 3). The delivery sheath was cautiously advanced again to
the LA over the guidewire. An appropriately sized LAmbre device was selected based on both angiographic
and echocardiographic measurements. Fluoroscopy- and ICE-guided LAAC with the LAmbre device was
performed using our previously described modified method.11 The position of the device and the degree of
residual peri-device flow were assessed with ICE (Figure 3). The device was released when the COST criteria
were met (umbrella deployed beyond Circumflex artery, umbrella fully Open, optimal peri-device Sealing
(leak of [?]3 mm), and device stability confirmed by Tug test) and the cover of the device was not impinging
the mitral valve and/or pulmonary vein ostium. Otherwise, recapture and/or resizing of the device was
attempted. Repeated ICE assessment was performed after release of the device.

The constructed LAA geometry map on the anteroposterior projection was adjusted rightward and up-
ward until the LAA orifice was adequately exposed. Guided by Carto-Sound feature, the ICE probe was
manipulated to achieve the proposed four imaging planes (the angle between adjacent imaging planes was
approximately 45deg) for comprehensive evaluation of the LAA or device. Each plane was adjusted to show
the long-axis view of the LAA or device. The ICE probe was initially advanced to the top of the left atrium
with slight posterior flexion to obtain the first view similar to the 90deg TEE view which we defined as the
90deg ICE view showing the LAA, short-axis view of the left circumflex artery [LCX] and mitral valve. The
second view similar to the 45deg TEE view which was defined as the 135deg ICE view could be achieved
through rightward and anteflexion of the ICE probe. The ICE probe was usually placed at the entrance of
the LSPV. The pulmonary vein ridge, LAA, short-axis view of the LCX and short-axis view of aortic sinus
were most commonly visualized in this view. Next, the ICE probe was frequently positioned at the entrance
of the left inferior pulmonary vein (LIPV) on the LA posterior wall by further rightward flexion to form the
third view similar to the 0deg TEE view which was defined as the 0deg ICE view with excellent display of the
LAA, short-axis view of the LCX, short-axis ascending aorta and concomitant pulmonary artery. Finally,
the ICE catheter was rotated anticlockwise and advanced to the mitral isthmus with posterior flexion to
form the fourth view resembling the 135deg TEE view which was defined as the 45deg ICE view. This view
showed the LAA and the pulmonary artery. This systematic approach allowed comprehensive evaluation of
the LAA or device by mimicking TEE echo windows (Figures 2 and 3).

Outpatient follow-up was scheduled at 3, 6, 12 months post-procedure with a detailed documentation of
clinical events. A standard 12-lead electrocardiogram and 24h Holter recording was performed at each visit
and 7-day Holter monitoring was obtained at the 12-month follow-up for recurrence of atrial tachyarrhythmia.
TEE was conducted at 2 and 12 months after implantation to assess LAA occlusion and rule out thrombi.
Successful sealing of the LAA was defined as complete occlusion or residual peri-device flow of [?]3 mm.
If the sealing criteria were met, anticoagulation was interrupted at 3 months, followed by dual antiplatelet
therapy for 3 months and finally lifelong single antiplatelet therapy.

The primary efficacy endpoints were (1) the rate and degree of residual peri-device flow, (2) iatrogenic atrial
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. septal defect (ASD) at the TEE evaluation, and (3) the combined endpoint of stroke/transient ischemic
attack (TIA)/systemic embolism (SE) over the 12-month follow-up. The primary safety endpoints were (1)
assessment of bleeding events, (2) all-cause mortality, and (3) the fluoroscopy time during the procedure.
The secondary endpoints included (1) AF/atrial tachycardia-free survival, (2) periprocedural complications,
and (3) device-related thrombosis (DRT). AFrecurrence was defined as any documented AF, atrial flutter,
or atrial tachycardia lasting >30 seconds after a 3-month blanking period.

All statistical analyses were performed using SPSS version 20.0 (IBM Corp., Armonk, NY, USA). Continuous
variables are presented as mean +- standard deviation. Categorical variables are reported as median with
interquartile range. A P-value of <0.05 was considered statistically significant.

Results

From April 2019 to April 2020, 56 patients (57.1% male; mean age, 69.4 +- 7.5 years) underwent combined
radiofrequency ablation and LAAC with ICE guidance. The patients’ baseline demographic characteristics
are summarized in Table 1. In terms of stroke risk, the median CHA2DS2-VASc score was 4.0 (3.0–5.0); in
terms of hemorrhage risk, the median HAS-BLED score was 3.0 (2.0–3.0). Ischemic stroke or TIA occurred
in 46.4% of patients.

The acute ablation endpoints and device implantation were achieved in all patients. First-pass PVI was
achieved in 49/56 (87.5%) patients. The mean fluoroscopy time was 6.3 +- 5.3 minutes with zero fluoroscopic
exposure during radiofrequency ablation. The mean radiofrequency ablation time was 14.6 +- 2.7 minutes.
The mean time for assessment of the device position and peri-device leakage with the FLAVOR approach was
2.1 +- 0.4 minutes. After device release, ICE showed complete sealing of the LAA in 46/56 (82.1%) patients,
and the remaining 10/56 (17.9%) patients had minimal residual peri-device flow of [?]3 mm. The mean
post-detachment peri-device leakage was 1.6 +- 0.5 mm, with the majority of leaks occurring in the 45deg or
90deg ICE view (Table 2, Figure 4). The total periprocedural complication rate was 3.6%, including one case
of pericardiac tamponade that occurred during transseptal puncture and was resolved with pericardiocentesis
and one case of a groin hematoma. No stroke/TIA/SE, device embolization, or death occurred.

During a mean follow-up of 12 months, 77.8% of patients were free from AF recurrence. Five patients
underwent repeated catheter ablation and maintained sinus rhythm until the last visit. A first follow-up
TEE was performed at 2 months post-procedure in 49/56 (87.5%) patients. LAA occlusion was complete
in 26 patients, while small peri-device leakage of [?]3 mm was present in the remaining 23 patients. A total
of 48/56 (85.7%) patients underwent TEE and 2 other patients who refused repeat TEE exam underwent
cardiac CT angiography at least 12 months post-procedure. A complete or satisfactory (residual peri-device
flow of [?]3 mm) seal of the LAA was found in 32 and 18 patients, respectively. In accordance with the
findings from ICE assessment after release, subsequent TEE evaluation showed similar sites of residual peri-
device flow (commonly detected in 90deg or 135deg TEE views, which resembled the 90deg and 45deg ICE
views) (Table 3). Two DRTs which were absent at 2-month TEE were detected at the 12-month TEE
follow-up. The patients were subsequently continued on novel oral anticoagulant therapy. One patient died
of a hepatoma 10 months after the procedure.

All 56 patients were discharged with an oral anticoagulant (rivaroxaban in 41, dabigatran in 10, and warfarin
in 5). After the 3-month follow-up, oral anticoagulant therapy was discontinued in all of the implanted
patients. At 12 months, almost all patients were still withdrawn from oral anticoagulants except two patients
with DRTs.

Notably, there was no evidence of thromboembolic events during 12 months of follow-up despite an expected
stroke rate of 4.8% without anticoagulation12 (Figure 5). Only one patient developed severe gastrointestinal
bleeding, representing a 68% relative risk reduction for major bleeding events based on the expected bleeding
rate according to the HAS-BLED score (1.8% vs. 5.7%).13

An iatrogenic ASD was detected in 57.9% of patients at 2 months; this proportion decreased to 4.2% at 12
months.
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. Discussion

The present study demonstrated the promising outcomes and safety of combining AF catheter ablation
and LAAC under ICE guidance for patients with symptomatic drug-refractory AF and high stroke risk.
The study data showed an excellent efficacy profile in avoiding ischemic stroke despite two device-related
thrombi and confirmed the impressive lowering rate of major bleeding events during 12 months of follow-up.
Specifically, this report proposed an original multi-planner ICE protocol (FLAVOR approach) providing
four views equivalent to TEE planes under Carto-Sound feature guidance for assessment of LAA occluder
implantation during the procedure with minimal fluoroscopic exposure. In addition, this study revealed
most of the iatrogenic ASDs developed by a single transseptal access for left atrial ICE to guide LAAC could
closed spontaneously during 12 months follow-up.

The application of ICE during AF ablation has increased over the years and is associated with lower pro-
cedural complications and in-hospital mortality.14 Very few studies to date have evaluated the feasibility
and outcome of zero-fluoroscopy catheter ablation of AF with combined use of a three-dimensional electro-
anatomic mapping system and ICE.15,16 Our study applied the currently available technologies: ICE, CAR-
TOSOUND electroanatomical mapping system and contact force sensing catheter, along with high power
ablation strategy17 and AI guidance18. This study demonstrated that AI-guided high-power fluoroless abla-
tion for AF under ICE guidance is fully effective and safe.

The feasibility of ICE to guide LAAC was recently established, and ICE is now considered an alternative
to TEE to decrease esophageal injury, logistical burden, and risk associated with general anesthesia.19,20

In most studies, the ICE probe is placed at one or two positions in the left atrium.9,10,21 In some of these
studies, the probe was placed only at the entrance of the LSPV.9,21 Hemam et al.22 imaged the LAA from
four different locations to evaluate the LAA and device, including the central LA body, deeper into the
LSPV and LIPV, and transmitral. However, without using the LA geometry map described in the present
study, this approach is limited by the varied anatomical relationships among the LAA, pulmonary veins, and
mitral valves and the technical challenges in manipulation with ICE catheter. Additionally, the technique
might increase the risk of complications such as LA rupture or pulmonary vein laceration. However, no
contemporary studies have provided a fully comprehensive, reproducible method to guarantee efficient and
safe LAAC with ICE guidance. Our present work introduced the novel step-by-step FLAVOR approach,
which presents comparable ICE images with the four standard views of TEE. The three-dimensional LA
geometry map improved the reproducibility and safety of ICE probe manipulation without fluoroscopy and
facilitated thorough assessment of the LAA and device. The LAA ostium is highly eccentric, and Westcott
et al.23revealed that 52% of implant leaks occurred along the posterior segment of the LAA ostium using
a clock-face representation (6:00 to 9:00 axis corresponding to the 135deg TEE view). An explanation
might be that the long axis of the LAA ostium usually centers along the 135deg axis of the TEE view.
Accordingly, in our study cohort, the LAA ostium was numerically the largest in the 0deg to 45deg ICE
view and the smallest in the 135deg ICE view. Most of the leaks after device release were detected at45deg
and 90deg ICE views, none at 135deg ICE view. In consistence, peri-device leaks were most frequently
detected in the TEE 135deg view (79.3%) and 90deg view (65.2%) at the 2-month follow-up. This suggests
that ICE protocols with fewer views, especially only one view from the entrance of the LSPV, may have
significant limitations in comprehensive and accurate evaluation of the position and peri-device leakage
of LAA occluders. Furthermore, ICE-guided catheter ablation and LAAC with the FLAVOR approach
resulted in low X-ray exposure with a mean assessment time of only 2.1 minutes. The FLAVOR approach
was facilitated by the ICE probe which was soft, blunt and flexible, that would allow for safe manipulation
in LA under Carto-Sound integrated into a 3D mapping system.

Because AF ablation is considered only symptomatic treatment, clinical practice guidelines recommend
undefined long-term oral anticoagulation in patients with high risk of thromboembolic events following
catheter ablation therapy.4 Recent studies have proved the efficacy and safety of combined catheter ablation
and LAAC for treatment of AF.6,7 Nevertheless, the combined procedures require general anesthesia and
TEE guidance. A recent study showed that the use of TEE for guiding structural heart disease interventions,
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. including LAAC, was associated with a significant degree of esophageal or gastric injury.24 Esophageal injury
during catheter ablation for AF was not uncommon. Whether the two aggravate esophageal damage remains
a great concern. The use of ICE in combined procedures prevents this problem. Although the cost of an
ICE catheter limits its extensive application, it would be appealing for patients undergoing combined AF
ablation and LAAC because the catheter would be needed for transseptal punctures, LA geometry mapping,
and guiding ablation.

A single transseptal access for LAAC under left atrial ICE guidance is commonly used in ICE-guided LAAC.
Iatrogenic ASDs secondary to catheterization have become an issue of great concern. The PROTECT-AF
trial showed an encouraging spontaneous closure rate of iatrogenic ASDs with a 14-Fr outer diameter Watch-
man transseptal sheath. A total of 87% of iatrogenic ASDs were detected immediately after catheterization,
with 7% remaining at 1 year.25 Korsholm et al.20 compared ICE-guided LAAC under local anesthesia with
TEE-guided LAAC under general anesthesia using an Amplatzer Cardiac Plug or Amulet device. Follow-up
TEE at a mean of 55 days after the procedure showed no significant difference in the incidence (35% vs.
26%) or size of iatrogenic ASDs between the two groups. The incidence of iatrogenic ASD in the long term
after left atrial ICE guided LAAC using a single transseptal access remains unknown. Intriguingly, our study
demonstrated a 57.9% incidence of iatrogenic ASD at 2 months and a 4.2% incidence at 1 year. It therefore
seems safe to perform left atrial ICE guided LAAC with the LAmbre device using a single transseptal access.

This is a pilot, single center prospective observational study with small-scale. We did not compare this strat-
egy with combined treatment under TEE guidance. We only used the LAmbre device and SoundStar ICE
catheter; hence, the study results cannot be fully extrapolated to other LAA occluders and ICE catheters. Fi-
nally, the ICE catheter was maneuvered by experienced electrophysiologists. Further large-scale, multicenter
prospective clinical trials are required to confirm the efficacy and safety of this strategy.

Conclusion

Our study showed that ICE-guided LAAC within a zero-fluoroscopy AF catheter ablation procedure was safe
and effective for patients with symptomatic AF and high stroke risk. Our original ICE based ”FLAVOR”
approach provided a comprehensive assessment of LAA geometry and guided reliable device sizing and
deployment.
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Figure 1. Representative image of ablation index-guided high-power atrial fibrillation catheter ablation under
Carto-Sound system.

Figure 2. Step-by-step illustration of FLAVOR approach. LAA, left atrial appendage; P, posterior; R, right;
A, anterior; PA, posteroanterior; LSPV, left superior pulmonary vein; LIPV, left inferior pulmonary vein.

Figure 3. Illustration of ICE with FLAVOR approach to measure LAA orifice and landing zone and to assess
the position of the device and residual flow at four angles (90deg, 135deg, 0deg, and 45deg). Expanded
view of LAA orifice and ICE planes at 90deg (A), 135deg (G), 0deg (M), and 45deg (S). Posteroanterior (B,
H, N, T) and left lateral views (C, I, O, U) of three-dimensional reconstruction of the left atrium and the
corresponding position of the ICE catheter are shown. Measurement of the LAA orifice and landing zone (D,
J, P, V) and assessment of the device position and residual flow (E, K, Q, W) using ICE with long-axis views
at the four angles after release are also depicted. Pre-procedural TEE views of the LAA at 90deg, 45deg,
0deg, and 135deg (F, L, R, X) were similar to the ICE views at 90deg, 135deg, 0deg, and 45deg (D, J, P, V).
LAA, left atrial appendage; ICE, intracardiac echocardiography. TEE, transesophageal echocardiography.

Figure 4. Residual peri-device flow detected by ICE-guided FLAVOR approach after LAmbre LAA de-
vice detachment. Color Doppler evaluation of the residual peri-device leakage in 0deg, 45deg, 90deg, and
135deg views of ICE images with LAmbre LAA device using FLAVOR approach (A–D). ICE, intracardiac
echocardiography; LAA, left atrial appendage.

Figure 5. Observed stroke and bleeding rates during follow-up versus expected annual stroke and bleeding
risk.
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