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ABSTRACT
Introduction: Long-term freedom from atrial fibrillation (AF) after catheter ablation and, consequently, the potential for stroke reduction 

remain unpredictable. Recently, left atrial appendage closure (LAAC) became an effective mechanical alternative to oral anticoagulation 

(OAC) for stroke prevention in AF patients. Objective: This study aims to evaluate the feasibility and safety of combined treatment for 

AF with catheter ablation (CA) with the high-power short duration technique associated with LAAC in one single procedure. Methods: 

Patients with non-valvular AF who underwent combined CA and LAAC procedure were included in the retrospective observational 

study. Between April 2018 and October 2020, 13 patients with AF were included, eight (61,54%) males, eight (61.54%) with persistent 

AF (PersAF), mean age 68.54 (65–84) years old, mean time from AF diagnosis to treatment 13.08 (3–33) months, mean CHA2VASC2 5.08 

(3–7), all patients with coronary or vascular disease, 12 (92.31%) with hypertension, five (38.46%) with left ventricular dysfunction, four 

(30.77%) prior strokes using OAC and four (30.77%) patients with diabetes. Indications for LAAC included history of contraindication 

to OAC because of severe bleeding in eight (61.54%), previous stroke in four (30.77%) and two (13.08%) patients with LAA thrombus, 

despite the use of two different OAC (one associated with bleeding). One patient had a pseudoaneurysm in femoral artery, and two 

patients died of non-procedure complications after 30 days. At six months, angiotomography showed successful complete sealing 

of the LAA in seven (77.72%) of nine patients evaluated, and the two patients without it had a leak of less than 2 mm. After mean 
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INTRODUCTION

Catheter ablation (CA) has emerged as a safe and effective treatment for atrial fibrillation (AF) and has a class I 
recommendation supported with level A evidence in current European Society of Cardiology (ESC) guidelines1, with 
success rates of 30–75% depending on the type of AF and comorbidities such as structural heart disease2. So far, no 
randomized prospective trials have shown significant reduction in thrombo-embolic events after CA. Due to this variety 
in the recurrence rate and the absence of controlled clinical trials, guidelines recommend indefinite continuation of non-
vitamin K antagonist (VKA) oral anticoagulation [(N)OAC] therapy after CA for AF in patients at high risk of stroke, 
regardless of the rhythm outcome, based on a careful assessment of both stroke and bleeding risk1,3.

In patients with an increased bleeding risk or due to cardioembolic events despite the use of OAC, left atrial 
appendage closure (LAAC) by means of a mechanical device might provide an alternative to lifetime anticoagulation 
and its complications. Safety and efficacy of LAAC with the Watchman device have been shown in the large-scaled non-
randomized and randomized clinical trials4-6. Since both CA and LAAC require transseptal catheterization for left atrial 
access, combining both procedures in one single procedure may provide a straightforward strategy aiming at concomitant 
rhythm control as well as stroke prevention, without the additional risk of multiple procedures.

A small number of single-center case series have described combinations of the CA procedure and the percutaneous 
transcatheter LAAC7-11. Recently, multicenter registries12,13 reported excellent feasibility and safety of the combined 
procedure after acute and long-term follow-up. 

OBJECTIVE

The aim of the study was to evaluate the feasibility and security of combined treatment for symptomatic and medication 
refractory AF with CA with the high-power short duration (HPSD) technique associated with LAAC in one-single procedure.

METHODS

We conducted this retrospective observational study with consecutives patients with non-valvular AF who underwent 
combined CA and LAAC procedure because of formal contraindications to long-term use of OAC or for those patients 
who had experienced cardioembolic events despite the regular use of it. Between April 2018 and October 2020, 13 patients 
with AF were included. Eight (61,54%) of them were males, eight (61.54%) had persistent AF (PersAF) and five (38.46%) 
paroxysmal AF, the mean age was 68.54 (65–84) years old, and the mean time from AF diagnosis to treatment was 13.08 
(from three to 33) months. Patients had a high mean CHA2VASC2 of 5.08 (3–7), all patients had coronary or carotid  
and/or peripheral vascular disease, 12 (92.31%) hypertension, seven (53.85%) obstructive sleep apnea disorders, seven 
(53.85%) patients showed moderate and severe non-dialytic renal failure, five (38.46%) left ventricular dysfunction, four 
(30.77%) prior ischemic strokes events and four (30.77%) presented diabetes (Table 1). 

follow-up of 14 months (five to 33), 10 (90.91%) of the 11 patients were in sinus rhythm. Three (27.27%) patients, one in blanking period, 

recovered sinus rhythm after amiodarone. No cardioembolic or bleeding events occurred. Conclusion: In this small observational study, 

we showed the feasibility and safety of the combined therapy with AF catheter ablation with LAAC with a high rate of sinus rhythm and 

no cardioembolic event. 

KEYWORDS: Atrial fibrillation; Catheter ablation; Left atrial appendage closure; Watchman device; Echocardiography transesophageal.
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Table 1. Clinical features of patients.

Clinical features Patients 
Males 8 (61.54%)
Persistent AF 8 (61.54%)
Mean age (years old) 68.54 (65–84)
Mean time from diagnosis to ablation (months) 13.08 (3–33)
Mean CHADS2VASC2 5.08 (3–7)
Coronary and/or vascular disease 13 (100%)
Arterial hypertension 12 (92.31%)
Obstructive sleep apnea 7 (53.85%)
Moderate/severe renal dysfunction 7 (53.85%)
Left ventricular dysfunction 5 (38.46%)
Prior ischemic strokes 4 (30.77%)
Diabetes mellitus 4 (30.77%)

AF: atrial fibrillation.

Indications for LAAC included history 8 (61.54%), with formal contraindication to long-term use of OAC including 
non-VKA (in these cases, two drugs with different mechanism of action) and warfarin, because of significant bleeding. 
Previous strokes were seen in four (30.77%) patients with regular use of NOAC, and in two (13.08%)–one with also 
significant gastrointestinal bleeding (GIB)–with LAA thrombus, despite the use of two different NOAC (Table 2). 

Table 2. Clinical indications for left atrial appendage closure.

Left atrial appendage closure indication Patients*

Severe bleeding 8 (61.54%)
Prior cardioembolic events 4 (30.77%)
Left atrial appendage thrombus using oral anticoagulants 2 (13.08%)

*The sum of the number of patients was more than 100% because one patient with severe bleeding had 
also an atrial appendage thrombus during use of oral anticoagulant.

Pre-Ablation Investigation for Thrombus Exclusion
For the most patients, 11 (84.62%), angiotomography (Fig. 1) was the method of choice for thrombus exclusion and 

LAAC approach preparation. Because of a pre-dialysis renal failure status in two (15.38%) patients, we could not use this 
method, and the protocol was changed to transesophageal echocardiography (TEE) (Fig. 2). Both methods were performed 
in no more than 48 hours before the CA and LAAC. 

 

VPSE: left superior pulmanary vein; arteria circunflexa: left circumflex artery.
Figure 1. Angiotomography of left atrium and left atrial appendage before catheter ablation and  

left atrial appendage closure. 
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 Figure 2. Echocardiography before catheter ablation and left atrial appendage closure from upper left to right bottom.  

The four projections for left atrial appendage measure in (A) 0, (B) 45, (C) 90 (D) and 135º.

Catheter Ablation
All the patients, except one, with contraindication to OAC, underwent the catheter ablation without prior use of this 

medication and received a bolus of 5.000 IU of heparin before and after transeptal puncture. The patient with severe GIB 
associated with left atrial appendage thrombus was treated with a half dose of apixaban associated with clopidogrel 60 during 
days prior to CA. All other patients underwent ablation with an uninterrupted OAC. All of them had their antiarrhythmic 
drugs suspended for 5 half-lives prior to the procedure, apart from amiodarone, that was maintained for the procedure.

Our aim was to isolate the antral portion of the pulmonary veins14,15. Patients with a previous diagnosis of atrial flutter 
also had this ablated, however at the end of the pulmonary vein isolation (PVI). The time of radiofrequency and additional 
time for ablation were excluded from the study analysis. Procedures were performed in sinus rhythm, and patients who 
were in atrial fibrillation or flutter underwent electrical cardioversion immediately before the ablation. At the end of the 
procedure, all of them were submitted to a challenge of 12 mg of adenosine for each antrum of the pulmonary veins, in 
order to unmask dormant veins and to evaluate for re-ablation of their reconnection16,17.

In all patients, the Ensite Velocity 4.0 or 5.0 with mapping system was used with TactiCath™ contact force sensing 
catheter and the Agilis™ deflectable sheath. The Viewflex™ intracardiac echocardiography probe (St. Jude Medical, 
United States) and the Ampere™ radiofrequency generator (Abbott, United States) were used. In addition to the real-time 
contact force values in all radiofrequency applications, we followed the impedance measurements looking for gradual falls 
indicating lesion formation. We used a dragging technique for ablation and avoid catheter jumps, and, if this occurred, the 
radiofrequency application was immediately stopped, and we returned to the same location before the abrupt movement 
to continue the application18-22. Although available, we did not use other features provided by the contact force catheter 
like lesion index (LSI) and force-time integral (FTI)23. 

All patients received esophageal temperature monitoring as described previously24. We used a power set to 45 watts 
for an average time of 6 to 8 seconds and 5 to 10 g of contact on the posterior wall of both sides and atrial roof. On the 
anterior wall, we programmed the power to 50 watts with an estimated pressure of 10 to 20 g for an average period of 6 
to 8 seconds. The irrigation pump was programmed at 35 mL/min regardless of power.

Left Atrial Appendage Closure
After CA completion, the transseptal AgilisTM was exchanged for the Watchman sheath. Watchman implantation 

was subsequently carried out under TEE guidance.
Procedural details on Watchman implantation have previously been described4. In brief, after determination of LAA 

anatomy and size, an appropriate device size was chosen from the five available sizes (21, 24, 27, 30, and 33 mm). Oversizing 
of 10–30% was accepted to obtain an optimal stable positioning. Prior to release from the delivery catheter, correct position 
within the LAA, stability testing and no flow residual flow were assessed.
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Informed Consent and Ethical Considerations
All patients signed the informed consent form according to the standards of the institution, which follows national 

and international standards25,26. The study was approved by the Research Ethics Committee of the institution.

Post-Ablation Follow-Up
The patients remained on average one day in the intensive care unit with hospital discharge on the next day, after 

evaluation of the vascular punctures, chest X-ray and electrocardiogram. Patients received a prescription of sucralfate  
2 g/day associated with pantoprazole 40 mg twice daily for four weeks after the procedure. The reintroduction of the prior 
antiarrhythmic and anticoagulant drugs was in the same day, after the ablation. For the eight patients with prior severe 
bleeding with NOAC, we used a dose of 2.5 mg of apixaban twice daily initially for 30 days after the procedure, and in 
the next 60 days clopidogrel 75 mg/day. The other five patients who had experienced a prior ischemic stroke or had left 
atrial thrombus despite of NOAC used a course of 60 days of 150 mg of dabigatran twice daily and clopidogrel for the 
next four months.

Antiarrhythmics were maintained for 90 days and were suspended at this time. After discharge, the evaluations 
for the rhythm management were at seven and 30 days with a clinical questionnaire, evaluation of the punctures and 
electrocardiogram in the two visits. They were also evaluated at three, nine and 12 months with electrocardiogram and  
24 hours Holter monitoring in the 6- and 12-month follow-up. Up to now, the protocol for the Watchman device assessment 
was angiotomography at 6-month follow-up for those patients that completed it.

Statistical Analysis
All tests were performed using BioStat statistical software (AnalystSoft, Walnut, CA, United States). Continuous 

variables were expressed as mean ± standard deviation, or as median and interquartile range (IQR). P-value was considered 
significant if < 0.05. Continuous variables were compared using the Student’s t-test between the two groups. We also used 
the Fisher exact test and χ2 test. 

RESULTS

The first patient submitted to this combined approach was in 2018 April and the last one in October 2020. The mean 
follow-up in these group of patients was 14 months, from three to 33, and the recurrence rate of any atrial arrhythmias 
was observed in three (23.08%) patients. There were no major periprocedural complications up to 30 days; one patient 
presented after procedure a pseudoaneurysm of the femoral artery, repaired by thrombin injection in the next day. After 
this period, we had two (15.38%) deaths: one related to complications due to chronic renal failure and one after an acute 
pulmonary edema. 

In the 11 patients who completed this analysis, three (27.27%) had recurrence of atrial tachyarrhythmias, one showed 
AF with no response to amiodarone and two (one in the 3-month blanking period) showed an atrial tachycardia with a 
good response to amiodarone recovering the sinus rhythm. At the moment of this analysis, in the 11 patients, we had 10 
(90.91%) in sinus rhythm, nine without antiarrhythmic medications and one with amiodarone, and one (9.09%) patient in AF.

The mean left atrial time was 79±18 minutes, mean total procedure time of 96±11 minutes, mean radiofrequency time 
was 1,875±221 seconds, and mean X-ray time of 18±10 minutes (Table 3).

At six months, we performed atrial and left atrial appendage angiotomography (LACT) in nine patients that achieved 
this period of the follow-up. The LACT showed successful complete sealing of the LAA evaluated in seven (77.78%) 
patients (Fig. 3), and in the other two (22.22%) patients with a leak of less than 2 mm in both cases (Fig. 4). There was 
no device thrombus related or dislodgement of the prothesis. No cardioembolic or bleeding events occurred during the 
entire follow-up.
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Table 3. Study results.

Table 3. Study results.Combined procedure results Patients

Sinus rhythm 10 (90.91%)

Complications < 30 days 1 (7.69%) – minor

Complications > 30 days 2 (15.38%) deaths (non-procedure related)

Mean left atrial time 79±18 minutes

Mean total procedure time 96±11 minutes

Mean radiofrequency time 1,875±221 seconds

Mean X-ray time 18±10 minutes

6-month Watchman leak (9 patients) 2 (22.22%) (leak < 2 mm)

Moderate/severe renal dysfunction 7 (53.85%)

Left ventricular dysfunction 5 (38.46%)

Prior ischemic strokes 4 (30.77%)

Diabetes mellitus 4 (30.77%)

 

  
 

Figure 3. Six months control angiotomography showing complete sealing of the left atrial appendage with no leak or device 
related thrombus.

 

Figure 4. Six months angiotomography control with a mild leak (< 2 mm) and a minor filling of the left atrial appendage.
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DISCUSSION

Our study, despite being a very small-sized observational one, provides a real-world procedural and middle-term 
outcome of a combined AF ablation and LAAC procedure, and from our knowledge it is the first one that used the 
HPSD ablation technique. The results show that such a combined procedure is thoroughly feasible with procedure times of  
100 min and fluoroscopy time of less than 20 min. The procedures show: 

• High rates of procedural success; 
• Very low rates of complications during procedure;
• �Greatly reduced stroke and bleeding rates compared to the expected rates calculated by CHA2DS2-VASc and HAS-

BLED score, respectively; 
• AF recurrence in half of the patients. 
The data support and strengthen the previously published single-center experiences that CA and LAAC can be 

combined successfully and safely in one-single procedure5-9.
The observed procedural success rate compares very favorably with previously reported implant success rates of 

91% in PROTECT-AF, 95% in PREVAIL, and 98.5% in EWOLUTION4,8,27. Recently, combined procedural data on 
CA and LAAC of the EWOLUTION and WASP studies were published by Phillips et al.12, that showed reduction in 
complete sealing during follow-up, which was higher for combined procedures than for Watchman LAAC by itself. It 
has been suggested that post-ablation edema formation may result in an underestimation of the true LAA diameter and 
consequently undersizing the Watchman implant. However, a substudy of the PROTECT-AF trial on Watchman LAAC 
alone demonstrated a similar residual peri-device flow in up to 32% of patients at 12 months of follow-up. Retrospective 
analysis showed no association between such minimal peri-device flow and the risk of thromboembolism28. However, the 
event rate in PROTECT-AF was low, and clinical consequences of minimal peri-device flow require further investigation.

Overall, minor complication rates up to 30 days were 7.69%, including the one patient with right femoral artery 
pseudoaneurysm. The serious adverse event rate, that includes pericardial effusion, intracoronary air embolus and stroke, 
was not observed in the first 30 days after the combined approach. In the previously mentioned studies, the most patients 
underwent a single LAAC procedure while their complication rates were higher than in our population that underwent 
combined CA and LAAC, despite our sicker patients when we compared the CHADS2VASC2 score of the studies.

Left atrial appendage closure has been shown superior to warfarin in terms of stroke prevention and bleeding in large-
scaled randomized clinical trials4. In this very small sample-sized study, we did not see any stroke or major bleeding in 
patients after procedure. Even the rate of AF recurrence was very low in our study combining with our previous publications 
using the HPSD technique29,30. The LAA, among other non-pulmonary vein triggers, has been reported to be an effective 
adjuvant ablation target31. However, it needs to be noticed that there is currently no evidence that Watchman LAAC 
contributes to electrical isolation of the LAA. 

In a large series of 349 patients, Wintgens et al.13 described that the combined approach for the treatment of atrial 
fibrillation is feasible, safe, and successful. With this large prospective and multicenter trial, we conducted our single center, 
small-size observational trial, that also showed that this combined technique is safe, successful, and feasible, but in our 
series we saw a marked reduction in time of the procedure, success rates of sinus rhythm maintenance and total sealing of 
the left atrial appendage with also no case of cardioembolic events in comparison to the mentioned study.    

Study Limitations and Future Directions
The first and most important limitation of the study is the small sample. Since the LAAC is not a certified procedure 

by the federal regulation agency in our country, it became an exceptional approach for patients that have any kind of 
limitation for the use of OAC or for those who even in the use of these drugs experienced a new cardioembolic event. The 
follow-up was also too short. Even with the limitations of the study, the data showed that the combined approach in this 
niche of patients is feasible and can be a new direction to be followed soon. 
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CONCLUSION

In this study, using the high-power technique for a short period of time in combination with the LAAC, we saw a 
low rate of procedure complications and a high rate of sinus rhythm and left atrial appendage complete sealing leading to 
no stroke during follow up.
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