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Introduction
Catheter ablation is an effective treatment modality for atrial 

fibrillation (AF) however, ablation success is significantly lower in 
patients with persistent and long-standing persistent AF. Multiple 
clinical trials evaluating catheter ablation in long-standing persistent 
atrial fibrillation have demonstrated a disappointingly high arrhythmia 
recurrence rate ranging from 20-59% depending upon duration of 
follow up and the strategy employed.1-5 Electrophysiologists have 
struggled to find a standard prescription for persistent AF ablation. 
Acknowledging the importance of extra-pulmonary vein substrate 
in patients with persistent AF, the strategy of posterior wall isolation 
(PWI) is being utilized with increasing frequency in patients with 
persistent AF.6-8  Hybrid Convergent AF ablation (HA) procedures 
have been utilized in over 10,000 patients worldwide and seek to create 

a transmural posterior wall isolation in addition to pulmonary vein 
isolation through a hybrid epicardial-endocardial ablation procedure. 
The Converge clinical trial9 evaluated a challenging patient population 
with persistent AF (LA size up to 6 cm, 42% with longstanding AF) 
and demonstrated a significant improvement in freedom from atrial 
arrhythmias (absent change in antiarrhythmic drug therapy) using HA 
approach in comparison to catheter ablation (67.7% vs 50.0%, p=0.036). 
Patients off antiarrhythmic drug fared worse, with HA success of 53.5% 
vs 32% in the CA group (p=0.0128). 

The left atrial appendage has been an area of interest in 
electrophysiology not only as a target to reduce stroke, but also as 
an electrical source of AF triggers and substrate. 10-11 We utilized the 
AtriClip device at the time of the Convergent procedure due to the 
evidence of immediate electrical isolation as well as the long-term 
durability of left atrial appendage closure (LAAC) as well as potential 
protection against thromboembolic events. 12-13 We began to routinely 
place the AtriClip in patients undergoing Convergent AF ablation 
since 2016. We hypothesized that electrical isolation of the LAA 
provided an additional benefit in terms of arrhythmia free survival 
with the potential for long term reduction in stroke risk. We sought to 
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Abstract
Background: Hybrid / Convergent (HA) ablation using surgical epicardial and catheter endocardial RF ablation improves freedom from AF 

in patients with persistent AF.  Triggers in the left atrial appendage may contribute to recurrence of AF following catheter ablation. 

Objective: Assess the impact on AF recurrence following HA with LAA closure (LAAC) with the AtriClip device.

Methods: Consecutive patients from 2014-2019 with persistent AF without prior ablation were treated with HA. In 2016 LAAC was added 
to further reduce both arrhythmia substrate and stroke risk. We assessed one-year outcomes. Recurrence was defined as clinical episode of 
atrial arrhythmia (AA) after a 90-day blanking period.

Results: 139 patients  with persistent AF without prior ablation underwent HA. 59 (48%) had HA alone, and 64 (52%) had HA with LAAC.
Baseline characteristics were similar in both groups with longer AF chronicity in patients with HA plus LAAC (6.4 vs 4.6 years p=0.15).  
Complete LAAC was noted in 61 (95%) patients treated with LAAC. There was a trend to improved freedom from any AA in the HA with LAAC 
group (88% vs 76%; p=0.15). Freedom from any AA off antiarrhythmic drug was significantly improved with HA and LAAC compared to HA 
alone (77% vs 58%; p=0.04). LAAC patients required fewer repeat catheter ablations at 1 year (p<0.05). No strokes, or deaths were noted 
in either group.

Conclusion: Patients with persistent AF treated with HA and LAAC using the AtriClip device had a significant reduction in AF recurrence off 
antiarrhythmic drug at one year.
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assess outcomes of consecutive patients who had undergone Hybrid 
Convergent ablation alone compared to the subsequent patients who 
underwent Convergent plus LAAC with the AtriClip at Maimonides 
Medical Center.

Methods
Study population and Data Sources

Consecutive patients with persistent atrial fibrillation without prior 
ablation, with or without prior anti-arrhythmic drug therapy from 
calendar years 2014 to 2019, were included in the study. Definitions 
of paroxysmal, persistent and long-standing persistent AF, success, 
and failure of ablation, and follow-up monitoring were based on the 
American College of Cardiology (ACC) recommendations. 14-15 

All patients underwent hybrid Convergent AF ablation for 
management of persistent atrial fibrillation. The procedure entails 
surgical epicardial and catheter-based endocardial ablation. Surgical 
ablation was performed via a trans-diaphragmatic route (changed 
to a subxiphoid approach in August 2016). The AtriCure Epi-Sense 
coagulation device is used to homogenize the posterior wall and to 
create lesions at the anterior left and right pulmonary veins as part of a 
pulmonary vein isolation lesion set. The endocardial ablation completes 
the wide antral circumferential ablation around the pulmonary veins 
and creates a right cavotricuspid isthmus line. Additional creation of 
a mitral line, anterior roof line, or ablation of other atrial tachycardias 
and substrate was at the discretion of the operator. Since April 2016, 
atrial appendage closure using the AtriClip device was concomitantly 

performed during the surgical portion of the ablation from a 
transthoracic approach in hopes of providing additional benefit in 
reducing arrhythmia recurrence and for potential stroke risk reduction. 

Minimum follow-up was identified as three months post-
intervention. Outcomes were assessed at one year. Patients with prior 
ablation history, follow up of less than three months post-procedure, 
were excluded from the study. 

The success of LAAC with the AtriClip device was evaluated by 
transesophageal echocardiography on post-procedural follow-up after 
3 months. Complete LAA closure was defined as having no left atrial 
appendage beyond a line drawn from the lateral border of the left 
circumflex artery perpendicular to the long axis of the left atrial ridge 
(Figure 1). A left atrial pouch proximal to this region is described as a 
left atrial cul-de-sac rather than a left atrial appendage stump. Residual 
left atrial appendages that existed beyond the lateral border of the left 
circumflex, but less than 1 cm were defined as minimal LAA stumps, 
while residual LAA which were greater than or equal to 1 cm were 
defined as significant LAA stumps.16

We performed a retrospective chart review of patients treated at 
Maimonides Medical Center for atrial fibrillation. Data collection for 
this was approved by the Institutional Review Board at Maimonides 
Medical Center as part of the TRAC-AF registry. We extracted the 

Figure 1:

Examples of AtriClip Closures. A red dotted line is drawn from the 
lateral border of the left circumflex artery perpendicularly to the 
left lateral ridge to demarcate the expected level of complete 
closure. Closures can be even more proximal at the level of the 
proximal border of the left circumflex artery (panel A), however 
we consider closures at the level of the lateral border of the 
circumflex to be complete (panel B). There can be a visual left 
atrial cul-de-sac that exists with complete closures (Panel B). 
Panel C depicts a non-trabeculated minor stump that extends 
beyond the lateral border of the circumflex artery. We defined 
a minor stump as extending <1cm from this level whereas a 
significant stump includes trabeculated tissue and/or extends 
1 cm or more. Panel D depicts a missed lobe at the ridge side of 
the appendage.

Table 1: Baseline Characteristics

Convergent 
only
(n=59)

Convergent 
plus AtriClip
(N=64)

P-value

Age in years, mean (SD) 63 (10.8) 64 (8.8) 0.62

Sex, N 0.54

   Female 21 (35.6) 21 (32.8)

   Male 38 (64.4) 43 (67.2)

BMI, mean (SD) 32.5 (5.7) 33.2 (6.7) 0.52

Time from First AF diagnosis, mean (SD) 4.6 (5.1) 6.4 (7.8) 0.15

Long-standing persistent AF 24 (40.6) 29 (45.3) 0.6

CHA2DS2-VASc score, mean (SD) 2.5 (1.2) 2.3 (1.4) 0.33

Antiarrhythmic Drug 31 (52%) 34 (53%) 0.94

Comorbidities

Coronary Artery Disease 16 (27.1%) 11 (17.1%) 0.18

Congestive Heart Failure 23 (38.9%) 17 (26.5%) 0.14

Diabetes Mellitus 14 (23.7%) 21 (32.8%) 0.26

Hypertension 47 (79.6%) 56 (87.5%) 0.24

Peripheral Vascular Disease 3 (5.1%) 4 (6.25%) 0.78

Thyroid Disorders 11 (18.6%) 9 (14.1%) 0.49

TIA/CVA 5 (8.4%) 8 (12.6%) 0.46

Echocardiographic Parameters

Ejection Fraction, mean (SD) 53 (14.8) 52 (11.4) 0.89

Left atrium antero-posterior size, mean (SD) 4.8 (0.7) 4.8 (0.6) 0.84

Mitral Regurgitation, N 0.02

   None 32 (53.3) 17 (26.6%)

   Mild/Moderate 27 (45.0%) 46 (71.9%)

   Severe 1 (1.7%) 1 (1.5%)

SD: standard deviation, TIA: transient ischemic attack, CVA: cerebrovascular accident 
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following data: age, gender, comorbidities (coronary artery disease, 
congestive heart failure, diabetes mellitus, hypertension, peripheral 
vascular disease, thyroid disorders, transient ischemic attacks, and 
stroke), use of anti-arrhythmic medications, duration of atrial 
fibrillation, CHA2DS2-VASc score, echocardiography findings (such 
as left ventricular ejection fraction, left atrium size, mitral regurgitation) 
before intervention and at one year follow up, characteristics of the 
ablation procedure including additional ablation lines and substrate 
modification. Clinical follow-up and complications were determined 
to 12-months post procedure. We sought to determine the freedom 
from AF and any atrial arrhythmias on or off anti-arrhythmic therapy 
outside of the 90-day blanking period for patients who underwent HA 
alone versus those who underwent HA with LAAC.

Student’s t-test, Wilcoxon signed-rank test, and chi-square were 
used as appropriate to compare the baseline characteristics between 
those with and without LAAC. Unadjusted Kaplan-Meier curves for 
incident AF/AFL/AT events were plotted for patients treated with 
or without LAAC and compared using the log-rank test. Unadjusted 
association between LAAC and incident AF/AFL/AT was evaluated 
using a Kaplan-Meier survival analysis. The results are presented as 
odds ratios (OR) and hazard ratios (HR) with corresponding two-sided 
95% confidence intervals (CI). All data analyses were conducted using 
SAS software university edition. 

Results
One hundred and thirty-nine patients with persistent atrial 

fibrillation without prior ablation underwent Hybrid Convergent 
AF ablation with a follow-up of at least 3 months. Of these, 59 (48%) 
patients had HA without LACC, and the following consecutive 
64 patients (52%) had HA with LAAC. There were no significant 
differences in age or gender between the groups (Table 1). The BMI in 
the majority of these patients was elevated (>32 in both groups). There 
was a trend to longer chronicity in the HA with LAAC group with 
a mean duration in AF of 6.4 years versus 4.6 years in the HA only 
group (p=0.15). There were no significant differences in CHA2DS2-

VASc score, comorbidities, or antiarrhythmic use at baseline in both 
groups. Notably, 8.4% of HA alone patients had a history of TIA/
CVA while 12.6% of HA with LAAC patients had a history of TIA/
CVA. Patients had preserved LV function on average and a mean LA 
diameter size of 4.8 cm in both groups. There were more patients with 
mitral regurgitation in the LAAC group. 

The mean number of epicardial ablation lesions (total posterior and 
anterior left atrial epicardial ablation) in the group undergoing LAAC 
was 48 (±9) versus 44 (±8) in the group without LAA closure (p<0.05). 
Additional endocardial linear ablation was performed to either treat 
spontaneous or induced macroreentry flutter or to address additional 
substrate.  Mitral isthmus lines were created in 19 (30%) patients 
who underwent HA with LAAC versus 17 (28%) in patients without 
LAAC. An anterior roof line was created in some patients to extend 
the posterior wall isolation more superiorly due to the limitations of the 
pericardial reflection preventing high posterior wall ablation.  Anterior 
roof lines were created in 26 (41%) of patients with LAAC versus 18 
(30%) patients in the HA only group (p=0.78). 

The success of LAAC was evaluated by transesophageal 
echocardiography. TEE was performed >3 months following the 
procedure. Complete LAAC was noted in 61 (95%) of patients. There 
was a minimal stump of <1cm in 2 (3%) patients and 1 patient (2%) had 
a missed lobe (Figure 1). Significant reduction in LA size was noted in 
both groups from mean 4.8 cm to 4.5 cm (p<0.05). 

There were no strokes, TIAs, myocardial infarctions, phrenic nerve 
injuries, esophageal fistulas or deaths in either group. There was one 
major bleeding event in the HA only group. In the HA with LAAC 
group there was one major bleeding event, one pericardial effusion, and 
three patients with pericarditis. 

There is a trend to improved freedom from any atrial arrhythmias 
on or off antiarrhythmic drug therapy at 1 year in the HA with LAAC 
group versus the HA only group (88% vs 76%; p=0.15) (Figure 2). 
However, freedom from any atrial arrhythmias off antiarrhythmic 
therapy was significantly better for HA plus LAAC over HA alone 
(77% vs 58%; p=0.04) (Figure 3). This was driven by the fact that there 
were significantly fewer patients on Class I or III antiarrhythmic drugs 
at 1 year follow up (31% in HA  only vs 14% in HA plus LAAC; 
p=0.03). In addition, there were significantly fewer patients requiring 
repeat catheter ablation within 1 year (10% in HA alone vs 0% in HA 
plus LAAC; p<0.05).

There was a larger proportion of patients who had organized 
arrhythmias as their arrhythmia recurrence in the HA plus LAAC 
group. In HA only patients, 70% of the recurrences were atrial 
fibrillation, while atrial flutter made up the 30% remainder. In patients 
who had undergone HA with LAAC when an arrhythmia recurred 
it was AF in 42% while 29% had atrial flutter and 29% had atrial 
tachycardia. 

Although patients were not routinely taken off anticoagulation 
following LAAC with the AtriClip device, a shared decision-making 
strategy was performed with the patient in clinical follow-up, taking 
into account the risks and benefits of long-term anticoagulation and 

Figure 2:
Arrhythmia Free Survival on or off antiarrhythmic therapy 
after ConvergentAblation for Persistent Atrial Fibrillation 
with and withoutAtriClip Left Atrial Appendage Closure
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is in line with the CONVERGE trial results. There appears to be 
substantial benefit to electrical isolation of the appendage without any 
increased risk for stroke. AtriClip closure of the LAA allows the patient 
to reap the benefit of electrical isolation without the additional need for 
a subsequent Watchman implant. Complication rates for the addition 
of AtriClip to the Convergent procedure were slightly higher however 
the increase in pericarditis/effusion have been subsequently mitigated 
by a more aggressive anti-inflammatory regimen post procedure. Our 
standard pericarditis prophylaxis now consists of intrapericardial 
triamcinolone (2mg/kg in 50cc of normal saline via chest tube and 
clamped for 12-24 hours) combined with IV solumedrol 50mg Q8 
hours x 6 doses.

Other approaches to electrically and mechanically isolate the 
appendage have potential trade-offs. An endocardial approach 
to LAA isolation is difficult as demonstrated by the 85% intra-
procedural LAA reconnection rate after a 60 minute waiting period and 
adenosine challenge.17 In addition when electrical isolation is achieved 
intraprocedurally, the patient may be left with a pro-thrombotic LAA 
until a subsequent Watchman implant. Furthermore, should the patient 
require repeat ablation, new peri-device leaks have developed in up to 
30% of Watchman patients, potentially increasing long-term stroke 
risk.18 Alternatively, a Lariat closure could be employed, however pre-
procedural imaging is required to screen for morphology suitability and 
the operator requires familiarity with the Lariat procedure.  The Sub-X 
Hybrid MAZE registry.19 details the feasibility of the Convergent 
procedure with a subxiphoid Lariat placement. While this approach 
eliminates the need for the single lung ventilation required for AtriClip 
placement, the procedure requires more careful patient selection and 
runs the risk of central leaks associated with Lariat. In our institution, 
the surgeon/operator familiarity with the AtriClip implant, the easy 
reproducible workflow associated with applying an AtriClip agnostic of 
LAA morphology, and the active durable compression of the AtriClip 
to seal the LAA has made it our LAA closure device of choice in 
persistent AF ablation procedures with concomitant mechanical or 
perceived electrical indications for closure.  

Follow-up TEEs were performed in patients to reevaluate moderate 
term closure and to ensure absence of any missed LAA lobes. 98% of 
patients had complete closure or insignificant stumps. The one patient 
with a missed lobe stresses the importance of utilizing multiple views 
by the echocardiographer to guide AtriClip placement. While there is 
currently no FDA indication for stroke risk reduction with AtriClip, a 
number of investigations have suggested an equally effective stroke risk 
reduction with surgical LAAC. 13,20- 21 A fair number of our patients 
underwent HA plus LAAC with either a history of bleeding, CVA/
TIA, or unwillingness to continue long term anticoagulation. Following 
confirmation of absence of a LAA, patients participated in a shared 
decision-making process reviewing their risks for embolic events and 
bleeding. Despite the fact that a quarter of the HA plus LAAC patients 
are off anticoagulants, there continues to be no embolic events in this 
patient population thus far. 
 
Conclusions

In summary, our study provides data that among patients with 
persistent AF treated with hybrid endocardial and epicardial ablation 
adding the LAA closure with the AtriClip device is safe and effective. 

their long term risk for thromboembolic events. 25% of patients in the 
AtriClip LAAC group and 7% among the group without LAA closure 
were discontinued from anticoagulation at 12 months follow-up. There 
were no stroke or embolic events in any patient at 1 year follow-up. 

Discussion 
In our experience the Hybrid Convergent Atrial Fibrillation 

procedure with left atrial appendage closure utilizing the AtriClip 
device demonstrated a superior freedom from atrial arrhythmia 
recurrence over Hybrid / Convergent ablation alone. These results were 
achieved in a difficult patient population with significant comorbidities 
and a long chronicity of AF. Given the limitations in a strategy of 
pulmonary vein isolation alone for persistent atrial fibrillation and the 
failure of additional linear ablation to significantly improve outcomes, 
the HA approach has provided patients deemed to have extensive LA 
substrate a more comprehensive lesion set. 

Like many other single center studies regarding the Convergent 
procedure, the types of patients triaged to receive the HA are often 
the ones deemed most likely to recur and require multiple ablations 
due to body habitus, left atrial enlargement, and long duration of atrial 
fibrillation. These are patients generally too far along the persistent 
AF timeline to qualify for most persistent AF trials, and in some 
cases bordered on being labeled permanent atrial fibrillation. The 
completion of the CONVERGE trial9 established the efficacy of a 
hybrid epicardial-endocardial approach to persistent AF ablation and 
perhaps best demonstrates the true value of a PWI in these difficult 
patients. Epicardial homogenization of the posterior wall, reinforced 
by endocardial lesions should increase the odds of a durable PWI over 
endocardial ablation alone. 

In our current study, we demonstrated a 19% absolute risk reduction 
in the recurrence of atrial arrhythmias off antiarrhythmic drugs in the 
HA plus LAAC group. The HA only group had a 58% freedom from 
atrial arrhythmias off antiarrhythmic drugs at 1-year follow-up which 

Figure 3:

Arrhythmia Free Survival off Antiarrhythmic therapy 
after Hybrid Convergent Ablation for Persistent Atrial 
Fibrillation with and without AtriClip - Left Atrial 
Appendage Closure
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The addition of LAA closure using the AtriClip device resulted in 
a lower rate of recurrent atrial arrhythmias at 12 months. We also 
found significantly fewer patients were using antiarrhythmic drugs 
and required fewer repeat ablation procedures with the addition of 
LAAC. We have found the HA procedure along with concomitant 
AtriClip LAAC to be a financially feasible and cost-effective method 
in treating patients with difficult AF substrate and those who may have 
a concomitant indication for LAA closure. This procedure addresses 
many of the current strategies and areas of interest in persistent AF 
management: posterior wall isolation, epicardial substrate, electrical 
isolation of the LAA, and mechanical closure of the LAA. Although 
additional randomized data is required, this concomitant hybrid 
approach may be an option for select patients in institutions receptive 
to a multidisciplinary approach to AF management. 

Limitations
Several strengths and limitations of this study should be noted. 

As this was an observational study and patients were not randomly 
assigned to LAA closure, there may be unmeasured confounding 
factors. Medication use was also ascertained by follow-up notes, and 
therefore we have no information on adherence to therapy. Furthermore, 
lack of adherence may have biased our results towards the null. Our 
study was also limited to patients only within one institution as well as a 
relatively small sample size. Strengths of our study are very close follow-
up and monitoring of arrhythmia recurrence and limited number 
of providers performing intervention, which minimizes procedural 
variation before and after the addition of the AtriClip LAAC to the 
Hybrid / Convergent procedure.
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