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Long-Term Results of Pulmonary Vein Isolation 
Plus Modified Posterior Wall Debulking 
Utilizing High-Power Short-Duration Strategy: 
An All-Comers Study in Real World

ABSTRACT

Background: High-power short-duration radiofrequency ablation has improved lesion 
durability in pulmonary vein isolation. In this study, we investigate long-term clinical out-
comes of high-power short-duration pulmonary vein isolation and posterior wall debulk-
ing as an initial treatment modality in all corner atrial fibrillation patients.

Methods: This is a single-center, retrospective, observational study including all patients 
who have undergone high-power short-duration pulmonary vein and posterior wall deb-
ulking, regardless of atrial fibrillation type and/or duration. High-power short-duration 
power delivery protocol was defined as 45 W at all ablation sites. Clinical and electrocar-
diographic follow-up were performed in all patients.

Results: One hundred forty-two patients were enrolled in this study. Paroxysmal atrial 
fibrillation was present in 88 (62%) of patients. The mean follow-up of this study was 
36.9 months ± 12.2 months. During the follow-up period, 10 patients (11.4%) with a diag-
nosis of paroxysmal atrial fibrillation had recurrence, while recurrence in patients with 
persistent and long-standing persistent atrial fibrillation was slightly higher (15 patients 
(28.1%) and 5 patients (50%), respectively). No major life-threatening complications 
occurred.

Conclusion: This study has demonstrated excellent arrhythmia-free outcomes in 
unselected, real world atrial fibrillation patients undergoing high-power short-duration 
pulmonary vein and debulking posterior wall isolations, however larger randomized trials 
are warranted.

Keywords: Atrial fibrillation, high-power short-duration, posterior wall ablation, pulmo-
nary vein isolation, radiofrequency ablation

INTRODUCTION

Despite being one of the most performed procedures in interventional electro-
physiology, long-term outcomes of atrial fibrillation (AF) ablation suggest that 
current strategies are open for improvement. The observation that ectopic beats 
originating from pulmonary vein (PV)’s may initiate AF,1 and subsequent studies 
that demonstrated clinical benefit of electrical PV isolation (PVI) suggests that 
anatomical structures related to atria may contain foci that have a role in AF ini-
tiation. Non-PV triggers have been demonstrated in various structures, including 
posterior wall (PW) of left atrium (LA), left trial appendage, superior vena cava, 
vein of Marshal (VOM), coronary sinus ostium, or within areas of electrical scar.2–4 
Despite being a common source of non-PV triggers, a common location of a scar, 
and having been demonstrated that PW isolation (PWI) has not been consis-
tently associated with improved AF ablation outcomes.5,6 However, in up to 40% 
of patients undergoing redo procedures, PW reconnection is observed after PWI 
in the initial procedure.7 In this substantial proportion of patients, not only is PWI 
ineffective, it may lead to further arrhythmogenesis due to corridors of slow con-
duction, therefore yielding any potential benefit unrecognizable. Recently, high-
power short-duration (HPSD) radiofrequency (Rf) ablation has been associated 
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with improved lesion durability in PVI.8 In this study, we aim 
to investigate effects of posterior wall isolation, modified 
by applying HPSD and debulking technique (in lieu of box 
isolation).

METHODS

This was a retrospective observational study of all consecu-
tive patients undergoing atrial fibrillation catheter ablation 
in an experienced single center between January 1, 2016, and 
January 1, 2019. High-power short-duration PW debulking, in 
addition to PVI was performed in all patients included. Local 
Ethical Committee has approved and supervised conduction 
of this study. All patients provided their written informed 
consent for participation in this study. 

Electrophysiologic Study
Patients were taken to the cardiac electrophysiology labo-
ratory in a fasting state and the procedure was performed 
under general anesthesia or deep sedations. All patients 
continued oral anticoagulation regimen, peri-procedur-
ally. Twelve lead surface electrocardiograms (ECGs) and 
intracardiac electrograms were recorded simultaneously 
by an electrophysiology system (EP Tracer, CardioTek B.V., 
Maastricht, The Netherlands or LABSYSTEM™ PRO, Boston 
Scientific, MA, USA). Following vascular access left atrial 
(LA), access was obtained using double trans-septal punc-
ture. All patients then received intravenous heparin with 

target activated clotting time (ACT) >300. Electro-anatomic 
mapping was performed using 3D electro-anatomic map-
ping system (Carto 3, Biosense Webster, Diamond Bar, 
Calif, USA) and a Lasso decapolar circular mapping cath-
eter or Pentaray (Biosense Webster) high-density mapping 
catheter. Point-by-point activation mapping was merged 
with computerized tomography (CT) scans to obtain more 
accurate LA and PV electro-anatomic maps. Pulmonary 
vein antral isolation was performed in all patients using 
irrigated-tip Rf ablation catheter. Pulmonary vein isolation 
simultaneously with debulking was initially started on pos-
terior wall under continuous esophageal temperature moni-
toring, and power delivery was immediately terminated 
when esophageal temperature rapidly rose >0.5°C or when-
ever above 37.5°C. In that case, catheter preferentially was 
moved to anterior LA in order to ablate anterior PV antrum 
until esophagus temperature returns normal. Power delivery 
was set to 45 W at every site. An ablation index (AI) of 550 
for anterior locations, and 350-400 for posterior sites was 
aimed for, according to CLOSE protocol.9 In case of cathe-
ter instability, rapid ventricular/atrial pacing was utilized to 
improve stability. Following successful isolation of all pulmo-
nary veins (with wide area circumferential ablation, WACA 
technique), as assessed by entrance and exit block, adjacent 
lesions with 3-mm width lesion-tags were delivered at pos-
terior LA between right and left pulmonary veins aiming for 
PW debulking/isolation (Figure 1. PWI was confirmed with 
entrance and exit block during PW pacing (10 mA/2 ms) and/
or presence of dissociated electrograms in PW. Power deliv-
ery (HPSD) during PW ablation was limited to 45W/10 sec 
and/or an AI of 400 with the contact force was always kept 
under 15 g. In case of electrograms (EGMs) at PW remain-
ing after initial ablation set, additional RF applications were 
also performed consecutively until total electrical silence 
with exit block was achieved.

All ablations were preferentially performed during sinus 
rhythm. In case of atrial fibrillation resistant to 3 attempts of 
cardioversion before ablation, PVI and PWI were initially per-
formed until AF terminated to SR or organized AT which was 
then re-mapped and ablated until SR was restored, or another 

HIGHLIGHTS
• Although pulmonary vein isolation is a mainstay strat-

egy for atrial fibrillation ablation, there is a signifi-
cant risk of recurrence, especially in non-paroxysmal 
patients.

• Box isolation of posterior wall has been associated with 
mixed outcomes, in various studies.

• Addition of posterior wall debulking to high-power 
short-duration pulmonary vein isolation has been asso-
ciated with good outcomes in a long-term follow-up 
study.

Figure 1. Left atrial map with complete lesion set around left and right pulmonary veins. On the right side, in the posterior view, 
posterior wall debulking lesion set is visible.
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DCCV was re-attempted. Low-voltage fibrotic areas were 
also targeted and homogenized whenever they were discov-
ered and were always anchored to an electrically inert site 
(mitral annulus, posterior wall, or PVI lines). After a waiting 
period of 20-30 minutes, 20 µg of adenosine was also admin-
istered in order to discover dormant late reconnections. In 
case of reconnection in PVI or PWI, re-isolation was always 
performed. cavo-tricuspid isthmus (CTI) was performed in all 
cases until bilateral conduction block was demonstrated. All 
ablation procedures were performed by only 1 operator.

Follow-Up
Following the procedure, all patients received an anti-
arrhythmic therapy (amiodarone or propafenone) for 3 
months during the initial blanking period. Following this 
period, anti-arrhythmic drugs were discontinued unless 
there was a separate indication (such as history of ventricu-
lar tachycardia). All patients received a prophylactic gas-
trointestinal regimen consisting of proton-pump inhibitor, 
sucralfate and colchicine as described by our group in a pre-
vious report.10

Clinical status and rhythm follow-up were done with clinical 
visit, phone calls and 24-48-hour ambulator ECG monitor-
ing, in following manner: patients had monthly visit for the 
first 3 months and 24-hour ambulatory ECG was performed 
at the visit. Thereafter, ambulatory ECG was performed bi-
monthly in the first 12 months after the procedure, and sub-
sequently in a 3-monthly schedule. 

In case of a recurrence of arrhythmia and redo procedure, 
the second procedure was not included in this study as a sep-
arate entity. 

Statistical Analysis
IBM Statistical Package for the Social Sciences Statistics 
(version 23, for Windows) was used for the statistical anal-
yses. Continuous variables are expressed as the group 
mean ± 1 standard deviation and categorical variables 
were expressed as count and percentage. Normality test 
(Kolmogorov–Smirnov) was used for determination of nor-
mal distribution of data. Data were compared using the 
Fisher’s t-test or χ2 test for categorical variables and the 
Student’s t-test or Mann–Whitney U test for continuous 
variables, where appropriate. Kaplan–Meier plots were cre-
ated to compare arrythmia-free survival between paroxys-
mal and non-paroxysmal AF.

RESULTS

One hundred forty-two patients were enrolled in this study. 
The mean age was 56.2 ± 12.2 years and females comprised 
51.7% of the population. Paroxysmal AF was present in 88 
(62%) of patients, while non-paroxysmal AF was present in 
54 (38%) patients. Most patients had a normal ejection frac-
tion on echocardiogram (133 patients, 93.7%), and mean left 
atrial diameter was 42.8 mm ± 6.5 mm. Twenty-four (16.9%) 
patients were undergoing a repeat procedure. All other clini-
cal characteristics are presented in Table 1.

Procedural characteristics among de novo cases (Table 2).

One hundred eighteen patients were undergoing de novo 
ablation. Mean radiation time was 30.2 min ± 12.6 min. There 
were totally 442 PVs, which were all isolated after WACA at 
the end of the procedures (100% PVI success). Furthermore, 
PWI was achieved in all patients after debulking. In all but 
1 patient a bilateral CTI line block was achieved at the end of 
the procedure. 

Procedural characteristics among redo cases (Table 2).

Twenty-four patients were undergoing a redo procedure. In 
this subgroup the mean radiation time was 30.2 min ± 10.3 min. 
There were 18 reconnected PVs, which were all re-isolated. 
Posterior wall was debulked in all patients and bilateral CTI 
block was achieved. 

Table 1. Basic Clinical Characteristics

Age 56.2 ± 12.2

Sex

Male 70 (49.3)

Female 72 (51.7)

Type of atrial fibrillation

Paroxysmal 88 (62)

Persistent 44 (31)

Long-standing persistent 10 (7)

Diabetes Mellitus 12 (8.5)

Hypertension 77 (54.2)

Coronary artery disease 10 (7)

Ejection Fraction

>50% 133 (93.7)

40-50% 4 (2.8)

>40% 5 (3.5)

Prosthetic mitral valve 5 (3.5)

Left atrium diameter 42.8 ± 6.5

Redo procedure 24 (16.9)

Table 2. Procedural Characteristics 

Procedural time (min) 123.2 ± 20.6

Radiofrequency duration (min) 30.2 ± 12.2

PVI success rate in de novo patients, -PVs (%) 442 (100)/442

PWI, n (%) 142 (100)/142

CTI, n (%) 141 (99.3)/142

Reconnected PVs in redo patients, -PVs (%) 18

Re-isolated PVs in redo patients, -PVs (%) 18 (100)

Periprocedural complications, n (%)

Access site complications 4 (2.8)

Pericardial effusion 2 (1.4)

Cardiac tamponade 0 (0)

Stroke 0 (0)

Systemic embolization 0 (0)

Death 0 (0)
CTI, cavotricuspid isthmus; PV, pulmonary vein; PVI, pulmonary vein 
isolation; PWI, posterior wall isolation.
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Periprocedural Complications
A steam-pop occurred in 1 patient at LA septum during the 
procedure. Two patients developed pericardial effusion, 
both of which were managed conservatively. There were no 
major complications, including cardiac tamponade requir-
ing pericardiocentesis, stroke, systemic embolism, or death. 
Access site vascular hematoma occurred in three patients 
and pseudo-aneurysm occurred in 1 patient. One patient had 
severe gastrointestinal symptoms for which he underwent 
upper gastrointestinal endoscopy, which revealed mucosal 
erythema but no sign of ulceration or fistula formation. 

Follow-up data
The mean follow-up of this study was 36.9 months ± 12.2 
months. During the follow-up period 10 patients (11.4%) with 
a diagnosis of paroxysmal AF had recurrence, while recur-
rence in patients with persistent and long-standing persis-
tent AF was slightly higher (15 patients (28.1%) and 5 patients 
(50%), respectively). Kaplan–Maier survival plot is presented 
in Figure 2, depicting significant difference between AF types 
and recurrence (P = .002). Among these patients 7 patients 
had recurrence as AT, 5 of which were septal ATs and 2 were 
peri-mitral AT. All other recurrences were documented as AF. 
During the follow-up period, 8 patients underwent a repeat 
procedure. There were no instances of roof-dependent AT, 
all PWs were isolated (Table 3). 

DISCUSSION

In this observational study including a wide range of AF sub-
types which actually represented an all-comers real world 
data after a routine HPSD PVI and debulking PWI technique, 
acceptable mid-to-late term AF-free outcome was demon-
strated. Furthermore, from a safety perspective, no major 

complication occurred in periprocedural and late follow-up 
period, suggesting that this technique may be applied to a 
wide spectrum of patients undergoing AF ablation.

Pulmonary vein reconnection is a common finding in 
patients undergoing re-do procedures, although prog-
nostic-wise the presence of reconnection is a favorable 
finding.11 Nevertheless, durable PVI is a paramount of clini-
cal success in AF ablation. Although contact-force sens-
ing catheters and AI guided ablation has been shown to 
improve outcomes, PV reconnection is still present in a sub-
set of patients.12,13 It is thought that AI predicts lesion qual-
ity better than conventional impedance measurement, the 
depth of lesion is mainly predicted by Rf power settings, and 
contact-force. Since increasing contact-force decreases 
operators’ control of catheter movement and “pushing” 

Figure 2. Kaplan–Maier arrhythmia-free survival plots for paroxysmal, persistent, and long-standing persistent atrial fibrillation 
patients.

Table 3. Follow-up Data

Mean follow-up (months) 36.9 ± 12.2

Recurrence during blanking period, n (%) 19 (13.4)

Among Paroxysmal AF 6 (6.8)

Among Persistent AF 9 (20.4)

Among Longstanding persistent AF 4 (40)

Isolated events during blanking period 14 (9.8)

Recurrence Rates, n (%)

Among Paroxysmal AF patients 10 (11.4)

Among Persistent AF patients 15 (28.1)

Among Longstanding Persistent AF patients 5 (50)

Statistics P < .001

Recurrence as atrial tachycardia, n (%) 7 (4.9)
AF, atrial fibrillation.
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PW towards esophagus intuitively increases the potential 
complication risk, increasing power settings and/or dura-
tion of energy application remains the best option. While 
Yavin et al8 have demonstrated improved PVI durability with 
HPSD ablation, authors’ argue that less time necessary for 
catheter to be in a “stable” position is the reason of improved 
durability, rather than delivered energy. Authors also argue 
that increase in surface temperature and char-formation 
limit the ability of HPSD to create deep lesions. In our study, 
where energy delivery was continued until AI targets were 
reached (up to 25 s), no detrimental effects were observed, 
and it is reassuring that we have observed only 1 steam-pop 
during long duration ablation of a septal AT in a patient with 
highly scarred enlarged LA with thick interatrial septum. 
Furthermore, feasibility of very HPSD (70 W) ablation was 
demonstrated by Kottmaier et al14 actually leaving 50 W to 
be a relatively conservative HPSD strategy.

Rationale, Feasibility, and Technique of HPSD Posterior Wall 
Debulking
Studies and clinical observational data suggest that 
although effective, PVI still seems to be a not-always-suf-
ficient target for AF ablation in all patients. Considerable 
risk of AF recurrence remains even with HPSD PVI, and 
progressively increases with duration of AF.15 PW has been 
implicated in AF arrhythmogenesis due to numerous char-
acteristics. Embryologically, PW has similar precursors as 
PV antra, and both are anatomically and electrophysiologi-
cally distinct from other parts of LA.16 Moreover, PW is a fre-
quent site of AF triggers as well as rotors.17 Initial attempts 
to isolate PW by linear lines (i.e., box isolation) have dem-
onstrated feasibility yet in many studies outcomes have 
been either improved marginally or not at all.18–20 This may 
be explained by several factors. First, most of these studies 
employ a box technique of PW isolation, where durability is 

an important issue since reconnection has been reported in 
up to 40% of patients.7 Reconnection results from gaps in 
ablation lines, and these provide substrate for post-abla-
tion ATs. These gaps preferentially occur at anatomically 
thick areas of atrial wall, such as septomarginal bundle on 
LA roof, where conventional energy settings led to limited 
lesions and thus creating a potential nidus for epicardial 
bridges using Bachmann bundle.21 Incomplete PW isolation 
with cryoballoon ablation seemed to improve outcomes 
when compared to PVI only in persistent AF patients, with 
follow-up studies demonstrating better durability of isola-
tion.22,23 Second, even if durable endocardial PW isolation is 
achieved, lesions created with conventional ablation set-
tings are not simply deep enough to affect epicardial tissue, 
therefore electrical activity can be present in epicardium in 
patients with silent posterior wall endocardium (Figure 3).24 
Complex modeling studies have demonstrated that epicar-
dial circuits have important role in AF mechanism, which 
may persist even after endocardial ablation with conven-
tional energy settings.24,25

Supporting the main thesis of this study are hybrid endocar-
dial and surgical epicardial ablation, aiming to disrupt poste-
rior epicardial circuits. In 1 small study where epicardial hybrid 
ablation was performed, a 79% arrhythmia-free survival was 
observed at 3 years follow-up, among both paroxysmal and 
persistent AF cases.26 In another multicenter European study 
which had a mean follow-up of 14 months with internal loop 
recorder, there was a 75% were in sinus rhythm during the 
last follow-up.27 In this study, the shortcomings of Rf ablation 
with conventional settings and linear lines are thought to 
be addressed by HPSD and PW debulking, simulating hybrid 
approach. There are other ongoing studies assessing hybrid 
surgical and catheter AF ablation with rationale similar to 
the rationale of our study. 

Figure 3. A patient who had undergone a box posterior wall isolation and pulmonary vein isolation at outside hospital. Although 
posterior wall was endocardially silent (bipolar signal visible at E1-2 on the left, side), pacing from posterior wall revealed constant 
capture at 4 mA. After posterior wall debulking exit block was accomplished.
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We hypothesize that box isolation of PW using conventional 
energy settings is probably simply a technique with low 
effectiveness, leaving both gaps in lines and intact epicardial 
tissue in many cases and propose 2 changes in the technique. 
First, debulking the PW is less likely to lead to proarrhyth-
mic gaps, and second, high power settings may improve the 
transmurality of lesions.

Posterior wall debulking was previously tested in 1 study 
enrolling persistent AF patients, where it improved out-
comes.28 In this relatively small study Bai  et  al have per-
formed extended PVI (lesions extending to septum and CS) in 
addition to PW isolation and superior vena cava isolation, yet 
the outcomes are much inferior to our findings. This may be 
explained by uniform HPSD ablation technique and the fact 
that we have also included paroxysmal AF patients as our 
pre-determined strategy for all-comers. yet we believe sin-
gle procedure catheter ablation using HPSD may leave sur-
gical approach obsolete in a significant number of patients. 

Safety of HPSD Debulking
Among main concerns of HPSD ablation are effects of Rf to 
both local and nearby tissues (i.e., esophagus), and steam-pop 
formation. We have very seldomly observed dyspeptic con-
cerns, and we did not encounter any serious complications.10 
Steam-pop occurred only at 1 instance during a long-lasting 
RF application at LA septum with no consequence. Although 
esophageal temperature monitoring is not routinely recom-
mended during ablation with conventional energy settings, 
this may not apply to HPSD settings although it has not been 
tested.29 In our study we have routinely monitored esophageal 
temperature during ablation in PW. During energy delivery, 
ablation was immediately stopped if temperature rose above 
37.5°C mainly due to steep temperature curve rise, which 
contrasts to ablation with conventional low energy settings 
where temperature rise is more gradual. Adjacent lesions in 
PW were always created in interrupted fashion: for example, 
if a lesion in inferior portion of PW was created, the very next 
Rf application would be performed at least 20 mm away until 
whole posterior wall was debulked with overlapping lesions. 

Incidence of Atrial Tachycardia Recurrences
Historically, the durability of PW isolation has been a major 
limitation after initial PW box isolation with conventional 
energy settings. Small gaps may create great nidus for ATs 
that are usually roof-dependent. Among the recurrent cases 
in our series, we have never observed roof-dependent tachy-
cardias. The recurrences where either as AF, or when there 
was inducible AT, it was peri-mitral, localized reentry in ante-
rior wall or PV tachycardias due to vein reconnections. Albeit 
the number of recurrent cases undergoing redo procedure 
was small, PWs where isolated at all instances. 

Study Limitations
There are a few limitations that merit discussion in this rela-
tively small, prospective albeit not randomized study. The 
study does not have a control group; however, a PVI-only 
control group would yield very limited additional informa-
tion since the success rate of the later is well known. The fol-
low-up consisted of clinical assessment and 24-hour Holter 

recordings obtained at predetermined intervals. Since con-
tinuous rhythm monitoring was not available, asymptomatic 
recurrences cannot be ruled out. 

Posterior wall isolation durability cannot be determined 
with this study since very few patients underwent a redo 
procedure. A further limitation was that PW isolation was 
achieved and checked only endocardially. Also, routine cath-
eterization of VOM was not performed and realistically, even 
if endocardially targeted lesions were delivered, VOM isola-
tion was probably achieved in small number of cases. Finally, 
gastrointestinal complications occurred very infrequently, 
however routine endoscopic studies were not performed.

CONCLUSION

This study has demonstrated excellent arrhythmia-free 
outcomes in unselected, real world AF patients undergoing 
HPSD PVI and debulking PW isolations. This technique was 
both safe and effective as a first-line strategy, however, fur-
ther randomized studies are warranted. 
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