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1  | INTRODUC TION

Atrial fibrillation (AF) is the most common clinically relevant arrhyth-
mia and associated with substantial morbidity and mortality, inferring 
a high socioeconomical burden.1 The currently estimated prevalence 
of AF in adults in Europe is between 2% and 4%, and a 2.3- fold rise 
is expected over the next 40 years.1 Ablation therapy in terms of 

pulmonary vein isolation (PVI) is a cornerstone of AF treatment, and 
accumulating data indicates that it may be superior to medical ther-
apy.2,3 Technological advances have substantially improved the ef-
ficacy and safety of AF ablation. Besides improved clinical outcome 
in terms of AF burden, this is evidenced by increasing rates of redo- 
procedures where persistent isolation of all pulmonary veins is en-
countered.4- 10 However, despite these advances, in almost 40 percent 
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Abstract
Despite substantial technological and procedural advances that have improved the 
efficacy and safety of AF ablation in recent years, the long- term durability of abla-
tion lesions is still not satisfactory. There also remains concern regarding rare but 
potentially life- threatening procedure- related complications like cardiac tamponade 
and atrioesophageal fistulae. Current ablation strategies are aiming to optimize the 
trade- off between efficacy and safety, where more extensive ablation appears to 
inevitably increase the risk of collateral injury. However, new forms of energy ap-
plication may have the potential to resolve this quandary. The emerging concept of 
high power- short duration radiofrequency ablation features a more favorable lesion 
geometry that appears ideally suited to create contiguous lesions in the thin- walled 
atrium. Moreover, novel non- thermal ablation methods based on electroporation ap-
pear to provide a unique selectivity for cardiomyocytes and to spare surrounding 
tissues composed of other cell types. Both, high power- short duration and electropo-
ration ablation might have the potential to break the trade- off between effective 
lesions and collateral damage and to substantially improve risk- benefit ratios in AF 
ablation. In addition, both approaches lead to considerable reductions in ablation 
times. However, their putative benefits regarding efficacy, efficiency, and safety re-
main to be proven in randomized controlled trials.
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of the redo- procedures at least one pulmonary vein is still found to be 
reconnected, which reflects non- durable ablation lesions that appear 
to be one of the primary mechanisms of AF recurrence.6 On the other 
hand, severe complications such as cardiac tamponade or esophageal 
injury still occur. According to the current paradigm more extensive 
ablation, required to improve lesion durability, inevitably increases the 
risk of collateral injury. Thus, current ablation strategies are aiming to 
optimally balance safety with efficacy. This review will focus on two 
novel concepts of energy applications, high power- short duration 
(HPSD) radiofrequency (RF) ablation and electroporation- based abla-
tion, that may have the potential to break the trade- off between the 
lesion extent and durability and procedural risk, and to improve the 
risk- benefit ratio of AF ablation.

The concept of HPSD ablation aims to minimize conductive heat-
ing and increase resistive heating to deliver targeted energy to the 
atrial wall, while reducing the risk of collateral tissue damage.11 On 
the other hand, novel methods of electroporation- based ablation, 
which in contrast to radiofrequency, cryothermy, and laser ablation 
is a non- thermal ablative mechanism, appear to preferentially ablate 
myocardial tissue and to spare non- myocardial tissue such as blood 
vessels or nerve fibers. Against this background, these two emerging 
concepts have the unique potential to reduce the risk of collateral 
tissue damage without compromising myocardial ablative efficacy.

2  | HIGH POWER- SHORT DUR ATION 
R ADIOFREQUENCY ABL ATION

2.1 | Rationale and basic principles

RF ablation results in two consecutive phases of tissue heating. In 
the first phase, direct resistive heating occurs immediately upon RF 
application as a result of electric current flow and local tissue resist-
ance. In the proximity of the catheter electrode, where the current 
density is sufficiently high, this will result in temperatures ≥50.0℃ 
leading to immediate tissue denaturation and cell death.12 As current 
density decreases rapidly with distance to the electrode, the area of 
resistive heating is spatially very limited and does typically not cover 
the full atrial transmurality when conventional power settings are 
applied. However, this direct and locally restricted resistive heating 
creates a temperature gradient along which thermal conduction and 

subsequent heating of adjacent and deeper tissue layers occur with a 
temporal delay until an equilibrium is reached. This progressive heat 
transfer is relatively slow, which explains why RF application times 
of 30– 60 seconds may be required to accomplish transmural lesions. 
Moreover, depending on the distance to the heat source this second 
phase of conductive heating may result in local temperatures <50° 
and thus reversible injury with edema formation.12,13

The heat generated by resistive heating is proportional to the prod-
uct of local tissue resistance and the square of the current flow. The 
variables that determine current flow and thus resistive heating in RF 
ablation are the applied power and the total circuit impedance. While 
conductive heating is secondary to the temperature gradient created by 
resistive heating and thus also dependent on the applied power, its main 
determinant is the duration of an RF application. Hence, with RF appli-
cations of high power and short duration, resistive heating is predomi-
nating over conductive heating (Figure 1). The rationale of this concept 
is to achieve homogeneous and irreversible lesions through immediate 
resistive heating of the full transmurality, while limiting delayed thermal 
conduction that may result in less predictable, more heterogenous le-
sions and could inadvertently affect adjacent tissues and organs.12,13

2.2 | Lesion geometry

As a consequence of the increasing ratio of resistive to conductive 
heating, HPSD ablation results in shallower, less invasive lesions with 
a wider diameter (Figure 1). These lesions are typically better de-
marcated with the border zones of reversible injury being smaller 
compared to conventional RF ablation. As temperature dispersion in 
the tissue is more uniform with resistive heating, HPSD may also im-
prove transmural homogeneity and lesion- to- lesion consistency. In 
line with these theoretical considerations and experimental obser-
vations ex vivo, preclinical studies using porcine models are sugges-
tive of more uniform and contiguous ablation lines compared with 
conventional RF ablation.13,14

2.3 | Clinical data

As the term of HPSD ablation is not well- defined, clinical data is very 
heterogenous reporting on a wide spectrum of power and duration 

F I G U R E  1   Resistive versus conductive 
heating in radiofrequency ablation 
(adapted from Leshem et al. J Am Coll 
Cardiol EP 2018;4:467– 79)13
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settings ranging from 45 W over 15 seconds to 90 W over 4 seconds. 
The feasibility and relative safety of PVI have been demonstrated 
along the full spectrum.

Winkle et al reported on successful PVI with very low complica-
tion rates in 13,974 HPSD ablations performed in 4 experienced cen-
ters applying RF powers of 45– 50 W over 2– 15 seconds.15 However, 
higher power settings have been investigated as well. Interestingly, 
Kottmaier et al found significantly less arrhythmia recurrence during 
1- year follow- up in 97 patients undergoing HPSD ablation with 
70 W over 5– 7 seconds compared to a historical control group of 
100 patients undergoing conventional RF ablation (83.1% vs. 65.1% 
freedom of arrhythmia).16 Again, no serious procedure- related com-
plications occurred in either group.

In the POWER FAST PILOT study, PVI was accomplished in 
100% of the PVs in 48 patients by application of either 50 W abla-
tion index-  or LSI- guided (18 patients), or 60 W over 7– 10 seconds 
(30 patients).17 The safety profile was good compared to a his-
torical control group, with no pericardial effusion. Postprocedural 
esophageal endoscopy performed in all patients found less esoph-
ageal lesions in the HPSD groups. It is noteworthy that audible 
steam pops occurred in 8% of the patients treated by HPSD 
ablation.

Two recent trials also investigated ablation index- guided ap-
proaches of HPSD ablation. The FAFA AI High Power Study applied 
50W, targeting ablation index values of 550 at the anterior wall and 
400 at the posterior wall.18 Complete PVI was achieved in all 50 
patients with very high first- pass isolation rates (92%) and absence 
of major complications such as death, stroke, tamponade, or atrio-
esophageal fistula. Postablation esophageal endoscopy performed 
in all patients revealed only one patient (2%) with a minimal lesion. 
Steam pops were perceived by the operators in 8%, interestingly all 
of them during left anterior ablation with ablation index values >550. 
Another approach of ablation index- guided HPSD ablation was re-
ported in the POWER AF study that randomized a total of 100 pa-
tients with paroxysmal AF to ablation following the CLOSE protocol 
with 45 W versus 35 W power.19 There were no significant differ-
ences between the groups regarding any of the outcome measures. 
Of note, first- pass isolation was achieved in 96% of the pulmonary 
veins with 45 W. Moreover, no acute procedural complications nor 
steam pops were observed in any of the groups. An intraesopha-
geal temperature rise >38.5℃, which by protocol triggered an endo-
scopic evaluation, occurred in 40% of the high power group and in 
52% of the control group, with one esophageal lesion evidenced by 
endoscopy in each group. In the case of high power ablation, this was 
an esophageal perforation that necessitated positioning of a covered 
stent. Retrospective analysis revealed that both lesions occurred fol-
lowing excessive RF applications with ablation index values of 460– 
480 and inadvertent application of contact forces up to 50 g in the 
proximity of the esophagus.

In order to allow for safe application of very high power an ablation 
catheter with a novel thermocouple technology has been introduced 
that enables valid monitoring of the temperature at the interface of 
the catheter tip and endocardial tissue in real- time despite irrigation 

(QDOT MICRO™ Catheter; Biosense Webster, Inc).20 In the very high 
power mode the associated RF generator modulates power up to 
90 W to maintain target temperatures of 60℃. In the QDOT FAST 
study, temperature- controlled ablation using this catheter has proven 
to be safe with a power as high as 90 W applied over 4 seconds.21 PVI 
was achieved in all 52 patients, however, additional ablations using a 
standard ablation mode (50 W) with the same catheter were deemed 
necessary by the investigator in 21% of the patients. While no pro-
cedural complications occurred, there was one subclinical cerebral 
thromboembolism evidenced by MRI and one esophageal ulcer bleed-
ing observed in esophageal endoscopy. Unfortunately, the incidence 
of steam pops that this system aims to prevent, has not been reported.

Not surprisingly, HPSD ablation consistently resulted in a reduc-
tion of RF and procedure times throughout all studies. This was ob-
viously most pronounced when very high power was applied. In the 
study by Kottmaier et al (70 W, 5– 7 seconds) mean RF time (12.4 vs. 
35.6 min) and procedural time (89.5 min vs.111.15 min) were signifi-
cantly shorter in the HPSD group compared to the historical control 
group.16 In the QDOT fast trial (90 W, 4 seconds) RF application time 
was even shorter (mean 8.1 min) resulting in a mean procedure time 
of 105 minutes (including 20 min waiting time).21

In line with their preclinical data indicating enhanced lesion 
contiguity and transmurality, Yavin et al demonstrated improved 
long- term lesion durability with HPSD ablation.14 While they found 
first- pass isolation rates to be similar in HPSD (90%) compared to 
conventional ablation (83%), pulmonary vein reconnection in pa-
tients who required a redo procedure was observed much more fre-
quently after conventional ablation (52.2% vs. 16.6%; P = .03).

2.4 | Limitations and safety

Randomized controlled trials are warranted to demonstrate whether 
the potential advantages of HPSD ablation approaches indeed trans-
late into clinical benefit beyond shorter procedure times and to define 
relative safety compared to established approaches. Even though in 
clinical data generated so far there is no signal for an excess in any 
complication like cardiac tamponade or stroke, the potential risk of 
steam pop and thrombus formation with high power RF applications 
remains a concern. Moreover, despite a theoretically more favorable 
lesion geometry, serious esophageal injury did still occur in clinical 
trials investigating HPSD ablation,19 and according to a recent report, 
the incidence of esophageal lesions may be substantially higher than 
suggested by some of the above- mentioned trials.22 This may reflect 
the narrower safety margin when applying RF at high or very high 
power, where only slightly superoptimal RF application times can al-
ready constitute a substantial overshoot resulting in serious compli-
cations.13 Moreover,ablation with contact forces >20 g was recently 
identified as an independentpredictor of esophageal thermal injury 
in ablation index- guided HPSD- ablation.23 Against this background, 
avoidance of excessive contact force and RF application, particularly 
at the posterior wall in the proximity of the esophagus, appears to 
be even more critical in HPSD ablation.13,19 In that respect, it is also 
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noteworthy that the amount of energy delivered is determined by 
current flow rather than the applied power and is therefore depend-
ent on total impedance. Thus, there can be substantial variability in 
lesion size based on differences in total impedance, despite identi-
cal power settings. This may be particularly relevant in high power 
applications associated with a pronounced decrease in local imped-
ance that could result in excessive energy delivery. In this context, 
current- controlled ablation may be an option to improve safety.24

Whether real- time temperature measurement at the catheter- 
tissue interface using novel thermocouple technologies does indeed 
reliably reflect tissue temperatures and can thus guide energy de-
livery through an automated feedback system to reduce the risk of 
steam pops, thrombus formation, and collateral injury remains to be 
determined.20

One of the potential advantages of HPSD ablation is the shorter 
period of time over which the catheter has to be maintained in a 
stable position. However, the other side of the coin is that with RF 
application times of as little as 4 seconds, catheter stability appears 
to be even more critical, as a brief loss of catheter position or tissue 
contact may already constitute a relevant proportion of the total RF 
application and thus lead to an incomplete lesion.

3  | ELEC TROPOR ATION

3.1 | Rationale and Basic principles

In contrast to all currently established ablation methods, electropo-
ration constitutes a non- thermal mechanism where the application 
of an electrical voltage gradient between tissue- spanning electrodes 
establishes a high voltage electric field, which will lead to a transcel-
lular current flow and the formation of nanoscale pores in the cell 
membrane lipid bilayers (Figure 2). If the transcellular electrical field 
is above a tissue- specific threshold, the resulting pore formation will 
be permanent and eventually culminate in cell death.25,26

Electroporation can be accomplished by the application of di-
rect current (DC), alternating current or pulsed DC, and in fact the 
DC ablations performed in the 1980s may have been based on the 
mechanism of electroporation without electrophysiologists being 
aware of it at the time. Most systems currently under investigation 
in clinical trials for AF ablation and PVI employ so- called pulsed- 
field ablation (PFA) with sub- second trains of high voltage biphasic 
DC pulses in the millisecond range delivered in a bipolar manner by 
multipolar catheters in terms of single- shot devices.25,26 However, 
very recently, technical feasibility and safety of PVI has also been 
demonstrated for single pulse electroporation ablation, where a 
single monophasic capacitive discharge was applied through a cir-
cular multielectrode catheter.27 Monophasic pulses typically cause 
substantial muscular activation compared to biphasic waveforms 
and thus may require general anesthesia. How different application 
forms of electroporation, including single pulse electroporation ver-
sus PFA with distinct waveforms, affect lesion characteristics and 
safety properties remains to be defined.

3.2 | Lesion characteristics

In general, compared to radiofrequency ablation lesions, electropora-
tion lesions appear more demarcated and of wider diameter at similar 
depth (as with HPSD ablation). Unlike RF lesions, electroporation lesions 
do not show coagulation necrosis or hemorrhage. Moreover, electropo-
ration spares intralesional vessels and nerves and does not cause epi-
cardial fat tissue inflammation. Early replacement fibrosis of the treated 
tissue equally occurs after both RF and electroporation ablation, but 
the post- ablation fibrotic remodeling of the atrial wall was shown to be 
more homogeneous with electroporation, without islets of surviving 
cardiomyocytes or residual sequesters of necrotic cardiomyocytes. In 
particular, myocardial sparing around intralesional arteries or trabeculae 
because of convective cooling by arterial or intracavitary blood flow, as 
in RF ablation, has not been observed with electroporation.25,28

3.3 | Ablation time

In contrast to thermal ablation forms, that require catheter stabiliza-
tion over seconds (RF) or even minutes (Cryo), electroporation has 
been shown to create transmural lesions in less than one second.

3.4 | Tissue specificity

Perhaps the greatest potential advantage of electroporation- based 
ablation approaches is its relative selectivity for cardiomyocytes. 
The current density threshold for the formation of permanent pores 
and thus cell death appears to be relatively low in cardiomyocytes, 
while cell types at risk of collateral damage display higher thresholds. 
In particular, in preclinical studies electroporation of tumors that 
are vascularized and/or adjacent to blood vessels has left vascular 
structures intact. Of note, even when directly targeting the carotid 

F I G U R E  2   Electroporation and formation of permanent pores 
resulting in irreversible cell death.
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artery in a rat model, electroporation did not affect long- term vascu-
lar integrity.29 Analogously, nervous tissue appears to have relative 
resistance to electroporation; even though data are less clear, pre-
clinical studies suggest only minimal damage upon direct high power 
application and full regeneration over time, respectively.30

What's more, full power electroporation purposely targeting 
the adventitia of the esophagus in a porcine model did not result 
in any mucosal or submucosal lesions.31 Beyond the differences in 
tissue- specific thresholds, in contrast to thermal ablation, PFA also 
appears to spare the extracellular matrix, preventing disruption of 
tissue planes that may result in complications like atrioesophageal 
fistula.

In line with these experimental data, preclinical studies on car-
diac catheter ablation consistently found myocardial electropora-
tion lesions to spare vascular tissue including coronary arteries, 
nervous tissue including the phrenic nerve, and the esophagus 
even when intentionally ablating in their immediate proximity.32- 35 
These favorable properties have recently been confirmed in pre-
clinical studies comparing atrial PFA with conventional radiofre-
quency ablation.32,35

The exact reasons for the distinct current density thresholds 
inferring this relative selectivity for cardiomyocytes are yet to be 
defined. However, as cardiomyocytes are relatively large compared 
to other cell types, equal local electrical fields (voltage per distance) 

TA B L E  1   Trials on PVI with high power- short duration ablation

Trial Patients (n) Trial design
Ablation settings & 
targets Follow- up Key findings for HPSD

Winkle et al. 
[15]

13, 974; 
parox. or 
pers. AF

Retrospective, 
observational, single- 
arm multicenter,

• 45- 50 W,
• 2- 15 sec

n.a. • Very low complications rates
• relatively low procedure and RF times

Kottmaier et al. 
[16]

97; parox. AF Prospective, single- 
center, historical 
control

• 70 W
• 5 s post., 7 s 

ant.Historical control:
30- 40 W, 20- 40 s

12 months • Less arrhythmia recurrence after 1 year 
compared to historical control

• Comparable safety
• Shorter RF and procedural times

Castrejón 
Castrejón et al. 
[17]

48; parox. or 
pers. AF

Prospective, single- 
center, historical 
control, esophageal 
endoscopy in all 
patients

• 18 Pts: 50 W, LSI ≥5 
or AI ≥350

• 30 Pts: 
60 W, 7- 10 sHistorical 
control:

30 W, 30 s

No 
follow- up 
data 
provided

• Steam pops in 8%
• Lower incidence and severity of 

esophageal lesions
• Higher first- pass isolation rate
• Shorter RF but not procedure time

Chen et al. [18] 50; parox. or 
pers. AF

Prospective, single- 
arm, single- center, 
esophageal 
endoscopy in all 
patients

• 50 W
• AI targets: 550 ant., 

400 post.

6 months • No major complications
• Only 2% (1 patient) with esophageal 

lesion (minimal)
• Steam pops in 8%

Wielandts et al. 
[19]

96; parox. 
AF

Randomized, 
single- center

• HPSD group: 45 W
• Control 

group: 35 WAI- 
guided ablation 
(CLOSE- protocol)

6 months • Shorter procedure and RF times
• Similar freedom of AF at 6 m
• 1 ulcerative esophageal perforation in 

HPSD group
• No acute procedural complications
• No steam pops

Reddy et al. [21] 52; parox. 
AF

Prospective, 
multicenter, single- 
arm, MRI screening 
for silent cerebral 
lesions

• max. 90 W
• temperature- 

controlled
• 4 s

3 months • No serious adverse events
• 1 asymptomatic cerebral 

thromboembolism
• 6 patients with silent cerebral lesions
• 1 esophageal ulcer bleeding

Yavin et al. [14] 112; parox. 
or pers. AF 
(18 with 
invasive 
re- mapping 
at redo)

Prospective, single- 
center, historical 
control group, 
assessment of lesion 
durability in redo 
procedures

• 45- 50 W
• 8- 

15 sHistorical control:
20- 40 W, 20- 30 s

1.2 years 
(median)

• Higher first- pass isolation rate
• Lower incidence of PV reconnection at 

invasive re- mapping during redo
• Shorter RF time

Piringer et al. 
[22]

31; parox. or 
pers. AF

Prospective, single- 
center, single- 
arm, esophageal 
endoscopy in all 
patients

• 50 W
• AI target post. 350

106 d 
(mean)

• Esophageal lesions in 16%
• (2 erosions, 3 ulcers)

Note: PVI, pulmonary vein isolation; HPSD, high power- short duration ablation; RF, radiofrequency; post., posterior wall; ant., anterior wall; AI, 
ablation index; LSI, lesion size index; parox. AF, paroxysmal atrial fibrillation; pers. AF, persistent atrial fibrillation.
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will result in higher transcellular voltage gradients, which may be one 
factor explaining their susceptibility to electroporation. Taken to-
gether, the relative selectivity of electroporation for cardiomyocytes 
clearly bears the potential to reduce the risk of collateral damage 
during catheter ablation and to prevent complications like coronary 
injury, phrenic nerve palsy or atrioesophageal fistula.

3.5 | Clinical trials

The first in- human report of electroporation for endocardial AF 
ablation was published in 2018 using a custom pentaspline PFA 
catheter (Farawave, Farapulse inc.).36 In fact, to date most clini-
cal experience has been established with this catheter, which can 
be used either in a basket or a flower configuration, allowing for 
ostial and antral ablations, respectively. In three consecutive non- 
randomized trials including a total of 121 patients with paroxysmal 
AF, safety and efficacy of PFA could be demonstrated with this 
system.37,38 Freedom from any atrial arrhythmia was reported as 
78.5% at one year. Of note, the durability of PVI steadily improved 
over the trials from 18% with monophasic PFA to 84% with op-
timized biphasic waveforms at 3 months post- ablation. While PVI 
was achieved in as little as three minutes ablation time, in the last 
trial of the series total procedure times were still in the range of 
conventional ablation approaches. With only three major compli-
cations (2 cardiac tamponades, 1 cerebrovascular event) the pro-
cedure appears to be relatively safe. Of note, in a subgroup of 29 

patients endoscopy did not find any esophageal lesions at a median 
of 3 days post- ablation.

In another study, the same group investigated the safety and 
efficacy of their approach in 25 patients with persistent AF.39 In 
addition to PVI they demonstrated that posterior wall isolation and 
ablation of the cavotricuspid isthmus, the latter using a focal PFA 
catheter, might be feasible too. Invasive re- mapping at three months 
confirmed durable PVI in more than 90% of the PVs. Again, esoph-
agogastroduodenoscopy, which was performed in 21 of the 25 pa-
tients, showed no signs of esophageal injury despite PVI and PWI 
with extensive ablation at the posterior wall. Also, no phrenic nerve 
palsy or pulmonary vein stenosis was reported in any of the trials.

Very recently, first in human experience has demonstrated the 
feasibility of PVI with monopolar single pulse electroporation in 10 
patients. In this study PVI was performed by delivering nonarcing, 
nonbarotraumatic 6 ms, 200 J direct current applications via a cus-
tom nondeflectable 14- polar circular electroporation catheter with 
a variable diameter (16– 27 mm). All 40 pulmonary veins were suc-
cessfully isolated with a mean of 2.4 electroporation applications 
per pulmonary vein, without procedural complications.27

3.6 | Limitations

Despite the potential for very rapid ablation, reported mean proce-
dure times were still in the range of conventional ablation approaches 
(97 and 148 minute, respectively) with rather high fluoroscopy times 

TA B L E  2   Trials on PVI with electroporation- based ablation

Trial Patients (n) Trial design Electroporation modality Follow- up Key findings

Reddy et al. 
[36]

22; parox. AF Prospective, single- 
arm, 2 centers

• PFA (bipolar)
• 900 to 2,500 V

1 month • 100% acute PVI
• No complications

Reddy et al. 
[37] & Reddy 
et al. [38]

121; parox. 
AF

Prospective, single- 
arm, 2 centers 
multiple ablation 
protocols, invasive 
remapping at 
3 months

• 4 different PFA protocols 
(bipolar)

• Monophasic, 900- 1000 V 
(n = 15); biphasic, 1800- 
2000 V (n = 106)

• 4- 10 pulses per 
application

12 months • 100% acute PVI
• 65% durable PVI at 3 months 

(between 18% and 84%, 
depending on PFA protocol)

• 79% freedom of arrhythmia at 
12 months

• 2 cardiac tamponades, 1 
TIA; otherwise no serious 
complications

Reddy et al. 
[39]

25; pers. AF Prospective, single- 
arm, 2 centers, PVI 
+PWI, invasive 
remapping at 
2- 3 months

• PFA (bipolar)
• Biphasic
• 1800- 2000 V

202 days 
(median)

• 100% acute PVI
• Durable PVI at 3 months in 96% 

of PVs
• 1 cardiac tamponade 

(4%), otherwise no serious 
complications

• Endoscopy in 21/25, no 
esophageal lesions

Loh et al. [27] 10 Prospective, single- 
arm, single- center

• Monopolar single- pulse 
electroporation

• 6 ms, 200 J

14 days • 100% acute PVI
• No periprocedural complications
• 1 cerebrovascular event 14 d after 

ablation

Note: PV, pulmonary vein; PVI, pulmonary vein isolation; PFA, pulsed- field ablation; PWI, posterior wall isolation; parox. AF, paroxysmal atrial fibrilla-

tion; pers. AF, persistent atrial fibrillation; TIA, transient ischemic attack.
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(mean 14 and 29 minutes, respectively), depending on the system 
used.27,38 This could of course reflect a certain learning curve of the 
new method and novel catheter systems, and procedure and fluor-
oscopy times should be expected to improve.

Even though the sample size is not sufficient for a definite safety 
estimate, cardiac tamponade may be a concern, as it occurred in 3 out of 
146 patients treated with the Farapulse PFA system.37- 39 Thus, the spe-
cific risk of cardiac tamponade for this approach remains to be deter-
mined in comparison with established approaches of thermal ablation.

Another finding that has to be further investigated are transient 
ST- segment elevations (resolution within a mean of 13 seconds), 
which have been observed in 9 out of 10 patients after monopolar 
single pulse electroporation, particularly in the inferior ECG leads.27 
These ST- segment elevations are likely to represent an electrical 
phenomenon specific to this modality, and their clinical relevance 
remains to be determined.

One clinical cerebrovascular event with MRI correlate occurred 
each in the pilot study with the monopolar single pulse electropo-
ration system (10 patients) as well as in a cohort of 121 patients 
treated with the Farapulse system.27,38 This is particularly notewor-
thy, as the formation of gaseous microemboli is typically detected 
by intracardiac ultrasound immediately upon electroporation- based 
ablation.40,41 However, although these concerns had already been 
articulated by the investigators in the respective pilot studies, none 
of the subsequent clinical studies systematically evaluated cerebral 
complications by means of cerebral MRI, thus safety data remains 
incomplete in this respect.

4  | CONCLUSION

With their unique properties both HPSD and electroporation abla-
tion have the potential to break the trade- off between effective 
lesions and collateral damage and to improve risk- benefit ratios 
in AF ablation. In addition, both approaches may lead to consid-
erable reductions in ablation times and thus advance procedural 
efficiency. While HPSD ablation has already been established 
in routine clinical practice, electroporation ablation is still to be 
considered an experimental treatment reserved for clinical trials. 
Without any doubt, both hold great promise for the future of AF 
ablation but need to be further validated regarding long- term ef-
fectiveness and safety. In particular, randomized controlled trials 
are lacking.
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