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Pulsed Field Ablation (PFA)

• Pulsed field ablation (PFA) leads to cell death by irreversible 

electroporation.

• Myocardial cells have a greater sensitivity to PFA compared with nerves, 

arteries, and other collateral structures, making it an attractive energy 

modality for catheter ablation.

• Prior reports have demonstrated safety and efficacy for atrial ablation and 

have assessed feasibility of ablation in regions of healthy and 

myocardial scar in LV.

Europace. 2019 Dec;22(3):434-439. 

Circ Arrhythm Electrophysiol. 2019 Dec;12(12):e007781.

J Am Coll Cardiol. 2019 Jul 23;74(3):315-326.

J Am Coll Cardiol. 2020 Sep 1;76(9):1068-1080. 



Mechanisms of Cell Death With PFA

• Electroporation is a process in which a cell membranes permeability to 

ions and molecules is increased when the cell is exposed to high electric 

fields. 

- Usually, in the form of  short Direct Current (DC) pulses 

→ Cell permeability ↑

→ Nanometric pores formation in cell membrane

→ Hence, the term “electroporation”



• Cell membranes have a much 

higher electrical resistance than 

the extra- and intracellular fluid.

• Both these sections are thus 

exposed to approximately one-

half the voltage gradient across 

the complete cell and are the 

most likely sites where pores 

will be created

Micrographs showing the structure of the membranes of red blood cells, frozen 

at different times (t) after the application of the electroporating pulse.

(A) t = 0.5 ms; (B) t = 3 ms; (C) t = 40 ms; (D) t = 5 s; and (E) t = 10 s.

Original magnification: 60,000. 



Circ Res. 2020 Jun 19;127(1):170-183.

• PFA affects all tissues within a zone exposed to an electric field while still 

exhibiting tissue selectivity based on the tissue-dependent electric field 

threshold values required for IRE 



Tissue specificity/selectivity

• Cells exposed to an electric field intensity above their critical 

threshold undergo IRE and die, whereas cells exposed to 

electric fields below their respective critical thresholds 

undergo reversible electroporation and survive.  

• Local current density creates an electrical field, expressed 

in volts per centimeter. 

→ Voltage across each tissue cell will be proportional to its

diameter measured in the axial direction of the electrical 

current. 

• Cell size may thus be among the factors that determine 

tissue specificity of electroporation 

Circ Res. 2020 Jun 19;127(1):170-183.



Blood vessels

• Motivated by the anticipated use 

electroporation for treatment of 

tumors near large blood vessels, 

Carotid artery has been directly 

targeted in rats using a bipolar 

clamp around the artery.

• Histology, 4 weeks after the 

procedure, showed that the 

connective matrix of the artery 

remained intact with no evidence 

of aneurysm, thrombus formation, 

or necrosis.

Technol Cancer Res Treat. 2007 Aug;6(4):307-12.



Blood vessels

• In a porcine study, 

histological analysis 14 days 

after pancreatic 

electroporation ablation 

revealed patent vascular

structures in targeted 

areas despite significant 

destruction of pancreatic 

tissue. 

J Surg Oncol. 2011 Jul 1;104(1):22-8





Conclusions

• a significant relationship between the 

magnitude of the application and 

myocardial lesion depth.

• In  blood-myocardial tissue environment, 

continuous 20-mm circular lesions, deep 

enough for electric PV isolation, can be 

created with a single 200-J application of a 

few milliseconds in duration. Tissue heating 

does not appear to play a role in lesion 

formation
Circ Arrhythm Electrophysiol 2012;5:581–6



Circ Arrhythm Electrophysiol. 2019;12:e007781



• Figure 4. Gross appearance of PFA lesions seen after formalin fixation.

• A, Monophasic PFA lesion in the superior vena cava (SVC) with presence of a 

visual gap (arrow). B, Biphasic PFA lesion in the SVC with contiguous and 

broad lesion (between dotted lines). C, Biphasic PFA lesion in the right superior 

pulmonary vein (RSPV) with contiguous broad lesion (arrows point in direction of 

distal pulmonary vein)

Circ Arrhythm Electrophysiol. 2019;12:e007781



• Figure 5. Masson’s trichrome stain of sections from Biphasic cohort.

• A, Transmural PFA lesion in SVC (10× magnification). B, Transmural PFA 

lesion in the RSPV. C, Transmural PFA lesion in the inferior common 

pulmonary vein (ICPV). D, 200× view of fibrotic core of PFA - SVC lesion 

,a spared arteriole and nerve surrounded by fibrosis

Circ Arrhythm Electrophysiol. 2019;12:e007781



Potential complication of cardiac 
electroporation



Coronary damage

• Effect of electroporation ablation on coronary arteries was investigated 

by histological analysis of arteries that happened to be present in 

electroporation lesions, but also after intentionally targeting main coronary 

arteries via a special epicardial circular catheter in the pericardial space. 

• Both studies demonstrated that coronary arteries remained free of 

significant damage amid huge transmural myocardial lesions, up to 3 

months after ablation

Europace 2013;15:144–9.

Circ Arrhythm Electrophysiol 2014;7:728–33

Circ Arrhythm Electrophysiol 2014;7:913–9



Coronary damage

• intracoronary PFA resulted 

both in significant coronary 

spasm and fixed coronary 

stenosis.

• Epicardial PEF, delivered at 

lower energy, resulted in 

reversible spasm but no fixed 

coronary stenosis.

JACC Clin Electrophysiol. 2022 Dec;8(12):1486-1496

Circ Arrhythm Electrophysiol. 2022 Oct;15(10):e010668.

Conclusion

In swine model, epicardial PFA directly on CA allowed the creation of myocardial lesions

but led to  CA response characterized by acute moderate spasm and chronic mild 

stenosis via neointimal hyperplasia.



PV stenosis

• In PV ablated with electroporation, angiographic narrowing was absent 

after 3 months’ follow-up, in contrast to PV in which RF ablation had been 

performed.

• Electroporation-ablated PV only showed minor intimal proliferation, 

whereas PV treated with RF had intimal proliferation, necrotic myocardium, 

proliferation of the elastic lamina, and large amounts of scar tissue 

surrounding the myocardial sleeve.

Circ Arrhythm Electrophysiol. 2014 Aug;7(4):734-8.



Phrenic nerve injury

• Given unknown effect of the different application mode and current density, 

Right phrenic nerve was targeted using a circular 200 J application with 

good tissue contact inside SVC.

• Sometimes, phrenic nerve was transiently affected, but normal function 

was demonstrated by capture-pacing from SVC 30 min and 3 months 

after the application.

Heart Rhythm. 2015 Aug;12(8):1838-44.



Circ Arrhythm Electrophysiol 2020; 13: e00803



• Esophageal histology after application of PFA.

• A) all 4 layers of esophageal wall are shown after application of PFA. These 

layers are all normal along the entire circumference of the esophagus

• B) magnified view of tunica adventitia is shown which depicts normal 

vessels and nerve fascicles without any fibrosis or inflammation.  

Circ Arrhythm Electrophysiol 2020; 13: e00803



Conclusions

• PFA used to isolate the PVs in 

patients with paroxysmal AF 

create transmural myocardial 

lesions 

• Crucially, PFA does not induce 

any signs of esophageal injury 

while these are commonly 

observed after thermal ablation. 

Europace 2021 Sep 8;23(9):1391-1399



Europace. 2023 Apr 15;25(4):1369-1378.



Europace. 2023 Apr 15;25(4):1369-1378.



Europace. 2023 Apr 15;25(4):1369-1378.



• In this initial study of an exploratory 
dose, we demonstrate that endocardial 
focal PFA can be delivered using a 
prototype catheter.

•

Myocardium-specific lesions were 
rapidly and safely created, with 
dimensions that are relevant for 
ablation of ventricular tachycardia in 
the clinical setting. 

Europace. 2020 Mar 1;22(3):434-439. 



CONCLUSIONS PFA allows rapid, safe, and effective ablation of surviving islands of 

myocardium within and around infarcted LV substrate. This technology holds promise 

for treating infarct-related ventricular tachycardia in humans.

JACC Clin Electrophysiol. 2022 Jun;8(6):722-731
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PFA Spares Nerve, Artery and Vein 
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JACC Clin Electrophysiol. 2022 Jun;8(6):722-731



Europace. 2023 Apr 15;25(4):1503-1509.



PLoS One . 2020 Feb 21;15(2):e0229214.



PLoS One . 2020 Feb 21;15(2):e0229214.





• Prospectively 60 patients 

undergoing their first PVI 

(20/ablation modality) measured 

hsTnT levels 1day before and the 

morning after the procedure.

• Alternatively, larger increase in 

biomarkers may indicate more 

comprehensive ablation inside PV 

antrum by the basket shape of PFA 

catheter compared to linear, antral 

ablation by thermal energies.

Conclusion

• we found a significantly higher 

increase of hsTnT as a surrogate 

for myocardial injury after PFA 

compared to RF and Cryo

Heart Rhythm 2022;19:1471–1472.

• Respective ablation times

1) RF: 1328±316 secs 2) Cryo: 1097±325 secs 

3) PFA: 84±29 secs 



Summary (PFA)
• PFA of viable and infarcted myocardium in both atrium & ventric

le is feasible

• PFA waveforms quickly and safely produced lesion depths up to 

>5mm

• In myocardial infarct, lesion depths were greater with PFA comp

ared to RFA

• Nerve/artery/vein spared with PFA, except reversible coronary 

spasm

• Electroporation is a promising energy source for rapid ablation 

of atrial & ventricular myocardium to treat arrhythmia
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