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CONTEMPORARY TRENDS AND WORKFLOWS IN PULSED FIELD 
ABLATION: THE ALLINA HEALTH MINNEAPOLIS HEART INSTITUTE 

EXPERIENCE COMPARED TO THE CCB GERMAN EXPERIENCE : 
SIMILARITIES AND DIFFERENCES 

• Julian Chun, MD
• Boris Schmidt, MD
• Jay Sengupta, MD
• Edwin Zishiri, MD
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Discussion outline

• Historical perspective  for AF ablation and techniques and literature.
• Overview of PFA programs and current procedural volumes at each center
• Patient selection and referral patterns
• Procedural workflow, technology platforms, and ablation strategies with a focus

on workflow for AF ablation in Germany and how  that differs from typical
practice in the United States.

• Clinical outcomes, safety, and complication management
• Challenging cases, lessons learned, and practical pearls.
• Discussion about choosing PFA form factors and platforms and the evidence

behind each system.
• Ongoing research initiatives and opportunities for future collaboration

Historical Perspective

Haïssaguerre, M et al. “Spontaneous initiation of atrial fibrillation by ectopic beats originating 
in the pulmonary veins.” The New England journal of medicine vol. 339,10 (1998)
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AF Technology Evolution

Haïssaguerre, M et al. “Spontaneous initiation of atrial fibrillation by ectopic beats originating 
in the pulmonary veins.” The New England journal of medicine vol. 339,10 (1998)

1998 Present
Electro-
anatomic 
Mapping

Imaging

Catheter 
form factors

Ablation 
technology

• RF Catheter technologies:

• Closed Irrigation RF

• Open Irrigation RF 2001

• Contact Force Sensing catheters RF 
2014

• Flexible tip Irrigated catheter RF 2016

• DiamondTemp Ablation System RF 
2020

• Upgraded Platinum tipped 
RF catheters to Diamond 
tipped RF catheters

• Improved Heat 
Transfer

• Devastated EP 
Lab cost per 
case

• High Density Mapping catheters

• PentaRay, OctaRay, HD 

Grid

• Mapping System Technologies

• Biosense CARTO

• EnSite NAVx

• Boston Scientific Rythmia

• ToperaMedical RhythmView
(defunct/disgraced)

• Ablation Systems

• RF systems by multiple vendors

• CryoAblation (ArcticFront, POLARx)

• LaserBalloon (HeartLight X3)

• High Intensity Focused Ultrasound 
(ProRhythm)  

Diagnostics: 3D Mapping

Indian Pacing Electrophysiol J. 2008 Feb 1;8(1):32–50.

Mapping Systems Magnetic Fields and Sensors Mapping Catheters
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Left Atrial Anatomy and Pathophysiology
relevant to AF ablation

Di Biase L, Monir G, Melby D, Tabereaux P, Natale A, Manyam H, Athill C, Delaughter C, Patel A, Gentlesk P, Liu C, Arkles
J, McElderry HT Jr, Osorio J; SURPOINT Postapproval Trial Investigators. Composite Index Tagging for PVI in Paroxysmal 
AF: A Prospective, Multicenter Postapproval Study. JACC Clin Electrophysiol. 2022 Sep;8(9):1077-1089 

RF Ablation Success
• Ablation index

 Incorporates contact force, power, and time as an 
objective surrogate marker of ablation lesion quality

• At 12 months, freedom from documented AF/AFL/AT 
 93% per standard-of-care monitoring 

2024 advance: High energy, Short duration
RF application
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Who should have early rhythm control strategy with 
ablation?
• Patients with symptoms related to atrial fibrillation despite adequate rate control

• If asymptomatic, consider early cardioversion and revisit

• Patients with LV dysfunction and congestive heart failure that may be tachycardia-mediated or afib-
mediated cardiomyopathy 

• Younger patients to prevent comorbidity
• Prevent progression

• Patients on anti-arrhythmic drug therapy with side effects

• Patients with bradycardia limiting medical therapy; ablation may defer need for permanent pacing

The trial was stopped for efficacy at the third interim 
analysis after a median of 5.1 years of follow-up per 
patient. A first-primary-outcome event occurred in 249 of 
the patients assigned to early rhythm control (3.9 per 100 
person-years) and in 316 patients assigned to usual care 
(5.0 per 100 person-years) (hazard ratio, 0.79; 96% 
confidence interval, 0.66 to 0.94; P=0.005). 

9

10

Page 5 of 96



MHIF Cardiovascular Grand Rounds
September 28, 2026

José A. Joglar. Circulation. 2023 ACC/AHA/ACCP/HRS Guideline for the Diagnosis 
and Management of Atrial Fibrillation.  DOI: (10.1161/CIR.0000000000001193) 

2023 Expert Guidelines

New: Catheter 
ablation of AF as 
first-line therapy in 
selected patients

Despite good ablation techniques there are still 
challenges with recurrent atrial arrhythmias

• Pulmonary vein reconnection 
• Arrhythmia Variants
• Atrial Substrate

• Different phenotypes
• Atrial myopathy
• Isolated or related to concomitant cardiac disease including valvular or HFpEF or cardiomyopathy

• Atrial Fibrillation Progression
• Patient-specific risk factors 
• Lifestyle and Genetics
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Electroporation
• Non-thermal energy that limits collateral damage

• DC power supply to charge capacitors 
• Discharged, or pulsed, with the help of a high voltage switch 

• Delivered between two or more electrodes creating an electric field

• Pulses are in nano- to millisecond range

• Voltage applied in the range of hundred to tens of kilovolts

• Electric field orientation can be monopolar, bipolar, or omnipolar

Electroporation “zone” depends on 
electric pulse parameters

• Each zone has distinct effects on target tissue
• Sugrue, A., Maor, E., Del-Carpio Munoz, F., Killu, A. M., & Asirvatham, S. J. (2022). Cardiac ablation with pulsed electric fields: principles and biophysics. EP Europace.

Reversible electroporation
Cell survives

Irreversible Electroporation (IRE)
Cell dies
Tissue scaffold remains intact

Thermal damage
Cell dies
Tissue scaffold is damaged
Protein denaturation occurs

Basics of Pulsed Field Ablation | Medtronic CAS | August 2023 14
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Technology Presentation — Affera Mapping and Ablation 
System with Sphere-9 Catheter |  October 2024 15

Non-thermal energy that limits collateral damage

DC power supply to charge capacitors which are discharged,
or pulsed, with the help of a high voltage switch 

Delivered between two or more electrodes creating an electric field
Pulses are in nano- to millisecond range
Voltage applied in the range of hundred to tens of kilovolts
Electric field orientation can be monopolar, bipolar, or omnipolar

• Sugrue, A., Maor, E., Del-Carpio Munoz, F., Killu, A. M., & Asirvatham, S. J. (2022). Cardiac ablation with 
pulsed electric fields: principles and biophysics. EP Europace.
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Case presentation MHI

• 62 year-old female with atrial fibrillation and typical atrial flutter
• Diagnosed 2010
• Treated with sotalol and subsequently underwent complex RFA ablation in 2016 with 

pulmonary vein antral isolation and CTI line ablation
• Recurrent arrhythmias in 2018 with restoration of PV isolation and atypical atrial 

flutter ablation (LA roof)
• Comorbidities include hypertension, obesity, obstructive sleep apnea

• Recurrent arrhythmia 12/2021
• Transitioned to dofetilide for anti-arrhythmic therapy
• Recurrent atypical atrial flutter in 2024

ECG

17

18

Page 9 of 96



MHIF Cardiovascular Grand Rounds
September 28, 2026

Ablation 1/11/24
• SF Smart Touch ablation catheter with Octaray multielectrode mapping

• Ablation strategy to re-isolate right sided pulmonary veins and fortify 
roof line, elimination of complex fractionated electrograms LA septum

• High energy, short duration lesions

• Avoid esophageal injury and phenic nerve injury with anatomical 
assessment, temperature monitoring, pacing maneuvers

AF Ablation challenges

Over they years multiple procedures and 
operators with RFA

Pulmonary veins and thick tissue often require 
repeat ablation

Progression of atrial myopathy and underlying 
substrate

Additional linear and focal lesions necessary to 
treat subsequent arrhythmia mechanisms
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Recurrent Arrhythmia
• From PCP:

• “She is frustrated that she keeps going into atrial flutter. She is very sensitive to the rapid heart 
rate, especially if she gets above 120 bpm. She does not feel safe walking up a flight of stairs 
because she becomes winded. She feels that some of her doctors are giving up on her because 
she has been told that there might not be much else they can do for her atrial arrhythmias.”

• Ablation 10/17/2024
• Successful ablation of roof-dependent left atrial atypical atrial flutter using an epicardial substrate 

requiring deep ablation along posterior aspect of the roof near the RSPV
• Atrial flutter repeatedly terminated with ablation but re-inducible; given inability to get deeper 

lesions, broaden linear ablation but limited by esophageal proximity.

Recurrent Arrhythmia within 2 months

• Options
• RF ablation options exhausted
• Anti-arrhythmic options are limited and fraught with side effects and toxicity
• Pacing (conduction system versus CRT) and AVJ ablation
• PFA

• Would this system be able to identify complex arrhythmia circuit?
• Would PFA be effective where RFA has repeatedly failed?
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Form factor importance: safety, energy waveforms, directionality, strategy (one-shot versus focal), efficiency, targets
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©2025 Boston Scientific Corporation 
or its affiliates. All rights reserved

FARAPULSE Pulsed Field Ablation System

Reddy VY, et al.Pulsed Field or Conventional Thermal Ablation for Paroxysmal Atrial 
Fibrillation. N Engl J Med. 2023 Nov 2;389(18):1660-1671

Primary efficacy endpoint: Freedom from composite of initial
procedural failure, documented atrial tachyarrhythmia,
AAD use, cardioversion or repeat ablation

Less phrenic nerve injury, PV stenosis,
2 pericardial effusions and 1 related death

 A Large foot print focal catheter that can deliver RF and PF 
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All-in-one Sphere-9 catheter

• Key principles of wide-area focal ablation

1. Anter E, et al. JACC Clin Electrophysiol. 2020;6:507–519.
2. Barkagan M, et al. Circ Arrhythm Electrophysiol. 2019;12:e007090.
3. Medtronic data on file (S6585), GLP study.
4. Yavin HD, et al. Circ Arrhythm Electrophysiol. 2021;14:e010375.
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Unipolar, biphasic waveform to 
cause cell death by irreversible 
electroporation

Radiofrequency

Temperature-controlled RF 
delivery

5 sec

4 sec

3

Serves as both multipolar mapping catheter and ablation catheter
Lattice structure larger and more stable than standard point-by-point catheter

Integrated mapping system high fidelity and computational power
Efficient mapping and lesion delivery with larger footprint and deeper tissue penetration
No wait time between applications

General anesthesia with PFA

A Focal Ablation Catheter Toggling Between Radiofrequency and 

Pulsed Field Energy to Treat Atrial Fibrillation
Vivek Y. Reddy, MD,a,b Petr Peichl, MD, PHD,c Elad Anter, MD,d Gediminas Rackauskas, MD, PHD,e Jan Petru, MD,a Moritoshi Funasako, MD,a Kentaro Minami, MD,a Jacob S. Koruth, MD,b Andrea 

Natale, MD,f Pierre Jais, MD,g Germanas Marinskis, MD, PHD,e Audrius Aidietis, MD, PHD,e Josef Kautzner, MD, PHD,c Petr Neuzil, MD, PHD

JACC: Clinical Electrophysiology Vol. 9 No. 8 2023 pp 1786-1801

• First-in-Human
• Prospective
• Single Arm
• Lattice tip PF/RF Catheter
• 3 centers/2 countries
• 14 operators
• Funding: Affera, Inc

• 178 patients 
• 61% PersAF
• 39% PAF

• PVI +/- Lines
• PF/PF vs PF/RF
• Pulsed Waveforms:

• PULSE1
• PULSE2
• PULSE3

• Remapping planned at 75d
• EGD 1-5 days post ablation
• Brain MRI post ablation
• Cardiac CTA
• Holter monitoring
• Transtelephonic monitoring

• Endpoints:
• Acute PV isolation
• Durable PV isolation
• Linear lesion durability
• Freedom from AF
• Safety measures

Reddy VY, et al. J Am Coll Cardiol EP. 2023;9(8):1786-1801.
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Reddy VY, et al. J Am Coll Cardiol EP. 2023;9(8):1786-1801.

Comprehensive description of lesion sets:
First pass isolation
Lesion set durability
Waveform efficacy
Ablation time 

Reddy VY, et al. J Am Coll Cardiol EP. 2023;9(8):1786-1801.
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Reddy VY, et al. J Am Coll Cardiol EP. 2023;9(8):1786-1801.

Initial experience at 3 centers 
with an 8Fr lattice tip PF/RF 
catheter using an evolving 
waveform resulted in safe, 
effective, and durable PV 

isolation and excellent freedom 
from both paroxysmal and 

persistent AF in a cohort of 178  
patients.

Reddy VY, et al. J Am Coll Cardiol EP. 2023;9(8):1786-1801.

Thought and Comments?
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Non inferior to  Contact force sensing RF 
catheters
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AFib Ablation Technique: PFA vs Non PFA- ANW 
Campus
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Are there PFA pitfalls?

Vasospasm
Bradycardia/vagal effects
Over-the-wire systems

Increased fluoroscopy
Hemolysis/increased fluids
Conduction system risk
Need for general anesthesia
Embolic events

Large sheaths
Changing catheters

Device-device interactions 
Off-label use 
Form-factor-target mismatch
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Pulsed Field Ablation
Which one do you choose!

43
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The MHI approach: avoid form factor-target mismatch:Desouki, M et al., Addressing target tissue-form factor 
mismatch. J Interv Card Electrophysiol. 2026 Apr 25. doi:

 

 

 

 

 

 

 

 

 

 

 

 

PAF = Paroxysmal atrial fibrillation, TFL= Typical atrial flutter, PF = Persistent atrial fibrillation, AFL = 
atypical atrial flutter. 

Total number of Affera patients = 212 

PAF patients = 102 PF patients = 91 
AFL patients = 19 

Patients receiving 
ablation for: 

Only PAF = 
48 

PAF + TFL = 43 

PAF + AFL = 21 

Only PF = 
26 

PF + AFL = 34 

PAF + TFL = 43 

P-value2
Pre-ablated 

patients
N = 491

Ablation-naive 
patients
N = 261

Overall
N = 741Characteristic

0.30 (0%)1 (4.0%)1 (1.4%)Stroke

0.52 (4.1%)0 (0%)2 (2.9%)
Congestive heart 

failure

0.52 (4.1%)0 (0%)2 (2.7%)
Atrial fibrillation 
requiring DCCV

0.62 (4.1%)2 (8%)4 (5.4%)
Atrial flutter 

requiring DCCV
1 n (%)

Table 3. Safety outcomes of atypical flutter patients 
included in our cohort.

Dual Energy  PFA and RFA with Affera and other systems

• Dual energy RFA and PFA
• PFA with excellent safety profile given cardioselectivity

• Avoid pulmonary vein stenosis, esophageal injury, permanent phrenic nerve damage
• Avoid hemolysis

• RFA for areas near vascular anatomy (cavotricuspid-isthmus and mitral isthmus)
• Caution regarding vasospasm with PFA
• Can use PFA with nitro protocol

• Preferential use of PFA in left atrium
• Target paroxysmal atrial fibrillation, persistent atrial fibrillation, atypical atrial flutter, repeat ablations
• Potential for stacking lesions for depth or targeting of alternate tissue types, e.g., parasympathetic ganglia

• Use for ventricular tachycardia ablation in development
• Huge potential given depth of energy delivery
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Clear VT registry

47
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New frontiers—clinical: does it move the needle?

• PFA in one-shot and focal form factors have opened up new possibilities for patients with complex 
atrial arrhythmias

• Potentially more durable pulmonary vein isolation
• More capability to address complex anatomy and refractory arrhythmias
• Greater efficiency but with it comes more complex cases and higher number of cases
• No PV stenosis, esophageal injury, rare permanent phrenic injury
• May preserve LA extracellular architecture (non-thermal cell death)
• Unconventional cases

• When we can achieve reproducible and durable PV isolation, the question becomes what else will be 
necessary to improve outcomes?

• AF pathophysiology and drivers
• Atrial myopathy
• Patient-specific factors

New frontiers—institutional and research
• Application potential is limitless

• True value when integrated with deeper understanding of atrial fibrillation drivers
• Ripple technology (Melby+Biosense/JJ)
• Cortex (proprietary algorithm to identify active AF sources, Boston Scientific)
• Volta Medical (AI and Machine Learning)

• How does PFA fit in our research portfolio?
• Investigator-initiated studies
• Industry-sponsored trials
• Advance the science and establish our footprint on best practices

• Use of PFA may also revolutionize ventricular arrhythmia ablation
• PFA modules need to be developed from ground level 
• Research, development, and innovation
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StatusDescriptionInvestigatorStudy Name
Completed 
enrollment q2 
2026

Evaluating safety and efficacy of BWI OMNYPULSE PFA platform in 
patients with symptomatic paroxysmal AF who failed at least one AAD 
(class I or III)

Daniel Melby, MDOMNY-AF

Completed 
enrollment

Prospective, multi-center single-arm study designed to evaluate the 
effectiveness of ablation of novel Ripple Frequency Map identified atrial 
fibrillation drivers for treating persistent atrial fibrillation

Daniel Melby, MDADVANCE AF 

EnrollingSingle center registry of patients undergoing AF ablation using RFA or PFA 
starting in December 2024. We aim to evaluate the long-term efficacy of 
both modalities, to date nearly 400 patients have been included 

JoEllyn Moore, MDAURA Registry

Completed 
enrolment q1 2026

Post-approval study to evaluate long-term effectiveness and safety of 
Sphere-9 Catheter and Affera Ablation System for treatment of persistent 
AF

Edwin Zishiri, MDSPHERE PER-AF 
PAS

Complete 
enrolment q22026

Prospective study to evaluate the safety and effectiveness of the Sphere-
360 Catheter and Affera Mapping and Ablation System for treating 
paroxysmal atrial fibrillation (PAF). 

Jay Sengupta, MDSPHERE-360 PAF 
IDE

AF Studies at MHI/MHIF

Future directions 
• The right target, the right energy, the right form factor

– PFA dominant approach with RFA near vessels and conduction system

• Understand the atrial fibrillation phenotype
– Clinical risk factors, atrial substrate, concomitant cardiac disease, new medication impact
– Clinical designations are often discordant with findings from procedure 

• Paroxysmal atrial fibrillation with normal LA size and voltage
– Durable, safe, efficient pulmonary vein isolation with PFA

• Persistent atrial fibrillation or paroxysmal patient with advanced substrate
– Pulmonary vein isolation + targeted ablation (substrate and electrical drivers) with PFA+RFA

• Concomitant afib ablation and LAAC for bleeding risk and lifestyle

• Alternatives to anticoagulation as management success improves (Wearables, discontinuation of OAC)
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ENDO- EP VT Cases with 3.5 mm RF/ PF 
Catheter ( Tactiflex Duo)
• 69 year old man chronic systolic heart failure with LVEF of 20% due to  

cardiac sarcoidosis had 2 previous RF ablations but continued to have 
VT. Brought to the lab for repeat ablation

Central zone: coagulative necrosis/melted 
and necrosed myofibrils c/w RFA
Dark zone: consistent contraction band necrosis,
Nuclear pyknosis, and hemorrhage
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LV - Epicardial LAT
Rhythm: VT 1 (635 ms)
Timing Annotation: Near-Field Peak Frequency

Final Lesion Set (RF & PFA)
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LV - Endocardial Voltage
Map Rhythm: RV Paced
Timing Annotation: Near-Field Peak Frequency

Terminated VT 3 in 45s with 40W of RF 
at the LV Summit/AMC region.

Brief History

• 39 year old woman with PK2P gene mutation associated 
arrhythmogenic right ventricular cardiomyopathy who presents for a 
redo ablation procedure for recurrent ventricular tachycardia. She 
had had two previous ablations in the preceding months and had 
recurrent admissions to the hospital with VT despite antiarrhythmics
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Omnipolar Voltage 0.5-1.5 mV

Omnipolar Voltage 0.5-1.5 mV

Epi Voltage 

Omnipolar Voltage 0.5-1.5 mV

RV Endo Voltage 

HDG signal of interest 

RV Epi LAT
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RV lesion set: Epi & Endo

PFA Lesions: Blue 
RF Lesions: Red

Epi + RV Endo Combo Map

PFA + RF Lesions
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ILAM Map:
sparkle and propagation map with lesion set

• Additional cases if time permits
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The VARIPULSE  PlatformCase #1
73 yo F with PAF, severe COPD,
and Ulcerative colitis presents for
ablation.

S.G. 70 yo F with non-ischemic cardiomyopathy,
possibly LMNA gene-related, complex atrial arrhythmias including
Afib, atrial flutter, PACs, and she also has PVCs.
ICD implant for primary prevention and to facilitate atrial-pacing and medical therapy

No AF after RFA ablation but frequent bigeminal, symptomatic PACs originating from high Crista,
near arcuate ridge and in close proximity to phrenic nerve

Presents for ablation with focal PFA

Symptomatically improved post PAC ablation
EF stable and on GDMT
No plans for PVC ablation which would require retrograde
approach given extensive descending aortic atheroma
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K.I. 32 yo F with 2 prior RF ablations 
for atypical RA flutter related to 
complex scar (congenital vs 
hereditary). MRI showed RA at upper 
limit of normal but could not detect 
fibrosis.

5/25
J.W. 49 yo M
Ablations for afib at
OSH 2009,2010,2022

h/o DM, embolic CVA,
Alcohol abuse

Admitted with cardiogenic shock
LVEDD 6.5 cm, EF 15-20%

Rhythm/rate control not effective with amio and cardioversions
“started to consider potential role for durable MCS”

9/9 f/u in Duluth:
Mildly dilated LV, EF 47%
No symptoms, sober for 3 months
No plans for LVAD or ICD currently
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AgendaTime
Welcome and introduction09:00–09:15
Introduction to CCB Frankfurt: structure, procedures, 
volumes and key areas of expertise09:15–09:30

German healthcare system compared with the U.S. 
healthcare system09:30–09:45

Coffee break09:45–10:00
Group Rotation I: Group A – live case observation in 
the EP lab; Group B – interactive case discussion10:00–11:00

Group Rotation II: Group B – live case observation in 
the EP lab; Group A – interactive case discussion11:00–12:00

Lunch break12:00–13:00
Current and emerging technologies in 
electrophysiology13:00–13:20

Contemporary treatment strategies: patient selection 
and clinical decision-making13:20–13:40

Final discussion, key takeaways and closing remarks13:40–14:00

Proposed Agenda – Visit to CCB Frankfurt
Date: September 22, 2026
Time: 09:00–14:00
Location: Markus Krankenhaus Frankfurt, Wilhelm-Epstein-Straße 4, Building F, 2nd Floor, Conference Room G 250

71

72

Page 36 of 96



MHIF Cardiovascular Grand Rounds
September 28, 2026

Organisation CCB

73

• Founded 1978

• Outpatient PCI since 1985

• CIED Department 1996

• CCB @ Markus Hospital 2001

• Imaging Department 2002 

• First CPU in Germany 2003

• „Herzwerk“ Cardiac Rehab facility 2008

• EP Depart. @ Markus Hospital 2010

• Force CT 2014

• Clinical Chemistry and Hemastosiology 2014

• Outpatient Clinic Bad Soden 2019

History and Present of CCB

• 45    Cardiologists
• 2  Angiologists
• 1  Vascular Surgeon1
• 3  Radiologists
• 2  Diabetes Specailists
• 6        Cardiology Trainees
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VHF VT SVT LAA

EP @ CCB
Growth, Growth, Growth

Current and Emerging Technologies 

Boris Schmidt, Frankfurt/Main, Germany
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COICompany

Ad Board, Research grant, Speaker FeeAbbott

Ad Board, Research grant, Speaker FeeBiosense Webster

Ad Board, Research grant, Speaker FeeBoston Scientific

Ad Board, Research grant, Speaker FeeFarapulse

Research grant, Speaker FeeMedtronic

Current PFA Technologies
Disclosures

Miclavcic D   et al.  HeartRhtyhm (2025) in press

Current PFA Technologies
Basic PFA Principles – Physiological response to PFA
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Vermas A  et al.  HeartRhtyhm (2026) in press

Current PFA Technologies
Basic PFA Principles – Waveform and others...

MARPVs

LPVs

*
LAA

*

Pulmonary Vein Isolation
Current PFA Technologies

In patients undergoing ablation for AF, PVI is
recommended as the primary lesion set for all patients
unless a different specific trigger is identified. (LOR 
Class I A)

Joglar et al. Circulation. 2023
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Kuniss M et al. Europace 2021 Andrade J et al. NEJM 2020Wazni O et al. NEJM 2020

Cardiac tamponade: n=0 Cardiac tamponade: n=0
Pericardial effusion: n=1

Cardiac Tamponade: n=0

First Line Ablation – Single Shot Thermal 
Current PFA Technologies

Drug-refractory PAF - PFA or Thermal Ablation – ADVENT 
Current PFA Technologies

Reddy V et al.  August 27, 2023, at NEJM.org. 
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1° EFFICACY ENDPOINT: FIRST RECURRENCE OF AT/AF
1° SAFETY ENDPOINT: PROCEDURE RELATED SAE

R
1:1

N=210

Current PFA Technologies
Paroxysmal  AF – PFA or Cryo ?

Reichlin T et al. March 31, 2025, at NEJM.org.

Paroxysmal AF – Single Shot Champion
Current PFA Technologies

Reichlin T et al. DOI: 10.1056/NEJMoa2502280
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Paroxysmal AF – Single Shot Champion – AF Burden
Current PFA Technologies

Reichlin T et al. DOI: 10.1056/NEJMoa2502280

0
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PFA CB

Paroxysmal AF – Single Shot Champion - SAEs
Current PFA Technologies

Reichlin T et al. DOI: 10.1056/NEJMoa2502280
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Chun KRJ et al. Europace (2024) 26, euae134

Single Shot PVI Tools Large FOOTPRINT / Focal PFA

Current PFA Technologies
Device Overview

Single Shot Devices – Circular Catheters
Current PFA Technologies

Verma A et al. Circulation.2023 May 9;147(19):1422-1432.Duytschaever M et al. Circ Arrhythm Electrophysiol. 2023;16:e011780.
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Single Shot Devices – „Balloon“ Solutions
Current PFA Technologies

Tilz RR et al. EP Europace, Volume 27, Issue 4, April 2025,.Reddy V et al. Jacc 2026 .

REVOLUTIONARY

Revolutionary Registry - Real Life VOLT Data
Current PFA Technologies
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Single Shot Devices – Monopolar Array
Current PFA Technologies

Reddy VY  et al. Heart Rhythm. 2025 Oct;22(10):2551-2561.

• 4.7 applications per PV
• 99% General Anaesthesia

Nanosecond PFA – The new Hype
Current PFA Technologies
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Clinical Data on Persistent AF – ADVANTAGE AF
Current PFA Technologies

PWA

PVI

+ 

4 Flower/PV
4 Basket/PV

All Flower 
No Rotation

2 app per 
site

~50% overlap

ADVANTAGE AF 
Single Arm Ablation Trial in persistent AF

Reddy V et al. Circulation. 2025

73.4%

Does focal PFA help improve outcome?
Current PFA Technologies

Mansour M et al. HeartRhythm in press

0
20
40
60
80

100
120

Roof and PW CTI Mitral Isthmus
SPHERE-9 CONTROL

E Anter et al. Nature Medicine 2024;
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Does focal PFA help improve outcome?
Current PFA Technologies

Hirokami J et al. Heart Rhythm. 2025 Jul;22(7):e40-e50.

94

95

96

97

98

99

100

101

Roof Anterior PWI LAI CTI
Acute block (%)

Natale A  et al. AF Symposium 2026

Does focal PFA help improve outcome?
Current PFA Technologies

RAO 30° LAO 40°

LAO 40° LL

Data @ CCB
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Does focal PFA help improve outcome?
Current PFA Technologies

Urbani A et al. Data @ CCB

Bergonti M et al. Europace 2025

PFA – Impact on Clinical Routine
Current PFA Technologies
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Real Life @ CCB – Ablation Modality for Index AF Ablation
Current PFA Technologies

Real Life @ CCB – Procedure Times and SD for Index PVI
Current PFA Technologies
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Current PFA Technologies
Outpatient Ablation – The new Now

Current PFA Technologies
Ablation in an Ambulatory Surgical Center 

• 4 patients per day
• First-do PVI
• Age <80 
• Patient consent

• Single Shot Technology
• 2 US venous puncture
• ACT>350s
• Z-suture

• Telemetry, NIBP, SpO2
• Bed rest (2) - 4h
• Suture removal
• „Ambulation test“
• Echo pre d/c
• NOAC cont‘d

Selection Procedure After Care
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Current PFA Technologies
Outpatient Ablation – The new Now

Current PFA Technologies
Spectrum of Side Effects

Verma A et al. Heart Rhythm in press 
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Current PFA Technologies
SAFETY of Pentaspline PFA in Early US Experience (n=1576)

Coronary Spasm – Variable Time Course
Current PFA Technologies

Gunawardene MA et al. EHJ - Case Reports (2024) 8Luther V et al. Heart Rhythm (2025)
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Coronary Spasm – Typology
Current PFA Technologies

Coronary Spasm – A rare PFA related complication ?
Current PFA Technologies

Ekanem E et al. Nature Medicine | Volume 30 | July 2024 | 2020–2029
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Turagam M et al. JACC 2025

Coronary Spasm – A link to Death ?!
Current PFA Technologies

Current PFA Technologies
A word of Caution – Coronary Spasm

Reddy V  et al. Circulation. 2022;146:1808–1819

PROXIMITY RELATED SPASM

Gunawardene M  et al. Circulation. 2026
Turagam M et al. JACC  2025

Incidence 100 % Incidence 0.16 %

GENERALIZED SPASM
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Coronary Spasm and Thermal Ablation (n=22323)
Current PFA Technologies

Nakamura T et al. Circ J 2021; 85: 264–271

0.19 %

Proximity related Coronary Spasm independent of PF waveform
Current PFA Technologies

Gerstenfeld EP et al. Jacc EP 2026;12(3): 528-37.
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PFA Effects on Coronaries in Pigs
Current PFA Technologies

Amoros-Figueras G et al. Heart Rhythm 2026;23:e1186–e1195

TIME COURSE HISTOLOGY

Persistent AF – ADVANTAGE AF – CTI Ablation with PFA
Current PFA Technologies

Gerstenfeld E et al. JACC. 2026
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Long-Term Effects on Coronaries
Current PFA Technologies

Conclusion
Current PFA Technologies

• Non-thermal PFA offers broad therapeutic window

• Large number of existing techologies at different stages in the development

• Increasing set of data from controlled trials

• Different form factors for all (?) arrhythmias

• Word of Caution – Coronary Spasm but rare !

115

116

Page 58 of 96



MHIF Cardiovascular Grand Rounds
September 28, 2026

Prof. Dr. Kyoung-Ryul Julian Chun 
CCB Frankfurt am Main

j.chun@ccb.de

CATHETER ABLATION OF AF – THE 

GERMAN PERSPECTIVE
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COICompany

Ad Board, Research grant, Speaker Fee
Research grant

Medtronic

Ad Board, Research grant, Speaker FeeBoston Scientific

Ad Board, Research grant, Speaker Fee
Research grant

Abbott

Ad Board, Research grant, Speaker FeeJ&J Medtech

Speaker FeeAstraZeneca

Disclosures
CATHTETER ABLATION – THE GERMAN PERSPECTIVE

AGENDA

German Health Care System 

Procedural Workflow Considerations
- Sustainability 
- Sedation/GA 
- Mapping 
- Ablation 

CATHTETER ABLATION – THE GERMAN PERSPECTIVE
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HOW MUCH TECHNOLOGY IS REALLY NEEDED? 

WORKFLOW AF ABLATION: GERMANY vs. USA

CATHTETER ABLATION – THE GERMAN PERSPECTIVE
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Frankfurt

CATHTETER ABLATION – THE GERMAN PERSPECTIVE

Frankfurt

CATHTETER ABLATION – THE GERMAN PERSPECTIVE
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8000

CATHTETER ABLATION – THE GERMAN PERSPECTIVE

Di Carlo A. et al. Europace (2019) 00, 1–8 HINDRICKS G et al. Eur Heart Journal  2020

AF PREVALENCE AND LIFETIME RISK 

CATHTETER ABLATION – THE GERMAN PERSPECTIVE
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Kirchhof P et al. NEJM 2020

Early treatment! (36d after AF Dx)

Primary Endpoint:
Stroke, Cardiovasc Death, Hospitalization

EAST TRIAL (n=2789 pts)

R

Rate ControlRhythm Control

RATE vs. RHYTHM CONTROL
Rate Control 

(n=694)
Rhythm Control 

(n=682)

3738First episode AF

3536Paroxysmal AF (%)

2727Persistent AF (%)

3636Median Days to
enrollment

CATHTETER ABLATION – THE GERMAN PERSPECTIVE

Kuniss M et al. Europace 2021

FIRST LINE Cryo PVI vs. AAD (3 RCT, >700 pts)

Andrade J et al. NEJM 2020Wazni O et al. NEJM 2020

Cardiac tamponade: n=0 Cardiac tamponade: n=0
Pericardial effusion: n=1

Cardiac Tamponade: n=02020 2024

CATHTETER ABLATION – THE GERMAN PERSPECTIVE
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Benali K et al. Heart Rhythm 2024

META ANALYSIS: ABLATION = LESS AF PROGRESSION!

CATHTETER ABLATION – THE GERMAN PERSPECTIVE

• SIMPLIFIED PATHWAY

https://register.awmf.org/de/leitlinien/aktuelle-leitlinien

SAME 
!

NEW !NEW 

SAME 
!

NEW  !

GERMAN AF GUIDELINES 2025

CATHTETER ABLATION – THE GERMAN PERSPECTIVE
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Deutscher Herzbericht, Update 2025

CATHTETER ABLATION – THE GERMAN PERSPECTIVE

Subklinisches VHF –
Device, Monitoring, asymptomatisch

Klinisches VHF –
EKG dokumentiert, (a)symptomatisch

Gunawardene M, Willems S. Europace 2022 

CATHTETER ABLATION – THE GERMAN PERSPECTIVE
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AF + HFpEF
via Emergency Room

R
AF Ablation

PFA

Cardioversion
Best Medical 

Tx

Rhythm 
Control Rate Control

Primary Endpoint
Composite of Death, Stroke, Embolism, Cardiovascular Hospitalization, 

ER Treatment

CATHTETER ABLATION – THE GERMAN PERSPECTIVE

ONE AF ABLATION  = 76,9kg CO2 = 700.000 km Car Drive 

Reprocessing of EP material is a MUST! 
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Reprocessing of EP material is a MUST! 

Sacher F et al. Archives of Cardiovascular Disease 117 (2024) 224–231

• GA worldwide most common (further increasing)
• Followed by deep sedation (further increasing)
• Conscious sedation (declining) 

Garcia R et al., Worldwide sedation strategies for atrial fibrillation ablation: current status and evolution over t

Europace. 2021 Dec 7;23(12):2039-2045. doi: 10.1093/europace/euab154

CATHTETER ABLATION – THE GERMAN PERSPECTIVE
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WORKFLOW AF ABLATION: GERMANY vs. USA

Die Kardiologie 2024, https://doi.org/10.1007/s12181-023-00658-5 

WORKFLOW AF ABLATION: GERMANY vs. USA
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Tzeis S et al. Europace 2024

WORKFLOW AF ABLATION: GERMANY vs. USA

Rising demand for AF ablation

PVI: intervention with proven clinical benefit

Finite financial resources

Environmental constraints ask for sustainable EP practices

 Lean workflow needed...!

WORKFLOW AF ABLATION: GERMANY vs. USA

CONCLUSION
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Chun KRJ et al. Korean Circ J. 2019 Nov;49(11):e119

CLASSIC TECHNOLOGIES

WORKFLOW AF ABLATION: GERMANY vs. USA

Chun KRJ et al. Europace 2024

Pulsed Field Ablation: THE HYPE ....!
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THE 5 S STRATEGY 

Circ Arrhythm Electrophysiol. 2022;15:e010817. DOI: 10.1161/CIRCEP.121.010817

WORKFLOW AF ABLATION: GERMANY vs. USA

WORKFLOW AF ABLATION: GERMANY vs. USA
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81%

65%
73%

54%
45%

34%

14% 15% 20%

PFA
n = 174

RF
n = 348

CRYO
n = 348

Durability by PV Durability by pt Redo Pts

FARAPULSE versus Thermal

Della Rocca DG, et al. Europace. Jan 20 2024;doi:10.1093/europace/euae016

• Propensity-score matched 
comparison of patients 
undergoing PVI

• Room for improvement! 

• FARAPULSE had significantly 
higher PV durability compared to 
RF and Cryo (p = 0.01)

PVI durability improved in “real life“

WORKFLOW AF ABLATION: GERMANY vs. USA

WORKFLOW AF ABLATION: GERMANY vs. USA
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Fluoroscopy Time: Mapping vs. Non-Mapping 11 vs. 8min

WORKFLOW AF ABLATION: GERMANY vs. USA

Fluoroscopy Time: Mapping vs. Non-Mapping 11 vs. 8min

WORKFLOW AF ABLATION: GERMANY vs. USA
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Fluroscopic Guidance – The Olive Concept

4
4
2

DURABLE PVI

Schaack D et al. ... Chun KRJ JACC EP 2025

WORKFLOW AF ABLATION: GERMANY vs. USA

Schaack D et al. ... Chun KRJ JACC EP 2025

Superior PVI durability – no increased hemolysis 
WORKFLOW AF ABLATION: GERMANY vs. USA
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PVI durability has improved in “real life“

Schaack D et al. JACC EP 2025

WORKFLOW AF ABLATION: GERMANY vs. USA

Schmidt B et al. Circ Arrhythm Electrophysiol. 2022 
Jun;15(6):e010817.

5S study extended
n=1320 PFA cases

Urbanek L et al. LBCT DGK 2025

Skin to Skin time: 32 min (25-40) 
Fluoroscopy time: 6.3 min (5-9)

Fluoro dose: 255 uGym2 (136-484)

Complications: 
Tamponade: 0,15%
Stroke/TIA: 0,15%

5 S Summary

Initial Experience /Learning Curve Extended Experience

WORKFLOW AF ABLATION: GERMANY vs. USA
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63.9%

82.7%

p<0.001

 median follow-up: 396 (215-562) days

Paroxysmal vs Persistent AF

Urbanek L et al., ... Chun KRJ, DGK LBCT 2025

WORKFLOW AF ABLATION: GERMANY vs. USA

Balancing Safety and Efficacy for Pulsed Field Ablation

Turagam M et al. JACC 2025

Coronary Spasm – Update 40k 
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Chun KRJ et al. Europace 2025 accepted

WORKFLOW AF ABLATION: GERMANY vs. USA

WORKFLOW AF ABLATION: GERMANY vs. USA
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Single Shot Ablation Technologies CCB Frankfurt
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32 vs 32 vs 32 Propensity score matched

WORKFLOW AF ABLATION: GERMANY vs. USA

Tilz et al. Europace 2025

WORKFLOW AF ABLATION: GERMANY vs. USA
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Data @CCB Frankfurt

WORKFLOW AF ABLATION: GERMANY vs. USA

Mr A.S. 63 years
Persistent AF, Cardioversion 06/2025
Z.n. Subduralhämatom links, 29.07.2024 unter OAK
3 VD, CAD, regular LV function
HFpEF
CKD II

CRF: HTN, exNikotin, Adeps

WORKFLOW AF ABLATION: GERMANY vs. USA
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WORKFLOW AF ABLATION: GERMANY vs. USA

WORKFLOW AF ABLATION: GERMANY vs. USA
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WORKFLOW AF ABLATION: GERMANY vs. USA

LIVE IN THE BOX – BALLOON PREP + START RIPV

163
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ONE STOP SHOPPING – RIPV 4+2 THEN TO RSPV 

ONE STOP SHOPPING - RSPV to LSPV
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WORKFLOW AF ABLATION: GERMANY vs. USA

RAO RAO AP

FLUORO ONLY

LIPV RIPV

SVC

CCB Frankfurt: VOLT Balloon AF Ablation, n=83 

52  ± 22 Procedure Time (min)

8,8 ± 4,4Fluoro Time (min)

506,5Fluoro Dosage (µGym2)

WORKFLOW AF ABLATION: GERMANY vs. USA
CCB Frankfurt VOLT Experience

167

168

Page 84 of 96



MHIF Cardiovascular Grand Rounds
September 28, 2026

Cappato R et al. Am H Journal 2024

WORKFLOW AF ABLATION: GERMANY vs. USA

WORKFLOW AF ABLATION: GERMANY vs. USA
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Conti S et al. Europace 2025

WORKFLOW AF ABLATION: GERMANY vs. USA

Conti S et al. On behalf of EHRA SIC, Europace 2025

What means PVI + ?

WORKFLOW AF ABLATION: GERMANY vs. USA

171

172

Page 86 of 96



MHIF Cardiovascular Grand Rounds
September 28, 2026

Repeat AF case after 5S PFA Olive ! 

WORKFLOW AF ABLATION: GERMANY vs. USA

WORKFLOW AF ABLATION: GERMANY vs. USA

Substrate Based Linear Lesions

173
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William J et al. European Heart Journal 2025

WORKFLOW AF ABLATION: GERMANY vs. USA

Reddy V et al. Circulation 2025

WORKFLOW AF ABLATION: GERMANY vs. USA
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Sanborn L et al. JACC EP 2025 https://doi.org/10.1016/j.jacep.2025.08.017

WORKFLOW AF ABLATION: GERMANY vs. USA

Isenegger C et al. Heart Rhythm O2 2025

WORKFLOW AF ABLATION: GERMANY vs. USA
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Vein Of Marshall (VOM) Ablation, Left Isthmus Block

Vein Of Marshall (VOM) Ablation, Left Isthmus Block
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Vein Of Marshall (VOM) Ablation, Left Isthmus Block

ERASE AF TRIAL

NEJM Evidence 2022

WORKFLOW AF ABLATION: GERMANY vs. USA
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up to 10x larger effective area
lower current density

Anter E et al. JACC EP 2020 May, 6 (5) 507–519

UPDATE PFA DEVICES

Focal PFA, SPHERE 9 – LARGE Footprint, dual energy

PVI onlyPVI plus
Propensity score matching

88%

67,6%

Schaack D et al. DGK Herztage 2025

WORKFLOW AF ABLATION: GERMANY vs. USA
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Hirokami J et al. Heart Rhythm 2024

WORKFLOW AF ABLATION: GERMANY vs. USA

Tohoku S et al., ... Chun KRJ Europace 2024

ERASE „Concept“ enriched by PFA 

WORKFLOW AF ABLATION: GERMANY vs. USA
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Tohoku S et al., ... Chun KRJ Europace 2024

Focal PFA/RFC + HD mapping, persistent AF – PVI + Ablation

WORKFLOW AF ABLATION: GERMANY vs. USA

Persistent AF – PVI + Substrate Ablation

Tohoku S et al., ... Chun KRJ Europace 2024 accepted

WORKFLOW AF ABLATION: GERMANY vs. USA
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R

HD Mapping
PFA/RFC

HD Mapping
Contact Force RFC

AF/AT Reccurrence after
Index PVI, n=200 pts

Freedom of AF/AT off AAD @12 months

ReDo AF Ablation with Pulsed Field Ablation

ReFocus RCT– ReDo AF Substrate based Ablation

189
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