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OBJECTIVES

1) Brief historical perspective

2) Practical focus

3) Relevant recent consensus/research





Pulsed Field Ablation

Pulsed field ablation (PFA) employs 

trains of high voltage (direct current) in very short 

duration electrical pulses to injure tissue by the 

mechanism of irreversible electroporation.























8% - 50% RECURRENCE RATE (SMALL STUDIES)



33.9% recurrence rate at median 175 days MVI or CTI.







TAKE HOME MESSAGES FROM PFA 

CONSENSUS STATEMENT

1) We recommend that pulsed field ablation is the preferred initial energy source for patients 
undergoing pulmonary vein isolation.

2) We suggest that intracardiac echocardiography be used, where available, to facilitate lesion 
formation by ensuring adequate tissue contact. 

3) We recommend adequate overlap of pulsed field ablation lesions (eg, ∼50%) to optimize 
durability and procedural success.

4) We recommend against rapid stacking of pulsed field ablation lesions in anatomic locations 
in close proximity to the esophagus or phrenic nerve.



POST-ABLATION ANTICOAGULATION 

DISCONTINUATION









Original Article 
Antithrombotic Therapy after Successful Catheter 

Ablation for Atrial Fibrillation

Atul Verma, M.D., David H. Birnie, M.D., Chenyang Jiang, M.D., Ph.D., Hein 

Heidbüchel, M.D., Gerhard Hindricks, M.D., Paulus Kirchhof, M.D., D.Sc., Jeff S. 
Healey, M.D., Yunhe Wang, M.D., Nikolaos Dagres, M.D., Marc W. Deyell, M.D., 

Prashanthan Sanders, M.B., B.S., Ph.D., Rajeev K. Pathak, M.B., B.S., Ph.D., Pieter 

Koopman, M.D., Dieter Nuyens, M.D., Paul Novak, M.D., Guy Amit, M.D., Charles 
Dussault, M.D., Bhavanesh Makanjee, M.D., F. Russell Quinn, M.D., Umjeet 

Jolly, M.D., Leon Iden, M.D., Malte Kuniss, M.D., Mukul Sharma, M.D., Andrew 
Ha, M.D., Vidal Essebag, M.D., Ph.D., Jean Champagne, M.D., Michael D. Hill, M.D., 

Eric E. Smith, M.D., M.P.H., George A. Wells, Ph.D., for the OCEAN Investigators 

N Engl J Med

Volume 394(4):323-332
January 22, 2026



Randomization and Follow-up.

Verma A et al. N Engl J Med2026;394:323-332



As dictated by either clinical findings and even asymptomatic with MRI



Conclusions

• Among patients who had had successful catheter ablation for atrial 
fibrillation at least 1 year earlier and had risk factors for stroke, treatment 
with rivaroxaban did not result in a significantly lower incidence of a 
composite of stroke, systemic embolism, or new covert embolic stroke 
than treatment with aspirin.





OCEAN was underpowered to detect difference











CONCLUSION

1) PFA has changed the landscape of how we perform ablation

2) Do we offer it to more patients that we might otherwise not? (older, long-

standing AF)

3) Define in larger analysis whether dual energy use may be what is 

ultimately needed for flutter

4) Post-ablation anticoagulation needs more data regarding discontinuation

5) Concomitant LAAO and ablation is feasible



Systemic 
thrombolysis (ST) 

for High-risk PE 
– not dead yet?

KY ACC 10/2026
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Case
• 28-year-old female presented to community-based hospital ED with acute onset 

shortness of breath, cyanosis, lightheaded, looking blue around the mouth. 
• PMHx:  morbid obesity (BMI 38), GERD, family history of PE, recent bariatric surgery (gastric 

sleeve/hiatal hernia repair ~2 weeks prior) 

• Notable home meds: estrogen-free, progestin-only oral contraceptive  

• Vitals on arrival:  HR 180, BP 121/99; RR 41, SpO2 95 on 6L NC on arrival
• BP became labile dropping to 70s/40s range within 1 hour, started on vasopressor support with 

response

• PERTinent labs: troponin T 60, PROBNP 3526, lactate 5.5

• CTA chest:  large bilateral PE with right heart strain

• Started on heparin drip, PERT activated 

• PERT recommended emergent ED to ED transfer for higher level of care for high-

risk PE with obstructive shock 



Circulation. 2026 Mar 24;153(12):e977-e1051



• 2019 ESC: “Systemic thrombolysis is recommended for high‐risk PE” 
• 2020 ASH: “The ASH guideline panel suggests using systemic 

thrombolysis over catheter‐directed thrombolysis” 
• 2021 ACCP “In people with acute PE who are treated with a 

thrombolytic agent, systemic thrombolytic therapy using a 
peripheral vein is recommended over CDT”

ST recommendations for high-risk PE from clinical 
practice guideline statements, before 2026…

Eur Heart J. 2019. PMID: 31697840

Blood Advances (2020;4(19):4693–4738)
Chest. 2021 Dec;160(6):e545-e608.



Circulation. 2026 Mar 24;153(12):e977-e1051



ST remains an option… for the right patient



2026 AHA/ACC Summary of Advanced Therapy 
Recommendations

Circulation. 2026 Mar 24;153(12):e977-e1051

ECMO

2A 
(B-NR)



ST Bleeding risk remains a concern

Konstantinides S, et al. N Engl J Med, 2002, 347(15):1143-1150.
Becattini C, et al. Thromb Res, 2010, 125(3):e82-e86.
Fasullo S, et al. Am J Med Sci, 2011, 341(1):33-39.
Sharifi M, et al. Am J Cardiol, 2013, 111(2):273-277.
Kucher N, et al. Circulation, 2014, 129(4):479-486.
Meyer G, et al. N Engl J Med, 2014, 370(15):1402-1411.
Kline JA, et al. J Thromb Haemost, 2014, 12(4):459-468.



MT rather convincing visuals, debate over?



Bleed rates

• CDT: pooled data ICH rate: 5/997, 95% CI 0-1.1%) 
• CDT: 4.6-5.5% rate of major bleeding, similar to the frequencies 

reported with full-dose systemic fibrinolysis
• Propensity-matched samples from the national Optum® 

database demonstrated an equal 1.9% rate of intracranial 
hemorrhage (ICH)  for CDT and systemic fibrinolysis

Bloomer TL, et al. Catheterization and cardiovascular interventions 2017;89(4):754-
760. 
Liu Y, Lu Y, et al. Thromb Res 2014;134(1):50-56 
Geller BJ et al. Vasc Med 2020;25(4):334-340. 



Alteplase FDA clearance for PE
• 1987 FDA’s Cardio-Renal Advisory Panel initially refused to recommend 

approval for alteplase to treat acute MI; later same year, received 
approval
• concern for bleeding risk, too high dosage (150mg), and rethrombosis
• The Heparin Confound – high doses of concurrent IV heparin given in early clinical 

trials 
• FDA argued data did not support benefit of alteplase alone

• 1992 Alteplase (100 mg over two hours) approved for PE

• 2025 American Heart Association Guidelines for Cardiopulmonary 
Resuscitation and Emergency Cardiovascular Care:  alteplase 50 mg IV bolus 
during ongoing cardiopulmonary resuscitation 2/2 to PE
• based on observational studies, registry data, case series, limited dataCirculation. 2025;152(suppl 2):S578-S672. doi:10.1161/CIR.0000000000001380

https://doi.org/10.1161/CIR.0000000000001380


Tenecteplase is not FDA-approved for PE but used off label for PE

Hagag AM, et al. Eur J Med Res. 2025 Aug 8;30(1):726.

Murphy LR, et al. J Emerg Med. 2024 Nov;67(5):e432-e441.



N Engl J Med. 2014;370(14):1402-1411. doi:10.1056/NEJMoa1302097.



J Thromb Haemost 2014 Apr;12(4):459-68.

Lytics impact on discharge (*compared to placebo/AC alone)



J Thromb Haemost 2014 Apr;12(4):459-68.



• 14 systematic reviews of fibrinolysis in PE
• Agreement: “lysis reduced all cause mortality” (median RR 0.55, IQR 0.48-0.61). 
• Disagreement: major bleeding (median RD 4.70%, IQR 0.90%-5.70%)
• Benefit-to-harm ratio was elusive
• Weak inclusion criteria resulted in diverse set of included RCTs.

J Clin Epidemiol. 2018 May;97:1-13. doi: 10.1016/j.jclinepi.2017.11.012. PMID: 29175415.



Rech MA, et al. Crit Care Explor. 2020 Jun 9;2(6):e0132.

Thrombolytic product and dosing variance in practice



Why systemic lytics over catheters?

• Proven mortality benefit but bleeding risk remains
• Same level of evidence for intermediate-term outcomes as 

MT?
• Reduction in VTE recurrence
• Cheaper?
• AVAILABILITY?
• Does not preclude other interventions, including MT

Riva N, et al. J Clin Epi 2017. 
Marti C, S, et al. EurHeart J 2015;36(10):605-614
Tran A, et al. J Soc  Cardiovasc Angiog & Int . DOI: 10.1016/j.jscai.2023.101187. 
Bunte MC,, et al. Vasc Med 2021;26(1):28-37. 



https://cvquality.acc.org/accreditation/m
ap

Availability of MT vs ST in rural areas?

https://cvquality.acc.org/accreditation/map
https://cvquality.acc.org/accreditation/map


Is use of ST a contraindication for other advance PE therapies?

Intensive Care Med (2024) 50:1287–1297; https://doi.org/10.1007/s00134-024-07501-9 

• n=72 high-risk PE patients on VA-ECMO for 5-7 days
• n=31 (43%) w/ pre-ECMO ST;   n=12/31 (39%) w/ 90-day survival
• n=41 (57%) w/o pre-ECMO ST; n=19/41 (46%) with 90-day survival

https://doi.org/10.1007/s00134-024-07501-9
https://doi.org/10.1007/s00134-024-07501-9
https://doi.org/10.1007/s00134-024-07501-9
https://doi.org/10.1007/s00134-024-07501-9
https://doi.org/10.1007/s00134-024-07501-9
https://doi.org/10.1007/s00134-024-07501-9
https://doi.org/10.1007/s00134-024-07501-9


Summary on systemic lytics

Currently, full-dose thrombolytics are a reperfusion strategy shown in 
pooled data to have a survival benefit but we still do not know the 
optimal dose and which ST product (alteplase vs tenecteplase) 
debatable



Thank you!





BUSTING CLOTS, NOT VESSELS:

EVOLVING ROLE OF CATHETER DIRECTED 

PE THERAPIES

Ganesh Thirunavukkarasu, MD

Staff Interventional Cardiologist and Vascular Medicine Specialist

Gill Heart and Vascular Institute

University of Kentucky
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    PERT 



“ A good debate can serve 

to clarify the key factors that 

drive specific decisions or practices, 

goal is NOT to pick a winner ”

Ref: David Cohen, MD on X



KY-ACC DEBATE OUTLINE

Presentation Objectives

KY-ACC Meeting

01

2026 ACC/AHA Guidelines

Review updated class recommendations for 

catheter-directed therapy in acute intermediate-

high risk PE.

02

Post-Guideline Trial Data

Evaluate randomized clinical outcomes and safety 

profiles from groundbreaking 2026 trials.

03

Catheter therapy in HIGH-risk PE

Demonstrate clinical superiority: rapid RV recovery 

with minimal ICH risk.

Debate Stance: Catheter-Directed Therapies vs. Systemic Thrombolytics

Class IIa Escalation Bleeding Risk HI-PEITHO STORM-PE PRAGUE-26 Precision Reperfusion Safety First





Risk Stratification Crosswalk: ESC 2019 vs. 2026 ACC/AHA
Guideline-Directed Management & Escalation Pathways

ESC 2019 Risk Category 2026 ACC/AHA Class Guideline Management Recommendations (2026 ACC/AHA)

Low Risk

Category A (Subclinical) Outpatient management / Early discharge; standard oral anticoagulation.

Category B (Low Severity) Inpatient/observation; oral anticoagulation (DOACs preferred); routine monitoring.

Intermediate-Low Risk

Category C1 (Mild Severity) Standard anticoagulation alone; ward care & routine monitoring.

Category C2 (Moderate Severity) Standard anticoagulation; close clinical monitoring for right ventricular failure.

Intermediate-High Risk

Category C3 (High Severity) Anticoagulation + CDT / Mechanical Thrombectomy evaluation (Class IIa).

Category D1 (Transient Shock) Anticoagulation + PERT evaluation; strong consideration for Catheter MT / CDT.

Category D2 (Normotensive Shock) Anticoagulation + PERT activation; Catheter MT / CDT recommended (Class IIa).

High Risk / Massively Severe

Category E1 (Persistent Shock) Systemic Thrombolytics OR Catheter MT (Class IIa) + Pressor/Inotrope support.

Category E2 (Refractory Shock / Arrest) VA-ECMO Bridge + Max Pressors + Emergency Catheter MT / Surgical Embolectomy / Lysis.

Key Debate Takeaway:

Catheter Interventions Mechanical Thrombectomy & CDT provide rapid RV unloading with reduced bleeding risk.









A DECADE OF CLINICAL EVIDENCE (2016–2026)

Major Pulmonary Embolism Clinical Trials Timeline
Evolution from early registries to pivotal RCTs establishing Catheter-Directed Therapies (CDT) & Mechanical Thrombectomy (MT)

Key Era Shift: From feasibility registries to randomized superiority trialsSingle-Arm & Prospective Registries (2018–2023) Randomized Controlled Trials (2025–2026)

2018

OPTALYSE-PE

US-CDT (EKOS)

Proved lower-dose (4–12mg tPA) & 

shorter infusion times (2–6h) 

effectively unloads RV.

2019

EXTRACT-PE

Aspiration MT

Pivotal trial validating Indigo 

Aspiration system for significant 

RV/LV ratio reduction without tPA.

2021

FLASH Registry

Large-Bore MT

800-patient real-world data for 

FlowTriever showing 0.3% major 

bleeding & immediate PA pressure 

drop.

2023

FLAME Study

High-Risk PE (MT)

Demonstrated dramatically lower 

in-hospital mortality (1.9% vs 

29.5% historical) in massive PE 

treated with MT.

2025/2026

STORM-PE

Computer-Assisted MT

First RCT proving CAVT + 

Anticoagulation superiority in RV 

reduction & rapid functional 

recovery.

2026

HI-PEITHO

Landmark US-CDT RCT

Landmark global RCT showing 61% 

reduction in 

decompensation/death in Int-High 

risk PE vs anticoagulation alone.



Landmark Pulmonary Embolism Clinical 
Trials (2012–2026)
From systemic fibrinolysis and ultrasound-assisted thrombolysis to mechanical 

thrombectomy and contemporary RCTs.

2012 – 2026 Timeline Intermediate & High-Risk PE



Evolution of PE Intervention (2012–2026)
Four major eras defining the shift from systemic lytics to advanced mechanical platforms.

2012–2015

Fibrinolysis & USAT Era

PEITHO, ULTIMA, and SEATTLE II set 
benchmarks for RV recovery vs bleeding 
risk.

2016–2018

Low-Dose Refinement

OPTALYSE PE demonstrated safety with 
lower tPA doses and shorter infusion 
durations.

2019–2022

Mechanical Emergence

FLARE and FLASH established large-bore 
mechanical aspiration without 
thrombolytics.

2023–2026

Head-to-Head RCTs

STAMPEDE, PEERLESS, and HI-PEITHO 
compare devices directly to standard 
care.



FLARE (2019) & FLASH (2023)
Validation of mechanical aspiration thrombectomy without thrombolytic agents.

FLARE Trial (2019)

IDE study of FlowTriever system in 106 intermediate-risk PE patients.

FLASH Registry (2023)

Real-world registry of 800 US and European PE patients treated with aspiration.

Mean RV/LV ratio reduction of 0.38 at 48 hours with 0.9% major bleeding.
Immediate on-table hemodynamic improvement; 1.8% 30-day major adverse 
events.



Sample Size & Population N = 544 
Patients (Multinational)HI-PEITHO: Catheter-Directed Lysis in Intermediate-High PE

LANDMARK RCT Ultrasound-Facilitated Catheter-Directed Fibrinolysis

PRIMARY COMPOSITE ENDPOINT (7 DAYS)

61% Relative Risk Reduction in 7-day primary outcome (PE death, decompensation, or recurrence; 
p=0.005).

Zero Intracranial Hemorrhages observed in both arms. Major bleeding rate (4.1% vs 

2.2%, p=0.32) showed no statistically significant difference.

US-facilitated catheter-directed thrombolysis (EKOS) + low-dose 
alteplase paired with therapeutic anticoagulation.

Significant reduction in cardiorespiratory decompensation or 
collapse (3.7% vs 10.3%), stabilizing patients early.

Provides first RCT outcome evidence supporting catheter-
directed thrombolysis over anticoagulation alone in 
intermediate-high risk PE.

4.0% vs 10.3% (Control)
Safety Profile (30 Days)

Intervention Primary Benefit Driver Clinical Impact



Study Device & Design Lightning Flash 
CAVT SystemSTORM-PE: Mechanical Thrombectomy vs Anticoagulation

FIRST CAVT RCT Computer-Assisted Vacuum Thrombectomy

PRIMARY EFFICACY ENDPOINT (48-HR RV/LV REDUCTION)

2.3x Greater RV Strain Reduction at 48 hours (p < 0.001) compared to anticoagulation alone.

25 Minute Median Device Time with 100% technical success. Minimal blood loss and 

fast hemodynamic restoration without thrombolytic drugs.

Computer-assisted vacuum thrombectomy (CAVT) designed to 
dynamically suction thrombus while minimizing blood loss.

Rapid reduction in mean pulmonary artery pressure (27.3% drop) 
and faster normalization of heart rate & vital signs.

Improved 90-day functional recovery and quality of life metrics 
compared to medical management alone.

0.52 vs 0.24 (Control)

Procedural Efficiency

Technology Physiological Recovery Functional Impact



Primary Endpoint Window 7-Day 
Clinical CompositePRAGUE-26: Conventional Low-Dose CDT in PE

CONVENTIONAL CDT RCT Non-Ultrasound Catheter-Directed Thrombolysis

PRIMARY CLINICAL OUTCOME REDUCTION

Significant
Demonstrated clear reduction in early clinical deterioration and cardiorespiratory collapse versus 
standard anticoagulation alone.

No overall increase in total major bleeding, but 2 Intracranial Hemorrhages occurred 

in the CDT group vs 0 in anticoagulation alone.

Standard (non-ultrasound) catheter-directed low-dose alteplase 
infusion paired with systemic anticoagulation.

Treatment effect driven by preventing cardiorespiratory collapse 
and reducing the need for escalation to systemic thrombolysis or 
ECMO.

Supports standard CDT as a effective option in experienced PE 
centers, highlighting the need for careful patient selection given 
bleeding risks.

Safety Observation

Intervention Deterioration Prevention Practice Takeaway



SUMMARY

14 Years of Trial Evidence Transformed Acute PE Management

From high-risk systemic lytics (PEITHO) to ultrasound-assisted thrombolysis (ULTIMA) and catheter aspiration 

(PEERLESS, FLARE, STRIKE, STORM PE), clinical trials have successfully minimized major bleeding while maximizing right 

ventricular recovery.









THANK YOU !
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