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Cardiac Arrhythmias

• Too Fast (Tachyarrhythmias)
• Atrial Fibrillation and Atrial Flutter

• Supraventricular Tachycardia (SVT)

• Ventricular Tachycardia (VT) and Ventricular 
Fibrillation (VF)

• Too Slow (Bradyarrhythmias)
• Sinus Node Dysfunction

• Heart Block and Conduction System Disease

• Premature Ventricular Contractions (PVCs)





Norman J. Holter (1914 – 1983) 
"Father" Of Ambulatory ECG 
Monitoring First Holter 1947: 
Weight 85 pounds



Patient: Brooks Martin, 5/4/62 (57yrs)
Recorded: Thursday, September 12, 2019 at 11:34:42 AM
Heart Rate: 68 BPM
Duration: 30s

Instant Analysis: Normal

Enhanced Filter, Mains Frequency: 60Hz    Scale: 25mm/s, 10mm/mV
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Regular pulse

Suggestive of Afib

Algorithm results:

Tachogram = Periodic, opportunistic measurements

Positive triggers frequent measurements

Not confirmed ⇒ return to usual sampling

5 confirmations ⇒ notify user

The algorithm does not use the watch ECG feature

Irregular Pulse Notification Algorithm



Initial Irregular Pulse Notifications

Grouping Notified / Total %

Overall 2,161 / 419,297 0.52

Age

≥ 65 775 / 24,626 3.2

55–64 556 / 42,633 1.3

40–54 488 / 132,696 0.37

22–39 341 / 219,179 0.16

Sex
Female 461 / 177,087 0.26

Male 1,672 / 238,700 0.70

Proportion Notified (%)

~ 8 Months Monitoring

Overall Cohort

Perez, MV et al. NEJM 2019; 381.20: 1909-1917.





Arrhythmia Treatment Options

• Medical Therapy
• Antiarrhythmic Drug Therapy

• Anticoagulation for Stroke Prevention

• Pacemakers
• Conduction System Pacing

• Cardiac Resynchronization

• Implantable Cardiac Defibrillators
• Identification of high risk patients (primary prevention)

• Catheter Ablation
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AFFIRM – Study Overview

• Randomized comparison of two treatment strategies
• Rate control + anticoagulation

• Rhythm control +/- anticoagulation

• Subjects without symptoms, but with risk factors for stroke

• Enrollment 1995 - 1999

The AFFIRM investigators. NEJM 2002; 347.23: 1825-1833.



Patients

• Age = 69.7 +/- 9.0 years

• 39% Women

• Abnormal LV function: 26%
• NYHA HF Class > 2: 9%

• HTN: 51%

• Rate Control
• Digoxin: 48%
• Beta-blockers: 47%
• Ca++ blockers: 39%

• Rhythm Control
• Amiodarone: 38%
• Sotalol: 31%
• Propafenone: 9%
• Others (<5%): Flecainide, 

Disopyramide, Quinadine, 
Moricizine

The AFFIRM investigators. NEJM 2002; 347.23: 1825-1833.



Primary Endpoint : All cause mortality

The AFFIRM investigators. NEJM 2002; 347.23: 1825-1833.



Secondary Endpoint-Death, Disabling Stroke or  Anoxic 
Encephalopathy, Major Bleed, or Cardiac Arrest 

The AFFIRM investigators. NEJM 2002; 347.23: 1825-1833.



Warfarin Use



Limitations of AFFIRM

• Patients with any symptoms of AF were not enrolled

• The mean follow-up of 3.5 years is not long-term.
• AF begets AF – this makes cross-over to rhythm control difficult

• AF symptoms could develop over time

• AFFIRM did not evaluate low risk patients

• AFFIRM did not evaluate patients with heart failure



The Case for Rhythm Control within AFFIRM

• Rhythm control arm was only successful at sinus rhythm maintenance 
60% of the time
• Not truly a comparison of strategies

• Actually, there was significant survival benefit in those patients able to maintain 
sinus rhythm

• The apparent increase in stroke and mortality risk in the rhythm control 
arm is entirely explained by lack of anticoagulation

The AFFIRM investigators. Circulation 2004; 109: 1509-1513.



Summary of AFFIRM (as I see it)

• Rate control is an acceptable strategy for treatment of asymptomatic AF

• Rhythm control should be considered if there is a decent chance for long-term 
sinus rhythm maintenance

• Anticoagulation should be continued in patients with risk factors for stroke –
even in those who appear to maintain sinus rhythm

• Patients with any symptoms attributable to AF should be treated with a 
rhythm control strategy



Fast forward 20 years to EAST-AF



• Enrollment
• Study population – key 

characteristics
• Median age 70, >mild cognitive 

impairment 44%

• First episode: 38%, paroxysmal: 36%; 
26% persistent

• 30% asymptomatic, 54% in NSR at 
enrollment

• Median days since AF diagnosis: 36

• CHA2DS2-VASc 3.4

• CHF: 29%

• 90% anticoagulated

• 80% on beta blockade

EAST-AF

Kirchhof P, et al. New England Journal of Medicine. 2020 Oct 1;383(14):1305-16.



• Outcomes
• Enrollment stopped early due to 

efficacy of treatment arm, median 
followup 5.1 years.

• Choice of rhythm control in 
treatment arm:
• At enrollment: 36% flecainide, 20% 

amio, 8% ablation
• After 5 years: 19% ablation

• Primary composite #1: 3.9 vs. 
5.0/100 person-years (P-Y) (hazard 
ratio [HR] 0.79, 95% confidence 
interval [CI] 0.66-0.94, (p 0.005)

• Primary composite #2: LOS 5.1 vs. 
5.8 days (p 0.23). AFFIRM and AF-
CHF each reported increased LOS 
with rhythm control.

Kirchhof P, et al. New England Journal of Medicine. 2020 Oct 1;383(14):1305-16.



Kirchhof P, et al. New England Journal of Medicine. 2020 Oct 1;383(14):1305-16.



AFFIRM and EAST-AFNET

• AFFIRM did not show superiority for rhythm control
• Inconsistent Anticoagulation

• Low efficacy of antiarrhythmic medications

• EAST-AF be viewed as a correction of the present-day 
problems with AFFIRM
• Ablation included (~20% patients)

• Improved anticoagulation adherence

• Improved medical therapy for non-arrhythmic therapy
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Implantable Cardiac Rhythm Devices - Pacing



Dual Chamber Pacer Biventricular Pacer His Bundle Pacer

Options for Pacing



Historical perspective

First External
Pacemaker 

Synergist

1989

Activitrax

1986

Byrel

1979

5858 

1970

5800 

1958

Chardack - Greatbatch

1960

MicroMinix

1990

Elite

1991

Kappa™

1998

Thera™

1995

Adapta™

2006

EnPulse

2004

First Implantable 
Pacemaker 

Pediatric Asynchronous
Pulse Generator

Rate response Radically
smaller size

1st Micro-
processor-based, 
Mode switching

Full 
automaticity

MVP™, Full
automaticity

Rate response 
via activity & 
minute ventilation

Dual chamber 
rate response

2011

Revo MRI™

1st MRI-
Conditional

Advisa MRI™

2nd MRI-
Conditional

2013

Micra™

Transcatheter
Pacing System 

2016





Cardiac Resynchronization Therapy (CRT)

Right Atrial

Lead

Right Ventricular

Lead

Left Ventricular

Lead





Typical LBBB pattern randomized to His corrective pacing

Tung, et al. JACC 2019 and LBCT HRS 2019



0

10

20

30

40

50

60

Baseline LVEF Follow-up LVEF
0

10

20

30

40

50

60

Baseline LVEF Follow-up LVEF

L
V

E
F

 (
%

)

29.6%                                    33.9%
26.3%                                    33.6%

L
V

E
F

 (
%

)

Results- Per-Protocol Analysis
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Tung, et al. JACC 2019 and LBCT HRS 2019





Electrocardiographic outcomes

Lack of QRS narrowing during:

• BiV-CRT: 20.6% 

• LOT-CRT: 3.3%
Jastrzębski, M et al. Heart Rhythm 2021



Echocardiographic 
outcomes 

Baseline CRT

Super-response  24.4% 

Jastrzębski, M et al. Heart Rhythm 2021



Treatment Options - ICDs





• To determine, by intention-to-treat analysis, if amiodarone or a 
conservatively programmed shock-only single lead ICD reduces all-
cause mortality compared to placebo* in patients with either 
ischemic or non-ischemic NYHA Class II and III CHF and EF < 35%.

Hypothesis and Primary Endpoint Sudden Cardiac Death

SCD-HeFT
Heart Failure Trial

*Double-blind for drug therapy
Bardy G et al. NEJM 2005; 352:3



Kaplan-Meier Estimates of Death from Any Cause

Bardy G et al.
NEJM 2005; 352:3

Sudden Cardiac Death

SCD-HeFT
Heart Failure Trial

Bardy G et al. NEJM 2005; 352:3



Bardy G et al. NEJM 2005; 352:3

Sudden Cardiac Death

SCD-HeFT
Heart Failure Trial

Hazard Ratios for the Comparison of 
Amiodarone and ICD Therapy with Placebo



SCD-HeFT: Primary Conclusions

• In class II or III CHF patients with EF < 35% on good background drug 
therapy, the mortality rate for placebo-controlled patients is 7.2% per 
year over 5 years

• Simple, single lead, shock-only ICDs decrease mortality by 23%

• Amiodarone, when used as a primary preventative agent, does not 
improve survival

Sudden Cardiac Death

SCD-HeFT
Heart Failure Trial

Bardy G et al. NEJM 2005; 352:3





Catheter Ablation
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Arrhythmia Treatment Options – Ablation
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Consider the Alternative --Antiarrhythmic Drugs



https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=730039c2-0a32-4775-855d-98b2207e93e2
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amiodarone



Catheter Ablation

• Continued advancements with improved technology leading to 
improved outcomes

• Electroanatomical mapping

• Intracardiac echocardiography

• Force sensing catheters

• Automated signal processing

• Introduction of varied energy sources



Blocked PAC 

Resets Sinus Node
Same PAC Initiates AF

Identification of an AF trigger



Haissaguerre M, et al. NEJM 1998



Equipment and Personnel in 
the Ablation

• Fluoroscopy

• Electroanatomical
Mapping System

• Ultrasound catheter

• Ablation catheter

• Mapping catheter(s)

• MD Assistant

• Technicians

• Nurses

• Anesthesiologist

• Electrophysiologist







Catheter Positions for Identification of AF initiation



Before 
Ablation

Sinus rhythm Atrial Fibrillation

Pulmonary Vein
begins fibrillating…

… which triggers
Atrial fibrillation



Electroanatomical Mapping

5270-2012 08USEMEAINT 







Sinus rhythm
(on surface)

Atrium in
Sinus Rhythm

Left Superior
PV Fibrillation
(after isolation)

After
Ablation





t=0.5ms t=3ms

t=40ms Chang, Reese, Biophys J 1990

Electroporation and Pulsed Field Ablation



Electroporation: Tissue Specificity

Adapted from Reddy et al., JACC EP 2018

Tissue Type PEF Ablation Threshold
(V/cm)

Nerve 3800

Vascular smooth muscle 1750

Red blood cell 1600

Myocardium 400



Reddy, Jais, et al. JACC 2019





How well does ablation work?



Ablated
1006 (90.8%)

repeat ablation  215 (19.4%) 

Ablation Therapy

1108

Drug Therapy

1096

Drug Treated
1092 (99.6%)

rhythm control      953 (87.2%)

rate control only   126 (11.5%) 

Completed FU 
1002 (90.4%) 48.9 mo

Completed FU 
966 (88%) 48.2 mo

Not ablated
102 (9.2%) 

Cross Over Ablated
301 (27.5%)

Patient Randomization

Subjects 

2204

Crossovers

* Withdrew <3 yearsPacker DL et al  CABANA. JAMA 2019



Primary Endpoint (Death, Disabling Stroke, Serious 
Bleeding, or Cardiac Arrest (Per Protocol)

Packer DL et al  CABANA. JAMA 2019



Packer DL et al  CABANA. JAMA 2019



Duytschaever et al  CLOSE to CURE Study. Heart Rhythm 2020



Catheter Ablation and 1 Year Freedom of AF

• Paroxysmal: ~85%

• Persistent: ~70%

• Longstanding Persistent: ~50%
Site of electrical

reconnection

• Pulmonary veins can electrically “reconnect”
(The heart can heal!)

• There can be other sources for AFib besides the
pulmonary veins.

Why not 100% ?









Chen M, Wu S…Tung R; PAUSE-SCD Investigators. J Interv Card Electrophysiol. 2019. 

Study Design



Results- Ablation Techniques
• Epicardial approach in 52% 
• Multielectrode catheters in 88%

• Predominant strategies: Pacemapping 40% , ILAM 30%, VT activation 30%, entrainment 22%, LP elimination 67% 
• Termination of at least 1 VT 59% of cases, noninducibility 80%
• Stable VTs in 41%, multiple 50% 
• Median RF time: 45 min (30-60 min), procedural duration: 240 min (166-280 min)



ConclusionsResults- Primary Outcome

Tung R. et al. PAUSE-SCD 2021: 1623-1624. 
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Summary

• Cardiac arrhythmias are increasingly being recognized by patients

• Treatment options continue to evolve

• Catheter ablation is superior to medications for controlling 
arrhythmias



Thank You
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