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Learning from EP Technologies PastLearning from EP Technologies Past



Hyman Pacemaker Hyman Pacemaker 

Designed for persons whose hearts had entered standstill. He did not Designed for persons whose hearts had entered standstill. He did not 
distinguish between cardiac arrest and ventricular fibrillation and his distinguish between cardiac arrest and ventricular fibrillation and his 

published articles did not discuss heart blockpublished articles did not discuss heart block
Hyman AS. Resuscitation of the stopped heart by Hyman AS. Resuscitation of the stopped heart by intracardialintracardial therapy. II Experimental use of an artificial therapy. II Experimental use of an artificial 

pacemaker. Arch Intern Med 1932; 50: 283pacemaker. Arch Intern Med 1932; 50: 283--305305



Why the device failed?Why the device failed?

A woman is standing A woman is standing 
looking in the looking in the 
bedroom mirror. She bedroom mirror. She 
is not happy with is not happy with 
what she sees and what she sees and 
says to her husband, says to her husband, 
'I feel horrible; I look 'I feel horrible; I look 'I feel horrible; I look 'I feel horrible; I look 
old, fat and ugly. I old, fat and ugly. I 
really need you to pay really need you to pay 
me a compliment.'me a compliment.'



TheThe husband replies, husband replies, 
“Your “Your 
eyesight'seyesight's nearly nearly 
perfect.”perfect.”

And then she And then she 

Harold, the first crank PM recipientHarold, the first crank PM recipient

And then she And then she 
stopped turning the stopped turning the 

crank….crank….



Hyman Pacemaker  II Hyman Pacemaker  II –– the crank is gonethe crank is gone

Popular Science, October 1933Popular Science, October 1933



Long Term Ambulatory Exteriorized Long Term Ambulatory Exteriorized TransvenousTransvenous
Pacing Pacing ((AtronicAtronic Products Model 902M)Products Model 902M)

SchwedelSchwedel JB, Furman S, Escher DJW. Use of an JB, Furman S, Escher DJW. Use of an IntracardiacIntracardiac
Pacemaker in the treatment of StokesPacemaker in the treatment of Stokes--Adams Seizures. Adams Seizures. ProgProg
CardiovascCardiovasc DisDis 1960;3:1701960;3:170--177.177.



First Working Pacemaker ImplantFirst Working Pacemaker Implant

FiandraFiandra O. The First Pacemaker Implant in America. PACE 1988;11:1234O. The First Pacemaker Implant in America. PACE 1988;11:1234--12381238

Implanted by Dr. Robert Rubio on February 3, 1960 (Montevideo, Implanted by Dr. Robert Rubio on February 3, 1960 (Montevideo, 
Uruguay). An Uruguay). An epicardialepicardial electrode was sutured to the left ventricular electrode was sutured to the left ventricular 
surface and the pulse generator was placed in the abdominal wall. surface and the pulse generator was placed in the abdominal wall. 

Improved symptoms (no seizures, better exercise tolerance). Infection Improved symptoms (no seizures, better exercise tolerance). Infection 
developed in the thoracic incision and she died of sepsis 9 1/2 months developed in the thoracic incision and she died of sepsis 9 1/2 months 

after implantation.after implantation.



Beck DefibrillatorBeck Defibrillator

When in When in 
doubt doubt ––

Increase!Increase!

Beck CS, Pritchard WH, Beck CS, Pritchard WH, FeilFeil HS. Ventricular Fibrillation of Long Duration Abolished by HS. Ventricular Fibrillation of Long Duration Abolished by 
Electric Shock. J Electric Shock. J AmerAmer Med Assoc. 1947; 135(15):985Med Assoc. 1947; 135(15):985--986.986.

Increase!Increase!



Norman J. "Jeff" Norman J. "Jeff" HolterHolter --
"Father" Of Ambulatory ECG "Father" Of Ambulatory ECG 

Monitoring (1914 Monitoring (1914 –– 1983) 1983) 

The original 1947 device The original 1947 device 

Also a rough start for the “ambulatory” Also a rough start for the “ambulatory” 
ECGECG

(shown) had a large ECG radio (shown) had a large ECG radio 
transmitter and heavy batteries transmitter and heavy batteries 
that could not be worn longthat could not be worn long--term term 
by a patient being monitored.by a patient being monitored.

In 1952 the amplifier and In 1952 the amplifier and 
transmitter had been modified transmitter had been modified 
and refined from an and refined from an 85 lb unit 85 lb unit to to 
a 2.6 lb amplifier and transmitter. a 2.6 lb amplifier and transmitter. 



In Times of Trouble, A Pioneer So Good Time Stands StillIn Times of Trouble, A Pioneer So Good Time Stands Still



4 Heart Chambers Open Good4 Heart Chambers Open Good



Percutaneous LA Appendage Percutaneous LA Appendage 
TranscatheterTranscatheter OcclusionOcclusion

Need Closure Need Closure –– Consider Your Appendage?Consider Your Appendage?



You Get an Autographed BoxYou Get an Autographed Box



Stroke Paradigm with Atrial 
Fibrillation – Is It Time to Rethink it?

Stroke Paradigm with Atrial 
Fibrillation – Is It Time to Rethink it?

48 Hours



To help judge whether one factor causes another or whether the 2 To help judge whether one factor causes another or whether the 2 
are simply correlated, the epidemiologist Bradford Hill proposed are simply correlated, the epidemiologist Bradford Hill proposed 
the following widely accepted criteria: (1) strength of association, the following widely accepted criteria: (1) strength of association, 

(2) consistency, (3) (2) consistency, (3) specispeci city, (4) city, (4) temporalitytemporality, (5) biological , (5) biological 
gradient, (6) plausibility, (7) coherence, (8) accordance with gradient, (6) plausibility, (7) coherence, (8) accordance with 

experimental results, and (9) analogyexperimental results, and (9) analogy

1.1. AF AF has been consistently associated with stroke in different has been consistently associated with stroke in different cohorts,  cohorts,  aand nd a causal a causal 
association is biologically association is biologically plausible based upon plausible based upon VirchowsVirchows Triangle.Triangle.association is biologically association is biologically plausible based upon plausible based upon VirchowsVirchows Triangle.Triangle.

1.1. However, risk factors define risk, ? role of burdenHowever, risk factors define risk, ? role of burden
2.2. If If AF causes thromboembolism, it should be AF causes thromboembolism, it should be specially specially associated with embolic associated with embolic strokes.strokes.

1.1. However, there does appear to be an especially However, there does appear to be an especially strong association between AF strong association between AF 
and embolic and embolic strokes strokes 

2.2. 1010% of patients with lacunar strokes have % of patients with lacunar strokes have AFAF
3.3. LLargearge--artery atherosclerosis is artery atherosclerosis is 2X 2X as common in patients with AF as those as common in patients with AF as those 

withoutwithout
3.3. AAssociation ssociation between AF and stroke does not fully satisfy Hill’s criterion of temporality. between AF and stroke does not fully satisfy Hill’s criterion of temporality. 

1.1. 2 2 other recent other recent studies studies found that approximately one third of patients with both AF found that approximately one third of patients with both AF 
and stroke do not manifest any AF until after stroke, despite undergoing many and stroke do not manifest any AF until after stroke, despite undergoing many 
months of continuous heartmonths of continuous heart--rhythm monitoring before the stroke rhythm monitoring before the stroke 

4.4. If If the dysrhythmia is the only cause of the dysrhythmia is the only cause of thromboembolismthromboembolism, maintaining normal rhythm , maintaining normal rhythm 
should eliminate stroke should eliminate stroke riskrisk



Atrial Fibrillation and StrokeAtrial Fibrillation and Stroke

Risk FactorRisk Factor

Focal Electrical Disease Systemic Disease Symptom

Risk MarkerRisk Marker

Arterial Stiffness

Microvascular Dysfunction

Diastolic Dysfunction

Arterial Stiffness

Microvascular Dysfunction

Diastolic Dysfunction

Arterial Stiffness

Microvascular Dysfunction

Diastolic Dysfunction

Obesity

Metabolic 

Syndrome Sleep 

Apnea

Sedentary 

Lifestyle

Hypertension
Diabetes

Vascular DiseaseVascular DiseaseReduced LA/LA Appendage 

Velocities

Reduced LA/LA Appendage 

Velocities

Atrial Dilitation/Myopathy≈Arrhythmia Burden

Focal Focal Focal 
Diastolic DysfunctionDiastolic DysfunctionDiastolic Dysfunction

Atrial 

Dilatation/Fibrosis/Myopathy≈Disease

State

Hypercoagulable

State

Stasis
Hyper-

coagulability

Endothelial Dysfunction

Focal 

Disease

Focal 

Disease

Focal 

Disease

Temporal Association AF & Stroke

As needed Anticoagulation Plausible

Focal Therapy -> Lower Risk

Rhythm Treatments -> Lower Risk

Temporal Association AF & Stroke

As needed Anticoagulation Plausible

Focal Therapy -> Lower Risk

Rhythm Treatments -> Lower Risk
Poor Temporal Association AF & Stroke

Systemic Therapy-> Lower Risk

Risk Persists Despite Rhythm Treatment

Poor Temporal Association AF & Stroke

Systemic Therapy-> Lower Risk

Risk Persists Despite Rhythm TreatmentBunch TJ – Eur Heart J 2016







The median time The median time 
from the previous from the previous 

TE to enrollment in TE to enrollment in 
the study was 39 the study was 39 
(12(12––73) months.73) months.



Burden and Duration Longer In 

Patients with Prior TE/Stroke

Majority of patients with prior TE had AF/AT on 
one day >6 hours





(hazard ratio AHRE versus no AHRE and 95% confidence intervals(hazard ratio AHRE versus no AHRE and 95% confidence intervals�� 2.48 2.48 

[1.25, 4.91]; [1.25, 4.91]; PP�� 0.0092), 0.0092), 

In In patients with patients with sinus node dysfunction, sinus node dysfunction, pacemakerpacemaker--detected AHRE, detected AHRE, 
lasting at least 5 minutes, identify patients that are more than twice as lasting at least 5 minutes, identify patients that are more than twice as 

likely to die or have a stroke, and are nearly 6 times as likely to develop likely to die or have a stroke, and are nearly 6 times as likely to develop 
atrial fibrillation as similar patients without AHRE. atrial fibrillation as similar patients without AHRE. 



Temporal Relationship of AF Temporal Relationship of AF 

and Diastolic HFand Diastolic HF

Mortality Exceeds AF in Mortality Exceeds AF in 

Patients with Diastolic HFPatients with Diastolic HF





Cactus Chicken Wing Windsock Cauliflower

Left Atrial Appendage Morphologies

Di Biase L, et al. JACC 2012 



Prevalence of Stroke Based Upon Left Atrial 

Appendage Morphology

Di Biase L, et al. JACC 2012 
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Examining the Evidence
Is it the Appendage – Or is the Appendage A 

Barometer of the Disease State

Examining the Evidence
Is it the Appendage – Or is the Appendage A 

Barometer of the Disease State



Prevalence of Stroke Based Upon Left Atrial 

Appendage Function

Normal-Hyperdynamic

Function

Hypokinetic – Akinetic

Function



All Patients

Prior CVA Patients



Survival Free of AF

Survival Free AF after 

Cardioverion

Survival Free CVA

3,251 Patients compared by LAA emptying 

velocity (Q1 <20.2, Q2: 20.3-33.9, Q3:  34-49.9, 

Q4 >50)





>>>>>>>>



Diastolic Dysfunction and Stroke Risk





Odds Ratio for Stroke
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Left Atrial Volume Index and Stroke



Atrial FibrillationAtrial Fibrillation

Atrial AppendageAtrial Appendage
LA Volume/SizeLA Volume/Size

Systemic DiseasesSystemic Diseases

HypertensionHypertension
ObesityObesityObesityObesity

MicrovascularMicrovascular
DysfunctionDysfunction

InactivityInactivity
AgingAging

DiabetesDiabetes
Sleep ApneaSleep Apnea



Do We Want to Underestimated the Iceberg?



If AF is a systemic disease, then are the results 

of PROTECT-AF Surprising?

• Mean 3.8 year follow-up

• Primary composite endpoint met criteria for both noninferiority and 

superiority (Watchman + ASA)

• This was primarily driven by a reduction in hemorrhagic stroke and CV or 

unexplained death

Reddy, VY et al. Reddy, VY et al. JAMA.JAMA. 2014;213:19882014;213:1988--9898





Baseline CharacteristicsBaseline CharacteristicsBaseline CharacteristicsBaseline Characteristics

Characteristic
Apixaban
(n=9120)

Warfarin
(n=9081)

Age, years, median (25th, 75th %ile) 70 (63, 76) 70 (63, 76) 

Women, % 35 35

Region, %

North America 25 25

Latin America 19 19Latin America 19 19

Europe 40 40

Asia/Pacific 16 16

Warfarin naïve, % 43 43

CHADS score, mean (+/- SD) 2.1 (+/- 1.1) 2.1 (+/- 1.1)

1, % 34 34

2, % 36 36

≥ 3, % 30 30



Baseline CharacteristicsBaseline CharacteristicsBaseline CharacteristicsBaseline Characteristics

Characteristic
Apixaban
(n=9120)

Warfarin
(n=9081)

Qualifying risk factors, %

Age ≥75 yrs 31 31

Prior stroke, TIA, or SE 19 20

Heart failure or reduced LV EF 35 36Heart failure or reduced LV EF 35 36

Diabetes 25 25 

Hypertension 87 88

Renal function (ClCr ml/min), %

Normal (>80) 41 41

Mild impairment (>50 – 80) 42 42

Moderate impairment (>30 – 50) 15 15

Severe impairment (≤ 30) 1.5 1.5



Primary OutcomePrimary Outcome
Stroke (ischemic or hemorrhagic) or systemic embolismStroke (ischemic or hemorrhagic) or systemic embolism

Primary OutcomePrimary Outcome
Stroke (ischemic or hemorrhagic) or systemic embolismStroke (ischemic or hemorrhagic) or systemic embolism

P (non-inferiority)<0.001

21% RRR

Apixaban 212 patients, 1.27% per year 

Warfarin   265 patients, 1.60% per year

HR 0.79 (95% CI, 0.66–0.95); P (superiority)=0.011 

No. at Risk
Apixaban 9120 8726 8440 6051 3464 1754
Warfarin 9081 8620 8301 5972 3405 1768



Major BleedingMajor Bleeding
ISTH definitionISTH definition

Major BleedingMajor Bleeding
ISTH definitionISTH definition

31% RRR

Apixaban  327 patients, 2.13% per year 

Warfarin 462 patients, 3.09% per year

HR 0.69 (95% CI, 0.60–0.80); P<0.001 

No. at Risk
Apixaban 9088 8103 7564 5365 3048 1515
Warfarin 9052 7910 7335 5196 2956 1491



Apixaban Versus Aspirin

AVERROES Trial

N Engl J Med 2011; 364:806N Engl J Med 2011; 364:806--817817



Rivaroxaban
(n=1454)

Apixaban
(n=590)

Dabigatran
(n=590)

Direct Oral Anticoagulant 
Distribution 

Propensity-Matched with a Warfarin 
Population (n=2,627)
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%% Long-Term Total Events

Follow-up for Dabigatran >1 yr
Longer than other DOACs



Is Aspirin a Safe and Effective Long-

Term Drug for Prevention of CVA?

0.05

0.06

0.07

0.08

0.09

None 

(n=46,042)

ASA mono 

(n=7807)

0

0.01

0.02

0.03

0.04

CVA 3 

year

5 

year

TIA 3 

year

5 

year

GI 

bleed

3 

year

5 

year

GU 

bleed

3 

year

5 

year

Clop +/-ASA 

(n=1751)

Warfarin 

mono 

(n=830)

Warfarin + 

antiplatelet 

(n=293)

CHADS2 Vasc 0-2 Patients = Best Case Scenario for Risk



A Wish For A Wish For 
Happiness to All Happiness to All ––

Even Dr. Even Dr. DoshiDoshi
has Trialshas Trials



ConclusionsConclusions

1.1. Until AF can be shown to be a focal Until AF can be shown to be a focal 
disease of the atrium/appendage disease of the atrium/appendage ––
consider appendage closure cautiouslyconsider appendage closure cautiously

2.2. Don’t be fooled that lower large strokes Don’t be fooled that lower large strokes 
mean the brain is not at riskmean the brain is not at riskmean the brain is not at riskmean the brain is not at risk

3.3. If AF is a systemic disease If AF is a systemic disease –– only a only a 
systemic approach will work longsystemic approach will work long--term, term, 
including for stroke preventionincluding for stroke prevention

4.4. If aspirin is still required post closure, If aspirin is still required post closure, 
we have a systemic anticoagulant that we have a systemic anticoagulant that 
has similar longhas similar long--term risksterm risks



Making or LAA Making or LAA 
Closure Colleagues Closure Colleagues 

HappyHappy

Never Too Late to Start Never Too Late to Start TxTx



Thank YouThank You


