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• Hypertension, diabetes, AF x 12 
years, on warfarin

• GI blood loss -> colon cancer, 
successful resection

• Ongoing blood loss with 
transfusions, dilated vessels, AVM

• CHADS2 = 3 :   stroke risk 6% / yr

•• Hypertension, diabetes, AF x 12 Hypertension, diabetes, AF x 12 
years, on warfarinyears, on warfarin

•• GI blood loss GI blood loss --> colon cancer, > colon cancer, 
successful resectionsuccessful resection

•• Ongoing blood loss with Ongoing blood loss with 
transfusions, dilated vessels, AVMtransfusions, dilated vessels, AVM

•• CHADSCHADS22 = 3 :   stroke risk 6% / = 3 :   stroke risk 6% / yryr
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LAA

Thrombus

LAA most frequent source of 
embolus 

LAA most frequent source of LAA most frequent source of 
embolus embolus 
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Evaluating Baseline LAA anatomy –
considerations, size, lobe complexity
Evaluating Baseline LAA anatomy Evaluating Baseline LAA anatomy ––
considerations, size, lobe complexityconsiderations, size, lobe complexity



Left Atrial Appendage – Post 
Mortem LAA Casts

Left Atrial Appendage – Post 
Mortem LAA Casts
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WATCHMAN deviceWATCHMAN deviceWATCHMAN device
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Fixation barbs engage LAA wall

Plane of maximum diameter 
distal to ostium

Ideal positionIdeal positionIdeal position
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WATCHMAN® LAA Access Sheath  
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LAO 90°RAO 30°

Considerations for engaging 
the LAA

Considerations for engaging Considerations for engaging 
the LAAthe LAA
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Anatomic AssessmentAnatomic AssessmentAnatomic Assessment
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Baseline echo Procedure echo

Device in placeDevice in placeDevice in place
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Procedural TEEProcedural TEEProcedural TEE
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Watchman LAA ClosureWatchman LAA ClosureWatchman LAA Closure
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Watchman LAA ClosureWatchman LAA ClosureWatchman LAA Closure



Procedural AngioProcedural AngioProcedural Angio

Thoughts?Thoughts?
What to do?What to do?



Second ProcedureSecond ProcedureSecond Procedure



16 patients, 1 technical failure, no complications.16 patients, 1 technical failure, no complications.



Amplatzer devicesAmplatzer devicesAmplatzer devices

Nitinol mesh, polyester fabricNitinol mesh, polyester fabric
Off label useOff label use



Dedicated LAA DeviceDedicated LAA DeviceDedicated LAA Device



CardioVascular Center Frankfurt, Sankt KatharinenCardioVascular Center Frankfurt, Sankt Katharinen

PLAATOPLAATO™™ DeviceDevice

LA
LAA

Nitinol 
Cage

ePTFE 
membrane

anchors

Not FDA approved



CardioVascular Center Frankfurt, Sankt KatharinenCardioVascular Center Frankfurt, Sankt Katharinen

EndothelializationEndothelialization
48 hours48 hours

1 month1 month

2 weeks2 weeks

3 months3 months



2.5 sec2.5 sec

185 bpm185 bpm



LAA Thrombus is the Cause of StrokeLAA Thrombus is the Cause of StrokeLAA Thrombus is the Cause of Stroke

Parekh A, Parekh A, EzekowitzEzekowitz M et al: Circ 114:e513, 2006 M et al: Circ 114:e513, 2006 



Thrombus FormationThrombus FormationThrombus Formation



Scope of the ProblemScopeScope of the Problemof the Problem
• AF is the most common arrhythmia

3 million people in the U.S.
16 million by 2050

• Lifetime risk is 1 in 4
• 5 x higher risk of stroke

90% of strokes are thromboembolic
90% of thrombus originates in LAA
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• Stroke is the #1 cause of long-term 
disability and the third leading cause of 
death in patients with AF 

•• AF is the most common arrhythmiaAF is the most common arrhythmia
3 million people in the U.S.3 million people in the U.S.
16 million by 205016 million by 2050

•• Lifetime risk is 1 in 4Lifetime risk is 1 in 4
•• 5 x higher risk of stroke5 x higher risk of stroke

90% of strokes are thromboembolic90% of strokes are thromboembolic
90% of thrombus originates in LAA90% of thrombus originates in LAA

•• Stroke is the Stroke is the #1 cause of long#1 cause of long--term term 
disabilitydisability and the third leading cause of and the third leading cause of 
death in patients with AF death in patients with AF 



Stroke in AFStroke in AFStroke in AF

• Paroxysmal, persistent and permanent AF
all appear to increase the risk of ischemic 
stroke to a similar degree

• Risk increases with age
In the Framingham study, risk of ischemic 
stroke attributable to atrial fibrillation 
increased from 1.5% at age 50-59,
to 23.5% at age 80-89

•• Paroxysmal, persistent and permanent AFParoxysmal, persistent and permanent AF
all appear to increase the risk of ischemic all appear to increase the risk of ischemic 
stroke to a similar degreestroke to a similar degree

•• Risk increases with ageRisk increases with age
In the Framingham study, risk of ischemic In the Framingham study, risk of ischemic 
stroke attributable to atrial fibrillation stroke attributable to atrial fibrillation 
increased from 1.5% at age 50increased from 1.5% at age 50--59,59,
to 23.5% at age 80to 23.5% at age 80--8989
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Location of thrombi in Location of thrombi in 
nonnon--rheumatic atrial rheumatic atrial 

fibrillationfibrillation

Ann Thor Surg 61:755, 1996Ann Thor Surg 61:755, 1996

SettingSetting

Total 
thrombi

Total 
thrombi LAALAA LALA

ReferenceReferenceNo. % No. %

TEE 67 66 99 1 1.5 Stoddard:  JACC, ‘95
TEE 35 34 97 1 2.9 Manning:  Circ, ‘94
Autopsy 47 35 74 12 25.5 Aberg:  Acta Med Scan, ‘69
TEE 4 2 50 2 50.0 Tsai:  JFMA, ‘90
TEE 13 12 92 1 7.7 Klein:  Int J Card Imag, ‘93
TEE & operation 11 8 73 3 27.3 Manning:  Circ, ‘94
SPAF III & TEE 20 19 95 1 5.0 Klein:  Circ, ‘94
TEE 19 19 100 0 0.0 Leung:  JACC, ‘94
TEE 6 6 100 0 0.0 Hart:  Stroke, ‘94
Total 222 201 91 21 9.5

No. % No. %

TEE 67 66 99 1 1.5 Stoddard:  JACC, ‘95
TEE 35 34 97 1 2.9 Manning:  Circ, ‘94
Autopsy 47 35 74 12 25.5 Aberg:  Acta Med Scan, ‘69
TEE 4 2 50 2 50.0 Tsai:  JFMA, ‘90
TEE 13 12 92 1 7.7 Klein:  Int J Card Imag, ‘93
TEE & operation 11 8 73 3 27.3 Manning:  Circ, ‘94
SPAF III & TEE 20 19 95 1 5.0 Klein:  Circ, ‘94
TEE 19 19 100 0 0.0 Leung:  JACC, ‘94
TEE 6 6 100 0 0.0 Hart:  Stroke, ‘94
Total 222 201 91 21 9.5



WATCHMAN LAA Closure 
Device in Situ

WATCHMAN LAA Closure WATCHMAN LAA Closure 
Device in SituDevice in Situ





PROTECT AF Trial: HypothesisPROTECT AF Trial: HypothesisPROTECT AF Trial: Hypothesis

Left atrial appendage occlusion 
can decrease all stroke, death, 
systemic embolization and 
avoid the need for chronic 
anticoagulation in patients with 
non-rheumatic valvular atrial 
fibrillation

Left atrial appendage occlusion Left atrial appendage occlusion 
can decrease all stroke, death, can decrease all stroke, death, 
systemic embolization and systemic embolization and 
avoid the need for chronic avoid the need for chronic 
anticoagulation in patients with anticoagulation in patients with 
nonnon--rheumatic valvular atrial rheumatic valvular atrial 
fibrillationfibrillation



Safety and 
Efficacy Events

Safety and Safety and 
Efficacy EventsEfficacy Events

"Primary effectiveness endpoint captures the events
that would also be considered significant safety events
(ie, stroke, death and systemic embolism)."

Efficacy eventsEfficacy events Safety eventsSafety events

Stroke Stroke –– ischemicischemic

Systemic embolismSystemic embolism

Sudden deathSudden death

Device embolizationDevice embolization

Major bleeding eventsMajor bleeding events

Pericardial effusionsPericardial effusionsBoth efficacyBoth efficacy
and safetyand safety

Stroke Stroke –– hemorrhagichemorrhagic

Stroke Stroke –– proceduralprocedural
relatedrelated



Intent-to-Treat: Primary Efficacy 
Results

IntentIntent--toto--Treat: Primary Efficacy Treat: Primary Efficacy 
ResultsResults

WATCHMANWATCHMAN ControlControl RelRel riskrisk Posterior probabilitiesPosterior probabilities
CohortCohort Rate (95% CI)Rate (95% CI) Rate (95% CI)Rate (95% CI) (95% CI)(95% CI) NoninferiorityNoninferiority SuperioritySuperiority

600 pt600 pt--yryr 4.4 (2.64.4 (2.6--6.7)6.7) 5.8 (3.05.8 (3.0--9.1)9.1) 0.76 (0.390.76 (0.39--1.67)1.67) 0.9920.992 0.7340.734

900 pt900 pt--yryr 3.4 (2.13.4 (2.1--5.2)5.2) 5.0 (2.85.0 (2.8--7.6)7.6) 0.68 (0.370.68 (0.37--1.41)1.41) 0.9980.998 0.8370.837

1,065 pt1,065 pt--yryr 3.0 (1.93.0 (1.9--4.5)4.5) 4.9 (2.84.9 (2.8--7.1)7.1) 0.62 (0.350.62 (0.35--1.25)1.25) >0.999>0.999 0.9000.900

1,350 pt1,350 pt--yryr 2.9 (2.02.9 (2.0--4.3)4.3) 4.2 (2.54.2 (2.5--6.0)6.0) 0.69 (0.420.69 (0.42--1.37)1.37) >0.999>0.999 0.8300.830

1,500 pt1,500 pt--yryr 3.0 (2.13.0 (2.1--4.3)4.3) 4.3 (2.64.3 (2.6--5.9)5.9) 0.71 (0.440.71 (0.44--1.30)1.30) >0.999>0.999 0.8460.846

•• NoninferiorityNoninferiority criteria metcriteria met
•• 29% lower relative risk in WATCHMAN group 29% lower relative risk in WATCHMAN group ––

WITHOUT COUMADINWITHOUT COUMADIN



Primary Efficacy Over TimePrimary Efficacy Over TimePrimary Efficacy Over Time

0.70

0.75

0.80

0.85

0.90

0.95

1.00

0 365 730 1,095 1,460

Ev
en

t
Ev

en
t -- f

re
e 

pr
ob

ab
ili

ty
fr

ee
 p

ro
ba

bi
lit

y

Days from randomizationDays from randomization

WatchmanWatchman

ControlControl

244244 207207 115115 3333 77
463463 377377 230230 8282 1414

(no (no coumadincoumadin))



Primary Efficacy Kaplan-Meier 
Estimates

Primary Efficacy KaplanPrimary Efficacy Kaplan--Meier Meier 
EstimatesEstimates
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CohortCohort 11--year event rateyear event rate 22--year event rateyear event rate 33--year event rateyear event rate
(95% CI)(95% CI) (95% CI)(95% CI) (95% CI)(95% CI)

WATCHMANWATCHMAN 3.7 (1.93.7 (1.9--5.4)5.4) 6.1 (3.86.1 (3.8--8.5)8.5) 7.9 (5.07.9 (5.0--10.9)10.9)
ControlControl 4.3 (1.74.3 (1.7--6.9)6.9) 8.0 (4.58.0 (4.5--11.6)11.6) 12.5 (6.912.5 (6.9--18.1)18.1)

Years from randomizationYears from randomization
WATCHMANWATCHMAN 463463 382382 313313 123123
ControlControl 244244 216216 158158 5454

WATCHMANWATCHMANWATCHMAN

ControlControlControl

1,500 patient-year analysis1,500 patient1,500 patient--year analysisyear analysis



Intent-to-Treat: All StrokeIntentIntent--toto--Treat: All StrokeTreat: All Stroke

WATCHMANWATCHMAN ControlControl RelRel riskrisk Posterior probabilities*Posterior probabilities*
CohortCohort Rate (95% CI)Rate (95% CI) Rate (95% CI)Rate (95% CI) (95% CI)(95% CI) NoninferiorityNoninferiority SuperioritySuperiority

600 pt600 pt--yryr 3.4 (1.93.4 (1.9--5.5)5.5) 3.6 (1.53.6 (1.5--6.3)6.3) 0.96 (0.430.96 (0.43--2.57)2.57) 0.9270.927 0.4880.488

900 pt900 pt--yryr 2.6 (1.52.6 (1.5--4.1)4.1) 3.5 (1.73.5 (1.7--5.7)5.7) 0.74 (0.360.74 (0.36--1.76)1.76) 0.9980.998 0.7310.731

1,065 pt1,065 pt--yryr 2.3 (1.32.3 (1.3--2.6)2.6) 3.2 (1.63.2 (1.6--5.2)5.2) 0.71 (0.350.71 (0.35--1.64)1.64) 0.9930.993 0.7690.769

1,350 pt1,350 pt--yryr 2.1 (1.32.1 (1.3--3.3)3.3) 2.7 (1.42.7 (1.4--4.3)4.3) 0.78 (0.410.78 (0.41--1.75)1.75) 0.9890.989 0.6850.685

1,500 pt1,500 pt--yryr 2.0 (1.32.0 (1.3--3.1)3.1) 2.7 (1.52.7 (1.5--4.1)4.1) 0.77 (0.420.77 (0.42--1.62)1.62) 0.9950.995 0.7280.728

•• 23% lower relative risk in WATCHMAN group 23% lower relative risk in WATCHMAN group 

WITHOUT COUMADINWITHOUT COUMADIN



Intent-to-Treat: All-Cause 
Mortality

IntentIntent--toto--Treat: AllTreat: All--Cause Cause 
MortalityMortality

WATCHMANWATCHMAN ControlControl RelRel riskrisk Posterior probabilities*Posterior probabilities*
CohortCohort Rate (95% CI)Rate (95% CI) Rate (95% CI)Rate (95% CI) (95% CI)(95% CI) NoninferiorityNoninferiority SuperioritySuperiority

600 pt600 pt--yryr 3.4 (1.83.4 (1.8--5.4)5.4) 4.9 (2.34.9 (2.3--7.8)7.8) 0.69 (0.330.69 (0.33--1.66)1.66) 0.9910.991 0.7790.779

900 pt900 pt--yryr 2.9 (1.72.9 (1.7--4.4)4.4) 4.7 (2.54.7 (2.5--7.1)7.1) 0.61 (0.320.61 (0.32--1.32)1.32) 0.9990.999 0.8890.889

1,065 pt1,065 pt--yryr 3.0 (1.93.0 (1.9--4.5)4.5) 4.8 (2.84.8 (2.8--7.1)7.1) 0.62 (0.340.62 (0.34--1.24)1.24) >0.999>0.999 0.9070.907

1,350 pt1,350 pt--yryr 3.1 (2.13.1 (2.1--4.4)4.4) 4.4 (2.64.4 (2.6--6.1)6.1) 0.70 (0.430.70 (0.43--1.36)1.36) >0.999>0.999 0.8230.823

1,500 pt1,500 pt--yryr 3.2 (2.33.2 (2.3--4.5)4.5) 4.5 (2.84.5 (2.8--6.2)6.2) 0.71 (0.460.71 (0.46--1.28)1.28) >0.999>0.999 0.8520.852

•• 29% lower relative risk in WATCHMAN group29% lower relative risk in WATCHMAN group
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Upfront risk of procedural complications is real and Upfront risk of procedural complications is real and 
Relates to experience with transseptal and structural techniquesRelates to experience with transseptal and structural techniques

And is directly related to operator learning curve.And is directly related to operator learning curve.

Years from randomizationYears from randomization
WATCHMANWATCHMAN 463463 364364 303303 116116
ControlControl 244244 212212 155155 5353

WATCHMANWATCHMANWATCHMAN

ControlControlControl



Pericardial EffusionsPericardial EffusionsPericardial Effusions

7/22 (32%)7/22 (32%)No definitive cause identifiedNo definitive cause identified

4/22 (18%)4/22 (18%)Watchman deployment processWatchman deployment process

2/22 (9%)2/22 (9%)Protruding delivery sheath from transseptal Protruding delivery sheath from transseptal 
access sheathaccess sheath

3/22 (14%)3/22 (14%)Manipulating delivery system within LAAManipulating delivery system within LAA

4/22 (18%)4/22 (18%)From adjunctive device to enter LAA (such as From adjunctive device to enter LAA (such as 
a guidewire or catheter)a guidewire or catheter)

2/22 (9%)2/22 (9%)Initial transseptal punctureInitial transseptal puncture

Reddy:  Circ (in press)Reddy:  Circ (in press)

Events (%)Events (%)



Intent to Treat: Primary Safety 
Results

Intent to Treat: Primary Safety Intent to Treat: Primary Safety 
ResultsResults

WATCHMANWATCHMAN ControlControl
CohortCohort Rate (95% CI)Rate (95% CI) Rate (95% CI)Rate (95% CI) RelRel risk(95% CI)risk(95% CI)

600 pt600 pt--yryr 11.6 (8.511.6 (8.5--15.3)15.3) 4.1 (1.94.1 (1.9--7.2)7.2) 2.85 (1.482.85 (1.48--6.43) 6.43) 

900 pt900 pt--yryr 8.7 (6.48.7 (6.4--11.3)11.3) 4.2 (2.24.2 (2.2--6.7)6.7) 2.08 (1.182.08 (1.18--4.13) 4.13) 

1,065 pt1,065 pt--yryr 7.4 (5.57.4 (5.5--9.7)9.7) 4.4 (2.54.4 (2.5--6.7)6.7) 1.69 (1.011.69 (1.01--3.19) 3.19) 

1,350 pt1,350 pt--yryr 6.2 (4.76.2 (4.7--8.1)8.1) 3.9 (2.33.9 (2.3--5.8)5.8) 1.60 (0.991.60 (0.99--2.93)2.93)

1,500 pt1,500 pt--yryr 5.5 (4.25.5 (4.2--7.1)7.1) 3.6 (2.23.6 (2.2--5.3)5.3) 1.53 (0.951.53 (0.95--2.70)2.70)
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Warfarin Discontinuation –
WATCHMAN Group

Warfarin Discontinuation Warfarin Discontinuation ––
WATCHMAN GroupWATCHMAN Group

• 76% of randomized 
patients 
discontinued 
warfarin at 45 days

• 87% of implanted 
patients 
discontinued 
warfarin at 45 days

•• 76% of 76% of randomized randomized 
patients patients 
discontinued discontinued 
warfarin at 45 dayswarfarin at 45 days

•• 87% of 87% of implanted implanted 
patients patients 
discontinued discontinued 
warfarin at 45 dayswarfarin at 45 days

VisitVisit WarfarinWarfarin
discontinuationdiscontinuation
Total implantedTotal implanted

No.No. %%
45 day45 day 348/401348/401 86.786.7
6 month6 month 355/385355/385 92.292.2
12 month12 month 345/370345/370 93.293.2
24 month24 month 293/311293/311 94.294.2

Reason for continuation/Reason for continuation/reinitiationreinitiation At 45 daysAt 45 days At 6 monthsAt 6 months
No.No. %% No.No. %%

Observation of flow in the LAAObservation of flow in the LAA 3030 7.57.5 1414 3.63.6
Physician discretionPhysician discretion 2323 5.75.7 1616 4.24.2



AnticoagulationAnticoagulationAnticoagulation
•• VeryVery narrownarrow therapeutictherapeutic ranrangege
•• CloseClose ttherapeuticherapeutic drug drug monitoringmonitoring isis requiredrequired
•• FrequentFrequent dose dose adjustmentsadjustments areare necessarynecessary
•• Hard to Hard to antagonizeantagonize
•• Multiple Multiple sideside effectseffects
•• Food/drug Food/drug interactionsinteractions
•• IncreasedIncreased riskrisk of of bleeding: 5bleeding: 5--1010% % annuallyannually

severesevere 11--2% 2% annuallyannually

•• << 40 %40 % of all AF of all AF patientspatients receivereceive
anticoagulationanticoagulation therapytherapy!!



• Any localized or general physical 
condition in which the hazard of 
hemorrhage might be greater than 
the potential clinical benefits of 
anticoagulation

• Any personal circumstance in which 
the hazard of hemorrhage might be 
greater than the potential clinical 
benefits of anticoagulation

• Pregnancy
• Hemorrhagic tendencies 
• Blood dyscrasias.
• Recent or contemplated surgery of 

central nervous system 
• Recent or contemplated surgery of 

the eye
• Recent or contemplated traumatic 

surgery resulting in large open 
surfaces 

• Gastrointestinal bleeding 
• Genitourinary tract bleeding
• Respiratory tract bleeding 
• Cerebrovascular hemorrhage

•• Any localized or general physical Any localized or general physical 
condition in which the hazard of condition in which the hazard of 
hemorrhage might be greater than hemorrhage might be greater than 
the potential clinical benefits of the potential clinical benefits of 
anticoagulationanticoagulation

•• Any personal circumstance in which Any personal circumstance in which 
the hazard of hemorrhage might be the hazard of hemorrhage might be 
greater than the potential clinical greater than the potential clinical 
benefits of anticoagulationbenefits of anticoagulation

•• PregnancyPregnancy
•• Hemorrhagic tendencies Hemorrhagic tendencies 
•• Blood dyscrasias.Blood dyscrasias.
•• Recent or contemplated surgery of Recent or contemplated surgery of 

central nervous system central nervous system 
•• Recent or contemplated surgery of Recent or contemplated surgery of 

the eyethe eye
•• Recent or contemplated traumatic Recent or contemplated traumatic 

surgery resulting in large open surgery resulting in large open 
surfaces surfaces 

•• Gastrointestinal bleeding Gastrointestinal bleeding 
•• Genitourinary tract bleedingGenitourinary tract bleeding
•• Respiratory tract bleeding Respiratory tract bleeding 
•• Cerebrovascular hemorrhageCerebrovascular hemorrhage

•• Cerebral aneurysmsCerebral aneurysms
•• Dissecting aortaDissecting aorta
•• PericarditisPericarditis
•• Pericardial effusions Pericardial effusions 
•• Bacterial endocarditisBacterial endocarditis
•• Threatened abortion Threatened abortion 
•• EclampsiaEclampsia
•• PreeclampsiaPreeclampsia
•• Inadequate laboratory facilities Inadequate laboratory facilities 
•• Unsupervised patients Unsupervised patients 
•• Senility Senility 
•• AlcoholismAlcoholism
•• PsychosisPsychosis
•• Lack of patient cooperationLack of patient cooperation
•• Spinal puncture Spinal puncture 
•• Other diagnostic procedures with Other diagnostic procedures with 

potential for uncontrollable potential for uncontrollable 
bleedingbleeding

•• Therapeutic procedures with Therapeutic procedures with 
potential for uncontrollable potential for uncontrollable 
bleedingbleeding

•• Major regional anesthesiaMajor regional anesthesia
•• LLumbarumbar block block anesthesiaanesthesia
•• MalignantMalignant hypertensionhypertension



Warfarin will always 
have its indications
Warfarin will always Warfarin will always 
have its indicationshave its indications



LAA ClosureLAA ClosureLAA Closure

InnovationsInnovations



TigerPawTigerPawTigerPaw



Percutaneous LAA LigationPercutaneous LAA LigationPercutaneous LAA Ligation

J Cardiovasc Electrophysiol, 2009



Percutaneous LAA LigationPercutaneous LAA LigationPercutaneous LAA Ligation

J Cardiovasc Electrophysiol, 2009



Percutaneous LAA 
Ligation

Percutaneous LAA Percutaneous LAA 
LigationLigation
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