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Objectives

• Understanding basis of LAAO for stroke risk reduction

• History of LAA exclusion / Surgical techniques

• LAAO trial / Future trials

• Conclusions
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Introduction

• Atrial fibrillation is an important risk factor stroke
• 25% of ischemic strokes

• Disability and death

• Anticoagulation has led to a decrease in stroke
• Increase risk of bleeding

• Poor adherence (Warfarin and DOAC)
• 30% non-adherent w/DOAC

Introduction

• Left atrial thrombi
• 90% come from LAA

• 57% in valvular AF
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Techniques of Surgical LAAO

• Described since 1948

• Lack of standardization

• Confusing results:
• Success?

• Lack of flow
• Stump < 1 cm.

Rev. Cardiovasc. Med. 2023; 24(6): 184

7

8

4 of 37



MHIF Cardiovascular Grand Rounds | 
March 18, 2024

J Am Coll Cardiol 2008;52:924–9
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J Am Coll Cardiol 2008;52:924–9

Interact Cardiovasc Thorac Surg. 2019 Nov 1;29(5):665-662

• 93.9-100% LAA closure success
• No incidences of LAA flow or leak
• No device related complications
• No incidence of bleeding
• No migrations
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Clip Exclusion

• Animal 90 days Human
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Am Heart J 2005;150:288-93

LAAOS

• CABG
• 77 (n) randomized 2:1 to LAAO:

• Suture / stapling vs control

• High risk for AF and stroke
• Age >75
• HTN and age >65
• Previous stroke
• History AF

• TEE 8 weeks
• Failure to occlude if stump >1 cm or flow seen into the LAA

• Postop anticoagulation was left to discretion of physicians

Am Heart J 2005;150:288-93
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LAAOS

• Successful closure LAA
• 72% stapling device
• 45% epicardial suture alone

• Safe procedure during CABG

• Pilot trial of AF and increased risk of stroke
• Randomized LAAOS 26 vs 25 no occlusion and anticoagulation
• Procedure was safe
• At 1 year:

• 15.4% vs. 20.0%
• Composite endpoint of death, MI, stroke, noncerebral systemic emboli, or major bleeding (RR, 0.71; 95%, 

CI, 0.19-2.66; P = 0.61)
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J Am Coll Cardiol. 2017;70(24):2964–75

N Engl J Med 2021;384:2081-91
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• Randomized LAAO vs. no LAAO:
• Cardiac surgery with the use CBP
• Atrial fibrillation
• CHA2DS2-VASc ≥2

• Primary outcome:
• Ischemic stroke or systemic embolism

• Guidelines directed stroke prevention therapy (OAC agents)
• Left to their local physicians

N Engl J Med 2021;384:2081-91

56%

11%

15%

N Engl J Med 2021;384:2081-91
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N Engl J Med 2021;384:2081-91

• LAAOS III did not compare LAAO with anticoagulation
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Circulation.2023;148:1298–1304. DOI: 10.1161/CIRCULATIONAHA.122.060315

Circulation.2023;148:1298–1304. DOI: 10.1161/CIRCULATIONAHA.122.060315
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• Sub-analysis LAAOS III
• Data Medicare reimbursement
• Increase of cost is driven by stroke
• Overall, cost saving in LAAOS

Guidelines recommendations
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Circulation. 2024;149:e1–e156. DOI: 10.1161/CIR.0000000000001193

Circulation. 2024;149:e1–e156. DOI: 10.1161/CIR.0000000000001193
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Interactive CardioVascular and Thoracic Surgery 15(2012) 416-419

Hemodynamics of LAA

• LAA has a role:
• Complementary reservoir
• Producing atrial and brain natriuretic peptide

• Unknown effect of LAAO on healthy atrium:
• Increase of diuretics treatment on LAAO?
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Future Trials

Should every patient cardiac patient be considered for
LAAO?

• 50% cardiac patients risk factors for AF / Stroke:
• Atrial cardiomyopathy

• HTN / age >75 / HF / valve disease / LA enlargement

• Only one surgical chance of LAAO
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LEAAPS Trial
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ATLAAC Trial 

Conclusion

• Atrial fibrillation / LAA clot is an important risk factor for stroke

• LAAO is safe and effective in decreasing risk of stroke

• There is a need to increase surgical LAAO in AF all patients 
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Conclusion

• LAAO will be indicated on all high-risk surgical patients?

• In LAAO, will anticoagulation be needed?

AtriCure Study

Atsushi Okada, MD, PhD
Vinayak N. Bapat, MD

Minneapolis Heart Institute Foundation
Minneapolis Heart Institute at Abbott Northwestern Hospital

Grand Rounds
Current state of surgical left atrial appendage exclusion

March 18, 2024
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Devices to isolate the left atrial appendage
Transcatheter devices Surgical device

Watchman®

Amulet®

AtriClip®

Available in 4 sizes (35, 40, 45, 50 mm)

LAA

Device sizing is performed in different ways

Surgical devices (AtriClip)Transcatheter devices

Device sizing during surgery (on-table sizing)
• Sizers

Device sizing by preprocedural imaging
• Transesophageal echo
• Computed tomography (CT)

Usefulness of preprocedural imaging (CT) 
for AtriClip sizing is unknown
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Appropriate device sizing is crucial

• If the Clip is too small, may result in incomplete 
closure

• If large, Clips may interfere with the surrounding 
structures
‒ Coronary arteries
‒ Pulmonary veins 

AtriClip®

LAA

Aim of this study
We sought to investigate

1. Association between theroretical CT-predicted size and implanted size 
during surgery

2. Their association with imaging outcomes 
- findings on prospectively conducted post-AtriClip CTs

in patients undergoing AtriClip placement
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Methods

Study population

• Prospectively enrolled patients undergoing open heart surgery @ ANW 
and clinically indicated for LAA ligation with the AtriClip device

Consented for the study
N=30

Exclusion 

Study population
Completed 30-day follow-up CT

N=24

Methods
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• Baseline characteristics

• Pre-AtriClip CT

• AtriClip sizing during surgery (on-table sizing)

• Post-AtriClip CT
‒ at 90 days after surgery

Evaluations
Methods

Pre-AtriClip CT 1
Methods

LV

LA

LAA

LAA Ostium

“Clip Plane”

• At the base of LAA
• Area and perimeter in 

short axis view

• Parallel to the LAA ostium
• Above (distal to) the left 

circumflex artery
• Area and perimeter in 

short axis view

Left circumflex 
artery

LA: left atrium
LAA: left atrial appendage
LV: left ventricle
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CT-predicted AtriClip size

CT suggested 
AtriClip® Flex-V® size

Perimeter/2Perimeter 
at Clip plane

35 (smallest available)35.0 mm or smaller70.0 mm or smaller
4035.1 - 40.0 mm70.1 - 80.0 mm
4540.1 - 45.0 mm80.1 - 90.0 mm

50 (largest available)45.1 mm or larger90.1 mm or larger

Methods

LAA in 
short axis

Perimeter/2 ＝ Clip lengthPerimeter

Pre-AtriClip CT 2

• Trabeculation/lobe near Clip plane (<5 mm)

Methods
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AtriClip size during surgery

• On-table sizing by sizers: implanted Clip (IMClip)

• Comparison with CT-predicted size

Methods

• IMClip < CTClip: on-table size was smaller than CT-predicted size

• IMClip = CTClip: on-table size was same as CT-predicted size

• IMClip > CTClip: on-table size was larger than CT-predicted size

Post-AtriClip CT 1

• Complete occlusion of LAA (No Contrast in LAA)

• Thrombus formation at atrial side of Clip

Methods

LVLA

LSPV AtriClip
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Post-AtriClip CT 2

Stump depth
>10 mm

Stump depth
<10 mm

Trabeculation/lobe 
in stump (-)

Trabeculation/lobe 
in stump (+)

Methods

LVLA LVLA
LVLA

LA
LA LA LV

Post-AtriClip CT 3

• Clip interference with surrounding structures
‒ coronary arteries (left main trunk, left circumflex artery) 
‒ left superior pulmonary vein

Left main trunk

AoV

LSPV

LA LV

Methods

AtriClip

AtriClip

AoV: aortic valve LA: left atrium
LV: left ventricle
LSPV: left superior pulmonary vein
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Results

Patient Characteristics
Results

N=24
69 (61-77)Age, years
15 (63%)Male

2.02 (1.81-2.17)Body surface area, m2

9 (38%)Atrial fibrillation
Surgical data
AtriClip size, mm

6 (25%)35
9 (38%)40
4 (17%)45
5 (21%)50

Procedures*
11 (46%)Aortic valve surgery
10 (42%)Mitral valve surgery
3 (13%)Tricuspid valve surgery
7 (29%)Coronary artery bypass grafting
1 (4%)Ascending aorta replacement
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Pre-AtriClip CT
Results

N=24
LAA shapes

9 (38%)Chicken wing
3 (13%)Cactus
9 (38%)Windsock
3 (13%)Cauliflower

Ostium
519 (423-676)Area, mm2

87 (79-103)Perimeter, mm
Clip plane

449 (384-613)Area, mm2

80 (72-92)Perimeter, mm
12 (50%)Trabeculation/lobe near Clip plane

JACC Cardiovasc Imaging 2015; 8: 472-488.

Post CT 1

N=24
24 (100%)Complete occlusion of LAA

0 (0%)Thrombus formation at Clip
Residual stump

6 (25%)depth >10mm
18 (75%)depth <10mm

Trabeculation/lobe in stump
12 (50%)Yes
12 (50%)No

Results

Stump depth
<10 mm

N=18

Stump depth
>10 mm

N=6
9 (50%)3 (50%)Trabeculation/lobe 

in stump (-)
9 (50%)3 (50%)Trabeculation/lobe 

in stump (+)
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Post CT 2

N=24
Clip interference with surrounding anatomy

1 (4%)Proximity with Left main trunk

0 (0%)Proximity with Left circumflex artery (LCx)

4 (17%)Proximity with Left superior pulmonary vein

Results

AtriClip size during surgery vs. CT-predicted size
Results

Cases with 
residual stump >10 mm

Thoretical range

Perimeter on 
pre-AtriClip CT, mm
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Factors associated with size discrepancy
Results

11%

30%
40%

0%

20%

40%

60%

80%

100%

IMClip < CTClip IMClip = CTClip IMClip > CTClip

Rates of residual stump (>10 mm)

11% 10%

40%

0%

20%

40%

60%

80%

100%

IMClip < CTClip IMClip = CTClip IMClip > CTClip

Proximity with left superior 
pulmonary vein

IMClip < CTClip IMClip = CTClip IMClip > CTClip IMClip < CTClip IMClip = CTClip IMClip > CTClip

Can we predict imaging outcomes from pre-AtriClip CT?
Results

0%

50%

0%

20%

40%

60%

80%

100%

Perimeter ≤100 mm Perimeter >100 mm

On Pre-AtriClip CT

25%

75%

0%

20%

40%

60%

80%

100%

No trabeculation/lobe near
Clip plane

Trabeculation/lobe near
Clip plane

On Pre-AtriClip CT

Rates of residual stump (>10 mm) Residual trabeculation/lobe in stump
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• AtriCure study is a prospective evaluation of pre- and post-CTs 
in patients undergoing LAA elimination using AtriClip device

• Both pre- and post-CTs can provide important information 
which could contribute to better outcomes

Conclusions

Thank you for your attention
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