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Device based stroke prevention: Update on data, technologies 
and indications for LAA and PFO closure in EP patients



1. concept and device implantation („how“)

2. clinical data („why“)

3. current indication („when“)

Device based stroke prevention: Update on 
data, technologies and indications for LAA and 

PFO closure in EP patients



Patent Foramen Ovale / PFO





Patent Foramen Ovale / PFO





















Bubble-test + Valsalva



PFO-Grading: „bubble-crossing“ 
RA to LA

• grade 0: no bubble
• grade I: minimal (0-5 bubbles)
• grade II: moderate (6-20 bubbles)
• grade III: severe (>20 bubbles)



Atrial-Septal-Aneurysm (ASA) 





Embolic Stroke: 
PFO and paradoxical embolism
vs
int. silent AF and LAA embolism



Unexplained embolic stroke

AF Detection vs PFO



Transseptal Puncture for AF-Ablation Post Septal Occluder Implantation



Transseptal Puncture for AF-Ablation Post Septal Occluder Implantation



PFO-Summary

• Significant recurrence risk reduction in cryptogenic stroke
patients post PFO closure vs drugs (at low event rates) in 
three RCT´s

• S2-guideline (DGN/DGK/DSG)
PFO-closure in young (16-60 yrs.) crpytogenic stroke pts. 
with moderate to severe R-L-Shunt
Search for AF in elderly patients!

• OAC not superior to antiplatelet therapy!







TEE findings in Stroke Patients
„LAA is the smoking gun“



Kaktus Blumenkohl

Windsack„chicken wing“







Endothelial coverage – in vivo animal study

1 day

2 weeks

1 month

3 months

Nakai, Circulation 2002



LAAO guided by ICE; patient case

ICE catheter
near the 
LUPV ridge
and sligthly
posterior flexed

A lobe is 
coming
off in the 
superior
part of the LAA 
neck



LAAO guided by ICE; patient case

The lobe of a 
28 mm 
Amplatzer 
Amulet
fully expanded 
in the
”landing zone”
(neck of LAA)

Note the 
relation to
the Circumflex



LAAO guided by ICE; patient case

The disc of a 
28 mm 
Amplatzer 
Amulet
is formed to 
cover the LAA
orifice
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3 D TEE – LAA occluder
implantation





LAA-Perforation



LAARGE Registry



1. Prospective registries with „calculated“ efficacy and safety (n>500)
- ACP, EWOLUTION, AMULET
- LAARGE

2. Prospective registries with „propensity score matching“
- Nordic ICH
- Bern experience (n=1000 Pts.)

3. Ongoing RCT´s:
- ASAP TOO
- CLOSURE AF
- STROKECLOSE

Evidence and Clinical Data in AF patients at High Risk for Bleeding



55 German Cardiology Dept.

All-comers for LAA occlusion
(N=641 pts.)

Prospective Data collection
- proc. data
- 1 year follow-up

PI: J. Brachmann
T. Lewalter

LAARGE-Registry



LAARGE – Registry on 
transvenous LAA Occlusion

(Hb<8g/dl)



1 year FU Data – LAARGE Registry
- Stroke rate -

Observed Stroke rate - 8 pts. with strokes: 1.3% (1 periprocedural) 

Expected Stroke rate: 4.6%

Relative Stroke Risk Reduction: 72%

Brachmann and Lewalter et al., AHA 2017



1 year FU Data – LAARGE Registry
- Major bleeding rate -

Observed major Bleeding rate: 10/639 pts. = 1,6% 

Expected major bleeding rate: 8,8%

Relative major bleeding Risk Reduction: 82%

Brachmann and Lewalter et al., AHA 2017



• Study population: 
– LAAO: Nordic LAAO patients, treated between 2009 and 2015. n = 176

(Sweden: Gothenburg, Stockholm and Lund; Finland: Tampere, Turku and Helsinki, Denmark: 
Copenhagen and Aarhus)

– ACP and AMPLATZER™ Amulet™ devices (St. Jude Medical) used for LAAO

– Standard care: Danish ICH patients with atrial fibrillation who survived at least 180 days 
after admission 
with ICH between 2005 and 2014. n = 787

• Design: Propensity-score matched follow-up study
– Used to balance stroke and bleeding risks

– Matched CHA2DS2-VASc, HAS-BLED scores and 
each separate risk factor for stroke and bleeding

• Primary endpoint: Composite clinical outcome
– All cause mortality

– Acute ischemic stroke

– Major bleeding* 

LAA occlusion vs. standard care in patients with atrial 
fibrillation and intracerebral hemorrhage¹ 

A propensity score matched follow-up study

* Intracranial hemorrhage, hospitalization needed, Hb-decrease > 2 g/dL or requiring blood transfusion

1. Nielsen-Kudsk, J., Paaske Johnsen, S., Wester, P., Damgaard, D., Airaksinen, J., Lund, J., . . . Krieger, D. W. (2017). Left atrial appendage occlusion versus standard medical care in patients with atrial fibrillation 
and intracerebral hemorrhage: A propensity score matched follow-up study. EuroIntervention. doi:10.4244/EIJ-D-17-00201.

AF + ICH

176 787 

151 151

LAAO Standard

Propensity Score Match*



Clinical outcome
HR by Cox-regression analysis

n = 147 in each PS-matched patient group

LAAO vs. Standard 
care

Hazard ratio (95% CI)

Relative risk 
reduction

(%)

Ischemic stroke/major 
bleeding/mortality

0.16 (0.07-0.37)* 81%

§ Ischemic stroke 0.21 (0.05-1.00) 65%

§ Major bleeding 0.28 (0.09-0.85)* 61%

§ Recurrent ICH 0.10 (0.01-0.81)* 71%

§ All-cause mortality 0.11 (0.03-0.51)* 92%

Hazard ratios1

1. Nielsen-Kudsk, J., Paaske Johnsen, S., Wester, P., Damgaard, D., Airaksinen, J., Lund, J., . . . Krieger, D. W. (2017). Left atrial appendage occlusion versus standard medical care in patients with atrial fibrillation 
and intracerebral hemorrhage: A propensity score matched follow-up study. EuroIntervention. doi:10.4244/EIJ-D-17-00201.

* p<0.05

STROKECLOSE Randomized Trial initiated



CLOSURE - AF



Update expected spring 2019



Suitable for 
OAC

Oral Anticoagulation

*Note: In case of strict contraindication to antiplatelet therapy, patient is not eligible for LAAO implantation, but for
epicardial LAA occlusion or thoracoscopic LAA clipping

Patients with an indication for stroke prevention due to atrial fibrillation





„Absolute“ Contraindication for Long-Term OAC

• „Untreatable“ source of 
– Intracranial/intraspinal bleeding (eg diffuse amyloid angiopathy)

– severe gastroint. (diffuse angiodysplasia) or urogen. bleeding

• Severe side effects under vit-k-antagonists + 
contraindication for NOAC (severe renal insufficiency) 



Suitable for 
OAC

Oral Anticoagulation

Contraindication –
OAC

LAA-Occluder*
(may require antiplatelet therapy)

*Note: In case of strict contraindication to antiplatelet therapy, patient is not eligible for LAAO implantation, but for
epicardial LAA occlusion or thoracoscopic LAA clipping

Patients with an indication for stroke prevention due to atrial fibrillation



Suitable for 
OAC

Oral Anticoagulation

Contraindication –
OAC

LAA-Occluder*
(may require antiplatelet therapy)

*Note: In case of strict contraindication to antiplatelet therapy, patient is not eligible for LAAO implantation, but for
epicardial LAA occlusion or thoracoscopic LAA clipping

Individual risk-benefit analysis of OAC vs. LAA occluder

Elevated
bleeding risk

Patients with an indication for stroke prevention due to atrial fibrillation

Patients with
1. HAS-BLED≥3
2. Elevated bleeding risk outside HAS-BLED-Score, eg cancer, 

thrombopenia
3. Need for prolonged or repetitive triple therapy, eg severe CAD and

stenting
4. Renal failure (severe) as contraindication to NOAC



LAARGE – Registry on 
transvenous LAA Occlusion





Patient/CHA2DS2-
Vasc

Afib/
Pretreatment

EF
Disease

V LAA
(m/s)

NOAK 6 weeks
Thr. +/-

12 weeks
Thr. +/-

M.M.,f, 59y
Score: 5
Acute isch. stroke

Pers
ASS+Clopi

35%, GFR 38,
CAD, DM, HTN

<0.2 Apix 2x5mg
+ Clopidogrel

+ (regr.)
-> Apix+Clopi

No Thrombus
-> Apix mono

U.N., m, 76y
Score: 6

Long pers
Mar.+ASS

65%
CAD, HTN, TIA

<0.2 Dabi 2x150mg
ASS 100/Clop.

No Thrombus
-> Dabi mono

No Thrombus
LAA implant

H.S., f, 72y
Score: 5

Pers.
Mar. + ASS

60%
CAD, DM, HTN

<0.2 Dabi 2x150mg
ASS 
100mg/Clopidogrel

No Thrombus
-> Dabi mono, ASS 100

No Thrombus
LAA implant

G.L., m, 72y
Score: 4
Acute TIA

Pers
Riva 1x20mg

20%
KHK

<0.2 Dabi 2x150mg Clopi 
75

+ (regr.)
-> Dabi+Clopi

No Thrombus -> Dabi 
mono

W.V., m, 78y
Score: 5
Acute isch. stroke

Long pers
Marcumar

65%, AorticVR
CAD, DM, HTN

0.3
Ostium!

Mar.+ASS + Clopi 75 + (regr.)4Mo.!
-> Dabi+Clopi

No Thrombus -> Bypass 
surgery + LAA excision

Thrombus formation under standard OAC („malignant LAA“)



Suitable for 

OAC

Oral Anticoagulation

Contraindication –

OAC

LAA-Occluder*
(may require antiplatelet therapy)

*Note: In case of strict contraindication to antiplatelet therapy, patient is not eligible for LAAO implantation, but for

epicardial LAA occlusion or thoracoscopic LAA clipping

Individual risk-benefit analysis of OAC vs. LAA occluder

Elevated

bleeding risk

„stroke on

warfarin"

Patients with an indication for stroke prevention due to atrial fibrillation

Patients with

1. HAS-BLED≥3

2. elevated bleeding risk outside HAS-BLED-Score, 

zB tumor, thrombopenie

3. Need for prolonged or repetitive triple therapy, 

eg severe CAD and stenting

4. Renal failure (severe) as contraindication to NOAC







Suitable for 

OAC

Oral Anticoagulation

Contraindication –

OAC

LAA-Occluder*
(may require antiplatelet therapy)

*Note: In case of strict contraindication to antiplatelet therapy, patient is not eligible for LAAO implantation, but for

epicardial LAA occlusion or thoracoscopic LAA clipping

Individual risk-benefit analysis of OAC vs. LAA occluder

Elevated

bleeding risk

„stroke on

warfarin"

Patients with an indication for stroke prevention due to atrial fibrillation

Electrically

isolated LAA

Patients with

1. HAS-BLED≥3

2. elevated bleeding risk outside HAS-BLED-Score, 

zB tumor, thrombopenie

3. Need for prolonged or repetitive triple therapy, 

eg severe CAD and stenting

4. Renal failure (severe) as contraindication to NOAC



“Drugs don’t work in patients who 
don’t take them.”

C. Everett Koop, MD



LAARGE – Registry on 
transvenous LAA Occlusion



Suitable for 

OAC

Oral Anticoagulation

Contraindication –

OAC

LAA-Occluder*
(may require antiplatelet therapy)

*Note: In case of strict contraindication to antiplatelet therapy, patient is not eligible for LAAO implantation, but for

epicardial LAA occlusion or thoracoscopic LAA clipping

Unwilling or unable 

to take OAC

Individual risk-benefit analysis of OAC vs. LAA occluder

Elevated

bleeding risk

Advise NOAC

NOAC

„stroke on

warfarin"

Patients with an indication for stroke prevention due to atrial fibrillation

Electrically

isolated LAA

Patients with

1. HAS-BLED≥3

2. elevated bleeding risk outside HAS-BLED-Score, 

zB tumor, thrombopenie

3. Need for prolonged or repetitive triple therapy, 

eg severe CAD and stenting

4. Renal failure (severe) as contraindication to NOAC









Thank You For 
Your Attention!


