
































17

EHRA/EAPCI consensus statement on LAA occlusion
EuroIntervention 2

0
1

4
;1

0
-on

lin
e p

u
b

lish
-ah

ead
-of-p

rin
t A

u
gu

st 2
0

1
4

Acknowledgements
The authors wish to thank the following colleagues for their help 
in reviewing scientific material and assistance in writing: Stefan 
Bertog MD, CardioVascular Center Frankfurt, Frankfurt, Germany; 
Gaetano Fassini MD, Cardiac Arrhythmia Research Center, Centro 
Cardiologico Monzino, IRCCS, Milan, Italy; Avishay Grupper 
MD, Sheba Medical Center, Tel Hashomer, Israel.

Conflict of interest statement
A.A.K.: Direct Personal payment: St Jude Medical; Payment to 
your Institution: St Jude Medical. B.M.: Direct Personal payment: 
Astra Zeneca, Bayer, Biosensors, BMS, Boehringer-Ingelheim, 
Lilly St Jude Medical; Payment to your Institution: Abbott Vascular, 
Biotronik, Boston Scientific, Cordis, Edwards Lifesciences, 
Guerbet, Medtronic, St Jude Medical. C.T.: Direct Personal pay-
ment: BiosenseWebster, Biotronik, Boston Scientific, Medtronic, 
St Jude Medical. H.S.: Direct Personal payment: none; Payment to 
your Institution: Access-Closure, AGA medical, Angiomed, Ardian, 
Arstasis, Atrium, Avinger, Bard, Boston Scientific, Bridgepoint, 
Cardiokinetix, Cardiomems, Coherex, Contego, CSI, CVRx, 
EndoCross, Endotex, Epitek, Ev3, Evalve, FlowCardia, Gardia 
Medical, GDS, Gore, Guidant, HLT, InSeal, Kensey Nash, Kyoto 
Medical, Lifetech, Lumen Biomedical, Lutonix, Maya Medical, 
Medinol, Medtronic, NDC, OAS, Occlutech, Osprey, Ovalis, Pathway 
Medical, Pendra-Care, Percardia, PFM, Recor, Rox Medical, Sadra 
Medical, Sentre-Heart, Sorin Group, Spectranetics, SquareOne, 
Trireme, Trivascular, Veryan, Viacor, Vessix. M.G.: Direct Personal 
payment: Boston Scientific; Payment to your Institution: Biotronik, 
Medtronic. T.L.: None.Y.B.: Direct Personal payment: Astra Zeneca, 
Boehringer-Ingelheim, Medtronic.

References
	 1.	 Stewart S, Hart C, Hole DJ, McMurray JJ. Population preva-
lence, incidence, and predictors of atrial fibrillation in the Renfrew/
Paisley study. Heart. 2001;86:516-21.
	 2.	 Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, 
Selby JV, Singer DE. Prevalence of diagnosed atrial fibrillation in 
adults: national implications for rhythm management and stroke 
prevention: the AnTicoagulation and Risk Factors in Atrial 
Fibrillation (ATRIA) Study. JAMA. 2001;285:2370-5.
	 3.	 Kirchhof P, Auricchio A, Bax J, Crijns H, Camm J, Diener HC, 
Goette A, Hindricks G, Hohnloser S, Kappenberger L, Kuck KH, 
Lip GY, Olsson B, Meinertz T, Priori S, Ravens U, Steinbeck G, 
Svernhage E, Tijssen J, Vincent A, Breithardt G. Outcome param-
eters for trials in atrial fibrillation: executive summary. Europace. 
2007;9:1006-23.
	 4.	 Miyasaka Y, Barnes ME, Gersh BJ, Cha SS, Bailey KR, 
Abhayaratna WP, Seward JB, Tsang TS. Secular trends in incidence 
of atrial fibrillation in Olmsted County, Minnesota, 1980 to 2000, 
and implications on the projections for future prevalence. 
Circulation. 2006;114:119-25.
	 5.	 Heeringa J, van der Kuip D, Hofman A, Kors JA, van 
Herpen G, Stricker BH, Stijnen T, Lip GY, Witteman JC. Prevalence, 

incidence and lifetime risk of atrial fibrillation: the Rotterdam 
study. Eur Heart J. 2006;27:949-53.
	 6.	 Naccarelli GV, Varker H, Lin J, Schulman KL. Increasing 
prevalence of atrial fibrillation and flutter in the United States. Am 
J Cardiol. 2009;104:153469.
	 7.	 Lloyd-Jones DM, Wang TJ, Leip EP, Larson MG, Levy D, 
Vasan RS, D’Agostino RB, Massaro JM, Beiser A, Wolf PA, 
Benjamin EJ. Lifetime risk for development of atrial fibrillation: 
the Framingham Heart Study. Circulation. 2004;110:1042-6.
	 8.	 Stefansdottir H, Aspelund T, Gudnason V, Arnar DO. Trends 
in the incidence and prevalence of atrial fibrillation in Iceland and 
future projections. Europace. 2011;13:1110-7.
	 9.	 Risk factors for stroke and efficacy of antithrombotic therapy 
in atrial fibrillation. Analysis of pooled data from five randomized 
controlled trials. Arch Intern Med. 1994;154:1449-57.
	 10.	 Lin HJ, Wolf PA, Kelly-Hayes M, Beiser AS, Kase CS, 
Benjamin EJ, D’Agostino RB. Stroke severity in atrial fibrillation. 
The Framingham Study. Stroke. 1996;27:1760-4.
	 11.	 Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, 
Radford MJ. Validation of clinical classification schemes for pre-
dicting stroke: results from the National Registry of Atrial 
Fibrillation. JAMA. 2001;285:2864-70.
	 12.	 Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining 
clinical risk stratification for predicting stroke and thromboembo-
lism in atrial fibrillation using a novel risk factor-based approach: 
the Euro Heart Survey on atrial fibrillation. Chest. 2010;137:263-72.
	 13.	 Hart RG, Benavente O, McBride R, Pearce LA. Antithrombotic 
therapy to prevent stroke in patients with atrial fibrillation: a meta-
analysis. Ann Intern Med. 1999;131:492е01.
	 14.	 Waldo AL, Becker RC, Tapson VF, Colgan KJ; NABOR 
Steering Committee. Hospitalized patients with atrial fibrillation 
and a high risk of stroke are not being provided with adequate anti-
coagulation. J Am Coll Cardiol. 2005;46:1729-36.
	 15.	 Bungard TJ, Ghali WA, Teo KK, McAlister FA, Tsuyuki RT. 
Why do patients with atrial fibrillation not receive warfarin? Arch 
Intern Med. 2000;160:41-6.
	 16.	 Levine MN, Raskob G, Landefeld S, Kearon C. Hemorrhagic 
complications of anti-coagulant treatment. Chest. 2001;119: 
108S-21S.
	 17.	 Kirchhof P, Ammentorp B, Darius H, De Caterina R, Le 
Heuzey JY, Schilling RJ, Schmitt J, Zamorano JL. Management of 
atrial fibrillation in seven European countries after the publication 
of the 2010 ESC Guidelines on atrial fibrillation: primary results 
of the PREvention oF thromboemolic eventsхuropean Registry in 
Atrial Fibrillation (PREFER in AF). Europace. 2014;16:6-14.
	 18.	 Lip GY, Laroche C, Dan GA, Santini M, Kalarus Z, 
Rasmussen LH, Oliveira MM, Mairesse G, Crijns HJ, 
Simantirakis E, Atar D, Kirchhof P, Vardas P, Tavazzi L, 
Maggioni AP. A prospective survey in European Society of 
Cardiology member countries of atrial fibrillation management: 
baseline results of EURObservational Research Programme Atrial 
Fibrillation(EORP-AF) Pilot General Registry. Europace. 
2014;16:308-19.



18

EuroIntervention 2
0

1
4

;1
0

-on
lin

e p
u

b
lish

-ah
ead

-of-p
rin

t A
u

gu
st 2

0
1

4

	 19.	 Watson T, Shantsila E, Lip GY. Mechanisms of thrombogen-
esis in atrial fibrillation: Virchow’ triad revisited. Lancet. 
2009;373:155-66.
	 20.	 Boldt A, Wetzel U, Lauschke J, Weigl J, Gummert J, Hindricks G, 
Kottkamp H, Dhein S. Fibrosis in left atrial tissue of patients with 
atrial fibrillation with and without underlying mitral valve disease. 
Heart. 2004;90:400-5.
	 21.	 Frustaci A, Chimenti C, Bellocci F, Morgante E, Russo M, 
Maseri A. Histological substrate of atrial biopsies in patients with 
lone atrial fibrillation. Circulation. 1997;96:1180-4.
	 22.	 Goldsmith I, Kumar P, Carter P, Blann AD, Patel RL, Lip GY. 
Atrial endocardial changes in Mitral valve disease: a scanning elec-
tron microscopy study. Am Heart J. 2000;140:777-84.
	 23.	 Kahn SR, Solymoss SS, Flegel KM. Nonvalvular atrial fibril-
lation: evidence for a prothrombotic state. CMAJ. 1997;157:673-81.
	 24.	 Inoue H, NozawaT, OkumuraK, Jong-Dae L, Shimizu A, Yano K. 
Prothrombotic activity is increased in patients with nonvalvular atrial 
fibrillation and risk factors for embolism. Chest. 2004;126:687-92.
	 25.	 Handke M, Harloff A, Hetzel A, Olschewski M, Bode C, 
Geibel A. Left atrial appendage flow velocity as a quantitative sur-
rogate parameter for thromboembolic risk: determinants and rela-
tionship to spontaneous echocontrast and thrombus forma-tion 
- a transesophageal echocardiographic study in 500 patients with 
cerebral ischemia. J Am Soc Echocardiogr. 2005;18:1366-72.
	 26.	 Pollick C, Taylor D. Assessment of left atrial appendage func-
tion by transesophageal echocardiography. Implications for the 
development of thrombus. Circulation. 1991;84:223-31.
	 27.	 Mugge A, Kuhn H, Nikutta P, Grote J, Lopez JA, Daniel WG. 
Assessment of left atrial appendage function by biplane transesoph-
ageal echocardiography in patients with non rheumatic atrial fibril-
lation: identification of a subgroup of patients at increased embolic 
risk. J Am Coll Cardiol. 1994;23:599-607.
	 28.	 Sahin T, Ural D, Kilic T, Bildirici U, Kozdag G, Agacdiken A, 
Ural E. Evaluation of left atrial appendage functions according to 
different etiologies of atrial fibrillation with a tissue Doppler imag-
ing technique by using transesophageal echocardiography. 
Echocardiography. 2009;26:171-81.
	 29.	 Blackshear J, Odell J. Appendage obliteration to reduce stroke 
in cardiac surgical patients with atrial fibrillation. Ann Thorac Surg. 
1996;61:755-9.
	 30.	 Zabalgoitia M, Halperin JL, Pearce LA, Blackshear JL, 
Asinger RW, Hart RG. Transesophageal echocardiographic corre-
lates of clinical risk of thromboembolism in nonvalvular atrial 
fibrillation. Stroke Prevention in Atrial Fibrillation III Investigators. 
J Am Coll Cardiol. 1998;31:1622-6.
	 31.	 Takada T, Yasaka M, Nagatsuka K, Minematsu K, Yamaguchi T. 
Blood flow in the left atrial appendage and embolic stroke in nonval-
vular atrial fibrillation. Eur Neurol. 2001;46:148-52.
	 32.	 Tamura H, Watanabe T, Nishiyama S, Sasaki S, Wanezaki M, 
Arimoto T, Takahashi H, Shishido T, Miyashita T, Miyamoto T, 
Kubota I. Prognostic value of low left atrial appendage wall veloc-
ity in patients with ischemic stroke and atrial fibrillation. J Am Soc 
Echocardiogr. 2012;25:576-83.

	 33.	 Di Biase L, Santangeli P, Anselmino M, Mohanty P, 
Salvetti I, Gili S, Horton R, Sanchez JE, Bai R, Mohanty S, Pump A, 
Cereceda Brantes M, Gallinghouse GJ, Burkhardt JD, Cesarani F, 
Scaglione M, Natale A, Gaita F. Does the left atrial appendage 
morphology correlate with the risk of stroke in patients with atrial 
fibrillation? Results from a multicenter study. J Am Coll Cardiol. 
2012;60:531-8.
	 34.	 Madden J. Resection of the left auricular appendix; a prophy-
laxis for recurrent arterial emboli. J Am Med Assoc. 1949;140: 
769-72.
	 35.	 Landymore R, Kinley CE. Staple closure of the left atrial 
appendage. Can J Surg. 1984;27:144-5.
	 36.	 Johnson WD, Ganjoo AK, Stone CD, Srivyas RC, Howard M. 
The left atrial appendage: our most lethal human attachment! 
Surgical implications. Eur J Cardiothorac Surg. 2000;17:718-22.
	 37.	 Katz ES, Tsiamtsiouris T, Applebaum RM, Schwartzbard A, 
Tunick PA, Kronzon I. Surgical left atrial appendage ligation is fre-
quently incomplete: a transesophageal echocardiograhic study. 
J Am Coll Cardiol. 2000;36:468-71.
	 38.	 Sievert H, Lesh MD, Trepels T, Omran H, Bartorelli A, Della 
Bella P, Nakai T, Reisman M, DiMario C, Block P, Kramer P, 
Fleschenberg D, Krumsdorf U, Scherer D. Percutaneous left atrial 
appendage transcatheter occlusion to prevent stroke in high-
risk patients with atrial fibrillation: early clinical experience. 
Circulation. 2002;105:1887-9.
	 39.	 Blackshear JL, Johnson WD, Odell JA, Baker VS, 
Howard M, Pearce L, Stone C, Packer DL, Schaff HV 
Thoracoscopic extracardiac obliteration of the left atrial append-
age for stroke risk reduction in atrial fibrillation. J Am Coll 
Cardiol. 2003;42:1249-52.
	 40.	 Garcia-Fernandez MA, Perez-David E, Quiles J, Peralta J, 
Garcia-Rojas I, Bermejo J, Moreno M, Silva J. Role of left atrial 
appendage obliteration in stroke reduction in patients with mitral 
valve prosthesis:a transesophageal echocardiographic study. J Am 
Coll Cardiol. 2003;42:1253-8.
	 41.	 Meier B, Palacios I, Windecker S, Rotter M, Cao QL, Keane D, 
Ruiz CE, Hijazi ZM. Transcatheter left atrial appendage occlusion 
with Amplatzer devices to obviate anticoagulation in patients with 
atrial fibrillation. Catheter Cardiovasc Interv. 2003;60:417-22.
	 42.	 Healey JS, Crystal E, Lamy A, Teoh K, Semelhago L, 
Hohnloser SH, Cybulsky I, Abouzahr L, Sawchuck C, Carroll S, 
Morillo C, Kleine P, Chu V, Lonn E, Connolly SJ. Left Atrial 
Appendage Occlusion Study (LAAOS): results of a randomized 
controlled pilot study of left atrial appendage occlusion during cor-
onary bypass surgery in patients at risk for stroke. Am Heart J. 
2005;150:288-93.
	 43.	 Ostermayer SH, Reisman M, Kramer PH, Matthews RV, 
Gray WA, Block PC, Omran H, Bartorelli AL, Della Bella P, Di 
Mario C, Pappone C, Casale PN, Moses JW, Poppas A, Williams DO, 
Meier B, Skanes A, Teirstein PS, Lesh MD, Nakai T, Bayard Y, 
Billinger K, Trepels T, Krumsdorf U, Sievert H. Percutaneous left 
atrial appendage transcatheter occlusion (PLAATO system) to 
prevent stroke in high-risk patients with non-rheumatic atrial 



19

EHRA/EAPCI consensus statement on LAA occlusion
EuroIntervention 2

0
1

4
;1

0
-on

lin
e p

u
b

lish
-ah

ead
-of-p

rin
t A

u
gu

st 2
0

1
4

fibrillation: results from the international multi-center feasibility 
trials. J Am Coll Cardiol. 2005;46:9-14.
	 44.	 Sick PB, Schuler G, Hauptmann KE, Grube E, Yakubov S, 
Turi ZG, Mishkel G, Almany S, Holmes DR. Initial worldwide 
experience with the WATCHMAN left atrial appendage system for 
stroke prevention in atrial fibrillation. J Am Coll Cardiol. 
2007;49:1490-5.
	 45.	 Holmes DR, Reddy VY, Turi ZG, Doshi SK, Sievert H, 
Buchbinder M, Mullin CM, Sick P; PROTECT AF Investigators. 
Percutaneous closure of the left atrial appendage versus warfarin 
therapy for prevention of stroke in patients with atrial fibrillation: 
a randomised non-inferiority trial. Lancet. 2009;374:534-42.
	 46.	 Lee RJ, Bartus K, Yakubov SJ. Catheter-based left atrial 
appendage (LAA) ligation for the prevention of embolic events 
arising from the LAA: initial experience in a canine model. Circ 
Cardiovasc Interv. 2010;3:224-9.
	 47.	 Bartus K, Bednarek J, Myc J, Kapelak B, Sadowski J, 
Lelakowski J, Yakubov SJ, Lee RJ. Feasibility of closed-chest ligation 
of the left atrial appendage in humans. Heart Rhythm. 2011;8:188-93.
	 48.	 Park JW, Bethencourt A, Sievert H, Santoro G, Meier B, 
Walsh K, Lopez-Minquez JR, Meerkin D, Valds M, Ormerod O, 
Leithäuser B. Left atrial appendage closure with Amplatzer Cardiac 
Plug in atrial fibrillation: initial European experience. Catheter 
Cardiovasc Interv. 2011;77:700-6.
	 49.	 Toumanides S, Sideris EB, Agricola T, Moulopoulos S. 
Transcatheter patch occlusion of the left atrial appendage using 
surgical adhesives in high-risk patients with atrial fibrillation. J 
Am Coll Cardiol. 2011;58:2236-40.
	 50.	 Shetty R, Leitner J, Zhang M. Percutaneous catheter-based 
left atrial appendage ligation and management of periprocedural 
left atrial appendage perforation with the LARIAT suture delivery 
system. J Invasive Cardiol. 2012;24:E289-93.
	 51.	 Tsai L,Chen J, Lin L, YangY. Role of transesophageal echo-
cardiography in detecting left atrial thrombus and spontaneous echo 
contrast in patients with mitral valve disease or non-rheumatic 
atrial fibrillation. J Formos Med Assoc. 1990;89:270-4.
	 52.	 Manning WJ, Weintraub RM, Waksmonski CA, Haering JM, 
Rooney PS, Maslow AD, Johnson RG, Douglas PS. Accuracy of 
transesophageal echocardiography for identifying left atrial 
thrombi. A prospective, intraoperative study. Ann Intern Med. 
1995;123:817-22.
	 53.	 Stoddard MF, Dawkins PR, Prince CR, Ammash NM. Left 
atrial appendage thrombus is not uncommon in patients with acute 
atrial fibrillation and a recent embolic event: a transesophageal 
echocardiographic study. J Am Coll Cardiol. 1995;25:452-9.
	 54.	 Brown J, Sadler DB. Left atrial thrombi in non-rheumatic 
atrial fibrillation: assessment of prevalence by transesophageal 
echocardiography. Int J Card Imaging. 1993;9:65-72.
	 55.	 Collins LJ, Silverman DI, Douglas PS, Manning WJ. 
Cardioversion of nonrheumatic atrial fibrillation. Reduced throm-
boembolic complications with 4 weeks of precardioversion antico-
agulation are related to atrial thrombus resolution. Circulation. 
1995;92:160-3.

	 56.	 Tsai LM, Lin LJ, Teng JK, Chen JH. Prevalence and clinical 
significance of left atrial thrombus in nonrheumatic atrial fibrilla-
tion. Int J Cardiol. 1997;58:163-9.
	 57.	 Stoddard MF, Singh P, Dawn B, Longaker RA. Left atrial 
thrombus predicts transient ischemic attack in patients with atrial 
fibrillation. Am Heart J. 2003;145:676-82.
	 58.	 Bernhardt P, Schmidt H, Hammerstingl C, Hackenbroch M, 
Sommer T, Luderitz B, Omran H. Fate of left atrial thrombi in 
patients with atrial fibrillation determined by transesophageal echo-
cardiography and cerebral magnetic resonance imaging. Am J 
Cardiol. 2004;94:801-4.
	 59.	 Tang RB, Dong JZ, Zhang ZQ, Li ZA, Liu XP, Kang JP, 
Yu RH, Long de Y, Ma CS. Comparison of contrast enhanced 
64-slice computed tomography and transesophageal echocardiogra-
phy in detection of left atrial thrombus in patients with atrial fibril-
lation. J Interv Card Electrophysiol. 2008;22:199-203.
	 60.	 Yamashita E, Takamatsu H, Tada H, Toide H, Okaniwa H, 
Takemura N, Sasaki T, Miki Y, Fuke E, Hayashi T, Sakamoto T, 
Nakamura K, Fukazawa R, Sato C, Goto K, Kaseno K, Kumagai K, 
Naito S, Hoshizaki H, Oshima S. Transesophageal echocardiogra-
phy for thrombus screening prior to left atrial catheter ablation. 
Circ J. 2010;74:1081-6.
	 61.	 McCready JW, Nunn L, Lambiase PD, Ahsan SY, Segal OR, 
Rowland E, Lowe MD, Chow AW. Incidence of left atrial thrombus 
prior to atrial fibrillation ablation: is pre-procedural transoesopha-
geal echocardiography mandatory? Europace. 2010;12:927-32.
	 62.	 Lewalter T, Ibrahim R, Albers B, Camm AJ. An update and cur-
rent expert opinions on percutaneous left atrial appendage occlusion 
for stroke prevention in atrial fibrillation. Europace. 2013;15:652-6.
	 63.	 American College of Cardiology; American Heart Association 
Task Force on Practice Guidelines (Writing Committee to revise the 
1998 guidelines for the management of patients with valvular heart 
disease); Society of Cardiovascular Anesthesiologists,Bonow RO, 
Carabello BA, Chatterjee K, deLeon ACJr, Faxon DP, Freed MD, 
Gaasch WH, Lytle BW, Nishimura RA, O’Gara PT, O’Rourke RA, 
Otto CM, Shah PM, Shanewise JS, Smith SC Jr, Jacobs AK, 
Adams CD, Anderson JL, Antman EM, Fuster V, Halperin JL, 
Hiratzka LF, Hunt SA, Lytle BW, Nishimura R, Page RL, 
Riegel B.ACC/AHA 2006 guidelines for the management of 
patients with valvular heart disease: a report of the American 
College of Cardiology/American Heart Association Task Force on 
Practice Guidelines (writing Committee to Revise the 1998 guide-
lines for the management of patients with valvular heart disease) 
developed in collaboration with the Society of Cardiovascular 
Anesthesiologists endorsed by the Society for Cardiovascular 
Angiography and Interventions and the Society of Thoracic 
Surgeons. J Am Coll Cardiol. 2006;48:e1-148.
	 64.	 Kanderian AS, Gillinov AM, Pettersson GB, Blackstone E, 
Klein AL. Success of surgical left atrial appendage closure: assess-
ment by transesophageal echocardiography. J Am Coll Cardiol. 
2008;52:924-9.
	 65.	 Friedman PA, Asirvatham SJ, Dalegrave C, Kinoshita M, 
Danielsen AJ, Johnson SB, Hodge DO, Munger TM, Packer DL, 



20

EuroIntervention 2
0

1
4

;1
0

-on
lin

e p
u

b
lish

-ah
ead

-of-p
rin

t A
u

gu
st 2

0
1

4

Bruce CJ. Percutaneous epicardial left atrial appendage closure: 
preliminary results of an electrogram guided approach. J Cardiovasc 
Electrophysiol. 2009;20:908-15.
	 66.	 Holmes DR Jr, Kar S, Price MJ, Whisenant B, Sievert H, 
Doshi SK, Huber K, Reddy VY. Prospective randomized evaluation 
of the Watchman Left Atrial Appendage Closure device in patients 
with atrial fibrillation versus long-term Warfarin therapy (the 
PREVAIL Trial). J Am Coll Cardiol. 2014;64:1-12.
	 67.	 Dawson AG, Asopa S, Dunning J. Should patients undergo-
ing cardiac surgery with atrial fibrillation have left atrial appendage 
exclusion? Interact Cardiovasc Thorac Surg. 2010;10:306-11.
	 68.	 Lam YY, Yip GW, Yu CM, Chan WW, Cheng BC, Yan BP, 
Clugston R, Yong G, Gattorna T, Paul V. Left atrial appendage clo-
sure with Amplatzer cardiac plug for stroke prevention in atrial 
fibrillation: initial Asia-Pacific experience. Catheter Cardiovasc 
Interv. 2012;79:794-800.
	 69.	 Freixa X, Chan JL, Tzikas A, Garceau P, Basmadjian A, 
Ibrahim R. The Amplatzer™ Cardiac Plug 2 for left atrial append-
age occlusion: novel features and first-in-man experience. 
EuroIntervention. 2013;8:1094-8.
	 70.	 Sosa E, Scanavacca M, d’Avila A, Pilleggi F. A new tech-
nique to perform epicardial mapping in the electrophysiology labo-
ratory. J Cardiovasc Electrophysiol. 1996;7:531-6.
	 71.	 Klein AL, Grimm RA, Murray RD, Apperson-Hansen C, 
Asinger RW, Black IW, Davidoff R, Erbel R, Halperin JL, 
Orsinelli DA, Porter TR, Stoddard MF; Assessment of Cardioversion 
Using Transesophageal Echocardiography Investigators. Use of 
transesophageal echocardiography to guide cardioversion in 
patients with atrial fibrillation. N Engl J Med. 2001;344:1411-20.
	 72.	 Puwanant S, Varr BC, Shrestha K, Hussain SK, Tang WH, 
Gabriel RS, Wazni OM, Bhargava M, Saliba WI, Thomas JD, 
Lindsay BD, Klein AL. Role of the CHADS2 score in the evalua-
tion of thromboembolic risk in patients with atrial fib-rillation 
undergoing transesophageal echocardiography before pulmonary 
vein isolation. J Am Coll Cardiol. 2009;54:2032-9.
	 73.	 Hur J, Kim YJ, Nam JE,Choe KO, Choi EY, Shim CY, 
Choi BW. Thrombus in the left atrial append-age in stroke patients: 
detection with cardiac CT angiography - a preliminary report. 
Radiology. 2008;249:81-7.
	 74.	 Hur J, Kim YJ, Lee HJ, Nam JE, Hong YJ, Kim HY, Lee JW, 
Choi BW. Cardioembolic stroke: dual-energy cardiac CT for dif-
ferentiation of left atrial appendage thrombus and circulatory stasis. 
Radiology. 2012;263:688-95.
	 75.	 Kim YY, Klein AL, Halliburton SS, Popovic ZB, 
Kuzmiak SA, Sola S, Garcia MJ, Schoenhagen P, Natale A, 
Desai MY. Left atrial appendage filling defects identified by 
multidetector computed tomography in patients undergoing radi-
ofrequency pulmonary vein antral isolation: a comparison with 
transesophageal echocardiography. Am Heart J. 
2007;154:1199-205.
	 76.	 Shapiro M, Neilan T, Jassal D, Samy B, Nasir K, Hoffmann U, 
Sarwar A, Butler J, Brady TJ, Cury RC. Multidetector computed 
tomography for the detection of left atrial appendage thrombus: 

a comparative study with transesophageal echocardiography. 
J Comput Assist Tomogr. 2007;31:905-9.
	 77.	 Ohyama H, Hosomi N, Takahashi T, Mizushige K, Osaka K, 
Kohno M, Koziol JA. Comparison of magnetic resonance imaging 
and transesophageal echocardiography in detection of thrombus in 
the left atrial appendage. Stroke. 2003;34:2436-9.
	 78.	 Nietlispach F, Krause R, Khattab A, Gloekler S, Schmid M, 
Wenaweser P, Windecker S, Meier B. Ad hoc percutaneous left 
atrial appendage closure. J Invasive Cardiol. 2013;25:683-6.
	 79.	 Nietlispach F, Gloekler S, Krause R, Shakir S, Schmid M, 
KhattabAA, Wenaweser P, Windecker S, Meier B. Amplatzer left 
atrial appendage occlusion: single center 10-year experience. 
Catheter Cardiovasc Interv. 2013;82:283-9.
	 80.	 Blendea D, Heist EK, Danik SB, Barrett C, Ruskin JN, 
Mansour M. Analysis of the left atrial appendage morphology by 
intracardiac echocardiography in patients with atrial fibrillation. 
J Interv Card Electrophysiol. 2011;31:191-6.
	 81.	 Nucifora G, Faletra FF, Regoli F, Pasotti E, Pedrazzini G, 
Moccetti T, Auricchio A. Evaluation of the left atrial appendage 
with real-time 3-dimensional transesophageal echocardiography: 
implications for catheter-based left atrial appendage closure. Circ 
Cardiovasc Imaging. 2011;4:514-23.
	 82.	 Guerios E, Schmid M, Gloekler S, Khattab A, Wenaweser P, 
Windecker S, Meier B. Left atrial appendage closure with the 
Amplatzer cardiac plug in patients with atrial fibrillation. Arq Bras 
Cardiol. 2012;98:528-36.
	 83.	 Viles-Gonzalez JF, Kar S, Douglas P, Dukkipati S, Feldman T, 
Horton R, Holmes D, Reddy VY. The clinical impact of incomplete 
left atrial appendage closure with the Watchman Device in patients 
with atrial fibrillation: a PROTECT AF (Percutaneous Closure of 
the Left Atrial Appendage Versus Warfarin Therapy for Prevention 
of Stroke in Patients With Atrial Fibrillation) substudy. J Am Coll 
Cardiol. 2012;59:923-9.
	 84.	 De Ponti R, Cappato R, Curnis A, Della Bella P, Padeletti L, 
Raviele A, Santini M, Salerno-Uriarte JA. Trans-septal catheteriza-
tion in the electrophysiology laboratory: data from a multicenter 
survey spanning 12 years. J Am Coll Cardiol. 2006;47:1037-42.
	 85.	 Fagundes RL, Mantica M, De Luca L, Forleo G, Pappalardo A, 
Avella A, Fraticelli A, Dello Russo A, Casella M, Pelargonio G, 
Tondo C. Safety of single transseptal puncture for ablation of atrial 
fibrillation: retrospective study from a large cohort of patients. 
J Cardiovasc Electrophysiol. 2007;18:1277-81.
	 86.	 Lacomis JM, Goitein O, Deible C, Moran PL, Mamone G, 
Madan S Schwartzman D. Dynamic multidimensional imaging of 
the human left atrial appendage. Europace. 2007;9:1134-40.
	 87.	 Lip GY, Dagres N, Proclemer A, Svendsen JH, Pison L, 
Blomstrom-Lundqvist C; Scientific Initiative Committee, European 
Heart Rhythm Association. Left atrial appendage occlusion for 
stroke prevention in atrial fibrillation in Europe: results of the 
European Heart Rhythm Association survey. Europace. 
2013;15:141-3.
	 88.	 Reddy VY, Holmes D, Doshi SK, Neuzil P, Kar S. Safety of 
percutaneous left atrial appendage closure: results from the 



21

EHRA/EAPCI consensus statement on LAA occlusion
EuroIntervention 2

0
1

4
;1

0
-on

lin
e p

u
b

lish
-ah

ead
-of-p

rin
t A

u
gu

st 2
0

1
4

Watchman Left Atrial Appendage System for Embolic Protection in 
Patients with AF (PROTECT AF) clinical trial and the Continued 
Access Registry. Circulation. 2011;123:417-24.
	 89.	 Gangireddy SR, Halperin JL, Fuster V, Reddy VY. 
Percutaneous left atrial appendage closure for stroke prevention in 
patients with atrial fibrillation: an assessment of net clinical benefit. 
Eur Heart J. 2012;33:2700-8.
	 90.	 Hylek EM, Evans-Molina C, Shea C, Henault LE, Regan S. 
Major hemorrhage and tolerability of warfarin in the first year of 
therapy among elderly patients with atrial fibrillation. Circulation. 
2007;115:2689-96.
	 91.	 Block PC, Burstein S, Casale PN, Kramer PH, Teirstein P, 
Williams DO, Reisman M. Percutaneous left atrial appendage 
occlusion for patients in atrial fibrillation suboptimal for warfarin 
therapy: 5-year results of the PLAATO (Percutaneous Left Atrial 
Appendage Transcatheter Occlusion) Study. JACC Cardiovasc 
Interv. 2009;2:594-600.
	 92.	 Bayard YL, Omran H, Neuzil P, Thuesen L, Pichler M, 
Rowland E, Ramondo A, Ruzyllo W, Budts W, Montalescot G, 
Brugada P, Serruys PW, Vahanian A, Pichaud JF, Bartorelli A, 
Marco J, Probst P, Kuck KH, Ostermayer SH, Bscheck F, Fischer E, 
Leetz M, Sievert H. PLAATO (Percutaneous Left Atrial Appendage 
Transcatheter Occlusion) for prevention of cardioembolic 
stroke in non-anticoagulation eligible atrial fibrillation patients: 
results from the European PLAATO study. EuroIntervention. 
2010;6:220-6.
	 93.	 Park JW, Leithauser B, Gerk U, Vrsansky M, Jung F. 
Percutaneous left atrial appendage transcatheter occlusion 
(PLAATO) for stroke prevention in atrial fibrillation: 2-year out-
comes. J Invasive Cardiol. 2009;21:446-50.
	 94.	 Sick P, Turi Z, Grube E, Hauptmann K, MoebiusWinkler S, 
Schuler G, et al. Stroke prevention in non-valvular atrial fibrilla-
tion: long-term results after 6 years of the WATCHMAN Left Atrial 
Appendage Occlusion Pilot Study. Presented at the ESC Congress, 
Munich, Germany, 25-29 August, 2012.
	 95.	 Reddy V. Watchman. LAA closure device reduces the risk of 
ischemic stroke in patients with AF entirely without anticoagula-
tion. The ASA-Plavix (ASAP) Registry. Presentation of 
Transcatheter Therapeutics (TCT), Miami, Florida, USA. Novem-
ber 2012.
	 96.	 Reddy V. Late Breaking Clinical Trials. Annual Heart Rhythm 
Society Scientific Session 2013.
	 97.	 Holmes D, Reddy V, Turi Z, Doshi S, Sievert H, Buchbinder M, 
Mullin C; Sick P. Quality of life assessment in the randomized 
PROTECT AF trial of patients at risk for stroke with non-valvular 
atrial fibrillation. J Am Coll Cardiol. 2012;59:E240-E240.
	 98.	 Singh SM, Micieli A, Wijeysundera HC. Economic evalua-
tion of percutaneous left atrial appendage occlusion, dabigatran, 
and warfarin for stroke prevention in patients with nonvalvular 
atrial fibrillation. Circulation. 2013;127:2414-23.
	 99.	 Schmid M, Gloeckler S, Saguner A, Wahl A, Fischer U, 
Arnold M, Khattab AA, Nietlispach F, Guérios E, Wenaweser PM, 
Windecker S, Meier B. Transcatheter left atrial appendage closure 

in patients with atrial fibrillation: comparison between non-dedi-
cated Amplatzer devices. Cardiovasc Med. 2013;16:123-30.
	100.	 Nietlispach F, Gloekler S, Khattab A, Pilgrim T, Schmid M, 
Wenaweser P et al. Percutaneous left atrial appendage closure. Eur 
J Geriatr Med. 2012;3:308-11.
	101.	 Santoro G. Oral presentation. Progress in Clinical Pacing, 
Rome 2010.
	102.	 Park J, Sievert H, Schillinger W, Lickfett L, Lopez-Minguez J, 
Heyder O, Valdes Chavarri M, Hennen B, Ormerod O, Walsh K, 
Neuzil P, Schröder R, Garcia E, Hildick-Smith D, Lezaun R. Acute 
safety results from ACP European multicenter post-market obser-
vational study. EuroIntervention. 2012;8(Suppl):N163.
	103.	 López-Mínguez JR, Eldoayen-Gragera J, González-Fernández R, 
Fernández-Vegas C, Fuentes-Cañamero ME, Millán-Nuñez V, 
Nogales-Asensio JM, Martínez-Naharro A, Sánchez-Giralt S, 
Doblado-Calatrava M, Merchán-Herrera A. Immediate and one-year 
results in 35 consecutive patients after closure of left atrial appendage 
with the Amplatzer cardiac plug. Rev Esp Cardiol (Engl Ed). 
2013;66:90-7.
	104.	 Gloekler S, Schmid M, Guérios E, Khattab A, Wenaweser P, 
Windecker S, Meier B. Transcatheter left atrial appendage occlu-
sion in atrial fibrillation: a 100 cases single center experience. 
EuroIntervention. 2012;8(Suppl):N162.
	105.	 Urena M, Rodes-Cabau J, Freixa X, Saw J, Webb JG, 
Freeman M, Horlick E, Osten M, Chan A, Marquis JF, Champagne J, 
Ibrahim R. Percutaneous left atrial appendage closure with the 
AMPLATZER cardiac plug device in patients with nonvalvular 
atrial fibrillation and contraindications to anticoagulation therapy. 
J Am Coll Cardiol. 2013;62:96-102.
	106.	 Bartus K, Han FT, Bednarek J, Myc J, Kapelak B, Sadowski J, 
Lelakowski J, Bartus S, Yakubov SJ, Lee RJ. Percutaneous left 
atrial appendage suture ligation using the LARIAT device in 
patients with atrial fibrillation: initial clinical experience. J Am Coll 
Cardiol. 2013;62:108-18.
	107.	 Camm AJ, Lip GY, De Caterina R, Savelieva I, Atar D, 
Hohnloser SH, Hindricks G, Kirchhof P; ESC Committee for Practice 
Guidelines-CPG; Document Reviewers. 2012 focused update of the 
ESC Guidelines for the management of atrial fibrillation: an update 
of the 2010 ESC Guidelines for the management of atrial fibrillation 
- developed with the special contribution of the European Heart 
Rhythm Association. Europace. 2012;14: 1385-413.
	108.	 Amorosi SL, Armstrong S, Da Deppo L, Garfield S, Stein K. 
The budget impact of left atrial appendage closure compared with 
adjusted-dose warfarin and dabigatran etexilate for stroke preven-
tion in atrial fibrillation. Europace. 2014;16:1131-6.
	109.	 Clinical commissioning policy statement: Left atrial append-
age (LAA) occlusion. Commissioning Board, National Health 
Service 2013;NHSCB/A09/PS/c.
	110.	 Lewalter T, Kanagaratnam P, Schmidt B, Rosenqvist M, 
Nielsen-Kudsk JE, Ibrahim R, Albers BA, Camm AJ. Ischaemic 
stroke prevention in patients with atrial fibrillation and high bleed-
ing risk: opportunities and challenges for percutaneous left atrial 
appendage occlusion. Europace. 2014;16:626-30.



22

EuroIntervention 2
0

1
4

;1
0

-on
lin

e p
u

b
lish

-ah
ead

-of-p
rin

t A
u

gu
st 2

0
1

4

	111.	 Healey JS, Hart RG, Pogue J, Pfeffer MA, Hohnloser SH, De 
Caterina R, Flaker G, Yusuf S, Connolly SJ. Risks and benefits of 
oral anticoagulation compared with clopidogrel plus aspirin in 
patients with atrial fibrillation according to stroke risk: the atrial 
fibrillation clopidogrel trial with irbesartan for prevention of vascu-
lar events (ACTIVE-W). Stroke. 2008;39:1482-6.
	112.	 Friberg L, Rosenqvist M, Lip GY. Evaluation of risk stratifi-
cation schemes for ischaemic stroke and bleeding in 182 678 
patients with atrial fibrillation: the Swedish Atrial Fibrillation 
cohort study. Eur Heart J. 2012;33:1500-10.
	113.	 Olesen JB, Lip GY, Lindhardsen J, Lane DA, Ahlehoff O, 
Hansen ML, Raunsø J, Tolstrup JS, Hansen PR, Gislason GH, Torp-
Pedersen. Risks of thromboembolism and bleeding with thrombo-
prophylaxis in patients with atrial fibrillation: a net clinical benefit 
analysis using a ‘realworld’ nationwide cohort study. Thromb 
Haemost. 2011;106:739-49.
	114.	 Lip GY, Piotrponikowski P, Andreotti F, Anker SD, 
Filippatos G, Homma S, Morais J, Pullicino P, Rasmussen LH, 
Mar n F, Lane DA; Heart Failure Association (EHFA) of the 
European Society of Cardiology (ESC) and the ESC Working 
Group on Thrombosis. Thromboembolism and antithrombotic ther-
apy for heart failure in sinus rhythm: an executive summary of 
a joint consensus document from the ESC Heart Failure Association 
and the ESC Working Group on Thrombosis. Thromb Haemost. 
2012;108:1009-22.
	115.	 Faxon DP, Eikelboom JW, Berger PB, Holmes DR, Bhatt DL, 
Moliterno DJ, Becker RC, Angiolillo DJ. Consensus document: 
antithrombotic therapy in patients with atrial fibrillation undergo-
ing cornary stenting. A North-American perspective. Thromb 
Haemost. 2011;106:572-84.
	116.	 Huber K, Airaksinen KJ, Cuisset T, Marin F, Rubboli A, 
Lip GY. Antithrombotic therapy in patients with atrial fibrillation 
undergoing coronary stenting: similarities and dissimilarities between 
North America and Europe. Thromb Haemost. 2011;106:569-71.
	117.	 Connolly SJ, Eikelboom J, Joyne C, Diener HC, Hart R, 
Golitsyn S, Flaker G, Avezum A, Hohnloser SH, Diaz R, Talajic M, 
Zhu J, Pais P, Budaj A, Parkhomenko A, Jansky P, Commerford P, 
Tan RS, Sim KH, Lewis BS, Van Mieghem W, Lip GY, Kim JH, 
Lanas-Zanetti F, Gonzalez-Hermosillo A, Dans AL, Munawar M, 
O’Donnell M, Lawrence J, Lewis G, Afzal R, Yusuf S; AVERROES 
Steering Committee and Investigators. Apixaban in patients with 
atrial fibrillation. N Engl J Med. 2011;364:806-17.

	118.	 Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, 
Oldgren J, Parekh A, Pogue J, Reilly PA, Themeles E, Varrone J, 
Wang S, Alings M, Xavier D, Zhu J, Diaz R, Lewis BS, Darius H, 
Diener HC, Joyner CD, Wallentin L; RE-LY Steering Committee 
and Investigators. Dabigatran versus warfarin in patients with atrial 
fibrillation. N Engl J Med. 2009;361:1139-51.
	119.	 Granger CB, Alexander JH, McMurray JJ, Lopes RD, 
Hylek EM, Hanna M, Al-Khalidi HR, Ansell J, Atar D, Avezum A, 
Bahit MC, Diaz R, Easton JD, Ezekowitz JA, Flaker G, Garcia D, 
Geraldes M, Gersh BJ, Golitsyn S, Goto S, Hermosillo AG, 
Hohnloser SH, Horowitz J, Mohan P, Jansky P, Lewis BS, Lopez-
Sendon JL, Pais P, Parkhomenko A, Verheugt FW, Zhu J, 
Wallentin L; ARISTOTLE Committees and Investigators. Apixaban 
versus warfarin in patients with atrial fibrillation. N Engl J Med. 
2011;365:981-92.
	120.	 Patel M, Mahaffey K, Garg J, Pan G, Singer DE, Hacke W, 
Breithardt G, Halperin JL, Hankey GJ, Piccini JP, Becker RC, 
Nessel CC, Paolini JF, Berkowitz SD, Fox KA, Califf RM; 
ROCKET AF Investigators. Rivaroxaban versus warfarin in non-
valvular atrial fibrillation. N Engl J Med. 2011;365:883-91.
	121.	 Eikelboom JW, Wallentin L, Connolly SJ, Ezekowitz M, 
Healey JS, Oldgren J, Yang S, Alings M, Kaatz S, Hohnloser SH, 
Diener HC, Franzosi MG, Huber K, Reilly P, Varrone J, Yusuf S. 
Risk of bleeding with 2 doses of dabigatran compared with warfarin 
in older and younger patients with atrial fibrillation: an analysis of 
the randomized evaluation of long-term anticoagulant therapy 
(RE-LY) trial. Circulation. 2011;123:2363-72.
	122.	 Swaans MJ, Post MC, Rensing BJ, Boersma LV. Ablation for 
atrial fibrillation in combin-ation with left atrial appendage closure: 
first results of a feasibility study. J Am Heart Assoc. 2012;1:e002212.
	123.	 Fountain RB, Holmes DR, Chandrasekaran K, Packer D, 
Asirvatham S, Van Tassel R, Turi Z. The PROTECT AF 
(WATCHMAN Left Atrial Appendage System for Embolic 
PROTECTion in Patients with Atrial Fibrillation) trial. Am Heart J. 
2006;151:956-61.
	124.	 Krumsdorf U, Ostermayer S, Billinger K, Trepels T, Zadan E, 
Horvath K, Sievert H. Incidence and clinical course of thrombus for-
mation on atrial septal defect and patient foramen ovale closure devices 
in 1,000 consecutive patients. J Am Coll Cardiol. 2004;43:302-9.
	125.	 Cruz-Gonzalez I, Martin Moreiras J, Garcia E. Thrombus for-
mation after left atrial appendage exclusion using an Amplatzer 
cardiac plug device. Catheter Cardiovasc Interv. 2011;78:970-3.


