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Abbreviations	

ABC	 	 	 age,	biomarkers,	clinical	history	

AF		 	 	 atrial	fibrillation	

AR	 	 	 aortic	regurgitation	

AS		 	 	 aortic	stenosis	

ASA	 	 	 American	Society	of	Anesthesiologists	

AV	 	 	 aortic	valve	

CABG	 	 	 coronary	artery	bypass	graft	 	

CAD	 	 	 coronary	artery	disease	

CHA2DS2-VASc		 	congestive	 heart	 failure,	 hypertension,	 age	

>75	 years,	 diabetes,	 stroke/transient	

ischemic	attack,	vascular	disease,	age	65–74	

years,	female	sex	

CT		 	 	 computed	tomography	

EF		 	 	 ejection	fraction	

HAS-BLED		 hypertension,	 abnormal	 renal	 or	 liver	

function,	 stroke,	 bleeding	 history,	 labile	

international	 normalized	 ratio,	 elderly,	

drugs	or	alcohol	

INR		 	 	 international	normalized	ratio	

LA		 	 	 left	atrium	

LAA	 	 	 left	atrial	appendage	

LAAOS	 	 	 Left	Atrial	Appendage	Occlusion	Study	

LV		 	 	 left	ventricle	
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MR	 	 	 mitral	regurgitation	

MS	 	 	 mitral	stenosis	

MV	 	 	 mitral	valve	

NOAC	 	 	 new	oral	anticoagulant	

NYHA	 	 	 New	York	Heart	Association	

OP	 	 	 operation	

RCT	 	 	 randomized	controlled	trial	

TEE	 	 	 transesophageal	echocardiography	

TIA	 	 	 transient	ischemic	attack	

TR		 	 	 tricuspid	regurgitation	
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1 Introduction	

1.1 Atrial	fibrillation	

With	a	worldwide	prevalence	of	approximately	0,5%	in	general	and	up	to	15%	

in	the	elderly,	atrial	fibrillation	(AF)	is	the	most	common	form	of	supraventricular	

arrhythmia	(Chugh	et	al.,	2014;	Lloyd-Jones	et	al.,	2004;	Zulkifly,	Lip,	&	Lane,	2018).	

The	incidence	and	overall	disease	burden	has	increased	rapidly	over	the	last	decades	

and	 AF	 prevalence	 is	 estimated	 to	 have	 doubled	 by	 2050	 (Ball,	 Carrington,	

McMurray,	&	Stewart,	2013;	Chugh	et	al.,	2014).	According	to	statistical	estimations	

the	lifetime	risk	of	developing	AF	is	approximately	25%	in	a	healthy	population	(Ball	

et	al.,	2013).	The	risk	of	all-cause	mortality	due	to	AF	is	raised	by	1.9-fold	in	women	

and	1.5-fold	in	men	(Ball	et	al.,	2013;	Benjamin	et	al.,	1998).		

Thromboembolic	 stroke	 is	 one	 of	 the	 most	 important	 factors	 in	 terms	 of	

morbidity	 and	mortality	due	 to	AF.	Approximately	 20%	of	 all	 embolic	 strokes	 are	

caused	by	AF	and	AF	patients	have	a	3-	to	5-fold	increased	stroke	risk	depending	on	

their	 comorbidities	 (Ball	 et	 al.,	 2013;	 Kishore	 et	 al.,	 2014).	 Thereby	 thrombus	

formation	is	due	to	hemodynamic	changes	caused	by	insufficient	contraction	of	the	

left	atrium	(LA)	during	the	cardiac	cycle.	In	over	90%	of	cases	thrombi	are	located	

in	 the	 left	 atrial	 appendage	 (Evora	 et	 al.,	 2017;	 Tolat	 &	 Lippman,	 2018).	 Hence,	

Johnson	 et	 al.	 even	 referred	 to	 this	 cardiac	 structure	 as	 the	 “most	 lethal	 human	

attachment”	(Johnson,	Ganjoo,	Stone,	Srivyas,	&	Howard,	2000).	

1.2 Stroke	prevention	and	oral	anticoagulation	

The	first-line	approach	in	stroke	prevention	still	 is	systemic	anticoagulation	

either	 by	 vitamin	 K	 antagonists	 or	 direct	 oral	 anticoagulants	 (Tolat	 &	 Lippman,	

2018).	 According	 to	 current	 AF	 guidelines,	 oral	 anticoagulation	 (OAC)	 should	 be	

considered	in	all	AF	patients	at	risk	of	stroke	(Kirchhof	et	al.,	2016).	The	individual	

AF-related	 stroke	 risk	 is	 broadly	 evaluated	 using	 the	 CHA2DS2-VASc	 score.	

Examining	 additional	 stroke	 promoting	 circumstances	 such	 as	 congestive	 heart	

failure,	 hypertension,	 age≥75,	 diabetes	 mellitus,	 history	 of	 stroke	 or	 transient	

ischemic	attack	(TIA),	vascular	disease,	age	65-74	and	female	sex	the	individual	risk	
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of	 cerebral	 ischemic	 events	 can	 be	 identified	 (Kirchhof	 et	 al.,	 2016;	 Ueberham,	

Dagres,	Potpara,	Bollmann,	&	Hindricks,	2017).	In	the	absence	of	contraindications	

all	patients	with	at	least	one	of	these	additional	stroke	risk	factors	should	be	treated	

with	 OAC,	 which	 means	 a	 CHA2DS2-VASc	 score	 of	 1	 in	 men	 and	 2	 in	 women	

suffering	 from	 AF	 (Ueberham	 et	 al.,	 2017).	 However,	 even	 though	 the	 recently	

introduced	direct	or	new	oral	anticoagulants	(NOACs)	seem	to	have	a	favorable	risk	

profile	 and	 handling	 compared	 to	 vitamin-K	 antagonists,	 a	 successful	 stroke	 risk	

reduction	 is	 highly	 depending	 on	 the	 patient´s	 compliance	 and	 still	 not	 without	

risks	and	disadvantages	(Connolly	et	al.,	2009;	Giugliano	et	al.,	2013;	Granger	et	al.,	

2011;	 Patel	 et	 al.,	 2011).	 Major	 drawbacks	 due	 to	 systemic	 anticoagulation	 are	 the	

elevated	 risk	 of	 bleeding	 complications	 and	 the	 complex	 management	 of	

anticoagulation	in	case	of	traumatic	injuries	and	elective	or	non-elective	invasive	or	

surgical	procedures	(Tolat	&	Lippman,	2018).	Apart	from	that,	the	concomitant	use	

of	oral	anticoagulation	treatment	interdicts	intravenous	thrombolysis	in	case	of	any	

acute	embolic	event	 (Tolat	&	Lippman,	2018).	To	assess	 the	OAC-related	bleeding	

risk	 the	 HAS-BLED	 score	 is	 commonly	 used,	 which	 accounts	 for	 uncontrolled	

hypertension,	advanced	renal	or	liver	disease,	a	history	of	stroke,	previous	bleeding,	

labile	 international	 normalized	 ratio	 (INR),	 age>65	 and	 concomitant	 drugs	

predisposing	 to	 bleeding	 [aspirin	 or	 non-steroidal	 anti-inflammatory	 drugs,	

excessive	 alcohol	 use]	 (Ueberham	 et	 al.,	 2017).	 More	 recently,	 the	 ABC	 bleeding	

score,	 which	 stands	 for	 age,	 biomarkers	 and	 clinical	 history,	 was	 introduced	

(Kirchhof	 et	 al.,	 2016).	 Nevertheless,	 the	 identification	 of	 individuals	 with	 high	

bleeding	 risk	 should	 not	 lead	 to	 treatment	 cessation	 but	 to	 the	 correction	 of	

treatable	factors	(Kirchhof	et	al.,	2016).	Of	note,	large	registries	showed	that	around	

40%	 of	 patients	 at	 risk	 of	 stroke	 are	 not	 treated	 with	 OAC	 because	 of	

contraindications	or	preferences	of	patients	or	physicians	(Kakkar	et	al.,	2013).		

1.3 Left	atrial	appendage	occlusion	

The	left	atrial	appendage	(LAA)	is	a	frequent	source	of	thrombus	formation.	

Hence,	LAA	occlusion,	surgical	or	interventional,	seems	to	be	a	reasonable	approach	

to	 reduce	 thromboembolic	 events	 or	 even	 serve	 as	 an	 alternative	 to	 systemic	

anticoagulation.	 Based	 on	 an	 evidence	 level	 B,	 it	was	 recently	 adopted	 by	 clinical	
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guidelines	as	a	class	IIb	recommendation	in	AF	patients	at	increased	risk	of	stroke	

(Kirchhof	et	al.,	2016).		

Surgical	 LAA	 closure	has	 been	practiced	 since	 the	 1930s	 and	was	 originally	

described	 in	 1949	 (Evora	 et	 al.,	 2017;	 Salzberg	 &	 Emmert,	 2017).	 In	 the	 late	 1980s	

James	Cox	developed	the	Cox-Maze	procedure	as	a	surgical	treatment	of	AF,	which	

also	 included	 the	amputation	of	 the	LAA	(Cox	et	al.,	 1991).	Since	 then,	acceptable	

long-term	results	regarding	clinical	endpoints	such	as	AF	recurrence	and	reduction	

of	 thromboembolic	events	were	reported	several	 times	 for	 this	specific	AF	surgery	

(Cox	et	al.,	1991;	Murashita	et	al.,	2018;	Salzberg	&	Emmert,	2017).	However,	over	the	

years	this	highly	invasive	technique	was	replaced	by	intraoperative	pulmonary	vein	

ablation	 and	 several	 methods	 of	 surgical	 LAA	 occlusion	 have	 been	 proposed	

including	suturing	techniques	and	stapling	or	clipping	devices	with	or	without	LAA	

amputation.		

At	 the	 beginning	 of	 the	 new	millennium,	 the	 first	 percutaneous	 device	 for	

LAA	closure	was	introduced	and	a	new	field	of	interest	for	medical	engineering	and	

interventional	 cardiologists	 emerged	 (Sievert	 et	 al.,	 2002).	 A	 few	 years	 later,	

eventually	 large	prospective	 randomized	controlled	 trials	 (RCT)	demonstrated	 the	

non-inferiority	 of	 the	 Watchman®	 device	 (Boston	 Scientific,	 Marlborough,	

Massachusetts,	 United	 States	 of	 America)	 compared	 to	 systemic	 anticoagulation	

and	even	stroke	reduction	in	patients	with	non-valvular	AF	(J.	D.	R.	Holmes	et	al.,	

2014;	D.	R.	Holmes	et	 al.,	 2009;	Reddy	et	 al.,	 2017,	 2014).	However,	 a	 considerably	

high	 rate	 of	 periprocedural	 complications	 was	 reported.	 Since	 then,	 a	 growing	

number	 of	 percutaneous	 and	 transcutaneous	 devices	 with	 promising	 long-term	

results	have	been	extensively	investigated	(Bartus	et	al.,	2013;	Kleinecke	et	al.,	2017).	

The	 first	 systematic	 evaluation	 of	 the	 success	 of	 surgical	 LAA	 closure	 was	

published	 in	 2000	 by	 Katz	 et	 al.	 for	 internal	 ligation	 (Katz	 et	 al.,	 2000).	 In	 50	

patients	 undergoing	 mitral	 valve	 (MV)	 surgery,	 assessment	 by	 transesophageal	

echocardiography	(TEE)	from	six	days	to	13	years	after	surgery	revealed	incomplete	

LAA	occlusion	in	36%	of	cases.	50%	of	patients	with	incomplete	closure	also	showed	

spontaneous	echo	contrast	or	thrombus	formation	within	the	residual	LAA	and	22%	

had	a	thromboembolic	event.	The	authors	assumed	this	poor	success	to	be	a	result	
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of	 the	altered	anatomy	of	 the	LA	and	LAA	ostium	during	cardiopulmonary	bypass	

and	 the	 surgeon´s	 precaution	 to	 avoid	 the	 involvement	 of	 the	 left	 circumflex	

coronary	 artery	 leading	 to	 insufficient	 suture	 lines	 and	 tissue	 dehiscence	 under	

physiological	conditions.		

In	2005	the	Left	Atrial	Appendage	Occlusion	Study	(LAAOS)	reported	safety	

but	 poor	 efficacy	 in	 the	 first	 RCT	 evaluating	 the	 success	 of	 concomitant	 surgical	

LAA	 closure	 in	 patients	 undergoing	 cardiac	 surgery	 (Healey	 et	 al.,	 2005).	 In	 77	

patients	at	increased	stroke	risk	treated	with	coronary	artery	bypass	either	external	

suture	ligation	or	stapler	occlusion	(n=52)	was	conducted	and	compared	to	controls	

(n=25).	Follow-up	TEE	after	eight	weeks	showed	a	rate	of	55%	and	28%	incomplete	

LAA	occlusion	in	the	suture	and	stapler	groups	respectively.	However,	there	was	no	

significant	 difference	 regarding	 cardiopulmonary	 bypass	 time	 or	 postoperative	

complications	 compared	 to	 controls	 and	 aside	 from	 two	 patients	 that	 suffered	 a	

periprocedural	cerebral	event,	there	were	no	further	reported	incidents	of	stroke	or	

TIA	after	12	months.		

Later,	 a	 retrospective	 TEE	 analysis	 by	 Kanderian	 et	 al.	 in	 137	 patients	

identified	the	excision	of	the	LAA	by	cut-and-sew	or	an	amputating	stapling	device	

(n=52)	as	the	most	effective	approach	with	a	long-term	success	of	73%	closure	rate	

(Kanderian,	Gillinov,	 Pettersson,	Blackstone,	&	Klein,	 2008).	 Patients	 treated	with	

either	suture	(n=73)	or	stapler	(n=12)	exclusion	showed	closure	rates	of	23%	and	0%	

respectively.	 Unsuccessful	 occlusion	was	 defined	 by	 any	 persistent	 Color	Doppler	

flow	 into	 the	 LAA	 due	 to	 insufficient	 suture	 or	 stapler	 lines	 or	 a	 residual	 stump	

>10mm.	 TEE	 assessment	 revealed	 thrombus	 formation	 in	 20%	 of	 patients	 (n=28)	

with	 unsuccessful	 LAA	 occlusion	 (21	 patients	 treated	with	 suture	 exclusion	 and	 5	

patients	 who	 had	 stapler	 exclusion).	 However,	 ischemic	 cerebral	 events	 were	

reported	 in	 13%	of	patients	 throughout	 the	whole	study	group	with	no	differences	

regarding	the	success	of	LAA	closure	(11%	of	patients	with	successful	versus	15%	of	

patients	with	unsuccessful	LAA	closure).	Consistent	with	this	evidence,	Adams	et	al.	

demonstrated	 a	 rate	 of	 75%	 incomplete	 closure	 by	 computed	 tomography	 (CT)	

scans	 three	 months	 after	 elective	 cardiac	 surgery	 and	 circular	 LAA	 ligation	 in	 12	

patients	with	permanent	AF	(Adams,	Bainbridge,	Goela,	Ross,	&	Kiaii,	2012).		
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Recently,	 a	 prospective	 randomized	 trial	 comparing	 the	 success	 of	 surgical	

excision,	stapled	excision	and	internal	suture	ligation	in	28	patients	undergoing	AF	

surgery	reported	no	significant	differences	in	between	groups	and	an	overall	failure	

rate	of	57%	(Lee	et	al.,	2016).	Failure	of	technique	was	defined	as	the	early	need	for	

additional	 intraoperative	sutures	or	 late	occurrence	of	a	 residual	 stump	>10mm	or	

persistent	 flow	 into	 the	 LAA	 during	 TEE	 assessment	 after	 three	 months.	 The	

authors	 concluded	 that	 traditional	 methods	 of	 surgical	 LAA	 closure	 seem	

inadequate	 because	 suture	 or	 stapler	 lines	 tear	 through	 tissue	 and	do	not	 sustain	

tension	in	the	beating	heart.		

To	 resolve	 the	 shortcomings	 of	 conventional	 surgical	 techniques	 several	

device-driven	 epicardial	 therapies	 have	 been	 introduced	 of	 which	 the	 AtriClip®	

device	 (Atricure,	 Dayton,	 Ohio,	 United	 States	 of	 America)	 exhibits	 the	 most	

substantial	clinical	evidence	so	far.	In	2011	Ailawadi	et	al.	reported	a	success	rate	of	

LAA	closure	greater	than	98%	in	61	patients	with	AF	assessed	by	CT	angiography	or	

TEE	three	months	after	cardiac	surgery	(Ailawadi	et	al.,	2011).	In	2014	the	first	long-

term	 prospective	 trial	 evaluating	 the	 AtriClip®	 device	 even	 demonstrated	 100%	

complete	LAA	occlusion	in	36	of	40	initially	treated	AF	patients	with	a	mean	follow-

up	 duration	 of	 3.5	 years	 (Emmert	 et	 al.,	 2014).	 After	 planned	 cardiac	 surgery	

including	pulmonary	vein	ablation	and	LAA	closure	using	the	AtriClip®	system	serial	

CT	 scans	 at	 baseline	 and	 after	 three,	 twelve,	 twenty-four	 and	 thirty-six	 months	

showed	stable	clip	placement	and	no	signs	of	thrombus	formation	or	reperfusion	of	

the	 LAA.	 In	 this	 small	 study	 group	 no	 AF-related	 cerebral	 events	 were	 reported.	

However,	 it	 must	 be	 noted	 that	 the	 frequency	 of	 OAC	 use	 was	 unknown	 to	 the	

investigators.	

The	 second	LAA-specific	 surgical	 device	 for	 left	 atrial	 appendage	 occlusion	

evaluated	 so	 far	 is	 the	 TigerPaw®	 II	 system	 (Maquet	 Medical	 Systems,	 Rastatt,	

Germany).	In	2015	Ventosa-Fernandez	et	al.	reported	incomplete	closure	at	the	rims	

of	 the	LAA	 in	5	of	 11	AF	patients	 treated	with	 this	excluding	stapler	device	during	

elective	cardiac	surgery	(Ventosa-Fernandez,	Quintana,	Castella,	&	Pereda,	2015).	In	

3	of	5	cases	removal	of	the	device	resulted	in	severe	hemorrhage	and	amputation	of	

the	 LAA	 had	 to	 be	 performed.	 In	 2	 cases	 the	 device	 could	 be	 deployed	 without	
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complications	and	additional	sutures	were	applied.	All	patients	treated	successfully	

showed	 complete	 LAA	 occlusion	 by	 intra-operative	 TEE.	 However,	 there	 was	 no	

further	follow-up	examining	long-term	success	of	the	procedure.	In	2016	Suwalski	et	

al.	reported	similar	problems	in	2	of	8	patients	treated	with	the	TigerPaw®	II	system	

during	 off-pump	 coronary	 revascularization	 (Suwalski,	 Emery,	 Gryszko,	 Kaczejko,	

Zegadlo,	 Frankowska,	 Mroz,	 &	 Skrobowsky,	 2016).	 In	 one	 case	 conversion	 to	

extracorporal	circulation	and	additional	suture	occlusion	had	to	be	conducted	due	

to	 continued	 bleeding	 after	 implanting	 a	 second	 device.	 In	 the	 other	 case	 post-

operative	 computed	 tomography	 showed	 incomplete	 LAA	 occlusion	 after	 difficult	

deployment	of	the	device.	In	this	prospective	investigation	a	total	of	15	patients	were	

either	treated	with	the	TigerPaw®	II	system	(n=8)	or	the	AtriClip®	device	(n=7).	All	

patients	showed	complete	LAA	occlusion	by	intra-operative	TEE	assessment	and	no	

difficulties	using	the	AtriClip®	were	reported.	No	further	follow-up	examining	long-

term	success	rates	of	LAA	closure	was	performed.	

Although	 there	 is	 some	 evidence	 in	 favor	 of	 concomitant	 LAA	 occlusion	

during	 cardiac	 surgery	 regarding	 the	 reduction	 of	 thromboembolic	 events,	 large	

prospective	trials	are	still	missing	(García-Fernández	et	al.,	2003;	Healey	et	al.,	2005;	

Tsai	et	al.,	2015;	Whitlock	et	al.,	2013).	Aside	from	the	consistent	experience	with	the	

AtriClip®	system,	several	studies	showed	highly	varying	success	rates	irrespective	of	

the	 surgical	 access	 and	method	 of	 LAA	 closure	 (Adams	 et	 al.,	 2012;	Healey	 et	 al.,	

2005;	Kanderian	et	al.,	2008;	Katz	et	al.,	2000;	Lee	et	al.,	2016;	Ventosa-Fernandez	et	

al.,	2015;	Suwalski	et	al.,	2016).	Most	importantly,	the	high	rates	of	incomplete	LAA	

occlusion	using	 suturing	 techniques	 and	 frequent	 findings	of	 thrombus	 formation	

raise	further	questions	regarding	long-term	safety.	Aryana	et	al.	recently	described	a	

significantly	 increased	 annualized	 stroke	 risk	 in	 patients	 with	 incomplete	 LAA	

closure	 after	 internal	 surgical	 ligation	 with	 and	 without	 subsequent	 OAC.	

Furthermore,	 a	 multivariate	 analysis	 of	 the	 collected	 data	 identified	 incomplete	

surgical	 LAA	 closure	 to	 be	 the	 sole	 predictor	 of	 stroke	 or	 systemic	 embolization	

(Aryana	 et	 al.,	 2015).	 	 Therefore,	 further	 investigations	 to	 determine	 the	 adequate	

approach	of	surgical	LAA	occlusion	with	regards	to	long-term	success	and	efficiency	

are	desperately	needed.	
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1.4 Rationale	

This	study	was	designed	to	prospectively	evaluate	the	immediate,	short-term	

and	 long-term	 success	 of	 concomitant	 surgical	 LAA	 closure	 in	 patients	 with	 AF	

undergoing	open-heart	surgery	in	a	monocentric	registry.	The	first-line	approach	of	

LAA	occlusion	was	an	elaborated	purse-string	suture	technique	from	the	epicardial	

side	reinforced	with	two	opposing	Teflon	pledgets	to	achieve	tight	and	permanent	

closure.	Depending	on	the	particular	surgical	access	and	procedure,	other	epicardial	

or	 endocardial	 suturing	 techniques	were	 adopted	 and	 the	 implementation	 of	 any	

established	method	of	 surgical	 LAA	 closure	 including	device-supported	 treatment	

was	intended.	
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2 Methods	

2.1 Study	design	

At	 the	 University	 Hospital	 Ulm	Department	 of	 Cardiothoracic	 and	 Vascular	

Surgery,	adult	patients	that	underwent	surgical	left	atrial	appendage	closure	during	

open-heart	surgery	from	August	of	2013	to	April	of	2015	were	prospectively	assigned	

to	receive	follow-up	by	transesophageal	echocardiography	three	and	twelve	months	

after	 the	procedure.	All	 patients	had	 a	history	of	 atrial	 fibrillation.	 Surgeries	were	

performed	 by	 eight	 experienced	 surgeons	 using	 different	 exclusion	 and	 excision	

techniques.	Before	the	beginning	of	surgery	the	LAA	was	delineated	by	TEE	imaging	

and	the	existence	of	potential	intra-atrial	thrombi	was	assessed.	Intraoperative	TEE	

was	used	to	show	the	 immediate	success	of	LAA	closure	when	applicable.	At	 least	

once	 during	 an	 interval	 between	 three	 and	 twelve	 months	 a	 standard	 TEE	 was	

performed	 by	 trained	 physicians	 according	 to	 a	 protocol	 (see	 appendix)	 using	

multiple	views,	flow	velocity	and	Color	Doppler	to	evaluate	the	procedural	success.	

As	 mentioned	 above,	 the	 first	 line	 approach	 of	 LAA	 closure	 was	 a	 suturing	

technique.	The	study	complies	with	the	Declaration	of	Helsinki	and	was	approved	

by	the	local	ethics	boards	(application	number:	65/13).		

2.2 Suturing	techniques	

LAA	closure	using	suturing	techniques	from	the	epicardial	side	was	performed	

deploying	an	external	purse-string	suture	or	an	external	purse-string	suture	plus	an	

additional	ligature.		

For	 the	 external	 purse-string	 suture	 technique	 a	 3-0	 or	 4-0	 double-needled	

monofilament	 suture	 reinforced	 with	 two	 opposing	 Teflon	 pledgets	 was	 fixed	

epicardially	to	the	base	of	the	left	atrial	appendage	and	knotted	tightly.	Depending	

on	 the	 respective	 anatomy,	 additional	 Teflon	 pledgets	 were	 inserted	 in	 between	

beginning	and	end	of	the	suture	line	to	optimize	cohesiveness.		

To	accomplish	further	stabilization,	in	a	few	cases	a	sturdier	at	least	2-0	non-

absorbable	braided	woven	ligature	was	tied	around	the	base	of	the	LAA	in	addition	

to	the	purse-string	suture	outlined	above.		
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LAA	 exclusion	 using	 suturing	 techniques	 from	 the	 endocardial	 side	 was	

conducted	 either	 by	 placing	 layers	 of	 overrunning	 suture	 lines	 or	 a	 purse-string	

suture	 around	 the	 LAA	 ostium	 after	 opening	 the	 left	 atrium	 and	 identifying	 the	

entrance	to	the	appendage.	

For	 internal	 LAA	 exclusion	 with	 an	 overrunning	 suture	 technique	 single	 or	

double	 lines	 of	 3-0	 or	 4-0	 monofilament	 sutures	 were	 set	 parallel	 to	 the	 mitral	

annulus	accounting	for	the	respective	anatomy	and	physiological	properties.	

LAA	 occlusion	 using	 an	 internal	 purse-string	 suture	 was	 performed	 by	

encircling	 the	 LAA	 ostium	 from	 the	 endocardial	 side	 with	 a	 4-0	 monofilament	

suture	thereby	carefully	avoiding	an	exit	through	epicardial	tissue.	To	complete	the	

procedure,	the	suture	ends	were	tied	up	without	additional	fastening.		

LAA	 excision	 was	 performed	 by	 amputating	 the	 LAA	 close	 to	 its	 base	 and	

sealing	 the	 free	 edges	 by	 a	 first	 line	 mattress	 suture	 followed	 by	 a	 second	 line	

overrunning	monofilament	suture	reinforced	by	two	Teflon	felt	strips.		

2.3 Device-supported	treatment	

Device-supported	LAA	exclusion	was	conducted	from	the	epicardial	side	either	

using	a	stapling	or	a	clipping	device.		

For	LAA	exclusion	using	a	stapling	device	the	TigerPaw®	II	system	was	applied.	

The	 TigerPaw®	 II	 system	 is	 composed	 of	 an	 implantable	 fastener	 controlled	 by	 a	

single-use	delivery	tool.	After	achieving	direct	visualization	of	the	LAA	during	open-

heart	 surgery	 two	 triggers	at	 the	delivery	 tool	 facilitate	 the	alignment,	orientation	

and	release	of	the	fastener.	Before	the	definitive	application	of	the	fastener	and	the	

removal	of	the	delivery	tool	unlimited	repositioning	was	possible.	The	fastener	uses	

a	 mattress	 suture	 technique	 with	 several	 equally	 spaced	 connectors	 embedded	

within	an	elastic	housing	facilitating	tight	sealing	at	the	penetrating	puncture	sites	

to	prevent	bleeding,	adjustment	to	variation	of	LAA	wall	thickness	and	the	isolation	

of	 potential	 electrically	 active	 cells	within	 the	 LAA	 (“Maquet	Acquires	 LAAx	 Inc.,	

TigerPaw	Left	Atrial	Appendage	Occlusion	Device,”	 2013).	 Favorable	 utilization	 of	

the	 TigerPaw®	 II	 system	was	 strongly	 dependent	 on	 the	 respective	 LAA	 anatomy.	

After	release	of	the	fastener	and	removal	of	the	delivery	system	the	success	of	LAA	
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closure	 was	 carefully	 examined	 and	 in	 case	 of	 incompletely	 closed	 segments	

additional	 pledgeted	 sutures	were	 applied	 or	 conversion	 to	 amputation	had	 to	 be	

performed.	

Epicardial	LAA	exclusion	using	a	clipping	tool	was	performed	by	application	of	

the	AtriClip®	device.	The	AtriClip®	device	is	a	clip	composed	of	two	parallel	arranged	

titanium	 tubes	 with	 elastic	 nitinol	 springs	 covered	 with	 a	 knit-braided	 polyester	

sheath	 (Ailawadi	 et	 al.,	 2011).	 Allowing	 for	 direct	 visualization	 of	 the	 LAA	 the	

AtriClip®	device	was	positioned	at	the	base	of	the	LAA	until	optimal	placement	was	

achieved.	 After	 closing	 the	 device,	 the	 system	 was	 released	 manually	 from	 the	

deployment	tool.	If	further	modification	of	repositioning	was	necessary,	the	clip	had	

to	be	opened	manually	and	reinstalled	on	the	deployment	tool.		

2.4 Imaging	and	assessment	

During	the	 follow-up	period	transesophageal	echocardiography	was	recorded	

using	a	Philips	 iE33	ultrasound	system	(Philips,	Cambridge,	Massachusetts,	United	

States	of	America)	in	the	echo	laboratory	of	the	Department	of	Cardiology.		

After	 intubation	 the	 investigator	 was	 requested	 to	 obtain	 a	 classical	 four	

chamber	view	in	mid	esophageal	position.	By	adjusting	the	probe	and	rotating	the	

transducer	delineation	of	the	anatomical	region	of	the	left	atrial	appendage	had	to	

be	achieved	in	several	variations	of	a	two-chamber	view.	The	outlet	of	the	left	upper	

pulmonary	 vein	 and	 the	 lateral	 mitral	 annulus	 with	 a	 cross	 section	 of	 the	 left	

circumflex	 artery	 served	 as	 anatomical	 landmarks	 (figure	 1).	 Once	 the	 region	 of	

interest	was	displayed,	possible	hidden	 lobes	or	 residual	connections	with	 the	 left	

atrium	 were	 explored	 by	 obtaining	 multiple	 views	 through	 manipulation	 of	 the	

probe	 and	 rotation	 of	 the	 transducer	 as	 well	 as	 using	 the	 xplane®	 application	

(Philips,	 Cambridge,	 Massachusetts,	 United	 States	 of	 America).	 Eventually,	

potential	 LAA	 remnants	 were	 evaluated	 using	 pulse	 wave	 Doppler	 and	 Color	

Doppler	with	reduced	flow	velocity.	

	The	 LAA	 closure	 was	 classified	 as	 successful	 or	 unsuccessful	 according	 to	

several	 prior	 publications	 (Healey	 et	 al.,	 2005;	 Kanderian	 et	 al.,	 2008;	 Katz	 et	 al.,	

2000;	Lee	et	al.,	2016;	Whitlock	et	al.,	2013).	Unsuccessful	closure	was	defined	as	a	
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patent	LAA	(figure	2),	an	excluded	LAA	with	a	small	LAA	ostium	and	persistent	flow	

into	the	LAA	cavity	(figure	3)	or	a	residual	stump	or	pouch	>5mm	remaining	in	the	

LAA	 with	 persistent	 flow	 into	 the	 LAA	 neck	 (figure	 4).	 Successful	 closure	 was	

defined	as	the	absence	of	all	the	aforementioned	findings.	

	

	

	
Figure	1.	Left	atrial	appendage	(black	arrows)	from	a	two-chamber	view	showing	typical	landmarks;	
cross	section	of	the	left	circumflex	coronary	artery	at	the	lateral	mitral	annulus	(white	arrow),	outlet	
of	 the	 left	 upper	 pulmonary	 vein	 (white	 star);	 left	 atrium	 (LA),	 left	 ventricle	 (LV).	
Universitätsklinikum	Ulm	2015	

LA	

LV	
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Figure	3.	Excluded	left	atrial	appendage	(LAA)	with	a	small	ostium	and	residual	flow	into	the	LAA	
cavity.	Universitätsklinikum	Ulm	2014	

Figure	 2.	 Patent	 left	 atrial	 appendage	 with	 a	 large	 ostium	 and	 persistent	 flow.	
Universitätsklinikum	Ulm	2014	
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Figure	4.	Remnant	left	atrial	appendage	showing	a	residual	stump	>5mm.	Universitätsklinikum	Ulm	
2015	
	
	
	

2.5 Findings	and	statistical	analysis	

Pre-	 and	 peri-procedural	 parameters	 were	 collected	 for	 the	 entire	 study	

population.	 Absolute	 numbers	 of	 successful	 LAA	 closure	 are	 presented	 with	

reference	 to	 the	 available	 follow-up	data	 and	described	 in	detail	 for	 each	 surgical	

technique	respectively.	The	 two	 largest	patient	groups	either	 treated	with	a	 single	

pledgeted	 purse-string	 suture	 from	 the	 epicardial	 side	 or	 using	 a	 stapling	 device	

were	compared	in	terms	of	pre-procedural	demographics,	procedural	data	and	post-

procedural	outcomes	to	identify	possible	variables	related	to	successful	LAA	closure.	

Continuous	 variables	 are	 expressed	 as	 mean	 ±	 standard	 deviation	 and	 were	

compared	 with	 Student	 t-test.	 Categorical	 variables	 are	 presented	 as	 frequencies	

and	 percentages.	 Differences	 between	 proportions	 were	 calculated	 by	 using	 Chi2	

test.	A	value	of	p<0.05	was	considered	statistically	significant.	All	 test	results	were	

considered	 as	 explorative.	 No	 adjustment	 for	multiple	 testing	was	 performed.	 All	

statistical	 analyses	 were	 performed	 using	 the	 Statistica	 software	 version	 7.1	 (Stat	

Soft,	Inc.,	Tulsa,	Oklahoma,	USA).	
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3 Results	

3.1 Study	population	

A	total	of	100	patients	were	included	in	the	study	of	which	73%	were	male.	The	

mean	 age	 was	 72±6.2	 years.	 56%	 had	 paroxysmal	 and	 19%	 persistent	 AF,	 5%	 had	

long-standing	persistent	AF	and	in	20%	AF	was	designated	permanent.	54%	showed	

an	 ECG	 of	 absolute	 arrhythmia	 and	 26%	 received	 documented	 anticoagulation	

either	by	a	vitamin	K	antagonist	(11%)	or	a	new	oral	anticoagulant	(15%)	at	the	time	

of	hospital	admission	for	open-heart	surgery.	4%	had	a	history	of	prior	stroke,	TIA	

or	cerebral	hemorrhage.	The	mean	CHA2DS2-VASc	score	was	4.2±1.1	and	the	mean	

HAS-BLED	score	was	2.0±0.6.	67%	of	the	patients	had	a	history	of	coronary	artery	

disease	(CAD).	

In	 32	 patients	 sole	 coronary	 artery	 bypass	 graft	 surgery	 was	 performed,	 18	

patients	underwent	aortic	valve	(AV)	replacement.	In	three	patients	the	mitral	valve	

was	 replaced,	 in	 three	 patients	 the	 mitral	 valve	 was	 repaired	 and	 44	 patients	

received	a	combination	therapy	of	CABG	and	single	(n=22)	or	double	valve	surgery	

(n=1),	 double	 valve	 surgery	 (n=9),	 triple	 valve	 surgery	 (n=1)	 or	 valve	 surgery	 and	

treatment	of	aortic	aneurysm	(n=8)	or	a	patent	foramen	ovale	(n=3).	In	94	patients	

intraoperative	 pulmonary	 vein	 isolation	 was	 performed.	 In	 94%	 of	 the	 patients	 a	

median	sternotomy	was	used	as	access	and	the	mean	procedural	time	was	221±53.5	

minutes.	The	mean	time	between	hospital	admission	and	discharge	was	10±3.5	days.	

After	completion	of	follow-up,	one	patient	had	to	be	excluded	due	to	an	unknown	

approach	of	LAA	closure.	

3.2 Success	of	left	atrial	appendage	closure	

For	 LAA	 occlusion	 from	 the	 epicardial	 side	 a	 single	 pledgeted	 purse-string	

suture	was	used	 in	45	patients.	After	 three	months,	4	of	29	patients	who	received	

follow-up	showed	complete	LAA	closure.	Similar	findings	could	be	observed	after	12	

months	when	2	of	15	patients	who	received	follow-up	showed	complete	LAA	closure	

(see	also	table	1).	One	of	these	patients	was	missing	3-month	follow-up	and	showed	

incomplete	LAA	occlusion	after	 12	month.	Patients	with	 incomplete	closure	either	
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showed	a	small	LAA	ostium	and	persistent	flow	into	the	LAA	cavity	(n=19)	or	into	

the	LAA	neck	(n=7).		

In	eight	patients	epicardial	LAA	closure	was	conducted	applying	a	pledgeted	

purse-string	suture	plus	an	additional	ligature	(see	also	table	1).	At	3-month	follow-

up	three	of	these	patients	showed	complete	LAA	occlusion	and	two	patients	had	an	

incompletely	 excluded	LAA	with	 a	 small	LAA	ostium	and	persistent	 flow	 into	 the	

LAA	neck.	After	 12	months	only	 two	of	 the	 initial	 five	patients	received	 follow-up.	

However,	the	particular	result	of	LAA	occlusion	was	the	same	after	3	and	12	months.	

In	seven	of	eight	patients	who	were	 treated	with	suture	 techniques	 from	the	

endocardial	side	the	approach	was	a	single	or	double	running	suture	line.	Three	of	

these	patients	showed	complete	and	three	incomplete	closure	at	3-month	follow-up,	

one	patient	was	missing	(see	also	table	1).	Unsuccessful	closure	was	due	to	a	small	

LAA	ostium	and	a	large	persistent	LAA	cavity	in	two	cases	and	due	to	a	small	ostium	

with	persistent	 flow	 into	 the	LAA	neck	 in	 the	 remaining	patient.	After	 12	months	

three	of	these	patients	received	another	follow-up	assessment	and	showed	the	same	

results.	 One	 case	 was	 treated	 by	 an	 internal	 purse-string	 suture	 but	 was	missing	

follow-up.	However,	the	intraoperative	TEE	showed	complete	closure	(see	also	table	

1).	

Due	 to	 the	 observation	 of	 an	 overall	 poor	 success	 of	 LAA	 closure	 using	

suturing	techniques	during	the	early	follow-up	period	device-supported	treatment,	

mainly	using	a	stapling	device,	was	implemented	whenever	possible.	

For	device-supported	LAA	occlusion	using	a	 stapling	device	 the	TigerPaw®	 II	

system	 was	 established	 in	 33	 patients.	 After	 the	 first	 follow-up	 period	 21	 of	 22	

patients	who	received	follow-up	showed	complete	LAA	closure.	After	12	months	11	of	

12	patients	who	received	follow-up	showed	complete	LAA	occlusion	(see	also	table	

1).	The	patient	with	unsuccessful	closure	showed	a	residual	stump	with	an	ostium	of	

13mm	diameter	and	persistent	flow	7mm	deep	into	the	LAA	neck.	This	finding	was	

consistent	at	3-	and	12-month	follow-up.	

Of	 note,	 in	 the	 stapling	 device	 group	 in	 three	 cases	 additional	 sutures	were	

used	to	achieve	 intraoperative	success.	Two	of	these	cases	were	due	to	anatomical	
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reasons	and	 in	one	case	device	malfunction	occurred.	Two	of	 these	 three	patients	

(one	 that	 was	 due	 to	 anatomical	 reasons	 and	 the	 case	 of	 device	 malfunction)	

showed	 complete	 closure	 of	 the	 LAA	 during	 follow-up.	 In	 the	 remaining	 case	 at	

least	intraoperative	TEE	showed	successful	LAA	occlusion,	but	no	further	follow-up	

could	be	achieved.	One	patient	needed	conversion	to	amputation.	

In	two	patients	LAA	closure	was	performed	using	the	AtriClip®	device	of	which	

one	showed	successful	LAA	occlusion	after	the	first	follow-up	period	(see	also	table	

1).	In	the	case	of	incomplete	closure	TEE	showed	a	residual	stump	of	12mm	length.	

Both	patients	were	missing	12-month	follow-up.	

In	three	patients	excision	of	the	LAA	was	performed	by	surgical	amputation	of	

which	 one	 case	 converted	 from	 stapling	 because	 of	 device	 malfunction	 as	

mentioned	above.	None	of	these	patients	received	follow-up	and	the	intraoperative	

TEE	was	not	valid	(see	also	table	1).		

	

Table	1.	Success	of	LAA	occlusion	

	 	 Peri-procedural	 3	months	 12	months	

Epicardial	suture	
exclusion	

Purse-string	suture	(n=45)	 13/31	 4/29	 2/15	

	
Purse-string	suture	plus	
additional	ligature	(n=8)	

4/4	 3/5	 1/2	

Endocardial	suture	
exclusion	

Single	or	double	running	
suture	line	(n=7)	

1/2	 3/6	 1/3	

	
Internal	purse-string	

suture	(n=1)	
1/1	 --	 --	

Device-supported	
exclusion	

Stapler	device	(n=33)	 8/12	 21/22	 11/12	

	 Clip	device	(n=2)	 0/1	 1/2	 --	

Excision	 Amputation	(n=3)	 --	 --	 --	

Values	are	numbers	and	numbers	of	successful	LAA	occlusions	/	patients	who	received	TEE	assessment.	
n,	number;	LAA,	left	atrial	appendage;	TEE,	transesophageal	echocardiography.		
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3.3 Adverse	events	

One	patient	treated	with	an	endocardial	running	suture	 line	and	one	patient	

treated	with	an	epicardial	purse-string	suture	plus	additional	ligature	suffered	from	

peri-operative	hemorrhage	and	re-operation	had	to	be	performed.	However,	in	both	

patients	 the	 bleeding	 was	 not	 due	 to	 the	 site	 of	 LAA	 closure.	 Despite	 the	

considerably	large	number	of	incomplete	LAA	occlusion	observed	during	follow-up	

assessment	 none	 of	 the	 patients	 had	 evidence	 of	 LAA	 thrombus	 or	 any	 signs	 of	

thrombus	formation.		

3.4 Intraoperative	surveillance	and	follow-up	

Overall,	valid	intraoperative	TEE	to	show	the	immediate	result	of	LAA	closure	

was	 obtained	 in	 51.5%	 (51	 of	 99	 patients).	 There	 were	 no	 surgical	 revisions	

performed	as	a	consequence	of	incomplete	closure	noted	by	intraoperative	TEE.	In	

37.5%	(12	of	32	cases)	the	assessment	by	intraoperative	TEE	showed	different	results	

compared	to	TEE	during	follow-up.	Thereby,	58.3%	(7	of	12	cases)	of	the	assessments	

had	to	be	revised	from	intraoperative	success	to	incomplete	closure	during	follow-

up.	 When	 available,	 there	 were	 no	 differences	 regarding	 the	 assessment	 of	 LAA	

closure	 at	 first	 and	 second	 follow-up.	 All	 together	 65.7%	 (65	 of	 99	 cases)	 of	 the	

patients	 received	at	 least	one	 follow-up	TEE	 in	between	 three	 and	 twelve	months	

after	 LAA	occlusion.	 31.3%	of	 the	 patients	 (31	 of	 99	 cases)	 received	 two	 follow-up	

assessments	 and	 34.3%	 of	 the	 patients	 (34	 of	 99	 cases)	 were	 only	 assessed	 once.	

Overall,	 34	 patients	 did	 not	 receive	 any	 follow-up	 assessment	 of	whom	 two	were	

reported	dead.	

Unfortunately,	 neither	 data	 regarding	 the	 incidence	 of	 stroke,	 TIA	 or	 other	

embolic	events	nor	the	frequency	of	AF	and	systemic	anticoagulation	were	collected	

during	follow-up	visits.	

3.5 Suture	versus	device	supported	treatment		

The	broad	implementation	of	device-supported	treatment	during	the	course	of	

this	investigation	consequently	led	to	a	proportionally	large	group	of	patients	either	

treated	with	a	single	pledgeted	purse-string	suture	from	the	epicardial	side	(n=45)	

or	a	stapling	device	using	the	TigerPaw®	II	system	(n=33;	see	also	table	1).	Because	of	
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the	 small	 sample	 size,	 inconsistent	 follow-up	 and	 subsequent	 lack	 of	 statistical	

power	other	surgical	techniques	were	not	eligible	for	further	analysis.		

After	the	first	follow-up	period	the	rate	of	complete	LAA	closure	was	13.8%	in	

the	suture	group	versus	95.5%	in	the	stapling	device	group	(p<0.0001;	see	also	figure	

5).	Similar	findings	could	be	observed	in	the	second	follow-up	when	the	success	of	

LAA	closure	was	13.3%	in	the	suture	group	versus	91.7%	in	the	stapling	device	group	

(p<0.0001;	see	also	figure	5).	To	determine	whether	any	circumstantial	factors	other	

than	 the	 surgical	 technique	 of	 LAA	 occlusion	may	 have	 generated	 this	 extensive	

discrepancy	 both	 groups	 were	 compared	 regarding	 demographic	 and	 peri-

procedural	 data.	 There	 were	 no	 significant	 differences	 concerning	 baseline	

characteristics	including	pre-existing	conditions,	risk	factors	and	echocardiographic	

parameters	except	a	slight	majority	of	CAD	in	patients	 treated	with	a	purse-string	

suture	 technique	 (80%	versus	57.6%,	p=0.03;	 see	also	 table	2).	There	were	also	no	

relevant	differences	concerning	surgical	access,	frequency	of	intraoperative	ablation	

therapy,	duration	of	surgery	and	hospitalization	(see	also	table	3).	The	difference	in	

background	CAD	mentioned	above	is	reflected	in	the	lower	rate	of	CABG	surgery	in	

patients	treated	with	a	stapling	device	(18.2%	versus	40%;	p=0.04;	see	also	table	3).	

Neither	group	showed	any	peri-operative	complications.	

	

	
Figure	5.	Success	rates	of	left	atrial	appendage	closure	of	purse-string	suture	versus	stapler	exclusion	
at	3-month	and	12-month	follow-up	(p<0.0001;	for	absolute	numbers	see	table	1).	
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Table	2.	Baseline	characteristics	of	purse-string	suture	versus	stapler	exclusion	

	 Total	 Purse–string	suture	 Stapler	exclusion	 p-value	

Number	of	patients	 78	 45	 33	 	

Male	 58	(74.4)	 33	(73.3)	 25	(75.8)	 0.81	

Age	 72.4±6.0	 73.4±6.2	 71.5±5.7	 0.09	

Height	 171.9±9	 170.7±8.6	 173.2±8.8	 0.24	

Weight	 83.2±13.0	 80.4±12.3	 86.0±13.2	 0.09	

NYHA	class	 2.6±0.8	 2.4±0.8	 2.7±0.9	 0.17	

CHA²DS²-VASc-Score	 4.3±1.1	 4.4±1.0	 4.1±1.2	 0.39	

HAS-BLED-Score	 2.1±0.5	 2.2±0.4	 2.1±0.6	 0.77	

EURO-Score	II	 3.2±2.8	 2.6±2.0	 4.3±3.7	 0.21	

ASA	classification	 3.0±0.2	 3.0±0.0	 3.1±0.3	 0.52	

CAD	 55	(70.5)	 36	(80.0)	 19	(57.6)	 0.03	

Atrial	fibrillation	 	 	 	 	

Paroxysmal	 47	(60.3)	 24	(53.3)	 23	(69.7)	 0.14	

Persistent	 13	(16.7)	 7	(15.6)	 6	(18.2)	 0.76	

Long-persistent	 4	(5.1)	 3	(6.7)	 1	(3.0)	 0.46	

Permanent	 14	(17.9)	 11	(24.4)	 3	(9.1)	 0.07	

Cerebral	event	at	baseline	 4	(5.1)	 2	(4.4)	 2	(6.1)	 0.75	

Valvular	disease	 	 	 	 	

Severe	AR	 13	(16.7)	 6	(13.3)	 7	(21.2)	 0.36	

Severe	AS	 29	(37.2)	 17	(37.8)	 12	(36.4)	 0.90	

Severe	MR	 12	(15.4)	 4	(8.9)	 8	(24.2)	 0.06	

Severe	MS	 1	(1.3)	 0	(0.0)	 1	(3.0)	 0.19	

Severe	TR	 2	(2.6)	 1	(3.0)	 1	(2.2)	 0.82	

Echocardiographic	
parameters	

	 	 	 	

Pathological	LA-diameter	 59	(75.6)	 27	(87.1)	 22	(84.6)	 0.79	

EF	>50%	 58	(74.4)	 32	(71.1)	 26	(78.5)	 0.44	

EF	35-50%	 16	(20.5)	 11	(24.4)	 5	(15.2)	 0.31	

EF<35%	 4	(5.1)	 2	(4.4)	 2	(6.1)	 0.75	

Values	are	numbers,	numbers	(%)	or	mean	±	standard	deviation.	
NYHA,	 New	 York	 Heart	 Association;	 CHA2DS2-VASc,	 congestive	 heart	 failure,	 hypertension,	 age	 >75	 years,	 diabetes,	
stroke/transient	 ischemic	attack,	vascular	disease,	age	65–74	years,	 female	sex;	HAS-BLED,	hypertension,	abnormal	renal	or	
liver	function,	stroke,	bleeding	history,	labile	international	normalized	ratio,	elderly,	drugs	or	alcohol;	ASA,	American	Society	
of	Anesthesiologists;	CAD,	coronary	artery	disease;	AR,	aortic	regurgitation;	AS,	aortic	stenosis;	MR,	mitral	regurgitation;	MS,	
mitral	stenosis;	TR,	tricuspid	regurgitation;	LA,	left	atrium;	EF,	ejection	fraction.		
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Table	3.	Peri-procedural	data	of	purse-string	suture	versus	stapler	exclusion	

	 Total	 Purse-string	suture	 Stapler	exclusion	 p-value	

Number	of	patients	 78	 45	 33	 	

Background	surgery	 	 	 	 	

CABG	 24	(30.8)	 18	(40.0)	 6	(18.2)	 0.04	

AV	replacement	 16	(20.5)	 9	(20.0)	 7	(21.2)	 0.90	

MV	replacement	 0	(0.0)	 0	(0.0)	 0	(0.0)	 --	

MV	repair	 0	(0.0)	 0	(0.0)	 0	(0.0)	 --	

Combination	 38	(48.7)	 18	(40.0)	 20	(60.6)	 0.07	

Intra-operative	ablation	 73	(93.6)	 41	(91.1)	 32	(97.0)	 0.28	

Surgical	access	 	 	 	 	

Median	sternotomy	 78	(100)	 45	(100)	 33	(100)	 1.00	

OP-duration	(min)	 219.1±55.5	 216.6±46.8	 221.9±64.8	 0.97	

Post-OP	days	 10.5±3.7	 10.3±2.4	 10.8±5.2	 0.60	

Complications	 		 	 	 	

Pericardial	tamponade	 0	(0.0)	 0	(0.0)	 0	(0.0)	 --	

Bleeding	 0	(0.0)	 0	(0.0)	 0	(0.0)	 --	

Cerebral	event	 0	(0.0)	 0	(0.0)	 0	(0.0)	 --	

Values	are	numbers,	numbers	(%)	or	mean	±	standard	deviation.	
CABG,	coronary	artery	bypass	graft;	AV,	aortic	valve;	MV,	mitral	valve;	OP,	operation.		
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4 Discussion	

4.1 The	ideal	approach	for	surgical	LAA	occlusion		

Based	 on	 the	 conflicting	 results,	 small	 sample	 size	 and	 often	 unfavorable	

design	of	previous	investigations,	this	study	was	initiated	to	prospectively	evaluate	

several	 surgical	 techniques	 for	 LAA	 closure	 at	 a	 single	 center	 of	 Cardiothoracic	

Surgery	 focusing	 on	 its	 established	 suturing	 methods.	 In	 contrast	 to	 most	 prior	

studies,	 in	 this	 trial	 the	 vast	majority	of	patients	were	 treated	 from	 the	 epicardial	

side	 (91	 versus	 8)	 and	 the	 pledgeted	 purse-string	 suture	 technique	 that	 was	

primarily	used	in	45	patients	did	not	appear	in	literature	before	(Aryana	et	al.,	2015;	

Healey	et	al.,	2005;	Kanderian	et	al.,	2008;	Katz	et	al.,	2000;	Lee	et	al.,	2016).		

With	 an	 overall	 success	 rate	 of	 approximately	 24%	 (10	 of	 41	 patients	 who	

received	follow-up)	the	results	of	this	investigation	corroborate	prior	evidence	that	

excluding	suturing	 techniques	 should	not	be	adopted	 for	 surgical	exclusion	of	 the	

LAA	 (Adams	 et	 al.,	 2012;	 Ailawadi	 et	 al.,	 2011;	 Kanderian	 et	 al.,	 2008;	 Katz	 et	 al.,	

2000;	 Lee	 et	 al.,	 2016).	 Of	 note,	 the	 success	 rate	 of	 LAA	 closure	 using	 suturing	

techniques	appeared	to	increase	considerably	with	the	surgical	procedure	becoming	

more	 complex.	 An	 additional	 ligature	 from	 the	 epicardial	 side	 raised	 the	 rate	 of	

complete	occlusion	to	60%	(3	of	5	patients	who	received	follow-up)	and	a	single	or	

double	running	suture	line	from	the	endocardial	side	showed	a	50%	closure	rate	(3	

of	 6	patients	who	 received	 follow-up)	 similar	 to	 earlier	 investigations	 (Katz	 et	 al.,	

2000;	 Lee	 et	 al.,	 2016).	 This	 supports	 previous	 theories	 that	 propose	 inaccurate	

placement	 of	 stitches	 due	 to	 altered	 filling	 conditions	 while	 on	 cardiopulmonary	

bypass	 or	 the	 surgeon´s	 caution	 not	 to	 involve	 the	 circumflex	 artery,	 suture	 cuts	

into	 the	 tissue	 or	 suture	 loosening	 over	 time	 as	 well	 as	 endocardial	 muscle	 bars	

preventing	tight	closure	(Kanderian	et	al.,	2008;	Katz	et	al.,	2000;	Lee	et	al.,	2016).	

However,	such	success	rates	of	LAA	occlusion	seem	inadequate	not	least	since	the	

introduction	of	percutaneous	or	surgical	device-driven	therapy.		

Given	 the	 fact	 that	 there	 were	 no	 reported	 events	 of	 pericaridal	 effusion,	

pericardial	 tamponade	 or	 local	 extracardial	 collections	 in	 patients	 treated	 with	
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surgical	 LAA	 excision,	 presumably,	 the	 procedure	 was	 successful.	 This	 finding	

would	 conform	 to	 previous	 observations	 that	 reported	 surgical	 excision	 to	 be	 the	

most	effective	amongst	traditional	methods	of	LAA	closure	(Kanderian	et	al.,	2008;	

Lee	et	al.,	2016).	Nevertheless,	lacking	follow-up	assessment,	incomplete	closure	by	

leaving	a	residual	stump	cannot	be	entirely	ruled	out.		

Concerning	 device-supported	 surgical	 LAA	 occlusion	 this	 is	 the	 first	

systematic	 evaluation	 of	 a	 LAA-specific	 stapling	 device	 in	 a	 relatively	 large	 study	

population.	 In	 2005	 the	 LAAOS	 pilot	 study	 showed	 a	 72%	 success	 rate	 of	 LAA	

occlusion	 eight	 weeks	 after	 the	 procedure	 in	 33	 patients	 using	 a	 conventional	

surgical	stapler	(Healey	et	al.,	2005).	 In	2008	Kanderian	et	al.	reported	a	complete	

failure	of	stapled	exclusion	of	 the	LAA	by	TEE	assessment	 in	a	small	 retrospective	

cohort	 of	 12	 patients	 (Kanderian	 et	 al.,	 2008).	 The	 TigerPaw®	 II	 system	 was	 only	

evaluated	in	two	small	cohorts	of	11	and	8	patients	so	far	and	resulted	in	high	rates	

of	 device	 malfunction	 (7	 of	 19	 patients)	 and	 four	 intra-operative	 bleeding	

complications	(Ventosa-Fernandez	et	al.,	2015;	Suwalski	et	al.,	2016).	Intra-operative	

TEE	 showed	 successful	 LAA	 occlusion	 in	 the	 remaining	 12	 cases,	 however,	 both	

investigations	 did	 not	 conduct	 long-term	 follow-up	 assessment.	 With	 over	 90%	

closure	 rates	 at	 both	 follow-up	 visits	 this	 LAA-specific	 stapling	 device	 showed	

consistent	and	remarkable	 long-term	results	and	overall	secure	 implementation	 in	

our	 investigation,	 particularly	 no	 peri-operative	 bleeding	 events.	 In	 three	 cases	

additional	 sutures	 had	 to	 be	 applied	 to	 achieve	 procedural	 success	 due	 to	 the	

respective	 LAA	 anatomy.	 In	 one	 patient	 conversion	 to	 amputation	 had	 to	 be	

performed	because	of	device	malfunction.	Only	one	patient	showed	an	incomplete	

closure	by	a	residual	stump	during	follow-up	assessment,	which	reflects	malposition	

but	an	accurate	performance	of	the	device.	Moreover,	 the	probability	of	 thrombus	

formation	 in	 case	 of	 a	 residual	 stump	 seems	 to	 be	 less	 likely	 (Aryana	 et	 al.,	 2015;	

Kanderian	 et	 al.,	 2008).	Nevertheless,	 the	TigerPaw®	 II	 system	was	 recalled	by	 the	

manufacturer	shortly	before	the	end	of	enrollment	in	March	2015	because	of	serious	

bleeding	events	as	described	above.	Tissue	tearing	of	the	LA	wall	due	to	incomplete	

closure	 of	 the	 device	 fastener	 resulting	 in	major	 peri-operative	 complications	 and	

even	fatal	outcome	were	reported	(U.S.	Food	and	Drug	Administration,	2015).		
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The	 AtriClip®	 first	 implemented	 in	 the	 following	 in	 two	 patients	 resulted	 in	

one	 complete	 occlusion	 and	 a	 residual	 stump.	 As	mentioned	 above,	 this	 clipping	

device	 has	 been	 extensively	 studied	 over	 the	 last	 years	 and	 repeatedly	 showed	

excellent	 long-term	 results	 regarding	 procedural	 success	 (Emmert	 et	 al.,	 2014;	

Kurfirst,	Mokráček,	Čanádyová,	Bulava,	&	Pešl,	 2017;	 Starck	 et	 al.,	 2012).	Recently,	

Caliskan	et	al.	even	demonstrated	a	87.5%	stroke	risk	reduction	in	a	subgroup	of	166	

patients	not	taking	anticoagulation	compared	to	the	expected	stroke	risk	in	patients	

with	 a	 similar	 CHA2DS2-VASc	 score	 (Caliskan	 et	 al.,	 2018).	 The	 authors	 reported	

permanent	 and	 successful	 LAA	 exclusion	 after	 a	mean	of	 36±23	months	 using	CT	

assessment	in	a	total	of	291	patients.	Of	note,	no	ischemic	cerebral	events	occurred	

in	patients	continuing	OAC	after	clip-implantation.		

Finally,	a	comparison	of	the	two	largest	groups	of	patients	either	treated	with	a	

pledgeted	purse-string	suture	(n=45)	or	an	excluding	stapler	device	(n=33)	revealed	

the	surgical	 technique	to	be	the	only	strong	predictor	of	successful	LAA	occlusion	

(approximately	13%	versus	over	90%	success	rates,	respectively;	p<0.0001).	Similar	to	

previous	 investigations,	pre-existing	conditions	 like	 the	duration	and	classification	

of	 AF,	 the	 underlying	 valvular	 disease	 or	 echocardiographic	 parameters	 like	 an	

enlargement	 of	 the	 LA	 or	 left	 ventricular	 function	 did	 not	 correlate	 with	 the	

incidence	of	successful	LAA	closure	(Kanderian	et	al.,	2008;	Katz	et	al.,	2000;	Lee	et	

al.,	2016).	The	slight	majority	of	CAD	in	patients	treated	with	a	purse-string	suture	

technique	 and	 the	 concomitant	 greater	 quantity	 of	 CABG	 surgery	 is	 not	 likely	 to	

have	 influenced	 the	 success	 of	 LAA	 occlusion.	 Moreover,	 there	 is	 no	 difference	

regarding	 the	 type	 of	 valve	 surgery	 or	 surgical	 access	 between	 both	 groups,	

circumstances	that	certainly	bear	a	higher	probability	to	account	for	difficulties	to	

completely	occlude	the	LAA.		

Overall,	 these	 findings	not	only	confirm	prior	evidence	 that	 reported	serious	

doubts	about	the	use	of	current	excluding	suturing	techniques	for	LAA	closure	but	

also	showed	the	overwhelming	superiority	of	a	device-driven	approach.		
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4.2 Safety	of	surgical	left	atrial	appendage	closure	

In	 our	 study	 group	 0f	 100	 patients,	 there	 were	 two	 serious	 perioperative	

bleeding	incidents.	However,	re-operation	did	not	identify	the	site	of	LAA	occlusion	

as	the	source	of	hemorrhage.	This	confirms	prior	evidence	that	LAA	closure	can	be	

safely	performed	during	open-heart	 surgery,	 irrespective	of	 the	 surgical	procedure	

(Ailawadi	 et	 al.,	 2011;	 Healey	 et	 al.,	 2005;	 Kurfirst	 et	 al.,	 2017;	 Lee	 et	 al.,	 2016;	

Whitlock	et	al.,	2013).	Nevertheless,	when	performed	as	a	stand-alone	procedure,	as	

recently	demonstrated	 feasible	 for	 the	AtriClip®	 system	by	Ellis	et	al.,	LAA	closure	

seems	 rather	 invasive	 and	 carries	 several	 disadvantages	 compared	 to	 an	

interventional	approach	(Ellis	et	al.,	2017).	Besides	the	need	for	anesthesia	and	the	

considerably	 longer	 procedure	 time,	 a	 thoracoscopic	 approach	 complicates	 the	

visualization	of	the	respective	LAA	anatomy	hence	 interfering	with	optimal	device	

placement,	not	to	mention	the	chest	trauma	and	bleeding	risk.	

4.3 Transesophageal	echocardiography	assessment	

Consistent	 with	 prior	 investigations,	 TEE	 was	 an	 appropriate	 modality	 to	

evaluate	the	procedural	success	of	LAA	occlusion	during	follow-up.	Over	65%	(65	of	

99)	 of	 the	 patients	 received	 at	 least	 one	 assessment	 which	 is	 acceptable	 in	

comparison	 to	 previous	 studies	 especially	 considering	 the	 relatively	 large	 study	

population	as	well	as	the	prospective	and	monocentric	design	(Ailawadi	et	al.,	2011;	

Healey	 et	 al.,	 2005;	 Kurfirst	 et	 al.,	 2017).	 Besides,	 the	 fact	 that	 TEE	 findings	were	

consistent	after	three	and	twelve	months	in	those	patients	receiving	two	follow-up	

assessments,	suggests	solid	 long-term	results	 for	 the	whole	study	group.	However,	

there	 was	 a	 poor	 rate	 of	 valid	 intraoperative	 TEE	 studies	 and	 a	 considerable	

discrepancy	 between	 the	 intra-procedural	 and	 long-term	 assessment.	 This	 may	

reflect	the	difficulties	to	depict	the	novel	anatomy	and	spatial	relations	with	altered	

filling	 conditions	 immediately	 following	 cardiac	 surgery	 and	 could	 also	 explain	

similar	 incongruity	 reported	 before	 (Lee	 et	 al.,	 2016).	 Thus,	 it	 seems	 even	 more	

important	to	perform	late	TEE	assessment	in	every	patient	that	is	treated	with	LAA	

occlusion.		
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4.4 Management	following	surgical	left	atrial	appendage	occlusion	

Our	 investigation	 supports	 the	 idea	 that	 concomitant	 LAA-specific	 device-

driven	surgical	LAA	occlusion	provides	a	respectable	long-term	success	rate	as	long	

as	 it	 is	 applied	 properly	 and	 no	 malfunction	 occurs.	 However,	 despite	 several	

investigations	 that	 support	 surgical	 LAA	 closure	 in	 terms	 of	 reduction	 of	

thromboembolic	 events	 in	 AF	 patients	 at	 risk,	 clear	 evidence	 is	 still	 missing	

(Caliskan	et	al.,	2018;	García-Fernández	et	al.,	2003;	Healey	et	al.,	2005;	Tsai	et	al.,	

2015;	Whitlock	 et	 al.,	 2013).	 So	 far,	 prospective	 RCTs	 comparing	 LAA	 closure	 and	

OAC	 regarding	 stroke	 risk	 only	 exist	 in	 patients	 treated	 with	 a	 percutaneous	

approach	(J.	D.	R.	Holmes	et	al.,	2014;	D.	R.	Holmes	et	al.,	2009;	Reddy	et	al.,	2017,	

2014).	 Surgically	motivated	 studies	 featuring	 a	 similar	design	 to	 address	 this	 issue	

are	 strongly	 required.	 Until	 then	 the	 continuation	 of	 OAC	 after	 surgical	 LAA	

occlusion	is	strongly	requested.		

Moreover,	 since	 the	 majority	 of	 traditional	 surgical	 techniques	 of	 LAA	

exclusion	 showed	 extremely	 poor	 success	 rates	 and	 incomplete	 LAA	 occlusion	

seems	to	be	associated	with	even	greater	risk	of	stroke	and	systemic	embolism,	post-

procedural	 imaging	 and	 clinical	 assessment	 is	mandatory	 (Aryana	 et	 al.,	 2015).	 In	

patients	with	incomplete	LAA	closure	and	high	bleeding	risk	not	suitable	for	OAC	

therapy,	the	possibility	of	percutaneous	closure	of	the	residual	LAA	as	demonstrated	

feasible	by	Ellis	et	al.	should	be	considered	(Ellis	et	al.,	2018).	

4.5 Limitations	

The	major	 limitation	of	this	study	is	the	lack	of	follow-up	data	going	beyond	

the	assessment	of	LAA	closure.	Even	though	there	is	a	highly	significant	difference	

between	the	 larger	study	groups	 in	 favor	of	device-driven	therapy	and	no	thrombi	

were	reported	during	follow-up,	the	patients’	clinical	outcome	especially	regarding	

the	frequency	of	embolic	events	and	OAC	use	remains	unknown.	Therefore,	one	of	

the	 most	 essential	 concerns	 regarding	 incomplete	 LAA	 occlusion	 could	 not	 be	

addressed.	 Eventually,	 the	 non-randomized	 design	 of	 this	 investigation	 possibly	

generates	a	selection	bias.	
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4.6 Conclusion	

There	 is	 a	 lively	 debate	 about	 the	 ideal	 approach	 of	 surgical	 LAA	 occlusion,	

even	 more	 so	 since	 there	 are	 a	 growing	 number	 of	 surgical	 and	 interventional	

device-supported	 methods	 with	 promising	 long-term	 results.	 Prior	 studies	

examining	 different	 suturing	 techniques	 showed	 inconsistent	 and	 overall	 poor	

success.	 The	 results	 of	 this	 investigation	 strongly	 suggest	 that	 excluding	 suturing	

techniques	should	not	be	implemented	for	surgical	LAA	occlusion	any	more.		

In	 support	 of	 previous	 studies,	 LAA-specific	 device-driven	 therapy	

demonstrated	an	excellent	 success	 rate	 for	LAA	closure.	However,	 there	 is	 still	no	

convincing	evidence	regarding	a	reduction	of	ischemic	events.	Thus,	OAC	should	be	

continued	after	surgical	LAA	occlusion	device-driven	or	otherwise.	

Irrespective	of	the	method	of	surgical	LAA	closure,	patients	should	be	assessed	

by	 TEE	 at	 least	 once	 between	 three	 and	 twelve	months	 after	 the	 procedure.	 The	

excellent	results	of	LAA-specific	device-supported	therapy	in	this	investigation	once	

again	 indicate	 that	 medical	 engineering	 is	 rapidly	 gaining	 in	 importance	 within	

traditional	medicine.	
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5 Summary	

Atrial	 fibrillation	 (AF)	 is	 the	 most	 common	 form	 of	 supraventricular	

arrhythmia	worldwide	and	associated	with	an	increased	risk	of	stroke.	In	over	90%	

of	 patients	 with	 AF	 that	 suffer	 an	 ischemic	 event	 thrombus	 formation	 originates	

from	the	left	atrial	appendage	(LAA).	Therefore,	occlusion	of	the	LAA	seems	to	be	a	

reasonable	 approach	 for	 stroke	 risk	 reduction.	 Several	 methods	 of	 surgical	 LAA	

closure	have	been	practiced	 for	decades,	however,	highly	varying	and	mostly	poor	

success	rates	have	been	reported.		

In	 this	 investigation,	 100	 adult	 patients	 with	 a	 history	 of	 AF	 undergoing	

open-heart	 surgery	 between	 August	 of	 2013	 and	 April	 of	 2015	 were	 treated	 with	

different	methods	of	 surgical	LAA	occlusion	and	prospectively	 assigned	 to	 receive	

follow-up	 by	 transesophageal	 echocardiography	 (TEE)	 three	 and	 twelve	 months	

after	the	procedure.	Due	to	the	extremely	poor	success	rate	of	the	primarily	exerted	

suturing	 techniques	 during	 the	 early	 follow-up	 period,	 device-driven	 therapy	was	

performed	in	subsequent	procedures	whenever	possible.	No	peri-operative	adverse	

events	related	to	LAA	closure	occurred.		

The	 findings	 of	 this	 study	 strongly	 confirm	 inappropriate	 success	 rates	 of	

surgical	LAA	occlusion	using	excluding	suturing	techniques	as	previously	observed	

and	 show	 excellent	 results	 of	 a	 device-supported	 treatment.	 A	 direct	 comparison	

between	 the	 two	 largest	 study	 groups	 either	 treated	 with	 an	 external	 pledgeted	

purse-string	suture	or	a	stapling	device	that	has	not	been	evaluated	in	this	fashion	

so	far	revealed	the	surgical	technique	to	be	the	only	strong	predictor	of	successful	

LAA	occlusion	(13.8%	versus	95.5%	at	3-month	follow-up	and	13.3%	versus	91.7%	at	

12-month	follow-up;	p<0.0001).	

Concomitant	 surgical	 LAA	 closure	 can	 be	 safely	 performed	 during	 open-

heart	surgery.	Excluding	suturing	techniques	should	not	be	implemented	any	more	

whereas	device-supported	 treatment	provides	promising	 long-term	results.	TEE	or	

other	 imaging	 assessment	 following	 LAA	 occlusion	 is	 mandatory	 and	 as	 long	 as	

there	 is	 no	 definitive	 evidence	 of	 stroke	 risk	 reduction	 anticoagulation	 therapy	

should	be	continued.	



 28	

28	

6 References	

1.	 Adams,	 C.,	 Bainbridge,	 D.,	 Goela,	 A.,	 Ross,	 I.,	 Kiaii,	 B.	 (2012).	 Assessing	 the	

Immediate	and	Sustained	Effectiveness	of	Circular	Epicardial	Surgical	Ligation	

of	the	Left	Atrial	Appendage.	Journal	of	Cardiac	Surgery,	27:	270–273.		

2.	 Ailawadi,	 G.,	 Gerdisch,	 M.	 W.,	 Harvey,	 R.	 L.,	 Hooker,	 R.	 L.,	 Damiano,	 R.	 J.,	

Salamon,	 T.,	Mack,	M.	 J.	 (2011).	 Exclusion	 of	 the	 left	 atrial	 appendage	with	 a	

novel	 device:	 Early	 results	 of	 a	 multicenter	 trial.	 Journal	 of	 Thoracic	 and	

Cardiovascular	Surgery,	142:	1002–1009.e1.	

3.	Aryana,	A.,	Singh,	S.	K.,	Singh,	S.	M.,	Gearoid	O’Neill,	P.,	Bowers,	M.	R.,	Allen,	S.	

L.,	 Lewandowski,	 S.	 L.,	 Vierra,	 E.	 C.,	 D’Avila,	 A.	 (2015).	 Association	 between	

incomplete	 surgical	 ligation	 of	 left	 atrial	 appendage	 and	 stroke	 and	 systemic	

embolization.	Heart	Rhythm,	12:	1431–1437.		

4.	Ball,	J.,	Carrington,	M.	J.,	McMurray,	J.	J.	V.,	Stewart,	S.	(2013).	Atrial	fibrillation:	

profile	 and	 burden	 of	 an	 evolving	 epidemic	 in	 the	 21st	 century.	 International	

Journal	of	Cardiology,	167:	1807–1824.		

5.	Bartus,	K.,	Han,	F.	T.,	Bednarek,	J.,	Myc,	J.,	Kapelak,	B.,	Sadowski,	J.,	Lelakowski,	

J.,	Bartus,	S.,	Yakubov,	S.	J.,		Lee,	R.	J.	(2013).	Percutaneous	left	atrial	appendage	

suture	ligation	using	the	lariat	device	in	patients	with	atrial	fibrillation:	Initial	

clinical	experience.	Journal	of	the	American	College	of	Cardiology,	62:	108–118.		

6.	Benjamin,	E.	J.,	Wolf,	P.	A.,	D’Agostino,	R.	B.,	Silbershatz,	H.,	Kannel,	W.	B.,	Levy,	

D.	 (1998).	 Impact	 of	 atrial	 fibrillation	 on	 the	 risk	 of	 death:	 the	 Framingham	

Heart	Study.	Circulation,	98:	946–952.	

7.	Caliskan,	E.,	Sahin,	A.,	Yilmaz,	M.,	Seifert,	B.,	Hinzpeter,	R.,	Alkadhi,	H.,	Cox,	J.	L.,	

Holubec,	 T.,	 Reser,	 D.,	 Falk,	 V.,	 Gruenenfelder,	 J.,	 Genoni,	 M.,	 Maisano,	 F.,	

Salzberg,	S.	P.,	Emmert,	M.	Y.	 (2018).	Epicardial	 left	atrial	appendage	AtriClip	

occlusion	 reduces	 the	 incidence	 of	 stroke	 in	 patients	 with	 atrial	 fibrillation	

undergoing	cardiac	surgery.	Europace,	20:	e105–e114.		

8.	Chugh,	S.	S.,	Havmoeller,	R.,	Narayanan,	K.,	Singh,	D.,	Rienstra,	M.,	Benjamin,	E.	



 29	

29	

J.,	 Gillum,	 R.	 F.,	 Kim,	 Y.,	 McAnulty,	 J.	 H.,	 Zheng,	 Z.,	 Forouzanfar,	 M.	 H.,	

Naghavi,	 M.,	 Mensah,	 G.	 A.,	 Ezzati,	 M.,	 Murray,	 C.	 J.	 L.	 (2014,	 February).	

Worldwide	Epidemiology	of	Atrial	Fibrillation:	A	Global	Burden	of	Disease	2010	

Study.	Circulation,	129:	837-847.		

9.	Connolly,	S.	J.,	Ezekowitz,	M.	D.,	Yusuf,	S.,	Eikelboom,	J.,	Oldgren,	J.,	Parekh,	A.,	

Pogue,	 J.,	Reilly,	P.	A.,	Themeles,	E.,	Varrone,	 J.,	Wang,	S.,	Alings,	M.,	Xavier,	

D.,	Zhu,	J.,	Diaz,	R.,	Lewis,	B.	S.,	Darius,	H.,	Diener,	H.,	Joyner,	C.	D.,	Wallentin,	

L.	 (2009).	 Dabigatran	 versus	 warfarin	 in	 patients	 with	 atrial	 fibrillation.	 The	

New	England	Journal	of	Medicine,	361:	1139–1151.		

10.	Cox,	J.	L.,	Boineau,	J.	P.,	Schuessler,	R.	B.,	Ferguson,	T.	B.	J.,	Cain,	M.	E.,	Lindsay,	

B.	 D.,	 Corr,	 P.	 B.,	 Kater,	 K.	 M.,	 Lappas,	 D.	 G.	 (1991).	 Successful	 surgical	

treatment	 of	 atrial	 fibrillation.	 Review	 and	 clinical	 update.	 Journal	 of	 the	

American	Medical	Association,	266:	1976–1980.	

11.	Ellis,	C.	R.,	Aznaurov,	S.	G.,	Patel,	N.	J.,	Williams,	J.	R.,	Sandler,	K.	L.,	Hoff,	S.	J.,	

Ball,	S.	K.,	Whalen,	S.	P.,	Carr,	J.	J.	(2017).	Angiographic	Efficacy	of	the	Atriclip	

Left	 Atrial	 Appendage	 Exclusion	 Device	 Placed	 by	 Minimally	 Invasive	

Thoracoscopic	Approach.	Journal	of	the	American	College	of	Cardology:	Clinical	

Electrophysiology,	3:	1356–1365.		

12.	Ellis,	C.	R.,	Metawee,	M.,	Piana,	R.	N.,	Bennett,	J.	M.,	Pretorius,	M.,	Deegan,	R.	J.	

(2018).	Feasibility	of	 left	 atrial	 appendage	device	closure	 following	chronically	

failed	 	 surgical	 ligation.	 Heart	 Rhythm.	

https://doi.org/10.1016/j.hrthm.2018.07.017,	download	03.09.2018.	

13.	Emmert,	M.	Y.,	Puippe,	G.,	Baumüller,	S.,	Alkadhi,	H.,	Landmesser,	U.,	Plass,	A.,	

Bettex,	D.,	Scherman,	J.,	Gruenenfelder,	 J.	Genoni,	M.,	Falk,	V.,	Salzberg,	S.	P.	

(2014).	Safe,	effective	and	durable	epicardial	left	atrial	appendage	clip	occlusion	

in	 patients	with	 atrial	 fibrillation	undergoing	 cardiac	 surgery:	 First	 long-term	

results	 from	 a	 prospective	 device	 trial.	 European	 Journal	 of	 Cardio-Thoracic	

Surgery,	45:	126–131.		

14.	Evora,	P.	R.	B.,	Menardi,	A.	C.,	Celotto,	A.	C.,	Albuquerque,	A.	A.	S.,	Chagas,	H.	



 30	

30	

M.	 A.,	 Rodrigues,	 A.	 J.	 (2017).	 The	 Left	 Atrial	 Appendage	 Revised.	 Brazilian	

Journal	of	Cardiovascular	Surgery,	32:	517–522.		

15.	García-Fernández,	M.	Á.,	Pérez-David,	E.,	Quiles,	 J.,	Peralta,	 J.,	García-Rojas,	 I.,	

Bermejo,	 J.,	 Moreno,	 M.,	 Silva,	 J.	 (2003).	 Role	 of	 left	 atrial	 appendage	

obliteration	 in	 stroke	 reduction	 in	 patients	 with	 mitral	 valve	 prosthesis:	 A	

transesophageal	 echocardiographic	 study.	 Journal	 of	 the	 American	 College	 of	

Cardiology,	42:	1253–1258.		

16.	 Giugliano,	 R.	 P.,	 Ruff,	 C.	 T.,	 Braunwald,	 E.,	 Murphy,	 S.	 A.,	 Wiviott,	 S.	 D.,	

Halperin,	 J.	L.,	Waldo,	A.	L.,	Ezekowitz,	M.	D.,	Weitz,	 J.	 I.,	Spinar,	 J.,	Ruzyllo,	

W.,	Ruda,	M.,	Koretsune,	Y.,	Betcher,	J.,	Shi,	M.,	Grip,	L.	T.,	Patel,	S.	P.,	Patel,	I.,	

Hanyok,	J.	J.,	Mercuri,	M.,	Antman,	E.	M.	(2013).	Edoxaban	versus	Warfarin	in	

Patients	with	Atrial	 Fibrillation.	New	England	 Journal	 of	Medicine,	369:	 2093–

2104.		

17.	Granger,	 C.	 B.,	 Alexander,	 J.	H.,	McMurray,	 J.	 J.	 V,	 Lopes,	 R.	D.,	Hylek,	 E.	M.,	

Hanna,	M.,	Al-Khalidi,	H.	R.,	Ansell,	J.,	Atar,	D.,	Avezum,	A.,	Bahit,	M.	C.,	Diaz,	

R.,	Easton,	J.	D.,	Ezekowitz,	J.	A.,	Flaker,	G.,	Garcia,	D.,	Geraldes,	M.,	Gersh,	B.	

J.,	 Golitsyn	 S.,	 Goto,	 S.,	 Hermosillo,	 A.	 G.,	 Hohnloser,	 S.	 H.,	 Horowitz,	 J.,	

Mohan,	P.,	 Jansky	P.,	Lewis,	B.	S.,	Lopez-Sendon,	J.	L.,	Pais,	P.,	Parkhomenko,	

A.,	Verheugt,	F.	W.	A.,	Zhu,	J.,	Wallentin,	L.	(2011).	Apixaban	versus	warfarin	in	

patients	with	atrial	fibrillation.	The	New	England	Journal	of	Medicine,	365:	981–

992.		

18.	 Healey,	 J.	 S.,	 Crystal,	 E.,	 Lamy,	 A.,	 Teoh,	 K.,	 Semelhago,	 L.,	 Hohnloser,	 S.	 H.,	

Cybulksky,	 I.,	 Abouzahr,	 L.,	 Sawchuck,	 C.,	 Caroll,	 S.,	 Murillo,	 C.,	 Kleine,	 P.,	

Chu,	V.,	Lohn,	E.,	Connolly,	S.	J.	(2005).	Left	Atrial	Appendage	Occlusion	Study	

(LAAOS):	results	of	a	randomized	controlled	pilot	study	of	left	atrial	appendage	

occlusion	 during	 coronary	 bypass	 surgery	 in	 patients	 at	 risk	 for	 stroke.	

American	Heart	Journal,	150:	288–293.		

19.	Holmes,	D.	 R.	 J.,	 Kar,	 S.,	 Price,	M.	 J.,	Whisenant,	 B.,	 Sievert,	H.,	Doshi,	 S.	 K.,	

Huber,	 K.,	 Reddy,	 V.	 Y.	 (2014).	 Prospective	 randomized	 evaluation	 of	 the	

Watchman	 Left	 Atrial	 Appendage	 Closure	 device	 in	 patients	 with	 atrial	



 31	

31	

fibrillation	versus	long-term	warfarin	therapy:	the	PREVAIL	trial.	Journal	of	the	

American	College	of	Cardiology,	64:	1–12.		

20.	Holmes,	D.	R.,	Reddy,	V.	Y.,	Turi,	Z.	G.,	Doshi,	S.	K.,	Sievert,	H.,	Buchbinder,	M.,	

Mullin,	C.	M.,	Sick,	P.	(2009).	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,	374:	534–542.	

21.	 Johnson,	W.	D.,	Ganjoo,	A.	K.,	Stone,	C.	D.,	Srivyas,	R.	C.,	Howard,	M.	 (2000).	

The	 left	 atrial	 appendage:	 Our	 most	 lethal	 human	 attachment!	 Surgical	

implications.	European	Journal	of	Cardio-Thoracic	Surgery,	17:	718–722.		

22.	Kakkar,	A.K.,	Mueller,	I.,	Bassand,	J.P.,	Fitzmaurice,	D.A.,	Goldhaber,	S.Z.,	Goto,	

S.,	Haas,	S.,	Hacke,	W.,	Lip,	G.Y.H.,	Mantovani,	L.G.,	Turpie,	A.G.G.,	van	Eickels,	

M.,	Misselwitz,	F.,	Rushton-Smith,	S.,	Kayani,	G.,	Wilkinson,	P.,	Verheugt,	F.W.A.	

(2013).	Risk	Profiles	and	Antithrombotic	Treatment	of	Patients	Newly	Diagnosed	

with	 Atrial	 Fibrillation	 at	 Risk	 of	 Stroke:	 Perspectives	 from	 the	 International,	

Observational,	 Prospective	 GARFIELD	 Registry.	 PLoS	 ONE,	 8.	

https://doi.org/10.1371/journal.pone.0063479,	download	19.06.2018.	

23.	Kanderian,	A.	S.,	Gillinov,	A.	M.,	Pettersson,	G.	B.,	Blackstone,	E.,	 	Klein,	A.	L.	

(2008).	 Success	 of	 Surgical	 Left	 Atrial	 Appendage	 Closure.	 Assessment	 by	

Transesophageal	 Echocardiography.	 Journal	 of	 the	 American	 College	 of	

Cardiology,	52:	924–929.		

24.	Katz,	E.	S.,	Tsiamtsiouris,	T.,	Applebaum,	R.	M.,	Schwartzbard,	A.,	Tunick,	P.	A.,	

Kronzon,	 I.	 (2000).	 Surgical	 left	 atrial	 appendage	 ligation	 is	 frequently	

incomplete:	 A	 transesophageal	 echocardiographic	 study.	 Journal	 of	 the	

American	College	of	Cardiology,	36:	468–471.		

25.	Kirchhof,	P.,	Benussi,	S.,	Kotecha,	D.,	Ahlsson,	A.,	Atar,	D.,	Casadei,	B.,	Castella,	

M.,	 Diener,	 H.-C.,	 Heidbuchel,	 H.,	 Hendriks,	 J.,	 Hindricks,	 G.,	 Manolis,	 A.	 S.,	

Oldgren,	 J.,	Popescu,	A.	B.,	Schotten,	U.,	Van	Putte,	B.,	 	Vardas,	P.,	Agewall,	S.,	

Camm,	 J.,	 Esquivias,	 G.	 B.,	 Budts,	 W.,	 Carerj,	 S.,	 Casselman,	 F.,	 Coca,	 A.,	 De	

Caterina,	R.,	Deftereos,	S.,	Dobrev,	D.,	Ferro,	J.	M.,	Filippatos,	G.,	Fitzsimons,	D.,	



 32	

32	

Gorenek,	B.,	Guenoun,	M.,	Hohnloser,	S.	H.,	Kolh,	P.,	Lip,	G.	Y.	H.,	Manolis,	A.,	

McMurray,	J.,	Ponikowski,	P.,	Rosenhek,	R.,	Ruschitzka,	F.,	Savelieva,	I.,	Sharma,	

S.,	 Suwalski,	 P.,	 Tamargo,	 J.	 L.,	 Taylor,	 C.	 J.,	 Van	 Gelder,	 I.	 C.,	 Voors,	 A.	 A.,	

Windecker,	S.,	Zamorano,	J.	L.,	Zeppenfeld,	K.	(2016).	2016	ESC	Guidelines	for	the	

management	 of	 atrial	 fibrillation	 developed	 in	 collaboration	 with	 EACTS.	

European	Heart	Journal,	37:	2893–2962.		

26.	Kishore,	A.,	Vail,	A.,	Majid,	A.,	Dawson,	J.,	Lees,	K.	R.,	Tyrrell,	P.	J.,		Smith,	C.	J.	

(2014).	Detection	of	atrial	fibrillation	after	ischemic	stroke	or	transient	ischemic	

attack:	a	systematic	review	and	meta-analysis.	Stroke,	45:	520–526.		

27.	Kleinecke,	C.,	Park,	J.	W.,	Gödde,	M.,	Zintl,	K.,	Schnupp,	S.,	Brachmann,	J.	(2017).	

Twelve-month	 follow-up	 of	 left	 atrial	 appendage	 occlusion	 with	 Amplatzer	

Amulet.	Cardiology	Journal,	24:	131–138.		

28.	Kurfirst,	V.,	Mokráček,	A.,	Čanádyová,	J.,	Bulava,	A.,	Pešl,	L.	(2017).	Effectivity	of	

left	atrial	appendage	occlusion	with	AtriClip	in	155	consecutive	patients	–	Single	

center	study.	Cor	et	Vasa,	59:	e376–e380.		

29.	 Lee,	 R.,	 Vassallo,	 P.,	 Kruse,	 J.,	 Malaisrie,	 S.	 C.,	 Rigolin,	 V.,	 Andrei,	 A.	 C.,	

McCarthy,	 P.	 (2016).	 A	 randomized,	 prospective	 pilot	 comparison	 of	 3	 atrial	

appendage	 elimination	 techniques:	 Internal	 ligation,	 stapled	 excision,	 and	

surgical	excision.	Journal	of	Thoracic	and	Cardiovascular	Surgery,	152:	1075–1080.	

30.	Lloyd-Jones,	D.	M.,	Wang,	T.	J.,	Leip,	E.	P.,	Larson,	M.	G.,	Levy,	D.,	Vasan,	R.	S.,	

D'Agostino,	R.	B.,	Massaro,	J.	M.,	Beiser,	A.,	Wolf,	P.	A.,	Benjamin,	E.	J.	(2004).	

Lifetime	 risk	 for	 development	 of	 atrial	 fibrillation:	 the	 Framingham	 Heart	

Study.	Circulation,	110:	1042–1046.		

31.	Maquet	Acquires	LAAx	Inc.,	TigerPaw	Left	Atrial	Appendage	Occlusion	Device.	

(2013).	 Diagnostic	 and	 Interventional	 Cardiology.	 Retrieved	 from	

https://www.dicardiology.com/product/maquet-acquires-laax-inc-tigerpaw-

left-atrial-appendage-occlusion-device,	download	29.05.2018.	

32.	Murashita,	T.,	Rankin,	J.	S.,	Wei,	L.	M.,	Roberts,	H.	G.,	Alkhouli,	M.	A.,	Badhwar,	

V.	(2018).	Oral	anticoagulation	may	not	be	necessary	for	patients	discharged	in	



 33	

33	

sinus	 rhythm	 after	 the	 Cox	Maze	 IV	 procedure.	The	 Journal	 of	 Thoracic	 and	

Cardiovascular	Surgery,	155:	997–1006.		

33.	 Patel,	 M.	 R.,	 Mahaffey,	 K.	 W.,	 Garg,	 J.,	 Pan,	 G.,	 Singer,	 D.	 E.,	 Hacke,	 W.,	

Breithardt,	G.,	Halperin,	J.	L.,	Hankey,	G.	J.,	Piccini,	J.	P.,	Becker,	R.	C.,	Nessel,	

C.	 C.,	 Paolini,	 J.	 F.,	 Berkowitz,	 S.	 D.,	 Fox,	 K.	 A.	 A.,	 Califf,	 R.	 M.	 (2011).	

Rivaroxaban	versus	warfarin	in	nonvalvular	atrial	fibrillation.	The	New	England	

Journal	of	Medicine,	365:	883–891.		

34.	 Reddy,	 V.	 Y.,	 Doshi,	 S.	 K.,	 Kar,	 S.,	 Gibson,	 D.	 N.,	 Price,	 M.	 J.,	 Huber,	 K.,	 …	

Holmes,	 D.	 R.	 (2017).	 5-Year	Outcomes	 After	 Left	 Atrial	 Appendage	 Closure:	

From	the	PREVAIL	and	PROTECT	AF	Trials.	Journal	of	the	American	College	of	

Cardiology,	70:	2964–2975.		

35.	Reddy,	V.	Y.,	 Sievert,	H.,	Halperin,	 J.,	Doshi,	 S.	K.,	Buchbinder,	M.,	Neuzil,	P.,	

Huber,	K.,	Whisenant,	B.,	Kar,	 S.,	 Swarup,	V.,	Gordon,	N.,	Holmes,	D.	 (2014).	

Percutaneous	 left	 atrial	 appendage	 closure	 vs	warfarin	 for	 atrial	 fibrillation:	 a	

randomized	 clinical	 trial.	 Journal	 of	 the	 American	 Medical	 Association,	 312:	

1988–1998.		

36.	 Salzberg,	 S.,	 &	 Emmert,	 M.	 (2017).	 Surgical	 epicardial	 left	 atrial	 appendage	

closure:	A	true	alternative.	Journal	of	Atrial	Fibrillation,	10:	2017–2019.		

37.	Sievert,	H.,	Lesh,	M.	D.,	Trepels,	T.,	Omran,	H.,	Bartorelli,	A.,	Bella,	P.	D.,	Nakai,	

T.,	 Reisman,	 M.,	 DiMario,	 C.,	 Block,	 P.,	 Kramer,	 P.,	 Fleschenberg,	 D.,	

Krumsdorf,	 U.,	 Scherer,	 D.	 (2002).	 Percutaneous	 left	 atrial	 appendage	

transcatheter	 occlusion	 to	 prevent	 stroke	 in	 high-risk	 patients	 with	 atrial	

fibrillation:	Early	clinical	experience.	Circulation,	105:	1887–1889.		

38.	 Starck,	 C.	 T.,	 Steffel,	 J.,	 Emmert,	 M.	 Y.,	 Plass,	 A.,	 Mahapatra,	 S.,	 Falk,	 V.,	

Salzberg,	 S.	 P.	 (2012).	 Epicardial	 left	 atrial	 appendage	 clip	 occlusion	 also	

provides	 the	 electrical	 isolation	 of	 the	 left	 atrial	 appendage.	 Interactive	

Cardiovascular	and	Thoracic	Surgery,	15:	416–418.		

39.	Suwalski,	G.,	Emery,	R.,	Gryszko,	L.,	Kaczejko,	K.,	Zegadlo,	A.,	Frankowska,	E.,	

Mroz,	 J.,	 Skrobowsky,	A.	 (2016).	 Early	 operative	 comparison	of	 two	 epicardial	



 34	

34	

left	 atrial	 appendage	 occluding	 systems	 applied	 during	 off-pump	 coronary	

revascularisation	in	patients	with	persistent	atrial	fibrillation.	Kardiochirurgia	i	

Torakochirurgia	Polska,	13	(1):	10-14	

40.	Tolat,	A.,	Lippman,	N.	(2018).	Update	on	the	Non-Pharmacological	Management	

of	 Stroke	 Prevention	 in	 Patients	 with	 Atrial	 Fibrillation.	 Journal	 of	 Clinical	

Medicine,	7:	32.		

41.	Tsai,	Y.-C.,	Phan,	K.,	Munkholm-Larsen,	S.,	Tian,	D.	H.,	La	Meir,	M.,	Yan,	T.	D.	

(2015).	 Surgical	 left	 atrial	 appendage	 occlusion	 during	 cardiac	 surgery	 for	

patients	 with	 atrial	 fibrillation:	 a	 meta-analysis.	 European	 Journal	 of	 Cardio-

Thoracic	 Surgery :	 Official	 Journal	 of	 the	 European	 Association	 for	 Cardio-

Thoracic	Surgery,	47:	847–854.		

42.	 U.S.	 Food	 and	 Drug	 Administration.	 (2015).	 Class	 1	 Device	 Recall	 TigerPaw	

System	 II.	 Retrieved	 from	

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfRES/res.cfm?id=135185,	

download	17.06.2018.	

43.	 Ueberham,	 L.,	 Dagres,	 N.,	 Potpara,	 T.	 S.,	 Bollmann,	 A.,	 Hindricks,	 G.	 (2017).	

Pharmacological	 and	 Non-pharmacological	 Treatments	 for	 Stroke	 Prevention	

in	Patients	with	Atrial	Fibrillation.	Advances	in	Therapy,	34:	2274–2294.		

44.	Ventosa-Fernandez,	G.,	Quintana,	E.,	Castella,	M.,	Pereda,	D.	 (2015).	Exclusion	

of	 the	 left	 atrial	 appendage	 with	 the	 TigerPaw	 II	 system:	 a	 world	 of	 caution.	

Interactive	CardioVascular	and	Thoracic	Surgery,	21:	803-804	

45.	Whitlock,	 R.	 P.,	 Vincent,	 J.,	 Blackall,	 M.	 H.,	 Hirsh,	 J.,	 Fremes,	 S.,	 Novick,	 R.,	

Devereaux,	P.	J.,	Teoh,	K.,	Lamy,	A.,	Connolly,	S.	J.,	Yusuf,	S.,	Carrier,	M.,	Healey,	

J.	S.	 (2013).	Left	Atrial	Appendage	Occlusion	Study	II	 (LAAOS	II).	The	Canadian	

Journal	of	Cardiology,	29:	1443–1447.		

46.	Zulkifly,	H.,	Lip,	G.	Y.	H.,	Lane,	D.	A.	(2018).	Epidemiology	of	atrial	fibrillation.	

International	Journal	of	Clinical	Practice,	72:	e13070.		



 35	

35	

7 Appendix	

Protocol	and	flow	trace	for	transesophageal	echocardiography	regarding	

the	surgical	left	atrial	appendage	occlusion	study	

Preset:	

•	Duration	of	recording:	at	least	three	cardiac	cycles	

•	Harmonic	imaging	

Prior	to	left	atrial	appendage	occlusion:	

•	Visualization	of	the	left	atrial	appendage	at	approximately	30-50°	

•	Color	Doppler	of	the	left	atrial	appendage	(15	cm/s)	

•	Depiction	of	the	left	atrial	appendage	from	a	second	angle	(ca.	90°-120°)	

•	Color	Doppler	of	the	left	atrial	appendage	(15	cm/s)	

After	left	atrial	appendage	occlusion:	

•	 Visualization	 of	 the	 left	 atrial	 appendage	 stump	 from	 a	 short	 axis	 (pre-			

operative	settings)	

•	Color	Doppler	of	the	left	atrial	appendage	stump	(15	cm/s)	

•	Depiction	of	the	left	atrial	appendage	stump	from	a	second	angle	(ca.	

90°-120°)	

•	Color	Doppler	of	the	left	atrial	appendage	stump	(15	cm/s)	

•	Transfer	of	the	recorded	data	to	a	memory	stick	

	

	

Created	by	Scharnbeck/Reinelt,	9/2013	

	

	

Contact:	

Cardiothoracic	Surgery:	Ms.	Weber,	Dr.	Gorki		

Cardiothoracic	and	Vascular	Anesthesia:	PD	Dr.	Reinelt		

Cardiology:	Dr.	Scharnbeck	
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