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1. Graphical	abstract	
	
	

	
	
	

1. Graphical	abstract.	AR	–	aortic	regurgitation,	S3	–	Sapien	3	prosthesis,	
PVL	paravalvular	leak		
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2. Abstract	

	

2.1	Background	

Transcatheter	 aortic	 valve	 implantation	 (TAVI)	 in	 pure	 severe	 native	 aortic	

regurgitation	(AR)	is	challenging,	as	dedicated	devices	are	not	widely	available.	

Compassionate,	off-label	use	of	 transcatheter	heart	valves	(THVs)	approved	for	

the	 treatment	of	 aortic	 stenosis	has	been	 reported,	mainly	with	 self-expanding	

THVs.	 When	 balloon-expandable	 valves	 (BEV)	 are	 preferred,	 oversizing	 with	

respect	 to	 the	 annulus	 is	 necessary,	 but	 there	 is	 scant	 data	 regarding	 optimal	

oversizing	and	its	safety.	

	

2.2	Aims	

To	assess	BEV	oversizing	and	outcomes	of	TAVI	with	BEV	in	pure	AR.	

2.3	Methods	

Consecutive	patients	undergoing	transfemoral	TAVI	in	pure	AR	with	Sapien	BEV	

at	 our	 centre	 between	 2019	 and	 2023	 were	 included.	 Bicuspid	 (BAV)	 and	

tricuspid	 (TAV)	 aortic	 valves	were	 analyzed	 separately.	 The	 assure	 anchorage	

the	 aim	 was	 to	 implant	 a	 valve	 with	 20-30%	 oversizing	 with	 respect	 to	 the	

annulus.	 TAV	 were	 divided	 into	 small	 annulus	 group	 (≤618mm2,	 SA)	 where	

≥20%	oversizing	 is	 achievable	based	on	published	data	on	BEV	overexpansion	

and	larger	annulus	group	(LA,	>618mm2).	Overexpansion	and	actual	oversizing	

were	measured	 on	 post-procedural	 CT	 scan.	 Procedural	 and	 clinical	 outcomes	

during	follow-up	were	analyzed	using	the	Valve	Academic	Research	Consortium-

3	criteria.		
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2.4	Results	

Seventeen	 patients	 were	 identified	 (76.5%	 males,	 mean	 age	 79.2	 years,	 STS	

3.8%,	 TAV	 13	 patients).	 Mean	 aortic	 valvular	 calcium	 volume	 was:	

TAV=15.4mm3	and	BAV=171.0mm3	(p=0.001).	Technical	success	was	94.1%	with	

one	valve	embolisation	in	TAV	LA	group.	Mild	paravalvular	leak	(PVL)	was	more	

frequent	in	BAV	(p=0.0088).	There	were	no	cases	of	AR	>	grade	1.		

The	 post-procedural	 CT	 in	 TAV	 patients	 showed	 a	 mean	 28.3%	 oversizing,	

significantly	 higher	 in	 SA	 (31.2%)	 then	 in	 LA	 group	 (19.4%),	 p=	 0.0092.	

Oversizing	≥20%	was	achieved	in	100%	SA	vs	33.3%	LA	patients	(p=0.046).	 In	

LA	patients	 the	 implanted	BEVs	were	 significantly	more	overexpanded	 than	 in	

SA	group	(10.8%	vs	22.3%,	p=0.0119)	

In-hospital	mortality	was	5.9%	(1	TV	patient).	There	was	no	difference	in	1-year	

mortality	between	groups.	Echocardiographic	follow-up	showed	stable	gradients	

without	 PVL.	 One	 patient	 developed	 endocarditis	 with	 bioprosthetic	 valve	

failure.	

	

2.5	Conclusions		

TAVI	in	pure	AR	with	oversized	Sapien	BEV	showed	good	procedural	and	short-

term	 outcomes	 when	 ≥20%	 oversizing	 was	 predictably	 achievable.	 Prosthesis	

overexpansion	does	not	affect	valve	function	at	short-term	follow-up.	
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3. Background	

	

	

Severe	 aortic	 valve	 regurgitation	 (AR)	 is	 a	 common	valvular	disease,	 increases	

with	age,	occurring	in	up	to	2%	of	individuals	over	65	years	of	age	(1,2).		AR	may	

be	 associated	with	 aortic	 stenosis	 (AS)	 in	 calcific	 aortic	 valve	 (AV)	 disease	 or	

pure	 AR	 caused	 by	 the	 malcoaptation	 of	 the	 non-calcified	 AV	 cusps	 due	 to	

primary	disease	of	 the	cusps,	 the	abnormalities	of	 the	aortic	root	(dilatation	or	

geometric	 distortion	 of	 the	 aortic	 root)	 or	 due	 to	 a	 combination	 of	 both	

mechanisms	(3):	

The	causes	of	AR	due	to	primary	valve	disease	include:		

- congenital	 leaflet	 abnormalities	 degeneration	 like	 bicuspid	 AV	 where	

abnormal	 valve	 structure	 predisposes	 it	 to	 wear	 and	 tear,	 leading	 to	

regurgitation;	

- acquired	leaflet	abnormalities	due	to	rheumatic	fever	which	causes	scarring	

and	 thickening	 of	 valve	 leaflets	 preventing	 coaptation	 and	 causing		

insufficiency	or	due	to		infective	endocarditis	with	damage	and	perforations		

of	the	leaflets;	

- other	 rarer	 acquired	 causes:	 chest	 trauma	 with	 traumatic	 rupture	 or	

avulsion	 of	 an	 aortic	 cusp,	 systemic	 lupus	 erythematosus,	 rheumatoid	

arthritis,	ankylosing	spondylitis	and	many	others.	
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The	causes	of	AR	due	to	primary	aortic	root	abnormalities:		

- age-related	changes	with	or	without	chronic	systemic	hypertension;	

- cystic	 medial	 necrosis	 associated	 with	 Marfan	 syndrome	 or	 osteogenesis	

imperfect;	

- inflammatory	 disorders	 as	 ankylosing	 spondylitis,	 Behcet	 syndrome,	

psoriatic	 arthritis,	 arthritis	 associated	 with	 reactive	 arthritis,	 ulcerative	

colitis;	

- acute	or	chronic	retrograde	dissection	of	the	aorta	that	involves	and	disrupts	

the	aortic	annulus.	

	

Untreated	 severe	 AR	 leads	 to	 left	 ventricular	 (LV)	 volume	 overload,	 increase	

ventricular	 wall	 stress,	 chamber	 dilatation	 and	 LV	 dysfunction.	 (4).	 	 Current	

guidelines	 recommend	 surgical	 valve	 replacement	 (SAVR)	 or	 surgical	 valve	

sparing	procedures	for	severe	AR	for	patients	who	are	symptomatic	with	heart	

failure	or	develop	LV	dysfunction	or	dilatation	(5).		

However,	 in	 the	 aging	 population,	 a	 significant	 number	 of	 patients	 with	

symptomatic	 severe	 AR	 are	 not	 eligible	 for	 surgery	 due	 to	 comorbidities	 and	

prohibitive	 surgical	 risk	 and	 are	 often	 treated	 conservatively	 (4,6).	 Once	

symptoms	develop,	in	patients	without	surgical	treatment	annual	mortality	is	up	

to	20%	(4,6,7)	which	is	even	higher	for	patients	with	reduced	LV	function	(8).	

Transcatheter	 aortic	 valve	 implantation	 (TAVI)	 has	 been	 developed	 for	 and	

revolutionised	the	treatment	of	severe	AS	in	the	recent	years.	Numerous	studies	

show	progressive	improvements	in	procedural	outcomes	and,	despite	expanding	

indications	 towards	 younger	 and	 lower	 risk	 patients,	 TAVI	 shows	 durable	

benefits	 compared	 with	 SAVR	 with	 respect	 to	 all-cause	 mortality	 or	 disabling	
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stroke	 (9,10).	 	However,	 the	 results	 achieved	 in	AS	patients	 cannot	be	directly	

translated	 to	pure	non-calcified	AR	patients.	The	available	TAVI	devices	can	be	

dived	into	balloon-expandable	valves	(BEV)	and	self-expanding	valves	(SEV)	and	

all	 are	designed	 to	 anchor	on	 the	 thickened	 calcified	 leaflets	 of	 the	AV.	 	 In	 the	

treatment	of	pure	AR	TAVI	might	represent	an	alternative	to	SAVR	but,	given	the	

AR	 specific	 anatomical	 features	 that	 can	 compromise	 device	 success	 and	

procedural	safety,	until	now	there	are	no	randomised	clinical	 trials	of	TAVI	 for	

pure	AR.	The	only	two	dedicated	transcatheter	devices	for	pure	AR	with	unique	

anchoring	mechanism	which	does	not	require	a	calcified	anchoring	zone	are	the	

J-Valve	(JCMedical)	and	the	JenaValve	(JenaValve	Technology)	have	been	used	in	

the	 past	 via	 the	 transapical	 approach	 (11,12)	 and	 demonstrated	 satisfactory	

outcomes	 and	 low	 rates	 of	 THV	 embolisation,	 residual	 AR	 and	 permanent	

pacemaker	 implantation.	 These	 devices	 they	 have	 been	 recently	 replaced	with	

transfemoral	 systems	 and	 start	 showing	 promising	 procedural	 and	 short-term	

results	 in	pure	AR	 (13–16)	but	 they	are	 currently	not	widely	 available	outside	

the	clinical	trials	setting.		

Off-label	 use	 of	 oversized	 THV	 prosthesis	 dedicated	 for	 AS	 is	 feasible	 and	 has	

increased	 over	 the	 years	 (17)	 with	 results	 getting	 progressively	 better	 with	

operators’	experience	and	newer	generations	of	devices	(18,19).	The	procedure,	

however,	 faces	challenges	 for	valve	positioning	and	anchoring	 (lack	of	calcium,	

large	annuli,	dilated	aortic	root	and	increased	stroke	volume)	and	the	risks	of	the	

greater	 degree	 of	 oversizing	 required	 resulting	 in	 unpredictable	 outcome	with	

increased	the	risk	of	complications	(embolisation,	migration	or	annular	rupture)	

(20).	 In	 the	 majority	 of	 published	 series	 the	 operators	 preferably	 used	 SEV	

probably	due	 to	 the	possibility	of	 recapturing,	 repositioning	 and	 the	perceived	
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benefit	of	continuous	radial	pressure	on	the	annulus	facilitating	anchorage	of	the	

prosthesis	(21–27).	However	available	SEV	may	not	be	able	to	achieve	sufficient	

oversizing	 in	 large	 annuli	 patients	 and,	 in	 the	 absence	 of	 head-to-head	

comparisons,	 the	 device	 choice	 depends	 on	 clinical	 factors,	 root	 anatomy	 and	

local	expertise.	There	 is	a	growing	 interest	 in	 the	use	of	oversized	BEV	 in	pure	

AR	(28–30)	with	favourable	short	term	results,	even	in	very	large	annuli	patients	

(31).	 BEV	 final	 size	 can	 be	 modulated	 with	 overfilling	 and	 underfilling	 the	

balloon	 to	 achieve	 the	 desired	 oversizing.	 There	 is	 a	 paucity	 of	 data	 regarding	

optimal	 oversizing	 and	 its	 safety.	 In	 the	 current	 manuscript,	 I	 report	 our	

experience	 of	 TAVI	with	 a	 BEV	 in	 consecutive	 inoperable	 patients	with	 native	

pure	 AR	 focused	 on	 the	 oversizing	 and	 overexpansion	 achieved	 and	 related	

outcomes.		

	

	

	

	

	

	

	

	

	

	

	

	

	



10	
	

4. Methods	

	

4.1 Study	design	

	

Single-centre	 observational	 study	 that	 enrolled	 all	 consecutive	 patients	 with	

symptomatic	 severe	 pure	AR	who	 underwent	 compassionate	 TAVI	with	 a	 BEV	

(SAPIEN	 3,	 Edwards	 Lifesciences)	 performed	 between	 January	 2019	 and	

September	2023.		

Tricuspid	 aortic	 valve	 (TAV)	 and	 bicuspid	 aortic	 valve	 (BAV)	 patients	 were	

analyzed	separately.	Data	was	collected	in	a	dedicated	hospital	database,	which	

captures	baseline	clinical,	 laboratory,	echocardiographic	and	CT	data	as	well	as	

procedural	data	and	clinical	follow-up.		

	

4.2 Study	population	and	pre-procedural	evaluation	

	

All	 patients	 were	 evaluated	 by	 our	 Heart	 Team	 consisting	 of	 cardiologists,	

cardiovascular	 surgeons	 and	 (when	 needed)	 cardiac	 anaesthesiologists	 on	 the	

basis	 of	 routine	 laboratory	 test,	 transthoracic	 and	 transoesophageal	

echocardiography,	 coronary	 angiography	 and	 ECG-gated	 contrast	 enhanced	

computed	 tomography	 (CT)	 and	 were	 deemed	 not	 eligible	 for	 SAVR	 due	 to	

prohibitive	 operative	 risk.	 Severe	 AR	was	 defined	 according	 to	 ESC	 guidelines	

criteria.	(5)	Patients	with	AS	defined	as	a	mean	aortic	valve	gradient	>20	mm	Hg	

were	 excluded.	 If	 no	 AS	 was	 reported	 for	 a	 patient,	 then	 mean	 gradient	 and	

aortic	valve	area	were	not	available.		
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4.3	Pre-procedural	CT	and	BEV	sizing	

	

The	 quantification	 of	 aortic	 valve	 calcification	 was	 performed	 from	 contrast-

enhanced	 CT	 using	 an	 automatic	 Aortic	 Valve	 Calcium	 Score	 (AVCS)	 on	 a	

3mensio	 Valves™	 workstation	 (version	 10.2,	 3mensio	 Medical	 Imaging	 B.V.,	

Netherlands)	and	reported	as	a	calcification	volume	(in	mm3)	with	the	threshold	

for	 correct	 calcium	 identification	 depending	 on	 the	 contrast	 enhancement	 of	

aortic	 and	 cardiac	 structures	 (in	 patients	with	 left	 ventricular	 outflow	 tract	 of	

>300	Hounsfield	units	[HU]	the	threshold	was	set	at	850	HU).	(32,33)	

The	LVOT	morphology	(tapered,	 tubular	or	 flared)	was	determined	on	the	pre-

procedural	CT	based	on	the	difference	in	area	between	the	annular	plane	and	3	

mm	below	the	annulus	as	previously	described	(34).	

BEV	 size	 and	 expansion	 volume	 were	 chosen	 by	 the	 operator	 based	 on	 the	

annulus	measurement	 [systolic	 virtual	 basal	 ring	 (VBR)	 area]	 and	 in	 order	 to	

achieve	20-30%	oversizing.	Based	on	the	ex-vivo	studies	the	Sapien	29	mm	valve	

with	additional	4	mls	of	 contrast	achieves	 the	area	of	742	mm2	and	 this	would	

provide	 a	 sufficient	 oversizing	 of	 at	 least	 20%	 for	 the	 annulus	 of	 618	 mm2.	

Therefore	TAV	patients	were	divided	in	two	groups	based	on	the	annulus	area:	

smaller	annulus	(SA,	≤618mm2)	with	expected	 least	20%	oversizing	and	 larger	

annuli	 (LA,	 >618mm2)	 with	 less	 predictable	 achievement	 of	 at	 least	 20%	

oversizing.		
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4.3 TAVI	procedure	

	

All	procedures	were	performed	in	the	hybrid	catheterization	laboratory	with	full	

cardiac	 surgery	 back-up.	 	 Femoral	 artery	 access	 via	 the	 femoral	 artery	 using	

ultrasound-guided	puncture	and	Seldinger	technique	was	used	for	all	cases.	BEV	

choice	was	based	on	operator	preference	 (Sapien	3/3	Ultra).	The	 implantation	

itself	did	not	differ	from	our	standard	TAVI	procedure	for	AS	with	the	exception	

of	 slightly	 lower	 intended	 implantation	 depth	 ranging	 up	 to	 5	 mm	 below	 the	

annular	 plane	 in	 cases	 with	 expected	 shortening	 of	 the	 inflow	 part	 due	 to	

overexpansion.	 In	 cases	 with	 significant	 overexpansion	 the	 extra	 volume	 of	

contrast	 (5-8	mls)	was	delivered	by	 a	 syringe	 attached	on	 the	 side	port	 of	 the	

stopcock	 of	 the	 delivery	 system	 and	 was	 injected	 before	 the	 nominal	 volume	

from	the	inflator.	

	

4.4 Post-procedural	CT	

	

Following	 a	 successful	 TAVI	 all	 TAV	patients	 underwent	 ECG-gated	CT	 scan	 to	

assess	 the	 BEV	 overexpansion	 and	 oversizing	 achieved.	 The	 BEV	 dimensions	

were	 assessed	 at	 the	 native	 annulus	 level.	 Achieved	 area	 oversizing	 (%)	 was	

calculated	 as:	 (BEV	 outer	 area/VBR	 area	 –	 1)	 x	 100.	 Achieved	 valve	

overexpansion	(%)	was	calculated	as:	(BEV	outer	area/nominal	BEV	area	–	1)	x	

100.	We	did	not	perform	the	post-procedural	CT	in	the	BAV	patients	as	the	sizing	

algorithms	and	oversizing	are	not	based	only	on	VBR	area.	
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4.5 Study	endpoints	

	

The	main	outcome	was	assessment	of	the	oversizing	achieved	and	effectiveness	

and	 safety	 of	 our	 sizing	 strategy	 aiming	 at	 20-30%	oversizing	 in	 TAV	 patients	

with	 SA	 and	 LA	 based	 on	 post-procedural	 CT	 and	 using	 the	 Valve	 Academic	

Research	Consortium-3	(VARC-3)	definitions	(35)	 for	procedural	and	follow-up	

outcomes.	MACE	were	 defined	 as	 cardiovascular	 death,	 stroke	 and	myocardial	

infarction.	Secondary	outcome	was	to	evaluate	the	effects	of	valve	overexpansion	

in	follow-up.	Follow-up	was	obtained	through	clinical	visits	and/or	by	telephone.		

	

4.6 Statistical	analysis:	

	

Continuous	 variables	were	 assessed	 for	 normality,	 prior	 to	 the	 analysis,	 using	

Shapiro-Wilk	 test.	 Normally	 distributed	 variables	 were	 reported	 as	 mean	 ±	

standard	 deviation	 (SD)	 and	 compared	 using	 independent	 samples	 t-tests.	

Repeated,	 longitudinally	measured	values	were	 compared	with	paired-samples	

t-test.	Non-normal	 and	ordinal	 variables	were	 compared	using	non-parametric	

Mann-Whitney	 tests	 and	 reported	 as	means,	 whilst	 categorical	 variables	 were	

reported	 as	 absolute	 numbers	 and	 percentages	 and	were	 compared	 using	 chi-

square	test	or	Fisher's	exact	test.		In	addition,	a	Kaplan-Meier	approach	was	used	

to	 estimate	 the	 outcome	 rates	 at	 different	 points	 of	 follow-up	 and	 compared	

using	a	log-rank	test.	All	tests	were	two	sided	and	p<0.05	considered	significant.	

All	analyses	were	performed	using	the	STATA	14.2.	
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5.	Results	

	

5.1	Procedural	outcomes	

Seventeen	 consecutive	 transfemoral	 TAVI	 for	 pure	AR	with	 Sapien	BEV	 at	 our	

institution	were	identified.	The	mean	age	was	79.2	±	7.3	years	with	76.5%	males,	

mean	STS	PROM	3.8	±	1.6	%,	n=13	patients	in	TAV	and	n=4	in	BAV	group	(Table	

1).	The	TAV	and	BAV	patients’	 baseline	 characteristics	were	 similar	 except	 for	

significantly	worse	rental	function	in	TAV	than	BAV	patients	(eGFR	37.4	vs	72.4	

ml/min/1.73m2	respectively,	 	p=0.0013).	Mean	left	ventricular	ejection	fraction	

(LVEF)	 (44.8%	 vs	 42.5,	 p=0.75)	 and	 mean	 AV	 gradient	 (9.1	 vs	 12.8	 mmHg,	

p=0.17)	 did	 not	 differ	 significantly	 between	 TAV	 and	 BAV	 patients	 but	 BAV	

patients	had	a	 significantly	higher	mean	aortic	valve	calcium	volume	 than	TAV	

patients	(171	vs	15.4	mm3	respectively,	p=0.001).		

The	prevalent	etiology	of	AR	in	the	TAV	patients	was	functional	(38%)	whereas	

in	the	majority	of	BAV	patients	the	etiology	was	degenerative	(75%).		

All	 patients	 were	 in	 functional	 class	 NYHA	 III.	 BEVs	 implanted	 were:	 70.6%	

(n=12)	 Sapien	 3	 29mm	 and	 29.4%	 (n=5)	 Sapien	 3	 Ultra.	 No	 major	 vascular	

complications	occurred.		
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	 All	patients	
(n=17)	

TAV	patients	
(n=13)	

BAV	patients	
(n=4)	

p-value*	

Age	,	yrs	 79.2	±7.3	 80.8±5.6	 73.9±10.5	 0.10	
Males	 76.5%	(13)	 69.2%	(9)	 100%	(4)	 0.21	
BMI	(kg/m2)	 24.9	±3.9	 23.9±2.5	 28.3±6.1	 0.043	
STS	score	 3.8	±1.6	 4.0±1.7	 3.2±1.6	 0.445	
Diabetes	 35.3%	(6)	 38.5%	(5)	 25%	(1)	 0.62	
Atrial	fibrillation	 29.4%	(5)	 30.8%	(4)	 25%	(1)	 0.82	
Permanent	PM	 29.4%	(5)	 30.8%	(4)	 25%	(1)	 0.82	
Prior	PCI	 17.6	%	(3)	 15.4%	(29	 25%	(1)	 0.66	
Prior	MI	 17.6	%	(3)	 15.4%	(2)	 25%	(1)	 0.66	
COPD	 41.2%	(7)	 38.5%	(5)	 50%	(2)	 0.68	
Haemoglobin	(mg/dl)	 12.3	±	0.9	 12.4±1.6	 12.1±2.0	 0.74	
eGFR	(ml/min/1.73m2)	 45.6±21.3	 37.4±11.7	 72.3±25.7	 0.0013	
Mean	AVG	(mmHg)	 9.9	±4.6	 9.1±4.6	 12.8±3.6	 0.17	
LVEF,	(%)	 44.2	±	12.1	 44.8	±12.0	 42.5	±14.2	 0.75	
LVEF	≤35%	 23.5%	(4)	 23.1%	(3)	 25%	(1)	 0.94	
LVEDD	(mm)	 56.9±8.9	 56.2±9.5	 59.3±6.8	 0.56	
LVEDV	(ml)	 187±68.1	 184.5±69.2	 197.0±73.7	 0.76	
LVEDVi	(ml/m2)	 102.2	±	33.5	 102.2	±35.6	 102.3	±30.2	 0.99	
>moderate	MR	 11.8%%	(2)	 15.4%	(2)	 0	 0.40	
AR	etiology:	

Degenerative	
Functional	

Mixed	
Other**	

	
41.2%	(7)	
29.4%	(5)	
17.6%	(3)	
11.8%	(2)	

	
30.8%	(4)	
38.4%	(5)	
23.1	%(3)	
7.7%	(1)	

	
75%	(3)	

0	
0	

25%	(1)	

0.20	

Aortic	annulus	area,	mm2	 551.9	±136.7	 528.9±130.9	 627.0±146.2	 0.22	
Aortic	annulus	perimeter,	mm3	 83.7	±10.7	 81.9±10.6	 89.5±9.9	 0.22	
ICD,	mm	 -	 -	 29.5±3.5	 -	
Mean	AV	calcium	volume,	mm3	 52.0	±93.9	 15.4±28.6	 171.0±138.2	 0.001	
AV	calcium	volume,	mm3	

0	
1-25	
25-50	
>50	

	
47.1%	(8)	
23.5%	(4)	
5.9%	(1)	
23.5%	(4)	

	
53.9%	(7)	
30.8%	(4)	
7.7%	(1)	
7.7%	(1)	

	
25%	(1)	

0	
0	

75%	(3)	

0.047	

Valve	implanted		
Sapien	3	Ultra	23	(+1-2mls)	
Sapien	3	Ultra	26	(nominal,	

+1mls)	
Sapien	3	29	(+5-8mls)	

	
17.6%	(3)	
11.8%	(2)	
70.6%	(12)	

	
23.1%	(3)	
7.7%	(1)	
69.2%	(9)	

	
0	

25%	(1)	
75%	(3)	

0.42	

Table	1.	Baseline	and	procedural	characteristics.	Values	are	mean±SD	or	%	(n).	
*difference	between	BV	an	TV	patients	
**previous	endocarditis	(1),	acute	traumatic	aortic	regurgitation	(1)		
AR	–aortic	regurgitation,	AV	–	aortic	valve,	AVG	–	aortic	valve	gradient,	BMI	–body	mass	index,	BV	–	
bicuspid	valve,	COPD-	chronic	obstructive	pulmonary	disease,	eGFR	-	estimated	glomerular	filtration	rate;	
ICD-intercommissural	distance,	LVEDD/i	left	ventricular	end-diastolic	diameter;	LVEDV/i	–	left	ventricular	
end-diastolic	volume/indexed,	LVEF	-	left	ventricular	ejection	fraction;	MI	-	myocardial	infarction;	MR	–	
mitral	regurgitation,	PCI	-	percutaneous	coronary	intervention;	PM-	permanent	pacemaker,	STS	-	Society	of	
Thoracic	Surgeons,	TV	–	tricuspid	valve	
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Overall	 technical	 success	 (94.1%,	1	device	 embolisation	 in	TAV	LA	group)	 and	

device	 success	 (88.2.%)	 did	 not	 differ	 significantly	 between	 TAV	 and	 BAV	

patients	 (p=0.57	 and	 p=0.35,	 respectively).	 BAV	 patients	 had	 a	 significantly	

higher	prevalence	of	mild	paravalvular	leak	(PVL)	with	respect	to	TAV	patients	

(2	vs	0,	p=0.0088).	One	TAV	patient	had	a	mild	central	 intraprosthetic	AR.	Five	

patients	 had	 a	 preexisting	 permanent	 pacemaker	 (PM)	 and	 3	 TAV	 patients	

needed	 a	 PM	 implantation	 after	 TAVI.	 There	 were	 no	 statistically	 significant	

differences	 in	 procedural	 outcomes	 between	 SA	 and	 LA	 TAV	 patients	 but	 the	

only	one	BEV	embolisation	occurred	in	TAV	LA	group	(Table	2	and	3).	The	BEV	

embolised	 into	 the	 LV	 within	 few	 beats	 after	 implantation.	 After	 the	 initial	

unsuccessful	 attempt	 of	 percutaneous	 retrieval	 from	 the	 LV	 using	 a	 balloon	

recapture,	the	patient	underwent	emergency	surgical	extraction	of	the	embolised	

prosthesis	and	surgical	aortic	valve	replacement.		
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Table	2.	TAVI	procedural	outcomes.	

*difference	between	BV	an	TV	patients	

Values	are	mean±SD	or	%	(n).	

AR	–	aortic	regurgitation,	AVA/i	–	aortic	valve	area/indexed,	BEV	–	balloon	expandable	

valve,	BAV	–	bicuspid	aortic	valve,	PM-	permanent	pacemaker,	PVL	–	paravalular	leak,		

TAV	–	tricuspid	aortic	valve,	VARC	–	valve	academic	research	consortium		

	

	

	

	

	

	 All	patients	
(n=17)	

TAV	patients	
(n=13)	

BAV	patients	
(n=4)	

p-value*	

Technical	success	VARC-3	 94.1%	(16)	 92.3%	(12)	 100%	(4)	 0.57	

Device	success	VARC-3	 88.2%	(15)	 92.3%	(12)	 75%	(3)	 0.35	

Early	safety	VARC-3	 94.1%	(16)	 92.3%	(12)	 100%	(4)	 0.57	

New	PM	implantation	 17.6%	(3)	 23.1%	(3)	 0	 0.29	

BEV	embolisation	 5.9%	(1)	 7.7%	(1)	 0	 0.57	

AVA,	cm2	 1.83	±	0.4	 1.80±0.3	 1.91±0.42	 0.62	

AVAi,	cm2/m2	 1.03±0.2	 1.05±0.24	 0.99±0.2	 0.67	

Mean	BEV	gradient,	mmHg	 9.6	±4.9	 8.4±3.4	 13.0±7.6	 0.11	

Mild	PVL	 2	 0	 50%	(2)	 0.0088	

Mild	central	AR	 5.9%	(1)	 7.7%	(1)	 0	 0.55	
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Table	3.	TAVI	procedural	outcomes.	

Values	are	mean±SD	or	%	(n).	

AR	–	aortic	regurgitation,	AVA/i	–	aortic	valve	area/indexed,	BEV	–	balloon	expandable	

valve,	BAV	–	bicuspid	aortic	valve,	PM-	permanent	pacemaker,	PVL	–	paravalular	leak,		

TAV	–	tricuspid	aortic	valve,	VARC	–	valve	academic	research	consortium		

	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 TAV	smaller	annulus	
(≤618mm2)		

(n=9)	

TAV	larger	annulus	
(>618	mm2)	

(n=4)	

p-value	

Technical	success	VARC-3	 100%	(9)	 75%	(3)	 0.12	

Device	success	VARC-3	 100%	(9)	 75%	(3)	 0.12	

Early	safety	VARC-3	 100%	(9)	 75%	(3)	 0.12	

New	PM	implantation	 22.2%	(2)	 25%	(1)	 0.91	

BEV	embolization	 0	 25%	(1)	 0.12	

AVA,	cm2	 1.7	±0.3	 2.3±0.1	 0.018	

AVAi,	cm2/m2	 1.0	±0.3	 1.2	±0.2	 0.30	

Mean	BEV	gradient,	mmHg	 9.0±3.3	 6.7±3.5	 0.32	

Mild	PVL	 0	 0	 1	

Mild	central	AR	 0	 25%	(1)	 0.12	
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5.2	Post-procedural	CT	
	
	
Twelve	 successfully	 treated	 TAV	 patients	 underwent	 post-procedural	 CT	 scan	

(Figure	1).	The	mean	prosthesis	oversizing	achieved	with	respect	to	the	annulus	

achieved	 was	 28.3%	 (±7.8%)	 with	 a	 significantly	 bigger	 mean	 oversizing	

achieved	SA	patients	(31.2%)	than	LA	patients	(19.4%),	p=0.0092.		

83.3%	 (10/12)	 of	 patients	 achieved	 ≥20%	 oversizing	 and	 41.7%	 (5/12)	 an	

oversizing	of	≥30%.		

≥20%	 oversizing	 was	 achieved	 in	 100%	 (9/9)	 SA	 patients	 group	 vs	 only	 in	

33.3%	 (1/3)	 in	 LA	 group	 (p=0.046)	 despite	 significantly	 higher	 prosthesis	

overexpansion	with	respect	to	nominal	area	than	in	LA	than	in	SA	group	(10.8%	

vs	22.3%	respectively,	p=0.0119).	(Table	4,	Figure	2)	

	

	
	
	

	
	

Figure	1.	Four	examples	of	pre-	and	post-TAVI	CT	with	measurement	of	oversizing	achieved.			
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Table	4.	Oversizing	and	overexpansion	after	successful	TAVI	between	study	group	based	

on	post-procedural	CT.	

Values	are	mean±SD	or	%	(n).	

BEV	–	balloon	expandable	valve,	TAV	–	tricuspid	valve,	

	
	
	
	
	
	
	
	
	
	
	
	
	

	 TAV	smaller	annulus		
(n=9)	

TAV	larger	annulus		
(n=3)	

P-value	

Mean	annulus	area	(mm2)	 467.3	±	107	 665.0	±42	 0.012	

Mean	oversizing	achieved	(%)	 31.2±5.1		 19.4±6.9	 0.0092	

≥20%	oversizing	achieved	 100%	(9)	 33.3%	(1)	 0.046	

Mean	prosthesis	area	(mm2)	 611.4±132.6		 792.3±27.2	 0.046	

Mean	BEV	overexpansion	(%)	 10.8±5.9	 22.3±4.2	 0.0119	
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Figure	2.	%	of	oversizing	achieved	in	smaller	annulus	(SA)	and	larger	annulus		

(LA)	groups.		
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5.3	LVOT	morphology	and	outcomes	

	

The	most	common	LVOT	morphology	in	our	series	was	a	tapered	type	in	52.9	%		

of	patients	(n=9),	followed	by	the	tubular	shape	(6	patients,	35.3%)	and	flared	(2	

patients,	11.8%).	The	only	valve	embolisation	in	our	series	occurred	in	a	patient	

with	a	flared	shape	LVOT	anatomy.		(Figure	3)	

	

	
	
	

	
Figure	 3.	 Left	 ventricular	 outflow	 tract	 (LVOT)	 morphology	 and	 related	

outcomes.		

	
	
	
	
	
	



23	
	

5.4	Echocardiographic	follow-up	

	

Over	 the	mean	 follow-up	of	329	days	 in	12	patients	who	underwent	 follow-up	

echocardiogram	 there	 was	 no	 statistically	 significant	 change	 in	 mean	 LVEF	

(41.8%	 vs	 42.8%,	 p=0.8)	 or	mean	AV	 gradient	 AV	 gradient	 (9.8	 vs	 9.4	mmHg,	

p=0.82).	One	PVL	in	a	BAV	patient	worsened	from	mild	to	moderate.	No	new	PVL	

occurred.	Two	TAV	patients	developed	mild	 intra-prosthetic	 regurgitation.	One	

structural	valve	failure	occurred	due	to	acute	endocarditis.	(Table	5)		

	
	
	
	

	

*	severe	AR	due	to	acute	infective	endocarditis	

Table	5.	Echocardiographic	follow-up.		

Values	are	mean±SD	or	%	(n).	

AVAi	–	aortic	valve	area	indexed,	AVG	–	aortic	valve	gradient,	AR	–	aortic	regurgitation,	

LVEF	–	left	ventricular	ejection	fraction,	PVL	–	paravalular	leak		

	

	
	
	
	

All	patients	(n=12)	

	 Baseline	 Follow-up	 p-value	

LVEF,	(%)	 41.8	+13.2	 42.8	+17.5	 0.80	

Mean	AVG	(mmHg)	 9.8	+4.0	 9.4+2.7	 0.82	

AVAi	(cm2)	 1.1	+	0.2	 1.1+0.3	 0.76	

PVL,	%	(n)	 16.7%	(2	mild)	 16.7%	(1	mild,	1	moderate)	 1	

Intraprosthetic	AR	 8.3%	(1	mild)	 33.3%	(3	mild,	1	severe*)	 0.13	
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Among	 TAV	 patients	 who	 underwent	 follow-up	 echo	 (n=10)	 the	 changes	 in	

prosthesis	function	were	irrespective	of	the	degree	of	BEV	overexpansion	(<15%	

or	≥15%)	(Table	6).	

	
	
	

	

*severe	AR	due	to	acute	infective	endocarditis	

Table	6.	Echocardiographic	follow-up	depending	on	BEV	overexpansion.		

Values	are	mean±SD	or	%	(n).	

AVAi	–	aortic	valve	area	indexed,	AVG	–	aortic	valve	gradient,	AR	–	aortic	regurgitation,		

LVEF–	left	ventricular	ejection	fraction,	PVL	–	paravalular	leak		

	

	

	
	
	
	
	
	
	
	
	
	
	

	 BEV	with	

<15%	overexpansion	(n=6)	

BEV	with	

≥	15%	overexpansion	(n=4)	

	 Baseline	 Follow-up	 p	 Baseline	 Follow-up	 p	

LVEEF,	(%)	 46.2	±12.8	 45.2	±	13.0	 0.73	 37.3	±	12.6	 46.3	±	26.2	 0.31	

Mean	AVG	(mmHg)	 7.7±2.3	 10.0±1.5	 0.11	 7.3	±	3.1	 9.0	±	3.8,	 0.35	

AVAi	(cm2)	 1.09	±0.2	 1.3±0.2	 0.40	 1.2	±	0.3	 1.0	±	0.4	 0.34	

PVL	 0	 0	 -	 0	 0	 -	

Intraprosthetic	AR	 0	 33.3%		

(1	mild,	1	severe*)		

0.12	 25%		

(1	trace)	

50%		

(2	mild)	

0.47	
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5.5	Clinical	outcomes	

In-hospital	 mortality	 was	 5.9%	 (1	 patient).	 The	 overall	 estimated	 one-year	

survival	 for	 all	 patients	 was	 87.8%	 and	 estimated	 one-year	 MACE	 rate	 was	

24.7%	(Figure	3	and	4).	 	Two	patients	in	the	TAV	group	underwent	successful	

elective	mitral	transcatheter	edge-to-edge	repair	in	follow-up.		

	
	
	
	
	
	
Figure	3.	Survival	curve	for	1-year	all-cause	mortality	
	
	

	
	
	
	
	
	
	
	



26	
	

Figure	4.	Survival	curve	for	1-year	MACE.	
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5. Discussion	

	

The	principal	findings	of	our	study	are	the	following:		

1)	TAVI	with	BEV	in	inoperable	patients	with	pure	AR	is	feasible	with	acceptable	

procedural	and	short-term	results;		

2)	 the	 annulus	 area	 of	 ≤618	 mm2	provides	 a	 safe	 and	 predictable	 margin	 for	

achieving	at	least	20%	Sapien	BEV	oversizing;	

3)	a	degree	of	valve	overexpansion	with	respect	to	nominal	size	appears	a	good	

method	to	achieve	appropriate	oversizing	when	needed	and	does	not	seem	to	be	

associated	with	structural	valve	degeneration	in	short-term	follow-up	in	pure	AR	

patients.	

	

In	 calcific	 AS	 a	 5-15%	 of	 oversizing	 is	 generally	 recommended	 in	 order	 to	

balance	the	risk	of	embolisation,	PVL	and	annual	rupture	whereas	oversizing	of	

≥20%	is	associated	with	a	risk	of	annular	rupture	(36–38).	In	pure	AR	being	an	

off-label	 indication	 there	are	no	official	 recommendations	 for	oversizing	but	 in	

the	light	of	the	lack	of	calcium	for	anchorage,	the	higher	20	–	30%	oversizing	is	

commonly	 adopted	 (28). AR valves are	 more	 elastic	 than	 calcified	 stenotic	

valves	 and	 can	 expand	 to	 a	 greater	degree	during	deployment	 in	 cases	 of	BEV	

implantation	(39).	The	maximal	degree	of	annular	distensibility	is	unpredictable	

–	a	case	report	of	an	implanataion	of	29	mm	Sapien	BEV	in	a	patients	with	pure	

AR	and	annulus	of	443mm2	resulted	in	a	49%	oversizing	without	signs	of	aortic	

root	 injury	(40).	 In	patients	with	 large	anatomies	the	oversizing	needed	can	be	

achieved	 with	 balloon	 overfilling.	 Feasibility	 of	 BEV	 overexpansion	 has	 been	

demonstrated	in	bench	testing	with	a	corresponding	gain	on	prosthesis	area	(34)	
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and	 non-nominal	 BEV	 expansion	 showed	 excellent	 durability	 (35)	 and	

overexpansion	does	 not	 seem	 to	 have	 any	negative	 clinical	 impact	 in	 short-	 to	

mid-term	follow-up	in	patients	with	calcific	AS	(41,42).	This	has	not	been	studied	

in	 pure	 AR	 patients.	 This	 study	 shows	 no	 signs	 of	 overexpanded	 prosthesis	

degeneration	 in	 the	 short-	 term	 follow-up	 in	 pure	AR	 patients.	 There	were	 no	

new	PVLs	but	the	occurrence	of	mild	intraprosthetic	AR	needs	further	follow-up.			

The	 CT	 assessment	 of	 achieved	 oversizing	 and	 overexpansion	 in	 pure	 AR	

patients	 has	 not	 been	 assessed	 to	 date	 in	 larger	 patient	 series.	 This	 study	

confirms	 the	 highly	 predictable	 overexpansion	 of	 the	 Sapien	 prosthesis	 with	

non-nominal	 inflations	 and	 the	>15-20%	overexpansion	probably	 reaching	 the	

limits	of	balloon	compliance.		

Moreover,	 in	 our	 study	 we	 showed	 that	 ≥20	%	 oversizing	 is	 achievable	 in	 all	

patients	 with	 the	 annulus	 area	 of	 ≤618	 mm2	 and	 was	 sufficient	 to	 ensure	

technical	 success.	 In	 LA	 patients	 only	 33%	 achieved	 >20%	 oversizing	 and	 the	

only	one	device	embolisation	occurred	in	this	group.	

The	use	of	larger	BEVs	(up	to	32	mm)	available	from	other	manufacturer	showed	

good	procedural	and	mid-term	outcomes	 in	 treatment	of	pure	AR	 in	a	recently	

published	 registry	 (34).	 In	 this	 study	 the	 mean	 annulus	 area	 was	 638.5	 mm2	

(above	our	cut-off	 for	achieving	predictable	≥20%	oversizing	with	Sapien	BEV)	

and	hence	large	valve	sizes	were	used	in	80%	of	patients.	Larger	BEVs	might	be	

useful	in	these	patients	but	as	the	use	of	BEV	in	the	setting	of	pure	AR	remains	

off-label	a	randomised	comparison	with	Sapien	BEV	is	unlikely.	 It	 is	also	worth	

noticing	that	even	the	novel	dedicated	the	Trilogy	JenaValve	prostehsis	does	not	

cover	annuli	with	diameters	greater	than	27	mm	which	corresponds	to	an	area	

of	around	576	mm2..	
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LVOT	morphology	may	play	a	role	in	predicting	device	embolisation	risk	as	the	

anchorage	plane	and	the	degree	of	oversizing	needed	may	differ	according	to	the	

type.	 In	 a	 recently	 published	 series	 with	 a	 different	 BEV	 type	 a	 tapered	 type	

LVOT	was	present	in	all	4	embolisations	that	occurred	and	this	morphology	was	

significantly	 related	 to	 the	 risk	 of	 embolisation	 (34).	 In	 the	 present	 study	 the	

only	one	embolisation	occurred	in	the	flared	type	LVOT	and	does	not	confirm	the	

finding	 but	 the	 patients	 number	 is	 to	 small	 to	 perform	 statistical	 analysis	 and	

draw	any	definite	conclusions.	

In	terms	of	clinical	outcomes	our	study	confirms	the	good	procedural	results	of	

transfemoral	TAVI	with	Sapien	BEV	in	pure	AR	with	high	device	success	rate	and	

low	 in-hospital	 mortality.	 Observational	 studies	 of	 TAVI	 in	 pure	 AR	 show	 a	

higher	risk	of	complications	than	TAVI	in	AS	with	reported	in-hospital	mortality	

of	2-3	%	(43–45),	a	device	success	rate	of	80.4%,	≥moderate	aortic	regurgitation	

(AR)	 in	 7.4%	 of	 patients,	 and	 a	 30-day	mortality	 rate	 of	 9.5%,	with	 up	 to	 3%	

requiring	conversion	to	open	surgery	(23)	but	the	outcomes	are	improving	with	

new	generation	of	devices.	 (25,46)	 It	 is	worth	noticing	 that	TAVI	 in	pure	AR	 is	

performed	 as	 an	 off-label	 indication	 in	 inoperable	 patients	 and	 the	 high	 early	

mortality	mirrors	the	outcomes	of	initial	TAVIs	performed	in	inoperable	patients	

with	AS		(in	PARTNER	1	trial	30-day	mortality	was	3.4%	for	inoperable	and	high	

risk	patients)(47).	Patients	with	pure	AR	represent	a	population	with	different	

pathologies	 often	 including	 exclusively	 surgical	 and	 high-risk	 indications	 like	

acute	 infective	 endocarditis,	 aortic	 dissection	 or	 aortic	 root	 aneurisms	 and	 in		

fact	 even	 SAVR	 as	 the	 gold	 standard	 treatment	 for	 AR	 also	 carries	 a	 high	 in-	

hospital	mortality	up	to	5.7%	in	some	series	even	significantly	higher	 than	off-

label	TAVI	in	pure	AR	(43,48).		
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Our	 study	 shows	 that,	 in	 selected	 inoperable	 patients,	 TAVI	 for	 pure	AR	 using	

Sapien	 BEV	 results	 in	 low	 in-hospital	 mortality	 and	 low	 complication	 rates,	

especially	 in	 patients	 with	 the	 annulus	 of	 ≤618	 mm2	 in	 whom	 at	 least	 20%	

oversizing	 is	 predictably	 achievable.	 Off-label	 use	 of	 Sapien	 BEV	 represents	 a	

good	option	for	these	patients	as	dedicated	devices	are	not	widely	available	and	

non-randomized	 clinical	 trials	 are	 ongoing	 to	 confirm	 their	 safety	 and	

effectiveness.	
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Study	limitations:	

The	study	has	several	limitations.	This	is	a	single	centre	observational	study	with	

data	collected	prospectively.	The	decision	of	final	BEV	size	and	inflation	volume	

was	 based	 on	 operators’	 decision.	 Due	 to	 the	 low	number	 of	 patients	 and	 low	

number	of	events	the	study	is	not	powered	for	clinical	outcomes.	The	data	must	

be	confirmed	in	large	prospective	multicentre	cohorts.	
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