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All patients (11 ; 240) :S 80 years (11 ; 105) > 80 years (11 ; 135) P-value 

Age, yrs 81 ± 6.9 748± 5.5 858± 3.1 

Female 11 9 (49.6%) 39 (37.1 %) 80 (59.3%) 0.001 

Hypenension 180(75%) 79(75.2%) 101 (74 .8%) 0.940 

Smoking 105 (43.8%) 53 (50.5%) 52 (38.5%) 0.064 

Diabetes 70 (29.2%) 30 (28.6%) 40 (29.6%) 0.858 

Hypercholesterolemia 148 (6 1.7%) 78(74.3%) 70 (51.9%) < 0.001 

lschemic heart disease 152 (63.3%) 70 (66.7%) 82 (60.7%) 0.345 

Peripheral artery disease 119 (49.6%) 60 (57.1%) 59 (43 .7%) 0.039 

Chronic obstructive pulmonary disease 74 (30.8%) 36 (34.3%) 38 (25.9%) 0.307 

Creatinine clearance, mUmin per I. 73 m2 53± 21.9 54± 27.6 52.0± 14.5 

(median: percentiles 25-7 5) (43-67 7) (43-8 2 5) (43-5 9) 
0494 

Logistic EuroSCORE I 23 .2% ± 14.6% 21.2% ± 14.8% 24.6%± 14.1% 0.072 

NYHA Class 1- 2 96 (40%) 44(41.9%) 52 (38.5%) 0.595 

NYHA Class }-4 144 (60%) 61 (58.1%) 83 (61.5%) 0.595 

Angina 88 (36.7%) 40 (38.1%) 48 (35 .6%) 0685 

Syncope 40 (16.7%) 14 (13.3%) 26 (19.3%) 0.222 

Sinus rhythm 17 1 (71.3%) 79 (75.2%) 92 (68.1%) 0.229 

Alrial fibrillation 44 (18.3%) 15 (14.3%) 29 (21.5%) 0. 153 

Pacemaker 25 (104%) 11 (10.5%) 14(104%) 0.979 

LV ejection fraction 52.1%± 14.5% 50.1 % ± 14.6% 53.6% ± 14.3% 0.064 

Mean transaortic pressure gradient, mrnHg 44.3± 193 41.7± 19.3 46.4± 19.1 0.062 

AVA, cm' 0.78 ± 0.8 0.76± 0.2 0.80± 1.0 0.673 

Pulmonary artery pressure, mmHg 36.3 ±11.5 36.2± 11.6 36.3 ± 11.4 0.912 

Mitra! regurgitation (moderate-severe) 72 (30%) 27 (25.7%) 45 (33.3%) 0.201 

Data are presented as mean± SD or 11 (%). Hypertension: history of high blood pressure and/or on antihypertensive treatment; hypercholesterolaemia: history 

ofhypercholesterolemia and/or on statin therapy; diabetes (type I and 2) was defined as a fasting plasma glucose level Cl 26 mgldL, use of oral glucose lower­

ing medication or insul in. A VA: aortic valve area; EuroSCORE I: logistic European Sysrem for Cardiac Operative Risk Evaluation I; LV: left ventricle; NYHA: 

New York Heart Association. 
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Access 

Trans femoral 

Transapical 

Edwards sapien (Xl) 

Core Valve 

Vascular injury 

Major 

Minor 

Bleeding 

Major 

Minor 

Stroke 

Major 

Minor 

All-cause death (in hospital) 

Non cardiac complications 

Valve migration 

Acute kidney injury 

AR :! 3 

AV block 

Cardiac tamponade 

Myocardial infarction 

35 

30 

25 

G' 20 
C:: 
g 
O" 

£ 15 

10 

5 

0 ...,__ ,__...,._..,...."""'I" 
48 52 56 60 64 68 72 76 80 84 88 92 96 

Age, yrs 

All patients (11 = 240) :S 80 years (11 = I 05) > 80 years (11 = 135) 

99 (41.3%) 39 (37. 1%) 60(44.4%) 

141 (58.8%) 66 (62.9%) 75 (55.6%) 

222 (92.5%) 99 (94.3%) 123 (91.1%) 

18 (7.5%) 6 (5.7%) 12 (8.9%) 

23 (9.6%) 10 (9.5%) 13 (9.6%) 

13 (5.4%) 7 (6.7%) 6(4.4%) 

12 (5()%) 4 (3.8%) 8 (5.9%) 

19 (7.9%) 8 {7.6%) 11 (8 1%) 

4(1.7%) 2 ( 1.9%) 2 ( 1.5%) 

15 (6.3%) 6 (5.7%) 9 (6.7%) 

8 (3.3%) I ( 1%) 7 (5.2%) 

5 (2. 1%) I (1%) 4(3%) 

3 (1.3%) 0 3 (2.2%) 

16 (6.7%) 9 (8.6%) 7 (5.2%) 

30 (12.5%) 17 (16.2%) 13 (9.6%) 

I (0.4%) 0(0%) I (0.7%) 

11 (4.6%) 5 (4.8%) 6(4.4%) 

12 (5%) 5 (4.8%) 7 (5.2%) 

13 (5.4%) 6 (5.7%) 7 (5.2%) 

8 (3.3%) 2 (L9%) 6 (4.4%) 

0 0 0 

Data are presented as 11 (%). AR: aortic regurgitation; AV: atrial-ventricular. 

P-value 

0.254 

0.254 

0.354 

0.354 

0.978 

0.45 1 

0.455 

0.880 

0.799 

0.762 

0.o70 

0.279 

0. 124 

0.297 

0.127 

0.377 

0.907 

0.881 

0.857 

0.277 



��

������	
�	��
	
�	���������
�
�	�
����	����
	����������
�	
���
�
��
�
���
	�
	�
�
�
	�
����	����
	�
���������
�	���������	
�	�������������	���	
��
��
�	��	��	
�	��
	�
���	�
������
�	���	��	
�
��
���	����
��������
	����������
�	���	�
��
��
�	��	�
��	� !"��	����
���	�
	�
���
	��
	����
	
�	�
����	�
���������
�!	#����
$�
����%	����
��������
	����������
�	��
�
���
�	�
�
	�
��
��
�	��	�
��	� !"��	������
���	����
���&	��
	����
���	��
�
��
�	����	�
����
��%	�����
�����%	�
�
����
%	������������	�
���������
�	������	
�
	�

'%	���	
�
	����
��	��	���

	�
����	�
��
����	���
�	��
	�������	()*�%	���	
�
	����
��	��
�
��
�	����	�����
�����	�
����	��
�
���	��
	�
	�
�
�
�����
	����������
�
�	����
	��
���
���	�
��	�
���	���
�	��
	�������	��
�
���
!	(�
	�
���������	�
��������
��	�
�
	������	���
���
��	���
��
��	����	��	��
��
���	���	�
�����
�
�����	�
�
�	����
��	�
�����
	������
�!(�
�
	�
�
	�
	����
�
��
�	��	��
	+,����	��������
	�
�������	���
�	�
��

�	����
���	��
�	-	.,	�
���	���	����
���	/	.,	�
���	
��	�0!��	12!	"!3�%	�
��
����
��4	5	6	,!��"�	�(���
	+�!	7�����	�	�
����	�
��
����	
�	8.	�
����	����
�$������
	����
&	 9:38	�
�����%	�,	�3"!9��	����
���	��
�	-	.,	�
���	��
�	�
����
�	����	�"	�38��	�
����	��	��
	��
��	
�	����
���	/	.,	�
���	
��	�5	6	,!3,3�	�;����
	8�!	(�
	���������
	 �	���	8��
��	��������
	�
�������	���
�	��
��	����
���	��
�	-	.,	�
���	�
�
	8,!0�	���	89!"�	�
��
����
��	�
����
�	����	 �!9�	���	83!3�	��	����
���	/	.,	�
���	
��!<=>?@	AB	C��������
	��������
	�
�������	���
�����	�
	���������
�
�	�
����	����
	����������
�	���
��!
DEFGH@	IB	J�����	�
�
�	��������	����
!

--------------■ 

30 days 

<80 yrs > 80 yrs P-valuc < 80 yrs 

Trans femoral 4 (10.3%) 5 (8.3%) 0.746 7 (17.9%) 

Transapical 6 (9. 1%) 5 (6.7%) 0.594 15 (22.7%) 

Total 10 (9.5%) 10 (7.4%) 0.557 22 (20.9%) 

Data are presented as 11 (%). 

0.0 

umber of 0 

patients at risk 
- :'> 80 yrs !05 

---- > 80 yrs 135 

I-yr 2-yrs 

> 80 yrs P-value <80 yrs > 80 yrs 

9(15%) 0.704 31 (20.5%) 46 (23.3%) 

12 ( 16%) 0.309 46 (30.3%) 56 (25.3%) 

21 ( 15.6%) 0.276 77 (26. 7%) 102 (24.4%) 

x2 = 1.153 
Log-Rank P = 0.28 

12 24 
Months 

82 59 

11 4 82 

36 

38 

50 

Total follow up 

P-valuc <80 yrs > 80 yrs P-valuc 

0.840 16 (4 1%) 23 (38.3%) 0.59 1 

0467 34 (5 1.5%) 34 (45.3%) 0452 

0.592 50 (47.6%) 57 (42 .2%) 0.283 

48 

18 

24 
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Baseline and echocan::l.iograph.ic characteristics before transcatheter aortic valve implantation 

Variable Overal I population Staged percutaneous coronary intervention performed p-value 
(n = 96) 

;;:30 days (n = 48) <30 days (n = 48) 

Age (years) 81 ± 5.4 81 ± 5.4 82 ± 5.4 0.808 
Male sex 55 (57%) 31 (65%) 24 (50%) 0.149 
Body surface area (m2) 1.85 ± 0.20 1.88 ± 0.21 1.82 ± 0.18 0.117 
Heart rhythm 0.018 

Sinus rbythm 68 (71 %) 34 (71 %) 34 (71 %) 
Ania! fibrillation 19 (20%) 6 (13%) 13 (27%) 
Pacemaker 9 (9%) 8 (17%) I (2%) 

Hypertension 74 (77%) 36 (75%) 38 (79%) 0.627 
Diabetes mellitus 30 (31 %) 14 (29%) 16 (33%) 0.660 
Hypercholesterolaemia 70 (73%) 35 (73%) 35 (73%) I 
Smoking 37 (39%) 16 (33%) 21 (44%) 0.294 
Previous myocardiaJ infarction 26 (27%) 14 (29%) 12 (25%) 0.646 
Previous coronary artery bypass grafting 29 (30%) 15 (31 %) 14 (29%) 0.824 
Preoperative creatinine level (µmol/L) 98 ± 4 1 98 ± 4 1 98 ± 41 0.943 
Estimated glornerular filtration rate (ml/min/1.73m2) 69 ± 26 71 ± 26 67 ± 25 0.432 
Hemoglobin (mmol/L) 75 ± 1.0 7.9 ± 0.9 7.2 ± 0.9 0.002 
Log istic EuroSCORE (%) 23 .2 ± 13.9 24.0 ± 16 22.6 ± 11 .6 0.619 
Time elapsed between multi-<letector row computed 10 [3-24] 22 [6-39] 7 [2 -10] < 0.001 

tomography and transcatheter aortic valve implantation (days) 
£chocardiogrnphy 
Left ventricular ejection fract ion , % 54 ± 13 53 ± 14 56 ± 13 0.235 
Aortic valve area, cm2/m2 0 .74 ± 0.21 0 .75 ± 0 .21 0 .73 ± 0.21 0.655 
Mean aortic gradient, mmHg 40 ± 16 37 ± 13 43 ± 18 0.065 
Maxima] aortic gradient, mmHg 66 ± 25 60 ± 20 71 ± 29 0.037 
i\11 ed ica tion 
)3-blockers 73 (76%) 37 (77%) 36 (75%) 0.811 
Angiotensin converting enzyme inhibitors / Ang iotensin 58 (60%) 31 (65%) 27 (56%) 0.404 

rerepior blockers 
Diuretics 62 (64%) 30 (63%) 32 (67%) 0.670 
Calcium channel blocker 31 (32%) 15 (31 %) 16 (33%) 0.827 
Stat ins 82 (85%) 41 (85%) 4 1 (85%) I 
Aspirin 58 (60%) 27 (56%) 31 (65%) 0.404 
C!opidogrel 94 (98%) 46 (96%) 48 (100%) 0.1 53 
Oral an ticoagulants 35 (36%) 18 (38%) 17 (35%) 0.832 

Hypertension= history of high blood pressure and/or oo antihypertensive treatment; Hypercholesterolaemia = histo,y of hypercholesterolaemia and/or on 
statin therapy. 

Procedural characteristics 

Variable Overall population Staged percutaneous coronary intervention performed p-value 
(n = 96) 

;;:30 days < 30 days 
(n = 48) (n = 48) 

Staged perc uta neo us co ronary in tcrl't~n tion 
Stable coronary anery disease 93 (97%) 45 (94%) 48 ( 100%) 0.078 
Acute coronary syndrome 3 (3%) 3 (6%) 0 (0%) 0.078 
Syntax score 14 ± 10 12 ± 10 16 ± 9 0.079 

Syntax score 0-22 55 (82%) 28 (85%) 27 (79 %) 
Syntax score 23-32 10 ( 15%) 4 (12%) 6 ( 18%) 
Syntax score ;;:33 2 (3%) I (3%) I (3%) 

Type B2 or C targeted lesioo 59 (61 %) 26 (54%) 33 (69 %) 0.142 

umber of stents used per patient 1.9 ± 1.4 1.5 ± 1.2 2 .3 ± 1.6 0.011 
Stem in left main 12 ( 13%) 5 (10%) 7 ( 15%) 0.537 
Stent in left anterior descending 4 1 (43%) 17 (35%) 24 (50%) 0.149 
Stem in left circumflex 27 (28%) 14 (29%) 13 (27 %) 0.820 
Stent in right coronary artery 33 (34%) 12 (25%) 21 (44 %) 0.053 
Stent in graft 6 (6%) 4 (8.3) 2 (4%) 0.399 

Drug-elut ing stent 42 (44%) 23 (48%) 19 (40%) 0.4 11 
Amount of contrast media (ml) 19 1 ± 99 200 ± 109 183 ± 88 0.421 

se of closure device 24 (26%) 8 (18%) 16 (33%) 0.09 
'f ra nscatheter aortic Htlve impla ntation 

Transapical approach 54 (56%) 27 (56%) 27 (56%) I 
Prosthesis size 0.457 

Edwards SAPlEN, 23 mm 18 ( 19%) 7 (15%) 11 (23 %) 
Edwards SAP[EN, 26 mm 61 (64%) 29 (60%) 32 (67 %) 
Edwards SAPlEN, 29 mm 5 (5%) 4 (8%) I (2%) 
Medtronic CoreValve, 26 mm 3 (3%) 2 (4%) I (2%) 
Medtronic CoreValve, 29 mm 8 (8%) 5 (10%) 3 (6%) 
Medtronic CoreValve, 31 mm I (1%) I (2%) 0 (0%) 

Amount of contrast media (ml) 106 ± 62 99 ± 40 114 ± 79 0.272 
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In-hospital events and 30-<lay outcomes 

Variable Overall population 

Acute kidney injury 
In-hospital death 
Vascular injury 

Major 
Minor 

Bleeding 
Major 
Minor 

Stroke 
Atrioventricular-block 
Composite safety endpoint 

(n = 96) 

16 (18%) 
6 (6%) 

17 (18%) 
8 (8%) 
9 (9%) 

14 (15%) 
8 (8%) 
6 (6%) 
2 (2%) 
9 (9%) 

15 (16%) 

100 

80 

~ 60 
"' > 

~ 40 
(/) 

20 

Stagerl percutaneoLL'i. coronary intervention performed 

;?::30 days < 30 days 
(n = 48) (n = 48) 

8 (19%) 8 (18 %) 
4 (8%) 2 (4 %) 
4 (8%) 13 (27 %) 
3 (6%) 5 (10%) 
I (2%) 8 (17 %) 
4 (8%) 10(21 %) 
4 (8%) 4 (8 %) 
0 (0%) 6 (13 %) 
I (2%) I (2 %) 
7 (15%) 2 (4 %) 
9 (19%) 6 (I 3%) 

All~u,se mortality 

- Staged PCI <30days before TA'v'I 

- staged PCI 23[1 days before TAVl 

Log-rank P=0.363 
0 , __________________ ,. 

0 12 24 36 
Follow-up (mon1hs) 

PCl <JO days 48 36 29 20 

PCl2JO days 48 25 19 13 

p-value 

0.959 
0.339 
0.016 
0.460 
0.014 
0.083 
I 
0.011 
I 
0.08 
0.399 
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Table I Baseline patient characteristics 

Demographics 

Age (years) 

Female gender 

BSA (m~ 

Med ica l history 

Hypertension 

Dyslipidaem ia 

Diabetes mellitus 

Coronary intervention 

Cerebrovascular accident 

Atrial arrhythmia 

Paroxysmal atrial fi brillation 

Pers istent atrial fibrillation 

Atrial flutte r 

Pu lmonary hypertension• 

Right ventricular systo li c pressure (mmHg) 

Symptoms 

Pa lpitations 

NYHA class 

Ill 

Unknown 

ASD-related charaaeristics 

TOE maximum defea size (mm; n = 161) 

Device size (mm) 

Qp:Qs ratiob 

Data. are presented as me.an ±SD or freq_Jen cies (%). 

n = 172 

49± 17 

128 (74) 

1.8±0.2 

58 (34) 

34 (20) 

13 (8) 

4 (2) 

29 (17) 

40 (23) 

27 (16) 

10 (6) 

3 (2) 

14 (8) 

37± 12 

so (29) 

87 (52) 
59 (34) 

22 (13) 

4 (2) 

19±7.5 

21 ± 7.3 

1.9±0.6 

BSA, body surface are.a: NYHA. New Yo rk He.art Association ; TOE, tr.a nsoes.o­

pha~ al echoc.arciography; Q::>:Qs, pulmonary to syste mic flOW" ratio . 
.. Right ventriru lar systo lic pres.sure ~50 mmHg by TTE.15 

•s y echocardiography or CMR (n; 74). 

A P<0.001 

100 

18~0 

29°10 

75 -Severe 

"' Moderate 
]i 42% = Mild = 
" 50 = one/ Trace Q, ... 
" 38% 
-;t. 

25 

37% 

24% 

0 
Baseline 6-rnonlhs FU 

B TR l!rade at 6-toonth FU 

N None/tnlce Mild Moderate Severe Total 
Baseline ~/trace 27 14 I 0 42 
TR grado Miki 33 28 5 0 66 

Moderate 3 24 20 3 50 
Severe 2 s 5 2 14 

Total 65 71 31 5 172 

Figure I Pre-and post-closure t ri cusp id regurgitatio n. Pre- and 

post -procedural tr icus pi d regurgitation grades in percentages (A) 

and number of patients (B) . Percentages may not sum to 100% due 

to ro und ng. FU, fol low-up; TR, t ricuspid regurgitation. 
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Table 2 Baseline and post-procedural change in haemodynamic parameters stratified to TR severity at baseline 

None/m ild TR 

n Baseli ne 

Chamber d imensions 

RA end-systolic area (cm2/m2) 106 12 ± 3.6 

RA end-diastoli c area (cm2/m2) 106 7.5±3.0 

RV end -systoli c basal diameter (cm) 107 3.8±0.8 

RV end -systoli c length (cm) 107 6.3± 1.0 

RV end -systoli c area (cm2) 107 19 ± 6.2 

RV end-diastolic basal diameter (cm) 107 4.3± 1.0 

RV end -diastolic length, cm 107 8.1± 1.1 

RV end -diastolic area (cm2) 107 31 ± 9.2 

"TV 

"TV annular diameter (cm) 108 3.7±0.7 

Vena contracta (mm) 108 2.1± 1.5 

RV systolic pressure (mmHg) 81 32 ± 8.5 

RV fractional area change (%) 107 38±14 

TAPSE (cm) 93 2.8 ±0.5 

RVS' (cm/s) 36 14± 3.0 

A (%) 

-16± 27 

-14 ± 35 

-3± 38 

0.5 ± 19 

-10± 29 

-14 ± 16 

-3 ± 18 

-18 ± 23 

-8± 17 

-12±84 

-2±42 

-13 ± 47 

-6± 21 

-5 ± 15 

P-valu e 
(pair ed) 

<0.001 

<0.001 

0.05 

0.54 

<0.001 

<0.001 

0.02 

<0.001 

<0.001 

0.21 

0.01 

0.005 

<0.001 

0.08 

M oderatelsevere TR 

N Baseli ne A (%) 

61 16±6.1* -26 ± 17 

61 11 ±5.9* -24 ± 19 

62 4.0±0.7 -2±50 

62 6.2±0.7 -1± 17 

62 20± 5.0 -16±27 

62 4.4±0.9 -12 ± 12 

62 7.8±0.9 -5± 16 

62 32 ± 6.3 -26 ± 16 

64 3.9±0.6 -11 ± 13 

64 5.1 ±0.02* -21 ± 61 

62 44± 13* -15 ± 21 

62 38± 15 -16±62 

50 2.6±0.06** -6±23 

21 17±0.2 -14±27 

Data are presented as. mean ± SD of both absolute vaUes (baseline) and percentages ( delta of post- vs. pre-procedural values). 

P-valu e 
(paired ) 

<0.001 

<0.001 

0.46 

0.36 

<0.001 

<0.001 

0.004 

<0.001 

<0.001 

<0.001 

<0.001 

0.Q1 

0.Q1 

0.26 

P-value• 

0.006 

0.04 

0.92 

0.60 

0.24 

0.54 

0.54 

0.009 

0.28 

0.003 

0.oJ 

0.73 

1.00 

0.24 

ED, e nd-das.tolic.; ES, end•sys.tolic.; RA, right atrial; RV, right ventricular, RVS', tricuspid annular systolic motion velocity; TAPSE, tricus.pid a nnular plane systolic excun.io n; TR. 

tricuspid regurgitation: TV, tricuspid valve. 

"Comparison o f percentage change st rat ified by baseline TR severity. 

*P < 0 .001 for al comparisons o f baseline value st ratified by TR seYerity. 

u p< 0.05 for all comparisons o f baseline value stratified by TR severity. 

Table 3 Uni- and multivariable logistic regression for moderate/severe t ricuspid regurgitation at fo llow-up 

Variab le Variable Un ivari ab le Mult ivari able 
pr e se nt absent 

............................................. ............................................. 
OR 95% CI P-value OR 95% CI P-value 

......... .................................. ....................... ........... ....................... .................................. .................................. ................................ .. .......... 
Patient characterist ics 

Age at closure ":60 years 38% (19/50) 14%(17/122) 3.8 1.8-8.2 0.001 26 0.9- 7.6 0.10 

Female gender 23% (30/128) 14%(6/44) 1.9 0.8- 5.0 0.17 

Hypertens ion 29% (17/58) 17% (19/114) 2 1 1.0--4.4 0.06 

Atrial arrhythmia 38% (15/40) 16% (21/132) 3.2 1.4-7.0 0.004 

NYHAclass":111 45%(10n2) 17% (2 6/150) 4.0 1.6-10.2 0.004 

ASD characteristic 

TOE maximum defect size ":24 mm 29% (12/41) 19% (23/120) 1.8 0.8- 3.9 0.18 

Device size ~26 mm 29% (13/45) 18% (2 3/127) 1.8 0.8-4.0 0.14 

Q:,:Qs ratio ":2.3 26% (5/19) 16% (9/55) 1.8 0.5-6.3 0.34 

Baseline echocardiography 

RA ES area ":15 cm2/m2 35% (18/51) 15% (17/116) 3.2 1.5-6.9 <0.001 

RA ED area "'._10 cm2/ m2 45% (19/42) 13% (16/125) 5.7 25- 12.6 <0.001 3.4 1.1- 10 .1 0.03 

RV ES basal d iameter ":4 cm 31% (23n5J 13% (12/94) 3.0 1.4-6.6 0.005 

RV ED basal d iameter ::.:5 cm 30% (10/33) 18% (25/1 36) 1.9 0.8-4.6 0.13 

"TV annular diameter "'.-4 cm 36% (20/55) 14% (16/117) 3.6 1.7- 7.7 0.001 

Vena contracta ~5 mm 50% (20/40) 12% (16/132) 7.7 3.4-17.6 <0.001 

RV systoli c pressure ":44 mmHg 54% (20/37) 14% (15/106) 7.1 3.1- 16.6 <0.001 6.4 2 1- 19.7 0.001 

RV lractional area change '."_30% 25% (8/32) 20% (2 7 /137) 1.4 0.6-3.4 0.51 

T APSE '.".2.3 cm 35% (13/37) 15% (16/106) 3.1 1.3- 7.2 0.0, 3.3 1.1- 10.1 0.04 

Data are presented as percentages (freQ.Je ncies) and odds ratios 'Mit h their 95% confldence intervals. Cut-off values correspond t o t he 75t h percentile . 
NYHA New York Heart Association: TOE, transoes.ophageal ec.hocardiograp hy: Q:>:Qs, pulmonary to syst emic flow ratio . 
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Table 4 Patient symptoms at latest clinical follow-up 

Moderate/ Moderate/ None/mild 

severe TR severe TR TR before 
before and reduced to and after 
after closure none/m ild closure 
(n = 27) TR(n = 32) (n = 101) 

Dyspnoea 8 (30) 5 (16) 15 (15) 

Periphera l oedema 11 (41) 5 (16)" 20 (20) 
Chest pain 2 (7) 0 (0) 6 (6) 
Pa lpitations 12 (44) 16 (SO) 42 (42) 

Dizziness 9 (33) 7 (22) 32 (32) 

Syncope 3 (11 ) 2 (6) 5 (5) 

Fatigue 9 (33) 10 (31 ) 31 (31) 

Data are pre sented as frequencies (%) o f survivi ng patients.' reported symptoms 
at median 45 (30-76) months post-procedural fo llo w- up. 
~p < 0.05 for moderate/severe TR t hat persisted vs. reduced to none/mild TR. 
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Table 3 Uni - and multivariable logistic regression for moderate/severe tricuspid regurgitation at follow -up 

Variable Variable Univariable Mult ivati able 
absent 

............................................. ....................... ......... ...... ....... 
pr e sent OR 95% C I P-value OR 95% C I P-value 

.................................................................................................................................................................................................................... 
Patient characteristics 

Age at clos ure ?_60 years 38% (19150) 14% (171122) 3.8 1.8-8.2 0.001 2.6 0.9- 7.6 

Female gender 23% (3011 28) 14% (6144) 1.9 0.8- 5.0 0.17 

Hypertension 29% (17158) 17% (19/114) 2.1 1.0--4.4 0.06 

Atri al arrhythmia 38% (15140) 16% (211132) 3.2 1.4--7.0 0.004 
NYHA class ?_Ill 45% (1012.2) 17% (2 6/150) 4.0 1.6- 10.2 0.004 

ASD characteristic 

TOE maximum defea size ?_24 mm 29% (12141) 19% (231120) 1.8 0.8- 3.9 0.18 

Device size ~26 mm 29% (13145) 18% (2 31127) 1.8 0.8--4 .0 0.14 

Q:,:Qs ratio ?.2.3 26% (5119) 16% (9155) 1.8 0.S--i;.3 0.34 

Baseline echocardi ography 

RA ES area ?_15 cm2/m2 35% (18151) 15% (171116) 3.2 1.5--i; .9 <0.001 

RA ED area ?_10 cm2/m2 45% (19142) 13% (161125) 5.7 2.5- 12.6 <0.001 3.4 1.1 - 10.1 

RV ES basal diameter ?_4 cm 31% (23fl5) 13% (12194) 3.0 1.~.6 0.005 

RV ED basal diameter ?_5 cm 30% (10133) 18% (2.51136) 1.9 0.8--4.6 0.13 

TV annular d iameter ~ cm 36% (20155) 14% (161117) 3.6 1.7- 7.7 0.001 

Vena contra eta ~S mm 50% (20140) 12% (161132) 7.7 3.4--17.6 <0.001 

RV systoli c pressure ?_44 mmHg 54% (20137) 14% (151106) 7.1 3.1- 16.6 <0.001 6.4 2.1- 19.7 

RV fraaional area change '.":30% 25% (8132) 20% (2 71137) 1.4 0.6- 3.4 0.51 

TAPSE'.":2.3 cm 35% (13137) 15% (16/106) 3.1 1.3- 7.2 0.01 3.3 1.1- 10.1 

Data are presented as percentages (freq..i encies.) and odds ratios wit h their 95% confidence intervals. Cut-offva lues.corres.pond to the 75t.h percenti le. 
NYHA. New York He.art Association; TOE, transoeso ~ ageal ec.hoc.ard iography. Q>:Qs, pu lmonary t o systemic tlOW" ratio. 

A 

Risk model 
score 

Age ~60 years 

RA end-d iastol ic area ~I 0cm2itn2 

RV systolic pressure <:44mmHg 

TAPSES2.3cm 

2 

B • Predicted x Observed 

80 

_x 60 

• 
· · ···· · x · · · · · ·· · 40 

20 

• ~-~-~-~-~--+o 
0 2 4 5 

C umula ti ve r isk model score 

0.10 

0.03 

0.001 

0.04 

Figure l Prediction model fo r moderate/severe 1R after percutaneous ASD closure in adu lts. (A) Risk model scores per inde pendent predictor, 
weighted according to respect ive odds ratios. (BJ Plotted cum ulative risk score against predicted and observed probability of moderate/severe 1R 6 
months after ASD closure. A high er cumulative ri sk score (range 0-5) indicated a higher predicted probability (5%, 14%, 29%, 52%, 75%, and 90%, re­
spectively) ard showed a higher observed rate (4%, 13%, 37%, SCI¼, 63%, and 100%, respectively) of post-dosu re moderate/severe lR; C-index = 
0.85 (95% Cl 0.76--0.93), P < 0.001. RA, right atrial; RV, right ventricular; TR, t ricuspid regurgitation. 
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l 
~ 311 - Modmi~~TR 

i 
- None'mildTR 

HR 6.2 ('!IS'M,CI 1.5°2.6) 

! 20 -~.004 
'§ 
~ 10 1i 
~ 

0.1 I 

Pflt•prixed,nd foO."'" 'P (}-e.,ir3) 
Numbcr11111!1k: 

\todirr• •~~,-~r~ TR 136 l:H 11 7 lo ~ '2 42 ,~ " No■etmikl TR )6 l) 28 21 16 14 12 7 5 

Figure 3 Acwerse event rate during post -procedural fo ll ov,-up. 

Event rates of cardiovascular mortality or hospital ization fo r heart 
failure in patien ts with none/mild and moderate/severe TR, with a 

landmark at 6-month post-procedural fo llow-u p. 

Table 4 Patient symptoms at latest clinical follow-up 

Mo derat e/ Moderate / N o ne/mild 
seve r e TR severe TR TR before 
befo re a nd r e duced to and a fte r 
after closure none/mild closu re 
(n ~ 27 ) TR (n ~ 32) (n ~ 101 ) 

Dyspnoea 8 (30) 5 (16) 15 (15) 

Periphera l oedema 11 (41 ) 5 (16)" 20 (20) 
Chest pain 2 (7) 0 (0) 6 (6) 

Palpitations 12 (44) 16 (50) 42 (42) 

Dizziness 9 (33) 7 (22) 32 (32) 

Syncope 3 (11) 2 (6) 5 (5) 

Fatigue 9 (33) 10 (31) 31 (31) 

D.ata a re presented as. freq.iencies (%) of surviving pati ents.' reix:> rted symptoms 
at med ian 4S (30-76) months post-procedural fol. low- up . 
"'P < 0.05 for moderate/s.evere TR t hat persisted vs. red uced to none/mild TR. 
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Ta.hi 1- Cardiac medication at baseline:. 

Diuretic· 

H ydr ochl.oorl!hiazide 

Furosemide 

Spir-o noliu::,ton 

B111me,tanide 

p-ibl.oddng ag~nts 

etoprnlol 

B isopmlol 

Pr-opranofol 

ebivolol 

Atenolo] 

ald um channel blockelf,s 

Verapamil 

Amlodipine 

ifedipine 

Bamidip ine 

Renin-anginteosin system agenl:s 

Perindopril 

Lisinopri.l 

EnaJapril 

Fo.sinopri.l 

lrbcsartan 

Candesa.rtan 

Losartan 

Annarrh •tlunks 

otafol 

Amiod.aron 

Digoxia 

Fteca.inide 

Anno11,aguJati11n 

Acenocoumarol 

Fenprocoumcm 

R.iivamxabao 

Dabigatrao 

IFl 72 

6 (3) 

l2 7 

6 , 3) 

6 ,(3) 

18 ,( W) 

6 ,(3) 

1 ,(] ) 

2 ,(1 ) 

2 (1) 

..:, ,(2) 

4 (2) 

2 ( 1) 

1 ,(]) 

6 ,(3) 

6,(3) 

3 ,(2) 

1 ( I) 

3 ,(2) 

2 ,(1) 

1 ,(1) 

:5 (3) 

2 ,1 ) 

6,(3) 

2 ,J ) 

l5 9 

:5 (3) 

1 ( ]) 

2 ,(1) 

Data are presemed asfroque11cie.r ("A;J. Medication remained 11ncha11ged at six-momh post-clos11refollow-,1p. 
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Talhle 2. Cornpaiism1 of three pn:dlic,ti.on models for mod.ernte/severe TR at six-monllh follow~up. 

ModeJ predirton 

Age ?.60 years 

Atrial arrhythmia 

YHA class 2:m 

RAEDA2:l 0cm2/lll2. 

RVSP _ 4 mlllHg 

T APSE g _3 cm 

Mod.el pFnpe.11'1:ie.s 

C- index 

Optimism-corr~ted 
C-index* 

Hosmer-Lemesliow 

Model compar.ii;un 

Akai.ke Information 
Criterion 

et Reclas-sification 
Improvernen , 

Integi:a!oo 
Discrimination 
Improvemenli 

Model containing 
only clinical variables 

B 

0.871 

0.796 

1.096 

n=J72 

Sil: 

0.439 

0.451 

.515 

0.707 

0.690 

0.160 

0.999 

166 

Reference 

Reference 

P-.value 

0.048 

0.078 

0.033 

Model of both clinical 
and cchocardiogrnphic 

B 

0 .888 

0.229 

0 .216 

1.096 

1.779 

1.164 

variables 

n=119 

SE P-value 

0.583 

0.702 

0.756 

0.646 

0.620 

0.578 

0.846 

0.803 

0.395 

0.980 

106 

0.31 O; P<0.001 

0. 167· P<0.001 

0 .128 

0 .744 

0 .775 

0 ,090 

0 ,004 

0 .044 

Final simplified m.odel 
ofclioicaJ and 

eclmcardiograph.ic ariables 

B 

0.942 

1.212 

1.863 

1.192 

n=l 19 

E 

0 . .564 

0 .564 

0.572 

0.572 

0 .845 

0.!!20 

0 .393 

0.991 

102 

P-value 

0.095 

0.032 

0.001 

0_0]7 

0.310; P<0.001 

0.165 · P<0.00 1 

B= Regression coefficienr SE= Sta11dard error NYHA= New York Rea.rt Associat ion - RAEDA= Right atrial end­
diastolic area in cm2/m 2.- R YSP= Right l'entricular systolic press1.1re; TAP SE= Tri cuspid ammlarplane systolic 
excursion_ 
* By n= J 000 boot.strapping of the made/_ 
t D;ifined as (P'improved _predictimi _ among_ 011/ca.me + Pimp.roved _predictia,1 _ amo11g_110 _ 011/co.me) -
(Pivors:e _predictio11~ammig_ owcome + PVmrse _predicri011 _ among_!w _ ow come) for continuous predicted 
prob.abilities with P= proportion of pat.ie11s. 
I Defined as (E owcome(Pnew(i) - Po{d(i)) I n(owcome)) - (2 no_ outcome(Pnew(j) - Pold(j_ ~ I n .no_ outcome)) with 
P= predicted probability for the ol/lco111e. 
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202 ASD patients 

,, 
187 s1..1 ccessf u I 
ASD dosu res 

"'' 

~ 

9 Unsuitable anatomy 
4 D,e,v ~e em bollsatlon 
2 Provedl a PFO 

9, No digital line ~· e hocal'dlographlc tudy ,. 
1 78 pre-proced mal 

echo aivaila ble 

"-, 6 Lost to follow-up 

" 
172 i Iii study cohort 

Figure S2. BSA-imlexed tricuspid annular 

diameter · hows a moderate assoc iation with 

in.creasing TR grade a.I basel.ine (A) and six­

Dlonth fo llow-up B). 

.. 
. 5 
'ol 

j 

A 

B 

l<ig,ure, L tudly flow chart. SD= atrial sepla l d feet; 

PFO= patent fo:ramen ovaJe. 

r= 0.321.; P<0.001 
Y=l.9 ,Qi5x+0.03x2 

0 

0 

0 

r= 0.367; P<0.001 

0 

0 
Cl 

8 

8 

Y=l .73-1.22,E.Jx+0.07x2 

0 

None/trace 

0 
0 

" 

1ih'I 

0 
0 

0 

0 
0 

Moderate 

TR grade 

0 

0 

0 

0 

0 

0 
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Figure 1. Three-dimensional t ransoesophageal echocardiography. A} Biplane view of the para-ring dehiscence with the 

regurgitantjet t hrough t he valve (arrow) in t he rig ht panel and t he orthogona l v iew in t he left panel showing the 

central regu rg itantjet impinging on the ring. B) Three-dim ensiona l reconstruction w ith an en face view of the ring. The 

centra l regurg itantjet t hrough the valve {white arrow) can be observed together with the regurgitantjet through the 

para -ring dehiscence at the level of the posterior commissure {black arrow). Ao: aorta; LA: left atrium 
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Figure 2. Fluoroscopy v1sual1sat1on of the transcatheter m1tral valve- in-ri ng procedure A) Pos1tion1ng of t he 26 mm 

SAPIEN XT valve across the ring wrth 40% of the fram e 1n t he left atrium (LA) and 60% 1n the left ventricle (LV) B) After 

deployment under rapid nght ventricu lar pacing, the left anterior obliq ue proJect1on shows th e t ra nscatheter vatve in 

t he ring 
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Figure 3 . Transgastric v iew of the deployed t ranscatheter valve and evaluation of the results Immediately after removal 

of t he w ire, transgastnc transoesophageal colour Doppler echocard1ography showed severe m 1tral regurg 1tat 1on at the 

level of the posterior comm1ssure. 
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Figure 4. Three-d imensional multi p lanar reformation planes across the para -ring dehiscence. By al igning multiplanar 

refo rmation planes across the dehiscence, the orthogona l long-axis views of the valve (A & B) and the transversal (C) 
v iews are shown. The en face view of t he three-dimensional volume rendering with the crossha ir through the 

dehiscence (DJ. The d imensions of the dehiscence can be obtained on the transversal v iew (C) in the t h ree-d imensional 

transoesophageal echocardiography images. 
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Figure 5. Final pos1t1on of the AM PLATZER occluder device To occlude t he pa ra-ring regurg1tat1on, a 6 m m AM PLATZER 

septa I occluder was implanted: the first disc was deployed w1th1n the left atrium,Just above the stent frame of the 

SAPIEN XT prosthesis, the waist was posrt1oned at the level of the Phys10 II ring and the second disc beneath t he Phys10 

II ring w1th1n the left ventricle. 

Figure 6 . Eva luation of residua l mitral regurg itation and haemodynamics of the va lve-in-ring. A) On transoesophageal 

echocardiography the simultaneous v isualisation of two-d imensional greyscale image and colour Doppler image 

permits the assessment of the position of the AM PLATZER occluder device and resolution of mitral regurgitation at the 

level of the pa ra-ring dehiscence. B) Measurement of the transmitra l gradient w ith continuous wave Doppler. At the 

end of the procedure, t he regurg itant orifice was successfu lly occluded with residua l m ild para-ring regu rg itation. The 

mean grad ient was 7 mm Hg. 
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