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Tetralogy of Fallot — early intervention




Fallot — later

repair

Conduit

Similar conduits used in Ross procedures, Truncus arteriosus repair, and Rastelli




Study nama Stafistics for each study Wizight (Ramdom)
Difference  Standard Redative
in means error  Paue  weight (%)
Chalard 2012 -83.000 17178 <0.001 1.74
Lee 2012 -G3.000 5.867 =0.001 5.37
Cuail 2012 (Matched) -45.400 3618 <=0.001 847
Cruail 2012 (Unmatched) -64,400 4511 =0.001 6.05
Jang 2012 (Matchad) -70,800 120586 <0001 284
Jang 2012 (Unmatched) -77.300 9.500 =0.001 ar
Tobder 2012 -79.000 7418 =0.001 481
Frigicla 2012 -54.000 6220 <0.001 518
Chen 2012 -45.000 G742 <0.001 62
Cweina 2011 {arm 1) -54.900 11437 <0.001 303
Owcina 2011 (arm 2) -42 800 11.136  =0.001 313
Gewva 2010 (arm 1) -73.000 7485 =0.001 4.58
Geva 2010 (arm 2} 83,000 8.595 <0.001 301
Lindsay 2010 -46.000 13.752 D.001 240
Tsang 2010 -70.000 11882 <=0.001 287
Harrild 2008 -62.000 14,208 <0.001 230
Knirsch 2008 -82.000 12334 <0001 277
Frigiola 2008 54,000 12771 <0.001 285
Henkens 2007 (arm 1) -62.000 6.552 =0.001 5.03
Henkens 2007 (arm ) -T2.000 14.738  <0.001 218
Costerhef 2007 -§2.000 G846  <0.001 498
Ghez 2007 -55.000 14321 =0.001 227
Kieinveld 2008 -58.300 5613 =0001 550
Therrien 2005 -56.000 10381  =0.001 .38
Buachel 2005 -81.100 9.437 <0.001 374
Straten 2005 -57.100 13950 =0.001 235
Viegen 2002 -52.500 10,468 =0.001 335
Owerall effact ~G2.754 2.581 <0001
Total (95% CI): 782 (Pre-PVR); 725 (PostPVR)
Tast for hateroganeity. Chi? = §1.96; df = 26 (P < 0.001); P = 58.3%
Tast for ovarall random effect: Z = -24.20 (P = 0.001)
Study name Statistics for each study Weight (Random)
Difference  Standard Relative
in means emor  P-Value weight (%)
Chalard 2012 -£2 000 14580 <0009 2086
Lee 2012 -39.000 5.264 <0001 5.88
Cuail 2012 (Matched) 22200 2166  <0.001 7.73
Cuail 2012 (Unmatched)  -42.200 3818 <0001 7.02
Jang 2012 (Matched) -47 800 10,283 <0.001 in
Jang 2012 (Unmatched) -45.700 8.895 =000 380
Tobler 2012 -52.000 G218 <0.001 5.33
Frigiala 2012 =31.000 4412 <0.001 647
Oncina 2011 (arm 1) -27.800 5.885 <0.001 4.88
Cricina 2011 (arm 2) -33.400 18127 0.088 1.47
Geva 2010 (arm 1) 38000 6795 «<0.001 489
Geva 2010 (arm 2) -41.000 6.890 «0.001 5.05
Tsang 2010 -48.000 7.058  <0.001 4.84
Frigiala 2008 -34.000 10.641 0.001 318
Henkens 2007 -38.000 5442 <0001 41
Oosterhof 2007 -32.000 5713 <0.001 5.64
Ghez 2007 36000 M08 0.0 3m
Klginveld 2008 -34 800 6408 <0001 522
Therrien 2005 -40.000 G447 =0.001 4.1
Buechel 2005 =44 200 710 =000 4.81
Straten 2005 -38.900 9.779  =0.001 3.5
Vliegen 2002 -32.700 9860 0.001 3.48
Crizrall effect 38091 2420 <0001

Total (85% CI): 668 (Pre-PVR}; 609 (Post-PVR)

Test for heterogeneity: Chi® = 61,39 df = 21 (P <0.001); * =85.8%
Test for overall random effect Z = -15.72 (P < 0.001)
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— Study name Statistics for each study Weight (Random) Difference in means and 95% CI
Difference Standard Relative
—_— inmeans  eror P-Value weight (%) LV-EF (%)
JIrC Chalard 2012 6.000 2325 0.010 4,49 ————
. Lea 2012 2.000 11286 0.076 7.86 +——
Clj Quail 2012 (Matched) 2000 0816 0.014 853 —
Quail 2012 (Unmatched) 3.100 0881 0.001 8.561 —
5CHTobler 2012 4000 1826 0028 572 S S——
Frigicla 2012 2.000 1324 013 7.23 —_——
Shiokawa 2012 6.700 3309 0.043 285 _—l
 Oveina 2011 (arm 1) 3.900 2802 0179 342 L
Ovcina 2011 {arm 2) 8.600 4633 0.063 168
Kane 2011 7.000 3340 0038 281 —
Geva 2010 (arm 1) -1.000 1855 0.500 564 ———
— Geva 2010 (arm 2) 0.000 1.839 1.000 568 . A
Harrild 2009 -3.000 2065 0.146 5.09 =
Knirsch 2008 2.000 3010 0508 325 -
¥ d Frigiola 2008 5.000 26864 0.081 382 =
'_ Henkens 2007 -1.000 2887 0.729 3.44 :
Costerhaf 2007 1.000 1438 0487 6.86 —_—l—
e Kleinveld 2006 -4.800 1476  0.001 6.75 —_—
Buechel 2005 3.200 1998 0109 5.26 &
Doughan 2005 =1.000 7545 08895 0.71 =
Cwverall effect 1.821 0858 0.008 i
== Total (95% CIj: 595 (Pre-PVR); 581 (Post-PVR) -8.00 -4.00 0.00 4.00 8.00
00 00 Test for heterogeneity: Chi* = 46.8; di = 19 (P < 0.001); 1 = 59.4% Change after PVR
Test for overall random effect: £ = 2.77 (P = 0.006)
Study name Statistics for each study Weight {Random) Difference in means and 95% CI
Difierence  Standard Relative
p in means armor P-Value  weight (%) NYHA (mean)
— Chalard 2012 -0.600 0176 0.001 372 e
Lee 2012 -0.600 0.051 <0.001 4.19 [ 3
Tobler 2012 -0.600 0101 =0.001 4,05 -
Shickawa 2012 -1.200 0205 <0.001 3.56 —-—
Ovcina 2011 (arm 1) -1.800 0073  =<0.001 4,14 -
== Ovcina 2011 (arm 2 -1.300 0242 <0.001 3.35 —a—
Geva 2010 -0.500 0,103 =0.001 4,05 -
Shinkawa 2010 -0.800 0102  <0.001 4.05 -
Scherptong 2010 -1.100 0097  <0.001 4.07 -
Knirsch 2008 -0.200 0145  0.470 3.87 --
- Frigiola 2008 -0.600 0.180 0.001 3.70 i
Henkens 2007 -0.700 0129 <0.001 3.04 ==
— Gengsakul 2007 -0.600 0093 <0.001 4.08 -
Qosterhof 2007 -0,900 0139 <0.001 3,90 -
Ghez 2007 -0.800 0196 <0.001 361 i
Therrien 2005 -0.600 0271 0.027 3.18 )
Borowski 2004 -0.700 0238 0.003 3.38 ——
Lim 2004 -0.470 0124 <0.001 397 -
Cesnjevar 2004 -1.470 00894  =0.001 4,08 ==
== \Wamer 2003 -0.900 0407 =0.001 4.03 -
‘iegen 2002 -0.700 01583 =0.001 383 i
Ruijter 2002 1,600 0207 <0.001 3.56 ——
Discigil 2001 -1.600 0148  <0.001 3.86 i
Therrien 2001 -0.200 0104  0.055 4.04 -
Therrien 2000 -0.500 0.180 0.005 370 —l—
70.00 ‘Yemets 1997 -1.200 0092  <0.001 4.08 -
Overall effect -0.855 0097 <0001
1( -4.00 -2.00 0.00 2.00 4.00

Total (95% CI): 1152 (Pre-PVR); 1140 (Post-PVR)
Test for heterogeneity: Chi® = 438.88; df = 25 (P < 0.001); F = 84.3%

Test for overall random effect: Z = -8.82 (P < 0.001)

Change after PVR



Conduits don’t last
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Figure 1: Vaived stent

Upper left: closed valve mounted in the stent. Upper right: profile of the
valved stent before compression, Below: valved stent in the delivery
system.



TPVI

* First implant 2000

* CE markin 2006

* FDA approval 2010

* Approx. 11,000 implanted totally

A
COUNTRY | ANNUAL CANDIDATES
(95% C1)
UsA 51998 (31357-78241)
Canada 6826 (4118-10312)
Austria 1892 (1137-2871)
Belgium 2431 365,
Bulgaria 1726 )
Croatia !
Czech Republic B -
Denmark 1261 (764-1910)
Estonia 293 (179-441) X0
Finland 1314 (792-1983) Poland 7008 (4195-10581)
France 14632 (8886-22012) Portugal 2516 (1535-3776) roe
Germany 20466 (12237-31180) Romania 4035 (2451-6065)
Greece 2718 (1656-4089) Slovakia 906 (549-1372)
Hungary 2108 (1276-3179) Slovenia 444 (267-664) '02';"':"
Ireland 717 (435-1073) Spain 10274 (6153-15470)
ttaly 15784 (9538-23700) Swaden 2279 (1377-3448)
Latvia 460 (279-693) 1756 (1059-2650)
Lithuania 655 (393-992) United Kingdom | 13787 (8293-20807)
3614 (2185-5481) European Union | 114757 (69380-172799)
Norway 998(597-1503) | Northern America | 58556 (35631-87738)
B
! Sweden
3526
COUNTRY | ANNUAL CANDIDATES
(95%C1)
USA 80076 (50754 - 117242)
Canada 10516 (6597 - 15332)
Austria 2919 (1834 - 4266)
Belgium 3740 (2332 - 5533)
Bulgaria 2642 (1660 - 3903)
Croatia n
Cech Republic | gles 217ff- n
Denmark (ffs-2 m Dﬂ‘
Estonia 456 (286 - 673) L2
Finland 2006 (1253 - 2953) Poland 10797 (6732 - 15971)
France 22607 (14305 - 33372) Portugal 3892 (2423 - 5802)
Germany | 31596 (19915 - 46723) Romania 6224 (3872 - 9189)
Greece 4190 (2649 - 6144) Slovakia 1391 (879 - 2050)
Hungary 3262 (2038 - 4807) Slovenia 681 (428 -1004)
Ireland 1106 (701 - 1610) Spain 15783 (9919 - 23317)
taly 24368 (15255 - 35894) Sweden 3526 (2230 - 5166)
Latvia 709 (442 - 1040) it 2696 (1715 - 3949)
Lithuania 1009 (639-1494) | United Kingdom | 21133 (13305 - 30852)
Netherlands 5524 (3467-8126) | European Union |177462 (110059 - 260576
Norway 1537 (957-2236) | Northern America | 90135 (56740 - 131605)




The Melody® valve

* Initial indication — strictly RV-PA conduits
* Developed specifically to be positioned in a tube

* Not durable enough for moving/contracting
surroundings

* Intended to postpone need for re-operation




Longevity of the Melody valve

FlgI 1 Gmﬂ suwlval . ﬁ“dm from oxplant or Mo PPVI Fig2. Evolution of peak gradient across the RVOT after PPVI
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Also feasible in non-conduit RVOTs

Fig. 1 Graft survival : freedom from explant or redo PPVI
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But still [imited to size of 18-22mm...

Table 1. Procedural Characteristics

Balloon sizing prior to TPV implant 30/31 97%
RVOT prestent placed prior to TPV implant 22/3 1%
Prestent type
Palmaz 19/22 86.5%
Genesis XD 1/22 4.5%
EV3 1/22 4.5%
CCPS+Palmaz 1/22 4.5%
TPV deployment balloon delivery size
18 mm 1 3%
20 mm b 16%
22 mm 24 7%
24 mm* 1 3%
Postdilation performed 5/31 16%
Postdilation balloon size 22-24 mm

Meadows Circ Cardiovasc Interv. 2014




Advanced fusion imaging helps

Goreczny Neth Heart J 2017



Endocarditis

Fig.5 Freedom from endocarditis

McElhinney | Malekzadeh-Milani

Cools et al' Hascoet et al’ ot o[ F444 ot lf
1 Number of patients 18h 32 311 8h
T Patient age 19.4+]13.2 19.8(15.8-28.9) N/A 23.3£10.5
% Study period 2006-2017 2008-2016 2007-2012 2009-2012
a Median follow-up time (years) Mean 4.4, upto 11 49 2.9 2
£ Systolic RV-PA gradient post implantation (mmHg) 2344111 N/A N/A 12.4+7.4
E Proportion of patched/native RVOT (%) 328 16.5 0 0
Proportion of patients on aspirin post implantation (%) 0 100 (6 mo) N/A 91
T Endocarditis in Melody valves (%/person years) 2.3* h.1(2.9-11.4)* 24 3
! 5 10 1 Repeat pulmonary valve replacement during follow-up (%) | 22 after 10 years | 15.5 after 3.4 years N/A N/A
Numbers at risk  Follow=up In years , , , : , : ,
168 62 8 *Declined to <1% after introduction of strict prophylaxis. **7.8% before and 2% after April 2010. ***Pooled data from 3 studies.

Cools et al, Eurointervention 2018 Schmidt, Eurointervention 2018



PR in 81 patients

Sapien® valves allow
for TPVI in large
RVOTs

Approved for TPVI (XT)

Sizes 23mm, 26mm, and
29mm (Sapien 3)

Pulmonary regurgitation

More complications?

Advanced through RV
uncovered

Basehne (n=80) 10 dayy (Ao 70) 6 manths {n48) 1 year {n«36) 2 years [(ne18)

Lower endoca rd |t|S riSk? (N/T 100, Mi 3.8, INST 986, MI 1.4, (N/T 958 M2 {NJT 1000, MIOQ,  (NJT 1000, MO0

Mo 20.0, Se 66,3 %) Mo 00, Se00%) Mo 00, Se 0.0 %) Mo 00,5« 00%) Mo 0.0, S« 00%)

Follow-up

Hascoét Eurointervention 2018




Brown Cath and cardiovasc interv 2016

Cabalka J Thorac Cardiovasc Surg 2018

Advanced
implantation
techniques

Cracking bioprosthetic valves takes
22-25 ATM

Anchoring in stent in LPA
Folding of MELODY valve

In smaller children:
e EDVi 150->130ml/m?2
e ESVi90->80ml/m?2
* Jugular acces in patients <30
* Sapien in patients <30kg very
risky
Long sheath for Sapien Valves

Surgical and hybrid procedures




New valves

Harmony® (Medtronic) Venus P-valve® (Venus Medtech)



armony valve

Porcine pericardial tissue valve mounted on a self-
expanding nitonol frame

Expands 23.5 mm at valved section
Pre-procdural CT important

First feasibility studies promising
More than 100 valves implanted
Easier than TPVI with Melody?



Venus P valve

* Porcine pericardial tissue valve mounted on a self-
expanding nitonol frame

* Diameter 18-34 and length 20-35mm of straight segment
* For use in RVOT up to 32mm

* Pre-procdural CT important

* First feasibility studies promising

* More than 100 valves implanted




Optimal timing of re-valving

* Uncertain effect in older patients

* RV remodelling may be
irreversible

06 } — o * RV fibrosis increasing with long-
lasting PT

77 20 13 7 2 0 = PVR patients
77 33 14 7 2 ] ------ Contrals

FProbability of Freedom From ©)
“WT or Death

0 2 4 B 8 10
Time Since Start of Follow-Up (Years)

Harrild Circulation 2009



Earlier re-valving?

Prevention of ventricular remodelling Need for multiple interventions during life-time

Less exercise intolerance, arrhythmias and sudden Procedural risk

cardiac death

Potential mortality benefit Endocarditis and stent fractures

Transcatheter pulmonary valve implantation may be

possible (initial and/or later)



summary

* TPVI has become a standard procedure for revalving in
stenotic/incompetent RV-PA conduits

* The Melody® and Sapien® valves have also been successfully used in
native and patch-augmented RVOTs, in bioprosthetic valves and in
smaller children down to 30kg

 Stent valves can be used in in surgical and hybrid procedures, also in
AV-valve position

* New valves allow for use in large RVOTs



Time for earlier pulmonary

valve replacement?




