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Incidences and Impacts on
Clinical Outcomes




Incidence of Left Bundle Branch Block:
Varies by site, study, valve type

Post-TAVR or hospital discharge
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Impact of New LBBB on Mortality

Inconclusive data may result from how pacemakers are treated in the analysis

% LBBB % LBBB Impacton 1-Yr Patientsin  Post-TAVI PPM which

Sl VENT IR, [N Discharge 1 Year All-Cause Mortality Analysis were excluded

MCV All new LBBB bef

De Carlo? 26.9% NR : PPM prior to discharge
N=275 ore discharge
Pereira? ::I/I:%\é 37.5%* NR New rpa?sl,_théCécedu PPM prior to discharge
MCV N=387 ithi
Houthuizen? 34.3% NR New LBBB within 1 host-TAVI PPM
EDW N=292 7 days
MCV N=223
Houthuizen? 28.7% 22.7% New LBBB thatpe ) st 1avi PPM
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Urena® 13.2% 5.0% PPM prior to discharge
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Franzoni® 17.2% NR New LBBB at disc NR
EDW N=151 harge
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Nazif8 10.5% 8.5% NET BRI eh e PPM prior to discharge
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=Y
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1De Carlo M, et al., Am Heart J 2012; 163: 492-9; 2Pereira E, et al., PACE 2013; 36(5): 559-69; *Houthuizen P, et al., Circulation 2012; 126: 720-728; “Houthuizen P, et al., Eurolntervention 2014;
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!r Heart J 2013; epub ahead of print; ®Urena M, et al., J Am Coll Cardiol Intv 2014; 7(2): 128-36; 1°Wenaweser P, et al., presented at EurcfﬁZE3

—




Incidence of Pacemaker post TAVR

| Studies | Patents | Pacemaker | Saplen | Corevalve.

Khatri et al 12 116 13.1% 25.4%

®* Meta-analyses have analyzed the rates of new
PPM with the early generation devices

- Medtronic CoreValve ~ 25-32%
- Edwards Sapien (XT) ~ 6%

Khatri. Ann Intern Med 2013, Siontis. JACC 2014, Mohananey. Cir Cardiovasc Intv 2017
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Permanent Pacemaker at 30 Days
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Newer Generation Devices:
Edwards SAPIEN 3

13.3%
3 50/ 10.1%
. (0]
6.80% 6.4%
SAPIEN SAPIEN XT Sapien XT SAPIEN 3 SAPIEN 3
PARTNER 1 PARTNER 2B PARTNER 2A P2 S3 HR P2 S3i
(N=2559) (N=284) (N=1011) (N=583) (N=1078)

Nazif TM. J Am Coll Cardiol Intv 2015;8:60-9.; Webb JG. J Am Coll Cardiol Intv 2015;8:1797-806.; Leon MB. N Engl J Med 2016;374:1609-20.;

Adapted from Nazif T. TVT 2017

Kodali S. Eur Heart J. 2016;37:2252-62
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Newer Generation Devices:
Medtronic Evolut-R
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CoreValve CoreValve CoreValve Evolut R Evolut R Evolut Pro
ADVANCE  Extreme Risk High Risk CE Study US Study US Study
(N=1,015) (N=489) (N=390) () (N=241) (N=60)

Linke A. Eur Heart J 2014;35:2672-84; Popma J. J Am Coll Cardiol 2014;63:1972-81; Adams D. N Engl J Med 2014;370:1790-8; Manoharan G. J Am
Coll Cardiol Intv 2015;8:1359-67; Williams MR presented at ACC 2016, Forrest J presented at ACC 2017

@‘ Adapted from Nazif T. TVT 2017 -
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Clinical Impact of PPM After TAVR

A 1 year all cause mortality
Study name Statistics for each study Events / Total MH risk ratio and 95% CI
MHrisk Lower Upper No Relative
ratio limit  limit PPM PPM weight
D' Ancona et d (2011) 0389 030 260 3/20 51/ 302 _— 1.3
De Cardo et & (2012) 1.18 048 29 6/68 16/ 200 —— 1.63
Houthuizen et af (2012) 082 04 126 20/118 140/670 —=t 879

Buellesteld et al (X12) 1.08 066 1.7 19/98 37207 i 5M
Van Neighem et al 1.03 0.67 1.86 11/80 407187 — 358
Pegira et & (2013) 1.08 042 27 §&/19 9137 pre— 1.2
Biner et d (2014) 0.99 041 237 6,98 187172 E— 1.2
Schymik et a (2N15) 128 074 212 13/68 95/6M - a6
Mean & d (2015) 0.85 018 3| 2/3 6/79 [r— 072
Moulllet et & (2015) 0.96 nes 1.36 41/ 252 93/ 581 . 1257
Dizon et d (2015) 1.28 03 1.75 38173 B1/1772 - 10.60
Kawacuch & a (2015) 1.18 oer 206 10/28 40/ 132 e 297
Kostopouou et al (2015) 0.62 008 47 1/ 1 5/3 0.62
Engborg et d (2016) 0.16 0.0z 121 1/ 1 13/ 87 1.77
Fadahursi et d (2016) 1.04 n&s 1.24 114/ 651 1536/ 9134 4332
1.03 e 1.16
Test for Heterogeneity: P= 0%, Q 7.56, df (Q)=14, p=0.91 0.01 0.1 10
Test for overail effect: Z=0.54, p=0.58

Favors PPV Favors No PPM
B 1 year CV mortality
Study name_ Statistics for each study  Events / Total MH risk ratio and 95%C1_
MHrisk Lower Upper No
ratio limit limit PPM PPEM

De Cario et al (2012) 063 008 532 1/66 5/209 | i

Moullletet al (2015) 0.70 0.38 127 137252 437581
0.69 0.39 1.24

Test for Hoterogeneity: = 0%, Q <0.01, df (Q)=1, p=0.94 0.01 0.1 1 10
Test for overall effect: Z2=-1.25, p=0.21
Favors PPM Favors No PPM

PPM implantation is not assosciate with increased risk of death, CV death, stroke, Ml
both at short- and long-term follow-up.

Mohananey D. Cir Cardiovasc Interv 2017 ﬂ—



Mechanism and Time Course of Recovery
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Anatomical Considerations

® Close proximity of the aortic valve to the
cardiac conduction system?

o R ¢ Distance between non-coronary cusp
e and His-bundle: on average, 6.3 mm

® Distance varies among individuals, but
IS usually <10 mm
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Q)‘ 11gawa O. Circ J 2009; 73 Suppl I: 257. .




Anatomical Considerations

Prosthetic valves may contact the conduction system, causing injury (inflammation,
or in this case, hemorhage)?

Following removal of

Appropriately
implanted prosthetic valve,
Edwards hemorrhagic lesions

Sapien valve: | observed

Hematoxylin
and eosin, x10

Hematoxylin
and eosin, x40

myocardial fiber
His busdle
hemorrhagic band hemorrhage

&, b4
< 1 Moreno R., et al., Circ ulation 2009; 120: e29-30.

Conduction
tissue fibers

endocardium
- myocardial fibers




Mechanism of Conduction Disturbances

Conduction abnormalities may resolve due to the transient nature of some TAVR-

induced tissue injury
LA




Conduction Disturbances Resolve with Time

« Paired analyses in ADVANCE Il showed that 42% of new LBBB and 65% of new
1st degree AV block resolved spontaneously by day 30?

p<0.0001 p<0.0001

<0.0001
50% 1 46.5% i

43.0%

40% - p=0.004
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27.2%

20%

% of Patients with
Condcution Disturbance

10%

0% A

Post-Procedure Day 7 Day 30
« New-onset LBBB =« New-onset 1st degree AV block

Patients with normal baseline AV conduction were considered for new-onset AV block. Patients with normal baseline IV conduction were considered for new-onset LBBB.
New-onset is defined as a new conduction disturbance which initiates within 48 hours of TAVI.

P ts receiving new permanent pacemakers were excluded.
data for each type of conduction disturbance. LBBB n=114, 15t degree n=74 1

“Petronio S, et al., presented at EuroPCR 2014




Timing of Permanent Pacemaker Implants

« Of pacemakers implanted within 10 days of TAVI, the majority had been implanted by day 3
in both PARTNER and ADVANCE.

« Some proportion of conduction disturbances (all types) will spontaneously resolve, though
the time course for a given patient is difficult to predict.

« Consider watchful waiting.

30

25

20 A
® PARTNER s ADVANCE

d b

2 3 4 5 6
Post-Procedure Day

15 -

Percent of Pacemakers Implanted
within 10 Days of TAVI (%)

I " HE-
7 8 9

10

) LA
@T, et al., J Am Coll Cardiol Intv 2015; 8:60-9; 2Arnold S, et al., Circ Cardiovasc Interv 2014; 7:829-36




Predictors : Manageable or not
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Predictors of Conduction Disturbances

More than 40 studies have been published on predictors of post-TAVR
conduction disturbances (CDs) and permanent pacemaker implant (PPM)
Studies varied in size, rigor, and the univariable characteristics which were
considered, but some central themes emerged:

Procedure and

Operator-relate

Anatomical

Lilaihawi, et al. Am Heart J 2009; 2Munoz-Garcia, et. al. JACC CV 2012; 3Piazza et. al. Eurolntervention 2010; “De Carlo , et. al. Am Heart J 2012; 5Calvi, et. al. JICE 2011; ®Saia, et. al. Cath Card |
ntv 2012; “Fraccarao, et. al. Am J Card 2011; 8Khawaja, et. al. Circ 2011; °Schroeter et. al. EuroPACE 2011; %Wenaweser, et. al. presented at EuroPCR 2013; !Meredith, et. al. presented at TCT

2012 ;2 Hamdan, et al. JACC Cardiovasc Interv 2015




Procedural Considerations — Manageable !

ADVANCE Il confirmed that implant depth is the strongest procedural predictor of
new PPM!

Implant Depth  PostDilatation

p<0.01 =
20% - 30% - p=0.27

p=0.76

=
(@)
J

23.9%

12.1% 20% A

(00)
1

10.6%

10% - 14.3%
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1
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10% -

0% of Patients with Post-Dilatation

0%

(@)
53
|

Mean Implant Depth (mm)
—
% of Patients with Oversized Valves

Yes \[¢} Yes No
(n=34) (n=158) (n=35) (n=159)

New Class | / || Pacemaker New Class | / || Pacemaker New Class | / || Pacemaker

Error bars are standard error
Implant depth defined as the distance from the lower edge of the non-coronary leaflet to the ventricular edge of the frame
*Qversizing occurs when a valve is implanted in an annulus that is smaller than the range defined by the CoreValve sizing guide
% Oversizing = 100 x ([Perimeter of CoreValve— CT Derived Perimeter of the Annulus] / CT Derived Perimeter of the Annulus)
1Petronio S, et al., presented at EuroPCR 2014
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How to Avoid?

1. High, Shallow Implantation




Depth of Implantation: CoreValve

100
.l Valve Implant > 6mm
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Probability of Survival Free of HDAVB
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Gueta et al. AJC 2011 7




Depth of Implantation: CoreValve

Kammler et al: MDCT in 53 Patients =5 N 5 i)
before and after TAVR with CoreValve | | ‘g kz |

e ' |:
Depth of Implantation: _— .“
« PPM (9.7 vs 6.3 mm, p=0.001) : y =
* >6 mm depth sensitivity 89% Cu-_ @

Kammler et al. J Cardiol 2016 ﬂ_




Device Depth : CoreValve
6 AP centers, N=117 patients

29 mm with PPM

NCC, non-coronary cuspid; LCC, left coronary cusp; PPM, permanent pacemaker

AP Corevalve registry. Kim et al. 2014 ACC. J Inv Cardio®2015




Sensitivity (%)

Device depth vs. PPM

- — Sensitivity

_ Cut-off = 7.8 mm Specificity

95% CI=0.593-0.806

20 40 60 80 100
o NCC to Basal Skirt of Device (mm)
100- Specificity (%)

Sensitivity 60.87%, Specificity 74.47%
PPV 35.14%, NPV 87.5%

Accuracy 70.94%

AP Corevalve registry. Kim et al. 2014 ACC. J Inv CardioM2015




Why do we perceive a relative difference?

CAU 38 RAO 40

LAO 18 CRA 4 RAO 40 CAU 38
2-chamber view 3-chamber view
Traditional - LVOT foreshortend LVOT elongated

Adapted from N. Piazza EuroPCR 2015 S




Intersection between aortic annulus and
delivery catheter S-curves

CRA
80.
601 Delivery catheter [
404 Aortic annulus

801 RAO 20 CAUD 30

CAU

Adapted from N. Piazza EuroPCR 2015 .




Depth of Implantation SAPIEN

* Binder: MDCT In 89 Patients
before and after TAVR with ESV
Ne
* Depth of Implantation:
« LBBB/CHB (5.5 vs 3.4mm, p=0.01)
« PPM (7.1 vs 3.5mm, p=0.001)

Binder et al. JACC Cardiovasc Interv 2013:6:462-8.

-




How to Avoid ?
2. Not too much over-size or stretch




THV Over-Sizing

« Katsanos et al: MDCT in 94 Patients
before and after TAVR with SAPIEN

« Independent predictors of PPM included

* Depth of Implantation: OR 1.4 per mm

« Annulus Area oversizing > 15%: OR 5.3

4 . ‘ .
2 Katsanos et al. A J Cardiol 2014




Stretching Index vs. PPM

| — Sensitivity

Sensitivity (%)

Cut-off =1.13
AUC=0.91
95% CI=0.820-0.992

Specificity

0 20 40 60 80 100 108 1.0 106 113
100- Specificity (%)

1.2 1.27 134
Stretching Index using Perimeter

Sensitivity 86.96%, Specificity 94.68%

PPV 80%, NPV 96.74%
Accuracy 93.2%

AP Corevalve registry. Kim et al. 2014 ACC. J Inv £1dio| 2015




Perimeter Stretching Index by CT
Examples — No PPM

31 mm device

CoreValve, 31 mm

} ... . Calculated Perimeter 97.3 mm

Measured Perimeter 91 mm

v
o T L =1.07

Perimeter 91mm:; Area 592 mm?2

‘L@I -




Perimeter Stretching Index by CT
Examples — PPM

29 mm device

CoreValve: 29mm
Calculated Perimeter 91.1 mm

Ve oo Measured Perimeter 73.5 mm
Area: 4. .04 cm?

Min: 105

Max: 1028

:SS);V: 127 — 1 24

Avg. Diameter: 22 7 mm
Perimeter: 73.5 mm

Perimeter 73.5mm; Area 404 mm?




Beyond Technical Issues
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Clinical Impact of Conduction Disturbances:
New LBBB and Recovery of LVEF

1151 Patients from PARTNER

-9 New LBBB
-~ No LBBB

p=0.24 p<0.001 p =0.009 p<0.001

Baseline Discharge 30-days Late
Numbers at Risk

New LBBE 115 113 108 79
977 974 904 639

Nazif. European Heart J. 2014;35:1599-607. ﬂ_




Clinical Impact of LBBB after TAVR

1-year RR of cardiac death

LBBEB following TAVR No LBBB following TAVR Risk Ratio Risk Ratio
Events Total Events Total Weight M-H, Random, %5%ClI M-H, Random, 95% CI
Franzoni, etal. 2013
Testa, etd. 2013
Urena, et al 2014 p 5 38% 1.22[0.78,
Naif &t al 2014 3 1030 185% 1.76 1.0
Houthuizen, et al. 2012 448 0% 1.91[1.29,28

Total (95%Cl) 720 1.39[1.04, 1.86)

Total events

Heterogeneity: Tau?= 0.03 Chi? ’ : 02 05 1
Test for overall effec ) o

No LBBB folowing TAVR  LBBB following TAVR

1-year RR of all-cause death

LBBB following TAVR No LBBB following TAVR Risk Ratio Risk Ratio
EVEILS 1012l Events 10tar weight M-H. Random, 95% Cl
Franzoni, et al. 2013
Hazif, et 2l 2014
Testa, etd. 2013
Carabba et d. 2015
Urena, etal 2014
Houthuizen. &t
Schymik, etd. 20
Houthuizen, et al.

_;
>
=3

]
o

1

o
L2y

121 [0.98, 150]

Tast for averall effec
No LBEB following TAVR ~ LBBB following TAVR

Rigueiro, A, et al. Circ Cardiovas Interv 2016;9:e0036Sﬂ—




Impact of PPM on Duration of
Hospitalization and Re-Hospitalization

®* PARTNER : 1973 Sapien

® Post-procedure hospitalization:
PPM vs No-PPM: 7.3 vs 6.2 days, p<0.001

Nazif et al. JACC Cardiovasc Interv 2015 ﬂ—




Additional Costs of PPM after TAVR

Table 5 Factors associated with hospital stay cost (valve excluded): results of the multivariable analysis.

Variable

STS score at inclusion > 10%
LES at inclusion > 20%
Warfarin use at inclusion
Transapical approach

Use of hybrid room
Complicati duri

ospita
Adjusted R?

Society of Thoracic Surgeons.

% STS score and all other variables except those
B LES and all other variables except those used fq

Model: STS*

Model: LES"

Rate ratio (95% Cl) Rate ratio (95% CI)
1.15 (1.05-1.27) NA

NA NR

1.15 (1.04-1.28) 1.16 (1.05-1.29)
1.14 (1.03-1.27) 1.14 (1.02-1.27)
NR 1.17 (1.02-1.36)
1.19 (1.06-1.33 1 29

0.14

Cl: confidence interval; LES: Logistic Euroscore; NA: not applicable; NR: not retained in the final model because not significant; STS:

Estimates of the additonal cost of complications with respect to different cost units and categories
Variables ¢ C it {in € Total in-hospaal
- r costs (m ¢
Normal ward U (In € Cath Gb/OR  Other costs St 3 Material costs
ne int | me)

3707

of TE-TAVI
ite bleeding — life threalening
bleeding — major
bleedeng — menor
Non-access site bleeding - life
threatenng
bleeding — major
minor
cation — major

cabion minor

sutficiency n b 556 ) LA
Adjusted R 028 045 054
y 163 163 163

0
N 163

In additbon to the complications shown abowe, ‘other complications’ as descnbed In Tabde | were also inchuded i the regresson analyses

Chevreul. Arch Cardiovasc Dis 2013, Gutmann. IJC Z(W_




Indication for PPM After TAVR

“AVB

= Complete Heart Block
® AF with Bradycardis
w 1st Degree AVEB with BEB - znd Deg
m SSS/Panses -
# Trifascicular Block
# 2nd Degree AVB with BBE SSS

2nd Degree AVB

w Other

N=152, 98% MCV N=173 ESV

Steinberg. Am Heart J. 2012;164:664-71 Nazif. JACC Intervention 2015

Adapted from Nazif T. TVT 2017 ﬂ—




Rupture/ PPM vs. PVL

Annulus Size Assessment is Crucial: Multidisciplinary Image

p=
o
o
S~
= =
E Ideal Size. 2
I =
-] %2
= =
© S
z =
S @
©
o \\ IS
4
————— ) -
o’
% undersizing o) 10-15% % oversizing

Q}: Adapted from Thierry Lefevre; London Valves, 2012 ﬂ—




Conclusions

Conduction disturbances and PPM are frequent complication of TAVR

Most of them resolve over time as the tissue heals and adapts to the
THV valve

However, the conduction disturbances that remain may not be benign
— LBBB deterioration to more severe conduction disturbances with time
— Asynchronous contraction patterns due to LBBB or RV pacing may lead to heart failure

Risk is determined by a complex between patient substrate (RBBB,
calcification, etc) and procedural factors

Careful attention to positioning THV valves 4-6 mm or less relative to the
annulus (self-expanding) and less-oversizing (balloon-expandable) will
minimize conduction disturbances

Watchful waiting prior to PPM implantation may be warranted
(conservative strategy by guideline)

-




Thank you.

S CHA University School of Medicine ‘.‘CHA Bundang Medical Center



Aortic Annulus on MSCT

Oblique Coronal Image | Oblique Sagittal Image

Transverse Image

®) | A
Sl




Aortic Annulus on I\/ISCT




Aortic Annulus on MSCT

Coronal measurements do not equal those from the

Coronal Image

annular plane

R ¥ SRR

~ Oblique Coronal Image

Aortic Annulus




Aortic Annulus on MSCT

Sagittal measurements do not equal those from the
annular plane

Aortic Annulus




Descending
Aorta

g

The Aortic Annulus on MSCT

Aortic
Annulus




New CT Parameters

~

Minimum
Diameter
Ellipticity Ratio
Maximum Diameter/
Minimum Diameter

~

: Maximum
Diameter




CT Sizing for Edwards Valve

Diameter (mm)

: G
Area (mm)* /y 418 N

Perimeter (mm) \ 723 ’i"

-, -

Height 14.3 mm
’;/ AL A8 ]
ot \.1

(¥ 73

£,
Y

Annulus Range
TEE (mm)®

CT MD (mm)

CT Area (mm?)!

CT Perimeter (mm)*

Distance Coronaries
{(mm)*

26-28
530 - 620
815-880

n

BAV 25 mm

J Am Coll Cardiol Img. 2013;6(2):249-262.

-




CT Sizing for Edwards S3

3D Area - derived Diameter (mm) 2000

3D Annular Area {mm?) 3 338 | 344 3480 | 3vo 200

% Annular Area Owver (+) or
Under {-) Nominal by 30 CT

7208\ 27.2 |27 4| 27.8|2 2B8.1/28.3/28.5 2

500 | 510 5 il A48 G0 | 570 | 5380 | 500 G600 15| 820 | 630 640

47 30 14

20.830.1 303

700 (710 720




CT Sizing for CoreValve

c Annulus Measurements
- o MNative Leaflet to Ascending
Sinus of Valsalva o
Diamete Sinotubular Aorta
Diameter Perimeter Area Range lameter Junction Length Diameter™

& mm ] 4 mm 4 . mm =43 mm
31 - :I‘ -r:-a 1 - 1 rl-l rl-l ) | : n-'l n-'l

“Ascending Aorta measurements are taken at 30 mm from the aortic annulus for the 23 mm device and at 40 mm from the aortic annulus for the 26, 29, and 31 mm devices.




Valve position too high?

LAO 18 CRA 4 Concomitant TEE

Adapted from N. Piazza EuroPCR 2015 ﬂ_




Valve position correct?

RAO 40 CAU 38




