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Real dimension of the problem........

Up to 50% of TAVR patients develop
conduction disturbances

v' Complete AV block ( 4-11 % Edwards, 15-38% CoreValve )
v’ Left Bundle Branch Block LBBB ( about 1/3)

v AV conduction disturbances ( Variable percentage )
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Permanent Pacemaker Insertion After CoreValve Transcatheter Aortic Valve
Implantation : Incidence and Contributing Factors (the UK CoreValve Collaborative)
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270 patients from 10 clinical centers in UK
8% of patients with prior PPM
LBBB 13% at baseline = 61% after procedure
33.3% new permanent pacemaker requirement
Baseline conduction abnormalities
- Baseline RBBB == 65.2% PPM
- Baseline LBBB = 43.75% PPM
- Normal QRS complex = 27.6% PPM
Multivariable predictors: AV block, balloon predilation, use of 29
mm valve, IV septum diameter, prolonged QRS
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Relation Between Prosthesis and
Conduction System
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Left Bundle-Branch Block Induced by TAVI
Increases Risk of Death

197 not eligible
11 aborted procedure

186 pre-existing PPM/LBBB

137 eexcluded
118 postprocedural PPM

19 <24h mortality without
follow-up ECG

|
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Binary Logistic Regression Analysis

Univariate Analysis Multivariate Analysis

Variable HR Cl P Value Cl
Age 0.87 0.98-1.03 0.87

Female sex 0.84 0.61-1.16 0.30

Baseline creatinine 0.85 0.68-1.05 014 0.66—1.05
Previous Mi 0.71 0.47-1.09 0.12 0.49-1.24
Previous CABG 0.80 0.55-1.16 0.24

Cerebrovascular disease 1.18 0.79-1.78 0.42

Peripheral vascular disease 0.74 0.49-1.11 0.14 0.97-2.55
Diabetes mellitus 1.48 1.03-2.13 0.04 1.01-2.29
COPD 0.96 0.67-1.38 0.84

LVEF =50% 1.10 0.77-1.56 0.60

R(avL) =11 mm 0.87 0.56-1.36 0.55

S{V,) + R{Vss) =35 mm 1.01 0.97-1.04 0.72

Absent Q in Vg 1.05 0.72-1.54 0.79

MCS prosthesis* 7.69 513-11.54 = (0.001 553-13.11 =0.001

TAVI indicates transcatheter aortic valve implantation; HR, hazard ratio; Cl, 95% confidence interval: MI, myocardial infarction;
CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular ejection fraction; and MCS,
Medtronic CoreValve System.

*For calculation of the HR, the MCS prosthesis was compared to the Edwards SAPIEN prosthesis.
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Survival for the primary end point

new LBEBB
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log-rank P=0.002
Hazard Ratio 1.55 (95% CI, 1.17-2.06)

240 360
Time (days)
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Incidence of TAVI-induced LBBB according
to valve type

Frequency of LBBB (%)

0-20 20-40 40-60 60-80 80-100 =100
Consecutive case number
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Conclusion

Left Bundle Branch Block (LBBB) Induced by
TAVI Increases Risk of Death

Registry study of 679 pts receiving either CoreValve or Sapien
at 8 Dutch centers.

* About one-third (n = 233) of pts experienced new LBBB within 7
days of implantation

* At 450-day follow-up, all-cause mortality higher in patients with
LBBB vs. without (37.8% vs. 24.0%; P = 0.002)

* New LBBB more common in CoreValve- vs. Sapien-treated
patients (51.1% vs. 12.0%; P < 0.001)

Implications: LBBB is a serious complication of TAVR that may strongly
attenuate the survival benefit of this procedure.
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Predictive Factors and Long-Term Clinical
Consequences of Persistent LBBB Following TAVI
With a Balloon-Expandable Valve

v' 348 consecutive patients underwent TAVI with a

balloon-expandable valve (sapien or Sapien XT, Edwards
Lifesciences, Irvine LLC, California)

v’ 146 patients were excluded
v' prior pacemaker (n = 57)
v' prior intra-ventricular conduction abnormalities (complete
or incomplete right or left bundle branch block, n = 83)
v' death, or conversion to open heart surgery before the
first ECG (4 and 2 patients, respectively)

v The final study population consisted of 202 patients

Y R  Ferrarotto Hospital Urena et al. Journal of the American
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Baseline and Procedural Findings, According to the
Occurrence of New-Onset LBBB Following TAVI

No LEEB Transient LEBB Persistent LEEB

(n = 141)

(n = 23)

(n = 38)

p Value*

Baseline characteristics
Age (yrs)
Female
Body mass index {kg,-"m’]
Comorbidities
Hypertension
Diabetes mellitus
cCoPD
cCAD
eGFR (ml/min)
Baseline treatment
Beta-blockers
Calcium channel blockers
Amiodarone
STS-PROM score (%)
ECG (ms)
PR interval
QRS duration
Echocardiography
LVEF (%)
Mean gradient (mm Hg)
Aortic valve area (cm®)
Computed tomography
Aortic valve calcification (Agatston units)
Procedural variables
Approach
Transapical

Transfemoral

Prosthesis ventricular deptht (mm)

Ferrarotto Hospital
University of Catania

Ratio aortic prosthesis size/aortic annulus

81+ 8
83 (58.9)
26+ 5

119 (84.4)
44 (31.2)
35(24.8)
79 (56.0)
56.6 = 22.5

64 (45.4)

38 (27.0)
8(5.7)
7.6 = 3.8

176 * 36
90 =+ 10

57 > 12
46 = 17
0.65 = 0.22

79 (56.0)

62 (44.0)
1.16 = 0.07
1.64 = 2.85

796
17 (73.9)
26 = 5

22 (95.7)

8 (34.8)

3 (13.0)
17 (73.9)
54.6 = 20.4

14 (60.9)
8 (34.8)
2 (8.7)
6.1 = 3.7

158 * 23
92 =9

54 = 15
47 = 19
0.63 = 0.28

12 (52.2)
11 (47.8)
1.18 = 0.09
1.22 = 2.23

Urena et al. Journal of the American
College of Cardiology . 2012

77 = 9%
21 (55.3)
28 = 6

37 (97.4)
15 (39.5)
12 (31.6)
22 (57.9)
59.1 * 26.3

16 (42.1)
12 (31.6)
3 (7.9)

7.4+ 3.4

174 + 45
96

58 = 11
49 + 19
0.61 = 0.17

2,544 (1,600-4,442) 2,045 (1,666-4,209) 3,150 (1,944-5,358)

26 (68.4)
12 (31.6)
1.18 = 0.07
3.04 =

0.019
0.328
0.125

0.041
0.615
0.261
0.277
0.742

0.332
0.648
0.729
0.476




Baseline and Procedural Findings, According to the Need for PPI
(In-Hospital or During the Follow-Up Period)

PPl (Cumulative) Mo PPI
(n = 20) (n = 182) HR (95% CI) p Value

Clinical characteristics
Age (yrs) 81+ 6 80 = 8 1.02 (0.96-1.09) 0.454
Female 12 (60.0) 109 (59.9) 0.90 (0.37-2.22) 0.803
Body mass index (kg/m®) 27T+ & 27T + 5 1.01 (0.92-1.11) 0.762
Comorbidities
Hypertension 17 (85.0) 161 (88.5) 0.59 (0.17-2.04) 0.406
Diabetes mellitus 6 (30.0) 61 (33.5) 0.96 (0.37-2.51) 0.938
COPD 5 (25.0) 45 (24.7) 1.16 (0.42-3.22) 0.778
CAD 11 (55.0) 107 (58.8) 0.95 (0.39-2.30) 0.8903
eGFR (ml/min) 51.9 = 20.6 57.3 + 23.2 0.99 (0.97-1.01) 0.343
Baseline treatment
Beta-blockers 8 (40.0) 86 (47.3) 0.70 (0.28-1.72) 0.434
Calcium channel blockers 8 (40.0) 50 (27.5) 1.64 (0.67-4.01) 0.281
Amiodarone 2(10.0) 11 (6.0} 1.80 (0.41-7.81) 0.433
STS-PROM score 6.9 + 2.8 7.6 + 3.8 0.94 (0.79-1.11) 0.457
ECG (ms)
PR interval 191 = 59 172 = 35 1.04 (0.929-1.02) 0.354
QRS duration 94 10 92 + 10 1.02 (0.97-1.07) 0.500
Echocardiography
LVEF (%) 62 57 + 12 1.03 (0.29-1.08) 0.137
Mean gradient (mm Hg) 44 47 + 17 0.99 (0.97-1.02) 0.491
Aortic valve area (cm=) 0.50 (0.40-6.286) 0.591
Computed tomography
Aartic valve calcification (Agatston units) 0.854
Procedural variables
Approach 1.66 (0.63-4.33) 0.303
Transapical 14 (70.0) 103 (56.6) —
Transfemoral 6 (30.0) T9 (43.4) —
Ratio prosthesis/aortic annulus 1147 = 0.09 1.16 = 0.07 —_
Ventricular depth of prosthesis* (mm) 3.19 = 1.65 1.71 + 2.68 1.27 (0.96-1.68)
Residual AR =2 1 (5.0) 27 (14.8) 1.02 (0.79-1.31)
New-onset LBBB 14 (70.0) 47 (25.8) 5.99 (2.29-15.61)

Ferrarotto Hospital Urena et al. Journal of the American
University of Catania College of Cardiology . 2012




Changes In Left Ventricular
Ejection Fraction Following TAVI
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- No/Transient LBBB
- Persistent LBBB

Baseline Hospital Follow-up
discharge
p=0.0012, for changes over time between both groups
p=0.0014 for comparison between groups at follow-up
p=0.0014 for changes over time in No/Transient LBBB group
p=0.031 for changes over time in Persistent LBBB group

Urena et al. Journal of the American
College of Cardiology . 2012




Other Studies about LBBB and
Mortality
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Kaplan-Meier curve showing the eltect of postprocedural develop-
ment of LBBB on overall survival in patients not receiving permanent
pacing before discharge (log-rank P = 37).

De Carlo, et al. American Urena et al. Journal of the American
Heart Journal . 2012 College of Cardiology . 2012
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CoreValve ADVANCE 30-day

Outcomes

Additional VARC Endpoints N=996 Kaplan-Meier Estimates, %
Cardiovascular Mortality 34
Major Bleeding L7
Life Threatening Bleeding 4.0
Major Vascular Complications 10.7
Acute Kidney Injury — Stages I/11/II 5.7

Acute Kidney Injury — Stage lll only 0.4
New Pacemaker Implantation 26.3

AccuTrak Delivery System 24.2

Pre-AccuTrak Delivery System 34.1

PR, Ferrarotto Hospital
Yadles’ University of Catania




CoreValve ADVANCE Impact of
LBBB

No Impact of new LBBB (v. no new LBBB) on late term mortality in
those patients not receiving a PPM after CoreValve implantation

1 -
96.7%
96.2%

oal __'=_‘“_ .\_I_q_sii%

= Post-implant LBBB

g 88.1%
2
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P-value (log rank) = 0.75
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Numbers of at risk:
271 262
211 203
05 - A A A A A o
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Origin of Conduction
Disturbances

\

Prosthesis Prosthesis Prosthesis
Sizing Positioning Apposition
v Annulus Measur. v Technique of Implant. v' Calcium
v' Line-up v Depth of Implant. v Annulus Shape

_. Ferrarotto Hospital
¥’ University of Catania




Optimal MSCT Sizing

Length: 2,029 cm (150,986 pis)

Length: 2.414 crm (173.653 pix)

Length: 2.850 cm (212.087 pi%)

L% Area: 4.716 cm2
i Mean: 549.002 SDey: 128.717 Sum: 14460159
Min: 34.258 Max: 1234.552
Length: 7.923 cm

Perimeter

Elliptical Shape: Max dia. 28,5 mm; Min dia. 20 mm
Area 4,71 cm?, Perimeter 7,9 cm

Ferrarotto Hospital
University of Catania




Sizing CoreValve Revalving
System

23mm 26mm 29mm 31mm

Annulus D218 D220 D223 D226
Diameter [mm] D < O D523 DS27 DS29

e s | A22,54 | A>3,14 24,1 A>5 31
f | As314 | As415 | As5,72  A<6,60

e | P25,65 | P26,28 27,2 P>8,16
Perimetersleml | P<6,28 | P<7,22 \ P<8,48 J/ P<9,11

™. Ferrarotto Hospital
7 University of Catania




Sizing Edwards Sapien XT

Edwards Sapien XT Valve Sizes

Valve
Diameter

Perimeter |
Area

.  Ferrarotto Hospital
&3’ University of Catania




Area (cm?) Oversizing

// (5,72 - 4,71)/4,71x100= 21,5 %
AVOid area oversizing > 20 %

(5,31- 4,71)/471x100= 12,1 %

PR, Ferrarotto Hospital
Yadles’ University of Catania




Early and Persistent Intraventricular Conduction
Abnormalities and Requirements for Pacemaking
After Percutaneous Replacement of the Aortic Valve

MNicolo Piazza, W1, * Yoshinobu Onuma, W * Emile Jesserun, W * Peter Paul Kint, RN,
Anne-Marie Maugenest, RIN,* Robert H. Anderson, WD, FRCPATH,F
Peter P. Th de Jaegere, NMID, PHID,* Patrick W. Serruys, WD, PrID™

Relation between deep of implantation
and conduction abnormalities

J

v New LBBB 10,3 mm % 2,7 mm

P =0.005

v NoLBBB  5,5mm 3,4 mm /@ 3
\

Lower edge of Proximal (or venticular) |
end of valve frame i

noncoronary cusp

M. Ferrarotto Hospital
g2’ University of Catania




Rate of PPM implantion Vs Depth of implantion

35%
30% +——
25% +——
. Calvi V, et al.
2090 = Chorianopoulos, et al.
15% +—— m De Carlo, et al.
® Munoz-Garcia, et al.
(0) 4
10% ®m Tchetche, et al.
50 +——
0%

Depth of implant ( ~ mm)
11 7 10 §) 5
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Optimal Depth of CoreValve Implantion

Target implant depth for the 31mm valve should be:-

1) 0-2mm below the annulus

I -

2) 2-4mm
e .

3) 4-6mm

e - Target implant depth for the 26-29mm valve should be:-

4) 6-8mm
0% 1) 0-2mm below the annulus
0%

2) 2-4mm

I 5.3 %

3) 4-6mm

4) 6-8mm
0%

Ferrarotto Hospital  Data from Corevalve proctor meeting
University of Catania 2012: Poll data




LVOT Calcification and Conduction
Distrurbances are Directly Related

Moderate Severe

Ferrarotto Hospital
University of Catania




BAV as Bridge to TAVI
or BAV during TAVI

v Avoid long Balloon ( >40 mm)

v Use smallest balloon as possible
(already 18 mm balloon have 2,5 cm? area
during inflation)

v Always use rapid pacing during BAV (>180)
In order to stabilize balloon and avoid
excessive stress on membranous septum

v" Avoid extended and repeated inflations

R Ferrarotto Hospital
University of Catania




Conclusion

v Conduction disturbances are very frequent in TAVI patients, mainly
AV block and LBBB

v' The anatomical relation between conduction system, implant site
and depth are the explanation of the problem

v' The CT scan is mandatory to perform precise measurements and
avoid area oversizing > 20%

v' The presence of massive LVOT calcification can play an important
role in conduction system damage during TAVI and BAV

v' During BAV avoid using long and large balloons
v Always perform BAV during rapid ventricular pacing

v Avoid prolonged and repeated BAV

R Ferrarotto Hospital
’  University of Catania




