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Case 

89 yo lady, DM, CKD stage 2, DOE NYHA III 
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CAVB 

3 days later 
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Incidences and Impacts on  

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

1Boerlage-Van Dijk K, et al., PACE 2014; 37: 1520-1529; 2De Carlo M, et al., Am Heart J 2012; 163:  492-9; 3Ferreira N, et al., PACE 2010; 33:  1364-1372; 4Fraccaro C, et al., Am J Cardiol 2011; 10

7:  747-754; 5Guetta V, et al., Am J Cardiol 2011; 108:  1600-1605; 6Munoz-Garcia A, et al., Rev Esp Cardiol 2010; 63(12):  1444-51; 7Piazza N, et al., EuroIntervention 2010; 6(4):  475-84; 8Saia F, 

et al., Catheter Cardiovasc Interv 2012; 79(5):  7712-9; 9Jilaihawi H, et al., Am Heart J 2009; 157:  860-6; 10Calvi V, et al., J Interv Card Electrophysiol 2012; 34:  189-95; 11Pereira E, et al., PACE 201

3; 36(5):  559-69; 12Petronio AS, et al., presented at EuroPCR 2014; 13Testa L, et al., Circulation 2013; 127:  1300-1307; 14Eksik A, et al., J Invasive Cardiol 2013; 25(6):  305-309; 15Nazif T, et al., Eu

r Heart J 2013; epub ahead of print; 16Urena M, et al., J Am Coll Cardiol Intv 2014; 7(2):  128-36; 17Urena M, et al., J Am Coll Cardiol 2012; 60(18):  1743-52; 18Gutierrez M, et al., Am Heart J 2009; 1

58:  302-8. 

Edwards CoreValve 

Post-TAVR or hospital discharge 
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  Study Valve Type, N 
% LBBB 

Discharge 

% LBBB 

1 Year 

Impact on 1-Yr  

All-Cause Mortality 

Patients in  

Analysis 

Post-TAVI PPM which 

were excluded 

De Carlo1 
MCV 

N=275 
26.9% NR 

No  

(p=0.37) 

All new LBBB bef

ore discharge 
PPM prior to discharge 

Pereira2 MCV  

N=65 
37.5%* NR 

No  

(0=0.111) 

New post procedu

ral LBBB 
PPM prior to discharge 

Houthuizen3 
MCV N=387 

EDW N=292 
34.3% NR 

Yes  

(p=0.006) 

New LBBB within 

7 days 
All post-TAVI PPM 

Houthuizen4 
MCV N=223 

EDW N=253 
28.7% 22.7% 

Yes 

(p=NR) 

New LBBB that pe

rsisted at 1 year 
All post-TAVI PPM 

Urena5 
EDW  

N=202 
13.2% 5.0% 

No  

(p=0.610) 

New LBBB at disc

harge 
PPM prior to discharge 

Franzoni6 
MCV N=87 

EDW N=151 
17.2% NR 

No  

(p=0.42) 

New LBBB at disc

harge 
NR 

Testa7 
MCV  

N=818 
27.4% NR 

No  

(p=0.3) 

New LBBB at disc

harge 

PPM within 48 hrs of TA

VI 

Nazif8 
EDW  

N=1151 
10.5% 8.5% 

No  

(p=0.73) 

New LBBB at disc

harge 
PPM prior to discharge 

Urena9 
EDW  

N=668 
11.8% NR 

No  

(p=0.174) 

New LBBB at 

discharge 
NR 

Wenaweser10 
MCV 

N=1015 
NR 23.1% 

No  

(p=0.393) 

New LBBB at 30 

days 
All post-TAVI PPM 

Impact of New LBBB on Mortality 

1De Carlo M, et al., Am Heart J 2012; 163:  492-9; 2Pereira E, et al., PACE 2013; 36(5):  559-69; 3Houthuizen P, et al., Circulation 2012; 126:  720-728; 4Houthuizen P, et al., EuroIntervention 2014; 

9(10):  1142-1150; 5Urena M, et al., J Am Coll Cardiol 2012; 60(18):  1743-52; 6Franzoni I, et al., Am J Cardiol 2013; 112(4):  554-559; 7Testa L, et al., Circulation 2013; 127:  1300-1307; 8Nazif T, et 

al., Eur Heart J 2013; epub ahead of print; 9Urena M, et al., J Am Coll Cardiol Intv 2014; 7(2):  128-36; 10Wenaweser P, et al., presented at EuroPCR 2013 

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



CHA University School of Medicine CHA Bundang Medical Center 

Incidence of Pacemaker post TAVR 

 

 

 

 

• 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 

Studies Patients Pacemaker Sapien CoreValve 

Khatri et al 44 12,116 13.1% 6.4% 25.4% 

Siontis et al 41 11,210 17% 6% 28% 
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Newer Generation Devices: 
Edwards SAPIEN 3 

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.;  

Kodali S.  Eur Heart J. 2016;37:2252-62  
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Adapted from Nazif T. TVT 2017 
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Newer Generation Devices:  
Medtronic Evolut-R  

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 
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Adapted from Nazif T. TVT 2017 
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Clinical Impact of PPM After TAVR 
1 year all cause mortality 

1 year CV mortality 

PPM implantation is not assosciate with increased risk of death, CV death, stroke, MI 

both  at short- and long-term follow-up. 
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Mechanism and Time Course of Recovery  
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• Close proximity of the aortic valve to the 
cardiac conduction system1 

• Distance between non-coronary cusp 
and His-bundle:  on average, 6.3 mm 

• Distance varies among individuals, but 
is usually <10 mm   

Anatomical Considerations 

1 Igawa O. Circ J 2009; 73 Suppl I:  257. 
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Prosthetic valves may contact the conduction system, causing injury (inflammation, 

or in this case, hemorhage)1 

Anatomical Considerations 

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

Appropriately  

implanted  

Edwards  

Sapien valve: 

Following removal of  

prosthetic valve,  

hemorrhagic lesions  

observed 

endocardium 
His bundle 

myocardial fiber

s 

hemorrhagic band 

Hematoxylin  

and eosin, x10 
Hematoxylin  

and eosin, x40 

Conduction 

tissue fibers 
myocardial fibers 

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

induced tissue injury 

Mechanism of Conduction Disturbances 

• Tissue compression during 

BAV 

• Hypotension during rapid pa

cing (BAV procedure) 

• Other hypotensive episodes 

Ischemic (Indirect) Injury Mechanical (Direct) Injury 

• Wall tension due to radial for

ce 

• Procedural Inflammation 

• Procedural Edema 
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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.   

Patients receiving new permanent pacemakers were excluded.   

Paired data for each type of conduction disturbance.  LBBB n=114, 1st degree n=74 

• Paired analyses in ADVANCE II showed that 42% of new LBBB and 65% of new 

1st degree AV block resolved spontaneously by day 301 

 

Conduction Disturbances Resolve with Time 

1Petronio S, et al., presented at EuroPCR 2014 
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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. 

 

1Nazif T, et al., J Am Coll Cardiol Intv 2015; 8:60-9; 2Arnold S, et al., Circ Cardiovasc Interv 2014; 7:829-36 
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Predictors : Manageable or not  
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• 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: 

Predictors of Conduction Disturbances 

1Jilaihawi, et al. Am Heart J 2009; 2Munoz-Garcıa, et. al. JACC CV 2012; 3Piazza et. al. EuroIntervention 2010; 4De Carlo , et. al. Am Heart J 2012; 5Calvi, et. al. JICE 2011; 6Saia, et. al. Cath Card I

ntv 2012; 7Fraccarao, et. al. Am J Card 2011; 8Khawaja, et. al. Circ 2011; 9Schroeter et. al. EuroPACE 2011;    10Wenaweser, et. al. presented at EuroPCR 2013; 11Meredith, et. al. presented at TCT 

2012 ;12 Hamdan, et al. JACC Cardiovasc Interv 2015 

• Male gender3 

• Age > 75 years9 

• Previous MI3 

• RBBB2,3,4,5,7 

• Other pre-existing  

    conduction  

    disturbances3,4,8,9 

Clinical 

• Variations in location 

of LBBB exit point1 

• Septum thickness1,6 

• Thickness of the non-

coronary cusp1 

• Membranous septum l

ength12 

• Radial force of the pro

sthesis3 

• Implant Depth2,3,7 

• Balloon Aortic Valvulo

plasty8 

• Application of PPI gui

delines10 

• Learning Curve11 

 

Anatomical 
Procedure and  

Operator-Related 
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Procedural Considerations – Manageable ! 
ADVANCE II confirmed that implant depth is the strongest procedural predictor of 

new PPM1   
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p=0.27 

Implant Depth Oversizing Post-Dilatation 

1Petronio S, et al., presented at EuroPCR 2014 

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 

*Oversizing 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)  
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How to Avoid? 

1. High, Shallow Implantation 
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Depth of Implantation: CoreValve 

Gueta et al. AJC 2011 
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• Kammler et al: MDCT in 53 Patients 

    before and after TAVR with CoreValve 

 

• Depth of Implantation: 

• PPM (9.7 vs 6.3 mm, p=0.001) 

• >6 mm depth sensitivity 89% 

 

  

Depth of Implantation: CoreValve 

Kammler et al. J Cardiol 2016 
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Device Depth : CoreValve 
6 AP centers, N=117 patients 

Base of Device 

NCC 

LCC 

16.3mm 

20.1mm 

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 Cardiol 2015 
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Sensitivity 60.87%, Specificity 74.47% 

PPV 35.14%, NPV 87.5% 

Accuracy 70.94% 
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Why do we perceive a relative difference? 

RAO 40 CAU 38 

3-chamber view 

LAO 18 CRA 4 

2-chamber view 

Traditional – LVOT foreshortend LVOT elongated 

Adapted from N. Piazza EuroPCR 2015 
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Delivery catheter 

Aortic annulus 

RAO 20 CAUD 30 

Intersection between aortic annulus and 
delivery catheter S-curves 

Adapted from N. Piazza EuroPCR 2015 
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• Binder: MDCT in 89 Patients 

    before and after TAVR with ESV 

 

• Depth of Implantation: 

• LBBB/CHB (5.5 vs 3.4mm, p=0.01) 

• PPM (7.1 vs 3.5mm, p=0.001) 

 

 

 

  

Depth of Implantation SAPIEN 

Binder et al. JACC Cardiovasc Interv 2013;6:462-8. 
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How to Avoid ? 

2. Not too much over-size or stretch 
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• 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 

 

  

THV Over-Sizing 

Katsanos et al. A J Cardiol 2014 
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Perimeter Stretching Index by CT 
Examples – No PPM   

Perimeter 91mm; Area 592 mm2 

31 mm device 

Measured Perimeter  91 mm 

CoreValve,  31 mm 

Calculated Perimeter  97.3 mm 

= 1.07 
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Measured Perimeter  73.5 mm 

CoreValve: 29mm 

Calculated Perimeter  91.1 mm 

= 1.24 

29 mm device 

Perimeter 73.5mm; Area 404 mm2 

Perimeter Stretching Index by CT 
Examples – PPM   
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Beyond Technical Issues 
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Clinical Impact of Conduction Disturbances: 
New LBBB and Recovery of LVEF 

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

 1151 Patients from PARTNER 
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Clinical Impact of LBBB after TAVR 

Rigueiro, A, et al. Circ Cardiovas Interv 2016;9:e003635   
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Impact of PPM on Duration of 
Hospitalization and Re-Hospitalization 

Nazif et al. JACC Cardiovasc Interv 2015 

 

 

 

 

• PARTNER : 1973 Sapien 

• Post-procedure hospitalization: 

    PPM vs No-PPM: 7.3 vs 6.2 days, p<0.001 
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Additional Costs of PPM after TAVR 

Chevreul. Arch Cardiovasc Dis 2013, Gutmann. IJC 2015 
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Indication for PPM After TAVR 

Steinberg. Am Heart J. 2012;164:664-71 

N=152, 98% MCV 

Nazif. JACC Intervention 2015 

N=173 ESV 

Adapted from Nazif T. TVT 2017 
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Rupture/ PPM vs. PVL 

% oversizing % undersizing 10-15%  0 

Adapted from Thierry Lefevre; London Valves, 2012 
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Ideal Size 

Annulus Size Assessment is Crucial: Multidisciplinary Image 
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• 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) 
 

 

Conclusions 
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Thank you. 
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Aortic Annulus on MSCT 

Oblique Sagittal Image Oblique Coronal Image 

Transverse Image 
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Aortic Annulus on MSCT 
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Aortic Annulus on MSCT 

Coronal Image 

MPR 

Oblique Coronal Image 

Aortic Annulus 

Coronal measurements do not equal those from the 

annular plane 
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Sagittal Image 

Aortic Annulus on MSCT 

Aortic Annulus 

Oblique Sagittal Image 

Sagittal measurements do not equal those from the 

annular plane 

MPR 
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The Aortic Annulus on MSCT 

Descending  

Aorta 

Aortic  

Annulus 
RVOT 

RA 

LA 

LAA 
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Minimum  

Diameter 

Maximum  

Diameter 
Perimeter 

Area 

Area-derived virtual Diameter 
√(4*Area/π) 

Perimeter-derived virtual Diameter 
Perimeter/π 

Ellipticity Ratio 
Maximum Diameter/ 

Minimum Diameter 

  

New CT Parameters  
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CT Sizing for Edwards Valve 

J Am Coll Cardiol Img. 2013;6(2):249-262.  
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CT Sizing for Edwards S3 
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CT Sizing for CoreValve  
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Valve position too high? 

Concomitant TEE LAO 18 CRA 4 

Adapted from N. Piazza EuroPCR 2015 
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Valve position correct? 

RAO 40 CAU 38 


