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•  Paravalvular AR is common after TAVI 

•  Moderate or severe paravalvular AR is more common 

after TAVR than after surgical replacement 
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70-90% 

Any AR Moderate to severe AR 

7-30% 

Kodali et al. N Engl J Med. 2012; Leon et al. N Engl J Med 2010 ; Gilard M et al. N Engl J Med. 2012 
  
Zahn R et al. Heart J 2011; Webb JG, et al. Circulation 2009; Abdel-Wahab M, et al. Heart 2011 



AR Evolution at 2 years follow-up 
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46.2% 31.5% 

Kodali et al. N Engl J Med. 2012  
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Objectives The objective was to define the characteristics of a real-world patient population treated with transcatheter aor-
tic valve implantation (TAVI), regardless of technology or access route, and to evaluate their clinical outcome
over the mid to long term.

Background Although a substantial body of data exists in relation to early clinical outcomes after TAVI, there are few data on
outcomes beyond 1 year in any notable number of patients.

Methods The U.K. TAVI (United Kingdom Transcatheter Aortic Valve Implantation) Registry was established to report out-
comes of all TAVI procedures performed within the United Kingdom. Data were collected prospectively on 870
patients undergoing 877 TAVI procedures up until December 31, 2009. Mortality tracking was achieved in 100%
of patients with mortality status reported as of December 2010.

Results Survival at 30 days was 92.9%, and it was 78.6% and 73.7% at 1 year and 2 years, respectively. There was a
marked attrition in survival between 30 days and 1 year. In a univariate model, survival was significantly ad-
versely affected by renal dysfunction, the presence of coronary artery disease, and a nontransfemoral approach;
whereas left ventricular function (ejection fraction !30%), the presence of moderate/severe aortic regurgitation,
and chronic obstructive pulmonary disease remained the only independent predictors of mortality in the multi-
variate model.

Conclusions Midterm to long-term survival after TAVI was encouraging in this high-risk patient population, although a sub-
stantial proportion of patients died within the first year. (J Am Coll Cardiol 2011;58:2130–8) © 2011 by the
American College of Cardiology Foundation
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AR	1.66	(1.10–2.51)		

870 patients  

Tamburino, C. et al Circulation 2011 
Eltchaninoff, H. Eur. Heart J. 2011  

Similar	results	at	one	year	
follow-up	from	the	
French	registry	
Italian	registry	

Mortality	
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Paravalvular regurgitation: The LVH response¡ 



§  61	pa6ents	with	preserved	LV	systolic	func6on	submiEed	to	successful	TAVI.		

§  Parameters	of	diastolic	func6on	were	evaluated	before	and	minutes	aIer	TAVI.	

This	is	the	first	study	describing	LV	diastolic	performance	during	TAVI.		
Immediate	improvement	in	diastolic	func6on	parameters	was	described.	
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M Gotzmann et al. Am Heart J 2012;163:903-11 

Severe AS Successful TAVI Severe AR 
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M Gotzmann et al. Am Heart J 2012;163:903-11 

Chronic AR 
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Causes of AR after TAVI 

Incomplete expansion of prosthesis 

Restricted cusp motion 

 

Prosthesis malposition/  

under-expansion/ undersizing  

ParaVal
v AR 

Central 
AR 



Piazza N et al. Circ Cardiovasc Interv 2008 
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Heart 2011;97:1578e1584 

3D imaging techniques should be used to evaluate aortic annulus diameters 

2D imaging techniques, providing only a sagittal view, underestimate them.  

3D TEE provides measurements of aortic annulus diameters similar to those obtained by DSCT. 
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(46%), and the transapical approach in 43. In terms of
prosthesis size, 62 patients (78%) received a 26-mm valve
and 37 a 23-mm valve. The baseline measurements of the
total volume of AVC and volume of calcium on each loca-
tion of the aortic cusp are listed in Table 3. Because the
valvular commissures or valvular free edges were closely
related to each other on 2 apposing cusps (Figure 1), they
were considered as a unit when AVC was concerned.
Hence, the amount of calcium on the valvular commissures
or free edges was the summation of their respective volume
of calcium on the 2 associated cusps.

Grade 1 or greater AR immediately after initial pros-
thesis deployment was observed in 63 patients: grade 1
(mild) in 49 (62%), grade 2 (mild-to-moderate) in 11
(14%), and grade 3 (moderate-to-severe) in 1 (4%). The
remaining 16 patients (20%) did not have any detectable
AR. Severe AR (grade 4) was not observed. In terms of
the distribution of AR after TAVI (n ! 63), most patients
had paravalvular AR (n ! 56), and isolated intravalvular
AR was observed in a few patients (n ! 7). The propor-
tion of patients with and without postprocedural paraval-
vular AR was comparable among the patients who un-
derwent the transfemoral or transapical approach (45% vs
48% and 55% vs 52%, respectively; p ! 0.81) or those
who received a 23- or 26-mm prosthesis (21% vs 22%
and 79% vs 78%, respectively; p ! 1.00).

Among the patients with postprocedural paravalvular
AR, 6 potential sites of leakage using TEE in each patient
were identified (Figure 2). Hence, the total number of po-

tential sites for the entire population was 474. The preva-
lence of paravalvular AR at these 6 specified sites is listed
in Table 4. The total number of sites with paravalvular AR
was 102, and most occurred at the aortic wall sites (82 sites,
80%), with few originating from the valvular commissures
(20 sites, 20%).

Patients with a greater AVC volume at baseline had a
greater prevalence of AR after TAVI (Figure 3). In partic-
ular, the total AVC volume was related to the development
of paravalvular AR but not to intravalvular AR after TAVI
(Figure 3). Accordingly, the study population was dichoto-
mized into the presence and absence of paravalvular AR to
further assess the relation between AVC (and its locations)
and the occurrence of paravalvular AR.

To relate the locations of AVC with the presence of
paravalvular AR at the 6 specified sites after TAVI, we first
matched the locations of AVC with their respective sites of
paravalvular AR. For AR originating from the aortic walls
(1 from each cusp, 3 sites in total), each AR site was
matched with its AVC location on each cusp at the aortic
wall, valvular edge, and valvular body, respectively. Next,
receiver operating characteristic curves were generated to
determine the usefulness of the volume of calcium on its
respective AVC location in predicting the presence of para-
valvular AR (originating from the aortic wall site). As
demonstrated in Figure 4, calcium at the aortic wall had the
largest area under the curve (0.93, p "0.001) in predicting
the occurrence of paravalvular AR (at the aortic wall site)

Figure 5. (A) Example showing location and volume of AVC on contrast-enhanced multidetector row computed tomographic scan, as provided by automated
postprocessing software and subsequent development of paravalvular regurgitation after TAVI. (B) Example of patient without paravalvular regurgitation
after TAVI showing location and volume of AVC on contrast-enhanced multidetector row computed tomographic scan at baseline. Images of MDCT are
rotated for easy comparison with corresponding views on transesophageal echocardiogram. Abbreviations as in Figure 2.

1475Valvular Heart Disease/Calcium and Paravalvular Regurgitation After TAVI

Calcium at the valvular commissure was better than calcium at the valvular edge 
in predicting paravavular AR originating from the corresponding commissure. 

Am J Cardiol 2011;108:1470–1477)  
. 

Ewe SH et al. Am J Cardiol 2011;108:1470–1477 
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Unbehaun, A, et al. J Am Coll Cardiol 2012 
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TEAM	2010	



Factors	influencing	circularity	

•  Ammount	of	calcium	and	distribu6on		

•  Involvement	of	intervalvular	fibrosa	

•  Mitral	Prosthesis	or	rings	
Zegdi, R. et al. J Am Coll Cardiol 2008;51:579-584 

Per- procedure àà Complications 



	
Non-coapta6on	index≥0.3	–	increased	risk	of	AR	[7.1	IC95%	(1.8-28.9)].	

		

No AR 
N=26 

 Parav AR 
N=27 P  Value  

Aortic annulus diameter 
(mm) 20.5 ± 2.0 21.8±2.3 0,046 

Non-coaptation index 0.18±0.22 0.36±0.2 0,011 

A. Gonçalves et al. Euro Heart J 2011 (Abst.) 
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 Santos N. , Zamorano J et al. Eur Heart Journal – Cardiovascular Imaging, 2012 

ROC curves for post-TAVI significant AR prediction obtained by ‘mismatch index’ derived from 

2D circular area (A) and 3D planimetered area (B).  
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Mechanisms of AR after TAVI 

Ø  Aor6c	valve	calcifica6on	

Ø  Asymmetry	of	the	aor6c	valve	calcifica6on	

Ø  Device	landing	zone	calcifica6on	

Ø  Larger	annulus	or	oval	shaped	annulus	

Ø  Cover/	Eccentricity/	Non-coapta6on/	Mismatch	

Indexes		
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Measurement of paravalvular AR  

However,	this	assumes	con6nuity	of	the	jet	which	may	not	be	

the	case	for	transcatheter	valves.	

For	paravalvular	jets	

			Mild	 10%	of	the	sewing	ring		

			Moderate	 10–20%	of	the	sewing	ring		

			Severe.	 20%	of	the	sewing	ring		



* p value from none AR vs. mild AR 
** p value from mild AR vs. moderate AR 

Aortic Regurgitation 

None (n=29) Mild (n=35) p value* Moderate (n=8) p value** 

LV ejection fraction (%) 63.9 (11.4) 60.4 (10.6) 0.227 58.6 (13.2) 0.696 

LV mass (g/m2) 121.9 (39.1) 125.4 (42.6) 0.769 130.0 (27.7) 0.784 

Ao peak pres grad (mmHg) 17.6 (10.0) 14.9 (7.4) 0.245 17.4 (7.8) 0.437 

Mean Ao pres grad (mmHg) 8.4 (4.5) 7.5 (3.4) 0.418 9.0 (5.1) 0.395 

LV end diast volume (ml/m2) 44.0 (16.3) 48.4 (21.9) 0.477 66.1 (18.6) 0.044 

Aortic valvular area (cm2) 1.9 (0.6) 2.0 (0.6) 0.605 1.9 (0.6) 0.680 

AR volume (ml) ---------- 22.2 (5.5) ---------- 41.3 (6.4) <0.001 

Vena contracta width (mm) ---------- 1.9 (0.16) ---------- 2.1(0.53) 0.139 

Vena contracta planimetry (cm2) ---------- 0.09 (0.06) ---------- 0.29 (0.1) 0.001 

J Am Soc Echocardiogr 2012 



The area under the ROC curve: 

0.96 for vena contracta planimetry  

0.35 for vena contracta width  

3D TTE vena contracta planimetry correlation with AR volume: 0.82, p<0.001    

2D TTE vena contracta width correlation with AR volume: 0.66, p<0.001 
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Treatment of Paravalvular AR 

Post implant ballon dilatation 

 

Valve in valve 
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Nombela-Franco et al J Am Coll Cardiol Intv 2012 

59 patients  

§  Valve	calcifica6on	volume	best	determined	the	need	and	a	

poor	response	to	BPD	

§  BPD	pa6ents	-		higher	incidence	of	cerebrovascular	events	

at	30	days	(11.9%	vs.	2.0%,	p=0.006)	
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JM Sinning, et al Eur Heart J 2012 
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Prevention 
§  Proper study of aortic valve and root anatomy 

§  Training 

§  Imaging procedure guidance 

§  Improvements in the deployment technique 
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JM Sinning, et al Eur Heart J 2012 Webb J. Arch Cardio Disease 2012 



Automated	Quan6ta6ve	Modeling	
3-D	TEE	



GraI	size	30	mm	

SagiEal	20mm	

N 

R L 

Coronal	
30	mm	

					SagiEal	
					28mm	

Average	3-D	diameter	29	mm	

Automated	Quan6ta6ve	3-D	TEE		
Annulus	Diameters		
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Conclusion 
§  AR is the most frequent complication after TAVI 

§  Accurate measurement of paravalvular AR is challenging 

§  Significant AR is a main contributor to in-hospital death and 

an independent predictor of 1-year morbidity and mortality 
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Conclusion 

§  There	is	no	effec6ve	treatment	available	

§  Preven6on	of	AR	is	essen6al	for	best	TAVI	results		


