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Classification of AS

Lancellotti P et al., JACC Cardiovasc Imaging 2016
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Screening for TAVI

• Severity of aortic stenosis

• Aortic valve complex

1. Annulus

2. Aortic root

3. Coronary ostia

4. STJ

5. Calcification within



Decision making in AS

Key measures

Baumgartner et al, EAE/ASE Guidelines for Valve Stenosis, 2009



Assessment of AS severity



European Heart Journal - Cardiovascular Imaging (2017) 18, 254–275 

AORTIC STENOSIS - etiology

Rheumatic Calcific BAV II type



Sub-valvular AS



Echocardiographic assessment

Stroke volume index = 26 ml/mq → Low Flow
Mean gradient = 21 mmHg→ Low Gradient

FE = 65%

AVAi = 0.42 cm2/m2



Measurement of LVOT diameter: Implication for AVA and SV 
measurements

2D TT/TE 

Only Sagittal Diameter 

Understimation of LVOT 
Diameter  

3D TE 

Sagittal and Coronal Diameters 

True Area 

AVA = CSALVOT x VTILVOT

VTIao

CT 

Sagittal and Coronal Diameters 

True Area 



Screening for TAVI

While computed tomography (CT) was initially used primarily

for the assessment of peripheral access, the role of CT has

grown substantially and CT is now the gold standard tool for 

annular sizing, determination of risk of annular injury and 

coronary occlusion, and to provide co-planar fluoroscopic

angle prediction in advance of the procedure. 

TC assessment:



Screening for TAVI
TC assessment

Quantification of 

annular dimension:

Dynamic Changes of the Aortic Annulus

Throughout the Cardiac Cycle

Blanke et al JACC CI 2019



• Calcolo preciso della distanza tra

gli osti coronarici e il punto di

intersezione delle cuspidi (diastole

e sistole) per determinare il

rischio di occlusione coronarica

durante TAVI**

**  Tops et al., JACC: Cardiovascular  Imaging, 2008

*  Leipsic et al., JACC: Cardiovascular Imaging, 2011

TOMOGRAFIA COMPUTERIZZATA 

MULTISTRATO



Screening for TAVI
TC assessment

Qualitative Grading of Annular/Sub-Annular and Left 

Ventricular Outflow Tract Calcification

Blanke et al JACC CI 2019



Screening for TAVI
TC assessment

Blanke et al JACC CI 2019



St Ao BPCO IRC
…...TAC subottimale



St Ao BPCO IRC

3D-RT TEE



St Ao BPCO IRC

3D-RT TEE



Measurement of LVOT diameter: 
Implication for AVA and SV measurements



Hybrid AVA: 
LVOT area by MDCT and velocities by Doppler



During procedure

Initially, TAVI was performed under general anesthesia, and TEE guidance

In recent years, TAVI is being performed under conscious sedation, and a 

large number of hospitals perform TTE-guided TAVI. 

The French Transcatheter Aortic Valve Implantation (FRANCE TAVI) and 

FRANCE 2 registry reported that TEE guidance decreased from 60.7 to 

32.3% of all cases.

These results suggest that TAVI performed under local anesthesia with TTE 

guidance is a useful therapeutic approach preferred in clinical settings. 

TEE is justified in case of intra or peri-procedural complications

Blanke et al JACC CI 2019



«The main findings of this study are: (i) on-demand TEE 
approach for TAVR is feasible and not inferior compared

with TEE monitoring, allowing prompt detection of 
complications; (ii) TTE evaluation of PVL is reliable, 

exhaustive in most of cases and shows good correlation
with pre-discharge assessment.»

Echocardiographic minimal approach

TEE backup

Stella S et al. EHJ 2019



TAVI Follow-up

Valve problems

Management 

problems
Organizing

problems



TAVI Valve Problems  
Aortic regurgitation

This is mainly paravalvular (PAR),
and is one of the most important
issues to consider during the FU of
TAVI. It represents the main
current limitation of the TAVI
procedure



The echocardiographic assessment of AR grade after TAVI is
based on the Valve Academic Research Consortium 2 (VARC2)
criteria:
• For PAR, eccentric or multiple jets: the proportion of the
circumference of the prosthesis covered by the AR jet in the short-
axis view. Mild, moderate, and severe PAR are defined as <10%,
10-29% and ≥30% extent of the circumference of the prosthesis
frame.

TAVI Valve Problems
Aortic regurgitation, quantification



The echocardiographic assessment of AR grade after TAVI is based
on the Valve Academic Research Consortium 2 (VARC2) criteria:
• Regurgitant jet width relative to LV outflow tract diameter
(transthoracic echo parasternal long-axis view or transesophageal
echo 120°-140° view). This parameter allows a semi-quantitative
assessment of transvalvular AR: grading ≤25%, 26-64%, ≥65%
defines mild, moderate, or severe AR, respectively.

TAVI Valve Problems
Aortic regurgitation, quantification



TAVI Valve Problems
Aortic regurgitation, pathophysiological determinants

Deep implantationBulky calcifications



TAVI Valve Problems
Aortic regurgitation, incidence

The incidence of 
moderate to severe AR 
could reach 11.7% of 
patients; it increases the 
risk of all-cause 
mortality and morbidity. 

The degree of AR may 
remain stable over time, 
or may worsen and 
deteriorate, but it may 
also decrease at one-
and two-year FU.



TAVI Valve Problems 
negative impact of aortic regurgitation on TAVI  outcome

Søndergaard L. Circ Cardiovasc Interv 2016



71-year-old man underwent TAVI 

(23-mm Edwards Sapien)  5 years 

before 

Posterior paravalvular leak with 

holodiastolic flow reversal and 

central intraprosthetic 

regurgitation



CoreValve bioprosthesis in the 

aortic root and the two Amplatzer 

Vascular Plug devices filling the 

paravalvular leak.



Clinical case
An unreported complication of transcatheter aortic valve replacement 

via transfemoral approach: aortic root – left atrium fistulization

Iesu S. Citro R. et al in press



JACC: CASE REPORTS

a 2019 THE AUTHORS. PUBLISHED BY ELSEVIER ON BEHALF OF THE AMERICAN 

COLLEGE OF CARDIOLOGY FOUNDATION. THIS IS AN OPEN ACCESS ARTICLE UNDER 

THE CC BY-NC-ND LICENSE 



Iesu S. Citro R. et al in press



Capodanno D. et al EHJ 2017



Muratori M. EHJ-Cardiovasc Imag 2018

Echocardiographic evaluation of valve 

performance during 5 years TAVI follow-up

∆ Mean aortic pressure 

gradient (mmHg)

∆ Peak aortic pressure 

gradient (mmHg)

∆ Aortic valve area (cm2)



TAVI structural valve deterioration

Capodanno D. et al EHJ 2017



Muratori M. EHJ-Cardiovasc Imag 2018



Muratori M. EHJ-Cardiovasc Imag 2018



Muratori M. EHJ-Cardiovasc Imag 2018

Echocardiographic evaluation during 5 

years TAVI follow-up

AVA pre discharge was the only indipendent 

predictor of SVD at multivariate analysis



Risk factors for LPE are: 
•prosthesis undersizing, 
•underexpansion mainly due to aortic 
root calcification, 
•low implant into the LV efflux tract, 
•bicuspid valve, large annular 
calcification with insufficient 
prosthesis anchoring, 
•asymmetric aortic root calcification, 
•mitral prosthetic valve, 
•unstable prosthetic positioning, 
•basal septal bulging

The treatment of choice is emergent 
surgery.

Non Structural valve disfunction
Late prosthesis embolization



Not correct position of TAVI at MDCT

Too low

Too high



This occurs when the effective orifice area of the 
prosthetic valve is too small in relation to the patient's 
body size and is associated with worse outcome. 

This will hopefully be a very unusual occurrence since 
current TAVI prosthesis sizing relies upon multimodality 
imaging. 

Non Structural valve disfunction 
Patient prosthesis mismatch

Severity of PPM:
nonexistent PPM (indexed EOA > 0.85 cm2/m2),

moderate PPM (indexed EOA 0.65 cm2/m2–0.85 cm2/m2), 
severe PPM (indexed EOA < 0.65 cm2/m2)



NonStructural valve disfunction 
Patient prosthesis mismatch

León del Pino et al. IJC 2019 

PPM and outcome

PPM predictors



TAVI Valve Problems
Thrombosis

Thrombosis of a TAVI prosthesis is
very rare (up to 0.8%) and occurs,
mainly in Edwards SAPIEN
prostheses, at a mean time of 9±7
months (1-24 months) after the
implant
Echocardiographic findings are:
• increased transvalvular gradients,
• leaflet thickening
• direct visualization of thrombotic
formations

The treatment of choice is intensive
oral anticoagulation which can, in a
relatively short time, lead to the
normalization of gradients and
leaflet mobility.

Darren Mylotte et al. Eur Heart J 2015;36:1306-1327



TAVI Valve Problems
Thrombosis

Thrombosis of anterior right cusp



TAVI Valve Problems
Thrombosis

Hypoattenuated leaflet thickening (HALT) and restricted
leaflet motion (also referred to as HAM [hypoattenuation
affecting motion]) determined by CT often indicate leaflet

thrombus formation



Severe leaflet thrombosis of a CoreValve-prosthesis 

MDTC in TAVI thrombosis



TAVI Valve Problems
Infective endocarditis



TAVI Valve Problems 
Infective endocarditis

The incidence of TAVI IE is about 1.1%, 18% of cases occur early
(<60 days), 62% in an intermediate time (60 days-1 year) and 20%
during late FU (>1 year). Specific risk factors for TAVI prostheses
are:

• a non-sterile environment of cathlabs

• suboptimal valve positioning and injury to the anterior mitral
leaflet

• failure to administer antibiotic prophylaxis before TAVI

• dental procedures



Meta-Analysis Comparing the Incidence of Infective Endocarditis Following 

Transcatheter Aortic Valve Implantation Versus Surgical Aortic Valve Replacement 

In this meta- analysis, we did not find an increased risk of IE in TAVI compared with SAVR. 



72 years old woman 

underwent “valve-in-

valve” TAVI implantation

Five months later: 

persistent fever

TTE showed new 

paraprosthetic

aortic regurgitation due 

to anterior leak with 

concomitant dynamic 

obstruction



Echodense abscess with a mitro-aortic intervalvular fibrosa fistula into the LV



Recommendations for TC post-TAVI

Blanke et al JACC CI 2019



Conclusions

• Tips and tricks for heart imagers better direct all phase of
«TAVI timeline»

• The care of TAVI patients does not end with the TAVI
procedure. An intensive and well-organized FU should be
mandatory

• Overall long-term function of transcatheter aortic heart
valves was excellent, with an incidence of SVD of < 0,5 % at a
median follow-up of 5,8 years.

• Imaging (integrative value of echo and TC) plays a key role in
the whole «TAVI timeline»



Thank you



Workflow for Assessment of Coronary Obstruction Risk through TC in 

patients undergoing Valve in Valve Procedure

Blanke et al JACC CI 2019



Project 5 :  Stress echo  after TAVI:

focus on mitral regurgitation

Acronym:

SETA

Marco Fabio Costantino, Rodolfo Citro



TAVI follow-up



…in the low-risk patient?
«The time is opportune to examine the role of TAVI in low-risk patients, currently the objective 

of on-going randomized trials.» 

G. Tarantini et al. European Heart Journal (2017) 

In blu la 

mortalità a 

30 giorni 

predetta dall’ 

STS score

In rosso la 

mortalità a 

30 giorni 

rilevata



G. Tarantini et al. European Heart Journal (2017) 

Self-expandable Baloon-expandable

Paravalvular leak

«TAVI will remain inferior to surgery with regard to incidence of PVL even as we 

move into lower-risk patients.» 

…in the low-risk patient?



tAVR e bicuspidia aortica

In diversi tAVR trials, la procedura è stata controindicata nei

pazienti con bicuspidia aortica per via del’anomala

geometria valvolare e del conseguente rischio di

malposizionamento o malfunzionamento

Sono stati analizzati dati derivanti da 6

databases elettronici e 7 articoli.

Sono stati inclusi 149 pazienti con

BAV e 2096 pazienti non-BAV

sottoposti a tAVR

Phan K et al. Heart, Lung and Circulation (2015) 



tAVR e bicuspidia aortica

Phan K et al. Heart, Lung and Circulation 

(2015) 

• Gradiente transvalvolare 

medio post-TAVI 

(differenza media 

ponderata, 0,36 mmHg; P 

= 0,55), 

• Leak paravalvolare 

moderato o severo 

(25,7% vs 19,9 %; P = 

0,29), Necessità di 

pacemaker (18,5% vs 

27,9%; P = 0,52)

Nessuna differenza nella 

mortalità a 30 giorni (8,3% 

vs 9,0%; P = 0,68)

Dati preliminari raccolti a breve e medio termine da studi di
osservazione suggeriscono che la TAVI è fattibile e sicura nei pazienti
più anziani con BAV.
È necessario condurre studi multisito più ampi e adeguatamente
potenziati per valutare la durabilità a lungo termine in questo subset di
pazienti.



tAVR nei pazienti con insufficienza aortica pura

Yoon S-H et al. JACC 2017

L’insufficienza aortica post-

procedurale significativa è stata 

indipendentemente associata ad 

un aumento della mortalità.

331 pz.; STS score of 6.7 ± 6.7 





New York Heart Association (NYHA) functional status at baseline and up to 3-year follow-up. 

Gian Paolo Ussia et al. Eur Heart J 2012;33:969-976



Figure 5. Paravalvular and Valvular Regurgitation, NYHA Class, and Mitral RegurgitationParavalvular aortic regurgitation, valvular 

aortic regurgitation, mitral regurgitation, and New York Heart Association (NYHA) class are shown over the 5-year observation per...
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Figure 2. (A) Three-dimensional transthoracic echocardiographic four-heartbeat full-volume acquisition. (B) Left ventricular ejection 

fraction and stroke volume determination by direct volumetric analysis.
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Figure 4. Transcatheter Heart Valve Haemodynamic Evaluation Algorithm
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Figure 6. Location of Infective Endocarditis After Transcatheter Valve ReplacementSchematic location of infective endocarditis 

according to echocardiographic and/or pathological findings. (A) Location of infective endocarditis in patients with previous transca...
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1. Tavi specific issues –
Aortic regurgitation: incidence

The incidence of moderate to 
severe AR could reach 11.7% of 
patients; it increases the risk of all-
cause mortality and morbidity. 

The degree of AR may remain stable 
over time, or may worsen and 
deteriorate, but it may also 
decrease at one- and two-year FU.



Figure 2. Long-Term Survival After Transcatheter Aortic Valve ImplantationThis represents first in human transarterial and transapical 

experience in nonoperative patients.

Stefan Toggweiler,  Karin H. Humphries,  May Lee,  Ronald K. Binder,  Robert R. Moss,  Melanie Freeman,  Jian Ye,  Anson Cheung,

David A. Wood,  John G. Webb

5-Year Outcome After Transcatheter Aortic Valve Implantation

Journal of the American College of Cardiology, Volume 61, Issue 4, 2013, 413–419



Valve problems

Any FU program for TAVI patients should include imaging,
particularly echocardiography, as a main step. As in the pre-TAVI
evaluation, ejection fraction (EF), regional kinesis, pulmonary
artery pressure (PAP) and left ventricle (LV) hypertrophy should
be assessed, and other valve dysfunction should also be detected
and followed up.

Focus on:

1.TAVI specific issue

2. Prosthetic problems


