
A REFERENCE MODEL IN PERCUTANEOUS CARDIOVASCULAR INTERVENTIONS

TRANSCATHETER AORTIC VALVE 
IMPLANTATION (TAVI)

Rui Campante Teles

Supervisors
 

Doctor Ana Maria Branco Aleixo 
Clinical Specialist in the Field of Cardiology and Internal Medicine,

according to number 6, article 34 of the RJGDES

Doctor Pedro Alexandre Castro de Araújo Gonçalves 
Invited Assistant Professor at Faculdade de Ciências Médicas | 

|NOVA Medical School of NOVA University Lisbon 

Lisbon | July 2023

PhD Dissertation



2

Background



3

Background

v Cardiovascular diseases are the leading causes of 

death and hospitalization * §

Life-expectancy ( 1990 ⇢ 2020 )

@ born ↑ 9,6% (73,9 to 81,1  years) 

@ 65 years ↑ 5,1% (80,6 to 84,7 years) 

v Myocardial revascularization pioneered the 

interventional cardiology (IC) three decades ago

v The current thesis details a structured paradigm shift 

in this area along the percutaneous aortic valve 

intervention program

§ INE. 25 de Abril- 40 anos de estatísticas. 2014 
* Instituto Nacional de Estatística. Tábuas de mortalidade para Portugal 2018-2020. 2021;1–7. 

2008 - 13

2014 - 16

2016 - 17

2018 - 22
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1. scope and 
innovation
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15 years of intervention with percutaneous aortic valves (TAVI) constitute a reference

model in the history of contemporary cardiovascular disease
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bench

M. Simonato et al, EuroIntervention 2016 42, M9
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Abstract
Aims: Transcatheter heart valve (THV) implantation in failed bioprosthetic valves (valve-in-valve [ViV]) 

offers an alternative therapy for high-risk patients. Elevated post-procedural gradients are a significant 

limitation of aortic ViV. Our objective was to assess the relationship between depth of implantation and 

haemodynamics.

Methods and results: Commercially available THVs used for ViV were included in the analysis 

(CoreValve Evolut, SAPIEN XT and the Portico valve). THVs were implanted in small surgical valves 

(label size 19 mm) to simulate boundary conditions. Custom-mounted pulse duplicators registered rel-

evant haemodynamic parameters. Twenty-eight experiments were performed (13 CVE, 5 SXT and 10 

Portico). Ranges of depth of implantation were: CVE: –1.2 mm to 15.7 mm; SXT: –2.2 mm to 7.5 mm; 

Portico: 1.4 mm to 12.1 mm. Polynomial regression established a relationship between depth of implanta-

tion and valvular mean gradients (CVE: p<0.001; SXT: p=0.01; Portico: p=0.002), as well as with EOA 

(CVE: p<0.001; SXT: p=0.02; Portico valve: p=0.003). In addition, leaflet coaptation was better in the high 

implantation experiments for all valves.

Conclusions: The current comprehensive bench testing assessment demonstrates the importance of high 

device position for the attainment of optimal haemodynamics during aortic ViV procedures.

KEYWORDS

• aortic valve 
replacement

• circulatory in vitro 
studies

• haemodynamics
• heart valve 

prosthesis
• valve-in-valve
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Valve-in-valve implantation depth

depths (Figure 5). Better leaflet coaptation was visually evident in 
case of higher implantation (Figure 5, Moving image 3, Moving 
image 4). Moreover, excessively low implantation demonstrated 
leaflet overhang, resulting in two functional sets of leaflets, the 
original surgical leaflet and the THV leaflet (Figure 5, Moving 
image 5). Furthermore, regurgitation volume was found to be low-
est at the 2.6 mm implantation depth.

PORTICO VALVE
Ten experiments were performed in vitro at varied implantation 
depths (Figure 6). Online Table 1 shows the relative haemody-
namic data for depth range of –1.4 mm to 12.1 mm. The relative 
values were calculated based on the case with the lowest implan-
tation depth. A correlation was found between higher implanta-
tion and lower gradients (p<0.001) (Figure 7), as well as between 
higher implantation and larger EOA (p<0.001) (Figure 7). The 
lowest mean gradient and the largest EOA were observed at the 
highest THV implantation depth (i.e., –1.4 mm implantation 
depth). The reduction in mean transvalvular pressure gradient with 
increasingly supra-annular ViV deployment was due to increases 
in valve orifice area (Figure 7A, Figure 7B). Leaflet movement 
videos demonstrate better closing position in high-implanted 

devices (Moving image 6, Moving image 7). The largest regurgi-
tation volume was found in the case with the lowest implantation 
position (i.e., 12.1 mm implantation depth). Regurgitation volume 
was found to be lowest at the 6.5 mm implantation depth.

Discussion
Transcatheter ViV is an alternative to conventional surgical valve 
replacement. Currently, the major limitation of ViV procedures is 
residual stenosis, which is common in this setting as surgical valve 
rings generally constrict THVs and do not allow full expansion. 
The current analysis is the largest comprehensive in vitro evalu-
ation of the effect of positioning on ViV outcomes. Results sug-
gest that supra-annular implantation of the three commonly used 
THVs within small bioprostheses can lead to lower gradient and 
larger EOA after ViV implantation. Visual evaluation of the three 
THVs showed improved leaflet movement and coaptation in high-
implanted devices. The current analysis is in agreement with a pre-
vious in vivo analysis on the importance of depth of implantation 
in ViV procedures12.

Optimal THV function and leaflet coaptation require full 
device expansion to the manufactured size15. In addition to supra-
annular positioning of THVs, ViV haemodynamics and leaflet 

A B C SAPIEN XT - Mean gradient
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SAPIEN XT - Regurgitant fraction
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Figure 5. Five 23 mm SAPIEN XT in 19 mm PERIMOUNT with respective depths. The first graph demonstrates the relationship between 

depth of implantation and EOA. The second graph demonstrates the correlation between depth and post-procedural gradients. Finally, the 

third graph shows the correlation between depth and relative regurgitation. Relative gradient is based on the gradient of the case with the 

lowest implantation. Experiment A demonstrates a high implantation of SAPIEN XT. Notice the adequate closing of the leaflets and larger 

orifice area, whereas experiment B demonstrates smaller orifice area. Experiment C had a very deep implantation, resulting in leaflet 

overhang.

• 28 simulations 

Pulse duplicator

• TAVI-in-SAVR (ViV)

SAVR

 Epic | CE | Trifecta 19mm 

TAVI
CoreValve | Sapiens XT | Portico
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multidisciplinary
risk assessment

C. Brízido et al, Catheter Cardiovasc Interv 2021 10, M31

VCROSS registry (Valve Catheter Restorative 
Operation on Santa cruz hoSpital ) & CTS

2009-17 
158 matched pts @ 4,5 years FUP
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multidisciplinary 
risk assessment

C. Strong et al, Sci Rep 2019 46,M18

HSC
2015-18
200 pts 

* NE- non-evaluable 
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safety and
vascular access

C. Guerreiro et al, Rev Port Cardiol 2020 37,M54 

RNCI-VaP
14 centres
2007-18
n=2.346

259 days FUP 

Annual 
number

Mortality
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total 
leaflet

device 
landing zone LVOT

VCROSS
2017-20
352 pts 

F. Gama et al, Int J Cardiovasc Imaging 2021 37,M30
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D. Dvir et al, JAMA 2014 17,M5 

subsets and 
outcomes

S. Bleiziffer et al, Euro Heart J 2020 M23

55 centres
2007-13

n=459
180 centres

2014-19
FUP 3,9 y

n=1.006
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9 centres
2011-18

A< 400 mm2 
P<72 mm

<859 pts 
*445 pts>

D Regazzoli et al. J Am Coll Cardiol Cardiovasc Interv 2020 57,M19 Leone PP et al. J Am Coll Cardiol Cardiovasc Interv 2021 58,M33

subsets and 
outcomes
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the heart valves 
spectrum

Technicalities Disparities
AORTIC

MITRAL

TRICUSPID

PVL ACHDSeptal 
ablation

ASD PTE

VSD

PFO LAAO

left atrial appendage occlusion (LAAO)

atrial septal defect (ASD) closure

patent foramen ovale (PFO) closure

pulmonary embolism thrombectomy (PTE)

percutaneous paravalvular leaks (PVL) closure

septal ablation for hypertrophic obstructive cardiomyopathy

ventricular septal defect (VSD) closure 

transcatheter interventions in grown-up congenital heart (GUCH) disease E Van Belle, R Campante Teles et al, EuroIntervention 2020 6,M22
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the heart valves 
spectrum

M. Simonato et al, Circulation 2021 29,M26 

90 centres
2006-20
1.079 pts  

857 ViV | 222 ViR
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the heart valves 
spectrum

R. Campante Teles et al, EuroIntervention 2017 8,M12R. Campante Teles et al, Rev Port Cardiol 2013|2020 9,36,M37|M38|M52

2013 2020
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interventional 
devices

18 centres
2019

286 pts 

X Armario et al, J Am Coll Cardiol Interv 2021 31, ,M28 M García-Gómez et al,  Catheter Cardiovasc Interv 2021 61,M29 

9 centres
2019-2021
100 pts 
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training and 
certification

F. Tanner et al, Euro Heart J 2020 7.M25

E. Van Belle, R. Campante Teles et al, EuroIntervention 2020 6,M22



28

Conclusions



29

Conclusions

1. Basic research plays a role                         

2. A comprehensive stratification is 

essential. 

3. The multidisciplinary team remains 

the assessment pillar 

4. Periprocedural results are 

influenced by distinct subsets 

5. Access routes have a major impact

AORTIC

Basic research 

Patient management 

Heart Team 
approach 

Patient selection

Access route mastering 
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AORTIC

Conclusions

6. Device iteration is critical and
endless

7. SHD education and training should
be planned in a solid IC background

8. Valve thrombosis and cerebral
ischemic events remain a challenge

9. Long-term assessment of patient
outcomes is essential

Basic research 

Patient management 

Heart Team 
approach 

Patient selection

Access route mastering 

Innovation

Education and Training

Int. Card.
background 

Medical therapy 

Long-term assessment
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AORTIC

The transcatheter aortic valve

interventions became a reference

model that intersected and changed

the entire cardiology spectrum
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In a gentle way, you can shake the world

Mahatma Gandhi
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