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Timing dell’intervento chirurgico.
Tutte le informazioni necessarie al chirurgo
per la scelta della migliore soluzione
possibile: riparazione percutanea,
riparazione chirurgica o sostituzione
valvolare?

FoRCardio.Lab
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Five centuries of scientific and
technological developmen now permit
us today to appreciate the beautiful
simplicity and incredible complexity of
the aortic valve and aortic root.
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Aortic Valve Repair Techniques
Research Project Flow Chart

To pinpoint 
differeces in term 

of kinematic, 
dynamic and 

stresses 
distribution of the 

aortic root between 
different repair 

techniques

To analyze Opening 
and closing 

repaired valves 
characteristics 
associated with 
transvalvular 
gradients and 

interleflet triangles 
kinematic

To asses the 
feasibility and mid 
term results of the 
repair techniques 
on animal models

To verify the long 
term results of our 

surgical practice
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In Silico In Vitro In Vivo (animals) In Vivo (Humans)





Mock Circolatory
Flow Loop

1 Controller PC
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Dilatation

Prolapse

Calcification

•Ascending Aorta Dilatation

•Aortic Root Dilatation

•Aortic Annulus Dilatation

Aortic Valve Repair

Aortic Valve Replacement

Replacement of the 
Ascending Aorta

by a wowen Dacron graft

Sparing Technique
Reimplantation

Remodelling
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Imaging

1)To describe reality

2)To understand reality

3)To predict reality



CT

MRI

ECHO

3D ECHO

•Numbers
•Relationship
•Images

Cardiac Imaging



Numbers transmit informations

Images
transmit ideas and feelings

from imaging techniques











Significant 
enlargement of 
ascending aorta

No Yes

AR severe 

No Yes

LV EF ≤ 50% or EDD > 70 mm 
or ESD > 50 mm (or > 25 mm/m² BSA)

No Yes

* surgery must also 
be considered if 
significant changes 
occur during follow-
up

Surgery *

Symptoms 

No Yes

Follow-up

Managemen
t of Aortic 

Regurgitatio
n



Short axis view

Normal valve

Valsalva 
Sinuses
Radius

to measure Asymmetrical 
Sinuses



Sino-Tubular Junction

Ventriculo-Arterial 
Junction

Virtual Basal Ring
(Echo-annulus)

AORTIC FUNCTIONAL 
ANNULUS

AORTIC FUNCTIONAL 
ANNULUS



Long axis view

Ascending Aorta

Sino-Tubular Junction

Root

Virtual Basal Ring



Normal coaptation lenght

Ascending Aorta

Sino-Tubular Junction

Root

Virtual Basal Ring
Normal coaptation height

FUNCTIONAL 
RESERVE

Long axis view















Copyright ©1995 American Heart Association

Vasan, R. S. et al. Circulation 1995;91:734‐740

Graph showing predicted aortic root size as a function of age and mean arterial pressure (MAP)





Example

33.5mmMean Ascending Aorta diameter +

Mean aortic wall thickness 1.2 mm x 2 2.4 mm +

Mean Diameter differences between 
35% vs 95%  

1.7 mm =

37.6 mm

Mean Δ=4.1mm

But 50mm + 4.8mm =54.8mm ????

MAP 0.7 mm       +



Measures and Images are essentials for 
aortic valve repair procedures

1. To measure all the Aortic Root Functional Unit Elements
2. To detect prolapse and Jet direction
3. To quantify the regurgitant volume
4. To predict the repair feasibility
5. To check the final result in term of incompetence and Functional

Reserve



What the surgeon want to know from the ECHO 
to repair an Aortic Valve?

•The Anatomy of the Aortic Valve Functional 
Unit

•The measures of the Aortic Valve Functional 
Unit

•The Aortic Valve pre-op. incompetence 
grade

•The incompetence mechanism

•The post-operative measures
•The residual incompetence grade

•The mechanism of the residual incomptence

PRE-OP.

POST-OP.



Successful Approach

• Recognition of the exact lesions 
responsible for the regurgitation

• Selection of the adequate operative 
maneuvers to correct abnormalities 

Cooperation



Surgical Flow-Chart for Aortic Regurgitation

Surgical
Valve Analysis

Functional Unit
Repair

Functional Unit
Stabilization

Echo
Valve Analysis

To analyse regurgitation mechanisms

To confirm repair feasibility and 
to analyse tissue characteristic

To repair regurgitation mechanisms

To regain F.U. continuity
and to rearrange hemodynamic stresses



AV Repair is not always possible



AORTIC FUNCTIONAL 
ANNULUS



Interleaflet Triangle Analysis 

Mild Dilation Normal Severe 
Dilation



Mild Dilation Severe Dilation

Pathologic  Interleaflet Triangle 



Is it possible to analyze and measures
these triangles?



Interleaflet triangles

open closed



MVRAVR

fix the 
valvestabilize surgical 

result

ring 
annuloplasty

sub-commissural 
annuloplasty



44



Ventriculo-Arterial Junction Movements Preserved



FAA Repair



Epicardial 3D-Echo



Endoscopic View LAB Simulation



Resting Model
(6 dogs)

Beating Model
(6  dogs)

6 horizontal
mattress sutures

Test
•All 6 sutures
•3 commisures
•3 sinuses



Resting Heart Model

(A) no sutures retracted
(B) 6 sutures retracted
(C) 3 commissure retracted
(D) 3 sinuses retracted

Upper: commissures
Lower: sinuses

Beating Heart Model



STJ Diameter Importance

Ascending Aortic Aneurism
Severe AVR 







Jet Lesions
Vs

Aneurysm



to replace an aortic valve the surgeon 
needs from imaging:

Numbers (Informations)

1. Virtual Basal Ring diameter. 

2.Mismatch between STJ and VBR



< 19mm

> 19mm

Minimally invasive procedures ??
Annulus enlargement procedures?

PPM (Patient/Prothesis Mismatch)
Choice of the prosthetic device
and the implantation technique

Virtual Basal Ring diameter





< 19mm

> 19mm

Minimally invasive procedures ??
Annulus enlargement procedures?

PPM (Patient/Prothesis Mismatch)
Choice of the prosthetic device
and the implantation technique

Virtual Basal Ring diameter



ΔSTJ/VBR <2 mm

Stented (B/M)
Porcine Stentless

Pericardial Stentless
Homograft
Autograft
Sutureless

ΔSTJ/VBR >2 mm
Stented (B/M)

Pericardial Stentless ??

Mismatch between STJ and VBR



Images are essentials for replacement 
procedures

1. Presence of Fibrosis and Calcifications on:
Aortic Valve leaflet
Ventricular-Aortic Junction
Aortic wall

2. Aortic valve geometry
1. Bicuspid vs tricuspid
2. Coronaric Ostia localization
3. Root Geometry

Increased risk

Technique
Choice



Trans-catheter Aortic Valve 
Implantation

TAVI



Inclusion Criteria

Aorta ascendente





Sinus of Valsalva: 

≥ 15 mm height

≥ 30 mm width

Annulus: 20 – 23 mm for 26 mm device
Annulus: 24 – 27 mm for 29 mm device

Aorta ≤ 40 mm for 26 mm device
Aorta ≤ 43 mm for 29 mm device

Misure e Dimensioni



Modello # 

Diametro 
Annulus 
(Range, 
mm) 

Introduttore

TRANSFEMORALE

(Fr, mm)

23 18-21 
22 Fr interno- 25 

esterno   = 8.3 mm

26 21-25
24 Fr interno- 27 
esterno = 9 mm



Edwards SAPIEN™ THV (Edwards Lifesciences, Irvine, CA, USA)









Type 1

Type 2

Type 3

Phenotyp
ic 

continuu
m



Type 1

• Real bicuspide valve with two complete leaflet, usually of the same  
lenght and without raphe or commisure;

• two sinuses structure

Incompetence mechanism:
Prolapse of one leaflet causing an eccentric jet





• Bicuspide valve with a fibrotic or calcified raphe usually hampering 
the normal leaflet motion or retracting the free edge towards the 
anulus in the middle portion of the leaflet;

• two or three sinuses structure

Incompetence mechanism:
Pseudo-prolapse of the other leaflet causing an eccentric 
jet or incomplete coaptation due to the calcified raphe 
generating a central jet 

Type 2



Type 2

Triangular patch

Raphe replacement

Lens patch

Raphe replacement
and prolapsing leaflet

Fish Tail patch

Raphe replacement
and free edge fibrosis





• Pseudo-bicuspide valve with one big leaflet and two other small 
leaflets with a commisure between them;

•a three commissures valve with three leaflets and three sinuses or 
a bicuspide valve with two sinuses, two leaflets and a cleft;

Incompetence mechanism:
Usually a fibrotic degeneration of the two small leaflets 
free edges creating a central defect in the coaptation with 
a central jet 

Type 3





CONCLUSIONS

•“Numbers” alone can not lead to a 
correct surgical indication

•Nowadays NO surgeon will accept 
only a report but want to explore and 

understand images on his own.

•The Aortic Valve is a complex 
Functional Unit and surgical 

indications have to be matched and 
correlated between all its elements

FoRCardio.Lab
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1326pts with 5918 pts/years of follow up in Yale University Database

Aortic Size Index (ASI) = Aortic Diameter(cm) / BSA(m2)



Freedom from Rupture/Dissection/Death prior to operative repair
Kaplan-Meier

4.25 to 5.00

2.00 to 2.74

2.75 to 3.50

<2

> 5.00

3.50 to 4.25



> 5.00

4.25 to 5.00

2.75 to 3.50

3.50 to 4.25

<2

2.00 to 2.74

10-year event-free estimated survival function stratified by ASI
COX Proportional Hazards regression



Using ASI is possible to stratify pts into 3 risk categories
1. ASI < 2.75  yearly incidence 1% (low risk)

2. 2.75<ASI<4.25 yearly incidence 8% (medium risk)
3. ASI>4.25 yearly incidence 20-25% (High risk)



Women changes in the activity of inflammatory mediators 
in the presence of higher estrogen levels 

Ropture below what most would consider 
appropriate operative intervention criteria



Simulation
Female 40Kg 150cm 70y/o

1.30BSA

Expected Ascending Aorta D
(D=3.9xBSA+26.3)

31.38 mm

Expected Aortic Size Index
(=AAD/BSA)

2.40cm/m2

ize with 8%/year complications rates
Surgical Indication

35.8mm



Simulation
male 80Kg 175cm 70y/o

1.95BSA

Expected Ascending Aorta D
(D=4.3xBSA+27.1)

35.48 mm

Expected Aortic Size Index
(=AAD/BSA)

1.81cm/m2

ize with 8%/year complications rates
Surgical Indication

49.9mm
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