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Mechanism

Phenotypes of Aortic Root and Ascending Aorta

oK

Normal aorta Aortic root dilation Ascending aorta dilation

Mechanisms of Al Classification

Type | Type Il Type I
Normal cusp movements Cusp prolapse Cusp retraction
related to aortic root with eccentric jet with poor tissue quality or quantity
or ascending aorta dilation with large central
with central jet and/or eccentric jet

AN

Berrebi et al. Ann Cardiothorac Surg 2019;8(3):331-341




Standard Anatomy

Aortic wall
within ventricle
(interieaflet triangie)

sinutubular ridge

Interleaflet

triangle
Ventriculo-arterial B&

ring and juction

Basal ring

Interleafiet ~Mitral -\ -
= triangles N\, valve— S
Ventricle within sinus \};f Circumierence S

at base of Ieafléts-—

Sutton et al. Ann Thorac Surg1995;95:419-27



Classification morphologique

main
category:
number of
raphes

0 raphe - Type 0

1 raphe - Type 1

2 raphes - Type 2

21 (7) 269 (88) 14 (5)

‘ lat ap L-R R-N N-L L-R/R-N
e | 1@ 1@ | 2801 | 4505 | 8(3) 14(5)
of ;uspﬁl in '_[ype 0 /::., B“‘\ /g E\ lr_,{:. 6‘\\ @ é\,‘l /::r( B‘\\ (-:E: \5‘\‘
and raphes in |~——}| e — — =
TFHES 1 and 2 l\ .-'" LY 7/ 'F: ? %/' / n “'}l \

LW | N e et | e .
2. subcategory:
M I 6(2) 1(0.3) 79 (26) 22 (7) 3 (1) 6 (2)
Voo s 7(2) 5 (2) 119(39) | 15(5) 3 (1) 6 (2)
Yol leass 1(0.3) 15 (5) 7(2) 2 (1) 2 (1)
A 0O
R onl| e 3 (1) 1(0.3)

Sievers HH. JTCS 2007;133:1226-1233.



Bicuspid Aortic Valve

Fused BAV

Symmetrical Asymmetrical

2-Sinus BAY

Anteroposterior Lateral-lateral

Partial fusion BAV

Left-non cusp fusion Right-left cusp fusion

‘ Kalra et al. Structural Heart (2024) 100227



« Advanced » Parameters

Counterclockwise rotated

+——  Annulus

Center bisecting plane

Berrebi et al. Ann Cardiothorac Surg 2019;8(3):331-341;
Tretter et al. Ann Cardiothorac Surg 2023;12(4):295-317
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Fenestration

Blaszyk et al. Cardiovasc Pathol 1999;8:213-216



Doppler Analysis

'.,?
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Flow convergence -
(PISA)

Flow

» Convergence 4
/ -

Anatomical orifice

< Vena Contracta
Effective orifice —

Jet expansion

< 3mm = mild regurgitation

> 6mm

severe regurgitation

Victor et al. Echo Research & Practice (2025) 12:3



Jet Width/LvOTd

<25% = mild regurgitation

>65% = severe regurgitation

Victor et al. Echo Research & Practice (2025) 12:3



Aorta flow reversal

> 20 cm/s (descending)
or
Diastolic reversal (abdominal)

= Severe regurgitation

Victor et al. Echo Research & Practice (2025) 12:3



Pressure Half Time

-f.0

-50

-40

> 500 ms = mild regurgitation

< 200 ms = severe regurgitation

Victor et al. Echo Research & Practice (2025) 12:3



PISA

& AL YT
Vmax 458 cmis
B  Vmean 384cmis
' MexPG 84 mmbg
Mean PG 57 mmHyg
VAL 187 cm
AlERO 0.17 e’
Al Volume 2ml

Inaccurate

EERNGEUELE
— A

EROA < 0.1 cm?
RV <10 ml Mild
RF < 30%

EROA >0.3 cm?
RV > 60 ml Severe
RF >50%

Victor et al. Echo Research & Practice (2025) 12:3



Volumetric Method

EROA < 0.1 cm?
RV<10 ml Mild
RF < 30%

EROA >0.3 cm?
" RV > 60 ml Severe
MVAMmularVTI=10cm e RF > 50%

é xi‘\h

"m R

Victor et al. Echo Research & Practice (2025) 12:3



Chronic aortic regurgitation

Isually like vV MIiid O
acc AR Visually more than mild AR

Quantitative / qualitative findings

ﬁa:.&rr:‘i fic criteria for mi \ Most

=== i criteria Jet width/LVOTd ratio 25-65% Jet width/LVOTd ratio >65%
. = not VC 0.3-0.6cm VC >0.6cm
Minor central jet <25% of met EROA 0.1-0.3cm? EROA >0.3cm?

VOT width

o / minimal flow Corroborative findings

convergence

N

Holodiastolic flow reversal in the

* Incomplete or faint

envelope on CW Doppler Flow reversal not reaching severe descending thoracic aorta
PHT >500ms criteria Flow reversal in the abdominal
Early or no flow reversal ir aorta
descending thoracic aorts - L
\m; B / Left ventricular findings
| Normal indexed LV volume Dilated indexed LV volume
I I
Most criteria met If quantitative, LV, and corroborative findings do not agree, or image quality
l prevents assessment, TOE or alternative imaging is recommended
) . * a
Mild AR Moderate AR Severe AR
n . e ™ = g iz
Follow up every 3-5 years A Prognostic findings
b T Ay S T Follow up every 12-24 months
only if Ao >40mm or P Y 1. Indexed LVESd and LVEF
anatomically abnorma - / 2. Aortic dimensions
\ valve ) 3. Follow up 6-12 monthly

Victor et al. Echo Research & Practice (2025) 12:3
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Vahanian et al. European Heart Journal (2022) 43, 561-632



In real life ...

ADVERTISEMENTS ACTUAL BURGER

T2 AL o = MOST ATTRACTIVE ANGLE

Flow
= Convergence 4
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MRI
Phase contrast imaging

Lee JKT et al. Circulation 2018



Man, 70 vo. Hospitalization for Heart Failure

Vena contracta:?
PISA:?
PHT: unoptimal

Flow reversal: unoptimal = 18 cm/s

oom U

A )N A Zoom 10D
ITm0.8 IM0.9 o ITm08  IM0.9

LVEF = 30%, normal coronary angiography



Man, 70 vo. Hospitalization for Heart Failure

Scufhr. 1001 - Shee 1115

E 2mus - TR 3ms

rulp‘énglc 45

|

Regurgitant Fraction = 46% After aortic valve replacement

Volume =42 ml




Man, 17 yo. Asymptomatic

MRI regurgitation fraction = 41%




Man, 17 yo. Asymptomatic

ITm0.3 IM 1.2
Loy 3 — A4Cd
Long VG 98.2 mm . " 3 Wi
Surf VG 49.4 cm? Long VG 79.7 mm

Surf VG 35.8 cm?
Vol VG 206 mi Vol VG 134 ml

%, VTD(A4C)ind 106.7 mi/m? ; . T VTD (A4C)ind 74.0 miim
—: ViD @43) 206 ml g _ “.. VTD (A4C) 134 ml

Before surgery 1y after surgery

VTD =206 ml VTD = 134 ml




Discrepencies with Echo

CMR Grade of Regurgitation

Echo Severe

RVol >55-60 ml

Mild Moderate Severe Very Severe Regurgitation
AR <15 15-35 >35-40 >50 RF% >50
MR <15-20 20-40 >40 >50 RVol >60 ml

Myerson et al. JACC imaging 2020



Using MR as « Gold standard »
(Moderate-Severe AR)

Association With Moderate to Severe or Severe
AR on CMR
Sensitivity, Specificity,
Cut-Point % % AUC
AR parameters (nonvolumetric)
VCW, cm =0.5 92.3 86.5 0.89 -
. . Feasibility
Jet width/LVOT ratio, % =30 84.6 86.5 0.86 o
Indexed LVEDV, mL/m? =82 86.7 85.7 0.86 =~ 78%
Presence of reversed flow in the Yes/no 60.9 100.0 0.80
abdominal aorta
AV pressure half-time, ms <455 66.7 85.1 0.74
End-diastolic velocity of reversed flow =20 50.0 93.8 0.72
in the descending thoracic aorta, cm/s
AR volumetric quantitation
RegV (mL) (LVOT - MA) [method 1] =40 90.0 88.0 0.89 CLey-
J Feasibility
RegV (mL) (LVOT - RVOT [method 2] =40 92.9 86.4 0.90
PISA=37% |

RegV (mL) (PISA) [method 3] =41 94 4 91.7 0.93
Average echo RegV (mL) [methods 1 + 2] =40 96.7 86.3 0.91
(LVEDV - LVESV) - MA SV, mL =39 83.3 85.4 0.84
(LVEDV - LVESV) - RVOT SV, mL =42 92.0 88.1 0.90

Attar R, et al. JACC Cardiovasc Imaging. 2025;18(4):403-417



Future Directions

velocity [m/s]

1.00
075 M |
0.50
0.25

Concomitant dise

Coronary artery disease
Diabetes mellitus
Amyloidosis

Genetic abnormalities
Others

Time [ms,

Direct impact on

Volume and/or

ressure overload myocardium -
P Y Timegg = 20ms
60 subjects
|
v '
Healthy controls (n=28) BAV patients (n=32)
v v
4D flow CMR 4D flow CMR
Myocardial alterations Imaging parameters !
—~ p=0.112 p=0.047 p<0.001 CT-based aortic volumetric growth

during three years follow-up

Increase in wall tension and changes in myocardial mechanics Myocardial strain measurements 18

Chamber remodeling (dilation and hypertrophy) Mass and volumetric measures § i e Volumetric growth aorta

Subendocardial ischaemia Myocardial perfusion £ Baseline volume (om)  ——#——

Reactive fibrosis and extracellular matrix expansion T1 mapping / ECV s Oaidkotiosdpeie- g 4

Replacement fibrosis and myocardial cell death LGE D —— Wakmaet) —

Overt LV systolic and diastolic dysfunction LV ejection fraction or stroke volume & Rortic growth (cm) o unitincrease
Key findings:

1. Magnitude WSS is not different between BAV and TAV
2. Circumferential WSS and WSS angle are most distinctive
between BAV and TAV
3. WSS angle is a risk factor for aortic growth

Marsan et al. EHJ 2023; Minderhoud, Eur Heart J Cardiovasc Imaging 2022

WSS angle (°)




Merci pour votre attention!
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