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| PROBLEMI DELLA VALVOLA
AORTICA: LA DIAGNOSTICA

ECOCARDIOCHIRURGIA

La stenosi valvolare aortica. La
diagnosi con ECO2DColorDoppler.
Cosa, dove e come misurare.
Parametri primari ed ancillari per la
o, corretta selezione dei pazienti da

VALVOLARE AORTICA . . . .
ELINSUFFICENZA inviare al cardiochirurgo. Il 3D

Diagnosi, indicazione ad
interventismo o cardiochirurgia
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Aortic valve Stenosis

Aortic valve stenosis has already
reached endemic proportions in
western countries.

The prevalence is estimated to be:

- 2% in people older than 65
- 4% in people older than 80
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Aortic Valve Stenosis: Etiology
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Aortic Valve Stenosis: Etiology
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2014 AHA/ACC Guideline for the Management of Patients With Valvular Heart Disease:
A Report of the American College of Cardiologv/American Heart Association Task Force
on Practice Guidelines
Rick A. Nishimura. Catherine M. Otto. Robert O. Bonow. Blase A. Carabello. John P. Erwin IIL.
Robert A. Guyton. Patrick T. O'Gara. Carlos E. Ruiz. Nikolaos J. Skubas. Paul Sorajia. Thoralf

Table 8. Stages of Valvular AS

M. Sundt IIT and James D. Thomas

Circulation. 2014:129:e521-e643:

calcification of a bicuspid
or trileaflet valve with
some reduction in systolic
maotion or

Rheumatic valve changes
with conumissural fusion

Aortic Vi, 20-29 m's or
mean AP <20 mm Hg

* Moderate AS:
Aortic Vg, 3.0-3.9 m/s or

mean AP 20—39 mm Hg

dysfunction may
be present
Normal LVEF

Stage Definition Valve Anatomy Valve Hemodynamics Hemodynamic Symptoms
Consequences
A Atrisk of AS Bicuspid aortic valve (or * Aortic V.. <2 m's None + None
other congenital valve
anomaly)
Aortic valve sclerosis
B Progressive AS Mild-to-moderate leaflet » Mild AS: Early LV diastolic [ » None




Aortic Valve Stenosis: Natural History

Individual 1 (Genotype at high risk,

8'0 affected at 65 years of age)
idual 2 (Genotype at low risk,
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The early lesions of calcific
degenerative disease resemble
coronary atheroma and many of the
risk factors for AS are common to
other atheroscerotic process

Around 16% of patients with aortic
sclerosis progress to stenosis within

7 years.

The rate of progression varies, but
the average reduction in orfice area is

0.1 cm2 each years


http://circ.ahajournals.org/cgi/content/full/95/9/2262/F1

2014 AHA/ACC Guideline for the Management of Patients With Valvular Heart Disease:
A Report of the American College of Cardiologyv/American Heart Association Task Force

on Practice Guidelines Circulation. 2014:129:e521-e643:

.
Abnormal Aortic Valve With
Reduced Systolic Opening Clas= 1la
Class [Tb
Bevere AS
1_-'EM-1:1 m/a Vi 3 mus—3.9 m's
ma » [ e 1 '
AP e =30 mm Hg AP 2039 mm Hg
l |
S}'|I1|‘I1II|I1 atie -’\.}\'I'|1p1lll11a1fn: . A 5wr|||'|1|.|||1:|.|':x:
° Symptomat .
(=tage D) (stage C) yrprlomatic (stage B)
LVEF =508 LVEF =50%
(stage C2) J
YES NOy Oiher cardiac
SUrEery
Other cardioe surgery — s
DSE with AVA <l cm’
v = - AVA <] em” and and
. Vonas 24 TS LVEF 250%
AP e =60 mn:l.llg ] (stage D2 (stage D3¥)
Low surgical risk
L'
Ablmormal ETT — A5 likely cause of
Sy P onys
AV e =03 misly |
Low surgical risk
Ny / o
AYR AVR AVR AVR
(I (1la) (1lb) (Ia)




2014 AHA/ACC Guideline for the Management of Patients With Valvular Heart Disease:
A Report of the American College of Cardiology/American Heart Association Task Force

on Practice Guidelines Circulation. 2014:129:e521-e643:
D Symptomatic severa AS
D1 Ssymptomatic severe = Severe leaflet calcification = Aortic V_, =4 m/s or mean AP = LV diastolic = Exertional dyspnea
high-gradient AS or congenital stenosis =40 mm Hg dystunction or decreasad
with severely reduced = AVA typically =1.0 cm?® (or AVAI * LV hypertrophy exercise tolerance
leaflet opening =0.6 cm*'m?) but may be = Pulmonary = Exertional angina
larger with mixed AS/AR hypertension may = Exertional syncope
be present or presyncopea

VALVULAR ACRTIC STENOSIS IN ADULTS
AVERAGE COURSE
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Asymptomatic Aortic Valve Stenosis: Natural History

Asympiomatic severg AS

Asymptomatic = Severe leaflet calcification = Aortic V_, =4 m/s or mean AP = LV diastolic = MNone: Exercise
severe AS or congenital stenosis =40 mm Hg dystunction testing Is
with severely reduced = AVA typically is <1.0 cm?® = Mild LV hypertrophy reasonable o
leaflet opening (or AVAI =0.6 cm3'm®) = MNormal LVEF confirm symptom
= Vary severe AS is an aortic 'I..frrrax status
=5 m's orf mean AP =60 mm Hg
Asymptomatic severa = Severe leaflet calcification = Aortic V_, =4 m/s or mean AP * LVEF <50% = None
AS with LV dysfunction or congenital stenosis =40 mm Hg
with severely reduced = AVA typically =1.0 cm?® (or AVAi
leaflet openina =0.6 cm?'m?)
100 - Symptoms

Survival free of symptoms (%)

80 +

60

40 -

20

1year 18%
3years 33%
Syears 67%
7years >80%

Years

Pellikka et al Circulation 2005
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Only 33% of patients with severe
aortic stenosis remains asymptomatic
after 5 years




Echocardiographic assessment of the Aortic valve Stenosis

Valve anatomy:
* Parasternal long and short axis view Identify number of cusps in systole

e Zoom mode Assess cusp mobility
Assess valve calcification
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Echocardiographic assessment of the Aortic valve Stenosis: Doppler

evaluation

Table 2 Grading aortic stenosis

Mild Moderate Severe . e Agg;; %iﬁ,gg
A0V (M) 25-3.0 3.0-4.0 4.0 L
Peak gradient (mmHg) < 40 40-65 =65
Mean gradient (mmHg) <20 20-40 (50)® =40 (50)*
EOA (cont eq) (cm*) =1.5 1.0-1.5 =1.0
EQAi (cm”/m”) ==().85 0.60-0.85 <0.60
Velocity ratio =0.50 0.25-0.50 <0.25

"EAE puidelines nnl*,r,z': otherwise both EAE and ASE.'®™

VTI ot

EOA - X AREA LVOT 2 SuAp S5 comp 38 EE
VTl AO . e

14:12:495

1.6MHZ

[+
C|
M
so 4
S|

ov Centro Cardiologico

FERMA 2D




Echocardiographic assessment of valve stenosis: EAE/ASE
recommendations for clinical practice

European Journal of Echocardiography (2009) 10, 1-25

AS jet velocity « CW Doppler (dedicated transducer) « Maximum velocity at peak of dense velocity curve

« Multiple acoustic windows (e.g. apical, suprasternal, Avoid noise and fine linear signals
right parastemal, etc)

« Decrease gains, increase wall filter, adjust baseline,
and scale to optimize signal

» Gray scale spectral display with expanded time scale

« Velocity range and baseline adjusted so velocity signal
fits but fills the vertical scale

VTl traced from outer edge of dense signal curve

Mean gradient calculated from traced velocity curve
Report window where maximum velocity obtained

Y Centro Ca
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Echocardiographic assessment of the Aortic valve Stenosis:

Continuity equation

S‘\'f'r;"l.'u‘ 51"r'r|_'.r[;.] .

Because volume flow rate through any CSA is equal to
the CSA times flow velocity over the ejection period
(the VTI of the systolic velocity curve), this equation can
be rewritten as:

AVA < VTluy = CSAar x VTlyor

Solving for AVA yields the continuity equation’®13

CSArvor x VTlvor
VTl

AVA

LVOT Measurement

+ AV VTl ING GUARD 59 COMP 35 %
V max 449 cmist58.3 pe1co 17CM

Vmedia 325 cm/

PGmax 81 mmHg|

PG medio 46 mmHg|

vTI 126 cm

100mm/s

FERMA 2D

13




Echocardiographic assessment of valve stenosis: EAE/ASE

recommendations for clinical practice

Table 1 Recommendations for data recording and measurement for AS quantitation

European Journal of Echocardiography (2009) 10, 1-25  e—5

Data element Recording Measurement
IVOT diameter « 2D parastemal long-axis view + |nner edge to inner edge
+« 7opom mode s  Mid-systole

+ Adjust gain to optimize the blood tissue interface

Parallel and adjacent to the aortic valve or at the site of
velocity measurement (see text)
s Diameter is used to calculate a circular CSA

VTl(cm)

velocity (cm/s)

=

time (s)
CSA(cm?) = 3.14(D/2)°

SV = CSAx VTI

LVOT velocity ¢« Pulsed-wave Doppler ¢«  Maximum velocity from peak of dense velocity curve
¢« Apical long axis or five-chamber view ¢« VTl traced from modal velocity

+« Sample volume positioned just on LYV side of valve

1.2
and moved carefully into the WOT if required to bs1co

obtain laminar flow curve

+« Velocity baseline and scale adjusted to maximize size
of velocity curve

« Time axis (sweep speed) 100 mm/s

« Low wall filter setting

« Smooth velocity curve with a well-defined peak and a
narrow velocity range at peak velocity

0' Centro Cardiologico
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AS: Vmax >4 m/sec, DP mean > 40 mmHg, EOA <1 cm?2,

2015 082127 TIS0.4 MI 1. + Circ  3.51cm

+DiamLVOT  1.8cm Area 0.74? cm?

Area LVOT  2.54 cm?

SV (LVOT) 82ml 0 —'—
AVA (Vmax) 0.75cm?
AVA(VTl)  0.83cm?

Centro Cardiologico




AS: Vmax >4 m/sec, DP mean > 40 mmHg, EOA <1 cm?2,

24022015 092127

TIS0.4 MI1.

+DiamLVOT  1.8cm
Area LVOT  2.54 cm?
SV (LVOT) 82ml
AVA (Vmax) 0.75cm?
AVA(VTl)  0.83cm?

%

TIS0.8 MI0.9

M3 M4
+61
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AS: The problem of Vmax >4 m/sec and EOA > 1 cm2

Likely causes: a) High output state
b) Moderate-severe AR
c) Large body size (EOAi < 0.6 cm2/m?2)

Check the valve appearance
Check the LVOT

AY Vmax 442 m/s
AV ¥Ymean 3.19 m/s
AV maxPG 78.02 mmHyg
AY media PG 46.21 mmHg
AY VTI 107.4 cm
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AS: The problem of Vmax >4 m/sec and EOA > 1 cm?2

Subvalvular aortic stenosis

18



AS: The problem of Vmax >4 m/sec and EOA >1 cm2

Subvalvular aortic stenosis

* Thin, fibrous membrane or
ridge that forms a crescentic
barrier within the LVOT

e The membrane usualy extends
from the anterior septum to
the anterior MV

* The cusps of the aortic valve
are thickened, without
significant valve stenosis

e very frequently (50%) aortic
regurgitation coexists

ov Centro Cardiologico
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AS: The problem of Vmax < 4 m/sec, and EOA <1 cm2

Likely causes: a) Low cardiac output (FE < 40%; Severe MR; Mitral stenosis)
b) Small body size (EOAi > 0.6 cm2/m?2)

Check the valve appearance
Check the LVOT
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AS: The problem of Vmax < 4 m/sec, and EOA< 1 cm2

D2 Symptomatic severe = Severe leaflet calcification = AVA =10 cm?® with resting
low-flow/low-gradient with severely reduced aortic V__ <4 m/s or mean AP
AS with reduced LVEF leaflet motion <40 mmHg

¢ [obutamine stress echocar-
diograpiy shows AVA <1.0 cm?
with V__ =4 m/s at any flow rate

Low transaortic flow volume:
- Stroke volume < 35 ml/m2; EF < 40%

FE < 40%

SV 35 ml/m2

Dp max 45 mmHg
Dp mean 27 mmHg
AVA 0,68 cm?2

"’ Centro Cardiologico
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» |V diastolic

dysfunction
s |V hypertrophy
o | VEF <50%

+ Vmax  337cmis
Vmedia 248 cmis. &
PGmax 45mmHg %
PG medio 27 mmHg '

VTl

= HF
= Angina
= Syncope

Or presyncope

100mm/s

60bpm
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Dobutamine Stress-Echocardiography (DSE):

Vmax <4 m/sec, EOA <1 cm2; FE < 50%

Dobutamine Low dose : 5-20 gamma/kg/min True —Severe AS:

PARAMETERS:
Stroke volume
Mean Gradient
Aortic Area

"’ Centro Cardiologico

AAVA<0.3cm2or
AVA<1-1.2cm2
Peak stress mean gradient > 30 mmHg

LV flow reserve:

ASV>20%
True-Severe AS Pseudo-Severe AS
[Gow Fisw Normal Flow | {aw Fow Normal Flow

/& /

Figure 2. The behavior of aoriic valve area (AVA) and transvalvu-
lar gradient (AP) with increasing flow in true-severe versus pseu-
dosevere aortic stenosis (AS).
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Dobutamine stress-echocardiography (DSE):
Vmax <4 m/sec, EOA <1 cm2; FE < 50%

REST PEAK STRESS

LVOT VTI 15 cm B 1\/OT \/TI 21 cm

AO VTI 69 cm
DP 27 mmHg

AO VTI 75 cm
DP 37 mmHg

SV 35 ml/m2 SV 52 ml/m2
AVA 0,68 cm?2 AVA 0,87 cm?2

A SV >20%: LV flow reserve
A Area < 0,3 cm2 and Area <1 cm?2 : True Aortic Stenosis

23



Outcome After Aortic Valve

Replacement for Low-Flow/Low-Gradient
Aortic Stenosis Without Contractile Reserve
on Dobutamine Stress Echocardiography

(1 Am Coll Cardiol 2000053 L B D T | T —

A B

1.0
1.0+
0.6 0.8+
E-E 0.6 0.6
= MPG > 2mmHg 5] & B
1E - 4 = 6%
S 04+ L 0.4
]
I.——.I ————— -kF s T
0,24 =1 MIPG = 2ilmmHg 0.2
o o s s o o s ——— 15 & 0%
0.0 logrank p = (Ui} 004 legrunk p=iLi3
T 1 T T 1 T T 1 1 T 1 1 1 T
0 10 Fil 3o 40 50 2 a 10 M 3 40 S0 €0
Fallow-up months) Follow-up (maonths)

Influence of MPG and CAD on Survival in LF/LGAS Patients Without CR on DSE

Kaplan-Maier estimates of the probability of survival of the total populgtion {n = 81} according to: (A} mean pre-cperative
transvalvular gradient (MPG) =20 and =20 mm Hg, and {B) presence of significant coronary artery disease (CAD). Abbreviations as in Figure 1.
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AS: The problem of Vmax < 4 m/sec, and EOA< 1 cm2

D3 symptomatic severe low- = Severe leaflet calcification * AVA =1.0 cm* with aortic V__ * |ncreased LV relative = HF
gradient AS with normal with severely reduced <4 m's or mean AP <40 mmHg wall thickness = Angina
LVEF or paradoxical low- leaflet motion * |ndexed AVA <0.6 cm®m? and * Small LV chamber *  Syncope
flow severe AS * Siroke volume index <35 mL/m? with low stroke 07 presyncope
* Measured when patient is volume
normotensive (sysiolic BP * RHesirictive diastolic
<140 mmHg) filling LVEF =50%

Low transaortic flow volume:
- Stroke volume < 35 ml/m2; EF > 50%;
- MR or Small LV Chamber with low SV

FE = 50%

SV <35 ml/m2

Dp max 39 mmHg
Dp med 24 mmHg
AVA 0,51 cm2

"’ Centro Cardiologico
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Aortic Stenosis Suspected to Be Severe Despite Low Gradients

Cire Cardiovasc Imaging. 2014:7:545-551

oy AP<40
.- AVAZL.0: anmf:ﬂﬁ @ ‘

¥
LVEF <50 %, W E.F 250 %—
SVi-<33 mlm* SVi <35 ml/m? SVi 235 mlm?
Oither Echo Features™

MDCT4| | ESE or MDCT+
DSE+ [

LF-LG and NF-LG patients: quantification of valve calcification by multislice
computed tomography may be useful.
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3D Role: Aortic valve planimetry
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Handke M. et al. Echocardiography 2002

3D Echocardiography: facilitates measurements of the orificial stenotic area
(improvement of the planimetric area evaluation)

"’ Centro Cardiologico
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Impact of Three-Dimensional Echocardiography
on Classification of the Severity of Aortic Stenosis .. monc susg 20139613659
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Quantification of Aortic Valve Area Using Three-Dimensional

Echocardiography. Leopoldo Pérez et al. Rev Esp Cardiof 2010

Percentage

0 1
Severity of Aortic Stenosis

2

Percentage

70+

60+

50+

40

30

20

0

i
Severity of Aortic Stenosis

2

Figure 3. Severity of aortic valve stenosis using the estimate of the left ventricular outflow tract area. A: with 2-dimensional echocardiography. B:
with 3-dimensional echocardiography. Horizontal axis, 0: valve area »1 cm?; 1: valve area, 1-0.75 cm?; 2: valve area <0.75 cm?.
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Measurement of the LVOT area using 3D-echo is more reproducible than
with 2D-echo. Therefore, this is probably a more accurate method for the
evaluation of LVOT area. 3D-echo techniques show that the LVOT has an
elliptical form and that its circularity does not depend on size. It may be that
3D-echo can provide a more accurate classification of the degree of
severity of aortic valve stenosis than 2D-echo techniques.



@ European Heart Journal (2008) 29, 1296-1306
EUROPEAN

doi10.1093/eurheartj/ehm467

SOCIETY OF
CARDIGLOGY

CLINICAL RESEARCH

Real-time three-dimensional echocardiography
in aortic stenosis: a novel, simple, and reliable
method to improve accuracy in area calculation

Juan Luis Gutiérrez-Chico™, José Luis Zamorano?, Elsa Prieto-Moriche?,

Rosa Ana Hernandez-Antolin2, Marisol Bravo-Amaro!, Leopoldo Pérez de Isla?,

Marcelo Sanmartin-Fernandez!, José Antonio Baz-Alonso’, and
Andrés Iiiguez-Romo'!

SVSI) (em®)

Aortic area (cm?2) =
T\Jl.-\u (em)

SV;p : stroke volume by 3D
TVIa, : time-velocity integral by Doppler in the aortic valve

Aortic area =

GP med Ao = 47 mnHg'
ITU U2 Ao = 117 cm
U2 media Ao = 323 cm/s

Figure | Formula for aortic area calculation with three-dimensional echo, proposed by Gutiérrez et al™®

Conclusions RT3D is more
accurate than CE and than two-
dimensional volumetric methods
to calculate area and to grade
the severity of aortic stenosis.
Area  obtained by three-
dimensional echo is slightly
underestimated, but its range is
clinically negligible.
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CONCLUSIONS: ECHOCARDIOGRAPHIC ASSESSMENT OF AORTIC VALVE STENOSIS

2D and 3D valve anatomy

3D can be useful in SV evaluation and LVOT area

DSE/TAC and RMN are complementary test to identify True aortic

stenosis vs pseudo aortic stenosis in the presence of Low flow-Low

gradient aortic stenosis .
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