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STENOSI AORTICA VALVOLARE

La stenosi aortica e la malattia valvolare piu
frequente nei Paesi occidentali con una
prevalenza in rapida crescita per
I'invecchiamento della popolazione.

La prevalenza nella popolazione con eta
superiore ai 75 anni e di circa il 3%, la
sopravvivenza mediana dall’insorgenza dei
sintomi e di circa 2-3 anni.



Ma il paziente asintomatico e
veramente asintomatico ?

-Riduce le attivita fisiche (eta, suggerimenti di amici
e parenti, prescrizioni mediche)

-Nega i sintomi (per timore delle implicazioni
terapeutiche)

-Non e in grado di valutare correttamente sintomi
“minori” o disturbi aspecifici



STENOSI AORTICA VALVOLARE

_'Intervento mig
sopravvivenza.
elettivi intorno a

_a sostituzione della valvola aortica con una protesi
niologica 0 meccanica ne e il trattamento di elezione.

lora la qualita di vita e aumenta la
_a mortalita operatoria e nei casi

2-3%, ma anche negli

ultraottantenni si ottengono apprezzabili risultati con

statistiche di mortalita inferiore al 10% e morbosita

fraill 5 eil 10%.



LA STENOSI AORTICA PARADOSSA
CON BASSO GRADIENTE E RIDOTTA
AREA VALVOLARE: UN RISCONTRO

FREQUENTE



More recently, the possible presence of severe AS in patients

with valve area <1.0 cm2 and mean gradient <40 mmHg,

despite preserved LVEF, has been suggested, introducing the new
entity of ‘paradoxical low flow (stroke volume index <35 ml/m2),
low gradient (mean gradient <40 mmHQg) AS with preserved
LVEF'. This appears to be typically encountered in the elderly

and is associated with small ventricular size, marked LV
hypertrophy,and a history of hypertension.

Guidelines on the management of valvular heart
disease (version 2012): The Joint Task Force on the Management of Valvular Heart Disease of
the European Society of Cardiology (ESC) and the European Association for Cardio-Thoracic

Surgery (EACTS).Eur Heart J 2012;33:2451-96



SAV PARADOSSA

* Perché «paradossa»?

* Possono essere sbagliati i calcoli?
* Quanto e frequente?

* Quale e la fisiopatologia®?

* Che prognosi ha?

* Come va trattata?



Il termine “paradossa” si riferisce al frequente
errore concettuale di molti clinici secondo cui i
pazienti con SAV e FE normale hanno un flusso
normale.

| pazienti con basso flusso paradosso (BFP) con
SAV severa nonostante FE preservata si
definiscono come coloro che hanno una AVA
indicizzata <0.6 cm?/m?2, una FE > 50%, e un indice
di gittata sistolica SVi <35 mL/m?



Altre caratteristiche distintive dei
pazienti con BFP sono:

1. Unlivello di sovraccarico emodinamico globale
del ventricolo sinistro piu elevato, come
dimostrato dalla maggiore impedenza
ventricolo-arteriosa (Z,,);

2. Ventricoli piu piccoli e relativamente piu spessi;

Livelli inferiori di midwall shortening dovuti a
piu marcata disfunzione intrinseca del
miocardio ventricolare;

4. Una tendenza ad una FE minore anche se nel
range normale.
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Current echocardiographic criteria for
the grading of AS

Mild Moderate Severe AS

Peak V <3.0m/s 3.0-4.0 m/s >4.0m/s
Mean PG <25 mm Hg 25-40 mm Hg > 40 mm Hg
AVA >1.5cm? 1.0-1.5 cm? <1.0cm?

Indexed AVA / / < 0.6 cm¥m?

ACC/ AHA Guidelines. J. Am. Coll. Cardiol. 2006;48: e1-148




ECO-DOPPLER PER LEMODINAMICA
DELLA VALVOLA AORTICA

* L2 maggior parte delle informazioni
orovengono dall’eco-Doppler

* 'eco-Doppler non e perfetto

* Possibile sovrastima o sottostima dei
gradienti (errata angolazione, errata
struttura esaminata)



Errori nella valutazione della gravita della

Stenosi Aortica

Technical

e Acoustic access

e|ntercept angle between aortic stenosis jet and ultrasound beam
eQutflow tract diameter imaging

eRespiratory motion

eLearning-curve effect

Interpretation

e|dentification of flow signal origin (AS vs MR)
eBeat-to-beat variability (AF, PVCs)

e|ntraobserver and interobserver measurement variability
eCalculation errors

Physiology

e|nterim changes in heart rate or stroke volume
eDependence of velocity and DeltaP on volume flow rate
eProgression of AS severity

eStandards of Reference

eMaximum vs peak-to-peak DeltaP

e Continuity vs Gorlin formula valve areas




Area valvolare mediante equazione di
continuita

e \/alutazione emodinamica eccellente
* Flusso-indipendente
* Errori potenziali:

Errata misurazione del diametro del
tratto di efflusso

PW e tratto di efflusso rilevati allo
stesso punto?

Normalizzazione per BSA



Underestimated LVOT diameter leads to
overestimation of AS severity

[Diam CCVG =2.10 cm ' Diam CCVG = 242 cm [Diam CCVG = 241 cm
AVA = 0.9 cm? =2 AVA=1.2cm?
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Low Flow Low Gradient Severe AS:
Definition

- EOA < 1.0 cm? / < 0.6 cm?/m?
* Mean gradient < 30 mm Hg (< 35 mm Hg)
+ Stroke volume < 35 mL

+ LV EF < 50%

- LV EF 2 50%
» LFLG AS with paradoxical normal LVEF




Paradoxical Low-Flow/ Low-Gradient AS

Variable

Normal Flow Paradoxical Low P value
(n=331) Flow (n=181)

Adjusted
P value

MPG, mmHg
Body surf. area, m?
LVOT diameter, mm

Stroke Volume, mL

Index AVA, cm¥m?

ZVA, mmHg/mL/m?

40*15 32+17

1.8+0.2 1.8+0.2
2212 20+2

79*14 5610
0.46Xx0.08 0.42x0.11

4.1X0.7 53x13

<0.001

NS

0.04

NA
NS

Hachicha et al. Circulation. 2007:115

2856
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Low-Flow Low Gradient AS with
Paradoxically Normal EF

- 512 patients with severe AS and normal LV EF:
» AVA Index (EOA/BSA) ¢« 0.6 cm?/m?
» LV EF 2 B0%

- Stroke volume index
» > 35 mL/m? = normal (331 [65%])
» ¢ 35 mL/m2 = paradoxical LFLG AS (181 [35%])

Hachicha, et al. Circulation 2007;115:2856-64
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Ruolo della componente vascolare nel sovraccarico

emodinamico ventricolare sinistro

La disfunzione ventricolare sinistra
puo essere dovuta al sommarsi di
SAV, Ipertensione arteriosa ed
eventuale concomitante coronaropatia
e dipendere Iin misura variabile dalla
entita di ciascuna di gueste
condizioni.



Ruolo della componente vascolare nel
sovraccarico emodinamico
ventricolare sinistro

Se la malattia e limitata alla sola valvola
aortica, la sua entita puo essere descritta nei
termini semplici di AVA e gradienti; se, invece,
la malattia coinvolge il sistema vascolare,
vanno prese in considerazione la compliance e

la resistenza vascolare sistemiche.



Ruolo della componente vascolare nel sovraccarico

emodinamico ventricolare sinistro

Al fine di dare una misura al carico
emodinamico globale a cui e sottoposto
Il ventricolo sinistro e stato proposto un
iIndice denominato Z,, ottenuto
dividendo la pressione sistolica
ventricolare stimata per lo SVI. Questo
parametro rappresenta il costo in mmHg
per ciascun millilitro indicizzato per la
superficie corporea pompato dal
ventricolo sinistro.



Paradoxical Low-Flow/ Low-Gradient AS

- 512 patients (retrospective): AVA. <0.6 cm?/m?, LVEF > 50%
- Normal Flow (SVI > 35 mL/m?) in 331 patients (65%)
- Paradoxical Low Flow (SVI £ 35 mL/m?2) in 181 (35%)

Global LV Afterload
As a measure of global LV afterload, we calculated the valvulo-
arterial impedance:!

SAP+MG
(8) Z\'J_S—w

where SAP is the systolic arterial pressure and MG is the mean

transvalvular pressure gradient. Hence Z,, represents the valvular
and arterial factors that oppose ventricular ejection

Hachicha et al. Circulation. 2007;115:2856-64




Ruolo della componente vascolare nel sovraccarico

emodinamico ventricolare sinistro

Z,, puo essere stimato facilmente
durante ecocardiografia Doppler
aggiungendo Il gradiente transvalvolare

medio alla pressione periferica

misurata

con lo sfigmomanometro e dividendo |l
risultato per Svi. Questo indice e

superiore agli indici standard
gravita della SAV nel predire
disfunzione ventricolare e la
del pazienti

di
a

0rognosi



Comprehensive evaluation of
aortic stenosis severity

Table 2 Comprehensive Doppler-echocardiographic
examination of aortic stenosis

Quantification of valvular obstruction

- Systemic arterial compliance
e - systemic vascular resistance

Aortic valve area

Indexed aortic valve area = Va |VU IO'a rterial im peda nce

Energy loss index

Quantification of vascular load - LVEF (SimpSOn + Dumesnil)

Peripheral blood pressure

Systemic aterial compliance - Mid-wall fractional shortening

Systemic vascular resistance

Quantification of global LV haemodynamic load L This Wi" add 'ittle ti me to the

Valvulo-arterial impedance

Quantification of LV geometry exa mi nation (?)

LV end-diastolic internal diameter

LV end-diastolic volume index e Peripheral b|00d pressure

Relative wall thickness

Quantification of LV systolic function Shou Id be reco rded in every

LVOT stroke volume index H

Cardiac index pat|ent
Ejection fraction by Simpson method
Ejection fraction by Dumesnil method
Mid-wall fractional shortening

mesnil et al. Eur Heart J. 2010; 31 : 281-9




FRAZIONE DI EIEZIONE
NORMALE NON SIGNIFICA
NORMALE FUNZIONE SISTOLICA
DEL VENTRICOLO SINISTRO



77-year-old woman, AS / mild dyspnea

N\
06/03/2010 11:26:07 '{: v

Freq.: 1.9 MHz/4.0 MHz
IPS:55.3 - .




LVEF = 60% (Biplane Simpson)

06/03/2010 11:27:12
Freq.: 1.9 MHz/4.0 MHz
IPS:55.3




Speckle tracking : longitudinal strain

$G=-12.0%

Global longitudinal strain is markedly decreased (-12%) :
normal values 2 -20%




LVEF of 50% may represent systolic dysfunction in the
setting of severe AS with concentric hypertrophy

S$G=-10.9%

in this case, Low-flow is neither unexpected nor “paradoxical”
N. Jander. Eur Heart J. 2008; 10 (Supp!l E): E11-15




SAV PARADOSSA -FISIOPATOLOGIA

RIMODELLAMENTO CONCENTRICO PIU MARCATO

CAVITA VENTRICOLARE PIU PICCOLA

FISIOPATOLOGIA RESTRITTIVA

RIDUZIONE DELLA GITTATA SISTOLICA PER DIFETTOSO RIEMPIMENTO DEL VENTRICOLO
SINISTRO DOVUTO ALLA CAVITA PIU PICCOLA

DEFICIT DI CONTRATTILITA CON RIDUZIONE CONTENUTA DELLA FE, CHE PURE RIENTRA
NEI LIMITI DELLA NORMA

UNA FE NORMALE NON PUO ESSERE CONSIDERATA EQUIVALENTE AD UNA GITTATA
NORMALE E LA FE PUO RIMANERE NORMALE NONOSTANTE RIDUZIONE
DELL’ACCORCIAMENTO INTRINSECO MIOCARDICO

LA VALUTAZIONE DELLA FUNZIONE VENTRICOLARE DEVE INCLUDERE ALTRI PARAMETRI,
COME, AD ES., IL MIDWALL SHORTENING, L’ACCORCIAMENTO LONGITUDINALE, LO STRAIN
RATE MIOCARDICO, CHE VANNO OLTRE LA VALUTAZIONE DEL SEMPLICE SVUOTAMENTO

DEL VENTRICOLO SINISTRO.
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[ Predittori di sopravvivenza nella Sao a basso flusso }

Stroke volume

e

80 \5 —o— NF group
.ﬁ-o-ooq
—~—~ Q“.I
2 1
— 60 “PLF group
®
2
c
=  40-
7)) P = 0.006 (0.045*; NS**)
20 Number of patients at risk
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Hachica Z et al. Circulation.

Impedenza ventricolo-
arteriosa
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& P = 0.003 (0.02%; 0.02*%)
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Paradoxical Low-Flow/ Low-Gradient AS

PLF : markedly lower survival if medically treated, as compared
with those who underwent AVR

PLF surgical

|—=e NF surgical

>-—e

L—-.--.-j

'

|
= 1 L.—.-—__l NF medical

-.—.—1

P<0.001 (0.002*; 0.017**) :

Lbeowmm JI .PLF medical

£
T
2
2
®

Number of patients at risk
80 59 35
210 153 105
112 34

91 53 23
|

0 1 2




Median N-BNP

(pmol/L)

250

200

150

100

50

Increased Plasma Natriuretic Peptide Levels
Reflect Symptom Onset in Aortic Stenosis
Gerber et Al — Circulation 2003; 107: 1884-1890

p < 0.0001

Controls
(n=100)

AVA >1cm?
(n=15)

AVA < 1cm? AVA < 1cm? AVA < 1cm?
asymptomatic symptomatic symptomatic
(n=16) EF >50% EF < 50%
(n=35) (n=8)



[Cosa fare nella Sao a normale FE e basso qusso?J

La prognosi dei soggetti con Sao a basso flusso
rappresenta I'evidenza che non si tratta solo di un
fenomeno di discrepanza diagnostica.

Quindi valutare le co-morbidita ed i fattori
confondenti ma porre attenzione a questo cluster ad
alto rischio



Event-free Survival, %o
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aortic jet velocity, a measure of stenosis

severity;

valvulo-arterial impedance, an estimate of
global LVafterload;

left atrial area index, a marker of LV
diastolic dysfunction;

LV longitudinal deformation, an indicator of
subclinical LV systolic dysfunction

p<0.001

Follow-up, years

In patients with asymptomatic
moderate to severe AS,
measurements that integrate the
ventricular, vascular and valvular
components of the disease
improve risk stratification and
may help to identify patients who
could benefit from an early
elective aortic valve surgery.
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Dumesnil JG et al EHJ (2010) 31,281-89

Group 1
‘Normal flow, high gradient’
SVi >35mL/m?
Gradient> 40 mmHg
n =152 (30%)
Indexed AVA = 0.4+0.1cm?/m?
LVEDD = 48+5mm
LVEDVI = 5913 mL/m?
Z,, = 4.2+0. 8mmHg/mL/m?

Group 2
‘Normal flow, low gradient’
SVi > 35mL/m?
Gradient <40 mmHg
n= 193 (38%)
Indexed AVA = 0.5£0. lcm*m?
LVEDD = 48+5mm
LVEDVI = 58+13mL/m?
Z,, = 4.0x0.6 mmHg/mL/m?

AVR =80% AVR =53%
Group 3 Group 4
‘Low flow, high gradient’ ‘Low flow, low gradient’
SVi € 35mL/m? SVi < 35mL/m?
Gradient > 40 mmHg Gradient <40 mmHg
n=44 (8 %) n=123(24%)

Indexed AVA = 0.320. 1 cm%m?
LVEDD = 43+5mm
LVEDVI = 48+12 mL/m?
Z,, = 6.0+1.2 mmHg/mL/m?
AVR = 68%

Indexed AVA = 0.520. lem¥m?
LVEDD = 46+5mm
LVEDVI = 531 ImL/m?
Z_, = 5.2%1. 3mmHg/mL/m?
AVR =36%




Survival (%)

Dumesnil JG et al EHJ
(2010) 31,281-89 C

Survival (%)

: Normal flow, high gradient
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@ European Heart Journal (2005) 26, 2714- 2720 Clinical research

doi:10. 1093 feurheartj/ e hid7 1
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Decision-making in elderly patients with severe aortic
stenosis: why are so many denied surgery?

150
[Mlﬂt slenosis > 75 years ] H Decision not to operate
- 'WB 100 - . [ Decision to operate
Mo severe AS Severe AS "
(n=124) (n=284) 501 | 1w
|
NYHA lil: 35
M = Bl
e | [ |l {, -
n=68 n=21& 75-80 80-85 85-90 =an
Age (years)
Mo Inlan.'nntlnn ntarunnﬂnn
[n =72 (31%) ] [ﬂ' =144 {_'ET%}] Figure 2 Decision to operate according to age range.
. . 100,
» Surgery was denied in 33% of  Decision notto operete ]
. . L Decision to operate

elderly pts with severe, symptomatic
AS m= 501
* Older age and LV dysfunction were
the most striking characteristics of N ﬂ "

patients who were denied surgery, P it iy,



Stenosi aortica a basso gradiente e basso flusso:
algoritmo decisionale

Low Flow/Low-Gradient

Aortic Stenosis
LV ejection fraction less than 40%
Mean gradient < 40 mm Hg
AVA less than 1.0 cm?

l

Dobutamine
echocardiography

y

AVA > 1.0 cm?
Yes No
Pseudostenosis Fixed Severe AS
\ 4
Contractile Reserve?
(stroke volume
increase > 20%)
Yes No
A\ 4 ¢ ¢

No AVR AVR (Low p/o Risk) AVR (High p/o Risk)




SAV CON BASSO FLUSSO/BASSO
GRADIENTE-CONCLUSIONI

* Una importante quota di pazienti (35%) con
SAV severa ha un basso flusso e un basso
gradiente nonostante una FE conservata

* Questa condizione si associa ad un maggiore
sovraccarico del ventricolo sinistro,
importante rimodellamento concentrico e
minore sopravvivenza, che suggerisce uno
stadio piu avanzato di malattia



SAV CON BASSO FLUSSO/BASSO
GRADIENTE-CONCLUSIONI (cont.)

* Questa condizione puo di
frequente essere erroneamente
diagnosticata come lieve-
moderata, con sottovalutazione
dei sintomi e inappropriato
ritardo della indicazione
chirurgica



How to achieve clinical

decision making ?




Take-Home messages

e Some cases of Low-Flow / Low-gradient AS may be due to:

- Underestimation of LVOT diameter, leading to
underestimation of stroke volume and AVA

- Inconsistencies of current criteria for defining AS severity

e The prevalence of this clinical entity may not be as high as
30% (probably less than 10%)

e Uncontrolled hypertension participates in global LV overload
and thus, should be adequately treated




Take-Home messages

e Low-flow/ Low-gradient AS with preserved LVEF is due to
intrinsic myocardial dysfunction, as evidenced by Speckle
Tracking imaging

e Valvulo-arterial impedance is unable to differentiate the
respective burden of aortic stenosis vs. arterial load

e Valve calcification and serum BNP may be helpful for clinical
decision making




Clinical Outcomes in Prospective Studies
of Asymptomatic Aortic Stenosis in
Adults (2)

No. of Seventy of Aortic Mean Event-Free Survival
Stucly, Year Patients Stenosis Age, ¥y Follow-Up Group Without Symptoms
Armato et al, 2001 {117} G AVA 1.0 om® or 18-80 15+ 12 mo verall 7% at 1v
greater (B0 = 148) JE%at 2v
Subgroups:
AVA 0T om® ar greater Tawat 2y
AVA lessthan 0.7 om?® 2% at 2 v
Megative exercise test g% at 2 v
Fositive exercizse test® 159% at 2 v
Das et al., 2006 (118) 125 AVA lassthan 1.4 em? hG-T4 12 ma Subgroups:
{mean &8} AVA 1.2 om?® or greater A00% at 1 v
AVA 08 em® or less 48% at 1y
Mo symptoms on edercise test Bo%at 1 v
Symptoms on exercise test 49% at 1 v
Fellikka et al., 2008 (116) g2z YWinax 4.0 m per sacond T2x411 bhd x40y Cverall 2% at 1v
or greater G7%at 2v
a3%at Hv

PRACTICE GUIDELINE

2008 Focused Update Incorporated Into the

ACC/AHA 2006 Guidelines for the Management

of Patients With Valvular Heart Disease



Stenosi aortica a basso flusso/basso gradiente

Fixed low-gradient AS and LV dysfunction

/\

LV afterload mismatch primary LV contractile dysfunction

|

CR by DSE
increase in
peak velocity (+0.6 m/s),
Stroke volume (+20%),
or mean transvalvular pressure gradient (+10 mm Hg)

/\

YES NO

} }

operative risk low operative risk high



Stenosi valvolare aortica con disfunzione ventricolare
sinistra: valutazione della riserva contrattile (CR)

[II test ECO-Dobutamina J

'Si ~  Area =- Gradiente
(Stenosi fissa)

Recupero cinesi

' Si Area I Gradiente =
(Stenosi relativa)

E Disfunzione
irreversibile?

de Filippi CR Am J Cardiol 1995



Low-Gradient Aortic Stenosis: Stratification and
Predictors for Outcome

Patient Survival (%) Group |= CR + on DSE
Group ll=CR—on DSE || n=136,
100 4 | 90/46 M/F
_ p=0.001 72 aa
25 _ Group |, Valve Replacement AVA 0.7 cmg
' MG 29 mmHg
- p=0.07
Group |l, Valve Replacement
25 | Group I, Medical TR IsA
I
e
0 Group I, Medical Treatment
(I) 56 10;‘.t
Follow-up (months)

Monin JL, Quere JP et al, Circulation. 2003;108:319-324



Decision Making in Low-
Flow, Low-Gradient AS

Picano, E. et al. ] Am Coll Cardiol
2009;54:2251-2260

®YJACC

LvV

A

$sv>20%

Lv

LVEF <40%
AP <30 mmHg

AVA <1.0 cm?

|

Dobutamine Stress Echo

l

Contractile reserve

5 JOURNAL OF THE AMERICAN COLLEGE OF CARIOLOGY

AVA <1.2 cm?
AVAp,o; <1.0 cm2
AP >30 mmHg

v

True severe AS

l

AVR + CABG

l 45V <20%

No contractile reserve

AVA >1.2 cm?2
AVAp,o; >1.0 cm?
AP <30 mmHg

Y

Pseudo Severe AS

:

Medical treatment

Indeterminate

l

AVR? Medical?



Stroke volume from 3349 echocardiographic
studies in patients with aortic valve stenosis

Table 2 Percentage of patients diagnosed with severe
aortic stenosis depending on which echocardiographic
criterion was used

Guidelines/ Parameter Patients with
recommendations severs stenosis
AHAMCC? AVA =10 em” 9%

ESCH ANAJBSA <06 em® T6%

Otta” ¥onaw — 20 m/s 45%
AHAMCC? APy, =40 mmHg 40%

AVA, aortic valve area; BSA, body surface area; Vi peak flow velodity; AP, mean
pressure aradient.

1. Larea effettiva Doppler &€ minore di quella anatomica mentre le misure invasive
riflettono maggiormente I'area anatomica.
2.  Quindi un cut-off Doppler minore (0.8 cm?2) e forse auspicabile

Minners J et al. Eur Heart J 2008);29, 1043-1048



Potential Mechanisms of Low-Flow AS
in Patients With Normal EF

S /

Discrepant grading in these patients may be partly due to
reduced stroke volume.

This pattern is associated with higher global LV afterload,
more pronounced concentric remodelling, and lower survival

The chronic exposure to a high level of afterload may lead to
an intrinsic impairment of myocardial function and a
decrease in cardiac output.

This condition is prevalent in elderly patients, may often be
misdiagnosed, which leads to underestimation or neglect of
symptoms and inappropriate delay of AVR.



