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Severe AS remains asymptomatic for m

Once spontaneous symptoms develop, morta

and the median survival is : 4,5 yrs with exerttonal chest pain
2,6 yrs with exertional dizziness
1 yr with overt heart failure

Circulation. 2010:121:151-156
European Journal of Echocardiography (2009) 10, i11-i19



e increasein AV. Vmax is 0,
- average in

/sec each year
ase in AV PG is 7TmmHg ea

The mortality is not lineéar.and is around 109 in the fir
after the start of symptoms

months

Exercise test is increasingly used to reve
In younger pts at low surgical risk

ccult symptoms

Heart 2009;95:877—-884. doi:10.1136/hrt.2008.150011
European Journal of Echocardiography (2009) 10, i11-i19



The art of assessing aortic stenosis

Ronak Rajani, Jane Hancock, John B Chambers m

N

Take account of biomarkers of cardiac function,notably BNP
o Trend towards multi-modality imaging
with Echocardiography providing flow data,
while MDCT gives more accurate anatomical data

(CMR is not in routine clinical use yet /can provide both anatomic
hemodynamic measurements and full 3-D information)
Heart 2012:98:iv14—-ivZ2,



chocardiography remains
ainstay of assessment

x;(‘jt/ Aho
. 4 y—g‘\—im\‘\\ i _
The grading o stenosisiand APﬂF"k V) \)3
" >\
the decision for surg ] L’L o VR
'\\ ' i Hﬁl

Circulation 2013:;127:1149-1156
N/
Current Cardiology Reports 2008, 10:91-97




rdiographic Criteria for the definition of severe AS

|
Aortic ™~ ofify < 25y 26-29 [3.0-4 > 4
(m/s) WA
Mean gradient (mm 2 40P > 40
Hg) 3D 3
AVA (cm?) > 10 /45 o N
Indexed AVA >0.85 0:C O
(cm3/m?)
Velocity ratio > 0.50 0.25-0.50 ) 1

(a.ESC — b. AHA/ACC)
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3D 39%

3D 27dB
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European Journal of Echocardiography (201011, 9-13



Special attention
In grading severity of AS

In°cases of.....

0 AR (mixed AoV~disease)
O anemia




- Inconsistent grading of aortic valve stenosis by
current guidelines: haemodynamic studies in patients
with apparently normal left ventricular function

Jan Minners, Martin Allgeier, Christa Gohlke-Baerwolf, Rolf-Peter Kienzle,

Franz-Josef Neumann, Nikolaus Jander Heart 2010:96:1463—1468

— — — —

Important?

Hector | Michelena,” Edit Margaryan,' Fletcher A Miller,' Mackram Eleid,
Joseph Maalouf,' Rakesh Suri,® David Messika-Zeitoun,” Patricia A Pellikka,’
Maurice Enriquez-Sarano’

ORIGINAL ARTICLE
Inconsistent echocardiographic grading of aortic \
stenosis: is the left ventricular outflow tract

Michelena HI, et al. Heart 2013;99:921-931

~




" Echocardiographic severity grading
In aortic stenosis: Editorial

only lessans towards patient
Individualisation.:

Michelena HI, Pibarot P,Enriquez-Sarano M
. Heart January 2014 Vol 100 No 1



LGSAS

0 1)Laew gradient, low EE AS

0 2) Paradoxicaklow-flow; low-gradient
severe AS, despite preserved EF




LGSAS

Pressure overload causes

V remodelling, then hypertrophy-and ultimately cavity dilatation develops

Wall stress

o  This condition was first described in 1980 by Carabello
has been termed “low flow, low-gradient AS”.
A more appropriate term might be LGSAS

European Journal of Echocardiography (2009) 10, i11-i19
N /

JACC: CARDIOVASCULAR IMAGING, VOL. 6, NO. 2, 2013
FEBERUARY 2013:184-95



Journal of the American Society of

Units Fnrmula | Method Concept Advantages Limitations
rk of the LV wasted each
Work Loss for flow to cross the Very easy fo measure. Related to | Flow-dependent. Limited
7 aortic va oulcome in one longitudinal study. | longitudinal data
% .:wr total &
Closer to the glabal hemodynamic | Introducas complexity and
Recovered burden caused by AS in terms of | variability related {o the
Pressure adaptation of the cardiovascular | measurement of the ascending
Gradient 8 . Relevant at high flow aorta. No prospective studies
L states in patients with small showing real advantages over
| ascending ega. established methods.
{As above) Moshegact Introd e and
Energy Loss measurement of AS of Piregjcok cour ey &
Index emim’ ELf = AR A R4 : flow-dynamics. Increaset variability related {o the .
35 Ad— A¥A - recovered n B55l prognogic value in E'mp meaasurament of the ascending
}N{dmg aorta a md; \aorta.
Global & P-ith \
i o to the LW, wh '
lo-Arte AP+ SHP
Tr::;‘danmafa' Hg,l'mmT."m’ 2 =—"L;; 5 | numerator represe
§ accurate estimation uf dinal
LV pressura rul-:m.c*..m. .-.-rufl ¥ availve,
low dependence
Aoriic Valve o T Hashstanneltn flow caused hy Limited prognostic valua,

: dynes/sfcm Al AS, assuming the i iy
Resistanoe 5 AVR === -1333 280 Unrealistic mathematic
2 @ FwrVwor hydrodynamics of a tubular AU ek Aol ook

' {non flat) stenosis, AR :

i Sl A Chircal imp :
Projected Valve Estimation of AVA at normal | Accounts for the variable ch CLL,f'ﬁ:'ﬁgf? ._LL? t's e
Area at Normal L AV = Avd__+ve.s0-0_ 3| 10 flow rate by plotting AVA vs. | in flow during DSE in low flow of 104 i
Flow Rate pre e o : flow and calculating the slope | gradient AS, provides improved of LV
= of regression (DSE) interpretation of AVA changes

January 2009






1)ow gradient, low EF AS

Low-gradient,tlow EF ASrepresents about 5-10% of all cases of severe AS
and is thedmost,challenging subgroup of pts to manage

This term.s applied to pts with
an AVmeanRG <30 (40)mmHg,;AVA<lcm2.and LVEF < 35(40)%

The essential difficultyfar clinicians is\todistinguish
true severe low flow AS, respansible for EF,

from pseudo-severe AS comprising.mild-to-moderate AS
associated with another cause of LV dysfunction.

The two main questions are:
-How severe is AS?
-Which pts can benefit from surgery?

Heart.2008;94(12):1526



Our patient

TIS0.7 MI1.4

TTE — PLAX

03/15/2013 12:47:42 TIS0.4 MI 1.4
S55-1/Adult1

"~
&

_
P14 R
i I

14 28

®




)HIUFS KARBELA GREGOR O3NS/12013  12:47:42 TISD.4 MI1.4
0439122 ] S5-1/Adult1

‘ FR 39Hz
11em
2D

T0%

- &Y. Mixed AoV disease!

7 HIL v§ \"ARBELA GREGOR 03/15/2013 12:39:51 TIS2.5 MI1.2

1439 220130315 S$5-11Adult1

FF. 21Hz

14em
P " ®
58% 0
C 50

P Low

HPen

CF

B6%

2.5MHz

WF High

Med

104 bpm



03/15/2013 12:48:20 TIS0.7 MI1.4
S55-1/Adult1

-~
15

I®/_/‘§’ ~ R

14 28

03/15/2013 12:51:41 TIS0.4 Ml 1.4
S$5-1/Adult1

TTE - SAX



03/15/2013 12:44:21 TIS0.7 MI 1.4 PHILIPE KARBELA GREGOR 03/15/2013 12:44:33 TIS0.6 MI 1.4

S55-1/Adult1 04391220130315 S5-1/Aduit1

FR 39Hz
15em

oy
G

|‘\I3){_"§ \ R
14 28

101 bpm

pPHILIPE KARBELA GREG

04391220130315

FR 16Hz
18cm

.
<]

P

® AP R
£t

14 28

101 bpm



RBELA GREGOR 03/15/2013 12:42:02 TIS0.7 MI( pHILIPS KARBELA GREGOR 03/15/2013 12:43:42 TIS1.1 MI 0.7

91220130315 EYAGGELISMOS HOSP.  S5-1/Adult1 04391220130315 EYAGGELISMOS HOSP.  S5-1/Adult1

FR 45Hz M3
cw 18cm ) PW

50% 50%
: 1.8MHz 2D 1.6MHz
F WF 225Hz 70% WF 125Hz
Ny C 50 SV4.0mm
P Low 11.6cm
HPen . -
\.' ,,;\:- =
» S .
o/ e A b B e el s LVOT VT | S
318 cmis, (AL ! Vmax 54.9 cmis . Foso
26 cm/sigss e \ M . Vmean 37.1cmls
g L ’. )b Max PG 1 mmHg ¢ i
| \ i i ) Mean PG 1 mmHg, . 40
r A i VTl 10.0cm ,
| ) il F \ 4 r
(v ml\&w W W b L ‘(ulh'l b’ |
; ' = . 4 . cmis

[ ‘N“ ‘ITF ".‘ » ) .,‘
-\ ‘ "| 'r'; 0 _

PHILIPS KARBELA GREGOR 03/15/2013 12:47:58

04391220130315 EYAGGELISMOS HOSP.  S5-1/Adult1

FR 39Hz
11em

e Calculation of AW
by CE=0,50cm?2

+ LVOT Diam 20cm
LVOT Area 3.14 cm?
SV (LVOT) 31 ml
AVA (Vmax) 0.49 cm?
AVA (VTI) 047 cm?




03/15/2013 12:48:55 TISO.7 MI1.4

S5-1/Adult1

Supra-sternal
View

2
14 28

03/15/2013 12:49:29 TIS0.6 MI 0.1
GELISMOS HOSP.  S5-1/Adult1

cw

80%
1.8MHz
WF 225Hz



2
- (EST+DSE]

 Dobutamine Stress Echo) ©

(Exercise Stress Test)

14
(DSE=Pthal)

3

21 (PersantineThallium Scan)

(D5E+Cath)

7

1 11
(Pthal+Cath)
(DSE+Pthal+Cath) | cardiac Catheterization)




SE

A low dose starting at 2.5er 5 ug/kg/min
with an_incremental increase inthe infusion
every 3-5 mi

to a maximum dose_of 10-20 ug/kg/min

The infusion should be stopped as soan as
> Positive result Is obtained
> Arrhythmias
> Hemodynamic instability




Low Grade- Low Flow Aortic Stenosis
(LG-LF AS)

Effective Orifice Area (EQA) <1
\ﬂ@ssure Gradient (AP)< 40

LAZ &/

Left ventricslar ejection faaction& 40%

DOBUTAMINE
STRESS TEST

mal left ventricular ejection fraction

| A
increase in stroke IRCrEgseNg siroke
volume by 2 20% volume by 0%

Presence of left Absence of left
ventricle flow reserve ventricle flow reserve
AP =40 \ AP < 40 \ L.
EOA < 1-1.2 EOA 21-1.2 eoA<11.2 | at 3-min Inte
True severe Pseudo-severe True severe

i i i Adogted from Plbarot and DumesaNegw-F
aortic stenosis aortic stenosis aortic stenosis Low- Gradient Aortic Stenosls




Tratients with fixed AS, dobutamine induced an increase 1n
peak elocity, mean transvalvular pressure gradient, and
valve resistdnge and no change 1n valve area. In contrast, in

lhu@'ith pseutda-AS, dobutamine caused a considerable
'l"l__ q

.l[1l..' f L
change™ j :
x .lh-

benefit from™
pseudo-AS (in
indicated).

(Circilafon. AN:113: 1T88-1720.)
D

Presence of Contractile Reserve is defined as:;
- Increase In peak velocity of > 0.6m/sec

- Increase In stroke volume of >20%

- Increase in MPG > 10mmHg, with Dobutamine




The mostrecent guidelines indicate that:

S _True-ASAS characterised by
- <0,2cm? in AVA, while still <lcm?
- with an increase In-MPG to >40mmHg

0 Conversely, pseudo-AS.has
- a marked increase In valve ares
- but only minor changes in gradient
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PET (smaller resting myoc
fluoroscopy

O Quere et al showed that in those pts who h

O Absence of contractile reserve should not preclude AVR, even thou

it clearly portends a higher operative mortality. ~ Circulation 2006;113:1738—44.
J Am Coll Cardiol 2009;53:1865-73



@f‘f!ﬁc Cutput ( in, assumes HR 75 bpm, SEP 300 ms)
i
1
1

R0,

140 -

120

100

204

G0

401 H

Transvalvular Gradient (mm Hg)

204

Transvalvular Flow (mlisec)

ANMAOT AVA1.0 AVA 1.5

JACC: CARDIOVASCULAR IMAGINGINOL. &
FEERU

Circulation. 2006:113:711-721

NO. 2, 2013
2013:184-95



e additional value of a New Index

om Dobutamine Echocardiography

has been proposed to distinguish

pts with true severe low-gradient, low
from pts with pseudo-severe disease

Circulation. 2006:113:711-721
N/

JACC: CARDIOVASCULAR IMAGING, VOL. 6, NO. 2, 2013

FEERUARY 2013:184 -95



Projected Valve Area at Normal Flow Rate Improves the Assessment of Stenosis Severity
in Patients With Low-Flow, Low-Gradient Aortic Stenosis : The Multicenter TOPAS
(Truly or Pseudo-Severe Aortic Stenosis) Study

~

For each pt,

EOA is plotted against transvalvular flow (Q)

at each~dobutamine stage,
and the EOA at a standardised of flow rate of 250mL/sec
Is projected from the equation of.the regression.line

fitted to the EOA versus

-
-

—
5]
L

-
-
M

Ve

=
=
M

Valve EOA (cm2)
Valve EOA (em?)

=
=™
"

— EOA and 0 al vest

0.4

1000 130 200 250 300 350 400 100 150 200 250 300 350 400

Mean Transvalvular Flow Rate (mL/s)  Mean Transvalvular Flow Rate (mL/s)

N
oroj = EOA g T VEX(250— Q)

N
where EOA_ ., and Q. are the EOA and Q at rest and VC 1s the valve

compliance corresponding to the slope of the EOA-flow relationship

o~/

Circulation. 2006:113:711-721

EOA



O Perioperative mortality ranges from 8-21%
In recent publications

o Without CR therets.a high-operative mortality.of 30%
0  With CR there is an operative-mortality‘of-only 5-8%

0o Among pts who survive AVR, an improvement infunctional status
Is usually seen and the EF increases by at least-10%

INn more than 80% of cases.
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chocardiography: ™Multicenter Study

slot. Roch Giorgl. Fréd®sic Cransac, Xavier Zirphile, Erwan Donal,
atricia Reéant. Stéphane Dhfifte, Stéphane Cade, Yvan Le Dolley,
Honl_Geele Lavoute. Jean-Fran®sig Avierinos, Patrizio Lancellotti

f‘v— w. Low-Gradient Severe ‘\oxtic Stenosis Despite Normal Ejection Fraction Is
ssociated awith Severe Left VentriculaMN)ysfunction as Assessed by Speckle-Tracking

Jérome Adda, Chfistophe
Catherine SPertouch-D
Franck Thuny, Natha

DOI:

Circulation™grdiovascular Imaging

Conclusions—LFLG AS 15 observed m(%% /L sevey val EF and 15

associated with high global afterload and reduced lomgiudinal systalig/T atients wil

NFLG AS are more frequent and present with less severe AS. normatafierload. amd less severe

longitudmal dysfunction. Severe LV longitudinal dystunction 15 a new explanation te-lle concept

of LFLG AS.




a more pronounced impairment.of intrinsic myocardial functte
consistent with a more advanced stage_of the disease

Representof the total AS population
(30%of all pts who undergo echocardiographic assessment of AS/seyerity)

Highly challenging subset of pts in terms of diagnosis ano
clinical decision making, esp if they are symptomatic

_Poorer prognosis

Curr Cardiol Rep(2010) 127108



«Paradoxical»
Low-Flow AS

TAge
Women

Hypertension
MetS - Diabetes

LVEDV: AN LvEDV:
115 ml | 85 ml

LVEF: 60% F: 60%

SV: 70 ml
AP: 45 mmHg IR Y / Hg

Pibarot & mesnil
iJACC; 2:400-3, 2009




Ne roaches in LGSAS

Degenerative AS cannot be.viewed as an isolated disease
trictly limitedito the valve

Rather itts_often partof a continum, which.includes
Increased rigidity of the aorticiwall due to athérasclerosis and
alterations of LV function secondary to CAD and H

Recent studies suggest that reduced systemic arterial compliance and/or
LV dysfunction are frequently assoeiated with AS,

rendering the evaluation of its severity and the choice of-appropriate therap
much more complicated

The new approaches to quantify AS severity take into-account

the inter-relation between the different variables that may oegsponsible for
symptom appearance or poorer prognosis in these pts



New.approaches in LGSAS

O

O

O

The chronic-exposure to ahigh level of afterload

due to the eombination of severe.AS and reduced arterial compliance)
eventually exceeds thedimit of LV compensatory mechanisms and leads
to an intrisic impairment of'myocardial function and

a decrease in cardiac output.

This results in pseudo-normalizationef transvalvular gradreqts and
peripheral BP

This situation is highly insidious because AS and HTN‘may/appear less
severe on the basis of gradient and BP,

whereas these pts are at a more advanced stage of their disease.

They need a more comprehensive evaluation of AS severity going beyond
the classical measurements to include indices that are less flow-depéndgnt



O

O

Low gradient severe AS

<ligher prevalenceiin-women, older age, higher degree of LV concentric
remadelling, higher degree of myocardial fibrosis, impaired LV filling, smaller
end-diastalic volume, and reduced mid-wall and longitudinal shortening.

The LV systolic function.is in factreduced

AS pts with metabolic syndreme or type(2 diabetes might bé-at higher risk to
develop a paradoxical low-flow pattern

This entity shares many pathophysiologic and chiical simifagities with normal
LVVEF heart failure. Both entities are characterised by.a restrictive physiology , in
which the LV pump function and thus the stroke volume;are markedly reduced
despite preserved LVEF

Curr Cardiol Rep(2010) 12:308-115



LGSAS

Cambining

0 Clinical datg
0 Systemic Arterial Hemodynamics
0 Doppler Echocardiographic Data




paradoxical low-tlow aortic ste-
nosis with preserved LV ejection

fraction
mﬂw :chocardiographic feature Variable Suggested criteria
More prepalent in women
More )
Systolic blood pressure =135 mm Hg

Pronounced\V concentric v@mdlel
Small LV cavity

Impaired LV filling
Preserved LV gjection fraction

Altered myocardial systolic function

Eeduced siroke volume
Thickened calcified valve

Small aortic valve area

Often low transvalvular gradient
Increased global hemodynamic load

stemic arterial compliance
Sysidmye vascular resistance
Relative wXdthickness ratio
V_end-diastolic Yegmeter

raction

al s

LV longi
(unid-wall shorterfing
Stroke™»glume indux_’
Calcificationm™sgore (echo)
Calcification score™_1)
Aortic valve area
Indexed aortic valve area
Mean gradient
Valvuloarterial impedance

iastolic volumN\gndex

<0.6 mL/mm Hg/m"

=>2000 dyne/s/cm”

=0.45

<50 mm

<60 mL/m”

Moderate-severe
0%

<189

<20%

= |
ml./m~

Agatston units
<1.0 em"

<0.6 cm’/m°

a{ mm Hg

>4.5 twp Hg/mL-if4~

4

Curr Cardiol Rep (2010) 12:108-115



Somprehensive Doppler-Echocardiographic examination of AS

Quantification of valvular obstruction

aximal velocity

Mean gradjent
Aortic valve aMsg
f In®exed aortic valve ™ga
]er'ﬁ / loss index
z

cular load

Qua
Periphers

tion

Quantification of LV geometry

LV end-diastolic internal diameter
LV end-diastolic volume index —,
Relative wall thickness

Quantification of LV systolic function
LVOT stroke volume index
Cardiac index

Ejection fraction by Simpson method

Ejection fraction by Dumesnil method

Mid-wall fractional shortening

European Heart Journal (2010) 31, 281-289




Various Hemodynamic Metrics used for assessment of AS

ancktheir vutoff values for severe AS
5 Direct measure = 4.0
Direct measure =40

jet velocity*
n pressure mm HY
radignt” (Cath)
Betmaulli equation
(ECha
EOA* CLpp Gorlin equatio! <1.0
O (Cath)

ity equation

(BCho
Indexed EOA* cmZm?
Dimensionless i
index (DIy* velocity and
velocity
Energy l0ss index cm?m? IndeRed EOA
accounting Te _,
ascending aorta
size
Valvuloarterial mmHg-mL-"-m~  Global systolic LV 45-5
impedance load, including
arterial pressure
AV resistance dynes-s~-cm®  Resistance of AV > 280
to flow
Projected valve cm? Estimated EOA at <1.0
area at normal flow normal flow
AU Measured from CT >1651  Circulation January 14, 2014
data

Calcium score



Ing Valvular Obstruction

leria for
are” Advantages

Quamiication of valy stryclion
Mean graslent, e aly Easy toyeasure
mm Hg

Valve EOA, am? = 1.0 Less flow-depénd@nt
TideRed: cmeamnz2) than grad
Indexed: Reflects g intrinsic sev
= 0.6 of vahrulaR obstruction
Energy loss index; = 0.55 Less flow-dependent
cm?/m? than gradient
Reflects the true LV
energy loss caused
by the stenosis
Projected EOA, cm? =1.0 Mot flow-dependent
findexed: cm®Am©)
Indexed: Accurately estimates stenosis
= 0.55 severity in low-flow states

Limitations

Highly flow-dependent

Owverestimates LV energy loss
in patients with small aortas

May under- or overestimate stenosis
severity in presence of HFT

derestimates stenosis severity
in low-flow states

Civersstimates LV energy
loss in patieTs with small aortas

\ay under- or overeMNnate stenosis

severity in presences{ HPT

MA@ overestimate stenosn
=1 Taly) swv-flow states

May overes £ slenosis
geverity in low-flow states

Owverestintygs LV energy loss
in patients wiegsmall acrias

May under- or overeglimaie
severity in presence ofSN&PT

European Heart Journal (2010) 31, 281-289
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ndexing AVA by BSA

Indexii A\-’A(weﬂwnd appheing the current partition value
A

of AVA;, de, 0.6 cni

’ @r severe stenosis increases the preva-
lence of severe avciic valy @? 15 compared to unindexed AVA
by including individuals with ﬂ@ ‘odegree of disease without
improving the predictive accuracy afical event

Jander N, et al. Resg 2014:100:28/£33



The extend of PR is determi
the area of the Asc Ao,

In these pts it becomes appropriate to account fo
calculate the energy loss coefficient

The severity of AS is frequently overestimated
If correction for pressure recovery is not performed




~Qr accurate assessment of AS severity,
pressure recoveryadjustment of AVA must be routinely performed

The sevenity of J’LS 15 ﬁ-e*ntlj. ey imated
correction for pressure recovery 1s naf perifi For
accurate assessment of AS seventy, pressyre réCovery

adjustment of AVA must be routinely pertormed.

JACC: CARDIOVASCULAR IMAGING, VOL. 3, M. 6, 2010

JUNE 2010:555-62



limation of presstike recovery at the sinotubular junction Is suggested

iy
TabRrg Estimatich §f @

Varlables

Aortic diameter, cm
Pressure recovery, mm Hg
ELl, cm®/m*

Sevara A5, %

= 0.001 wersus junctional level: +p = 0001 versus supracor
A5 = aortic stenosis; other abbreviations as in Table 2.

onanylevel.

Eur Heart J. Vol. 20, issue 18, September 1999



ELI1<0,55cm?/m? suggested for severe A

Circulation. 2007:115:285642864



traight aorta wit ntrally entering stenotic jet (left) and the angled aortas (right) designed
study jets with 15°, 30°, and 45° eccentricity.

AN

JET ------- > AORTA AORTA

K
I
-
()]
L0
w
Qo
.0
=
n
o

Niederberger J et al. Circulation 1996;94:1934-1940
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Valvular Resistance (RES)
low correction)

N

(1333 XMG)
RES=

Qrm:an \
N

where MG is the mean gradient and Q.. 1s the mean transvalvular
flow rate (ie, the stroke volume divided by LV ejection time).

RES>280 gnessems SUQQESTE

Circulation. 2007:115:2856-2864



B)QLthi ying Vascular Load

ria for
re” Advantages Limitations
Quantificatign of vascular dQ
Systemic arteria =14 Easy to measur® Highly flow-dependent

Hzellis S Often pseudo-normalized in AS patients

Underestimates HPT severity
in low-flow states

Systemic arterial =06 Can asu
compliance, by Doppler
mL/mm Hg - echocardiogra

Most common.cause of incre:
vascular [oad TR AS patients

Can unmask HPT in patrents with
pseudo-normalized blood pressure

Systemic vascular > 2000 Can be evaluated by Doppler
resistance, echocardiography
dyne/s/cm*

Can unmask HPT in patients with
pseudo-normalized blood pressure

European Heart Journal (2010) 31, 281-289



use of an arm-cuff
1ieasurement of

Systemic arterialpgessure was mefisured with
sphygmomanometer e same mg a8 the Dopplée
stroke volume measured iinthe left ventrigwar outflow tract (LVOT
stroke volume). The ratio of SVto brachial pulde pressure ) was
used as an indirect measure of totabsystemic agteriallcompliances

J{W‘O

A value of less than 0.6mL/mmHg-t/m= is considered consistent
with decreased SAC

Circulation. 2007:115:2856-2864



Systemic Vascular Resistance

\
30X MAP

SVR=—co—-__

where MAP is the mean arterial pressure defined as diastolic
pressure plus one third of brachial pulse pressure and CO is the
cardiac output.

A value of more than 2000 dyne/s/cm= is suggested-for severeAS

Circulation. 2007:115:2856-2864



C) Quantifying Global LV Afterload

Criteria for
“spvere” _ Advantages Limitations
Quantification of glebal LV afterload

Valvulo-arterial Can be measured by Doppler Does not permit discrimination of the
impedance, echocardiography valvular vs the vascular contribution to
mm Hg/ml/m? the global afterload

Retlects the global afterload
imposed on the LV

Potentially superior in predicting
occurrence of symptoms and events

AN

, SAP + MG,
v SVi

Circulation. 2007:115:2856-2864
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O

O

Fluaw &

This pseudo-rormalization'phenomenon observed for the gradient also
applies to BP, which is often-whithin’normal range

despite the presence ofincreased-arterial rigidity.

These pts have a markedly higher level.of globalLV hemodynamic loag
as reflected by a higher valvuloarterial impendance (Zva)

One of the main advantages of Zva is to allow the clinician to unmask
the pseudo-normalization of gradient and BP and thereby to better identify
the pts with paradoxical low-flow AS.

Curr Cardiol Rep(2010) 12:108-115



V Geometry

LVIDd/ IVSd, LVPWd / LVIDs, IVSs, LVPWs

Left ventricular mass was calculated with thé corrected fﬂ}mula
ol the American Society of Echocardiography and indexed for body surface area

O LV mas

O RWT ‘ RWT=200X—r

LVIDd’

AN

and LV hypertrophy was defined as LV mass index =115 g-m " in
men and =95 g - m ™~ in women as recommended in the 2005 report
of the American Society of Echocardiography. \

Circulation. 2007:115:2856-2864



astolic Function

V¢ 0€lkTEC
MK OvoAettovpyiag :

[Tépo/armd Toug cvpPoartt
Kol TN 6Tad10meinon g ol

‘ L:delxn-:]cnr Predictors of LV Dhastclic Dyshunction

Model Without £, Model With Z_,
vdd Ratio Ordd Ratio
Varable (95% CT) p Value (95% CT) p Value
ELI =080 e/ 2.9(1.5-5.8) CLas — —
SVIPP =0.60 ml/m*/mm Hg 310(L5-6.7) (L3 — —
Z,, =45 mm Hg/ml/im? M/A M/A 54 (2.0-14.3) =001

The cutput of the model was 0 for normal dimstelic function and 1 for diastolic dysfunction.
Cl = confidence interval; other abbreviations as in Table 2.

JAGC Yol. 4i, Mo, 2, 2005



s with paradoxical low-flow AS have
abnorinal myocardial systolic function

Potential Mechanisms of Low-Flow AS in Patients

With Normal B

Theffombination of a Migher global afterload and a decreased
oufpudgn the PLF group is shggestive of a decrease in cardiac
iesefye Wherehly the chronic eXpgsure to a high level of
afterload{ evenwally exceeds the limiNgf LV compensatory
mechanisnis<dnd Jeads ¢ ag-igtrinsic impairmegl of myocardial
feqetion and a dedqgasé in ardrfacgutput. This conCegt is further
illustrated by the resultsfof OBr mgCepistudy in which a Yalye of
the valvuldagterial impedangd 85 mmHg -mL "-m * wWx
independently asvegiated with a 4-#gld ipefefse in the risk of LV
systolic dysfunction ddfped as a LVEF <<30%." Hawever, the
apparent discrepancy in the prgsent study is thab the/PLF pafients
all had a LVEF =50% and on this basis could be preSumed 40
have normal LV function. NonetheleSw.the same patidnts #lso
had significantly lower mid-wall fractional shegening and strvke
work index, suggesting a significant impairment in intrinsic
myocardial function.

Hachicha Z et al., Circulation.
115:2856-2864, 2007




(LVIDdf  PWTds ) — (LVIDsS + PWTss)

MWFS=100x% =
LVIDdS 4+ PWTdS
1 The LV cardiac output was calculated as the product of heart rate
° LV Card I aC OUtpUt and stroke volume and was indexed for body surface area. "

SW=(MAP+MG)x S5V x0.0136,

Y LV SW where MAP is the mean arterial pressure, MG is the mean transval-
vular pressure gradiant, and SV is the stroke volume measured in the

LVOT. The SW was also indexed to LV mass.

Circulation. 2007:115:2856-2864



Inal shiortening,,velocit
Myocardial deformation
(TDI / 2-D strain

European Heart Journal (2013) 34, 1906-1914
Circ Cardiovasc Imaging. EI]I\Z:S:IZTJS.
The British Journal of Radiology, 84 (2011), 5237-5244



Independent-Predictors of LV bystolic Dyshunction Defined a5 an LV Ejection
Fraction <50%

Model Without Z_ Model With 7_
(dds Ratio Odds Ratie
Vanable (#5% ) p Val (93% Cl) p Value

Fenmale gander ) 0025
Coranary antery diseass 5.2 (3G 0,01 0.007
ELT =050 em/pe® 45 (18-115) 0002 = =
SV/PP <050 ml/m™/mm Hy 13(11-74) 13 7 -
Z,, 5.0 mm Hy/ml/im* NA NA 42 (L7-164 0001

JACE Vol. 46, No. 2, 2005



oposition of Algorithm for DD
In pts with AS and preserved LVEF

AVA<L.Dcm? &

AP ..<40 mmHg
Rule out small body size: f Rule out measurement errors:

Discordant Findings: ‘ Heart September 2010 Vol 36 No 18

w

AVAi>0.6 cm*/m? € corroborating methods

Features of paradoxical low flow:
SVi<35 mL/m?*
LVEDD<47 mm
LVEDVi<55 mL/m?

RWTE=0.45
Z..>4.5 mmHg.mL'.m?
v

Present: Absent:
Consider paradoxical low flow AS Consider inconsistencies in
~|r guidelines criteria
¥

Rule out pseudo-severe AS:
Valve morphology by echo

Calcu?m score by F:T Calcium score by CT
Exercise/dobutamine stress echo Exercise test / exercise stress echo

BNFP BNP

v V

Consider paradoxical low flow severe AS Consider normal flow severe AS

Curr Cardiol Rep(2010) 12:108-115

Rule out moderate AS:
Valve morphology by echo




falls and DD Measurements errors

Small body size
Inconsistency in guidelines criteria

Potential cause-af diseordance of AVAwersus gradient in pts with normal EF (indexed
AVA, SV<and AV A by independent methods, typical features of paradoxical low-flow

AS)

Rule out the presence of pseudo=sgvere stenesis (exercise stress test, low dose DSE
should be used with caution)

Plasma natriuretic peptides

Multislice CT (flow independent method) — Valve calcium scorg >1500-1600Agatstq
units would support the presence of true severe stenosis and the indication of AVR



Quantifying Severity
In thepresence of low LV output

RUE-SEVERE or PSEUDO-SEVERE AS?

0 TOPASstudy
0 BNP>550pg/mL=poor outcome
(with or without contractilereserve)

O It cannot be excluded that valvutar obstruetion relief,
even If moderate by current guidelines.criteria;
may have beneficial effects on the outcome-of some
low-flow, low-gradient AS pts with pseudo-severe stenosis




afulness of exercise-stress echocardiography
for riskcstratification of true asymptomatic
pati§ts with.aortic valve stenosis |
combination a rest gradient >35mmHg and an
ﬂe’&‘imd increase imgradient =20 mmHg was associated

with markedfylinc svent (HR = 9.6; P < 0.0001)
pared to the hese twofactors (HR = 1.0, referent

event risk (HR =0.8; P=NS). There
patients (n = 9) in this latter group.

or resting echocardiography. These findings support the uti
of ESE for risk stratification in asymptomatic AS patients.

European Heart Journal (2010) 31, 1390-1397



Risk stratification in asymptomatic moderate to
severe aortic stenosis: the importance of the valvular,
arterial and ventricular interplay

Patrizio Lancellotti,’ Erwan Donal,? Julien Magne," Marie Moonen," Kim 0'Connor,’
Jean-Claude Daubert,? Luc A Pierard’

N

Conclusions In asymptomatic patients with moderate
to severe AS, measurements that integrate the
ventricular, vascular and valvular components of the
disease improve risk stratication.

N

Heart 2010;96:1364—1371.



Rece (2012)
Lancellotret al have shown that

1(‘
j?é nosISHS better

with normatflow, | lent ASwith preserved EF

§

than with low flow, low oradien Ith preserved EF
or high-gradient AS. )/bc

Such pts are common and most likely
represent moderate rather than severe AS






Indications for aortic valve replacement in aortic stenosis

N

AN

AVR is indicated in patMsevereAS and any symptoms related to AS.

AVRMed in patients wimw undergoing CABG, surgery of the ascending aorta or another valve.

AVR'is indicated i aSymptomatic patients witMseyere AS and systolic LV dysfunction (LVEF <50%) not due to another
cause.

AVR is incﬁ?.&d#m matic patients with severe AS an ormal exercise test showing symptoms on exercise
clearly related to'AS. D&

A ould be considered ihigh risk pagients with severe symptomatic AS are suitable for TAVI, but in whom
surgery INgvoured by a ‘heart team’ based dfi"the individwal risk profile and anato uitability.

N
AVR should be cofsiered in asymptomatic patients with se d abnormal exercise téssghowing fall in blood
pressure below baseline »

AVR should be considered in patigng with moderate AS” undergoing CABG SUrgegy, of the ascending aorta
another valve.

AVR should be considered in symptomatic patie ith low flow, low gradient/{<40 with normal EF only
after careful confirmation of severe AS.® A

AVR should be considered in symptomatic patients with severe w flow, low gradient with péduced EF, and
evidence of flow reserve.

lla
AVR should be considered in asymptomatic patients, with normal EF and none above mentioned _e’us es
abnormalities, if the surgical risk is low, and one or more of the following findings is p t: "
*Very severe AS defined by a peak transvalvular velocity >5.5 m/s or,
* Severe valve calcification and a rate of peak transvalvular velocity progression 20.3 m/s per
Ib

AVR may be considered in symptomatic patients with severe AS low flow, low gradient, and LV dysfunction Wicgout
flow reserve.

AVR may be considered in asymptomatic patients with severe AS, normal EF and none of the above mentioned
exercise test abnormalities, if surgical risk is low, and one or more of the following findings is present:
* Markedly elevated natriuretic peptide levels confirmed by repeated measurements and without other explanations
* Increase of mean pressure gradient with exercise by >20 mmHg
* Excessive LY hypertrophy in the absence of hypertension.

11b

European Heart Journal (2012) 33, 2451-2496



Algorithm fox_classification of pts with suspected LGSAS

N

Ecl‘mhﬁ{ﬂphic evidkence of thickened leaflets with reducesd rrcdsi ity

~ 4 I

Carsfully aszeszs peak '.re-b:itg.l, Mreaaura gradient (MPG), AVA, LVEF and strobke welums

AA <00 cmE D8 e AEA = 1.0 cm“ 0.6 cm%m \ WA <10 o (<0.8 crm®mT) AMA 1.0 cm® (< 0.8 cmdme)
i fg, or Paak velszity 24 rmds, or welozity <4 mis, or Peak valocity <4 mds, or

MPG =40 mm Hyg FAF G £ A0mirn Ho wsith =40 mm Hg with MPG <40 mm Hg with
Mormal LWVEF (=500 a Morrmsd LVEF (=505 and Morrms F (=503:) and Ciepressed LWEF (<533 and
Maormal flow (5% =35 mlim=) Lowe flowd (5% <35 mldmd) Formal flows TRV =35 mlrd) Lo flowe (51 <35 mil'm=)

Marmal flows, we, lowe graddient AS Horrrsl Flow, lowy gr&dlenk\ Lowe Fhowy, lowr gradisnt A5

High gradient AS 'nrilh s=rvad LVEF with ppesersad LVEF ws Paeude-AS
AT AHA and ESCYEATS ESCVEATS Class lla in (1] Congidse non-aegete AL amins Streas
Class | indicstion for AWH for WA after verifying seve -:-r mEaguremsEnt Srror Echocacgdiographn

if syrnptomatic AL I symptornstic l\

il= Resarve Mot Comtractile Ressrve \\
(E"."I imic s = 20%) BVl insteassa <« 209%%:)

MPG = 40 mmHO; or peak velocity AVA increases = 0.3cm® with minor
increasss = 0.6 mfs;, AVA <1.0 omd change in MPG or psak velocity
l I - SC/EATS Class llb /
LGSAS Pesude-AS »-— Aggressive Medical Therapy iredication for AVHR
it bornEtic

L 4

ESC/EATE Claas e ndication for AV symptomati J Am Coll Cardiol Img 20136:18859¢.




asymptomatic.very severe AS

Duk-Hyun Kang., Sung-Ji Park, Ji Hye Rim, Sung-Cheol Yun, Dae-Hee Kim, Jong-Min Song,
Suk Jung Choo, Seung Woo Park, Jae-Kwan Song, Jae-Won Lee and Pyo-Won Park

Conclusions—Compared with the conventional treatment strategy, early surgery in patients with very severe aortic stenosis
is assoclated with an improved long-term survival by decreasing cardiac mortality. Early surgery is therefore a

therapeutic option to further improve clinical outcomes in asymptomatic patients with very severe aortic stenosis and
low operative risk. (Circulation. 2010;121:1502-1509.)

Circulation. 2010:121:1502-1509



endations for the use of TAVI

Recommendations for the use of
transcatheter aortic valve implantation

N

Recommendations

TAVI should only be
undertaken with a
multidisciplinary ‘heart team’
including cardiologists and
cardiac surgeons and other
specialists if necessary.

TAVI should only be
performed in hospitals with
cardiac surgery on-site.

TAVI is indicated in patients
with severe symptomatic

AS who are not suitable for
AVR as assessed by a ‘heart
team’ and who are likely to
gain improvement in their
quality of life and to have a
life expectancy of more than
| year after consideration of
their comorbidities.

TAVI should be considered in
high-risk patients with severe
symptomatic AS who may
still be suitable for surgery,
but in whom TAV! is favoured
by a‘heart team’ based on
the individual risk profile and
anatomic suitability.

European Heart Journal (2012) 33, 2451-2496



Inadequate annulus size (<18 mm, >29 m}’\

can be treated only by surgery

Thrombus in the left ventricle \

Active endocarditis \

Elevated risk of coronary ostium obstruction (asymmetric valve calc

tion, short disl:anc:e b ses)

Plagues with mobile thrombi in the ascending aorta, or arch

Relative contraindications

Bicuspid or non-calcified valves

For transfemoralfsubclavian approach: inadequate vascular access (vessel size, calcificatia

Untreated coronary artery disease requiring revascularization

Haemodynamic instability

LVEF <20%

For transapical approach: severe pulmonary disease, LV apex not accessible

N )

European Heart Journal (2012) 33\,2¢€1—2496




“perform a more comprehens
of AS severity

to Include indices that are less flow-dependent’




In pts.with suspected LGSAS

0 Focusot only onithe VALVE (Ao
(Appearance of the*valve, Numberof cusps;Pattern of thickening, Mobility)

o Focusalso on the.LEFT VENTRICLE (LV)

o Focus also on the AORTA (A0)
O Measure BP at the time of examination

LGSAS is relatively frequent (up to 35% of-cases)
and such pts have a poorer prognosis if treated~nedically rather than surgicall

Assessment of LGSAS and further management needs echocardiologists
well trained and experienced!







| Global LV Afterload
< As a measure of global LY afterload. we calculated the wvalvulo-

arterial impedance;?

" _SAP+ME

where 5AF is the systolic arterial pressuare and MG s the mean
transvalvular pressure gradient. Hence £, represents the walwvular
and arterial factors that oppose veniricular ejection by absorption of
the mechanical energy developed by the left ventricle.! The mea-
siurement of systemic arterial pressure was nol performed at the time
of the Doppler echocardiographic study in 86 patients. Systemic
vascular resistance, SAC, and Z_ could thus not be determined in
these patients. However, there was no significant difference in the

missing rates of these variables as well as those of the LVEF and
stroke volume measured by the Simpson method between the MF and

PLF groups.



Gor@\, ation (cath lab)
B i\

the Gorlin equation (AVA = LR CO indi-

AvAFm ° :
C ejection period,

cating cardiac output, SEP systgi

HR heart rate ™~ . U[(:q
)%



ojected AVA

AN

(Truly or Psendo Severe Aortic Stenosis) multicenter
study recently proposed a new parameter: the projected
valve EOA at a normal transvalvular flow rate [22¢]. For
each patient, EOA is plotted against transvalvular flow
(Q) at each dobutamine stage, and the EOA at a stan-
dardized value of flow rate of 250 mL/sec 1s projected
from the equation of the regression line fitted to the EOA
versus (Q plot. The projected EOA can correct for impor-
tant inter-individual variability in the flow response to
dobutamine stress echocardiography and can improve
this test’s diagnostic accuracy to distinguish true severe
from pseudo-severe AS in patients with low-flow, low-

gradient AS.

Current Cardiology Reports 2008, 10:91-97



Eer%i\ o-Stress Echocardiography
he mal Jﬁ' fthis stutlyis that ESE provides incremental prog-

NOSHC IMfe rrmtinﬁ:e@ t obtained by resting echocardiogra-
phy or exercise~testing . A increateln mean gradient
5e_Was |

=20 mmHg during exert

ently assotiated with a
3.8-fold increase in the risk of event.after a gyfk{r others
re

factors including age, diabetes, LV hypertrapt nt, and
peak exercise LV ejection fraction. Moreover, patieftshaving both




text.

Contraindication
for AVR®

Physically
active

Short life
sctancy

High risk
for AVR®

Sympbeggs or fall in blood
pressure Delpw baseline
* [N

Presence of risk factors® and low/intermediate
individual surgical risk

R

T |

Re-evaluate in é months AVR or TAVI

AS = zortic stenosis; AVR = aortic valve replacement: BSA = body surface area; LVEF = left ventricular ejection fraction; Med R = medical therapy;
TAV1 = transcatheter acrtic valve implantation.

See Table 4 for definition of severe AS.

*Surgery should be considered {lIaC) if one of the following is present: peak velocity >5 Smis; severe valve calcification + peak velocity progression 0.3 m/s/year. Surgery may be
considered (IIbC) if ane of the following is present: markedly elevated natriuretic peptide levels; mean gradient increase with exercise >20 mmHg; excessive LV hypertrophy.
“The decision should be made by the heart team’ according to individual dlinical characteristics and anatomy..

Y

Management of severe aortic stenosis. The management of patients with low gradient and low ejection fraction is detailed in the

European Heart Journal (2012) 33, 2451-2496



Rule out small body !

AVAL = (L6 ::m‘fm

Consider paradoxical
lone=flone AS

Rule out pseudo-severe AS:
Consider paradoxical Exercise stress
lowe=flionee severe AS echocardiography, calcium
score by CT

Curr Cardiol Rep(2010) 12:108-115



L . Stroke Work Loss (SWL)

M SAP

where SAP is the systolis brachn@}qmssme 1 Hg

Circulation. 2006:113:71-721
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