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Low Flow Low Gradient Aortic Stenosis —
Challenges in Diagnhosis and Management
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~ Prevalence

Aortic stenosis is estimated to
be prevalentin up to 7% of the
population over the age of 65*

It is more likely to affectmen
than women; 80% of adults
with symptomatic aortic
stenosis are male3

Severe Aortic Stenosis

AS Prevalence
+The prevalence is 1.3% of people

aged years and 4% of people‘ '

older than " © years of age.

0.3

“+The average
progression time from

aortic sclerosis to severe

Rate of AS

progression aortic stenosis is

Ramaraj R, Sorrell VL; Degenerative aortic stenosis. BMJ. 2008 Mar 8;336(7643):550-5.
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95

— Lindroos et al.

— Eveborn et al.

— Stewart et al.

- Danielsen et al.

Nkomo et al.
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ophysiology

VALVE HISTOLOGY SHOWING PROGRESSION OF THE DISEASE
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AP PSP A

Initiating factors: Disease progression: End-stage disease
Bicuspid valve Age and sex
Genetic factors Increased serum lipids
Shear stress Inc d blood
Diabetes and metabolic syndrome
Early lesion Stodng

,/’\

o AF Fibroblast Increased alkaline phowhamsa

_Osteopontin — _Increased BMP-2
sl e “Ostoobiast Increased osteocalcin

B Normal Aortic sclerosis Mild to moderate aortic stenosis

DOPPLER AORTIC JET VELOCITY

0 ——v— 0 - 0
1 ) 14
8 2 2 2
E 3- 3 3
4 - 4 4
5 5 5
NORMAL AORTIC SCLEROSIS MILD TO MODERATE SEVERE AORTIC
<2.5 m/sec AORTIC STENOSIS STENOSIS

C 2.5-4.0 m/sec >4 m/sec
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2 Onset of severe symptoms

Natural History = ;T
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Aortic Stenosis - Causes

Most common :-
Bicuspid aortic valve with calcification
Senile or Degenerative calcific AS
Rheumatic AS



General Approach by Echo

Morphology

Etiology

Colour Doppler

Quantitative assessment

Effect on chamber size and function

Put everything together and see if the parameters are
concordant
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Anatomic Evaluation

Combination of short and long axis images to identify
Number of leaflets
Describe leaf mobility, thickness, calcification

Combination of imaging and Doppler allows the
determination of the level of obstruction; sub-valvular,
valvular, or supra-valvular.



Calcific vs. Rheumatic Aortic Stenosis
7 i g i

Commissural fusion

. Triangular systolic orifice
BICUSPID AORTIC VALVE Thickening +/- calcification

e G Accompanied by
Nodular calcific masses on aortic side of : ;
rheumatic mitral valve

SR , / changes
No commissural fusion

Free edges of cusps are not involved
Stellate-shaped systolic orifice
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assification of progression of
Valvular Heart Diseases

Table 3. Stages of Progression of VHD

Stage Definition Description
A At risk Patients with nisk factors for development of VHD
B Progressive Patients with progressive VHD (mild-to-moderate severity and asymptomatic)
C Asymptomatic severe Asymptomatic patients who have the critena for severe VHD:
C1: Asymptomatic patients with severe VHD in whom the left or right
ventricle remains compensated
C2: Asymptomatic patients with severe VHD, with decompensation of the
left or nght ventricle
D Symptomatic severe Patients who have developed symptoms as a result of VHD
VHD indicates valvular heart disease.

J Am Coll Cardiol. March 2014



> —

\/

Stages of Aortic Stenosis

commissural fusion

39 mm Hg

Stage | Definition Valve Anatomy Valve Hemodynamic | Symptoms
Hemodynamics | Consequences
A At risk of Bicuspid aortic e Aortic e« None e« None
AS valve (or other Viax <2 m/s
congenital valve
anomaly)
Aortic valve
sclerosis
B Progressive Mild-to-moderate e Mild AS: Aortic |e Early LV e None
AS leaflet calcification Vihax 2.0-2.9 diastolic
of a bicuspid or m/s or mean dysfunction
trileaflet valve with AP <20 mm Hg may be
some reduction in |e Moderate AS: present
systolic motion or Aortic V., o Normal LVEF
Rheumatic valve 3.0-3.9 m/s or
changes with mean AP 20—
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severe AS with
LV dysfunction

calcification or
congenital
stenosis with
severely
reduced leaflet
opening

or mean AP 240
mm Hg

AVA typically is

<1 cm? (or AVAI
<0.6 cm?/m?)

Stage Definition Valve Anatomy Valve Hemodynamic | Symptoms
Hemodynamics Consequences
C - Asymptomatic severe AS
C1l Asymptomatic |e Severe leaflet Aortic V., 24 m/s |e LV diastolic None—
severe AS calcification or or mean AP 240 dysfunction exercise
congenital mm Hg e Mild LV testing is
stenosis with AVA typically is hypertrophy reasonable
severely <1 cm? (or AVAI e Normal LVEF to confirm
reduced leaflet | <0.6 cm?/m?) symptom
opening Very severe AS is status
an aortic V.,
=25 m/s, or mean
AP 260 mm Hg
C2 Asymptomatic |e Severe leaflet Aortic V., 24 m/s |e LVEF <50% None
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with reduced
LVEF

leaflet motion

shows AVA <1 cm? with
Vax 24 m/s at any flow
rate

Stage| Definition |Valve Anatomy| Valve Hemodynamics Hemodynamic Symptoms
Consequences
D - Symptomatic severe AS
D1 Symptomatic |e Severe leaflet |e Aortic V,,,, 24 m/s, or o LV diastolic « Exertional
severe high- calcification or | mean AP 240 mm Hg dysfunction dyspnea or
gradient AS congenital » AVA typically is <1 cm? (or |e LV hypertrophy decreased
stenosis with | AVAI <0.6 cm?/m?), but e Pulmonary exercise
severely may be larger with mixed hypertension may | tolerance
reduced AS/AR be present « Exertional
leaflet opening angina
« Exertional
syncope or
presyncope
D2 Symptomatic |e Severe leaflet |« AVA <1 cm? with resting e LV diastolic o HF,
severe low- calcification aortic V,,,, <4 m/s or mean | dysfunction e Angina,
flow/low- with severely | AP <40 mm Hg o LV hypertrophy e Syncope or
gradient AS reduced e Dobutamine stress echo |« LVEF <50% presyncope
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e Measured when
the patient is
normotensive
(systolic BP <140
mm HQ)

o LVEF 250%

Stage Definition |Valve Anatomy Valve Hemodynamic Symptoms
Hemodynamics Consequences

D - Symptomatic severe AS

D3 Symptomatic |eSevere leaflet [« AVA <1 cm? with |eIncreased LV o HF,
severe low- calcification aortic V.., <4 m/s, | relative wall e Angina,
gradient AS with severely | or mean AP <40 thickness e Syncope or
with normal reduced leafletf mm Hg e Small LV chamber | presyncope
LVEF or motion e Indexed AVA <0.6 | with low-stroke
paradoxical cm?/m? and volume.
low-flow « Stroke volume e Restrictive diastolic
severe AS index <35 mL/m? | filling
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Diagnostic dilemma

The diagnosis of “severe aortic stenosis” can be confidently
established when the data are congruent with each other

Normal flow, Normal EF, High gradient (Stage D1)

What if there are mismatch of information??
“severe AS by AVA” but low gradient, low EF
“mild AS by AVA” but high gradient, normal EF

Always review the measurements first before jumping to
conclusion




Doppler Assessment of AS

The primary haemodynamic parameters recommended
Peak transvalvular velocity
Mean transvalvular gradient

Valve area by continuity equation (LVOT diameter
measured)



Peak/Mean Gradient

Continuous-wave Doppler ultrasound

Multiple acoustic windows
Apical and suprasternal or right parasternal most frequently

yield the highest velocity
rarely subcostal or supraclavicular windows may be
required

The peak gradient is calculated from maximum
velocity by Bernoulli equation
AP max =4v? max

The mean gradient is calculated by averaging the
instantaneous gradients over the ejection period




oppler Angle

As angle increases, velocity underestimated

() el

90
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Flow

~20% cases peak velocity are not
obtained from usual apical windows






Aortic Valve Area ——— K
Continuity Equation

AVA = CSAwor X VTlwor / VTlav

Calculation requires three measurements
AS jet velocity time integral (VTI) by CWD
LVOT diameter for calculation of a circular CSA
LVOT VTI recorded with pulsed Doppler

Index for BSA especially for small built patient
AVAIi < 0.6 cm2/m2 BSA — severe stenosis
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LVOT diameter

LVOT diameter is measured
from the inner edge to inner AVA Vmax 2.8 cm2

AVA (VTI) 3.1 cm2
edge of the septal LVOT Diam_ 2.1 cm

endocardium, and the anterior
mitral leaflet in mid-systole

ZOOM-IN, multiple
measurement

Largest source of error in AVA
calculation (error would be
squared)




2D Echo LVOT measurement- Limitation




_ Conditions affecting
(thus gradient)

Increase flow Decrease flow
Anaemia Poor LV
Thyrotoxicosis Severe MR
Fever Severe MS
Severe AR Severe TR

Check for proportionate change of LVOT TVI
Do not just report gradient without calculating AVA



>
L\VOT/AV TVI ratio

Dimensionless index

Error of LVOT diameter measurement “ignored”
Suboptimal CW or PW beam angle “ignored”
Effect of high flow “ignored”

Provide an alternative if AVA difficult to assess
< 0.25 —severe aortic stenosis



Low-Flow Low-Gradient (LFLG) AS

NORMAL-LVEF NORMAL-LVEF LOW-LVEF 1 f - o
NORMAL-FLOW,  “PARADOXICAL” “CLASSICAL”
HIGH-GRADIENT LOW-FLOW, LOW-FLOW, ow Tlow Low gradient

LOW-GRADIENT LOW-GRADIENT AS AS Wlth LOW EF
Ve Ve (Classical, D2)

Low flow Low gradient
AS with Normal EF
(Paradoxical, D3)

Normal-Flow, Low-
Gradient AS
(?Measurement
error, ??D4)

DIASTOLE

SYSTOLE




/ LOW-LVEF

“CLASSICAL”

Classical LFLG AS (D2)  oveiiissis

Low Flow secondary to Low EF due to
myocardial dysfunction

secondary to AS
secondary to other causes
primary myocardial disease

“Psedo-severe” AS with impaired LVEF
DCMP(Primary Myocardial Dysfunction)
Ischemic Heart Disease
HT Heart Disease (After load mismatch)
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Dobutamine Stress Echo (DSE)

Measure of the contractile response to dobutamine

Assess for flow reserve, change in EOA and change in Gradient and
velocity

Low dose protocol up to 20 pg/kg/min

Stress findings of true severe stenosis
AVA < 1cm?
Jet velocity > 4m/s

Mean gradient >40 mmHg
Nishimura RA et al. Circulation 2002;106:809-13.

Lack of contractile reserve-

Failure of LVEF to I® by 20% is a poor prognostic sign
Monin JL et al. Circulation 2003;108:319-24.



Peak
Mean |
AVA 0.5 cm?

Ll
+sAVVTI o

Vimax Ne
Max PG 40 rvwm
Mean PG 250 menMg
LAL 789 em

AVA(VT) 048 cm".

e

Ll
«AVVT ')

Vrax 408

Max PG .Im
Moan PG 38.80 mmMg
LAL 727 om

~AVA (VTY) osdcin'.

ma




Baseline 5 ug/kg/min
Peak Vel 2.7 m/s Peak Vel 2.8 m/s
AVA=1.0 cm? AVA=1.1cm?

R S S B W |

e W?"*

Peak velocity stable, AVA increased, contractile reserve +, absence of severe AS
10 ug/kg/min 20 ug/kg/miin

Peak Vel 2.8 m/s Peak Vel 2.9 m/s
AVA=1.2 cm? AVA=1.4 cm?

' w ; ‘“ ‘~
Ve

B Ty am. 3
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Lack of Contractile Reserve

Defined by increase in SV <20% during DSE or
catheterization

Higher operative mortality (22% to 33%) than those with
flow reserve (5% to 8%).
Higher prevalence of multivessel CAD

Yet, should NOT preclude consideration of AV surgery in
symptomatic subjects with severe AS




CLASSICALLOW-FLOW LOW-GRADIENTAS

AVA<1.0 cm®> AVAi<0.6 cm¥m?> MG<40 mmHg | @é ) W
| ¥

LVEF<50%
|

Dobutamine-Stress Echo

¥ ,
TSV <20 %
AS Severity
\ 2 Indetermmate
MDCT: AQV Ca Score
>1200"" >2000°

/ \ Yes

Surgical/
Transcatheter AVR

Surgical/

HF Therapy Transcatheter AVR



Valvular Heart Disease

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

Claudia Blais, MSc; Tan G. Burwash, MD; Gerald Mundigler, MD; Jean G. Dumesnil, MD;
Nicole Loho, MD: Florian Rader, MD; Helmut Baumgartmer, MD: Rob S. Beanlands, MD;
Boris Chayer, Eng; Lyes Kadem, Eng, PhD; Damien Garcia, Eng, PhD;
Louis-Gilles Durand, Eng, PhD; Philippe Pibarot. DVM, PhD

Background—We sought to investigate the use of a new parameter, the projected effective orifice area (EOA) at normal
transvalvular flow rate (250 mL/s), to better differentiate between truly severe (TS5) and pseudo-severe (P5) aortic
stenosis (AS) during dobutamine stress echocardiography (DSE). Changes in various parameters of slenosis severity
have been vsed to differentiate between TS and PS5 AS during DSE. However, the magnitude of these changes lacks
standardization because they are dependent on the variable magnitude of the transvalvular flow change ocourring during
DSE.

Methods and Results—The use of EOA; to differentiate TS from PS AS was investigated in an in vitro model and in 23
patients with low- flow AS (indexed EOA <0.6 em®/m?, left ventricular ejection fraction =40%) undergoing DSE and
subsequent aortic valve replacement. For an individual valve, EOA was plotted against transvalvular flow () at each
dobutamine stage, and valve compliance (VC) was derived as the slope of the regression line fitted to the EOA versus
Q plot; EOA,,; was calculated as EOA,,=EOA,,+VCx(250—Q,.), where EOA,, and Q. are the EOA and () at rest.
Classification between TS and PS was based on either response to flow increase (in vitro) or visual inspection at surgery
(in vivo), EOA,.; was the most accurate parameter in differentiating between TS and PS5 both in vitro and in vivo. In
vivo, 15 of 23 patients (65%) had TS and 8 of 23 (35%) had PS. The percentage of correct classification was 83% for
EOA,; and 91% for indexed EOA_; compared with percentages of 61% to 74% for the other echocardiographic
parameters usually used for this purpose.

Conclusions—EOA,; provides a standardized evaluation of AS severity with DSE and improves the diagnostic accuracy

for distinguishing TS and PS AS in patients with low-flow, low-gradient AS. (Circulation. 2006;113:711-721.)

Key Words: aortic valve stenosis m echocardiography m hemodynamics m surgery m valves




Projected EOA

1.4

1.2
Effective
il 10 Josrsccuumsne sy . e
Area (cnr) 0.8 E valve compliance (VC)
0.6 R : VC=AEOA/ AQ
. R i I VC=0.15/ 70=0.0021

100 150 200 ([250( 300

Mean Transvalvular Flow Rate (ml/s)

EOAProjected = E()ARest +VC x (250 = QRest)
=0.70 + 0.0021 x (250 - 130) = 0.97 cm?




Paradoxical LFLG AS (D3) - essentials

NORMAL-LVEF

Old, female, concomitant HT “PARADOXICAL”

LOW-FLOW,
LOW-GRADIENT

Pronounced LV concentric remodeling
Small LV with restrictive filling

Higher valvulo-arterial impedance
(Zva)

(Small body size — index AVA may be
helpful but not for obese patient)

\



Valvulo-arterial Impedance (Zva)

Static Pressure

Total Load

SAP } Vascular Load

>

Flow axis

Valvulo-Arterial Impedance
Briand et al., JACC 2005; LVSP MG,,, + SAP :
46:291-8 = Impact on survival
Hachicha et al., Circulation SVi Svi if > 3.5mm Hg/ml/m?
2007;115:2856-2864




Decreasing blood pressure

~ Decreased Arterial Pressure

1404 _~<EDV -~ a 140 - RK 15
j a —
E e Control
E 80 E
3 SV E
> © 70+
> - = | Afterload
SV =EDV - ESV 7
(O]
20— T T T T d,'
Time (sec) 3
0 1 1
_ 0 70 140
Increase SV -> Increase transvalvular gradient LV Volume (mL)

Try to assess AS severity at normotensive state




" Calculated AVA < 1y
MG > 40mmHg

True severe aortic stenosis

Nitroprusside

Diagnosis

AS

Calculated AVA < 1cm?
MG < 40mmHg

150
100
50
o

Mean
Vaive aren
PAWP

16 mm Hg
0.6 o
20 mm Hg

Paradoxical LGAS

Paradoxical low gradient aortic stenosis

Treatment

N/A True AS AVR
\ Pseudo AS Medical
N/A Uncertain Further evaluation

Yogesh N.V. Reddy. Circulation.

MG

>40 mmHg

<30 mmHg

N/A

Exercise

HFpEF

© MAYO CLINIC

Primary resistor at vascular level

Diagnosis Treatment
'T‘ '1‘ True AS AVR
A A Pseudo AS Medical
'T‘ Normal Noncardiac Rx underlying cause

Paradox of Low-Gradient Aortic Stenosis, Volume: 139, Issue: 19, Pages: 2195-2197



orse prognosis the
if treated medically

Survival (%)
Survival (%)

severe AS

PLF surgizal
"\!-\ﬁ-— e NF surgical

.-'
L e

*”"} L.—.-—-—l NF medical

P<0.001 (0.002*; 0.017*") 1 1

P = 0.006 (0.045%; N5™)

Number of gatients at risk
Number of patients atrisk

Le o == =l .PLF medical

|
|
L
18 25 o
125 76 1
™ 10 B eisro o

n 14

Follow-up (years)

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

“-fw =« 8 =

2 3
Follow-up (years)
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Prognosis

Worse than moderate AS (albeit contradictory reports)
Worse than severe AS with high gradient group

Lower overall 3-year survival (76% versus 86%)
e (p<0.006in 512 patients By Hacicha et al.)

Two-fold increase in mortality and an almost 50% lower
referral rate (?undertreated) for AVR in the low gradient
AS compared to the high gradient group (Barasch et al)
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Reassess PARADOXICAL LOW-FLOW LOW-GRADIENT AS
AVA<1.0 cm? AVAi<0.6 cm¥m? MG<40 mmHg
LVEF=>50% SVi<35 ml/m?
|
STEP#1 Corroborate measurement of
Measurement Error? SV, AVA, MG by other methods
No
* No or equivocal
STEP#2 | 1
Symptoms? *
g Close Follow-up
1:;(5 € ——— +-Exercise Testing
Anti-hypertensive v STEP #3 T
Therapy il Hypertension? Pseudo.
1\;{] Severe
Rule out pseudo-severe AS: * I
- AoV Calcium by MDCT I— SLED#4

Stenosis Severity?
| |
True-Severe

¥

Consider Surgical or Transcatheter AVR
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Echocardiographic evidence of thickened leaflets with reduced mobility

2

Carefully assess peak velocity, mean pressure gradi

NFHG N EF

LFLG N EFY

D3

AVA <1.0 em? (<0.6 cm*/m?)
Peak velocity >4 m/s, or
MPG =40 mm Hg with
Normal LVEF (=50%) and
Normal flow (SVI 235 miim?)

AVA <1.0 cm? (<0.6 cm®/m?)
Peak velocity <4 m/s, or
MPG <40 mm Hg with
Normal LVEF (=50%) and
Low flow (SVI <35 ml/m?)

(o2

G), AVA, LVEF and stroke mluny

LFLG Low EF

AVA <1.0 em® (<0.6 cm*/m?)
Peak velocity <4 m/s, or

MPG <40 mm Hg with
Normal LVEF (=50%) and
Normal fiow (SVI 235 mifm?)

AVA <1.0 cm® (<0.6 cm*/m®)
Peak velocity <4 m/s, or
MPG <40 mm Hg with
Depressed LVEF (<50%) and
Low flow (SV1 <35 mlim?)

¥

L 2

L 2

4

Normal flow, Low flow, low gradient AS MNormal flow, low gradient AS Low flow, low gradient AS
High gradient AS with preserved LVEF with preserved LVEF vs Pseudo-AS
ACC/AHA and ESC/EATS ESC/EATS Class lla indication ( Consider non-severe AS Dobutamine Stress
Class | indication for AVR for AVR after verifying severe or measurement error Echocardiography
it symptomatic AS if symptomatic
MSCT — extent of AV calcium l
Contractile Reserve No Contractile Reserve

(SVI increases > 20%)

(SVI increases < 20%)

MPG > 40 mmHg; or peak velocity
increases > 0.6 m/s; AVA <1.0 cm®

AVA increases = 0.3cm? with minor
change in MPG or peak velocity

2

LGSAS

2

2

or

Pseudo-AS »

Aggressive Medical Therapy

‘.

ESC/EATS Class lla indication for AVR if symptomatic

ESC/EATS Class lib
indication for AVR
if symptomatic

Algorithm for classification of patients with LGSAS



CENTRAL ILLUSTRATION: Algorithm for the Management of Low-Gradient
AS

OW GRADIENT AS
AVA=<1.0cm? and MG<40mmHg

STEP 1: CONFIRM ACCURACY OF MEASUREMENTS

CORROBORATE SV, AVA, AND MG BY OTHER METHODS:

LVOT area: Compare with predicted value, 3D echo, MDCT
SV: Modified Teichholz, 3D echo, CMR

AVA: DVI, TTE/TEE Planimetry, Hybrid (MDCT-Doppler), CMR
MG: Multi-window CW interrrogation, Catheterization

LVEF250% F250%
10/
Eksate SVi<35ml/m? SViz35ml/m?

CLASSICAL e NORMAL-FLOW
LOW-FLOW et LOW-GRADIENT
LOW-GRADIENT +Symptoms + Symptoms

Identify Potential Causes of Low-Flow State:

Low LVEF, LV restrictive physiology,
reduced GLS, MR, MS, AFib

STEP 3: CONFIRM AS SEVERITY

Stl’ESS |

DOBUTAMINE STRESS ECHO

MG=40mmHg (AVA<1.0cm?)
Projected AVA<1.0cm?

Assess valve morphology by TTE/TEE:
Severe valve thickening/calcification

YEs [ N |
SEVERE AS MDCT: Modified Agatston Method NON-SEVERE AS
AVR (Class lla) AVC22000 AU in men, 21200 AU in women No AVR (Class 1Il)
l AVCd2500 AU/cm? in men, 2300 AU/cm? in women l
STEP 4: SELECT TYPE OF AVR STEP 4: MEDICAL MANAGEMENT
+ Consider Type of Low-gradient AS « Identify cause of symptoms
» Assess surgical risk: comorbidities, risk scores, frailty, « Optimize heart failure therapy
absence of flow reserve on dobutamine stress echocardiography « Optimize anti-hypertensive therapy

l « Close follow-up

CLASSICAL PARADOXICAL NORMAL-FLOW
LOW-FLOW LOW-FLOW LOW-GRADIENT
7’ | i LOW-GRADIENT  LOW-GRADIENT (Stage D4?)
¥ (Stage D2) (Stage D3)
T L TAVR i ’
l TAVR Preferred | ’ Preferred I ’ SAVROFTAVR ‘ \

Clavel, M.-A. et al. J Am Coll Cardiol Img. 2017;10(2):185-202.
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Aortic valve area, cm 2

Indexed aortic valve
area, cm2/m 2

Mean gradient, mm
Hg

Zya, mmHg-ml~1-m2

LV end-diastolic
diameter, mm

Relative wall thickness
LVEF, %

Mitral ring
displacement, mm

Global longitudinal
strain, %

Stroke volume index,
mlm 2

Mean flow rate, ml's
Myocardial fibrosis

CT valve calcium
score, AU

Plasma NT-proBNP,
pg/ml

ypical characteristic

Normal-Flow,
High-Gradient

=10
=06

=40

~45
4555

>0.43
>50
5-15

14-20

=35

>200

>1,650

<1,500

s of 3 differ

ent enti

Preserved LVEF (Paradoxical), Reduced LVEF,

Low-Flow, Low-Gradient
1.0
<06

<40

=45
<47

>0.50
=50
<8

<14

=35

<200

>1,650

~1,500

Low-Flow, Low-Gradient
=10
<06

<40

=45
=50

0.35-0.55
<50
<8

<14

<35

<200

>1,650

>1,500

nnnnnn



Impact of Classic and Paradoxical Low
Flow on Survival After Aortic Valve
— Replacement for Severe Aortic Stenosis

Marie-Annick Clavel, DVM, PuD, Maxime Berthelot-Richer, MD, Florent Le Ven, MD, MSc, Romain Capoulade, PuD,

Abdellaziz Dahou, MD, MSc, Jean G. Dumesnil, MD, Patrick Mathieu, MD, Philippe Pibarot, DVM, PuD

CENTRAL ILLUSTRATION Impact of Flow and Ejection Fraction After Aortic Valve Replacement
FIGURE 1 Study Flow Chart
Expected Operative Mortality According Observed Operative Mortality According
3011 patients und nt AVR Prevalence of Ejection Fraction/Flow Groups to Ejection Fraction/Flow Groups to Ejection Fraction/Flow Groups
between 2002 and 2010 60 40 1% 87% I 6.3% 6.3%
50— 8 6
. . 7 54
245: concomitant aortic surgery 40— 6 2
556: Multi-valve surgery 20+ 28% S 385 4.4% ;
- 3 |
20 18% 3] S 1.8%
2210 AVR +CABG 10 % - ] _J
- — 0 -
226: Previous O Heart S Normal radoxighl Low Ejection Normal  Paradoxical Low Ejection Normal  Paradoxical Low Ejection
s Frevious Upen Reart aurgery Flow F Fraction Flow Low Flow Fraction Flow Low Flow Fraction
1984 AVR +CABG . .
as first Open Heart Su Adjusted Cox Survival Curves
100 —
352: Incomplete/unavailable Echocardiography
478: Non severe AS (primary indication for AVR:
CABG, aortic insufficiency, endocarditis...) 80 —
g
1154 AVR +CABG z
as first Open Heart Surgery £ 60— —p=028
vy
| 3 Normal Flow _
'] ¥ g Paradoxical Low Flow HR__J 65]3
. © Low Ejection Fraction p=
612 isolated AVR 542 AVR +CABG 10 —
AVR — aortic valve replacement; AS — aortic stenosis; CABG — coronary artery bypass 20 I 1 I I I
raft.
g 0 2 4 6 8 10

Follow-up Time (Years)

Clavel, M-A. et al. J Am Coll Cardiol. 2015; 65(7):645-53.

Prevalence for patient groups, 30-day mortality, and overall survival in normal flow (red line), paradoxical low flow (blue line), and low ejection fraction (orange line)
patients. Survival is shown by Cox survival curves adjusted for age, female sex, New York Heart Association functional class IIl or IV, atrial fibrillation, chronic kidney
failure, diabetes, coronary artery disease, chronic obstructive pulmonary disease, left ventricular mass index, and mean gradient.




Transcatheter Aortic Valve Replacement
in Patients With Low-Flow,
Low-Gradient Aortic Stenosis

The TOPAS-TAVI Registry

n

I

Henrigue Barbosa Ribeiro, MD, PuD,” Stamatios Lerakis, MD,” Martine Gilard, MD, PuD," Jodo L. Cavalcante, MD,"
Raj Makkar, MD,* Howard C. Herrmann, MD,’ Stephan Windecker, MD,* Maurice Enriquez-Sarano, MD,"

Asim N. Cheema, MD,' Luis Nombela-Franco, MD, PuD,’ Ignacio Amat-Santos, MD, PuD,*
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CONCLUSIONS

TAVR was associated with good
periprocedural outcomes in
patients with LFLG-AS.

LVEF improved following TAVR,
but DSE failed to predict clinical
outcomes or LVEF changes over
time.
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1-Year Survival After TAVR of Patients ﬂ
With Low-Flow, Low-Gradient and
High-Gradient Aortic Valve Stenosis in
Matched Study Populations

Ulrich Fischer-Rasokat, MD, PuD,*"” Matthias Renker, MD,>““ Christoph Liebetrau, MD, PuD,*™

Amaud van Linden, MD,* Mani Arsalan, MD,** Maren Weferling, MD,* Andreas Rolf, MD, PuD,>™

Mirko Doss, MD, PuD," Helge Méllmann, MD, PsD," Thomas Walther, MD, PxD,>%¢ Christian W. Hamm, MD, PaD,>"¢
Won-Keun Kim, MD*®¢

FIGURE 1 Flow Chart Ilustrating the 3 Groups Derived From the Entire Patient Population

Patients undergoing TAVR between January 2011 and September 2017
n=2282

=3 72 patients with indication other than native valve aortic stenosis

3 12 patients with access route other than TF or TA
=2 109 patients without 30-day follow-up information

Included only when indexed AVA/BSA < 0.6 cm?/m?

MPG 2 40 mmHg MPG < 40 mmHg

1
Included only when indexed SV/BSA < 35 ml/m?

—3 40 patients with ejection fraction 41-49%
—2 171 patients with inconclusive data

410

LVEF <40 % LVEF 2 50 %
| 1
1052 166 244

AVA = aortic valve area; BSA = body surface area; MPG = transvalvular mean pressure gradient; HG-AS = high-gradient aortic stenosis; LFLG-
AS = low-flow, low-gradient aortic stenosis; LVEF = left ventricular ejection fraction; pLFLG-AS = paradoxical low-flow, low-gradient aortic
stenosis; SV = stroke volume; TA = transapical; TF = transfemoral; TAVR = transcatheter aortic valve replacement.
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Unmatched

FIGURE 2 Survival Curves Based on All-Cause Mortality for Patients in the Overall (Unmatched) Study Population
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Kaplan-Meier survival estimates for all-cause mortality of matched patients with (A) high-gradient aortic stenosis (HG-AS) and Low-flow, low-gradient aortic stenosis
(LFLG-AS) and (B) HG-AS and paradoxical low-flow, low-gradient aortic stenosis (pLFLG-AS).
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TABLE 5 Clinical Outcomes

follow-up

HG-AS LFLG-AS p HG-AS  pLFLG-AS p
(n=68) (n=268) Value (n =113) (n=113) Value
30-day clinical outcomes
Overall mortality 4(59) 9(13.2) 0145 B8(7.0) g8 (7.0 NS
In-hospital mortality 3(4.4) g2(M.8) o0me 8(7.0) 6 (5.3) 0.581
Cardiovascular mortality 4(59) 8Mm.a) 0281 7(6.2 5(44) 0.53
Major stroke 1(1.5) 3(44) 0310 327 5(44) 0472
Major vascular complication 4 (5.9) 4 (5.9) NS 6 (5.3) 9 (8.0) 0.423
New pacemaker implant N{6.2) 12(17.6) 0.819 24 (21.2) 13(11.5) 0.048
Acute kidney injury
Stage 1 7(103) 344 N (9.7 4(35)
Stage 2 1(1.5) 3(44) 0352 7(6.2) 3(2.7) 0.068
Stage 3 2(2.9) 4 (5.9) 2 (1.8) 6 (5.3)
Any event according to VARC-2 26 (38.2) 27 (39.7) 0.860 51(45.1) 42 (37.2) 0.224
criteria
EF unchanged or improved* 40 (100) 26 (78.8) 0.002 41(65.1) 44 (68.8) 0.660
1-yr clinical outcomes
Overall mortality 1M {(16.2) 21(30.9) 0.043 18(15.9) 21(18.6) 0.597
Cardiovascular mortality 9 (13.2) 16 (23.5) 0122 14(12.4) 16(14.2) 0.864
Major stroke 1(1.5) 3({4.4) 0310 327 8(7.1) 0.a22
New pacemaker implant 12(17.6) 18 (26.5) 0.215 25(22.1) 14 (12.4) 0.053
Decompensation after 30-day 3(4.4) 5(74) 0466 2(1.8) 5(44) 0249

replacement.

and 4.

Values are n (%). *In survivors with echocardiographic exam 30 days

after transcatheter aortic valve

EF = gjection fraction; VARC-2 = Valve Academic Research Consortium-2; other abbreviations as in Tables 1
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Moderate AS High Gradient AS Low Gradient AS
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Choice of TAVR Versus Surgical AVR in the
Patient With Severe Symptomatic AS (Modified)

Severe AS Class |
Symptomatic
(stage D) Class lla
Class llb
\
Low surgical Intermediate surgical High surgical Prohibitive surgical
risk risk risk risk
Surgical AVR | |Surgical AVR TAVR Surgical AVR or TAVR TAVR
(Class ) (Class I) (Class lla) (Class I) (Class I)
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Take Home Message

Understand different subtypes of severe AS

Exclude measurement errors and other concomitant flow
conditions first

Optimal hemodynamic condition during Echo assessment
Integrated approach, additional imaging modalities
Correlate with patient’s symptoms

“Dichotomous” cutoff values in guideline — apply with
cautions

Emerging role of TAVI in subtype D2 (classical LFLG) and
D3 (paradoxical LFLG)



