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Low-Flow, Low-Gradient Severe(?) AS

True-Severe AS Pseudo-Severe AS

Normal Flow Normal Flow




“Classical” Low-Flow,
Low-Gradient AS with

Reduced LVEF
&

LVEF=25%
SV=42 mL
MG=25 mmHg



- [LVEF<50%
. AVA<L.0
| AP<40

Dobutamine-Stress Echo

v
TSV >20%

MSCT: AoV Ca Score
>12009 >20004

) Yes

SAVR & CABG SAVR (High Op. Risk)
TAVR + PCI HF Therapy TAVR? BAV+TAVR?



2014 ACC/AHA Guidelines on Management of
VHD: Indications for AVR In AS

Definition: AVA<1.0 em?, Mean gradient<40 mmHg, Stage: D2
LVEF<50%

Recommendation Class Level
AVR is reasonable in symptomatic patients with low LVEF, low- lla B

flow/low-gradient severe AS with a DSE that shows a mean
gradient >40 mm Hg with an AVA <1.0 cm? at any dobutamine dose

Nishimura, Otto et al.
JACC 2014



2012 ESC/EACTS Guidelines on Management
of VHD: Indications for AVR In AS

Severe AS on DSE: Increase in AVA <0.2 cm? with final AVA <1 cm?;
mean gradient >40 mmHg

Flow reserve: >20% increase in stroke volume

Vahanian etal. EHJ 2012



Case

Resting Echo
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Case:

» Contractile/flow reserve: Yes

» Stenosis severity: True-severe



LVEF=25% SV=51 ml

AVA= 0.8 cm?
AP=46 /27 mmHg
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LVEF=30%
AVA= 0.8 cm?
AP=52 /30 mmHg
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Case:

» Contractile/flow reserve: No

» Stenosis severity: Indeterminate



Usefulness of AoV Ca Scorin% by MDCT to
Differentiate True vs. Pseudo- Severe Stenosis

INn Low-Flow, Low-Gradient AS
Pseudo-Severe True-Severe
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AVC: 1034 AU AVC: 4682 AU

Clavel et al. JACC 2013: AVC Score to identify Severe AS: >1200AU in ¢
>2000 AU in &
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Case:
0 20 40 60 80 100 2010 AU
1- Specificity, (%)

Sensitivity Specificity

Women 1274 AU 0.91
Men 2065 AU 0.90 89 80 88 82

Clavel et al. JACC 2013
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Mayo-Quebec-Bichat Collaboration:
Impact of AVC on Survival In patients with AS
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“Paradoxical” Low-Flow,
Low-Gradient AS with

Preserved LVEF

TAge

\A%men _
~—1 | Hypertension
etS — Diabetes

LVEF=60%
SV=46 mL
MG=29 mmHg



» 82 Yy.0. woman

Case

» Hypertension treated with ACEI

» No CAD

» NYHA I, HF hospitalization

» LVEF: 65%
» Severe Diastolic Dystf.
» AS severity on echo:

Peak/mean gradient: 44/26 mmHg

SV index: 29 ml/m?

-~
AVA: 0.64 cm?2: iAVA: 0.36 cm2/m?  |&&s
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AORTIC STENOSIS
+ HYPERTENSION

Impaired
Pronounced Longitudinal Atrial
Concentric  Impaired systolic function Fibrillation
Remodeling  Diastolic Mitral _
Filling Stenosis Mitral

Constrictive Regurgitation
Pericarditis Tricuspid
\ A /Regurgitation
Reduced Forward
Stroke Volume (SVi<35 mL/m?)

Reduced Transvalvular flow rate

v

Low-Flow, Low-gradient AS Despite Preserved LVEF

Pibarot & Dumesnil, Circulation 2013



Survival by stroke volume Index In
patients with low-gradient normal LVEF
severe aortic stenosis

rialitly rate (%)
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Outcome of Patients with Paradoxical
Low-Flow, Low-Gradient AS

LF/LG group

150 Pts with asymptomatic
severe (AVA<1.0 cm?) AS
LVEF>50%
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Lancellotti P, Magne J et al. J Am Coll Cardiol. 59:235-43, 2012



Outcome of Patients with Low-Gradient AS

Survival to Death
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Outcome In Paradoxical Low-Flow, Low-Gradient
Severe Aortic Stenosis and Preserved LVEF
A Cardiac Catheterization Study
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Outcome of Patients with Paradoxical

Low-Flow, Low-Gradient AS
Case Match Study: 3 x 187 patients

HG-SAS group
MAS group

PLG-SAS group*
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Clavel et al.
JACC 2012



Outcome of Patients with Paradoxical
Low-Flow, Low-Gradient AS

Conclusions:

Patients with paradoxical LFLG AS
exhibit marked concentric remodelling,
Impaired LV longitudinal function and

LFLG vs. NFLG: P=0.006 :
LFLG vs. MOD: P=0.002 WOrSE prognaosis

NFLG vs. MOD: P=0.49
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Normal-flow, low-gradient AS patients
gl - i have outcomes similar to moderate AS

NFLG 75 64 54
VI LFLG 38 30 22
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Mehrota et al. Eur Heart J 2013



Impact of AVR on Survival in Patients with
Paradoxical Low-Flow, Low-Gradient AS

HG-SAS Group AVR

p<0.0001

HG-SAS Group Cons.
(p<0.0001)
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Clavel et al. JACC 2012



Impact of AVR on Outcome of Symptomatic Patients
with Severe Stenosis, Low Gradient, and Preserved
LVEF

Table 5. Multivariable Predictors of All-Cause Mortality

Lower Upper
Variable RR 05% 95% PValue

- Flow-gradient patterns
1 7 04 P at I e n tS NF/LG no AVR 1.00 Reference group

NF/LG+AVR 0.86 0.518 1.414 0.54
LF/LG no AVR 3.26 1.713 6.217 0.0003
LF/LG+AVR 0.94 0.384 2.297 0.89
NF/HG no AVR 2.81 1.905 4140 <0.0001
NF/HG+AVR 0.69 0.450 1.048 0.08
LF/HG no AVR 1.55 0.615 3.904 0.35
LF/HG+AVR 0.89 0.396 1.994 0.77
Clinical
Age 1.02 1.012 1.034 <0.0001
Male sex 1.46 1.169 1.821 0.0008
Obesity 1.51 1.214 1.885 0.0002
Hypertension 1.42 1.076 1.868 0.01
Previous HF 1.29 0.984 1.684 0.07
Echocardiographic
Aortic valve area 0.07 0.026 0.163 <0.0001

- Ejection fraction 0.98 0.968 1.000 0.05
Eleid et al. —_—

AVR indicates aortic valve replacement; HF, heart failure; HG, high gradient;

- - LF, low flow; LG, low gradient; HG, high gradient; NF, normal flow; and RR,




Outcome of Patients With Low-Gradient

""Severe' Aortic Stenosis and Preserved LVEF
A Substudy of the SEAS trial

Aortic Valve Events
Reduced Stroke Volume Index (S35mi/im?)

= Normal Stroke Volume Index (>35mlim?)
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Outcome of Patients with Paradoxical
Low-Gradient AS and Impact of AVR
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Follow-up (months)
Patients at risk
HG AS 139 113 98 | I
LG/NF AS 5 49 36 27 a i 30 40 &0
Mild to
moderate AS 264 219 180
LG/LF AS 29 23 19

Follow-up (months)

Tribouilloy et al. JACC; 65 2015




Overall Survival, (%)

Outcome of Patients with Paradoxical

Low-Gradient AS and Impact of AVR
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Potential Causes of Discordance between
AVA (e.g. 0.8) and gradient (e.g. 30) In Pts.
With Preserved LVEF

> Measurement errors

~ Small bodly size |
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» Normal-flow, low-gradient AS
Inconsistency in guidelines criteria

6 80 10
Mean pressure gradient (mmHg)

Minners et al.

~ Paradoxical low-flow, | ¥ .3 L Hoar 3 2008
low-gradient severe? AS | w (=




Outcome of Low-Flow / Low-Gradient AS:
A Meta-Analysis

Hazard Ratio Hazard Ratio
A Study or Subgroup log[Hazard Ratio] SE Weight 1V, Fixed, 95% ClI IV, Fixed, 95% CI
Clavel et al 2012 0.7948 0.2168 20.0% 2.21[1.45, 3.39] .
Eleid et al 2013 1.1829 0.2362 16.9% 3.26 [2.05, 5.19] -
Maes et al 2014 -0.3855 0.1857 27.3% 0.68[0.47, 0.98]
Mohty et al 2013 0.7649 0.1627 35.5% 2.15[1.56, 2.96]
Yamashita et al 2015 -0.6933 1.6537 0.3% 0.50[0.02, 12.78]

Total (95% CI) 100.0% 1.69 [1.39, 2.04] .
Heterogeneity: Chi? = 36.06, df = 4 (P < 0.00001); I = 89% . .

Test for overall effect: Z = 5.39 (P < 0.00001) 0-1 HG lLFLG

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% ClI IV, Random, 95% ClI
Eleid et al 2013 0.362 0.2668 18.4% 1.44[0.85, 2.42] =
Maes et al 2014 -0.3141 0.191 26.4% 0.73 [0.50, 1.06] i
Mohty et al 2013 0.2767 0.1617 30.3% 1.32 [0.96, 1.81] bl
]
]

Tribouilloy et al 2015 0.0662 0.2691 18.3% 1.07 [0.63, 1.81
Yamashita et al 2015 0.3466 0.5264 6.6% 1.41 [0.50, 3.97

Total (95% Cl) 100.0% 1.11 [0.83, 1.47]
Heterogeneity: Tau® = 0.04; Chi’ = 7.09, df = 4 (P = 0.13); I* = 44%
Test for overall effect: Z = 0.70 (P = 0.48)

HG NFLG




Benefit of AVR In Low-Flow / Low-Gradient AS:
A Meta-Analysis

Hazard Ratio Hazard Ratio
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Randorm, 95% CI
Eleid et al 2013 0.15 0.2591 17.7% 1.16 [0.70, 1.83
Jander et al 2011 -0.8036 0.7382 8.4% 0.45 [0.11. 1.90

]

] |
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Total (95% CI) 100.0% 0.48 [0.28, 0.83] H R . 048 O 28 O 83
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Pai et al 2008 -0.9113 0.884 2% B 07,227
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Tribouilloy et al 2015 0.2525 0.85249 .9y 0.12, 5.03)
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Total (95% CI) 100.0% .45 [0.35, 0.59]
llaterogeneity: Tau® — 0.11; €hi* — 25.84, df — 15 (F — 3.04): I* — 42%
Test far overall effect: Z = 5.71 (P < 0.00001)
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AVR Conservalive
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 25% €I IV, Random, 95% CI
Belkin et al 2011 -0.3532 0.4563 9.1% 0.70 [0.29, 1.72] — . .
Clavel et al 2012 -2.3106 0.4353 9.7% 4,10 [¢.04, 0.23
Eleid et al 2013 -1.4036 0.0185 37.5% 0.25 {0.24,0.25} ngh Gradlent
Maes et al 2014 -1.3096 0.352% 13.1% 0.27 [C.14, 0.54]

Melis et al 2012 -1.5845 04072 10.7%  ©5.21[0.09, G.46] HR: 025 [019_035]

Tribouilloy et al 2015 -1.2379 0.2437 19.9% 0.29 [¢.18, 0.47]

Total (95% CI) 100.0% 0.25 [0.1%9, 0.35]
Heterogereity: Tau? = 0.07; Chi? = 10.37, df = 5 (P = 0.07); 17 = 52%
Test for cverall effect: Z = 8.69 (P < 0.00001)
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Treatment Comparison in

Normal EF, Low-flow, low-gradient AS

90% log rank p= 0.003
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Herrmann et al. Circulation 2013



Guidelines on Management of VHD: Indications for
AVR In Paradoxical Low-Flow, Low-Gradient AS

Definition: AVA<1.0 cm?, Indexed AVA<0.6 cm?/m? Stage: D3
Mean gradient < 40 mmHg,
LVEF>50%, SVi<35 mL/m?

Guidelines Recommendation for AVR Class

ESC-EACTS  AVR should be considered in symptomatic patients with
2012

low flow, low gradient (<40 mmHg) AS with normal EF lla
only after careful confirmation of severe AS.

ACC-AHA  AVR is reasonable in symptomatic patients who have
2014 low-flow, low-gradient severe AS who are
normotensive and have an LVEF >50% if clinical,
hemodynamic, and anatomic data support valve
obstruction as the most likely cause of symptoms

Vahanian et al. EHJ 2012 Nishimura, Otto et al. JACC 2014




Usefulness of Stress-Echocardiography to
Differentiate True vs. Pseudo- Severe Stenosis
In Paradoxical, Low-Flow, Low-Gradient AS

51 patients with PLF-LG

DSE
15 pg/kg/min
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W Pseudo-Severe AS at AVR § within 3 months after Stress echo

O AS severity not verified by AVR

Clavel et al. JACC Imaging 2013



Case: Aortic Valve Calcium
Scoring by MDCT

AVC Score:
3200 AU



EDITORIAL COMMENT

Management of Paradoxical Low-Flow, ®

Crosshark

Low-Gradient Aortic Stenosis

Need for an Integrated Approach, Including Assessment
of Symptoms, Hypertension, and Stenosis Severity”*

Philippe Pibarot, DVM, PuD, Mare-Annick Clavel, DVM, PuD

JACC; 65 2015



PARADOXICAL LOW-GRADIENT AS
MG<40 mmHg AVA<1.0cm? AVAI<0.6 cm?m? LVEF>50%

: ” Corroborate measurements of
STEP #1: Measurement Error~ _| SV, AVA. MG by other methods ‘

Reassess

Identify causes i
of Low Flow, I— STEP #2: Low Flow (SVi<35 ml/m?)? Ny
PARADOXICAL Yes
LOW-FLOW,
LOW-GRADIENT AS

STEP #3: Symptoms? CLOSE FOLLOW-UP |

Yes
Pseudo-
Severe

Anti-hypertensive

Therapy Yes STEP #4: Hypertension?

Rule out pseudo-severe AS:

- AoV Calcium by MDCT STEP #5: Stenosis Severity?
- Dobutamine Stress Echo 1

| True-Severe |

m | SURGICAL OR TRANSCATHETER AVR (Class lla) |
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