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Aortic Stenosis

▪ Very common pathology in the elderly

▪ Prevalence increases with age

▪ From 0.2% (50-59 years old) to 9.8%(80-89 years old)

Eveborn GW et al, Heart 2013



• Rate of progression is variable

• Guidelines recommend yearly echocardiographic 
follow up for patients with Moderate AS

Aortic Stenosis



Moderate Aortic Stenosis Echocardiographic 
Diagnosis

SevereModerateMild

>4.03.0-4.02.0-2.9Jet 

Velocity(m/sec)

>4020-40<20Mean Gradient 

(mmHg)

<1.01.0-1.5>1.5Valve Area 

(cm2)

<0.6*0.6-0.85>0.85Valve Area

Index(cm2/m2)

▪ Normal Flow( SVI> 35ml/Kg)
▪ Low Flow( SVI ≤ 35 ml/Kg)
▪ LVEF ≥ 50%
▪ LVEF <50%

* <0.5 when BMI>30 Kg/m2



Discordant echocardiographic findings

▪ Exclude measurement errors

▪ Calculate Dimensionless index

▪ Calculate valvulo-arterial impedance(Z)?

▪ Planimetry by TEE?

▪Hybrid imaging (still under investigation)

Moderate Aortic Stenosis 
Echocardiographic Diagnosis



Aortic Stenosis Echocardiographic 
Diagnosis: Measurement Errors Excluded

Stassen  JACC Imaging 2023



Moderate Aortic Stenosis: Management

2B C-EOIn patients with moderate AS  

who are undergoing cardiac 

surgery for other indications, 

AVR may be considered

ACC  Guidelines 

2ACSAVR should be considered in 

patients with moderate AS  

undergoing CABG or surgical 

intervention on the ascending 

aorta or another valve after 

heart team consultation 

ESC  Guidelines

(2021)



Why do the Guidelines Recommend 
Conservative Treatment

• Low overall risk for sudden death with 
moderate AS

•Historically high risk associated with AVR

Is the prognosis of Moderate AS so benign?



Survival of Patients with Aortic Stenosis

Strange et all, JACC 2019

No AS

Mild AS

Moderate AS

Severe AS

n=25,827

Median Follow-up: 1208 days (598-2177) 



Survival of Patients with Aortic Stenosis

One and 5 year mortality per Increment in 

Peak AV  Velocity

Strange et al, JACC 2019

1 Year

5 Years



• Consecutive patients who 
underwent echocardiographic 
evaluation between 2007 and 
2019.

• All-cause mortality and cancer 
data were available for all 
patients from national registries. 

• Cox regression survival models 
were applied with censoring of 
patients who developed 
metastatic cancer, developed > 
moderate AS, or underwent 
aortic valve intervention during 
follow-up

Itelman E, Kuperstein R, Maor E, JASE 2022



Overall Survival
• During a median 

follow-up of 5 (IQR 2-
8) years, 19,171 (21%) 
patients died. 

• We observed event 
rates of 3.7 cases 100 
person-years in the 
<moderate AS group 
vs and 12.7 per in the 
moderate AS group 

Itelman E, Kuperstein R, Maor E, JASE 2022



Propensity Matching
• A total of 1,448 moderate AS 

patients with comprehensive clinical, 
laboratory, and echocardiographic 
data were identified and matched 
with control patients

• Regression model showed that 
compared with ≤ mild AS, patients 
with moderate AS were 17%  more 
likely to die during follow-up (95% 
CI 1.04-1.30, p = 0.007). 

Itelman E, Kuperstein R, Maor E, JASE 2022



Subgroup Analysis 
and Interaction

• There was a significant 
interaction with respect to two 
important subgroups: 

• Non-octogenarians 
patients (age<80) 

• Patients with LVEF < 50%). 

<80 Years Old >80 Years Old

LVEF<50% LVEF≥50%

Itelman E, Kuperstein R, Maor E, JASE 2022



Van Gills J et al, JACC 2017

Death AVR or HF Hospitalizations Per NYHA Class

▪ n=305

▪ Age 73±11 years

▪ AVA 1.2±0.16  cm2

▪ Mean gradient 14±4 mmHg

▪ LVEF: 38± 9%

▪ Median Follow up: 638 days



Jean G, JACC 2021

▪ n=262

▪ Mean age:73±10 years

▪ AVA: 1.2±0.2 cm2

▪ Mean Gradient:15±5 mmHg

▪ LVEF: 38.5±9.6%

▪ Follow-up: 2.9±2.2 years



Mann TD, Loewenstein I, Ben Assa E, Topilsky Y. JASE 2021 

Survival  Probablity before Propensity 

Matching

Survival  Probabilliy after Propensity 

Matching

Survival  Probability Propensity Matched

with LVEF <50%
Survival  Probabilitly Propensity 

Matched with Low Gradient
Mean gradient and 

LVEF did not 

interact  with the 

effects of moderate 

AS on survival

▪ n=952

▪ Mean age 78±12 years

▪ Mean AVA  1.3±01 cm2

▪ Mean Gradient 20 ±9 mmHg

▪ Mean LVEF 55±8%

▪ Follow-up 181 Weeks



n=508

Age 75±11 years

AVA 1.2±0.15 cm2

Mean Gradient 25±9 mmHg

Follow-up time 47 months

Delesalle G et al, JAHA2019

▪ Expected survival
▪ Moderate AS survival



Independent Predictors of Mortality

• Age( CI: 1.02-1.05) p<0.001

• Prior AF (CI 1.05-1.73) p<0.019

• Charlson Comorbidity Index (CI: 1.05-1.18) p<0.001

• AVR according to current guidelines (CI:0.23-0.54) p<0.001

Delesalle G et al, JAHA2019



Prognostic Significance of 
Discordant Severity Criteria  In 

Moderate AS

Pio SM at al. Openheart 2021

Discordant ,LVEF< 50%

Concordant ,LVEF<50%

Discordant,LVEF≥50%

Concordant ,LVEF≥50%

Mortality according to concordance 

and LVEF

P<0.001HR:2.78(2.00-3.87)Discordant, LVEF<50%

P<0.025HR:1.58(1.06-2.36Concordant LVEF<50%

n=790



Berthelor-Richer M et al, JACC Imaging 2016

Mortality Hazard Ratio for AVR Vs. Medical Treatment according to AVA  Strata

Whole Cohort Normal LV Function and Flow

1 cm2

0.8 cm2

▪ n=1710

▪ AVA 0.9±0.3 cm2

▪ Mean Gradient 33±18 

mmHg

▪ Mean LVEF 59± 14%

▪ F/U time 4.4±3 years 



Mortality Hazard Ratio for AVR Vs. Medical Treatment according to Mean Gradient  Strata

Whole Cohort Normal LV Function and Flow

40 mmHg

25 mmHg

▪ n=1710

▪ AVA 0.9±0.3 cm2

▪ Mean Gradient 33±18 

mmHg

▪ Mean LVEF 59± 14%

▪ F/U time 4.4±3 years 

Berthelor-Richer M et al, JACC Imaging 2016



Summary for Now

• Moderate As is associated with a poor prognosis, which is more 
pronounced in patients with LV dysfunction

• In patients with normal function the ↑ risk seems to be related to 
comorbidities

• More data is needed in patients with discordant findings and 
normal function and flow



Paolisso P, Heart 2023

• Heart Valve Clinic

• Standard  Cardiology Care

▪ Age 76.5± 12.8 YO

▪ F/U Time: 4.8 ± 1.8 Y

▪ 57% Moderate AS

▪ More consults

▪ More BNP

▪ More EST

▪ More CT

▪ Earlier Surgery
HVC is a significant predictor of 

reduced mortality in patients with 

moderate Aortic Stenosis 



Can we risk stratify patients with moderate 
aortic stenosis?



Impact of Valvulo-Arterial Impedance
on Overall Survival

Hachicha et al, JACC 2009

n=544

Asymptomatic

≥ Moderate 

Aortic Stenosis

Moderate Aortic Stenosis: Risk 
Stratification

Valvulo-Arterial Impedance

SVi SVi
Zva = =LVSP SAP + ∆PMean



Moderate Aortic Stenosis: Risk 
Stratification

Impairment of GLS and  Systolic Strain Rate 

with Increasing Severity of AS

▪ Strain Imaging for early assessment of LV dysfunction

Ng ACT et al, Eur Heart J, 2010

Survival in Moderate As and LV 

dysfunction according to GLS



Moderate Aortic Stenosis: Risk Stratification

• MRI for early assessment of LV fibrosis

• Reactive interstitial fibrosis( reversible)

• Focal replacement fibrosis ( irreversible)

Stassen J el al, JACC Imaging 2023



Segupta PP et al, JACC 2021

Moderate Aortic Stenosis: Risk Stratification

Artificial Intelligence



• NT-pro BNP Levels According to Severity of AS

Steadman CD et al, JACC 2010

Moderate Aortic Stenosis: Risk Stratification



Conclusions(1)

▪Aortic Stenosis is a valvular and a ventricular disease

▪Moderate AS is associated with increased mortality

▪The diagnosis of  Moderate AS can be  difficult and   
complicated due to discordant grading

▪The high mortality rates seems to be mainly related 
to co-morbidities  and LV dysfunction



▪Patients with Moderate AS need to be followed  in 
specialized valvular heart disease clinics

▪Advanced risk stratification with strain imaging ,CT, 
MRI, artificial intelligence and biological markers may 
help in advising for early intervention in patients with 
aortic stenosis

Conclusions(2)



The Future:

TAVR Trials in Moderate Aortic Stenosis



Thank You!



Survival of Patients with Moderate AS

Delasalle G et al. JAHA 2018



Cumulative Incidence of Surgery

JAHA,2019

n=508

Age 75±11 years

Follow-up time 47 months



Imaging Parameters in Aortic Stenosis

Badiani S, Intervent Cardiol Review, 2021



Prognostic Significance of Discordant 
Severity Criteria  In Moderate AS

Pio SM at al. Heart 2021



Static Pressure
LVSP

SAP

∆P
∆Pnet

EOA

AA

Flow axis

SV

Valvular Load

Arterial Load}
}

Valvulo-Arterial Impedance

Zva = =
LVSP SAP + ∆PMean

SVi SVi

Left Ventricular Afterload in Aortic
Stenosis = Valvular Load + Arterial Load

Briand et al, JACC, 2005

Hachicha et al., Circulation,  2007

} Total Load

>3.5: Moderate
>4.5: Severe



Paolisso P, Heart 2023

Unmatched Matched

n=1210

n=919
n=122

n=106

• Heart Valve Clinic

• Standard Care

▪ Age 76.5± 12.8 YO

▪ F/U Time: 4.8 ± 1.8 Y

HVC was significant predictor of 

reduced mortality in patients with 

moderate AS 


	שקופית 1: Moderate and Moderate to Severe Aortic  Stenosis: Echocardiography and Treatment
	שקופית 2: Aortic Stenosis
	שקופית 3: Aortic Stenosis
	שקופית 4: Moderate Aortic Stenosis Echocardiographic Diagnosis
	שקופית 5: Moderate Aortic Stenosis Echocardiographic Diagnosis
	שקופית 6: Aortic Stenosis Echocardiographic Diagnosis: Measurement Errors Excluded
	שקופית 7: Moderate Aortic Stenosis: Management
	שקופית 8: Why do the Guidelines Recommend Conservative Treatment
	שקופית 9: Survival of Patients with Aortic Stenosis
	שקופית 10: Survival of Patients with Aortic Stenosis
	שקופית 11
	שקופית 12: Overall Survival
	שקופית 13: Propensity Matching
	שקופית 14: Subgroup Analysis and Interaction
	שקופית 15
	שקופית 16
	שקופית 17
	שקופית 18
	שקופית 19
	שקופית 20: Prognostic Significance of Discordant Severity Criteria  In Moderate AS
	שקופית 21
	שקופית 22
	שקופית 23: Summary for Now
	שקופית 24
	שקופית 25: Can we risk stratify patients with moderate aortic stenosis?
	שקופית 26: Impact of Valvulo-Arterial Impedance  on Overall Survival
	שקופית 27: Moderate Aortic Stenosis: Risk Stratification
	שקופית 28: Moderate Aortic Stenosis: Risk Stratification
	שקופית 29: Moderate Aortic Stenosis: Risk Stratification
	שקופית 30: Moderate Aortic Stenosis: Risk Stratification
	שקופית 31: Conclusions(1)
	שקופית 32: Conclusions(2)
	שקופית 33
	שקופית 34
	שקופית 35: Survival of Patients with Moderate AS
	שקופית 36
	שקופית 37: Imaging Parameters in Aortic Stenosis
	שקופית 38: Prognostic Significance of Discordant Severity Criteria  In Moderate AS
	שקופית 39
	שקופית 40

