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Indication for AVR in AS  

 Peak aortic jet velocity   ≥ 4 m/s 

 Mean gradient:    ≥ 40 mmHg 

 Aortic valve area (AVA):   ≤ 1.0 cm2 

 Indexed AVA:    ≤ 0.6 cm2/m2 

 

SEVERE AORTIC STENOSIS 

+ SYMPTOMS 
  ± LVEF<50% 

= AVR (Class I) 



A new entity 



Case Study: 57 y.o. Male First 

Seen 04-07 for Systolic Mumur + 

Recent Onset Angina 

 Rest echo: Max/Mean Gradients : 32/18 mm Hg, 

AVA:1.2 cm² (BSA = 2.2 cm², indexed EOA: 0.54 

cm²/m²) 

Stress echo (Bruce): Onset angina 3 min., 

strongly positive ECG, normal wall motion rest + 

exercise, LVH noted 

 BP during exercise 160/95 

 

 

 



Case Study: Cardiac Cath 05-2007 

LVSP: 170 mm Hg 

LVEDP: 22 mm Hg 

Aortic BP: 150/76 

P-to-P gr: 20 mm Hg 

AVA: 1.0 cm² (0.45 

cm²/m²) 

Angio: 25% stenosis 

on distal LAD 

Dismissed on medical 

Rx  



Case Study: Control Echo One Year 

Later, Persistent III/IV Angina 

LVIDd=43 mm 

S Th= 12 mm 

PW Th= 12 mm 

LVEDV=83 ml 

LVEDVi=38 ml/m² 

(N=35-75 ml/m²) 

RWTh=0.55 

 



Case Study: Control Echo One Year 

Later, Persistent III/IV Angina 

SVi                30 ml/m² 



Pathophysiology of 

Paradoxical Low Flow AS 

 

Pibarot and Dumesnil,  

JACC Imaging 2009;2:400 



Degenerative AS: often not an 
Isolated Disease of  the Valve 

Up to 40 %  of  patients with AS have reduced systemic arterial 

compliance and systolic hypertension 
Briand et al., JACC, 2005;46:291-8. 
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Impact of  Reduced SAC on LV 

Hemodynamic Load 
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Valvulo-Arterial Impedance 

Zva =          = 
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SVi         SVi 

Valvulo-Arterial Impedance (Zva) as a 
Measure of  Global LV Load 

 

Briand et al., JACC,   

46:291-8, 2005 

Hachicha et al., Circulation,  

115:2856-2864, 2007 

 

} Total Load 

In our patient, Zva = 

5,7 mm Hg/ml/m² 



Valvulo-Arterial Impedance  

and Prevalence of PLF 
544 Asymptomatic Pts. ≥ moderate AS 

Hachicha Z et al., JACC, 2009;54;1003-1011 
 

Low Zva  = <3.5 

mmHg/ml/m² 

 

Moderate Zva = 

3.5 ≤ Zva<4.5 

mmHg/ml/m² 

 

High Zva = ≥ 4.5 

mmHg/ml/m² 

 

NF: Normal Flow           PLF: Paradoxical Low Flow 
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Hachicha Z et al., Circulation.  

115:2856-2864, 2007 

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

PLF PLF MedicalMedical

PLF PLF SurgicalSurgical

NF NF MedicalMedical

NF NF SurgicalSurgical

FollowFollow--up (up (yearsyears))

00

2020

4040

6060

8080

100100

00 11 22 33 44

P < 0.001P < 0.001

55

PLF PLF MedicalMedical

PLF PLF SurgicalSurgical

NF NF MedicalMedical

NF NF SurgicalSurgical

FollowFollow--up (up (yearsyears))

00

2020

4040

6060

8080

100100

00 11 22 33 44

P < 0.001P < 0.001

55

Overall Survival (%) 

NF     PLF 

512 Patients with LVEF ≥ 50% 

NF: Normal Flow: SVI>35 (65%) 

PLF: Paradoxical Low Flow: SVI≤35 (35%) 



Impact of AVR on Survival in Patients 

With Paradoxical LF-LG AS 

    Entire Cohort (n = 101)                Propensity Score Matched                      

       Patients (n = 61).  

Tarantini et al, Ann Thorac Surg 2011;91:1808–15. 



Interaction between Zva, Longitudinal 

Shortening and Myocardial Fibrosis 

Herrman et al,  JACC 

2011;58:402-12 



Differential Diagnosis of Low Gradient in 
Pts. With Severe AS and Preserved LVEF 

 Paradoxical LOW FLOW, low gradient AS 

  Identify typical Doppler-echo features 

 Measurement errors (underestimation of SV) 

  Use other methods / imaging modalities   
 to corroborate  measures of  SV and AVA 

 Large or small body size  

  Calculate indexed AVA 

 NORMAL FLOW low gradient AS due to                        
inconsistency in guidelines criteria  

 Minners et al. Eur Heart J, 2008 

Thavendiranathan  

JASE 2012 







* 

Conclusion: “Patients with low-

gradient “severe” aortic stenosis and 

normal ejection fraction have an 

outcome similar to that in patients 

with moderate stenosis.” 



Paradoxical Low Flow Low Gradient 

AS despite Preserved LVEF 

Conclusions 

 Frequent pattern (10-25% of patients) 

 More advanced stage of the disease 

 Poorer prognosis if treated medically 

 Often misdiagnosed (     inappropriate delays for AVR) 

 Need for more comprehensive evaluations including BP, 

Zva, LV geometry, Echo stress test, BNP, CT scan  

 Main pitfalls in diagnosis = 1) Underestimation of SV and 

AVA; 2) Variations in BSA; 3) Confusion with normal flow 

LG severe AS 



 



Conclusion: LV myocardial systolic 

dysfunction is common in asymptomatic 

AS in particular in patients with low-flow 

AS and increased valvuloarterial afterload, 



* 

- *Severe AS and  SVi < 35 mL/m2 

= 223pts vs 100 pts for Cramariuc 

et al. in same cohort 

- Different methodology for SV  

- 64 mL/m2 (LVEDvol) X 0.67 

(LVEF) = 42 mL/m2 (SVi)  

rather than 35 mL/m2 

- Measurement error ? 

 

* 
* 



*Severe AS 

and  SVi < 

35mL/m2 = 

223/(435+) vs 

100/359 pts for 

Cramariuc et 

al. in same 

cohort. 

* 



Journal of  the American Society of  Echocardiography  

January 2009 (Vol. 22, Issue 1, Pages 1-23) 

 



LV Remodelling in Normal vs 

Paradoxical Low Flow AS 

 

Pibarot and Dumesnil,  

JACC Imaging 2009;2:400 



LF LG Severe Aortic Stenosis despite 

Preserved LV Ejection Fraction 

Characteristics 
 Severe AS (indexed AVA < 0.6cm²/m²) 

 Low mean gradient (20-40 mm Hg) 

 SVi  < 35 ml/m² 

 Preserved EF (>50%) 

 Hypertension frequent (BP may be pseudo-normalized) 

 Higher global LVoverload (Zva >4.5) 

 More severe LV remodeling, smaller LV cavity 

 More frequent in females 

 



Pathophysiology of Paradoxical 

Low Flow Low Gradient AS 

 

Pibarot and Dumesnil,  

JACC Imaging 2009;2:400 



Impact of Valvulo-Arterial Impedance  
on Overall Survival 

Follow-up (years) 

Survival 

(%) 

Adjusted Hazard Ratios: 

3.5≤Zva<4.5: : 1.7 (95% CI: 1.4-5.6); p=0.01 

Zva≥4.5: 2.0 (95% CI: 1.4-6.6); p=0.006 
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Hachicha Z et al.,  

JACC, 2009;54;1003 




