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Importance of Hemodynamics Following TAVI

Ø Bioprosthetic valve dysfunction (BVD), structural or non-
structural, may have an impact on:
Ø LV Recovery
Ø Symptoms and QoL
Ø Valve durability 
Ø Re-hospitalization, mortality

Ø In low-risk population with long life expectancy, 
optimization of valve hemodynamics and durability is a 
key objective of TAVI



Doppler-Echo:  
Evaluation of 

Prosthetic Aortic Valve



Ø Doppler-echocardiography is the primary imaging 
modality to evaluate THV function

Ø Structural evaluation (TTE and TEE)
Ø Valve stent position and shape
Ø Leaflet morphology and mobility
Ø Paravalvular region

Ø Functional (Hemodynamic) evaluation
Ø Transprosthetic gradients, EOA, and DVI
Ø Localization (central vs. para) and degree of  regurgitation

Ø LV/RV size and function, Pulmonary Arterial Pressure



Standardized Echo Measurements for Assessment of SVD 

Use same LVOTD 
throughout FU

Use same window for 
CWD of aortic valve flow 
throughout FU

Confirm findings by at 
least 2 imaging studies: 
Repeat Echo

TEE or CTA to visualized 
leaflet morphology / 
mobility

Pibarot et al. JACC
2022



Calculation of Prosthetic Valve EOA by 
Continuity Equation Method

TAVR

LVOT Diameter
LVOT PWD AV CWD

(CSALVOT×VTILVOT)

VTIAo

AVA=
VTILVOT

VTIAo

DVI =

LVOT diameter should be measured just below the apical border of the stent from 
external border to external border



Velocity and Gradient

Try to use and compare the same window for CW Doppler interrogation of aortic Try to use and compare the same window for CW Doppler interrogation of aortic 
valve flow valve flow 

VPeak: 2.9 m/s

Apical RSB 

VPeak: 4.0 m/s



Discordances Between Echo and Cath
A Manifestation of Pressure Recovery and
 (Over) Simplification of Bernoulli Formula 

Echo measures higher 
gradients and smaller 
EOAs vs. cath.



Immediate Post-TAVI Echo vs. Cath Gradients in Balloon 
Expandable vs. Self-Expanding Valves

Abbas et al. JAHA 2021



Association Between High Residual Gradients and Late 
Mortality after AVR

Playford D, et al. J Am Soc Echocardiogr. 2020;33:1077-1086.e1.

Relationship between residual SAVR and TAVR Gradients
and All-cause Survival 
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REF: 15.0–17.49 mm Hg (n = 480)
A: 17.5–19.99 mm Hg (n = 386)
B: 20.0–22.49 mm Hg (n = 205)

C: 22.5–24.99 mm Hg (n = 150)
D: 25.0–27.49 mm Hg (n = 140)
E: 27.50 mm Hg (n = 452)

Mean AV Gradient 15.0-17.49 mm Hg (REF):
A. HR 1.09 (95% CI 0.87-1.36; P = 0.477)
B. HR 1.09 (95% CI 0.89-1.44; P = 0.545)
C. HR 1.41 (95% CI 1.04-1.91; P = 0.027)
D. HR 1.33 (95% CI 1.00-1.80; P = 0.048)
E. HR 1.40 (95% CI 1.14-1.73; P = 0.002)

Years of Follow-up

Impaired valve hemodynamics: 
Mild: Mean gradient 10-19.9 mmHg
Moderate: Mean gradient 20-39.9 mmHg
Severe: mean gradient ≥ 40  mmHg or EOA <0.8 cm2



Definition of Prosthesis-Patient Mismatch

  None/Mild Moderate Severe 

Valve structure and motion Usually 
normal

Usually 
normal

Usually 
normal

Indexed EOA (cm2/m2) >0.85 0.85-0.65 <0.65

Indexed EOA (cm2/m2)
in obese patients (BMI ≥30 kg/m2)

>0.70 0.70-0.55 <0.55

VARC-3
Lancellotti EHJ CV Img 2016

PPM definition: prosthesis functioning normally but too small for patient’s BSA
Normal EOA but small indexed EOA 

High residual gradient: > 20 mmHg (with DVI<0.25)



Reference EOA for BEV and SEV

Hahn et al. JACCi 2019



Incidence and Impact of PPM by Measured and Predicted 
EOAi Methods in PARTNER 2A Trial and S3i Registry

INCIDENCE OF SEVERE PPMINCIDENCE OF SEVERE PPM

Much lower with predicted  vs. measured EOAi

Lower in TAVR vs. SAVR, regardless of the EOAi method

IMPACT OF PPM ON OUTCOMESIMPACT OF PPM ON OUTCOMES

In SAVR, severe predicted PPM is rare but independently 
associated with worse outcomes

In TAVR, severe predicted PPM method is absent



Impact of PPM on Structural Degeneration of 
Bioprosthetic Valves

Ø664 patients: AVR with a bioprosthesis

ØMedian FU time: 6.1 yr

ØPPM is independently associated with
    2.3-fold increase in the risk of SVD

Flameng et al., Circulation, 18;121:2123-9, 2010



Doppler-Echo Criteria to Assess the Severity of 
Prosthetic Aortic Valve Stenosis

  NormalNormal Possible Possible 
StenosisStenosis

SignificantSignificant
StenosisStenosis

2D/3D TTE/TEE / Cinefluoroscopy / CT
Valve structure / leaflet mobility Normal Often 

abnormal
Abnormal

Doppler quantitative parameters
Peak velocity (m/s) <3 3-4 ≥4
Mean gradient (mmHg) <20 20-35 ≥35
Doppler velocity index ≥0.35 0.25-0.35 <0.25
Effective orifice area (cm2) >1.1 0.8-1.1 <0.8
Difference (Normal EOA - Measured EOA) <0.30 0.30-0.59 >0.60
Doppler semi-quantitative parameters
Acceleration time (ms) <80 80-100 >100
Acceleration time / LV ejection time <0.32 0.32-0.37 >0.37

Changes in echo parameters during FU
Increase in mean gradient (mmHg) <10 10-19 ≥20

Lancellotti EHJ CV Img 2016

+ decrease in EOA (different from reference EOA <0.3)







Thank you for your attention


