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This Issue Was Initially Concerned in SAVR
Undersized SAVR in Large Aortic Root

: effective prosthetic valve area << normal human valve

1978 definition of “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 0.70-0.60

0.70-0.55

<0.60

<0.55

Definition of Prosthesis-Patient Mismatch

VARC-2

Prosthesis with normal function but too small for patient’s BSA:     
Normal EOA but small indexed EOA 

High residual gradient following AVR

High residual gradient: mean gradient > 20 mmHg

VARC-3



SAPIEN 3
23 mm

Predicted EOA= 1.45 cm2

Predicted EOAi = 0.72 cm2/m2

Methods to Define PPM: 
Measured vs. Predicted Indexed EOA (EOAi)

BSA= 1.95 m2

BMI= 29 kg/m2

PATIENT PROSTHESIS

MEASURED 
EOAi

PREDICTED 
EOAi

Measured EOA= 1.23 cm2

Measured EOAi = 0.63 cm2/m2

Severe (Measured) PPM vs.     Moderate (Predicted) PPM



Clinical Impact of PPM and Small Annulus 

on Structural Degeneration of Bioprosthetic Valves

• Small aortic annulus is associated with higher leaflet mechanical 
stress

 Leaflet mechanical stress is the main determinant of SVD 

• Small aortic annulus is associated with higher risk of severe PPM

 Severe PPM is associated with increased risk of SVD in SAVR

Flameng et al., Circulation, 2010
Salaun et al. Heart 2019

“Theoretical Concern on PPM clinical Impact?



Clinical Impact of PPM: Still Controversial Data

• Some studies showed that PPM after TAVR was associated 

with increased mortality and adverse cardiac events. 

• In contrast, other studies have shown that PPM following TAVR 

was not associated with an increased risk for mortality and 

clinical outcomes.

• Long-term data on prognostic impact of PPM after TAVR on 

SVD is still lacking 



HC Herrmann, J Am Coll Cardiol 2018;72:2701–11



Predictors of severe PPM in TAVR

HC Herrmann, J Am Coll Cardiol 2018;72:2701–11



Clinical Impact of PPM (TVT registry, N=62,125)

HC Herrmann, J Am Coll Cardiol 2018;72:2701–11



Clinical Impact of PPM (OCEAN-TAVI registry, N=1,558)

Miyasaka et al. J Am Coll Cardiol Intv 2018;11:771–80

All-Cause Mortality

CV Mortality

All-Cause Mortality

CV Mortality

In Japanese Cohort,

there was no association 

of the presence or 

severity of PPM wit 

increased all-cause 

mortality and CV mortality. 



Known Predictors of PPM
 Older age

 Female sex

 Diabetes

 Renal failure

 Large BSA

 Small aortic annulus

 Small prosthetic valve size

 SAVR vs. TAVR

 Bioprosthesis vs. mechanical valves in SAVR

 VinV vs. native TAVR

 Balloon expandable vs. self-expanding valves in TAVR

Dayan JACC Img 2016; Tang JACC Intv 2021, Leone JACC Intv 2021 

This is more common in 

Asians rather than in Western 

patients



Lee, C.H. et al. JACC: Asia. 2021;1(3):279–293.



Lee, C.H. et al. JACC: Asia. 2021;1(3):279–293.

“PPM may be particularly relevant in 

Asian populations with unique 

anatomical features such as smaller 

annular dimensions or smaller valve 

implant size compared with Western 

populations” 



HB Park an DW Park. J Am Coll Cardiol Intv 2021;14:2670–2681



Study Flow Diagram of TP-TAVR Registry

HB Park an DW Park. J Am Coll Cardiol Intv 2021;14:2670–2681



Baseline Characteristics



Procedural Characteristics



Echo Hemodynamics: Ratio Fallacy?

HB Park an DW Park. J Am Coll Cardiol Intv 2021;14:2670–2681



Incidence of PPM According to the VARC-2 Criteria

HB Park an DW Park. J Am Coll Cardiol Intv 2021;14:2670–2681



Independent Predictors of PPM



Primary Composite Outcome



HB Park an DW Park. J Am Coll Cardiol Intv 2021;14:2670–2681

Inter-Racial Disparity of PPM Incidence



Inter-Racial Disparity of PPM Impact

HB Park an DW Park. J Am Coll Cardiol Intv 2021;14:2670–2681



• In this multi-racial, multi-national registry, Asian patients had a 

significantly lower incidence of PPM than did Western patients.

• Several race-specific predictors for PPM were identified.

• Regardless of racial group, the 1-yr risk for the primary composite 

of death, stroke, or rehospitalization and mortality was similar 

between the PPM and no-PPM groups.

Key Lessons from the TP-TAVR registry

HB Park, DW Park et al. J Am Coll Cardiol Intv 2021;14:2670–2681



PPM in the TAVI Era: Is it Becoming Obsolete?

Ternacle et al. JACC Intv 2021



Summary: PPM - Still Unknown Issue

• The definition of PPM is arbitrary/controversial; an accurate definition 

is required to correctly classify patients with hemodynamic 

obstruction and properly assess the implications of PPM.

• PPM – pathologic finding or just physiologic phenomenon

• PPM – is it the ratio fallacy (mainly driven BSA)?

• Modifiable or non-modifiable factors?

• PPM – key determinant for valve type choice?  (self-expandable with 

larger EOA >> balloon-expandable)

• Most importantly, it is still uncertain whether PPM may impair TAVR 

durability and how this phenomenon is applied in decision-making of 

valve choice and risk stratification.



Supplementary



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

INCIDENCE OF PROSTHESIS-PATIENT MISMATCH

1- Incidence of severe PPM is markedly lower with predicted  
vs. measured EOAi

2- TAVR has lower incidence of severe PPM compared to SAVR, 
regardless of the EOAi method used to identify PPM.

IMPACT OF PROSTHESIS-PATIENT MISMATCH ON OUTCOMES

1- In SAVR, severe PPM by the predicted EOAi method is rare 
but independently associated with worse outcomes.

2- In TAVR, severe PPM by the predicted EOAi method is absent

3- In both SAVR and TAVR, moderate PPM is not associated with 
worse outcomes



Study / Trial

Meta-Analysis – SAVR (Head 2012)

STS Registry – SAVR (Fallon 2018)

PARTNER 1 – SAVR vs. TAVR (Pibarot 2014)

CORE VALVE HR – SAVR vs. TAVR (Zorn 2015)

PARTNER 2A-S3i – SAVR vs. TAVR (Ternacle 2021)

PARTNER 3 – SAVR vs. TAVR (Pibarot 2020)

TVT Registry – TAVR (BE and SE) (Herrmann 2018)

TVT Registry – TAVR (SE only) (Tang 2021)

TAVI – SMALL Registry (Leone 2021)

Incidence of 
Severe PPM

10 %

11 %

28 vs. 20 %*

21 vs. 7 %*

24 vs. 6 %*

6 vs. 5 %

12 %

5.3 %

9.4 %

Definition of 
PPM

Predicted

Predicted

Measured

Measured

Predicted/Measured

Measured

Measured

Measured

Measured

Impact on 
Mortality

HR: 1.84*

HR: 1.19*

HR: 1.78* vs. 0.52

HR: 1.60* (SAVR+TAVR)

HR: 1.34* vs. 1.27

HR: 1.31 (SAVR+TAVR)

HR: 1.19*

HR: 1.00 (SAVR+TAVR)

HR: 4.27*


