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ADDITIONAL CONTENT - METHODS 

Pre-procedural THV sizing 

Pre-procedural sizing was performed on the basis of measurements of annular area from multi-

slice computed tomography or 3D transesophageal echocardiography with the optimal oversizing 

being 5-10% by area. This measurement was assessed by the core laboratories only for the 

intermediate-risk cohort; the percentage of valve oversizing is thus reported only for this group. 

Multi-Parameter Approach to Grade PVR severity 

In the multi-parameter integrative approach to grade PVR severity, we relied more heavily on the 

width at the origin, the circumferential extent, the features, and the number of PVR jet(s), 

assessed visually in multiple views (Online Table 1). The other parameters including jet 

deceleration time, diastolic flow reversal in descending aorta and regurgitant volume and fraction 

estimated from the difference of left ventricular minus right ventricular stroke volumes, were 

used to corroborate the PVR grading or to discriminate cases that were borderline between 2 

classes.  
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eTable 1: Parameters and Criteria for Grading the Severity of Paravalvular Regurgitation 

3-CLASS GRADING SCHEME TRACE MILD MODERATE SEVERE 

5-CLASS GRADING SCHEME TRACE MILD MILD-TO-
MODERATE 

MODERATE MODERATE-
TO-SEVERE 

SEVERE 

Structural Parameters 
● Valve stent  

 
Usually normal 

 
Usually normal 

 
Normal/ 

abnormal† 

 
Normal/ 

abnormal† 

 
Usually 

abnormal† 

 
Usually 

abnormal† 
Doppler parameters (qualitative or 
semi-quantitative) 

      

● Jet features 
         Extensive/wide jet origin 
         Multiple jets 
         Jet path visible along the stent 
         Proximal Flow convergence visible 
 

 
Absent 

Possible 
Absent 
Absent 

 
Absent 

Possible 
Absent 
Absent 

 
Absent 

Often present 
Possible 
Absent 

 
Present 

Often present 
Often present 

Possible 

 
Present 

Usually present 
Usually present 
Often present 

 
Present 

Usually present 
Present 

Often present 

● Jet width at its origin 
    (%LVOT diameter): color Doppler 

Narrow  
(<5) 

Narrow  
(5-15) 

Intermediate 
(15-30) 

Intermediate 
(30-45) 

Large  
(45-60) 

Large  
(>60) 

○ Jet deceleration rate  
   (PHT, ms): CW Doppler 

Slow  
(>500) 

Slow  
(>500) 

Slow  
(>500) 

Variable  
(200-500) 

Variable  
(200-500) 

Steep  
(<200) 

○ Diastolic flow reversal in the  
   descending aorta: PW Doppler 

Absent Absent or brief 
early diastolic 

Intermediate Intermediate Holodiastolic 
(EVD>20 cm/s) 

Holodiastolic 
(EDV>25 cm/s) 

● Circumferential extent of PVR (%): 
    color Doppler 

<10 <10 10-20 20-30 >30  >30 

Doppler parameters (quantitative)       
○ Regurgitant fraction (%) <15 <15 15-30 30-40 40-50 >50 

       

Legend: Th 5-class scheme divides mild PVR (in 3-class) into 2 separate grades of mild and mild-to-moderate, and divides moderate PVR 
(in 3-class)into 2 separate grades of moderate and moderate-to-severe. The visual assessment of: i) the width of the PVR jet(s) at its origin in 
multiple views and multiple planes, ii) the circumferencial extent the PVR jet(s) in multiple planes of the parasternal short-axis views, ii) the 
identification of features of significant PVR (presence of multiple jets or jets with a path clearly visiblealong the stent, or the presence of a proximal flow 
convergence remains the most important and also the most often applicable parameters to grade PVR. The other parameters including the pressure half 
time, the flow reversal in the descending aorta, the regurgitant fraction (estimated from the difference of LV outflow and RV outflow stroke volumes) are 
additional parameters that may be useful to corroborate PVR severity.  

● Parameters that are most frequently applicable and used to grade PVR severity by echocardiography. ○ Parameters that are less often applicable due to 
pitfalls in the feasibility/accuracy of the measurements and/or to the interaction with other factors. † Abnormalities of stent position (too low or too high), 
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deployment, and/or circularity. CW denotes continuous wave, EDV, end-diastolic velocity, LVOT: left ventricular outflow tract, PHT, pressure half time, 
PVR: paravalvular regurgitation, PW: pulsed wave.  
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eFigure 1: Study Flow Chart 
 
 

 
 
 
Legend: AS: aortic stenosis; BAV: balloon aortic valvuloplasty; HF: heart failure; Pt / Pts: patient / patients; PVR: paravalvular 
regurgitation; SAVR: surgical aortic valve replacement; VinV: valve-in-valve. 
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eFigure 2: Subgroup analyses of the effect of ≥ moderate PVR at 30 days on 1-year outcomes 
       A 

  
 

           B 
 

                          
Legend: Hazard ratios and 95% confidence intervals are shown for all-cause death (Panel A) and 
composite of death and re-hospitalization (Panel B) at 1 year according to presence of absence of 
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≥ moderate PVR at 30 days. The P value for interaction represents the likelihood of an interaction 
between the variable and the effect of ≥ moderate PVR. 
eFigure 3: Subgroup analyses of the effect of mild and mild-to-moderate PVR at 30 days on 1-
year outcomes 
 

                    A 

  
 

                   B 
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Legend: Hazard ratios and 95% confidence intervals are shown for mild-to-moderate vs. ≤ mild 
PVR (Panels A and B) and for mild vs. none/trace PVR (Panels C and D). Panels A and C 
present all-cause death and B and D present composite of death and re-hospitalization. 
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ADDITIONAL CONTENT - RESULTS 
 
Inter-Core Laboratory Variability Analysis 

In the inter-core laboratory variability analysis that included 64 echocardiograms, the percentage 

of agreement for PVR grading in the 5-class scheme was 88% between Laboratories A and B, 

75% between Laboratories A and C, and 75% between Laboratories B and C. When collapsed 

into the 3-class scheme, the percentage of agreement was: 91%, 78%, and 81%, respectively. The 

vast majority of the disagreement in PVR grading were between trace, mild, and mild-to-

moderate classes and were generally of one-class difference. One patient was graded >moderate 

by one laboratory but <moderate by the 2 other laboratories. 

 

Association Between Changes in PVR and Changes in Heart rate, Blood pressure, and 

Medications 

There was no significant difference in 30-day, 1-year, or 30 days to 1 year changes in blood 

pressure or medications between the patients (n=24) with ≥ moderate PVR at 30 days who 

decreased to < moderate PVR at 1 year versus those (n=9) who remained moderate at 1 year. 

Heart rate, however, decreased significantly in patients who experienced a reduction in PVR, 

(p=0.04) whereas it remained stable in those who had no change in PVR. These results thus do 

not support the fact that changes in hemodynamics or loading conditions were the main factors 

responsible for the change in PVR severity in this subset of 24 patients. These results are based 

on a small number of patients and should thus be interpreted cautiously. 

 


