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Learning Objectives

 Evaluate the impact of prosthesis-patient mismatch (PPM) and
paravalvular leak (PVL) on post-TAVR hemodynamics and patient
outcomes

« Compare invasive pressure gradient measurements with
echocardiographic assessment, highlighting key findings from recent
studies and their clinical relevance

» Apply device-specific insights and procedural experience to optimize
valve selection and post-implantation assessment strategies

TAVR = transcatheter aortic valve replacement.
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Outline

* Incidence and clinical significance of PPM and PVL
 Diagnostic strategies for PPM/PVL
* Long-term outcomes and reintervention rates
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Non-Structural Valve Dysfunction

Type of Bioprosthetic Valve Dysfunction?

}

A4

A
Structural Valve Deterioration Thrombosis Endocarditis
Intrinsic permanent changes to the prosthetic valve, including: Subclinical: Meeting at least one of the
« Wearand tear (See Table 14) following criteria:
« Leaflet disrupti Imaging findings of HALT/RLM (1) Fulfilment of the Duke
eaflet disruption with absent or mild endocarditis criteria
* Flail leaflet hemodynamic changes and no (2) Evidence of abscess,
« Leaflet fibrosis and/or calcification symptoms/sequelae pus, or vegetation
« Strut fracture or deformation y in confirmed as secondary to
e Table 16 : ‘ Clinically Significant: infection by histological or
***** entrapment by (See Table 15) microbiological studies
‘,(‘1) c:'::"b:‘:q"' fas o during re-operation
romboembolic event or 2
worsening AS/AR and HVD (&) Ev'deo':cve ogab;::”'
Stage 2-3 or confirmatory BUS; orveg
imaging (HALT/RLM) confirmed on autopsy.
(2) In the absence of clinical
sequelae, MHVD Shgo 3
Imlgniﬁelm 0.85 I Insignificant >0.70 !MCO(nHﬁALT,RLM';ﬂlgmg
Moderate 0.85-0.66 I Moderate
Severe $0.65

Généreux P, et al. J Am Coll Cardiol. 2021;77(21):2717-2746.



Non-Structural Valve Dysfunction

Type of Bioprosthetic Valve Dysfunction?
Structural Valve Deterioration
Intrinsic the ic valve, b
* Wearand tear ¢ folowing
) loatet disriigtion imaging findings of HALTRLM ||~ (1) Fulfilment of the Duke
i wih absent or mid endocarditis
* Flail leaflet X
= Leaflet fibrosis and/or calcification symptoms/sequelse pus, or vegetation
* Strut fracture or deformation Clinically confirmed as secondary to
Table 15) o
() St uqulh)n of W sexies
mmﬂo (3) Evidence of abscess,
Stage 2-3 or confimatory s, ot Yegetaton
imaging (HALT/RLM) confirmed on autops)
the absence of clinic
= waeseaton || [["seveery indesedton Dot VD S
ingignaticant 085 Insignitcant 07 and Y
oserte axsam odeste amoss
Soere e e o
( Hemody hangas?")

Non-structural valve dysfunction =

planning and/or technique related

immediately present @ index procedure

Généreux P, et al. J Am Coll Cardiol. 2021;77(21):2717-2746.



Contemporary Valves: Sealing Fabric

|  LARGE CELL DESIGN
/=== Minimize coronary obstruction and
improve coronary access and blood flow

STENTDESIGN |
Curved Aortic Cells AN
Reduce risk of injury to native structures \

\| 8 14 STENT DESIGN
INNER CUFF MATERIAL TA | == Optimized Radial Force
New Polyethylene Fabric Material f / M Improve expansion, anchoring,
Maintain lower profile & durability stability, and sealing across all sizes

OUTER PVL FEATURE P _ A
New Polyethylene Outer Fabric Cuff ) — ISEALINdGSZ?NEZ
New feature designed to reduce ncrease . ealing Zone
Larger sealing zone

paravalvular leak rates and severity
VALVE DIMENSIONS
Annulus Treatment Range
19 to 30 mm annulus
diameters




Recent Data
NSVD with new THV and delivery system in VANTAGE Trial (n = 434)

60 3.0
100% - 2
° 13.6% 16.0% £ s 25
= 429
_ 5% 5 4 1.9 1.9 19 20
2
o 50% 2 30 1.5
S g
= 25% £ 20 1.0
6.“ < 8.3 7 8.0
& 10 0.7 0.5
0% g .
30 Days 12 Months 0 0.0
(N=403) (N=238) Baseline Discharge 30 Days 12 Months
® None/Trace Mild Moderate Severe Mean Gradient Effective Orifice Area

NSVD = non-structural vale dysfunction.
Van Mieghem NM, et al. Presented at European Society of Cardiology (ESC) Conference 2025; August 29-September 1; Madrid, ES.

Effective Orifice Area (cm?)



Main TAVI Related Complications 2025

Transcatheter aortic valve implantation complications and management

oy )
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Cerebral embolic BEVSs preferred Preprocedural CT SEVs preferred Use of fully or partially Preprocedural CT
protection devices . . recapturable transcatheter
High valve depl t ewer-generation vaives e valves US guidance and
Continuation of LT R wllltrht additional sealing 32::22125::2 I:Ii‘:ls o fluoroscopy
anfictaglation Implantation of the valve . e Prophylactic coronary . .
periprocedurally pressure monitoring protection Peripheral intravascular
ata depth < membranous Ventricular pacing at lithotripsy to facilitate
‘z\gg gmggsec septimlenct Bighes Caies Higher valve implantation BASILICA transfemoral access
id atrial paci Balloon dilatati in cases of severe LVOT ) . :
) Rapid atrial pacing to Aot diatzbon i Immediate cannulation of Vascular closure devices
Conservative assess need . calcification
management vs Valve-in-valve TAVI affected coronary artery )
thrombolytics vs ) ) o . Balloon angioplasty
mechanical Wait for conduction Percutaneous paravalvular Pericardiocentesis or Emergency surgery if
recovery prior to PPM leak plugs emergent surgery needed Surgical repair
thrombectomy

TAVI = transcatheter aortic valve implantation; LVOT = left ventricular outflow tract; BEV = balloon expandable valve; SEV = self-
expanding valve.
Bansal A, et al. Eurointervention. 2025;21:390-410.



PVL Severity & Outcome

TAVR Hospitalizations between
January 2016 and July 2021 for AS
with complete discharge

echocardiography data
(N = 2405)
Direct flow valve (N = 10)
i dable valve (N=22)
Moderate AR (N = 22)
N = 2601 l

Cumulative hazard

2-Year All-cause Mortality
Strata = No/Trace PVL & Mid PVL

HR = 1.06 (95% Cl: 0.67-1.66)

p=081
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2-Year Heart Failure Hospitalization

Strata = NofTrace PVL % Mid PVL
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Eo 3 HR = 1.15 (95% Cl: 0.67-1.94)
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c 2-Year Composite Outcome
Strata = NofTrace PVL % Mild PVL

03 HR = 1.14 (95% ClI: 0.79-1.64)

p=047

Cumulative hazard

18 2 2 2

0 2 4 6 & _fo 12 14 16

Tima in manthe

Mild PVL had zero clinical impact out to 2 years

2:1 Propensity score matching
based on nearest
neighbourhood

Noftrace PVL, N = 230 Mild PVL, N = 115
(66.7%) (33.3%)

Cleveland Clinic Database

Rosensveig EB, et al. Structural Heart. 2025.
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Main TAVI Related Complications 2025

Original Research

Impact of Paravalvular Leak on Outcomes After Transcatheter Aortic
Valve Implantation: Meta-Analysis of Kaplan-Meier-derived Individual
Patient Data

Michel Pompeu Sa, MD, MSc, MHBA, PhD a,b,%1 , Xander Jacquemyn, BSc ¢1l@,

Jef Van den Eynde, BSc© @, Panagiotis Tasoudis, MD b @, Ozgun Erten, MD b Serge Sicouri, MD b
Francisco Yuri Macedo, MD, MSc ¢, Tilak Pasala, MD, MRCP ¢, Ryan Kaple, MD d

Alexander Weymann, MD, MHBA, PhD °, Arjang Ruhparwar, MD, PhD ©,

Marie-Annick Clavel, DVM, PhD "2 ®, Philippe Pibarot, DVM, PhD "¢ ®, Basel Ramlawi, MD *"

« 38 studies
* N > 25,000 patients

Sa MP, et al. Struct Heart. 2022;7(2):100118.



PVL Severity & Outcome

Overall survival

a b Freedom from rehospitalization c Freedom from cardiovascular mortality
Group =+ No/Mild PVL =+~ Moderate / Severe PVL Group =+ No/Mild PVL =+ Moderate / Severe PVL. Group =+ No/Mild PVL =+ Moderate / Severe PVL
100 100 2 100
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c §
[ 0 %
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g No/Mild PVLP5364 10902 6255 4436 3523 335 2 2213 1913 1783 1680 1611 1512 1358 8488 1877 501 105
O Moderate / Severe PVL{2512 971 375 204 132 20 0 221 166 143 122 18 m 103 1296 432 86 40
0 1 2 3 4 5 6 0 2 4 6 8 10 12 0 1 2 3
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o w -
@ w |
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*Echocardiography assessment.
Sa MP, et al. Struct Heart. 2022;7(2):100118.




PVL Severity & Outcome

Freedom from cardiovascular mortality

a Overall survival b Freedom from rehospitalization

C
Group =+ No/Trace PVL =+ Mild PVL Group == No/Trace PVL -+~ Mild PVL Group =+ No/Trace PVL =+ Mild PVL
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*Echocardiography assessment.
Sa MP, et al. Struct Heart. 2022;7(2):100118.



PVL Severity & Outcome

Group =+ No/ Trace PVL -+ Mild PVL —+ Moderate / Severe PVL

100
— 75-
X
=
=
g
2 501
©

Mild PVL may only become relevant beyond 2 years of follow up

o]

Number at risk

[¢] 1 2 3 4 5
Time (years)

=5 No / Trace PVL 15033 5960 4278 3333 2698 161
§ Mild PVL 17696 3364 1118 492 383 6
o Moderate / Severe PVL 41798 643 238 104 72 1

(] 1 2 3 4 5
Time (years)

*Echocardiography assessment.
Sa MP, et al. Struct Heart. 2022;7(2):100118.



PVL Severity & Outcome

Group =+ No/Mild PVL -+ Moderate / Severe PVL

1001
751

501

Survival (%)

HR 3.02, 95% Cl 2.3-3.97, p<0.001
251

0 2 4 6 8 10 12
Time (years)

Number at risk

= No/Mild PVL{1358 1277 1234 1194 1158 1132 552
[
O Moderate / Severe PVL{209 160 149 143 126 113 31

0 2 4 6 8 10 12
Time (years)

* Aortography assessment.
Sa MP, et al. Struct Heart. 2022;7(2):100118.




PVL Severity & Outcome

a Balloon-expandable valve b Self-expandable valve
Group =+ No/Mild PVL -+ Moderate / Severe PVL Group =+ No/Mild PVL =+ Moderate / Severe PVL
100 100
. 751 75
R
®
2
P
2 501 HR 2.08, 95% ClI 1.76-2.45, p<0.001 501 HR 2.19, 95% Cl 1.59-3.01, p<0.001
T
[
>
e}
251 251
01 01
0 1 2 0 1 2
Time (years) Time (years)
Number at risk Number at risk
No/
g Mild pvL 16218 1788 461 1968 211 61
5 Moderat
O Jocerate 1611 172 35 234 28 8
0 1 2 0 1 2

*Echocardiography assessment.
Sa MP, et al. Struct Heart. 2022;7(2):100118.
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TTE Accuracy in__the Cathlab

Contents lists available at Scie

) International Journal of Cardiology '
& -lv.‘g ‘
ELSEVIER journal homepage: www.elsevier.com/locatefijcard
N
How accurate is intraprocedural transthoracic echocardiography in S’

assessing aortic regurgitation after transcathether aortic valve
implantation? A single center experience

Claire B. Ren , Mark M.P. van den Dorpel, Marcel Geleijnse, Nicolas M. van Mieghem

Department of Cardiology, Thoraxcenter, Cardiovascular Institute, Erasmus University Medical Center, Rotterdam, the Netherlands

N = 404 patients with TAVI
Balloon expandable n = 180 & self-expanding THV n =224

Transthoracic echocardiography (TTE) in cathlab & pre-discharge

Intraprocedural AR
— None or trace in 310 cases (76.7%)
— Mild in 88 (21.8%)
— Moderate in 6 (1.5%)

Ren CB, et al. Int J Cardiol. 2025;438:133565.



TTE Accuracy in the Cathlab

AR severity was concordant (same grade) with the discharge TTE assessments in 2/3 cases

Discordance in 143 cases (35.4%)

— Intraprocedural underestimation (125 cases (87.4%)
o Of one grade lowerin 93%

o Of two grades lower in 7%
— Intraprocedural overestimation (18 cases 12.6%)

Concordance between the intraprocedural and discharge TTEs was higher when no/trace PVL

— When intraprocedural AR was none or trace: 66%
— When mild: 59%
- > Mild: 50%

AR severity concordance was higher in the BE cohort (71.1%) than in the SE cohort (59.4%)

Suboptimal acoustic windows in the supine position, hemodynamic lability and solely qualitative

Assessments may explain this tendency of AR underestimation with intraprocedural TTE

Ren CB, et al. Int J Cardiol. 2025;438:133565.



Procedure Simulation & PVL

Clinical value of CT-derived simulations of
transcatheter-aortic-valve-implantation in challenging
anatomies the PRECISE-TAVI trial

« N = 77 patients with severe AS & complex anatomy

* Post TAVI: PPl in 13%, new LBBB in 14%, mild PVL 22%, moderate PVL
6.5%

* FEops HEARTguide™
— Changed preprocedural planning in 35% of cases
— Well predicted the risk for PVL
— Identified the risk for new PPI post-TAVI

Deformation contact pressure PVL volume*

*>12.2 mL predicts > trace PVL.
LBBB = left bundle branch block.
Hokken TW, et al. Catheter Cardiovasc Interv. 2023;102(6):1140-1148.



PVL & TAVR Procedure

Planning

MSCT in all
Optimal sizing (% oversizing)
Calcifications
o Severity
o Distribution (Leaflet, commissure, raphe, LVOT)
Valve phenotype (bicuspid >< tricuspid)

THV selection

Procedure

Consider balloon predilatation
Implantation depth (target depth)
Multiparametric PVL assessment

o Invasive gradient

o AR index

o Echocardiography

Postdilatation 1:1 sized if needed




Prosthesis Patient Mismatch (PPM)

* PPM = prosthesis with an EOA that is too small for an individual’s BSA —
relative obstruction of the outflow of the left ventricle (LV) — no reverse
remodeling of the hypertrophied LV

 PPM is considered moderate when the IEOA is between 0.65 and 0.85
cm2/m? (obese: 0.55 — 0.70 cm?/m?2) and severe when <0.65 cm2/m? (obese:
< 0.55 cm?/m?)

* Obese = BMI 2 30 kg/m2
* PPM may be overestimated inlow flow state (pseudo-PPM).
BSA = body surface area; iEOA = indexed effective orifice area.



e
PPM: After SAVR

N = 27186 patients

. " Study HR [95% CI| HR [95% CI]
Potentially relevant studies screened for Any PPM
i i i = Frapier 2000 0.66 (0. 1.14]
retrieval on basis of title and abstract (n=348) Fisolenan e Motdney
Sakamoto 2010 0.96 [0.: 2.77
2 Flameng 2010 1.11 [0.: 1.43 -
Studies excluded: Monin 2007 1.14 [0.68, 1.90] -
- Rao 2000 1.19 [0.92, 1.53] o
- Not clinically relevant (n=176) Pibarot 1998 1.20 [0.76, 1.88 B R
Lo A Munnc 2008, Tminde 3y —
- = ascherbauer 350,84, 2. =
ND Or‘g'na Contrl u“on tn ) Ryomoto 2008 1.38 [0.59, 3.20] —
Nozohoor 2007 1.39 [1.14, 1.69] -
i i i Kato 21 1.48 [0.72, 3.05 —
Potentially studies retrieved for more oo S el e =
i i = Kohsaka 2008 1.61 [1.44, 1.76] -
detailed evaluation (n=99) i o e
Kato 2008 2.25 [0.52, 9.78]
" Tao 2007 2.66 [0.81, 8.81]
Studies excluded: Tasca 2006 2.83(1.40,5.73
- No long-term follow-up, or not stratified Total [95% C1] 1.34[1.18, 1.51] ’
> P o 2 Heterogeneity: I = 35%
by prosthesis-patient mismatch (n=49) 001 01 10 100
o . . Favours PPM Favours no PPM
- Article not in English (n=3) Moderate PPM
Moon 2009 0.99 [0.81, 1.20]
Potentially appropriate studies to be included Howell 2000 o Pt e
ohty 2009 1.19 [0.99, 1.41]
(n=47) Vicchio 2008 1.21 [0.60, 2.45
Mrowczynski 2009 1.34 [0.83, 2.14)
" Relevant studies from reference lists or Mohty 2006 e 2
. : Florath 2008 1.59 [0.95, 2.68]
previous reviews (n=0) Kohsaka 2008 1.72 [1.25, 2.35) -
Total [95% C1] 1.19 [1.07, 1.33]
Heterogeneity: I> = 26% +
" 0.01 0.1 10 100
Studies excluded because of overlap with o DO i v B
other included studies or insufficient data Severe PPM
Moon 2009 0.99 .
= Mil. 2002 1.00 fr—
(ne13) =
‘Walther 2006 1.38 b
Studies included and analysed in the 2008, e i
. Fl th 2008 218 -
meta-analysis (n=34) Mohty 2000 231 ——
Vicchio 2009 2.39 S - T
Mohty 2006 2.64 —
Howell 2006 3.49 5.5
Kohsaka 2008 3.56 —_—
Total [95% CI] 1.84 >

.
Heterogeneity: I = 79% o1 o 5 08

Favours PPM Favours no PPM

SAVR = surgical aortic valve replacement.
Head SJ, et al. Eur Heart J. 2012;33(12):1518-29.



PPM: After TAVR

|--

N = 81969 patients

Impact of PPM on Mortality After TAVR

HR (95% CI) i
1
Overall 1.09 (1.04-1.14) -
1
Stratified by phase i
1
0-30 months 1.11 (1.06-1.16) | ——
30-60 months 0.83 (0.68-1.01) —o—i-
1
According to severity i
Moderate PPM 1.03 (0.96-1.10) ——
Severe PPM 1.25 (1.16-1.36) i
1
RRERTIRN
Reference: No PPM

Sa MP, et al. JACC Cardiovasc Imaging. 2023;16(3):298-310
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Predicted or Measured PPM?7?7?

Keynote Lecture Series

The fallacy of indexed effective orifice area
charts to predict prosthesis—patient mismatch
after prosthesis implantation

Prosthesis-patient mismatch in transcatheter and surgical aortic
valve replacement
Rebecca T. Hahn', Philippe Pibarot’

. . . Michiel D. Vriesendorp © 1 Rob A.F. De Lind Van Wijngaarden', Stuart ). Head?,
The measurement of PPM is nuanced with multiple Arie-Pieter Kappetein © %, Graeme L. Hickey © %, Vivek Rao @ ?, Neil . Weissman®,

hemodynamic variables affecting quantitation of prosthetic Michael ). Reardon®, Michael G. Moront®, Joseph F. Sabik III”, and
. . . . Robert J.M. Klautz © '*

EOA. The identification and grading of PPM should

preferably use the predicted EOAi and apply different
chTonsd_cpending on body size. Other confounders such
as pseudo-PPM due to low flow, and pressure recovery,
require further study. However, when using the predicted
EQAI to assess PPM, it is critical to use reliable sources
for the normal reference values of EOAs for the different
models and sizes of TAVR or SAVR valves.

TAVR is associated with less PPM than SAVR and severe
PPM in SAVR is associated with increased mortality. Thus,
an individualized approach to valve choice should always
be made, considering these differences in outcomes related
to PPM, as well as differences in incidence and outcomes
associated with other complications.

Conclusion The use of echocardiographic normal reference values for EOA charts to predict PPM is unreliable due to the
large proportion ol ations.




Predicted PPM and Outcome: SAVR & TAVR

5-year all-cause death or
rehospitalization according to PPM by

predicted EOAi method adjusted for BMI

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.

100 P<0.001

5-year all-cause death
or rehospitalization, %

SAVR cohort TAVR cohort
M NoPPM M Moderate PPM M Severe PPM

Hahn RT, Pibarot P. Ann Cardiothorac Surg. 2024;13(3):211-223.



Incidence of Measured or Predicted PPM: SAVR & TAVR

SAVR cohort TAVR cohort

P<0.0001
P<0.0001
P<0.0001 P<0.0001
100 1 Incidence of prosthesis-patient mismatch
X go 1. Incidence of severe PPM is markedly lower with
- predicted vs. measured EOAI.
5 609 2. TAVR has lower incidence of severe PPM compared
40 4 to SAVR, regardless of the EOAi method used to
- identify PPM.
20 -
0 -
PPMy  PPM;, PPMy  PPMy,  PPM,,
BMI- BMI- BMI- BMI- BMI-
adjusted adjusted adjusted adjusted adjusted

B NoPPM M Moderate PPM M Severe PPM

Hahn RT, Pibarot P. Ann Cardiothorac Surg. 2024;13(3):211-223.



Measured vs Predicted PPM: After TAVR

IMPPACT TAVR Registry: Prevalence and Impact of Measured and Predicted PPM After TAVR
N =38,808, 2006-2022

A Adjusted Mortality

Measured PPM - Echocardiography Predicted PPM - Reference Values

§ 50 HR: 0.90 (95% Cl: 0.80-1.02); P = 0.090, for moderate ﬁ' 50 HR: 0.98 (95% Cl: 0.85-1.14); P = 0.819, for moderate
; 40 HR: 1.1 (95% Cl: 0.91-1.35); P = 0.312, for severe =~ 40 HR: 0.91 (95% Cl: 0.51-1.60); P = 0.737, for severe
E 30 E 30
E 20 E 20
g? 10 / § o / » After a 2-year follow-up, neither measured nor predicted PPM significantly affected mortality in adjusted
RELLE . . . — 01 : . . . analyses

0 6 12 18 24 0 6 12 18 24 . . . . . .

Time Since Procedure (Months) Time Since Procedure (Months) * PPMm and PPMp categorize different patient populations with negligible correlation between the methods

= No ™ Moderate ® Severe

B  PPM Prevalence and Correlation C Cox Proportional Hazards Model

» Given the high competing risks of death, the significance of PPM, irrespective of definition and severity, appears
negligible in contemporary TAVR

Measured PPM Predicted PPM
05% HR(95%C)) PValue HR(95%CI) P Value
Age (y) 1.03(1.02-1.03) <0.001 1.02(1.02-1.03) <0.001
Female 0.76 (0.69-0.84) <0.001 0.76 (0.71-0.82) <0.001

GFR

> & 30-60mi/min  139(1.251.54) <0.001 128(118.38) <0.001
<30 mL/min 2.92(2.54-3.36) <0.001 2.64(2.37-2.93) <0.001
Kendall's taui €:.0.063 Baseling LVEF

30%-50% 1.36 (1.23-1.50) <0.001 1.31(1.21-1.41) <0.001

#

<30% 1.56(1.28-1.90) <0.001 1.43(1.24-1.66) <0.001
PVL 2 moderate 153 (1.23-1.90) <0.001 1.51(1.27-1.80) <0.001
AF/AFL 166 (1.51-1.82) <0.001 1.56 (1.45-1.68) <0.001

Severe PPMm 114 (0.94-1.38) 0.186
PPMm PPMp Severe PPMp 0.92(0.52-1.62) 0.766

Relative Distribution (%)
|2
®
8

Guthoff H, et al. JACC Cardiovasc Interv. 2024;17(22):2626-2635.



Predictors for PPM: SAVR & TAVR

SAVR predictors of PPM
Dayan et al. (8 female sex, diabetes, hypertension, renal failure, large BSA and BMI, bioprosthesis (vs. mechanical) valves
i T, e W
Kim et al. (29): intra-annular prostheses (vs. supra-annular) bioprosthesis
Tavakoli et al. (30): stented (vs. stentless) bioprosthesis
TAVR predictors of PPM

Herrmann et al. (Qge, female sex, atrial fibrillation, severe MR or TR, small THV (s23-mm diameter), valve-in-valve procedure,

larger BSA, non-white/Hispanic race, lower EF
L

Miyasaka et al. (31): younger age, larger BSA, smaller aortic valve area, smaller annulus area, no balloon post-dilatation, and use of
faa
balloon-expandable valve

Stamou et al. (32): age <70 years, BMI >30 kg/m?, history of atrial fibrillation, black race, and small THV (<23-mm diameter)
Leone et al. (28): intra-annular valves (note: post-dilation and valve oversizing protects against PPM)

Hahn RT, Pibarot P. Ann Cardiothorac Surg. 2024;13(3):211-223.



Predictors for PPM: SAVR & TAVR

Reasons for discrepant incidence of PPM following AVR
Method of EOA calculation (measured vs. predicted)
Failure to correct cutoffs for obesity
Timing of measurement (immediate vs. later)

Effect of underlying flow state

Method of gradient determin@e Vs. non-invash

Reasons for discrepant outcomes of PPM following AVR

Method of EOA calculation (measured vs. predicted)

Incomplete correction for confounding and competing outcomes variables (i.e., paravalvular aortic regurgitation, low flow state, other
survival limitations)

Underpowered analysis (i.e., in setting of low disease incidence)

Limited follow-up (i.e., =1 year)

Hahn RT, Pibarot P. Ann Cardiothorac Surg. 2024;13(3):211-223.



Conclusions

* Incidence of non-structural valve dysfunction {

* Clinical consequences of mild PVL seem marginal but may become apparent
after 2 years

* Prosthesis patient mismatch remains a controversial entity
— No consensus on how to determine
— More likely with SAVR than TAVR
— Only severe PPM seems to matter

« MSCT planning for all patients with AS can & should eradicate non-structural
valve dysfunction

AS = aortic valve stenosis; MSCT = multislice computer tomography.
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Echocardiography < Invasive

Good correlation/agreement in normal flow native AS severity assessment

* Gradient =4 Xv - Simultaneous recording (no
« Scan to obtain maximal pullback)

Pressure recovery is not measured with echocardiography

tips -1 @ =3cm above leaflet opening

a0r dedicated dual-lumen catheter
LVOT = left ventricular outflow tract; AS = aortic stenosis.
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SOLVE-TAVI

SOLVE-TAVI

XX
%} g Valve Strategy
100 4
g 9 P=034 Endpoint
+ Censor
80 Composite Primary Endpoint
All-Cause Mortality

J Stroke

5 Moderate/Severe PVL

3 Permanent Pacemaker
£
ol
s

Combined endpoint at 5 years

10 (all-cause mortality, stroke, moderate/severe
PVL, permanent pacemaker implantation)

Ot+—T—"T—TT 7T 7T T

0 6 12 18 24 30 36 42 48 54 60

Months Since Randomization

— BEV 218 149 125 114 110 98 94 89 83 77 37
—— SEV 218 133 120 111 99 93 88 80 75 71 29

Device — BEV — SEV

HR (95% CI)
0.89 (0.70-1.13) L, !
0.98 (0.74-1.29) o
4.84 (1.65-14.18) E E
064(030137) ————ei—t—4
0.75 (0.52-1.08) —t !
T —t — !
FavorsBEV 05 07 1 14 2 FavorsSEV

SEV = self-expanding valves; BEV = balloon-expandable valves.
Feistritzer HJ, et al. J Am Coll Cardiol. 2025;85(1):74-82.

Mean Aortic Valve Gradient

50 -~

20 o

Baseline 30 Days 6 Months 1 Year

BEV 196 159 131 88 61 19
SEV 192 154 123 94 56 19



e
CHOICE RCT

A MEAN TRANSPROSTHETIC GRADIENT FROM BASELINE TO 5 YEARS
Hf-expanding
50.0 =090

400
100 200
—— Balloon-expandable
—— Self-expanding 0
by 80 100
R !
g 0.0
E m p'ﬂ'ue "Dg-l’arlk, = 0.38 53‘4% BASELINE POST-TAVR 30 DAYS 1 YEAR 5 YEARS
E N= 117 102 80 79 39
N= 115 105 78 81 as
b
40 47.6%
§ B MEAN EFFECTIVE ORIFICE AREA FROM BASELINE TO 5 YEARS
<
24
20 22
20
18
o 16
0 1 2 3 4 5 12
1.0
Years post-procedure o8 w
Number at risk 06 07
121 ) 87 77 69 46 ¥ e
120 101 87 80 7 42 0o
N= 112 88 76 69 36
N= 112 81 63 66 41

RCT = randomized controlled trial.
Abdel-Wahab M, et al. J Am Coll Cardiol Intv. 2020;13:1071-1082.



LYTEN RCT

Valve Hemodynamics as Evaluated by Doppler-Echocardiography at 30-Day Follow-Up

(Primary Endpoint)

8
g

° P<0.001 P=0.069
64%

ViV-TAVR
- 1%
P=0.246

-

o
1

o

Mean Transvalvular
Gradient (mm Hg)
g 8
Severe PPM
o ]
© ©
£
X
Aortic Regurgitation
8 8 8

(=]
r

o 8 8

BEV SEV BEV SEV BEV SEV
Mild [ None/Trace [l Moderate/Severe

Invasive vs Echocardiographic Measurements Overall and According to Valve Type

8
3

*Prosthesis type P = 0.07
o o
P=0.04

i $$$

Invalsive Echo Invasive Echo Invasive Echo
BEV SEV

P<0.001 o

T

o
P=0.001

w
e

No differences in clinical outcomes at 30 days
No death or stroke events at 30 days

3
Gradient (mm Hg)

!

Mean Transvalvular

Gradient (mm Hg)
8

Mean Transvalvular

(=]
o
1

* In afailed small (#23 mm) surgical valve

* In patients with small failed aortic bioprostheses, ViV-TAVR with an SEV was associated with
improved valve hemodynamics as evaluated by echocardiography. There were no differences
between groups in invasive valve hemodynamics and 30-day clinical outcomes

Rodés-Cabau J, et al. J Am Coll Cardiol. 2022;80(7):681-693.



Evolut LR RCT

1,414 low-risk patients with aortic stenosis
underwent attempted aortic valve replacement

730 684 A Hemodynamic Valve Performance
underwent underwent 3.0
TAVR surgery - 60.0
TAR— Surgery— T 20 22107 22406
All-cause mortality or disabling stroke Disabling stroke S 44.2 +12.3 21+06 21+06 [ 50.0 %
100; 100, 2 3 - 3
o Log-rank Pvalue at5y = 0.57 Z N ] - 400 ©
o 801 M 2006 19+06 g
2 ol € -300 3
§ § : :
40 SRR 401 H - 20.0 3
) E 11.3+4.8 11.7%£5.6 12257 121x54 12.8%6.9 z
o [ & — 4 > 4 —3 L 10.0
() 12 24 36 48 60 0 12 24 36 48 60 o - > & E
Months after procedure Months after procedure 87+3.6 9.0+40 91139 98+55 10.7+6.6
TAVR: 730 715 706 685 651 615 542 TAVR: 730 715 706 685 651 615 542 — — 0.0
Surgery: 684 648 627 505 558 520 475 Surgery: 684 648 627 595 558 520 475
Baseline  Discharge 1 Year 2 Years 3 Years 4 Years 5 Years
Cardiovascular mortality Noncardiovascular mortality .
100 20 100, 20 Time Post Procedure
15 Log-rank Pvalue at5y = 0.15 15 Log-rank P value at5y = 0.73
801 = o 801 -m- 637 577 565 535 495 439 399
g 60 5| g 60| -m- 596 406 525 435 397 370 313
§ w0 o L2 § 6 - 717 704 662 607 549 498 467
2 N I - 679 632 597 515 457 436 387
o5 ) 3 o5 - % -®- TAVR EOA —o—- TAVR MG

24 36 48 24 36 48

Months after procedure Months after procedure 8- Surgery MG
TAVR: 730 718 709 691 659 626 555 TAVR: 730 718 709 691 659 626 555
Surgery: 684 656 636 605 569 530 482 Surgery: 684 656 636 605 569 530 482

- - Surgery EOA

Transcatheter and surgical aortic valve replacement had comparable rates of all-cause mortality or
disabling stroke with sustained outcomes over 5 years

EOA = effective orifice area.
Forrest JK, et al. J Am Coll Cardiol. 2025;85(15):1523-1532.
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CONSORT Diagram

SEV group BEV group
Patients treated with Evolut R/Pro/Pro+ Patients treated with SAPIEN3
Pre-discharge (n = 573) (n = 654)

Echocardiography available (n = 567) Echocardiography available (n = 644)

1:1 propensity score matching
436 matched pairs

SEV; n=436, vs. BEV; n=436

Patients lost to follow-up (n = 4) Patients lost to follow-up (n = 3)
Patients who died (n = 13) Patients who died (n = 8)

30 days Clinic ) Clinical follow-up (n = 425)

Patients lost to follow-up (n = 5) Patients lost to follow-up (n = 2)
Patients who died (n = 28) Patients who died (n = 31)

12 months

Patients lost to follow-up (n = 10) Patients lost to follow-up (n = 6)
Patients who died (n = 17) Patients who died (n = 26)
24 months Clinical fol Clinical follow-up (n = 360)

Van den Dorpel MMP, et al. Eurointervention. 2025;21:e411-e425.



Obijectives

* Primary objective: To compare the mean and peak gradients pre- and
post-TAVI by
— Immediate invasive assessment
— Transthoracic echocardiography within 48 hours

« Secondary objective: To correlate hemodynamic performance
(by TTE and invasively) with all-cause and cardiovascular mortality

TTE = transthoracic echocardiogram.
Van den Dorpel MMP, et al. Eurointervention. 2025;21:e411-e425.



Pressure Recovery Phenomenon after BEV & SEV

Peak-to-peak gradient
2 mmHg

A

Mean gradient
3 mmHg

25 mm/s

Summary. 83HR: DIt Aortic 2 Gradient Aortic

3 AQ 153877101 LV

1656/13 ¢P/et 1672 SPIGUP-36

Peak gradient
15 mmHg

AdultEMC

X5-1 —~, =
17Hz AV VT

12cm 0 —— Vmax 194 cm/s
Vmean 140 cm/s
Max PG 15 mmHg
Mean PG 8 mmHg
VTI 398 cm /
AVVR 0.62 |

L il

| ‘_W ﬂ...d

Van den Dorpel MMP, et al. Eurointervention. 2025;21:e411-e425.

Mean gradient
9 mmHg

TIS0.6 MI 0.1

,M*‘w»-‘ g | crms

f \

=-240

" '75mmis’ " 63bpm




Baseline Characteristics

TAVI

T sEvi=si3) | BEV(n=os) | P |
fAge(y) R 80 (74-84) 093
[T 28432 428 (65.4) <0.001
325(2.28-481) 294 (1.90470)  0.007

LVEF (% 58 (50-60) 55 (45-60) <0.001
393 (68.6) 378 (57.8) <0.001

40-50% 115 (20.0) 174 (26.6) 0.014

65 (11.4) 102 (15.6) 0.033

Pre-procedural

mean aortic gradient(mmHg 40.0 (31.0-50.0) 38.0 (30.0-48.0) 0.11

Pre-procedural

peak aortic gradient(mmHg 67.0 (55.0-81.0) 64.0 (49.0-81.0) 0.06

Van den Dorpel MMP, et al. Eurointervention. 2025;21:e411-e425.



Gradient for SEV & BEV

Echocardiography Invasive
Baseline Baseline
120 40 38 120 37 34
2 . (32-50) (30-48) g . (26-47) (26-45)
% p=0.11 % p=024
g 60 g 60
E 40 5 40
[ i
Post-TAVI Post-TAVI
: 8 i, 3 3
i 30 (6-11) p <0.001 (8 14) E (0-6) ,-0s3 (0-6)
g 2 § 20
'E 10 E 10
g H

SEV BEV

Van den Dorpel MMP, et al. Eurointervention. 2025;21:e411-e425.
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Discordance for SEV & BEV

SEV

p <0.001

Mean transvalvular gradient (mm Hg)

101
5

Echocardiography

Post-TAVI echo mean gradient —

Invasive

Mean transvalvular gradient (mm Hg)

20

15

BEV

]: l p <0.001

Echocardiography Invasive

Post TAVI invasive mean gradient (mmHg) = e YA E R, SR

Van den Dorpel MMP, et al. Eurointervention. 2025;21:e411-e425.



Discordance A for SEV & BEV per size

SEV (n = 573) BEV (n = 654) P
Valve size (reference = 5.0) (reference = 7.0) (SEV vs. BEV)
Small
(20mm/23mm) 8.0 (4.0-13.0) reference  12.0 (7.0-16.5) reference 0.11
Small-medium
(23mm/26mm) 5.0 (2.0-8.0) 0.012 9.0 (6.0-13.0) 0.68 <0.001

Medium

(26mm/29mm) 4.0 (2.0-7.0) 0.001 7.0 (4.0-10.0) 0.005 <0.001

Large
(29mm/34mm) 4.0 (2.0-6.0) 0.039 6.0 (4.0-9.0) 0.018 0.013

A = Post-TAVI echo mean gradient — Post TAVI invasive mean gradient (mmHg)

Van den Dorpel MMP, et al. Eurointervention. 2025;21:e411-e425.



Discordance for SEV & BEV per EF or SVI

LVEF SEV +BEV =lait =2,
(reference = 5.0)

>50% 6.0 (3.0-10.0) reference 5.0 (2.0-8.0)

40-50% 6.0 (3.0-9.0) 0.42 4.0 (0.0-7.0)

<40% 6.0 (2.0-9.0) 0.50 5.0 (1.0-8.0)

Stroke
volume index

2
S 70 (3.0-100) reference 5.0 (2.0-7.8)

<35 ml/m?

6.0 (3.0-8.0) 0.044 5.0 (2.0-8.0)

Van den Dorpel MMP, et al. Eurointervention. 2025;21:e411-e425.

reference

0.10

1.00

reference

0.79

BEV (n = 654)

(GEE AL

8.0 (5.0-11.0)

7.0 (4.0-9.0)

6.0 (3.0-9.0)

9.0 (5.0-12.0)

7.0 (4.0-9.0)

P
(SEV vs. BEV)

reference

0.22

0.020

reference

0.002

<0.001

<0.001

0.40

<0.001

<0.001



Mean Gradient and Outcome

A Invasive gradient post-TAVI

BEV mean PG:
w 3.0(0.0-6.0) mmHg

Hazard ratio for all-cause mortality:

107 106 105
ote® (004 (QELID (01109
: p=0.038 p=0.007 p=0.011

30days 1year 2years

Van den Dorpel MMP, et al. Eurointervention. 2025;21:e411-e425.

B Echocardiography-derived gradient post-TAVI

. BEV mean PG:
w 11.0(8.0-14.0) mmHg

Hazard ratio for all-cause mortality:

. 113 102 099
Comtiols 775 @950 O34-107)
gra p=0.248 p=0639 p=0979

30days 1year 2years




Invasive Mean Gradient & Mortality

- g 80
O 400 =
3 2
e s 60
£ 3
_g 3.00 o
E 40
§ g p=0.04
g 20 (3 HR 1.83 (1.07 - 3.31)
= 20
g —— Post-TAVI invasive gradient <10 mmHg
E - —— Post-TAVI invasive gradient >10mmHg
8 0
B
ﬁ 0 1 2 3 4 s [ 7 8 ] 10 " 12
©
T
00 Follow up (months)
g § t L4 2 = =0 Patients at risk

Post TAVI invasive mean gradient (mmHg) Post-TAVI invasive gradient <10 mmHg

784 770 766 758 749 744 739 732 725 720 713 709 705

Post-TAVI invasive gradient >10mmHg
86 83 80 8 78 77 76 75 73 72 71 68 67

Van den Dorpel MMP, et al. Eurointervention. 2025;21:e411-e425.



FAB TAVI Study

Baseline Post TAV-in-SAV
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Chatterjee S. [Submitted for publication.]



Acquisition Caveats

 Ultrasound beam alignment to
grab maximal velocities

* No consensus on specific
acquisitions for each THV frame

* Intrinsic assumptions of echo

Doppler (Bernoulli = laminar flow)

Van den Dorpel MMP, et al. Eurointervention. 2025;21:e411-e425.

* Need to calibrate fluid-filled
catheters

* Variation in catheter positioning in
the ascending aorta

* Filling status, transient cardiac
stunning, sedatives/anaesthesia



Bernoulli Equation in Brief...

« Based on the law of conservation of energy, the sum of pressure and
kinetic energy is similar in the LV, at the aortic valve, and in the aorta

* Blood flow = product of area and velocity

 Across a stenotic area (area U) kinetic energy (and velocity) of the
blood increases (v,,.x §) but a pressure gradient occurs because the

pressure energy of the blood (and pressure) decreases, and there is
energy decay through friction and heat losses



Bernoulli Equation in Brief...

* The Bernoulli equation describes that the pressure gradient generated
across a stenosis is related to 3 forces

— Convective acceleration = increase in blood-flow velocity when
traversing a reduced area (this is the dominant component)

— Flow acceleration (different from flow convergence) = increase blood-
flow velocity with ventricular contraction

— Viscous forces from blood viscosity and friction forces amongst blood
layers and against the aorta



Bernoulli Equation in Brief...

» The simplified Bernoulli equation

— Discards any velocity increase from flow acceleration, viscous forces, flow
profile, flow convergences, LVOT velocity, and pressure recovery

— Causes overestimation of transvalvular mean gradients

— Explains why across normal aortic valves, the invasive but never the
echocardiographic, mean gradient may be zero



Bernoulli Equation in Brief...

* Non-stenotic prosthetic valve designs have different flow
profiles (turbulent versus laminar), varying lengths of stent-frames
(BEV, SEV, ViV-TAVR), different levels of flow convergence (@
lower prosthetic valve struts, below leaflets, and blood-flow exit
from valve frame), and varying degrees of pressure recovery

* Non-stenotic valves with different designs will generate different
flow velocities, and hence echocardiographic mean gradients, for
the same geometrical area and invasive mean gradients




Pressure Recovery and Mean Gradient

Assessment
* Pressure recovery

— Invasive
o Incorporates all contributing factors to flow (including pressure recovery)

— Echocardiography

o Maximum velocity is measured at the level of the vena contracta (pressure
recovery has not yet occurred)

o Simplified Bernoulli equation

o Overestimation by echocardiography



Pressure Recovery Phenomenon after BEV &SEV

k APt
API‘IIH

APnet
APpax

Van den Dorpel MMP, et al. Eurointervention. 2025;21:e411-e425.



Different Discordance for SEV & BEV

« Explanation for smaller discordance in SEV vs BEV?

— 1. Differences in valve frame design may affect pressure recovery
differently

— 2. Design related phenomena (apart from pressure recovery) may convert
kinetic enerqgy to potential enerqy




Immediate Gradient Discordance Post-TAVR:
What's Next?

Standardized
| | Invasive Hemodynamics - Concordance

Consider Post
rJ p . .
\ e | N Dilatation/?Balloon
L P 2 7 , — /A‘ \ (‘ Valve Fracture?
Nt o e | Discordance
Acceptable valve function
Elevated MG 2 20 mmHg Recalibrate

Courtesy A Abbas, Corewell Health William Beaumont University Hospital, Royal Oak, Mi.



Discordance & Setting

~100% |

SVD = structural valve degeneration.

Echo and Cath Percent Difference

_ p<0001
p <0001

p<oooa
p=0143 p=0031

Em

!

SVD ViV-TAVR TAVR

Abbas AE, et al. J Am Soc Echocardiogr. 2023;36(12):1302-1314.




Conclusions

* Mean aortic gradients are higher by echocardiography than by
Invasive assessment

* Incremental discordance for BEV than SEV

* Only invasive mean gradients correlate with clinical outcome

« A call for systematic invasive pressure assessment @ end of
each TAVR procedure
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Presentation Overview

* Hemodynamic performance across TAVR platforms
* Role of valve design in pressure gradients and PVL
 Device selection and post-TAVR assessment

« Case-based insights



Understanding Hemodynamic Performance

* Hemodynamic performance = Valve efficiency in maintaining flow with
minimal pressure gradient

» Key metrics: Mean transvalvular gradient (mm Hg), EOA (cm?), and
PPM

 Better hemodynamics = Lower LV workload and improved long-term
outcomes

EOA = effective orifice area; LV = left ventricular.



Hemodynamic Comparison Across Platforms

 SAPIEN 3 (BEV): ~11 mm Hg, 1.6 cm?, <3% moderate/severe PVL
* Evolut FX (SEV): ~8 mm Hg, 2.0 cm?, 4-6% moderate PVL
« ACURATE neo2: ~9 mm Hg, 1.9 cm?, <56% moderate PVL

« PORTICO/NAVITOR: ~9-10 mm Hg, 1.8-1.9 cm?, ~3-5% moderate
PVL

BEV = balloon-expandable valve; SEV = self-expanding valve.
NIH National Library of Medicine. Accessed October 6, 2025. https://clinicaltrials.gov/study/NCT02675114; NCT02207569; NCT02737150.



Key Insights on Hemodynamic Performance

 Self-expanding valves: Larger EOA and lower gradients

- Balloon-expandable valves: Precise positioning, strong annular
sealing

* Clinical trade-offs depend on annular size, calcium, LVOT geometry,
and access route

LVOT = left ventricular outflow tract.



Role of Valve Design in Pressure Gradients

* Frame structure: Affects radial strength and symmetry

« Leaflet position: Intra-annular (BEV) vs supra-annular (SEV) impacts
EOA and gradient

 Sealing skirt: Reduces PVL but may slightly lower EOA
 Radial force: Determines resistance to recoil and sealing efficiency

Hatoum H, et al. Ann Biomed Eng. 2019;48(2):860-867.



Role of Valve Design in
Paravalvular Leak (PVL)

* Mechanisms: Incomplete sealing, annular calcification, eccentric
deployment

 Design factors reducing PVL: External skirts, adaptive sealing,
precise deployment

* PVL implications: Associated with mortality and HF readmissions

HF = heart failure.
Bhushan S, et al. Curr Probl Cardiol. 2022;47(10):100957.



Device Selection Considerations

« Anatomic factors: Annulus size, LVOT shape, calcium, coronary
height

« Clinical factors: Access route, EF, surgical risk, anticoagulation status
« BEV: Superior control, lower PVL risk
« SEV: Larger EOA, better for small annuli or low-gradient AS

EF = ejection fraction; AS = aortic stenosis.
Claessen BE, et al. JAMA Cardiol. 2021;6(1):102-112.



Post-TAVR Hemodynamic Assessment

* Immediate: Mean gradient <20 mm Hg, no/moderate PVL
« Echo confirmation of leaflet motion and valve area
 Follow-up: Echo at discharge, 1 month, 1 year

» Gradient rise >10 mm Hg or new PVL suggests thrombosis or
degeneration

Fong FK and So KC. JACC Asia. 2024;4(7):545-546.



Key Takeaways

* Hemodynamics differ across platforms; understand trade-offs

 Valve design influences gradients and PVL

* Device selection integrates anatomy, hemodynamics, and experience
« Continuous post-TAVR assessment ensures optimal outcomes
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