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Small Aortic Annulus

Small Annuli Are Common:

SAVR prostheses ≤ 21mm 1 = 22-44%

Use of small TAVR prostheses:

Higher in Southern Europe and Asia 1

TAV in SAV = 70-80% 6,7

Several fold higher in women who make up ~90% of small 

annulus population 1

1 Freitas-Ferraz et al, Circ 2017;139:2685

2 Reardon et al, NEJM 2017;376:1321

3 Kodali et al, European Heart J 2016;37:2252

4 Popma et al, NEJM 2019;380:1706

5 Mack et al, NEJM 2019;380:1695

6 Dvir et al, JAMA 2014;312:162

7 Webb et al, JACC 2017;69:2253



Mortality with Surgical Valve label size

Dvir, et al.  JAMA. 2014; 312(2):162-170 

• The smaller the surgical valve, the 
higher the mortality!

• Probably due to patient-prosthesis 
mismatch



Patient-Prosthesis Mismatch (PPM)

Patient-prosthesis mismatch occurs when the effective orifice area (EOA) of the 

implanted prosthetic valve is too small for the patient’s body size

PPM is defined by indexed EOA/body surface area (BSA) ; none (>0.85 cm2/m2), 

moderate (0.85 to 0.65 cm2/m2), and severe (≤0.65cm2/m2) 
- Mod to severe : increased risk of adm of HF, redo AVR

- Any degree : lower survival

TAVR has been associated with a decreased risk of PPM compared to SAVR, 

especially in patients with small aortic annuli

Lancellotti P, et al. Eur Heart J Cardiovasc Imaging. 2016;17(6):589-590.



Effect of PPM in Mortality

J Am Coll Cardiol 2018;72:2701–11 

TAVR in STS/ACC TVT RegistryTM All TAVR Devices 
(N=63,393) 

Adjusted HR (95% CI) 

1.19 (1.09-1.31) p<0.001

17.2% Severe PPM

15.8% Moderate/None



Predictors of Severe PPM 

J Am Coll Cardiol 2018;72:2701–11 

TAVR in STS/ACC TVT RegistryTM All TAVR Devices (N=63,393) 



TAVR in SAA Japan Data

Circulation Journal 2021 doi:10.1253/circj.CJ-20-1084 

- Japanese national TAVR registry between August 2013 
and December 2017 were analyzed (n=10,761) 
- Among a total of 5,870 registered patients, 647 
(11.0%) had small annulus (area ≤314mm2)



TAVR in SAA Japan Data

Circulation Journal ORIGINAL ARTICLE doi:10.1253/circj.CJ-20-1084 

Small annulus : 

- smaller indexed effective orifice area (IEOA, 1.10 cm/m[0.92-1.35] vs. 1.16 cm/m? [0.96-1.39], P<0.001) 

- higher mean pressure gradient (mPG, 10.0 mmHg [6.9-14.2] vs. 8.5 mmHg [6.0-11.5], P<0.001)



TAVR in SAA Japan Data : BEV vs SEV

Circulation Journal ORIGINAL ARTICLE doi:10.1253/circj.CJ-20-1084 

- 20 mm Saphien3 vs 23mm Evolute Pro : smaller iEOA (0.94 cm≥/m? 
[0.78-1.06] vs. 1.07 cm?/m? [0.8-1.24], P=0.001) and higher mPG (14.0 
mmHg [10.0-18.5] vs. 11.0 [7.0-14.0], P<0.001) 

- the incidence of paravalvular leakage (≥moderate) was similar (14.4% 
Vs. 16.5%, P=0.69).

iEOA Saphien3 20mm

iEOA Evolute Pro 23mm



TAVR in SAA Korean Data

J Cardiovasc Interv. 2023 Jul;2(3):187-198

- All patients treated with TAVR between June 2015 and 
June 2018 at 21 TAVR centers in Korea were retrospectively 
analyzed.  (Median FU 517 days)
- small aortic annulus : mean diameter of less than 20 mm 
measured by CT
- primary outcomes : procedure-related complications and 
major adverse cardiac events (MACE)
- secondary outcomes : AR, PVL, iEOA, PPM, and aortic 
valve pressure gradient



TAVR in SAA Korean Data

J Cardiovasc Interv. 2023 Jul;2(3):187-198



BEV vs SEV in SAA Korea Data

J Cardiovasc Interv. 2023 Jul;2(3):187-198



Which Valve is better in SAA? FRANCE-TAVI Registry

Walid Ben-Ali  2022 TCT



Xs-TAVI Trial

Walid Ben-Ali  2022 TCT

- pt. with SAA in the FRANCE-TAVI registry.
- Third generation supra-annular SEV or BEV. 
- Complete Echo data at 1 year FU
- SAA defined as a diameter ≤23mm or an 
indexed diameter ≤12mm/m2

1st large all-comer real-world study comparing the SEV and BEV 

in small aortic annuli 
in terms of hemodynamic performances and impact on clinical outcomes.

- Propensity score analysis including 10 
anatomical, clinical and procedural variables.
- Patients treated with SEV:BEV were matched 
1:3
- Propensity score was used to generate an 
inverse probability treatment weighting (IPTW) 
as sensitivity analysis



Walid Ben-Ali  2022 TCT



Walid Ben-Ali  2022 TCT

Supra-annular SEV showed superior 1-year hemodynamic valve performance.



Walid Ben-Ali  2022 TCT

Supra-annular SEV showed superior 1-year hemodynamic valve performance.



Walid Ben-Ali  2022 TCT

BEV was an independent predictor of 1-year moderate or severe PPM



Walid Ben-Ali  2022 TCT

Severe PPM at 1y independent predictor of 3yr all-cause death



Which Valve is better in SAA? : SMART(SMall Annuli Randomized To Evolut or SAPIEN)

Trial

Am Heart J 2022;243:92–102

SMART trial is the largest, most rigorous 
trial to date, to randomize patients to the

2 most widely used TAVR devices, and 
the largest TAVR trial to enroll mostly 

women.



SMART(SMall Annuli Randomized To Evolut or SAPIEN) Trial

Howard C. Herrmann, MD | Roxana Mehran, MD | Didier Tchétché, MD ACC 2024
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SMART(SMall Annuli Randomized To Evolut or SAPIEN) Trial

Howard C. Herrmann, MD | Roxana Mehran, MD | Didier Tchétché, MD ACC 2024



So… How to select THV in small annulus ?

From these studies… SEV better in small annulus ; hemodynamic better in SEV, with 

more PVL in 2nd gen., but no difference in 3rd gen. SEV, but with disadvantages of 

more PM insertion in SEV

Small annulus with SOV / coronary height ok ; SEV

Small annulus with SOV narrow / low coronary height
- Low op risk ; surgery

- High op risk ; 1) SEV + Coronary Protection or BASILICA, 2) BEV(other CIx. Of SEV), 3) abort

Small annulus with severe LVOT calcium ; case-by-case and decide by calcium 

anatomy & distribution



Let’s Not Forget about lifelong management of AS

More and more TAVRs in 

bioprosthetic failed valves…
- TAVR in surgical valve (ViV)

- TAVR in TAVR valve (TiV)

Giuseppe Tarantini  Et al, JACC: CARDIOVASCULAR INTERVENTIONS VOL. 14, NO. 15, 2021 



82/F, failed previous AVR, stroke Hx. 



Pre-TAVI CT Measurements

Low Coronary Height : LM 6.5mm



3D simulation by pre-TAVI CT

High Risk of Coronary Obstruction
- Low Coronary Height : LM 6.5mm
- With small sinus width < 30mm
- VTC (Virtual virtual transcatheter heart valve to coronary distance) < 
4mm



High Risk TAVR d/t small annulus & previous small AV

Sentinel Device BASILICA BVF



Pacemaker Issues…

This view provides a good anatomical reference for 
deployment depth at the point of contact (NCC) as it:
• Maintains basal plane alignment of coronary cusps 

• Elongates the outflow tract in a long axis view

• Reduces or removes parallax in the marker band

• Assists with depth visualization near the non-right commissure and 
membranous septum during deployment

• Provides a favorable root viewing angle inclusive of anatomies with root 
angulation approaching 70˚

Cusp overlap view isolates the NCC by overlapping the 
RCC and LCC and is generally in the RAO imaging plane

To have an efficient, scripted procedure, you require a 
high quality gated CT with contrast; free from motion 
artifact and slice misregistration.

Cusp Overlap Technique (COT) surprisingly reduced Pacemaker rate of SEV



COT + Gentle Push-Deliver Method

Starting in Cusp-overlap view ; check for depth -> gentle push for 
optimal position (before full implantation) -> keep pressure



COT + Gentle Push-Deliver Method

Starting in Cusp-overlap view ; check for depth -> gentle push for 
optimal position (before full implantation) -> keep pressure



Take Home Messages

Small annulus with SOV / coronary 

height ok ; SEV

Small annulus with SOV narrow / low 

coronary height
- Low op risk ; surgery

- High op risk ; 1) SEV + Coronary Protection or 

BASILICA, 2) BEV(other CIx. Of SEV), 3) abort

Small annulus with severe LVOT 

calcium ; case-by-case and decide by 

calcium anatomy & distribution

Considering age…
- >80 ; above selection

- <75 ; surgery with aortic root enlargement
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