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Understanding the Impact of
TAVR in Women With Small

Aortic Annulus

Insights into the SMART trial.
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and Didier Tchétché, MD

he SMall Annuli Randomized To Evolut or

SAPIEN (SMART) trial compared the latest itera-

tions of self-expanding and balloon-expandable

transcatheter heart valves (THVs) in patients with
a small aortic annulus undergoing transcatheter aortic
valve replacement (TAVR). A small aortic annulus is highly
prevalent among women undergoing TAVR, who consti-
tuted 87% of the randomized patients. This editorial aims
to summarize the key findings of the SMART trial and
their relevance for women with aortic stenosis (AS).

BACKGROUND, RATIONALE AND DESIGN
OF THE SMART TRIAL

AS is a prevalent valve disorder in the aging population
of Western countries. Among elderly AS patients, women,
who generally have longer life expectancies, constitute a sig-
nificant proportion.' In comparison to men, women under-
going TAVR display distinct clinical features and unique
anatomic characteristics, which encompass a higher preva-
lence of fibrosis over calcification as the primary mechanism
of leaflet degeneration, as well as smaller annular and left
ventricular outflow tract dimensions, despite similar aortic
root anatomy.>* A small aortic annulus, commonly defined
as an aortic valve area < 430 mm?, is notably more prevalent
in women compared to men with AS. In the TAVI-SMALL
registry, a retrospective study involving 859 patients with
small annulus undergoing TAVR with self-expanding valves,
90% of participants were women.*

The presence of a small aortic annulus has been linked to
increased postprocedural aortic gradients and prosthesis-
patient mismatch (PPM) after both TAVR and surgical aor-
tic valve replacement (SAVR).>¢ Notably, female sex, along
with small valve size and balloon-expandable and intra-
annular THV designs, have been identified as independent
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predictors for PPM.”8 As TAVR is increasingly performed

in younger and less comorbid patients, there is a growing
recognition of the need to evaluate PPM as a surrogate
endpoint for long-term adverse events.*” A meta-analysis
involving 81,969 TAVR patients from 23 studies indicated
that severe PPM, defined by an indexed effective orifice area
< 0,65 cm?/m?, had an incidence of 10.9%, and was associ-
ated with increased 5-year mortality (hazard ratio [HR],
1.25;95% Cl, 1.16-1.36).” Additionally, increased aortic mean
gradients after TAVR are the main determinant of hemo-
dynamic structural valve deterioration (SVD), a surrogate
for TAVR durability, impacting mortality and heart failure
hospitalizations, as observed in the pooled CoreValve US
Pivotal and SURTAVI analyses.™

Most available data on TAVR in small aortic annuli
are derived from retrospective cohorts or secondary trial
analyses, highlighting an unmet need for randomized trials
focused on this patient population. The recently published
VIVA trial, which randomized 151 patients (93% women)
with severe AS and a small annulus to either TAVR or
SAVR, showed no differences in terms of severe PPM
and moderate-severe aortic regurgitation at 60 days."'
However, the rate of severe PPM was numerically higher
with SAVR as compared to TAVR (10.3% vs. 5.6%) and,
with only 52% of the estimated sample size being finally
enrolled, the study was underpowered for its primary end-
point.

The SMART Trial (NCT04722250) is an international,
prospective, multicenter, randomized controlled, post-
market trial designed to assess the noninferiority in terms
of clinical outcomes and hemodynamic superiority of the
Evolut supra-annular self-expanding THV (Medtronic) as
compared to the Sapien intra-annular balloon-expandable
system (Edwards Lifesciences) (Figure 1)."2 Patients with
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Trial design

Prospective, randomized, controlled, post-market trial
conducted at 83 international sites
All-comer trial with all surgical risk categories including bicuspid patients

Key eligibility
* Symptomatic severe ASt

Independent case
planning committee

* Small aortic annulus (< 430 mm2 by MDCT)

Randomization
1:1 stratified by site & sex

Evolut (N=355)

Evolut PRO/PRO+/FX

716

patients treated

SAPIEN (N=361)

SAPIEN 3/SAPIEN 3 Ultra

Primary Endpoints at 1 year with planned 5-year follow-up.

TAVA <1.0 cm2 (AVAI <0.6 cm2/m2) or mean gradient 240 mmHg or max velocity 24.0 m/s; 30-day predicted risk of surgical mortality <15% by heart team assessment.

Figure 1. SMART Trial study design.

severe symptomatic AS and a small aortic annulus have
been enrolled and randomized to receive TAVR with
either the Evolut R/PRO/PRO+/FX self-expanding or
the Edwards Sapien 3/3 Ultra balloon expandable valve
(Figure 2).

The two powered coprimary endpoints at 12-month fol-
low-up were (1) the composite of mortality, disabling stroke,
or rehospitalization for heart failure (powered for noninfe-
riority), and (2) Bioprosthetic valve dysfunction (BVD; pow-
ered for superiority). BVD was defined as a composite of:
hemodynamic structural valve dysfunction (HSVD), defined
as an aortic valve mean gradient > 20 mm Hg; non-struc-
tural valve dysfunction (NSVD), defined as severe PPM or
> moderate aortic regurgitation; clinical valve thrombosis;
endocarditis; and aortic valve reintervention.

Key secondary endpoints included BVD in female
patients at 12 months, HSVD in all patients at 12 months,
hemodynamic mean gradient (continuous variable) at
12 months, effective orifice area as continuous variable
at 12 months, and moderate or severe PPM at 30 days.
VARC-3 defined device success at 30 days and the change
in Kansas City Cardiomyopathy Questionnaire (KCCQ)
ordinal outcome were additional exploratory endpoints.

IMPLICATIONS OF THE SMART TRIAL FOR
TREATMENT OF WOMEN

Women present striking differences in clinical outcomes
after TAVR as compared to men. Trials conducted in
low-surgical-risk AS patients highlighted a potential for
better outcomes after TAVR versus SAVR in women.'31
In the Transcatheter Valve Therapy registry of the Society
of Thoracic Surgeons/American College of Cardiology,
encompassing 23,652 patients undergoing TAVR with first-
generation THVs, women demonstrated a lower risk of
1-year mortality compared to men (HR, 0.73; 95% Cl, 0.63-
0.85; P < .001), but faced a higher risk of bleeding and access-
related complications.™ These differences in outcomes
have partially been attributed to the peculiar clinical char-
acteristics of women undergoing TAVR, including a lower
prevalence of atherosclerotic vascular disease, diabetes, and
dyslipidemia, along with a higher burden of hypertension,
vascular tortuosity, and advanced chronic kidney disease.””
However, the differences in AS pathophysiology between
men and women might also impact TAVR outcomes.?

Small aortic annulus is common among patients under-
going TAVR, with an estimated prevalence up to 40%.>'®
Women constitute up to 90% of the small annulus popula-
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j‘é ! PrRO* Sapien 3
Evolut PRO/PRO+/FX Sapien 3/Ultra
Annulus Range 17/18-30mm 16-28mm
Valve Placement Supra-annular Intra-annular

Frame Material

Nitinol

Cobalt-chromium

Expansion Mechanism

Self-expanding

Balloon-expanding

Tissue Material Porcine Bovine
Recapturable Yes No
Tissue sealing skirt around TAV |  Outer PET fabric skirt to
Other Features frame to reduce PVL reduce PVL

Figure 2. Summary of key differences between the Evolut platform and Sapien platform valves.

tion.*122 Despite this, few studies have addressed the out-
comes of TAVR in small annuli within female populations. In
the TAVR-SMALL 2 registry, severe PPM was more frequent
in women than in men with small annuli after propensity
score matching?® In a post hoc analysis of the PARTNER 3
trial, severe PPM emerged as a predictor of the composite
of mortality, stroke, and repeat hospitalizations at 1 year in
women (HR, 3.67; 95% Cl, 1.45-9.32) but not in men (HR,
0.27; 95% Cl, 0.04-1.96).2 Two secondary analyses of the
WIN-TAVI (Women'’s INternational Transcatheter Aortic
Valve Implantation) registry, which included 1,019 female
patients undergoing TAVR, suggested that both small aortic
annulus and PPM had no effect on cardiovascular outcomes
at 1-year follow-up.#?> However, these secondary analyses
from an observational study might have been underpow-
ered to detect significant differences in hard clinical end-
points at short-term follow-up.

On this background, the SMART trial was the first ran-
domized trial, powered for hard clinical endpoints, to evalu-
ate the performance of TAVR with the most contemporary
balloon-expandable and self-expanding valve THV devices in
women and men with a small aortic annulus.

PERSPECTIVES ON TRIAL RESULTS

A total of 737 patients were randomized, of whom
366 were assigned to receive Evolut and 371 to Sapien
THVs. The final implanted population consisted of
350 patients in the Evolut group and 365 in the Sapien
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group.2® Importantly, 86.7% of the implanted patients
were women.2®

The first coprimary endpoint, the composite of mortal-
ity, disabling stroke, or heart failure hospitalization through
12 months occurred in 9.4% of patients in the Evolut group
and in 10.6% of patients in the Sapien group (difference,
—-1.2%; 90% Cl, —4.9 to 2.5; P < .001 for noninferiority). The
12-month incidence of the second coprimary endpoint,
BVD, was 9.4% in the Evolut group and 41.6% in the Sapien
group (difference, —32.2%; 95% Cl, =38.7 to —25.6; P < .001
for superiority). This was driven by a higher rate of both
NSVD (5.9% vs 18.2%; difference, —12.3 percentage points;
95% Cl, —17.6 to —7.0) and HSVD (3.2% vs 32.2%, difference,
—=29.1%; 95% Cl, —34.6% to —23.5%; P < .001 for superiority)
at 12 months in the Sapien group.

The superior performance of the Evolut valve with
respect to the BVD endpoint was also consistent when
results were assessed in a prespecified analysis of women
only, with a 12-month BVD incidence of 8.4% in the
Evolut group and 41.8% in the Sapien group (difference,
—33.4%; 95% Cl, 40.4% to —26.4%; P < .001; Figure 3).

CLINICAL IMPLICATIONS AND FUTURE STEPS
The results of the SMART trial are of outmost impor-
tance to guide the management of patients with AS
and small aortic annulus. Notably, there was a substan-
tial imbalance in BVD incidence, which was fourfold
higher and occurred in almost half of patients in the




Sponsored by Medtronic

Underdiagnosis, Under-Referral, and Undertreatment of Women With Aortic Stenosis (AS)

Difference, -33.4% (95% CI -40.4%, -26.4%); p<0.001 for superiority

Incidence of BVD in Women through 12 Months, %

tion against the use of balloon-
expandable THVs in TAVR
candidates with a small aortic
annulus. =

N =307
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Figure 3. Incidence of BVD in women through 12 months.

Sapien group compared to the Evolut cohort. Although
the current 1-year follow-up was too short to unravel
differences between the two THV platforms in terms of
clinical outcomes, the SMART data should prompt phy-
sicians to screen for small aortic annulus and favor the
use of a self-expanding THV in such cases.

Beyond its direct clinical implications, the SMART trial
was the largest TAVR trial to focus on a female-specific con-
dition by enrolling mostly women at nearly 90%. In 2021, we
published the Lancet Women and Cardiovascular Disease
commission, which highlighted the underrepresentation of
women in contemporary clinical research and advocated
for improved enrollment and retention of women in car-
diovascular trials.?’ In the TAVR setting, this was partially
addressed by the WIN-TAVI, a multinational, prospec-
tive, observational registry that included > 1,000 women
undergoing TAVR from 2013 to 2015."?> Although initial
signals suggesting a greater efficacy of self-expanding THVs
compared to balloon-expandable THVs in women emerged
from WIN-TAVI, the study’s observational design and highly
heterogeneous population introduced biases.”® The SMART
trial emphasized a substantial treatment gap between the
two device types and underscored the importance of con-
ducting female-specific randomized trials to address unmet
clinical needs.

EXECUTIVE SUMMARY

In patients with severe AS and a small aortic annulus—a
condition that is highly prevalent in women—TAVR with
the self-expanding Evolut PRO/PRO+ THYV is noninferior
to the balloon-expandable Sapien 3/3 Ultra System for the
clinical outcome composite through at 1 year and superior
with respect to BVD through 1 year. Although the long-
term outcomes are yet to be assessed, the potential impact
of BVD on both TAVR durability and mortality should cau-
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