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A ortic stenosis (AS) stands as the leading type 
of valvular heart disease, with a worldwide 
prevalence of 12.4% in the general population.1 
Notably, the incidence of AS increases with age, 

indicating a growing risk in an aging population. Established 
guidelines for the diagnosis and management of AS do not 
incorporate sex-specific approaches in treatment despite 
significant research demonstrating sex-based differences 
in AS presentation, progression, and clinical outcomes.2-4 
Women with AS are underdiagnosed and under-referred, a 
situation that not only delays critical interventions, such as 
surgical or transcatheter aortic valve replacement (TAVR), 
but also results in worse health outcomes for women.5,6 
There are numerous factors that contribute to the under-
diagnosis and under-referral of AS in women.

CHALLENGES IN DIAGNOSIS
Women with severe AS have a distinctive patient 

profile shaped by both physiologic and epidemiologic 
factors. They tend to present at a later age with atypical 
symptoms, advanced symptoms, and a higher functional 
impairment compared with men.7 Women are more likely 
to present with New York Heart Association (NYHA) 
class III-IV heart failure symptoms and renal insufficiency.8 
Despite presenting with more severe symptoms and a 
higher NYHA class, women frequently underreport the 
severity of their symptoms.9 Given these factors, at pre-
sentation of the disease, women have higher rates of older 
age and hypertension, greater renal insufficiency, and a 
tendency toward frailty.10 Calculated Society of Thoracic 
Surgeons (STS) scores are higher in women presenting for 
treatment, indicating a more challenging surgical risk pro-
file and increased comorbid conditions.11,12,13

Sex-based differences are evident in the anatomy, calcifi-
cation patterns, and fibrosis of patients with AS (Figure 1). 
Studies have demonstrated that women exhibit distinct 
patterns of calcification and fibrosis.10,14 Although there is 
a strong correlation between the hemodynamic severity 
of AS and the aortic valve (AV) calcium load as measured 
by multidetector computed tomography, research has 
highlighted that women, when compared with men with 

similar AS severity, present with a lower AV calcium load 
even after indexing for body surface area and a smaller left 
ventricular outflow tract.15 Further studies, such as that by 
Simard et al, have shown that women are more likely to 
have greater amounts of valvular fibrosis, localized in dense 
connective tissue, than men with equivalent hemodynamic 
AS severity and valve weight density.16 The extent of fibro-
sis correlated well with the amount of calcification in men 
but not in women. Therefore, echocardiographic visualiza-
tion of calcium on the aortic valve will not correlate with 
severity of AS in women to the same extent as in men.

Women also typically have smaller aortic annuli relative 
to their body surface area.10,14 In a study on AV replace-
ment for severe AS, women constituted 80% of patients 
with an AV annulus diameter of ≤ 21 mm.14 Patients with 
smaller aortic annuli have altered valve hemodynamics, 
typically characterized by higher gradients and prosthesis-
patient mismatch (PPM). This mismatch often results in 
ineffective regression of left ventricular hypertrophy. In 
addition, these patients face an increased risk of develop-
ing congestive heart failure, diminished exercise capacity 
and higher mortality rates. Additionally, small prosthesis 
sizes exacerbate PPM, leading to high gradients that 
elevate mechanical stress on the valve, potentially acceler-
ating structural valve deterioration.17-21 

Using echocardiography, women also have been found 
to have distinct hemodynamic profiles, which makes the 
diagnosis of severe AS more difficult. Notably, women 
have a higher incidence of paradoxical low-flow, low-
gradient AS with a preserved ejection fraction.22 This 
subset of patients, characterized by smaller, hypertro-
phied left ventricles, presents with unique flow patterns 
that lead to discordant values of mean gradient and AV 
area, which can lead to an underdiagnosis of severe AS. 
Despite having smaller AV areas, larger indexed AV areas, 
and lower peak velocities and mean gradients than men, 
women typically have lower stroke volumes, adjusted 
for body size, compensated by a higher heart rate. The 
utilization of a unified cutoff for low stroke volume 
across both sexes in current guidelines fails to capture 
these sex-specific differences, thereby contributing to the 
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disproportionately high prevalence of low-flow AS with 
preserved ejection fraction in women. 

Sex also influences the pathophysiologic response of 
the left ventricular myocardium to AS. Studies show that 
women exhibit smaller left ventricular volume and mass 
than men but develop more pronounced concentric left 
ventricular hypertrophy and higher left ventricular ejection 
fraction. Women more commonly demonstrate normal or 
concentric remodeling.23 Notably, women with concentric 
hypertrophy have a 60% higher risk of all-cause or cardio-
vascular mortality.24 Women present with a larger extracel-
lular volume fraction and similar late gadolinium enhance-
ment levels as compared to men. Women developed more 
diffuse fibrosis than men independent of AS severity.25 This 
could serve as an indicator for earlier valve replacement in 
women; however, further studies are needed. 

For these reasons, AS severity is more frequently 
underestimated in women, leading to delays in diag-
nosis. There is a critical need for sex-based diagnostic 
approaches in AS management.26

FACTORS THAT CONTRIBUTE TO UNDER-
REFERRAL

The underdiagnosis and under-referral of AS in women 
stem from a complex interplay of clinical, diagnostic, and 
systemic influences. Women’s symptoms are often subtler 

and less typical, leading to later-stage 
diagnoses. The absence of sex-specif-
ic diagnostic standards further com-
plicates the accurate assessment of 
AS severity in women, with societal 
and clinical predispositions favoring 
more conservative treatment paths. 
This cautious approach is intensified 
by the limited inclusion of women 
in clinical trials, which hampers the 
development of evidence-based rec-
ommendations tailored to their dis-
tinct needs. Historical observations 
from the late 2000s revealed that 
69% of patients with severe AS were 
not referred for AV replacement, 
with women accounting for 75% of 
this demographic.27 The reluctance 
to refer was mainly owing to presen-
tation with symptoms atypical of AS 
or the presence of other significant 
health conditions. By 2017, the per-
centage of women referred for AV 
replacement had only marginally 
improved to 37%.6

The advent of TAVR introduced 
a shift toward improving the sex-

based disparity in referrals, yet notable challenges remain. 
Women now account for 36% to 54% of participants in 
pivotal TAVR trials, with higher percentages in high- and 
intermediate-risk groups.28-35 This persistent disparity 
gives emphasis to the urgent need for enhanced referral 
processes and the development of clinical protocols that 
guarantee equitable treatment for women with AS. Such 
initiatives are crucial to ensuring that women benefit 
equally from the latest advancements in valve replace-
ment technologies, ultimately improving outcomes for 
this underserved population.

Underdiagnosis and referral bias in AS have dire con-
sequences, affecting patient survival and quality of life by 
causing delays in AV replacement, including TAVR. Delays 
not only increase mortality but also lead to more frequent 
emergency department visits and hospitalizations, thereby 
inflating health care costs and significantly diminishing 
patient quality of life.36,37 The risk of sudden cardiac death 
in patients with asymptomatic severe AS is approximately 
1% per year, escalating sharply upon symptom onset, 
underscoring the need for prompt detection and manage-
ment.38,39 The economic implications are profound, with 
untreated severe AS leading to costly interventions and an 
increased demand on health care resources. Sex-based dis-
parities also affect treatment outcomes, with women fac-
ing higher in-hospital mortality rates, more complications, 

Figure 1.  Unique characteristics of AS in women compared with men.  
LV, left ventricular.
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and a more challenging recovery, highlighting the critical 
need for early diagnosis and referral to reduce adverse out-
comes in AS, especially among high-risk groups.6,38

CLINICAL OUTCOMES WITH AORTIC VALVE 
REPLACEMENT 

There is a differential impact of sex on outcomes between 
TAVR and surgical AV replacement. Women receiving sur-
gical AV replacement exhibit higher in-hospital mortality 
rates than their male counterparts. Even after adjusting for 
risk factors, women tend to experience more vascular com-
plications and require more blood transfusions. Additionally, 
women are more likely to be discharged to a nursing home 
or skilled nursing facility after AV replacement.7 In contrast, 
with TAVR, outcomes such as 30-day device success, early 
safety outcomes, permanent pacemaker implantation rates, 
paravalvular leak, bleeding, and 1-year outcomes did not 
significantly differ between sexes. However, meta-analyses 
reveal that women, who make up 48.6% of TAVR recipients, 
experience higher rates of vascular complications, bleeding 
events, and strokes. Despite these challenges, they show 
lower instances of significant moderate to severe paravalvu-
lar aortic regurgitation. These findings underscore the need 
for further research and extended follow-up to fully under-
stand these trends. Remarkably, women displayed a survival 
advantage over men in TAVR when adjustments were made 
for baseline demographics, clinical factors, and valve type. 
Despite the higher rates of complications, there was no dif-
ference in mortality between sexes.40 

The variances in outcomes observed between the sexes 
after valve replacement can be partially attributed to the dif-
ferences in left ventricular reverse remodeling. Women tend 
to show more concentric remodeling and hypertrophy, 
accompanied by less myocardial fibrosis and superior systol-
ic function compared to men. After TAVR, women exhibit 
more rapid and pronounced regression in left ventricular 
mass and dimensions.41 Additionally, they experience more 
significant reductions in left ventricular mass index. In con-
clusion, although women fare worse than men in surgical 
AV replacement, they fare equally well with TAVR. 

CONCLUSION
Despite a similar prevalence of AS in men and 

women, women face distinct challenges, including 
atypical clinical presentations, diagnostic complexities, 
under-referral, and a higher risk of adverse outcomes. 
These challenges are compounded by systemic biases 
and a lack of representation in clinical research, leading 
to a one-size-fits-all treatment approach that fails to 
account for the unique physiologic and epidemiologic 
characteristics of women with AS. Addressing these 
issues through specific strategies such as recognition of 
symptom and anatomic differences, establishing sex-
specific diagnostic thresholds, educating to overcome 
gender bias, adjusting disease severity perception, and 
increasing female enrollment in clinical trials is crucial 
for the tailored, effective management of aortic stenosis 
in women (Figure 2).

Figure 2.  Opportunities to improve diagnosis and referral patterns in women with AS. 
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Closing the sex-based gap in AS care is not just a mat-
ter of clinical urgency; it is a critical step toward achieving 
equity in health care outcomes and enhancing the quality 
of life for all patients with this debilitating condition.  n
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Calcific aortic stenosis (AS) is one of the most 
prevalent valve lesions globally and significantly 
impairs quality of life and survival.1 Without 
treatment, 5-year mortality is as high as 94% in 

patients deemed unsuitable for transcatheter or surgical 
intervention.2 Despite advancements in diagnosis and treat-
ment, disparities in the management of AS among different 
patient demographics, particularly between genders, persist. 
Women with AS are frequently subjected to undertreat-
ment and substandard care compared to men.3,4 This article 
delves into the surgical perspective on the undertreatment 
of AS in women, highlighting unique challenges, avenues for 
addressing these issues, optimizing treatment methods, and 
the importance of valve performance and hemodynamics in 
this patient population. 

UNIQUE ISSUES IN WOMEN WITH AS
The pathophysiology of AS in women presents distinct 

differences compared to men that may contribute to 
disparities in diagnosis, treatment, and outcomes. AS in 
women often presents with more fibrosis and less calcium, 
while the ventricles have a higher wall thickness, a smaller 
left ventricular cavity, and a lower left ventricular mass 
index.5 Women with AS present with more pronounced 
symptoms, at an older age and later disease stadium, and 
with a higher surgical risk.6 A significant proportion of 
women present with smaller anatomic structures, includ-
ing the aortic valve annulus, aortic root, the thoracic cav-
ity, and peripheral vessels, all of which have certain impli-
cations on procedure planning and outcomes. Data from 
a randomized trial showed that 60% of female patients 
received a surgical valve ≤ 21 mm in label size (vs 13.3% in 
male patients).7 From a surgical point of view, the smaller 
thorax may prevent surgeons from performing minimally 
invasive procedures in an already small site.8 The surgeon’s 
gender can also affect surgical outcomes, as shown in a 

recent analysis in which female patients had better out-
comes when operated on by a female surgeon.9

ADDRESSING UNDERTREATMENT
There is a tendency for a gender bias in the clinical setting, 

where the symptoms reported by women may be misinter-
preted by both female patients and physicians, attributing 
symptoms to noncardiac causes. This lack of awareness is 
thought to be the most common reason why diagnosis 
and treatment of AS is delayed in women.10 In a cohort of 
2,429 consecutive patients with diagnosed severe AS (49.5% 
women), women were less likely to undergo aortic valve 
replacement.11 The IMPULSE study demonstrated that 
female patients more often received a transcatheter treat-
ment than surgical valve replacement, which seems reason-
able given the older age and higher surgical risk at the time 
of presentation.6 Addressing the undertreatment of AS in 
women requires a multifaceted approach. First, it is crucial 
to enhance awareness among health care providers about 
the gender-specific manifestations and risks associated with 
AS. Interdisciplinary heart teams—including cardiologists, 
cardiovascular surgeons, and imaging specialists—should 
adopt a gender-inclusive approach to decision-making. 
Patient education also plays a vital role; women should be 
informed about the significance of their symptoms and the 
potential risks of delaying treatment, empowering them to 
advocate for timely and appropriate care. 

OPTIMIZING TREATMENT METHODS
The recent findings indicating elevated mortality rates 

after surgical aortic valve replacement (SAVR) in women 
are cause for concern and warrant focused attention.8,11,12 
It is required to integrate gender-specific considerations 
into the decision-making process for selecting the most 
appropriate intervention (transcatheter aortic valve replace-
ment [TAVR] vs SAVR) and ensure meticulous procedural 
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planning to tailor the approach to individual patient needs. 
TAVR, being less invasive, may be particularly beneficial for 
women who are at higher risk of complications from open 
surgery. Moreover, women are at an increased risk of receiv-
ing smaller prosthetic valves, leading to a higher incidence 
of patient-prosthesis mismatch (PPM), a factor that can 
adversely affect various outcomes.13 Effective procedural 
planning should incorporate strategies for predicting the 
optimal prosthesis type and size, determining the most 
suitable access route, and assessing the need for aortic root 
enlargement. From a surgical perspective, it is imperative to 
promote education among surgeons regarding the benefits 
of minimally invasive techniques for women. Contrary to 
some opinions suggesting increased procedural challenges 
in women, some authors indicate that with proper training 
and technique adaptation, these challenges can be effec-
tively managed.14 

Data of the SMART trial were recently published,15 and 
results of the RHEIA trial are expected with the year.16 These 
recent randomized trials, which focus on small anatomies 
and women with AS, will potentially influence future guide-
lines and practice standards. 

SIGNIFICANCE OF VALVE PERFORMANCE 
AND HEMODYNAMICS

The performance of a prosthetic valve and its hemo-
dynamic characteristics, aiming for low gradients and the 
absence of regurgitation, are crucial for relieving symp-
toms, improving exercise tolerance and quality of life, 
and enhancing survival. In addition, good hemodynamics 
are associated with durability and the long-term benefit 
of a valve replacement procedure.17 In the smaller-sized 
aortic root anatomy of women, the concept of supra-
annular valves may optimize valve opening area and 
gradients during SAVR and TAVR and minimize the risk 
of PPM.18,19 The guidelines even recommend a transcath-
eter rather than a surgical procedure if the risk for PPM 
is high.20 For patients undergoing SAVR, aortic root or 
annulus enlargement has been shown to allow implanta-
tion of a larger valve, but the risks and benefits have to 
be balanced.21 To achieve the best possible hemodynam-
ics, a meticulous preprocedure planning of valve type 
and size and potential concomitant procedures such as 
annular enlargement is key.

CONCLUSION
The underdiagnosis and undertreatment of AS in 

women is a multifactorial issue. By recognizing and 
addressing the unique challenges faced by women with 
AS, diagnostic and treatment strategies can be adopted 
accordingly. Emphasizing the importance of valve perfor-
mance and hemodynamic optimization can significantly 
improve the outcomes for women with AS. It is imperative 

that gender-specific research and clinical trials are execut-
ed to fill the existing knowledge gaps.  n
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D uring the past decade, the multidisciplinary heart 
team (MDHT) has significantly evolved with 
respect to its composition, function, and man-
agement paradigms. MDHTs have progressed 

to comprise primary cardiologists, interventional cardiolo-
gists, cardiac surgeons, cardiac imaging specialists, cardiac 
anesthesiologists, advanced practice clinicians (ie, structural 
heart/valve program coordinator), advanced heart failure 
cardiologists, cardiac electrophysiologists, vascular surgeons, 
neurologists, and multiple internal medicine specialists, 
including oncologists, nephrologists, and infectious disease 
specialists (Figure 1). The American and European profes-
sional societies have given a class I recommendation for 
MDHT assessment in all patients with severe valvular heart 
disease for whom valvular intervention is being consid-
ered.1,2 Because the treatment options for valvular heart 
disease have widely expanded with the development of 
novel transcatheter devices and approaches, the value of 
an MDHT has become increasingly apparent to ultimately 
promote improved medical decision-making and optimize 
management of complex patients and their respective clini-
cal outcomes.3 The preference of the most important stake-
holder in this shared decision-making process has always 
been that of the patient. 

Prior to its formal implementation in randomized con-
trolled trials4 and eventual guideline adaptation,1,2 the 
MDHT approach has remained a central mainstay in the 
management of patients with severe aortic stenosis (AS). 
Before the commercialization of transcatheter aortic valve 
replacement (TAVR), it was quite common for the cardiac 
surgeon to serve as the “gatekeeper” for valvular interven-
tion and for referring primary cardiologists and cardiac 
surgeons to discuss a patient’s risk profile and the utility 
(or futility) of surgical aortic valve replacement (SAVR) and 
possible concomitant surgical procedures (coronary artery 
bypass graft (CABG) surgery, mitral/tricuspid valve surgery, 
ascending aortic aneurysm repair, root enlargement, etc.) in 
patients with severe AS.

Times have changed and the introduction of disruptive 
transcatheter technologies has produced multiple options 
for valvular intervention and numerous questions for 
the MDHT to address, including choice of initial valvular 
intervention strategy (ie, SAVR vs TAVR), choice of surgi-
cal and/or transcatheter heart valve (THV) type, choice of 
approach in patients with peripheral arterial disease (PAD) 
(ie, transfemoral with peri-TAVR peripheral intervention 
versus alternative access), type of alternative access, choice 
to intervene on pre-existing carotid stenosis, and the choice 
of whether to perform percutaneous coronary interven-
tion (PCI) on severe coronary artery disease (CAD) and in 
which vessels to perform PCI in the setting of multivessel 
CAD. Patient populations that have always been the most 
controversial in MDHT discussions have included younger 
patients, patients with comorbid high-risk cardiovascular 
conditions (severe CAD, significant mitral/tricuspid disease, 
severe PAD, etc.) and/or noncardiac conditions (eg, masses/
malignancy, infectious disorders, bleeding diatheses, etc.), 
patients with failed bioprosthetic valve (surgical or trans-
catheter), patients with bicuspid aortic valve, and of course, 
patients (predominantly women) with small aortic annulus.

ROLE OF THE MDHT IN EVALUATING 
WOMEN WITH SEVERE AS

Women with severe AS are frequently diagnosed at later 
ages compared to men and often are more symptomatic 
with higher rates of New York Heart Association class III and 
IV heart failure compared to men, despite similar severity of 
AS.5 They often experience higher mortality than their male 
counterparts with AS, who are more prone to undergoing 
aortic valve replacement.5 Although early outcomes after 
aortic valve replacement (SAVR or TAVR) are similar in men 
and women, women undergoing TAVR have improved 
long-term outcomes over men, whereas those undergoing 
SAVR have worse long-term outcomes.5-8

In numerous MDHT discussions of women with severe 
AS, it has become well apparent that sex-related disparities 
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in adaptation to AS exist. Women often have greater left 
ventricular (LV) wall thickness and smaller LV cavities, along 
with narrow outflow tracts and smaller aortic annuli.9 When 
undergoing SAVR, women more frequently receive smaller 
prosthetic valves and concomitant aortic root enlargements, 
and suffer worse outcomes, including higher bleeding rates 
(eg, transfusion requirements) compared to men.8,10 TAVR 
may be the preferred treatment option in women with 
small aortic annuli, given the lower incidence of patient 
prosthesis mismatch, which has been associated with higher 
morbidity and mortality.11,12 Selection of transcatheter heart 
valve type and size also warrants further discussion among 
the MDHT for optimization of later term outcomes.13 

The MDHT’s responsibilities in weekly team meetings or 
during consultation in the inpatient/outpatient setting are 
to assess the patient’s severity of AS and symptom profile, 
determine the appropriateness of valvular intervention, and 
have a thorough discussion of risks, benefits, and alternatives 
in these patients. Deciphering a patient’s severity of disease 
often involves interpretation of invasive and noninvasive 
hemodynamics along with multimodality imaging by the 
interventional cardiologist, structural imaging specialist, 
cardiac surgeon, and the referring cardiologist. Since the 
approval of TAVR for patients at low surgical risk in the 
United States in 2019, the emphasis on surgical risk assess-
ment through formal calculators like the Predicted Risk of 
Mortality from the Society of Thoracic Surgery has lessened. 
Furthermore, TAVR risk calculators have focused on early 
outcomes rather than late-term outcomes. The decision of 

the MDHT to proceed with valvular intervention must be 
coupled with risk/benefit assessment of surgical or trans-
catheter intervention, taking into account the patient’s 
preferences via shared decision-making. Identification 
of patients with AS in whom aortic valve intervention is 
futile remains a challenging task for the MDHT and may 
sometime require further assessment with palliative care 
or geriatric specialty consultations. Hence, it is vital for the 
MDHT to provide their assessments of women with AS 
across a broad spectrum of patient age, symptom profile, 
functional status, comorbidities, and anatomic conditions, 
including bicuspid aortic valve, small aortic annuli, small 
sinuses, and coronary heights. Management of concomitant 
CAD in women with AS often requires MDHT discussion 
when deciding management strategy (eg, CABG versus 
single/multivessel PCI versus medical therapy). Concomitant 
mitral and/or tricuspid disease, which have been shown to 
be associated with worse outcomes in patients undergoing 
aortic valve replacement,14,15 also warrants dialogue from 
the MDHT regarding a decision to intervene and possibly 
the optimal sequence of interventions. The younger woman 
presenting with AS or a failed bioprosthetic valve frequently 
merits MDHT interchange regarding the optimal strategy 
for lifetime management of AS in this patient population.

FURTHER CONSIDERATIONS FOR THE MDHT 
In the United States, significant variability is present 

in the operations and composition of MDHTs. While 
evaluation and optimization of patient outcomes have 

Figure 1.  The Multidisciplinary Heart Team.
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always been a top priority, their importance has been 
further emphasized in the current era of public reporting. 
The primary focus of optimizing death and stroke rates 
in patients undergoing TAVR has been coupled with 
further attention to other publicly reported outcomes, 
including bleeding, acute kidney injury, and significant 
paravalvular leak. Cost effective strategies are also dis-
cussed among the MDHT, with suggestions for reduc-
ing procedural costs (eg, selection of intraprocedural 
equipment, staffing, etc.) and hospital costs (eg, shorter 
hospital length of stay, fast-tracking postprocedural care 
on telemetry units instead of intensive care units, classifi-
cation of higher diagnosis-related group in patients with 
major comorbid conditions, promoting TAVR to be done 
as outpatient [as opposed to inpatient], etc.). Weekly 
MDHT meetings are frequently run by valve program 
coordinators, who set the agenda, record attendance 
and minutes, present new patient cases and upcoming 
schedules, mediate discussions for complex cases, and 
ensure appropriate specialists beyond the core team are 
present as needed. Although these MDHT meetings are 
a requirement for TAVR reimbursement, the prolonged 
time spent discussing complex AS cases typically is not 
reimbursed to the participants involved. 

Furthermore, the extensive workup required for pre-
TAVR patients can be a burden not only for the refer-
ring cardiologist but also the patient and their caregiver. 
Strategies to create seamless care for optimal satisfaction of 
all stakeholders are warranted. Weekly clinics with multiple 
members of the MDHT allow for patient convenience with 
swift decision-making, but may be difficult for the individual 
providers with respect to scheduling and other clinical and 
nonclinical (eg, educational or administrative) responsibili-
ties. Effective communication between the MDHT with 
patients and their referring cardiologists and/or primary 
medical doctor remains of utmost importance for all stake-
holders involved. 

SUMMARY
Ultimately, the MDHT has been and continues to be vital 

for optimal management and outcomes in patients with 
valvular heart disease, as well as numerous other cardiac 
conditions. Specifically, the MDHT plays a critical role in all 
aspects of care in women with AS, from education of the 
primary medical providers regarding the under-treatment 
of AS in this population, the interpretation of discordant 
imaging data, the management of co-morbid conditions, 
procedural planning (i.e. type of procedure, surgical/trans-
catheter heart valve type and size, access, etc), and optimiza-
tion of postprocedural care. As additional technologies and 
newer data develop, the central role the MDHT plays may 
be challenged by time constraints of individual specialty 
members and the absence of reimbursement for prolonged 

discussions of complex patients. Additional understanding 
is needed for the types of patient cases that benefit from 
MDHT evaluations, as well as further optimization of MDHT 
practices to provide seamless care for patients and referring 
providers and concomitantly minimizing the challenges for 
MDHT participants.  n
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T 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.1 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.2,3 A small aortic annulus, commonly defined 
as an aortic valve area ≤ 430 mm2, 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.4

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).5,6 Notably, female sex, along 
with small valve size and balloon-expandable and intra-
annular THV designs, have been identified as independent 

predictors for PPM.7,8 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.4,7 A meta-analysis 
involving 81,969 TAVR patients from 23 studies indicated 
that severe PPM, defined by an indexed effective orifice area 
< 0.65 cm2/m2, had an incidence of 10.9%, and was associ-
ated with increased 5-year mortality (hazard ratio [HR], 
1.25; 95% CI, 1.16-1.36).9 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.10

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.11 
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).12 Patients with 
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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.13-15 
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% CI, 0.63-
0.85; P < .001), but faced a higher risk of bleeding and access-
related complications.16 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.17 
However, the differences in AS pathophysiology between 
men and women might also impact TAVR outcomes.2 

Small aortic annulus is common among patients under-
going TAVR, with an estimated prevalence up to 40%.2,18 
Women constitute up to 90% of the small annulus popula-

Figure 1.  SMART Trial study design.  
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tion.4,19-22 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.23 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% CI, 1.45-9.32) but not in men (HR, 
0.27; 95% CI, 0.04-1.96).24 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.8,25 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 

group.26 Importantly, 86.7% of the implanted patients 
were women.26 

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% CI, –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% CI, –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% CI, −17.6 to −7.0) and HSVD (3.2% vs 32.2%, difference, 
–29.1%; 95% CI, –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% CI, 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 

Figure 2.  Summary of key differences between the Evolut platform and Sapien platform valves. 
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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.27 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 2015.14,25 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.28 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+ THV 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-

tion against the use of balloon-
expandable THVs in TAVR 
candidates with a small aortic 
annulus.  n
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Indications
The Medtronic CoreValve™ Evolut™ R, Evolut™ PRO+, and Evolut™ FX Systems are 
indicated for relief of aortic stenosis in patients with symptomatic heart disease due to 
severe native calcific aortic stenosis who are judged by a heart team, including a cardiac 
surgeon, to be appropriate for the transcatheter heart valve replacement therapy.

The Medtronic CoreValve Evolut R, Evolut PRO+, and Evolut FX Systems are indicated 
for use in patients with symptomatic heart disease due to failure (stenosed, insufficient, 
or combined) of a surgical bioprosthetic aortic valve who are judged by a heart team, 
including a cardiac surgeon, to be at high or greater risk for open surgical therapy (e.g., 
STS predicted risk of operative mortality score ≥ 8% or at a ≥ 15% risk of mortality at  
30 days).

Contraindications
The CoreValve Evolut R, Evolut PRO+, and Evolut FX Systems are contraindicated  in 
patients who cannot tolerate Nitinol (titanium or nickel), gold (for Evolut FX Systems 
alone), an anticoagulation/antiplatelet regimen, or who have active bacterial 
endocarditis or other active infections.

Warnings
General Implantation of the CoreValve Evolut R, Evolut PRO+, and Evolut FX Systems 
should be performed only by physicians who have received Medtronic CoreValve 
Evolut R, Evolut PRO+, or Evolut FX training. This procedure should only be performed 
where emergency aortic valve surgery can be performed promptly. Mechanical failure 
of the delivery catheter system and/or accessories may result in patient complications. 
Transcatheter aortic valve (bioprosthesis) Accelerated deterioration due to calcific 
degeneration of the bioprostheses may occur in: children, adolescents, or young adults; 
patients with altered calcium metabolism (e.g., chronic renal failure or hyperthyroidism).

Precautions
General Clinical long-term durability has not been established for the bioprosthesis. 
Evaluate bioprosthesis performance as needed during patient follow-up. The safety 
and effectiveness of the CoreValve Evolut R, Evolut PRO+, and Evolut FX Systems have 
not been evaluated in the pediatric population. The safety and effectiveness of the 
bioprostheses for aortic valve replacement have not been evaluated in the following 
patient populations: Patients who do not meet the criteria for symptomatic severe native 
aortic stenosis as defined: (1) symptomatic severe high-gradient aortic stenosis — aortic 
valve area ≤ 1.0 cm2 or aortic valve area index ≤ 0.6 cm2/m2, a mean aortic valve gradient 
≥ 40 mm Hg, or a peak aortic-jet velocity ≥ 4.0 m/s; (2) symptomatic severe low-flow,  
low-gradient aortic stenosis — aortic valve area ≤ 1.0 cm2 or aortic valve area index  
≤ 0.6 cm2/m2, a mean aortic valve gradient < 40 mm Hg, and a peak aortic-jet velocity 
< 4.0 m/s; with untreated, clinically significant coronary artery disease requiring 
revascularization; with a preexisting prosthetic heart valve with a rigid support structure 
in either the mitral or pulmonic position if either the preexisting prosthetic heart valve 
could affect the implantation or function of the bioprosthesis or the implantation of 
the bioprosthesis could affect the function of the preexisting prosthetic heart valve; 
patients with liver failure (Child-Pugh Class C); with cardiogenic shock manifested by 
low cardiac output, vasopressor dependence, or mechanical hemodynamic support; 
patients who are pregnant or breastfeeding. The safety and effectiveness of a 
CoreValve Evolut R, Evolut PRO+, or Evolut FX bioprosthesis implanted within a failed 
preexisting transcatheter bioprosthesis have not been demonstrated. Implanting a  
CoreValve Evolut R, Evolut PRO+, or Evolut FX bioprosthesis in a degenerated surgical 
bioprosthetic valve (transcatheter aortic valve in surgical aortic valve [TAV-in-SAV]) 
should be avoided in the following conditions: The degenerated surgical bioprosthetic 
valve presents with: a significant concomitant paravalvular leak (between the prosthesis 
and the native annulus), is not securely fixed in the native annulus, or is not structurally 
intact (e.g., wire form frame fracture); partially detached leaflet that in the aortic position 
may obstruct a coronary ostium; stent frame with a manufacturer-labeled inner diameter 
< 17 mm. The safety and effectiveness of the bioprostheses for aortic valve replacement 
have not been evaluated in patient populations presenting with the following: Blood 
dyscrasias as defined as leukopenia (WBC < 1,000 cells/mm3), thrombocytopenia 
(platelet count < 50,000 cells/mm3), history of bleeding diathesis or coagulopathy, 
or hypercoagulable states; congenital unicuspid valve; mixed aortic valve disease 
(aortic stenosis and aortic regurgitation with predominant aortic regurgitation [3-4+]); 
moderate to severe (3-4+) or severe (4+) mitral or severe (4+) tricuspid regurgitation; 
hypertrophic obstructive cardiomyopathy; new or untreated echocardiographic 
evidence of intracardiac mass, thrombus, or vegetation; native aortic annulus size 
< 18 mm or > 30 mm per the baseline diagnostic imaging or surgical bioprosthetic 
aortic annulus size < 17 mm or > 30 mm; transarterial access unable to accommodate 
an 18 Fr introducer sheath or the 14 Fr equivalent EnVeo InLine™ Sheath when using 
models ENVEOR-US/D-EVPROP2329US or Evolut FX Delivery Catheter System with 
InLine™ Sheath when using model D-EVOLUTFX-2329 or transarterial access unable to 
accommodate a 20 Fr introducer sheath or the 16 Fr equivalent EnVeo InLine Sheath 
when using model ENVEOR-N-US or transarterial access unable to accommodate a 
22 Fr introducer sheath or the 18 Fr equivalent Evolut PRO+ InLine Sheath when using 
model D-EVPROP34US or Evolut FX Delivery Catheter System with InLine Sheath when 
using model D-EVOLUTFX-34; prohibitive left ventricular outflow tract calcification; 
sinus of Valsalva anatomy that would prevent adequate coronary perfusion; significant 
aortopathy requiring ascending aortic replacement; moderate to severe mitral stenosis; 
severe ventricular dysfunction with left ventricular ejection fraction (LVEF) < 20%; 
symptomatic carotid or vertebral artery disease; and severe basal septal hypertrophy 
with an outflow gradient.

Before Use Exposure to glutaraldehyde may cause irritation of the skin, eyes, nose, 
and throat. Avoid prolonged or repeated exposure to the vapors. Damage may result 
from forceful handling of the catheter. Prevent kinking of the catheter when removing 

it from the packaging. The bioprosthesis size must be appropriate to fit the patient’s 
anatomy. Proper sizing of the devices is the responsibility of the physician. Refer to 
the Instructions for Use for available sizes. Failure to implant a device within the sizing 
matrix could lead to adverse effects such as those listed below. Patients must present 
with transarterial access vessel diameters of ≥ 5 mm when using models ENVEOR-US/D-
EVPROP2329US/D-EVOLUTFX-2329 or ≥ 5.5 mm when using model ENVEOR-N-US or 
≥ 6 mm when using models D-EVPROP34US/D-EVOLUTFX-34, or patients must present 
with an ascending aortic (direct aortic) access site ≥ 60 mm from the basal plane for both 
systems. Implantation of the bioprosthesis should be avoided in patients with aortic root 
angulation (angle between plane of aortic valve annulus and horizontal plane/vertebrae) 
of > 30° for right subclavian/axillary access or > 70° for femoral and left subclavian/
axillary access. For subclavian access, patients with a patent left internal mammary 
artery (LIMA) graft must present with access vessel diameters that are either ≥ 5.5 mm 
when using models ENVEOR-L-US/D-EVPROP2329US/D-EVOLUTFX-2329 or ≥ 6 mm 
when using model ENVEOR-N-US or  ≥ 6.5 mm when using models D-EVPROP34US/D-
EVOLUTFX-34. Use caution when using the subclavian/axillary approach in patients 
with a patent LIMA graft or patent RIMA graft. For direct aortic access, ensure the 
access site and trajectory are free of patent RIMA or a preexisting patent RIMA graft. 
For transfemoral access, use caution in patients who present with multiplanar curvature 
of the aorta, acute angulation of the aortic arch, an ascending aortic aneurysm, or 
severe calcification in the aorta and/or vasculature. If ≥ 2 of these factors are present, 
consider an alternative access route to prevent vascular complications. Limited 
clinical data are available for transcatheter aortic valve replacement in patients with a 
congenital bicuspid aortic valve who are deemed to be at low surgical risk. Anatomical 
characteristics should be considered when using the valve in this population. In 
addition, patient age should be considered as long-term durability of the valve has not 
been established.

During Use If a misload is detected during fluoroscopic inspection, do not attempt 
to reload the bioprosthesis. Discard the entire system. Inflow crown overlap that has 
not ended before the 4th node within the capsule increases the risk of an infold upon 
deployment in constrained anatomies, particularly with moderate-severe levels of 
calcification and/or bicuspid condition. Do not attempt to direct load the valve. After 
the procedure, administer appropriate antibiotic prophylaxis as needed for patients 
at risk for prosthetic valve infection and endocarditis. After the procedure, administer 
anticoagulation and/or antiplatelet therapy per physician/clinical judgment. Excessive 
contrast media may cause renal failure. Prior to the procedure, measure the patient’s 
creatinine level. During the procedure, monitor contrast media usage. Conduct the 
procedure under fluoroscopy. Fluoroscopic procedures are associated with the risk 
of radiation damage to the skin, which may be painful, disfiguring, and long-term. The 
safety and efficacy of a CoreValve Evolut R, Evolut PRO+, or Evolut FX bioprosthesis 
implanted within a transcatheter bioprosthesis have not been demonstrated. 

Potential adverse events
Potential risks associated with the implantation of the CoreValve Evolut R, Evolut PRO+, 
or Evolut FX transcatheter aortic valve may include, but are not limited to, the following: 
• death • myocardial infarction, cardiac arrest, cardiogenic shock, or cardiac tamponade 
• coronary occlusion, obstruction, or vessel spasm (including acute coronary closure) 
• cardiovascular injury (including rupture, perforation, tissue erosion, or dissection 
of vessels, ascending aorta trauma, ventricle, myocardium, or valvular structures 
that may require intervention) • emergent surgical or transcatheter intervention (e.g., 
coronary artery bypass, heart valve replacement, valve explant, percutaneous coronary 
intervention [PCI], balloon valvuloplasty) • prosthetic valve dysfunction (regurgitation 
or stenosis) due to fracture; bending (out-of-round configuration) of the valve frame; 
underexpansion of the valve frame; calcification; pannus; leaflet wear, tear, prolapse, 
or retraction; poor valve coaptation; suture breaks or disruption; leaks; mal-sizing 
(prosthesis-patient mismatch); malposition (either too high or too low)/malplacement 
• prosthetic valve migration/embolization • prosthetic valve endocarditis • prosthetic 
valve thrombosis • delivery catheter system malfunction resulting in the need for 
additional recrossing of the aortic valve and prolonged procedural time • delivery 
catheter system component migration/embolization  • stroke (ischemic or hemorrhagic), 
transient ischemic attack (TIA), or other neurological deficits • individual organ (e.g., 
cardiac, respiratory, renal [including acute kidney failure]) or multi-organ insufficiency or 
failure • major or minor bleeding that may require transfusion or intervention (including 
life-threatening or disabling bleeding) • vascular access-related complications (e.g., 
dissection, perforation, pain, bleeding, hematoma, pseudoaneurysm, irreversible 
nerve injury, compartment syndrome, arteriovenous fistula, or stenosis) • mitral valve 
regurgitation or injury • conduction system disturbances (e.g., atrioventricular node 
block, left bundle-branch block, asystole), which may require a permanent pacemaker  
• infection (including septicemia) • hypotension or hypertension • hemolysis • peripheral 
ischemia • General surgical risks applicable to transcatheter aortic valve implantation: 
• bowel ischemia • abnormal lab values (including electrolyte imbalance) • allergic 
reaction to antiplatelet agents, contrast medium, or anesthesia • exposure to radiation 
through fluoroscopy and angiography • permanent disability.

Please reference the CoreValve Evolut R, Evolut PRO+, and Evolut FX Instructions for 
Use for more information regarding indications, warnings, precautions, and potential 
adverse events.

Caution: Federal Law (USA) restricts these devices to the sale by or on the order of a 
physician.

The commercial name of the Evolut™ R device is Medtronic CoreValve™ Evolut™ R System, 
the commercial name of the Evolut™ PRO+ device is Medtronic Evolut™ PRO+ System, 
and the commercial name of the Evolut™ FX device is Medtronic Evolut™ FX System.
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Indications
The Medtronic CoreValve™ Evolut™ R, Evolut™ PRO+, and Evolut™ FX Systems are 
indicated for relief of aortic stenosis in patients with symptomatic heart disease due to 
severe native calcific aortic stenosis who are judged by a heart team, including a cardiac 
surgeon, to be appropriate for the transcatheter heart valve replacement therapy.

The Medtronic CoreValve Evolut R, Evolut PRO+, and Evolut FX Systems are indicated 
for use in patients with symptomatic heart disease due to failure (stenosed, insufficient, 
or combined) of a surgical bioprosthetic aortic valve who are judged by a heart team, 
including a cardiac surgeon, to be at high or greater risk for open surgical therapy (e.g., 
STS predicted risk of operative mortality score ≥ 8% or at a ≥ 15% risk of mortality at  
30 days).

Contraindications
The CoreValve Evolut R, Evolut PRO+, and Evolut FX Systems are contraindicated  in 
patients who cannot tolerate Nitinol (titanium or nickel), gold (for Evolut FX Systems 
alone), an anticoagulation/antiplatelet regimen, or who have active bacterial 
endocarditis or other active infections.

Warnings
General Implantation of the CoreValve Evolut R, Evolut PRO+, and Evolut FX Systems 
should be performed only by physicians who have received Medtronic CoreValve 
Evolut R, Evolut PRO+, or Evolut FX training. This procedure should only be performed 
where emergency aortic valve surgery can be performed promptly. Mechanical failure 
of the delivery catheter system and/or accessories may result in patient complications. 
Transcatheter aortic valve (bioprosthesis) Accelerated deterioration due to calcific 
degeneration of the bioprostheses may occur in: children, adolescents, or young adults; 
patients with altered calcium metabolism (e.g., chronic renal failure or hyperthyroidism).

Precautions
General Clinical long-term durability has not been established for the bioprosthesis. 
Evaluate bioprosthesis performance as needed during patient follow-up. The safety 
and effectiveness of the CoreValve Evolut R, Evolut PRO+, and Evolut FX Systems have 
not been evaluated in the pediatric population. The safety and effectiveness of the 
bioprostheses for aortic valve replacement have not been evaluated in the following 
patient populations: Patients who do not meet the criteria for symptomatic severe native 
aortic stenosis as defined: (1) symptomatic severe high-gradient aortic stenosis — aortic 
valve area ≤ 1.0 cm2 or aortic valve area index ≤ 0.6 cm2/m2, a mean aortic valve gradient 
≥ 40 mm Hg, or a peak aortic-jet velocity ≥ 4.0 m/s; (2) symptomatic severe low-flow,  
low-gradient aortic stenosis — aortic valve area ≤ 1.0 cm2 or aortic valve area index  
≤ 0.6 cm2/m2, a mean aortic valve gradient < 40 mm Hg, and a peak aortic-jet velocity 
< 4.0 m/s; with untreated, clinically significant coronary artery disease requiring 
revascularization; with a preexisting prosthetic heart valve with a rigid support structure 
in either the mitral or pulmonic position if either the preexisting prosthetic heart valve 
could affect the implantation or function of the bioprosthesis or the implantation of 
the bioprosthesis could affect the function of the preexisting prosthetic heart valve; 
patients with liver failure (Child-Pugh Class C); with cardiogenic shock manifested by 
low cardiac output, vasopressor dependence, or mechanical hemodynamic support; 
patients who are pregnant or breastfeeding. The safety and effectiveness of a 
CoreValve Evolut R, Evolut PRO+, or Evolut FX bioprosthesis implanted within a failed 
preexisting transcatheter bioprosthesis have not been demonstrated. Implanting a  
CoreValve Evolut R, Evolut PRO+, or Evolut FX bioprosthesis in a degenerated surgical 
bioprosthetic valve (transcatheter aortic valve in surgical aortic valve [TAV-in-SAV]) 
should be avoided in the following conditions: The degenerated surgical bioprosthetic 
valve presents with: a significant concomitant paravalvular leak (between the prosthesis 
and the native annulus), is not securely fixed in the native annulus, or is not structurally 
intact (e.g., wire form frame fracture); partially detached leaflet that in the aortic position 
may obstruct a coronary ostium; stent frame with a manufacturer-labeled inner diameter 
< 17 mm. The safety and effectiveness of the bioprostheses for aortic valve replacement 
have not been evaluated in patient populations presenting with the following: Blood 
dyscrasias as defined as leukopenia (WBC < 1,000 cells/mm3), thrombocytopenia 
(platelet count < 50,000 cells/mm3), history of bleeding diathesis or coagulopathy, 
or hypercoagulable states; congenital unicuspid valve; mixed aortic valve disease 
(aortic stenosis and aortic regurgitation with predominant aortic regurgitation [3-4+]); 
moderate to severe (3-4+) or severe (4+) mitral or severe (4+) tricuspid regurgitation; 
hypertrophic obstructive cardiomyopathy; new or untreated echocardiographic 
evidence of intracardiac mass, thrombus, or vegetation; native aortic annulus size 
< 18 mm or > 30 mm per the baseline diagnostic imaging or surgical bioprosthetic 
aortic annulus size < 17 mm or > 30 mm; transarterial access unable to accommodate 
an 18 Fr introducer sheath or the 14 Fr equivalent EnVeo InLine™ Sheath when using 
models ENVEOR-US/D-EVPROP2329US or Evolut FX Delivery Catheter System with 
InLine™ Sheath when using model D-EVOLUTFX-2329 or transarterial access unable to 
accommodate a 20 Fr introducer sheath or the 16 Fr equivalent EnVeo InLine Sheath 
when using model ENVEOR-N-US or transarterial access unable to accommodate a 
22 Fr introducer sheath or the 18 Fr equivalent Evolut PRO+ InLine Sheath when using 
model D-EVPROP34US or Evolut FX Delivery Catheter System with InLine Sheath when 
using model D-EVOLUTFX-34; prohibitive left ventricular outflow tract calcification; 
sinus of Valsalva anatomy that would prevent adequate coronary perfusion; significant 
aortopathy requiring ascending aortic replacement; moderate to severe mitral stenosis; 
severe ventricular dysfunction with left ventricular ejection fraction (LVEF) < 20%; 
symptomatic carotid or vertebral artery disease; and severe basal septal hypertrophy 
with an outflow gradient.

Before Use Exposure to glutaraldehyde may cause irritation of the skin, eyes, nose, 
and throat. Avoid prolonged or repeated exposure to the vapors. Damage may result 
from forceful handling of the catheter. Prevent kinking of the catheter when removing 

it from the packaging. The bioprosthesis size must be appropriate to fit the patient’s 
anatomy. Proper sizing of the devices is the responsibility of the physician. Refer to 
the Instructions for Use for available sizes. Failure to implant a device within the sizing 
matrix could lead to adverse effects such as those listed below. Patients must present 
with transarterial access vessel diameters of ≥ 5 mm when using models ENVEOR-US/D-
EVPROP2329US/D-EVOLUTFX-2329 or ≥ 5.5 mm when using model ENVEOR-N-US or 
≥ 6 mm when using models D-EVPROP34US/D-EVOLUTFX-34, or patients must present 
with an ascending aortic (direct aortic) access site ≥ 60 mm from the basal plane for both 
systems. Implantation of the bioprosthesis should be avoided in patients with aortic root 
angulation (angle between plane of aortic valve annulus and horizontal plane/vertebrae) 
of > 30° for right subclavian/axillary access or > 70° for femoral and left subclavian/
axillary access. For subclavian access, patients with a patent left internal mammary 
artery (LIMA) graft must present with access vessel diameters that are either ≥ 5.5 mm 
when using models ENVEOR-L-US/D-EVPROP2329US/D-EVOLUTFX-2329 or ≥ 6 mm 
when using model ENVEOR-N-US or  ≥ 6.5 mm when using models D-EVPROP34US/D-
EVOLUTFX-34. Use caution when using the subclavian/axillary approach in patients 
with a patent LIMA graft or patent RIMA graft. For direct aortic access, ensure the 
access site and trajectory are free of patent RIMA or a preexisting patent RIMA graft. 
For transfemoral access, use caution in patients who present with multiplanar curvature 
of the aorta, acute angulation of the aortic arch, an ascending aortic aneurysm, or 
severe calcification in the aorta and/or vasculature. If ≥ 2 of these factors are present, 
consider an alternative access route to prevent vascular complications. Limited 
clinical data are available for transcatheter aortic valve replacement in patients with a 
congenital bicuspid aortic valve who are deemed to be at low surgical risk. Anatomical 
characteristics should be considered when using the valve in this population. In 
addition, patient age should be considered as long-term durability of the valve has not 
been established.

During Use If a misload is detected during fluoroscopic inspection, do not attempt 
to reload the bioprosthesis. Discard the entire system. Inflow crown overlap that has 
not ended before the 4th node within the capsule increases the risk of an infold upon 
deployment in constrained anatomies, particularly with moderate-severe levels of 
calcification and/or bicuspid condition. Do not attempt to direct load the valve. After 
the procedure, administer appropriate antibiotic prophylaxis as needed for patients 
at risk for prosthetic valve infection and endocarditis. After the procedure, administer 
anticoagulation and/or antiplatelet therapy per physician/clinical judgment. Excessive 
contrast media may cause renal failure. Prior to the procedure, measure the patient’s 
creatinine level. During the procedure, monitor contrast media usage. Conduct the 
procedure under fluoroscopy. Fluoroscopic procedures are associated with the risk 
of radiation damage to the skin, which may be painful, disfiguring, and long-term. The 
safety and efficacy of a CoreValve Evolut R, Evolut PRO+, or Evolut FX bioprosthesis 
implanted within a transcatheter bioprosthesis have not been demonstrated. 

Potential adverse events
Potential risks associated with the implantation of the CoreValve Evolut R, Evolut PRO+, 
or Evolut FX transcatheter aortic valve may include, but are not limited to, the following: 
• death • myocardial infarction, cardiac arrest, cardiogenic shock, or cardiac tamponade 
• coronary occlusion, obstruction, or vessel spasm (including acute coronary closure) 
• cardiovascular injury (including rupture, perforation, tissue erosion, or dissection 
of vessels, ascending aorta trauma, ventricle, myocardium, or valvular structures 
that may require intervention) • emergent surgical or transcatheter intervention (e.g., 
coronary artery bypass, heart valve replacement, valve explant, percutaneous coronary 
intervention [PCI], balloon valvuloplasty) • prosthetic valve dysfunction (regurgitation 
or stenosis) due to fracture; bending (out-of-round configuration) of the valve frame; 
underexpansion of the valve frame; calcification; pannus; leaflet wear, tear, prolapse, 
or retraction; poor valve coaptation; suture breaks or disruption; leaks; mal-sizing 
(prosthesis-patient mismatch); malposition (either too high or too low)/malplacement 
• prosthetic valve migration/embolization • prosthetic valve endocarditis • prosthetic 
valve thrombosis • delivery catheter system malfunction resulting in the need for 
additional recrossing of the aortic valve and prolonged procedural time • delivery 
catheter system component migration/embolization  • stroke (ischemic or hemorrhagic), 
transient ischemic attack (TIA), or other neurological deficits • individual organ (e.g., 
cardiac, respiratory, renal [including acute kidney failure]) or multi-organ insufficiency or 
failure • major or minor bleeding that may require transfusion or intervention (including 
life-threatening or disabling bleeding) • vascular access-related complications (e.g., 
dissection, perforation, pain, bleeding, hematoma, pseudoaneurysm, irreversible 
nerve injury, compartment syndrome, arteriovenous fistula, or stenosis) • mitral valve 
regurgitation or injury • conduction system disturbances (e.g., atrioventricular node 
block, left bundle-branch block, asystole), which may require a permanent pacemaker  
• infection (including septicemia) • hypotension or hypertension • hemolysis • peripheral 
ischemia • General surgical risks applicable to transcatheter aortic valve implantation: 
• bowel ischemia • abnormal lab values (including electrolyte imbalance) • allergic 
reaction to antiplatelet agents, contrast medium, or anesthesia • exposure to radiation 
through fluoroscopy and angiography • permanent disability.

Please reference the CoreValve Evolut R, Evolut PRO+, and Evolut FX Instructions for 
Use for more information regarding indications, warnings, precautions, and potential 
adverse events.

Caution: Federal Law (USA) restricts these devices to the sale by or on the order of a 
physician.

The commercial name of the Evolut™ R device is Medtronic CoreValve™ Evolut™ R System, 
the commercial name of the Evolut™ PRO+ device is Medtronic Evolut™ PRO+ System, 
and the commercial name of the Evolut™ FX device is Medtronic Evolut™ FX System.
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