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AORTIC STENOSIS

• Most common type of adult valve 
disease

• Progressive

• 12.4% of the elderly are affected by 
some degree 

• Most common is calcification of 
bicuspid or tricuspid valve
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Saad M et al J Am Coll Cardiol Intv 2018;11:24-35.

Otto CM Textbook of Clinical Echocardiography



BURDEN OF DISEASE:  CUMULATIVE FREQUENCY OF PROBABLY OR 
DEFINITE SEVERE AS OVERALL BY SEX AND RACE
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DIAGNOSIS
• Echo

• Increasing data that for women we should lower 
the threshold to 32 from 40

• CT
• Calcium >1200 in women and >2000 in men

• Physical Exam
• Murmur gets louder

• Murmur peaks later in systole

• A2 diminishes or is absent

• Carotid pulse parvus and tardus

• Symptoms present- most common is decrease in 
exercise capacity or exertional dyspnea

• Exercise testing
• For seemingly asymptomatic patients

• Any symptoms should be considered 
symptomatic

• Dyspnea, dizziness, limited functional capacity, 
abnormal blood pressure response

• Invasive Testing
• Direct transaortic gradients

• Aortic valve area by Gorlin
6
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PROGNOSIS WITHOUT TREATMENT

• 30-50% mortality at 2 years

• Progression –Average in Moderate

• 0.3m/s increase in velocity per year

• 7mmHg increase in mean pressure gradient per

year

• 0.1cm2 decrease in valve area per year

• Elderly and more severe calcification progress 

faster

• With aortic sclerosis progression to severe 

happens in 10% within 5 years.  

• Medical therapy:  statin in calcific disease, 

ACE/ARB
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signi!cantly different, suggesting that the sex dif-
ferences in unmatched studies are related to late
presentation and comorbidities. Women
comprised <50% of the surgical cohort in these
studies and <30% of patients treated with minimally
invasive techniques.45

Interestingly, Kandula et al44 also showed that
women referred for surgery who appeared to be
at similar disease stages to men had more subclin-
ical ventricular dysfunction by echocardiographic
speckle-tracking echocardiography. Greater use of
speckle-tracking echocardiography may allow earlier
detection of mitral disease progression and earlier
surgical referral.

SEX DIFFERENCES IN TRANSCATHETER

VALVE INTERVENTIONS

The use of transcatheter aortic valve implantation
(TAVI) for AS and transcatheter edge-to-edge repair
(TEER) for MR are now accepted treatment options in
speci!c patient populations.3 Randomized trials and
registry data in both of these areas has provided
insight into the sex differences for these treatment
options.
TRANSCATHETER AORTIC VALVE IMPLANTATION.

TAVI is the standard of care for patients with symp-
tomatic severe AS at high and prohibitive risk for
surgical intervention. In addition, current guidelines

CENTRAL ILLUSTRATION Sex-Related Differences in Valvular Heart Disease

• More comorbidities
   presurgical (AV, MV)
• Fewer comorbidities pre-
   transcatheter (AV, MV)

Comorbidities

• Older at presentation
   for intervention
   (AV, MV, TV)

Timing of intervention

• Greater bleeding/vascular
complications (AS, MR)
• ± Greater stroke (AS)

Procedural risks/bene!ts

Time

high risk score

low risk score
Su

rv
iv

al

• Greater valvular !brosis (AS)
• Greater annular calci!cation (MS)

• Greater rheumatic disease (MS, MR)

Progression of disease

• Higher mortality
(low-"ow AS)

• ± Less bene!t
with TEER (MR)

Outcome

• More concentric
hypertrophy (AS)

• Smaller LV
(AS, AR, MR)

• Higher EF (AS, MR)
• Greater ventricular

!brosis (AS)

Pathophysiology

• Less HFrEF
   and more
   HFpEF
   (MR, TR)

Assessment
of etiology
and severity

Hahn RT, et al. J Am Coll Cardiol. 2022;79(15):1506–1518.

Sex-related differences in valvular heart disease involve differences in disease pathophysiology, progression, comorbidities, assessment of severity and hemodynamics,
timing of intervention, procedural risks/bene!ts and overall outcomes. AR ! aortic regurgitation; AS ! aortic stenosis; AV ! aortic valve; EF ! ejection fraction;
HFpEF ! heart failure with preserved ejection fraction; HFrEF ! heart failure with reduced ejection fraction; LV ! left ventricle; MR ! mitral regurgitation; MS ! mitral
stenosis; MV ! mitral valve; TEER ! transcatheter edge-to-edge repair; TR ! tricuspid regurgitation; TV ! tricuspid valve.

Hahn et al J A C C V O L . 7 9 , N O . 1 5 , 2 0 2 2

Sex-Related Factors in Valvular Heart Disease A P R I L 1 9 , 2 0 2 2 : 1 5 0 6 – 1 5 1 8
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EXCESS MORTALITY OF WOMEN WITH AORTIC STENOSIS

• Cohort of 2429 patients with AS

• 95% follow up complete

• Median follow up was 42 months
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Tribouilloy C et al.  J Am Heart Assoc 2021:10:e018816

Five-year estimated survival of men (A) and women (B) 
of the age-matched cohort compared with that of the 
age- and sex-matched general population.



SURVIVAL REGARDLESS OF AS THERAPY

• 49.5% Female who were older (p<0.001),had less 
comorbidities (p=0.030), and more often symptomatic 
(p=0.007)

• Men more frequently had higher Charlson comorbidity
index (p=0.30)

• Higher proportion of women than of men were in New 
York Heart Association classes III and IV (P=0.005) 

• Stratified by gradient, differences in 5-year survival be-
tween men and women persisted, 58±3% for low-gradi-
ent AS (mean pressure gradient<40 mm Hg) and 75±2% 
for high-gradient (men pressure gradient ≥40 mm Hg) AS 
in men versus 50±3% for low-gradient AS and 71±2% for 
high-gradient AS in women (P<0.001). 
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Tribouilloy C et al.  J Am Heart Assoc 2021:10:e018816



UNDERTREATMENT OF WOMEN WITH AS

• The 5-year cumulative incidence of AVR was 
79±2%, for men and 70±2% for women 
(P<0.001) 

• After age matching, despite more frequent 
symptoms, AVR (P=0.018) was still less 
performed in women than in men with a longer 
time between inclusion and AVR for women 
(P=0.005). 

• On multivariate logistic regression analysis, 
being male remained an independent predictor 
of early AVR in this age-matched population 
(adjusted OR, 1.37; 1.11–1.69; P=0.003). 
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Tribouilloy C et al.  J Am Heart Assoc 2021:10:e018816



MAJOR PROBLEM

• In women and men undergoing early AVR survival is not 
significantly different. 

• These differences in management and outcome affecting women 
with severe AS should raise the attention of clinicians to eliminate 
potential biases and consider similarly, irrespective of sex, 
providing the powerful benefits of AVR for severe AS. 
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2020 GUIDELINES FOR TREATMENT
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TREATMENT OF VALVE DISEASE

• Sex differences in the pathophysiology is present

• Women have less valve calcification 

• Women more likely to be symptomatic at same 
severity of stenosis

• Bicuspid aortic valve more common in men by 
3:1.

STATE OF THE ART

Circulation. 2021;144:1172–1185. DOI: 10.1161/CIRCULATIONAHA.121.056025 October 5, 2021 1177

Cho et al Cardiac Surgery in Women in the Current Era

As with many other areas of cardiovascular care, 
women would benefit from earlier diagnosis and refer-
ral for intervention. The increased age, higher prevalence 
of comorbidities, and greater indexed aortic diameter at 
time of aortic aneurysm repair for women implies more 
advanced disease and possibly a lower physiological 
reserve at the time of surgery. The smaller body size 
and lower total body blood volume of women may also 
contribute to the higher transfusion rates and worse 
outcomes. Timely diagnosis and referral for intervention 
would potentially allow for optimization of blood conser-
vation protocols in women undergoing elective aortic 
surgery.

In addition to timely referral and intervention, it is 
possible that women may benefit disproportionately 
from less invasive endovascular or hybrid procedures 
that mitigate the surgical insult. Improvements in surgi-
cal technique for aortic arch repair that minimize hypo-
thermia and circulatory arrest such as the routine use of 
antegrade cerebral perfusion may reduce some of the 
observed gaps in care. Hybrid arch grafts and endovas-
cular solutions to the arch and thoracoabdominal aorta 
with fenestrated and branched endografts may be of 
particular benefit to women at high risk for open aortic 
repair. Close attention should be paid to sex-specific fac-
tors and reporting as we design future studies and gain 
experience with emerging technologies.

Valvular Heart Surgeries
Aortic Valve
Sex differences in outcomes are also present in valvular 
heart disease. Current literature demonstrates that de-
spite similar prevalence of aortic stenosis (AS) in men 
and women, contemporary guidelines do not distinguish 
between sexes on pathophysiology, presentation, diag-
nosis of severity, and referral for intervention.

Regardless of sex, degenerative aortic valve calcifi-
cation is the most common mechanism of AS. Sex dif-
ferences in pathophysiology of degenerative AS exist. 
Women have a smaller aortic valve annulus correspond-
ing to their smaller body surface area compared with 
men.56,57 Yet current guidelines use sex-neutral thresh-
olds to define severe AS. In addition, the burden of aortic 
valve calcification correlates with hemodynamic severity 
of AS in both sexes, but women exhibit lower aortic valve 
calcification load than men for a similar severity of steno-
sis, despite adjusting for the smaller body surface area or 
smaller aortic annulus area.58

In a study of 125 patients undergoing aortic valve 
surgery with computed tomography and echocardiogram 
3 months before surgery and pathology, examination of 
explanted aortic valve found that women had less valvular 
calcification but more fibrosis with similar AS severity.59 
In addition, in a study of 174 patients with moderate to 
severe AS followed every 6 months with extensive imag-

ing and biomarkers, women were more likely to be symp-
tomatic with the same severity of AS compared with men 
(44% versus 22).60 These findings call for sex-specific 
thresholds to define severe AS.

Bicuspid aortic valve (BAV) is 3 to 4 times more prev-
alent in men than women. It has been postulated that 
reduced dosage of X chromosome genes that escape X 
inactivation could explain the higher frequency of BAV in 
men. The phenotypic characteristics of BAV differ between 
sexes. In a large international registry of patients with BAV, 
women were more likely to have AS, whereas men were 
more likely to have aortic regurgitation and BAV-asso-
ciated aortopathy.61 Also, women with BAV had smaller 
aortic annulus, root, and sinotubular junction and a trend 
toward smaller ascending aortic diameter compared with 
men even after adjusting for age and body surface area. 
Thus, it is not surprising that aortic dissection, although 
relatively uncommon in patients with BAV, was seen in 
men but not in women in this large international registry 
of 1992 patients with BAV.61 In a retrospective study of 
623 patients with BAV, a single center from 2004 to 2013 
found that although females with BAV were older with 

Figure 3. Outcome of surgical and transcatheter aortic valve 
replacement in women compared with men.
SAVR indicates surgical aortic valve replacement; STS, Society of 
Thoracic Surgeons; and TAVR, transcatheter aortic valve replacement.
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REFERRAL TO HEART TEAM BEST APPROACH

• Structural Interventionalist 

Consult

• Surgical Consult

• Heart Team Meeting

• Shared Decision Making Process

• STS Score

• ACC TAVR Score

• The 15-year risk of reoperation due to valve 

deterioration is 22% in patients 50 years of age. In 

contrast, in patients >65 years of age at the time of 

bioprosthetic valve surgery, the likelihood of 

primary valve deterioration at 10-15 years is only 

10%. 
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SURGICAL AORTIC VALVE REPLACEMENT VS 
TRANSCATHETER AORTIC VALVE REPLACEMENT

• PARTNER 1A high surgical risk  TAVR = SAVR

• PARTNER 1B inoperable  TAVI > medical therapy

• PARTNER 2 Intermediate risk  TAVR = SAVR

• PARTNER 3 low risk TAVR > SAVR

• COREVALVE PIVOTAL high surgical risk TAVR > SAVR

• SURTAVI intermediate risk TAVR = SAVR

• COREVALVE LOW RISK TAVR=SAVR
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RISKS NOT ON RISK SCORES
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WHAT IS HIGH SURGICAL RISK?
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SEX DIFFERENCES IN UTILIZATION AND OUTCOME WITH SAVR

• 166,809 patients

• 63% male 37% female

• Women are older 

• Women had higher IH mortality which wsa
consistent over time

• Women had more vascular complications and
blood transfusions

• Women more likely to be discharged to a skilled
nursing facility, nursing home or intermediate
care center
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Chaker Z et al.  J Am Heart Assoc. 2017;6:e006370. 



ISOLATED AVR SEX DISPARITIES
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In-Hospital Outcomes of Patients Undergoing Isolated 
Surgical Aortic Valve Replacement Between 2003-2014 

Chaker Z et al.  J Am Heart Assoc. 2017;6:e006370. 

Subgroup Analysis of Sex Disparity in In-Hospital 
Mortality Following Isolated Surgical Aortic Valve 
Replacement (male used as a reference group). 



EARLY SURGERY OR MEDICAL MANAGEMENT FOR
SEVERE ASYMPTOMATIC AORTIC STENOSIS

• Mean aortic jet velocity of 5.1 m/s

• Mean AVA of 0.63cm2

• Endpoint operative mortality or death from CV 

cause lower in early arm

25

Kang D-H, Park S-J, Lee S-A, et al. N Engl J Med 2020;382:111-9. 



TAVR OUTCOMES IN WOMEN - COREVALVE

• TAVR-treated patients experienced a statistically 
significant 1-year survival advantage compared 
with SAVR patients (12.7% vs 21.8%; p = 0.03). 
The composite all-cause mortality or major 
stroke rate also favored TAVR (14.9% vs 24.2%; 
p = 0.04).
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Skelding KA et al Am J Cardiol 2016;118:560-566.



TAVR VS SAVR – EDWARDS SAPIEN VALVE
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Incidence of procedural stroke after either 
transcatheter aortic valve replacement (TAVR) (blue 
bars) or surgical aortic valve replacement (SAVR) (red 
bars) stratified by sex in (A) the transfemoral arm and in 
(B) the transapical arm. 

Williams M et al.  J Am Coll Cardiol 2014;63:1522–8 



ALL-CAUSE MORTALITY STRATIFIED BY SEX AND 
TREATMENT APPROACH 
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Kaplan-Meier estimates for all-cause mortality after 
either transcatheter aortic valve replacement (TAVR) (red 
lines) or surgical aortic valve replacement (SAVR) (blue 
lines) stratified by sex and treatment approach 
(transfemoral vs. transapical). 
A. female-transfemoral arm
B. B female-transapical arm
C. C male-transfemoral arm
D. D Male- transapical arm. 

Williams M et al.  J Am Coll Cardiol 2014;63:1522–8 



EARLY TVT REGISTRY DATA
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Sex-Based Differences in TAVR: Crude and Adjusted 1-Year 

Outcomes 

Chandrasekhar, J. et al. J Am Coll Cardiol. 2016;68(25):2733–44. 

In-Hospital Device-related Complications 

Reasons for Conversion to Surgery



SEX RELATED OUTCOMES FOLLOWING TAVR
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PREDICTORS OF LONG TERM MORTALITY
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O’Connor SA et al J Am Coll Cardiol 2015;66:221–8 



BICUSPID DISEASE TREATMENT BY SEX
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Sex-Specific 30-Day and 1-Year Outcomes 



PERMANENT PACEMAKER USAGE

• 46 studies metanalysis

• 70,313 patients, 51.5% were women

• 14.9% women vs 16.6% men;  OR 
0.90, p=0.0022

• Women require less PPM after TAVR 
than men

• Interestingly using a balloon 
expandable valve equilibrates the 
need for PPM

• Age and ventricular function were 
not statistically important.

Jravaux JM et al. Am Heart Assoc.  2021:10:e019429.
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FEMALE
PROCEDURAL ISSUES

well as laser therapy in the setting of complex lesions
appear to be associated with higher complication
rates in women.95

Several but not all studies have reported higher
rates of acute kidney injury and contrast-induced
nephropathy after PCI in women vs in men.96-98

These observations could be potentially explained
by the higher risk pro!le of women at the time of PCI,
which seems to be attenuated by multivariable
adjustment for baseline confounders. Nevertheless,
appropriate nephroprotective strategies should be
routinely implemented consistently among women
and men.

Finally, among patients with severe ischemic car-
diomyopathy undergoing PCI with mechanical

circulatory support, women experience higher rates
of periprocedural hemorrhagic and vascular compli-
cations than men do.99

CORONARY SURGERY

DIFFERENCES IN OUTCOMES AND TECHNIQUES

BETWEEN MEN AND WOMEN AFTER CABG. Women
referred for coronary artery bypass graft (CABG) are
generally 10 years older and have more comorbidities
than men.100,101

Operative mortality after CABG is higher in women
than in men (Table 1).102-108 In a study of >1 million
patients based on the Society for Thoracic Surgeons
Adult Cardiac Surgical Database, women had higher

CENTRAL ILLUSTRATION Technical Considerations for Coronary Artery Disease Treatment in Women

Higher risk of vascular
access-site complications
and periprocedural
bleeding

Recommendations:
Preferential use of radial
artery access

Higher risk of target-lesion
and target-vessel
revascularization

Recommendations:
Optimal stent sizing and deployment,
use of intracoronary physiology and
imaging to guide stent implantation

Higher risk of operative
mortality following CABG

Recommendations:
Earlier access to surgery-
technical expertise of the
surgeon may be important

Smaller vessel size, more
tortuosity, more prone
to dissection and
perforation

Recommendations:
Careful stent sizing, deployment
and utilization of atherectomy
devices

Higher risk of heart failure
and development of LV

dysfunction after MI
Recommendations:

Increase recognition of
symptoms of MI in women,

enhance access to care,
reduce symptom-to-device time

Underutilization of GDMT in
women as well as potent P2Y12-

receptor inhibitors
Recommendations:

Appropriate use of GDMT and
antithrombotic therapies both

in the peri- and post-procedural
period

Underutilization of multiple
arterial grafting

Recommendations:
Preferential use of radial artery grafting

Higher risk of acute kidney
injury and contrast-induced

nephropathy
Recommendations:

Routine implementation of
nephroprotective strategies

(low volume of contrast, crystalloid
infusions, radial artery access and

discontinuation of nephrotoxic drugs)

Gaudino M, et al. J Am Coll Cardiol. 2022;79(14):1407–1425.

Technical aspects to be considered when prescribing medical therapy and performing percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG)
in women. CAD ! coronary artery disease; GDMT ! guideline-directed medical therapy; LV ! left ventricular; MI ! myocardial infarction.

Gaudino et al J A C C V O L . 7 9 , N O . 1 4 , 2 0 2 2

Sex Differences in CAD Treatment A P R I L 1 2 , 2 0 2 2 : 1 4 0 7 – 1 4 2 5

1414
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HOW TO LOOK AT TREATMENT TRIALS

• Most data that is released compares men to women
• More importantly is comparing treated to untreated women
• Trials need to enroll more women to have the numbers to make 

meaningful inferences of treatment importance
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WOMEN TREATING WOMAN

• Patient-Provider Gender concordance influences 
patient outcomes

• Risks factors not as well controlled with 
discordance

• Mortality rates in AMI higher women with 
discordance in treating physician

• 5.4% relative risk reduction

• >50% of medical students are women

• 20% of cardiology fellows are women

• <15% of cardiologists are women

• <5% of interventional cardiologists are women

• <1% of structural cardiologists are women

Lau ES et al.  J Am Coll Cardiol. 2021;8:1135-8.
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THANK YOU!
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