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A B S T R A C T   

Background: Sex-specific characteristics in patients with aortic stenosis and small annuli undergoing transcatheter 
aortic valve implantation (TAVI) might affect clinical outcomes and hemodynamics. 
Methods: TAVI-SMALL 2 international retrospective registry included 1378 patients with severe aortic stenosis 
and small annuli (annular perimeter <72 mm or area < 400 mm2) treated with transfemoral TAVI at 16 high- 
volume centers between 2011 and 2020. Women (n = 1233) were compared with men (n = 145). One-to-one 
propensity score (PS) matching resulted in 99 pairs. Primary endpoint was incidence of all-cause mortality. 
Incidence of pre-discharge severe prosthesis-patient mismatch (PPM) and its association with all-cause mortality 
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were investigated. Binary logistic and Cox regression were performed to adjust the treatment effect for PS 
quintiles. 
Results: Incidence of all-cause mortality at a median follow-up of 377 days did not differ between sex in the 
overall (10.3 vs. 9.8%, p = 0.842) and PS-matched (8.5 vs. 10.9%, p = 0.586) populations. After PS matching, 
pre-discharge severe PPM was numerically higher in women vs. men (10.2 vs. 4.3%), even though no evidence of 
a difference was found (p = 0.275). Within the overall population, women with severe PPM suffered a higher 
incidence of all-cause mortality when compared to those with less than moderate PPM (log-rank p = 0.024) and 
less than severe PPM (p = 0.027). 
Conclusions: No difference in all-cause mortality at medium-term follow-up was observed between women and 
men with aortic stenosis and small annuli undergoing TAVI. Incidence of pre-discharge severe PPM was 
numerically higher in women than men, and it was associated with increased all-cause mortality in women.   

1. Introduction 

Non-rheumatic, calcific aortic stenosis is the most prevalent valvular 
heart disease in high-income countries [1]. Although men are at 
increased risk overall, most of patients over 80 years old or with small 
aortic annuli are women [2,3]. 

Women are less likely than men to undergo aortic valve replacement 
and are often older and with more advanced disease at time of surgery 
[4]. Also, they have increased operative mortality and morbidity after 
surgical aortic valve replacement (SAVR) as well as a higher 1-year 
mortality when compared with men [5]. Among unmeasured con-
founders, prosthesis-patient mismatch (PPM) due to small annular di-
mensions may contribute to worse short-term and long-term outcomes 
[6]. 

Women with aortic stenosis who are treated, are more likely to un-
dergo transcatheter aortic valve implantation (TAVI) compared with 
men [4]. Although no inter-sex differences in device success are present 
among patients undergoing TAVI, women do suffer from higher inci-
dence of major vascular complications and major bleeding events [7]. 
Although the consensus is that sex disparities in terms of mid- and long- 
term outcomes after TAVI are in favor of women [8], more recent evi-
dence found no sex-specific differences in survival [9], while older 
women were shown to have an increased risk of mortality than men 
[10]. 

Considering that TAVI is currently performed more commonly than 
SAVR [11], it is important to recognize whether particular scenarios 
might yield different clinical outcomes across sexes. 

Hemodynamics might differ in women and men with aortic stenosis 
and small annuli undergoing TAVI, and sex-specific outcomes have not 
been addressed so far in such a population. The aim of this study was to 
assess clinical outcomes and trans-valvular hemodynamics in women 
and men with small aortic annuli undergoing TAVI. 

2. Methods 

2.1. Study design and definitions 

The observational, retrospective TAVI-SMALL 2 registry was con-
ducted between June 2011 and April 2020 at 16 high-volume centers, 
and included 1378 patients with severe native aortic valve stenosis and 
small aortic annuli treated with transfemoral implantation of current- 
generation self-expanding (Evolut R and Evolut Pro, Medtronic, Min-
neapolis, Minnesota; Acurate neo, Boston Scientific, Marlborough, 
Massachusetts; Portico, Abbott Vascular, Santa Clara, California) and 
balloon-expandable valves (Sapien 3, Edwards Lifesciences, Irvine, 
California). This study complied with the Declaration of Helsinki and 
was approved by local ethics committees. All patients provided written 
informed consent for the procedure and subsequent data collection 
based on local practice and/or local institutional review board approval. 
Inclusion criteria were implantation via transfemoral route of current- 
generation transcatheter heart valves in native aortic stenosis in pa-
tients with small aortic annuli (defined as an annular area < 400 mm2 
and/or annular perimeter <72 mm on computed tomography). 

Exclusion criteria were valve-in-valve procedures, TAVI for pure aortic 
regurgitation and lack of pre-procedural computed tomography data. 
Local multidisciplinary heart teams evaluated all patients and confirmed 
the indications for TAVI. All patients underwent pre-procedural 
screening by means of clinical assessment, echocardiography, and 
computed tomography. Aortic annular, leaflet, and left ventricular 
outflow tract (LVOT) calcifications were classified and graded using a 
semiquantitative scoring system, as previously described [12]. Valve 
type and size selection, as well as implantation technique and subse-
quent antithrombotic therapy, were left to the discretion of the treating 
physician at each center. 

The rationale of the study was to evaluate the impact of sex on 
clinical outcomes and transvalvular hemodynamics, so that primary 
analyses were performed according to sex. Additional analyses were 
conducted per degree of PPM, which was defined following Valve Aca-
demic Research Consortium-3 updated endpoint definition [13]. Effec-
tive orifice area (EOA) was calculated at pre-discharge 
echocardiography with the continuity equation method; stroke volume 
was estimated via LVOT diameter (outer-to-outer border of the valve 
stent) and velocity-time integral measured just underneath the ven-
tricular margin of the valve stent [13]. Primary endpoint of the study 
was all-cause mortality. Incidence of pre-discharge severe PPM and its 
association with all-cause mortality were also investigated. 

2.2. Statistical analysis 

Continuous variables are reported as mean ± standard deviation or 
median ± interquartile range, and were compared using Student's t-test 
or the Mann-Whitney U or Wilcoxon test in case of 2-group comparisons 
on the basis of normality of data distribution, verified using the Shapiro- 
Wilk test. In case of continuous variable comparisons between >2 
groups, analysis of variance was performed; Bartlett's test for equal 
variances was performed to assess if the variances were comparable 
between groups, and Bonferroni correction was applied to adjust for 
multiple comparisons. Categorical variables are reported as percentage 
(number) and were compared using the chi-square test without Yates' 
correction for continuity or the Fisher exact test, as appropriate. Survival 
curves for all-cause mortality were constructed with the use of 
Kaplan–Meier estimates and compared with the log-rank test. Pro-
pensity score (PS) matching was performed to adjust for differences in 
potential confounders that may lead to bias in estimation of treatment 
outcomes [14,15]. A PS was calculated for each patient to estimate the 
propensity towards belonging to a specific group (women vs. men). This 
was done by means of a non-parsimonious multivariate logistic regres-
sion including the following covariates: age, body mass index, body 
surface area, hypertension, chronic obstructive pulmonary disease, 
coronary artery disease, prior myocardial infarction, peripheral vascular 
disease or previous percutaneous transluminal angioplasty, prior coro-
nary artery bypass grafting (CABG), previous pacemaker (PM) or 
implantable cardioverter-defibrillator (ICD) implantation, New York 
Heart Association (NYHA) functional class III or IV, Society of Thoracic 
Surgeons Predicted Risk of Mortality score and aortic annular perimeter. 
The C statistic for the PS model was 0.853, indicating good 
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discrimination. A 1-to-1 nearest neighbor matching algorithm without 
replacement (caliper 0.20) was performed to identify PS-matched pairs. 
Rubin's B (22.6) and R (0.81) values, and 4.2% mean bias among 
covariates demonstrated high standard matching [16]. The pseudo-R2 

value was 0.283 (p < 0.001) before matching and very low (0.009, p =
0.999) after matching, thus confirming good quality of the match and 
adequate balancing of covariate distribution between matched groups 
[17]. Primary and secondary endpoints were compared between the 
women and men groups in both the overall and PS-matched cohorts. In 
the overall cohort, binary logistic and Cox regression were also per-
formed to adjust the treatment effect for the PS quintiles; results are 
presented as adjusted odds ratio (ORadj) or adjusted hazard ratio 
(HRadj) with 95% confidence interval (CI). 

Clinical follow-up was censored at the date of death or latest avail-
able follow-up. Data for patients lost to follow-up were censored at the 
time of the last contact. A two-sided p value <0.05 was considered 
statistically significant. Statistical analyses were performed using Stata 
version 13.0 (StataCorp, College Station, Texas). 

3. Results 

3.1. Study population and clinical features 

Among 1378 patients with aortic stenosis and small aortic annuli 
treated with transfemoral TAVI, 1233 (89.5%) were women and 145 
(10.5%) were men. Baseline characteristics of patients stratified ac-
cording to sex are reported in Supplemental Table 1. Compared with 
men, women were older (83.1 ± 6.0 vs. 80.9 ± 7.4 years, p < 0.001) and 
had lower weight, height and body surface area (all p < 0.001). 
Comorbidities, including dyslipidemia, chronic obstructive pulmonary 
disease, peripheral artery disease, coronary artery disease, previous 
myocardial infarction, percutaneous coronary intervention, CABG and 
PM or ICD, were more common among men (all p < 0.025), except for 
hypertension that was more common in women (p = 0.006). Women 
were more often in NYHA III or IV functional class at baseline (68.5% vs. 
57.9%, p = 0.016), while no significant differences between groups were 
observed in terms of diabetes mellitus, atrial fibrillation and Society of 
Thoracic Surgeons Predicted Risk of Mortality (p = 0.285, 5.7 ± 4.0% 
overall). The 1-to-1 PS matching analysis resulted in 99 matched pairs of 
women and men, and no significant difference in any baseline charac-
teristic was evident (Supplemental Table 1). 

3.2. Echocardiographic and computed tomography features 

Baseline echocardiographic and computed tomography features are 
shown in Supplemental Table 2. Left ventricular ejection fraction in 
the whole cohort was 59.2 ± 10.7% and did not differ between groups 
(p = 0.266), while tricuspid annular plane systolic excursion was higher 
in women (21.0 ± 3.6 vs. 20.0 ± 3.4, p = 0.047). Bicuspid aortic valves 
were more frequent in men, with borderline significance (4.0 vs. 7.6%, p 
= 0.064). Lower baseline EOA at echocardiography was present in 
women (p = 0.046), with no differences in mean and maximum aortic 
valve gradients. At computed tomography, women had smaller mean 
annular diameter (21.2 ± 1.28 vs. 21.8 ± 1.26, p < 0.001), perimeter 
(66.7 ± 4.32 vs. 68.4 ± 3.84, p < 0.001) and area (348.4 ± 34.2 vs. 
364.6 ± 32.5, p < 0.001). In addition, women had shorter distance to 
ostia of both right coronary artery (p < 0.001) and left main (p = 0.003) 
and had smaller diameter of sinotubular junction (25.8 ± 2.63 vs. 27.0 
± 2.82, p < 0.001) and sinus of Valsalva (28.5 ± 2.33 vs. 30.7 ± 3.03, p 
< 0.001). No inter-sex difference in ascending aorta diameter was pre-
sent (p = 0.258). There was no difference between sexes in terms of 
proportion of patients with porcelain aorta (p = 0.393), severe LVOT (p 
= 0.217) or annular calcification (p = 0.610), while men had a higher 
proportion of severe leaflet calcification (17.8 vs. 31.2%, p = 0.001). 
Among PS-matched pairs (Supplemental Table 2), women had shorter 
right coronary artery and left main ostia heights (both p = 0.037) and 

smaller sinotubular junction (p = 0.053) and sinuses of Valsalva di-
ameters (p < 0.001). 

3.3. Procedural features 

Procedural data are shown in Table 1. The type of valve implanted in 
women and men was not different when assessed according to mecha-
nism of valve expansion (p = 0.697), position of leaflets with respect to 
native annulus (p = 0.809) or single valve type (p = 0.587 for Evolut R/ 
Pro, p = 0.633 for Acurate neo, p = 0.410 for Portico and p = 0.697 for 
Sapien 3). Of note, a higher proportion of valves 25 mm or less in 
diameter were implanted in women (54.1 vs. 35.9%, p < 0.001), even 
though no differences in oversizing according to both perimeter (15.3 ±
8.5 vs. 16.1 ± 10.1, p = 0.319) and area (36.8 ± 20.9 vs. 38.3 ± 24.0, p 
= 0.424) were observed. While predilation was performed in 41.9% of 
cases in the overall sample, with no inter-sex differences (p = 0.566), 
postdilation was more common in men (26.8 vs. 36.5%, p = 0.013). No 
significant difference in annular rupture was observed according to sex. 
In PS-matched cohorts, differences in the proportion of patients 
implanted with valves of 25 mm or less in diameter (p = 0.010) and 
postdilation (p = 0.099) persisted, and oversizing ≥15% was more 
common in men vs. women according to both perimeter (63.6 vs. 45.4%, 
p = 0.010) and area (84.4 vs. 71.7%, p = 0.025). 

3.4. Procedural and clinical outcome 

Clinical and procedural outcomes are reported in Table 1. In the 
whole cohort, pre-discharge mean and maximum aortic valve gradients 
were 9.3 ± 4.8 and 16.5 ± 8.2, respectively, and were similar in women 
and men (p = 0.880 and p = 0.978, respectively). Similarly, indexed 
EOA (1.00 ± 0.30 vs. 1.00 ± 0.27, p = 0.857) and incidence of both 
moderate PPM (21.5 vs. 26.1%, p = 0.825) and severe PPM (6.3 vs. 
4.3%, p = 0.788) did not differ significantly between groups (Fig. 1). 
Compared with men, women had similar incidence of more than mild 
(9.2 vs. 11.0%, p = 0.518) and more than moderate (1.2 vs. 0%, p =
0.381) paravalvular leak. Also, proportion of patients requiring per-
manent PM (12.2 vs. 13.9%, p = 0.561) or second valve implantation 
(1.7 vs. 1.4%, p = 1.000) was similar between groups. The proportion of 
patients with any or major vascular complication was higher among 
women than men (14.9 vs. 6.9%, p = 0.020 and 5.2 vs. 0.7%, p = 0.011, 
respectively). Similarly, Bleeding Academic Research Consortium 
(BARC) major bleeding was more common in women vs. men (6.3 vs. 
2.1%, p = 0.039), as shown in Fig. 1. 

Incidence of all-cause mortality at median follow-up of 377 (inter-
quartile range 168–700) days was similar in women and men (10.3 vs. 
9.8%, p = 0.842), and time-to-event analysis (Fig. 2) showed no dif-
ference in all-cause mortality between groups (5.7 vs. 4.0% at 1-year, 
log-rank p = 0.942). No difference between sexes was observed in 
terms of cardiovascular mortality (p = 0.307), myocardial infarction (p 
= 0.375), transient ischemic attack or stroke (p = 0.789), acute kidney 
injury (p = 1.000) and hospitalization for heart failure (p = 0.734). 

After adjustment for PS quintiles, all-cause mortality was similar in 
women and men (adjusted hazards ratio 1.22, 95% CI 0.60–2.50). The 
risk of moderate or more PPM was increased among women to different 
degrees according to BMI adjustment (p = 0.036 and p = 0.109 without 
and with BMI adjustment, respectively), while risk of severe PPM did not 
vary according to sex (p = 0.173 and p = 0.310 without and with BMI 
adjustment). The increased risk of any and major vascular complications 
(p = 0.096 and p = 0.101) and of BARC major bleeding (p = 0.072) had 
borderline significance. Sex did not have a significant impact on other 
outcomes at follow-up (Supplemental Table 3). 

Women remained at increased risk of any and major vascular com-
plications (p = 0.102 and p = 0.091, respectively) and BARC major 
bleeding (p = 0.065) with borderline significance after PS matching 
(Fig. 1). Of note, significant differences in mean aortic valve gradient 
(11.3 ± 5.7 vs. 9.2 ± 4.9 mmHg, p = 0.011), indexed EOA (0.86 ± 0.25 
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vs. 1.01 ± 0.26, p = 0.006), moderate PPM (36.7 vs. 17.4%, p = 0.035) 
and moderate or more PPM (46.9 vs. 21.7%, p = 0.010) arose when 
comparing PS-matched women vs. men, while incidence of severe PPM 
(10.2 vs. 4.3%, p = 0.275) was numerically more common among 
women (Fig. 1). Incidence of all-cause mortality remained similar in 
women vs. men (8.5 vs. 10.9%, p = 0.586). No difference in cardio-
vascular mortality, myocardial infarction, transient ischemic attack or 
stroke, acute kidney injury or hospitalization for heart failure was 
observed between groups. 

3.5. Sex and PPM 

Characteristics of patients with and without information on pre- 
discharge EOA according to sex are collected in Supplemental 
Tables 4–7. Supplemental Tables 8–11 include baseline demographic, 
echocardiographic, computed tomography, procedural, post-procedural 
and follow-up characteristics of patients with information on pre- 
discharge EOA, stratified according to sex and degree of PPM. A total 
of 559 (45.3%) women and 69 (47.6%) men were included in this 
analysis. Women with moderate PPM and men with severe PPM were 
younger than those with lesser degree of PPM (p = 0.017 for women, 
both p < 0.001 for men) and a higher proportion of patients with 

moderate and severe PPM among both sexes was in NYHA functional 
class III or IV than those with less than moderate PPM (overall p ≤ 0.001 
for both sexes). Women with moderate and severe PPM had higher 
weight, height and BSA than those with less than moderate PPM (all 
overall p < 0.001). Differences were present in terms of proportion of 
patients with previous PM or ICD among women (p = 0.042) and with 
previous CABG among men (p = 0.036). No relevant differences were 
present in echocardiographic data, while women with moderate PPM 
had a smaller perimeter (p < 0.001) and proportion of patients with 
severe annular (p = 0.010) and LVOT (p = 0.034) calcifications than 
those with less than moderate PPM. Men with moderate PPM had 
smaller sinus of Valsalva diameter than those with less than moderate 
PPM (p = 0.092). 

Among both women and men, patients with moderate and severe 
PPM had more valves 25 mm or less in diameter implanted (overall p <
0.001 and p = 0.015) and a lower degree of oversizing by area than in 
less than moderate PPM (overall p < 0.001 and p = 0.049). Women with 
moderate PPM and severe PPM had more balloon-expandable (overall p 
< 0.001) and less supra-annular valves (overall p < 0.001) implanted, 
and a similar trend was observed among men. Predilation and post-
dilation were more common in women with less than moderate PPM 
than in those with moderate PPM (p < 0.001 and p = 0.001). Among 

Table 1 
Post-procedural characteristics and follow-up according to sex before and after propensity score matching.  

Characteristic Overall (n =
1378) 

Women (n =
1233) 

Men (n =
145) 

P value Overall (n =
198) 

Women (n =
99) 

Men (n =
99) 

P value 

Procedural         
Valve size 25 mm or less 52.2 (719) 54.1 (667) 35.9 (52) <0.001 45.4 (90) 54.5 (54) 36.4 (36) 0.010 
Oversizing by perimeter 15.0 ± 8.7 15.3 ± 8.5 16.1 ± 10.1 0.319 15.7 ± 9.4 14.6 ± 8.9 16.9 ± 9.7 0.087 
Oversizing by perimeter ≥15% 54.1 (745) 53.4 (659) 59.3 (86) 0.237 54.5 (108) 45.4 (45) 63.6 (63) 0.010 
Oversizing by area 36.9 ± 21.2 36.8 ± 20.9 38.3 ± 24.0 0.424 36.4 ± 23.2 33.5 ± 23.2 39.5 ± 22.7 0.085 
Oversizing by area ≥ 15% 82.6 (1138) 82.6 (1019) 82.1 (119) 0.863 78.3 (155) 71.7 (71) 84.8 (84) 0.025 
Oversizing ≥15% 54.3 (748) 53.7 (662) 59.3 (86) 0.260 50.5 (100) 39.4 (39) 61.6 (61) 0.002 
Valve type         

Evolut R/Pro 54.4 (750) 54.2 (668) 56.5 (82) 0.587 53.0 (105) 48.5 (48) 57.6 (57) 0.200 
Acurate Neo 12.3 (170) 12.4 (153) 11.7 (17) 0.633 9.6 (19) 9.1 (9) 10.1 (10) 0.809 
Portico 12.5 (172) 12.7 (157) 10.3 (15) 0.410 14.6 (29) 15.1 (15) 14.1 (14) 0.841 
Sapien 3 20.7 (286) 20.7 (255) 21.4 (31) 0.697 22.7 (45) 27.3 (27) 18.2 (18) 0.127 
Supra-annular valve 66.8 (920) 66.6 (821) 68.3 (99) 0.809 62.6 (124) 57.6 (57) 67.7 (67) 0.142 
Self-expanding valve 79.2 (1092) 79.3 (978) 78.6 (114) 0.697 77.3 (123) 72.7 (72) 81.8 (81) 0.127 

Pre-dilation 41.9 (573) 41.6 (509) 44.1 (64) 0.566 36.9 (73) 33.3 (33) 40.4 (40) 0.302 
Post-dilation 27.8 (380) 26.8 (327) 36.5 (53) 0.013 31.0 (61) 25.5 (25) 36.4 (36) 0.099 
Annular rupture 0.3 (4) 0.3 (4) 0 1.000 0.5 (1) 1.0 (1) 0 1.000 
Pre-discharge         
Any vascular complication 14.0 (192) 14.9 (182) 6.9 (10) 0.020 12.2 (24) 16.2 (16) 8.2 (8) 0.102 
Major vascular complication 4.7 (65) 5.2 (64) 0.7 (1) 0.011 3.1 (6) 5.0 (5) 1.0 (1) 0.091 
Need for second valve implantation 1.7 (23) 1.7 (21) 1.4 (2) 1.000 3.0 (6) 4.0 (4) 1.0 (1) 0.445 
Mean AV gradient, mmHg 9.3 ± 4.8 9.2 ± 4.8 9.3 ± 4.9 0.880 10.3 ± 5.3 11.3 ± 5.7 9.2 ± 4.9 0.011 
Maximum AV gradient, mmHg 16.5 ± 8.2 16.5 ± 8.2 16.5 ± 7.7 0.978 16.9 ± 7.8 18.1 ± 8.2 16.0 ± 7.3 0.124 
Indexed EOA, cm2/m2 1.00 ± 0.30 1.00 ± 0.30 1.00 ± 0.27 0.857 0.93 ± 0.27 0.86 ± 0.25 1.01 ± 0.26 0.006 
Moderate or more PPM (non BMI- 

adjusted) 
33.6 (211) 33.6 (188) 33.3 (23) 0.961 41.0 (39) 55.1 (27) 26.1 (12) 0.004 

Moderate or more PPM 28.0 (176) 27.7 (155) 30.4 (21) 0.637 34.7 (33) 46.9 (23) 21.7 (10) 0.010 
Moderate PPM (non BMI-adjusted) 25.0 (157) 24.9 (139) 26.1 (18) 0.825 28.4 (27) 36.7 (18) 19.6 (9) 0.064 
Moderate PPM 22.0 (138) 21.5 (120) 26.1 (18) 0.382 27.4 (26) 36.7 (18) 17.4 (8) 0.035 
Severe PPM (non BMI-adjusted) 8.6 (54) 8.8 (49) 7.2 (5) 0.822 12.6 (12) 18.4 (9) 6.5 (3) 0.122 
Severe PPM 6.0 (38) 6.3 (35) 4.3 (3) 0.788 7.4 (7) 10.2 (5) 4.3 (2) 0.275 
More than mild PVL 9.4 (107) 9.2 (93) 11.0 (14) 0.518 12.4 (22) 10.1 (9) 14.8 (13) 0.347 
More than moderate PVL 1.1 (12) 1.2 (12) 0 0.381 0.6 (1) 1.1 (1) 0 0.319 
New permanent PM 12.4 (169) 12.2 (149) 13.9 (20) 0.561 12.7 (25) 12.1 (12) 13.3 (13) 0.809 
BARC major bleeding 5.9 (81) 6.3 (78) 2.1 (3) 0.039 4.0 (8) 7.1 (7) 1.0 (1) 0.065 
Follow-up         
All-cause mortality 10.3 (129) 10.3 (116) 9.8 (13) 0.842 9.7 (18) 8.5 (8) 10.9 (10) 0.586 
Cardiovascular mortality 3.4 (42) 3.6 (40) 1.5 (2) 0.307 4.3 (7) 5.9 (5) 2.6 (2) 0.446 
Myocardial infarction 1.1 (12) 1.0 (10) 1.7 (2) 0.375 2.6 (4) 2.6 (2) 2.6 (2) 1.000 
TIA/stroke 3.3 (36) 3.4 (33) 2.5 (3) 0.789 4.4 (7) 6.3 (5) 2.5 (2) 0.442 
Acute kidney injury 2.9 (27) 3.0 (24) 2.8 (3) 1.000 3.4 (5) 5.3 (4) 1.4 (1) 0.367 
Hospitalization for HF 6.2 (65) 6.1 (57) 6.9 (8) 0.734 6.4 (10) 5.1 (4) 7.7 (6) 0.746 

Values are mean ± standard deviation or %(n). The values in bold represent differences between groups with p < 0.100. 
AV = aortic valve; BARC = Bleeding Academic Research Consortium; BMI = body mass index; EOA = effective orifice area; HF = heart failure; PM = pacemaker; PPM 
= prosthesis patient mismatch; PVL = paravalvular leak; TIA = transient ischemic attack. 
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women, mean and maximum gradients were higher with moderate and 
severe PPM than less than moderate PPM (both overall p < 0.001), and 
the same was true when comparing moderate and less than moderate 
PPM in men (overall p = 0.036 and p = 0.015, respectively). All-cause 
mortality in women differed between groups at 1-year (overall p =
0.028), and was higher with severe PPM than in less than moderate PPM 

(p = 0.008). At time-to-event analysis (Fig. 3), women with severe PPM 
had increased risk of all-cause mortality when compared to those with 
less than moderate (log-rank p = 0.024) and less than severe PPM (log- 
rank p = 0.027). On the other hand, no difference between groups was 
evident among men (Supplemental Table 11 and Supplemental 
Fig. 1), although underpowering for such outcome needs to be 
recognized. 

4. Discussion 

The main findings of the present study evaluating clinical outcomes 
and trans-valvular hemodynamics in women vs. men with small aortic 
annuli undergoing TAVI are as follows:  

• Incidence of all-cause mortality at medium-term follow-up was 
similar in women and men;  

• The proportion of women with severe PPM at discharge was 
numerically higher than that of men, even though evidence of a 
difference was not found in the entire population, after adjustment 
for PS quintiles and in the PS-matched cohort; 

• Women with severe PPM had a higher incidence of all-cause mor-
tality when compared to those with less than moderate PPM and less 
than severe PPM. 

4.1. Clinical outcomes 

Women were younger, smaller in size and often more symptomatic at 
baseline. As already described [3], hypertension was more common 
among women, while men suffered more often from chronic obstructive 
pulmonary, cerebrovascular, peripheral artery and coronary artery 

Fig. 1. Differences in baseline characteristics and outcomes according to sex in the overall and propensity score (PS)-matched populations. Characteristics reported 
next to upward pointing arrows are more represented in that group than in the other (that is women or men). AV = aortic valve, BMI = body mass index, BSA = body 
surface area, CABG = coronary artery bypass grafting, CAD = coronary artery disease, COPD = chronic obstructive pulmonary disease, EOA = effective orifice area, 
ICD = implantable cardioverter defibrillator, NYHA = New York Heart Association, PCI = percutaneous coronary intervention, PM = pacemaker, PPM = prosthesis- 
patient mismatch, SOV = sinus of Valsalva, STJ = sino-tubular junction. 

Fig. 2. Time-to-event analysis of all-cause mortality according to sex. No dif-
ference (log-rank p = 0.942) was observed between women and men at median 
follow-up of 377 days. 
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disease, and had a higher proportion of PM or ICD implanted at baseline. 
The worse survival observed in women after SAVR has not been 
confirmed among patients undergoing TAVI. In this context, most of the 
evidence so far signals towards better outcomes in women as compared 
with men [8]. Given that women, when undergoing intervention, are 
more likely to be treated with TAVI [4], it is of utmost importance to 
investigate whether particular subsets might increase the risk of poor 
outcomes. Most patients with small aortic annuli treated with TAVI are 
women [18], and no difference in incidence of all-cause mortality at 
medium-term follow-up was observed in this study between sexes. An 
increased incidence of any and major vascular complications as well as 
major bleeding was observed in women both in the overall and PS- 
matched cohorts, even though with borderline significance in the 
latter setting. These results confirm evidence from previous studies 
pointing towards an increased risk of access-related complications with 
larger sheath-to-femoral artery ratio, which is possibly related to worse 
short-term mortality or major morbidity in older women when 
compared with men [7,10,19]. At the same time, the trend towards more 
complications in women vs. men of the same body size might suggest 
that additional factors such as the higher degree of vascular tortuosity 
described in women [7] might contribute to such outcomes, especially 
considering the lower size of valves implanted in women in the PS- 
matched population. Conversely, the improved long-term survival in 
women vs. men in the general population has been attributed, among 
others, to the lower rate of PVL deriving from the fact that men, often 
with larger annuli, tend to receive more undersized valves [8]. On the 
other hand, in our study, oversizing was similar among sexes in the 
overall population and lower in women within the PS-matched cohort, 
and no differences were noted between groups in terms of either more 
than mild or more than moderate PVL. Of note, the type of valve 
implanted did not differ between women and men both in the overall 
and PS-matched cohorts. In addition, the known higher proportion of 
atherosclerotic burden and comorbidities in men [20] was adequately 
buffered with PS matching. Overall, these factors might all have miti-
gated the survival advantage of women in this study including solely 
patients with small aortic annuli. 

4.2. Incidence of severe PPM 

Increased incidence of PPM after SAVR in women has been argued to 
be among possible confounders of worse outcomes with respect to men 
[6]. Although difference in incidence of severe PPM between sexes was 
not significant when assessing both overall and PS-matched populations, 
important considerations do arise from our results. In particular, it is 
important to acknowledge that women in the overall population had 
smaller annuli, less severely calcified leaflets, smaller valves implanted, 
same degree of oversizing and of moderate or more PPM as compared 
with men. On the other hand, women not only had smaller valves 

implanted, but also less oversizing and almost double the incidence of 
moderate or more PPM when considering patients with similar annular 
size from the PS-matched cohort. Even though statistical significance 
was not reached for the difference in incidence of severe PPM alone in 
the latter cohort, the large numerical difference, together with the 
strikingly smaller EOA and the higher mean aortic gradient observed in 
women need to be highlighted. Indeed, this signals that, considering 
patients with similar body size and annular dimensions, women are 
offered smaller valves than men. Overall, incidence of moderate or more 
PPM was similar to that previously described in women [21]. Of note, 
while performance of predilation did not vary across groups, post-
dilation was more common in men both in the overall and in the PS- 
matched cohorts, and this needs to be taken into account since it is a 
known factor mitigating incidence of PPM [22]. Finally, height of cor-
onary arteries ostia and diameter of sinotubular junction and sinuses of 
Valsalva remained smaller among women in the PS-matched cohort, in 
line with previous evidence, and likely contributed to our findings [14]. 

4.3. PPM and all-cause mortality 

Notwithstanding the inconsistent evidence of clinical impact of PPM 
after TAVI in previous reports [23], recent evidence points to higher risk 
of events in patients with severe PPM when compared with those with 
less than severe PPM [22,24]. Particular subsets of patients, such as 
those with reduced left ventricular ejection fraction, have been shown to 
be more vulnerable to negative impact of PPM [25]. In addition, sex 
might modify the effect of PPM on outcomes. Indeed, when considering 
patients from PARTNER 3 study, severe PPM increased the risk of all- 
cause mortality when compared with less than moderate PPM among 
women, while this was not the case among men [26]. Similarly, women 
represented most of patients with severe PPM in our study, and had 
increased risk of all-cause mortality when compared with women with 
less than moderate PPM. No significant difference in outcomes was seen 
in men according to the degree of pre-discharge PPM, even though the 
low number of patients with severe PPM (n = 3), the few events and the 
medium-term follow-up might have influenced such results. Finally, it is 
important to recognize that although moderate PPM seems harmless 
among TAVI cohorts as of today, longer-term follow-up will be key to 
reveal any possible negative impact on outcomes [27]. Overall, it is 
likely that implementation of strategies to prevent PPM might reveal 
beneficial in terms both of clinical outcomes and bioprosthetic valve 
durability. 

4.4. Study limitations 

The observational nature of this study cannot exclude presence of 
selection or confounding bias. The study was retrospective, so that 
underreporting or missing echocardiographic and follow-up data might 

Fig. 3. Time-to-event analysis of all-cause mortality according to degree of PPM in women. Comparison of less than moderate vs. moderate vs. severe PPM (A), less 
than moderate vs. moderate or more PPM (B) and less than severe vs. severe PPM (C). PPM = prosthesis-patient mismatch. 
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have occurred and might have influenced study findings. No indepen-
dent clinical event adjudication committee was available for the study. 
No core-laboratory assessment of echocardiographic or computed to-
mography variables was available. The relatively low number of men 
included is another relevant limitation of the present analysis, since 
many comparisons could be underpowered. 

5. Conclusions 

Women and men had a similar incidence of all-cause mortality at 
medium-term follow-up among 1378 patients with aortic stenosis and 
small annulus from TAVI-SMALL 2 multicenter retrospective registry. 
Incidence of severe PPM was numerically higher in women among 198 
PS-matched patients. Incidence of all-cause mortality was higher in 
women with severe PPM than in those with less than moderate or less 
than severe PPM. Clinical outcomes and impact of severe PPM after 
TAVI in women will need to be assessed at long-term follow-up in future 
large-scale, prospective studies. 

Disclosures 

Dr. Barbanti is consultant for Medtronic Inc., Boston Scientific and 
Edwards Lifesciences. Dr. Teles has received a received a research grant 
(to the institution) from Abbott. Dr. Adamo discloses speaker fees from 
Abbott and Medtronic. Dr. Taramasso discloses consultant or consul-
tancy fees from Abbott Vascular, Edwards Lifescience, Boston Scientific, 
Medtronic, Shenqi Medical, VentriMend, Simulands, Occlufit, MTEx, 
MEDIRA, HI-D Imaging and CoreMedic. Dr. Stefanini has received a 
research grant (to the institution) from Boston Scientific; and has 
received speaking and consulting fees from B. Braun, Biosensors, and 
Boston Scientific. Dr. Kim is a proctor for Boston Scientific, Meril Life-
sciences and Abbott; and has received speaking fees from Boston Sci-
entific, Abbott, Medtronic, and Edwards. Dr. Maisano discloses Grant 
and/or Research Institutional Support from Abbott, Medtronic, Edwards 
Lifesciences, Biotronik, Boston Scientific Corporation, NVT, Terumo; 
Consulting fees, Honoraria personal and Institutional from Abbott, 
Medtronic, Edwards Lifesciences, Xeltis, Cardiovalve, Occlufit, Simu-
lands, Mtex.; Royalty Income/IP Rights Edwards Lifesciences; Share-
holder position (including share options) of Cardiogard, Cardiovalve, 
Magenta, SwissVortex, Transseptalsolutions, 4Tech, Perifect. Dr. Tam-
burino has received speaking fees from Boston Scientific and Abbott. Dr. 
Van Mieghem has received institutional research grants from Abbott, 
Boston Scientific, Edwards Lifesciences, Medtronic, Abiomed, PulseCath 
BV, Daiichi Sankyo. Dr. Reimers has received speaking honoraria from 
Boston Scientific. Dr. Latib serves on the advisory boards of Medtronic, 
Boston Scientific and Abbott. All other authors have reported that they 
have no relationships relevant to the contents of this paper to disclose. 

Sources of funding 

none. 

CRediT author statement 

Conceptualization: Damiano Regazzoli. 
Methodology: Pier Pasquale Leone, Damiano Regazzoli. 
Validation: Azeem Latib. 
Formal analysis: Pier Pasquale Leone. 
Investigation: Pier Pasquale Leone, Aisha Gohar, Matteo Pagnesi, 

Antonio Mangieri, Giulio Stefanini, Michele Cacia, Ottavia Cozzi, Marco 
Barbanti, Rui Teles, Marianna Adamo, Maurizio Taramasso, Federico De 
Marco, Francesco Giannini, Yohei Ohno, Francesco Saia, Andrea Buono, 
Alfonso Ielasi, Michele Pighi, Flavio Ribichini, Diego Maffeo, Francesco 
Bedogni, Won-Keun Kim, Francesco Maisano, Corrado Tamburino, 
Nicolas M. Van Mieghem, Antonio Colombo, Bernhard Reimers, Azeem 
Latib, Damiano Regazzoli. 

Resources: Pier Pasquale Leone, Aisha Gohar, Matteo Pagnesi, 
Antonio Mangieri, Giulio Stefanini, Michele Cacia, Ottavia Cozzi, Marco 
Barbanti, Rui Teles, Marianna Adamo, Maurizio Taramasso, Federico De 
Marco, Francesco Giannini, Yohei Ohno, Francesco Saia, Andrea Buono, 
Alfonso Ielasi, Michele Pighi, Flavio Ribichini, Diego Maffeo, Francesco 
Bedogni, Won-Keun Kim, Francesco Maisano, Corrado Tamburino, 
Nicolas M. Van Mieghem, Antonio Colombo, Bernhard Reimers, Azeem 
Latib, Damiano Regazzoli. 

Data curation: Pier Pasquale Leone. 
Writing – Original draft: Pier Pasquale Leone. 
Writing – Review and Editing: Aisha Gohar, Matteo Pagnesi, Antonio 

Mangieri, Giulio Stefanini, Michele Cacia, Ottavia Cozzi, Marco Bar-
banti, Rui Teles, Marianna Adamo, Maurizio Taramasso, Federico De 
Marco, Francesco Giannini, Yohei Ohno, Francesco Saia, Andrea Buono, 
Alfonso Ielasi, Michele Pighi, Flavio Ribichini, Diego Maffeo, Francesco 
Bedogni, Won-Keun Kim, Francesco Maisano, Corrado Tamburino, 
Nicolas M. Van Mieghem, Antonio Colombo, Bernhard Reimers, Azeem 
Latib, Damiano Regazzoli. 

Visualization: Pier Pasquale Leone. 
Supervision: Damiano Regazzoli, Azeem Latib. 
Project administration: Damiano Regazzoli, Azeem Latib. 
Funding acquisition: NA. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ijcard.2023.02.044. 

References 

[1] GBD 2017 Disease and Injury Incidence and Prevalence Collaborators, Global, 
regional, and national incidence, prevalence, and years lived with disability for 
354 diseases and injuries for 195 countries and territories, 1990–2017: a systematic 
analysis for the Global Burden of Disease Study 2017, Lancet 392 (2018) 
1789–1858, https://doi.org/10.1016/S0140-6736(18)32279-7. 

[2] M.A. Fleury, M.A. Clavel, Sex and race differences in the pathophysiology, 
diagnosis, treatment, and outcomes of valvular heart diseases, Can. J. Cardiol. 37 
(7) (2021 Jul) 980–991, https://doi.org/10.1016/j.cjca.2021.02.003. 

[3] J.T. DesJardin, J. Chikwe, R.T. Hahn, J.W. Hung, F.N. Delling, Sex differences and 
similarities in Valvular heart disease, Circ. Res. 130 (4) (2022 Feb 18) 455–473, 
https://doi.org/10.1161/CIRCRESAHA.121.319914. 

[4] A. Lowenstern, P. Sheridan, T.Y. Wang, et al., Sex disparities in patients with 
symptomatic severe aortic stenosis, Am. Heart J. 237 (2021) 116–126, https://doi. 
org/10.1016/j.ahj.2021.01.021. 

[5] D. Hernandez-Vaquero, E. Rodriguez-Caulo, C. Vigil-Escalera, et al., Differences in 
life expectancy between men and women after aortic valve replacement, Eur. J. 
Cardiothorac. Surg. 60 (2021) 681–688, https://doi.org/10.1093/ejcts/ezab140. 

[6] D. Bienjonetti-Boudreau, M.A. Fleury, M. Voisine, et al., Impact of sex on the 
management and outcome of aortic stenosis patients, Eur. Heart J. 42 (2021) 
2683–2691, https://doi.org/10.1093/eurheartj/ehab242. 

[7] W. Vlastra, J. Chandrasekhar, B. García Del Blanco, et al., Sex differences in 
transfemoral transcatheter aortic valve replacement, J. Am. Coll. Cardiol. 74 
(2019) 2758–2767, https://doi.org/10.1016/j.jacc.2019.09.015. 

[8] M. Saad, R. Nairooz, N.V.K. Pothineni, et al., Long-term outcomes with 
transcatheter aortic valve replacement in women compared with men: evidence 
from a meta-analysis, JACC Cardiovasc. Interv. 11 (2018) 24–35, https://doi.org/ 
10.1016/j.jcin.2017.08.015. 

[9] N.M. Van Mieghem, M.J. Reardon, S.J. Yakubov, et al., Clinical outcomes of TAVI 
or SAVR in men and women with aortic stenosis at intermediate operative risk: a 
post hoc analysis of the randomised SURTAVI trial, EuroIntervention. 16 (2020) 
833–841, https://doi.org/10.4244/EIJ-D-20-00303. 

[10] M. Pighi, N. Piazza, G. Martucci, et al., Sex-specific determinants of outcomes after 
transcatheter aortic valve replacement, Circ. Cardiovasc. Qual. Outcomes 12 
(2019), e005363, https://doi.org/10.1161/CIRCOUTCOMES.118.005363. 

[11] J.D. Carroll, M.J. Mack, S. Vemulapalli, et al., STS-ACC TVT registry of 
Transcatheter aortic valve replacement, J. Am. Coll. Cardiol. 76 (21) (2020 Nov 
24) 2492–2516, https://doi.org/10.1016/j.jacc.2020.09.595. 

[12] M. Barbanti, T.-H. Yang, J. Rodès Cabau, et al., Anatomical and procedural features 
associated with aortic root rupture during balloon- expandable transcatheter aortic 
valve replace- ment, Circulation 128 (2013) 244–253. 
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