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Abstract

Aims: There is evidence for a lower mortality in female patients after transcatheter aortic valve implan-
tation (TAVI), but the underlying reasons for the gender-specific differences in prognosis are not well
understood. In particular, the role of left ventricular dysfunction is unclear. In this study, we addressed the
question of whether differences in left ventricular ejection fraction (LVEF) could account for the gender
benefit for female TAVI patients.

Methods and results: From January 2011 to December 2013, a total of 15,616 patients treated with
TAVI were prospectively enrolled in the German Aortic Valve Registry (GARY). For the present analysis,
female TAVI patients (N=8,456) were compared with male TAVI patients (N=7,160) with a particular focus
on LVEF. Mortality at one year was 18.1% in women and 22.6% in men (p<0.001). Multivariate analy-
sis also revealed that female gender was associated with a lower one-year mortality (adjusted hazard ratio
[HR] 0.88 [0.81-0.95]). There was no difference in gender-specific mortality in patients with baseline LVEF
>50% (women: 16.4%; men 17.6%, p=0.268), but in patients with LVEF 30%-50% (21.0% versus 25.7%,
p<0.001) and <30% (26.2% versus 37.6%, p<0.001) one-year mortality was significantly lower in women

than in men.

Conclusions: The survival benefit for women over men after TAVI was only observed in patients with
a preprocedural LVEF <50%.
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Abbreviations

AS aortic stenosis

BMI body mass index

COPD chronic obstructive pulmonary disease
GARY  German Aortic Valve Registry

IGR interquartile range

LVEF left ventricular ejection fraction
NYHA  New York Heart Association

PAD peripheral artery disease

PCI percutaneous coronary intervention
SAVR  surgical aortic valve replacement
STS Society of Thoracic Surgeons

TAVI transcatheter aortic valve implantation

Introduction

Following continuous advances and improvements over the last
ten years, TAVI has become the standard of care for inoperable
patients and is becoming increasingly common for high-risk surgi-
cal patients with severe symptomatic AS'. In daily clinical prac-
tice, women account for at least 50% of the patients treated with
TAVI. There is convincing evidence for a significantly higher sur-
vival rate in female as compared with male TAVI patients®®; how-
ever, the reasons for the gender-specific differences in outcome
are not well understood”'°. A reduced LVEEF is a strong independ-
ent predictor of early and midterm mortality after TAVI, and it
affects men and women differently®!"-'. Furthermore, gender has
been shown to influence cardiac remodelling after treatment for
AS". Nevertheless, the relationship between gender, LVEF, and
prognosis in TAVI patients remains unclear.

We retrospectively evaluated gender-specific differences and
one-year outcomes with regard to the LVEF within the large, con-
temporary GARY registry that prospectively enrolled 15,616 con-
secutive TAVI patients between 2011 and 2013. We addressed the
question of whether differences in LVEF could account for the
gender benefit for female TAVI patients.

Materials and methods
THE GERMAN AORTIC VALVE REGISTRY
GARY is a joint project of the German Cardiac Society and the
German Society for Thoracic and Cardiovascular Surgery that
has compiled a complete data set for both TAVI and SAVR
patients across Germany'®!3. It is a prospective, multicentre reg-
istry designed to monitor the efficacy and outcome of interven-
tional and surgical aortic valve procedures. Patients undergoing
invasive treatment for acquired aortic valve stenosis have been
enrolled consecutively; the only exclusion criterion is refusal to
participate. The registry design has been previously described
in detail'®. Ethics approval was obtained from all participating
centres, and patients’ written, informed consent was obtained
preoperatively.

Follow-up was obtained at one year (median follow-up 371 days
and IQR 360-380 days) based on the medical records and on phy-
sician and patient interviews.

TAVI was classified as successful when there was adequate
prosthesis position, no coronary obstruction and good function of
the prosthesis.

STATISTICAL ANALYSIS

The descriptive analysis includes women and men treated with
TAVI. Continuous scaled variables are given as median and inter-
quartile range. Statistical significance was tested in a two-sided
manner with the alpha level of 5%. Comparison of baseline values
between the subgroups was carried out using the Mann-Whitney
U test (any differences) for continuous variables. Categorical vari-
ables were analysed by Pearson’s y? test or Fisher’s exact test
where applicable. LVEF is a categorical variable and was handled
as such.

Survival curves in patients with baseline LVEF >50%, 30-50%
and <30% were constructed for time-to-event variables using
Kaplan-Meier estimates and compared by the log-rank test. We
evaluated the effect of gender on one-year mortality in the overall
TAVI population and in the transvascular and transapical groups.
We also evaluated independent predictors for one-year mortality
(using hazard ratios) separately in women and men. In addition
to gender, the following baseline variables that had been specified
by clinical considerations were first tested in univariate analysis:
age (per year), BMI <22 kg/m?, LVEF 30-50 and <30%, NYHA
1V classification, decompensated heart failure, coronary artery dis-
ease, prior myocardial infarction, prior PCI, prior cardiac surgery,
prior pacemaker implantation, prior defibrillator implantation,
pulmonary hypertension, arterial hypertension, diabetes mellitus,
atrial fibrillation, neurological dysfunction (Rankin >2), chronic
obstructive pulmonary disease (COPD), peripheral artery disease
(PAD), chronic renal failure, chronic renal failure requiring dialy-
sis, aortic regurgitation >I1°, mitral regurgitation >II°, severe tri-
cuspid regurgitation, aortic valve orifice, Delta P and Delta
P_..- Morecover, the following procedural and postoperative vari-
ables that had also been specified by clinical considerations were
tested in univariate analysis: Heart Team approach, additional PCI,
transapical access route, balloon predilatation, rapid pacing, vas-
cular complications, major bleeding, residual aortic regurgitation
>II°, new-onset dialysis, atrial fibrillation at discharge, new-onset
pacemaker implantation, new-onset defibrillator implantation,
atrioventricular block, thromboembolic event, cerebral embolisa-
tion, sepsis, endocarditis, procedure duration, radiation time, con-
trast dye, aortic dissection, annular rupture, cardiac tamponade,
conversion to sternotomy and LV decompensation. All variables
with values of p<0.05 in univariate analysis were included in the
multivariate Cox regression model performed by Wald backward
approach. Furthermore, testing for interaction between gender
and LVEF (dichotomised) was performed as described by Heinze
et al".

All statistical analyses were performed using the SPSS statisti-
cal package, Version 19.0.0 (IBM Corp., Armonk, NY, USA). Data
management and statistical analyses were performed by the BQS
Institute for Quality and Patient Safety, Dusseldorf, Germany.



Results

STUDY POPULATION

In the years 2011-2013, 15,616 patients were treated with TAVI.
For the present analysis, female TAVI patients (N=8,456) were
compared with male TAVI patients (N=7,160). The baseline char-
acteristics of the patients are shown in Table 1. Women treated
with TAVI were older. The incidence of reduced systolic left
ventricular function and coronary artery disease was lower among
women as was the incidence of non-cardiac comorbidities. Women
had significantly higher pressure gradients. Severe mitral and tri-
cuspid regurgitation was more prevalent among women. The logis-
tic EuroSCORE showed a tendency to be higher among women
and the German Aortic Valve score and the STS score were signi-

ficantly higher among women.

PROCEDURAL DATA

A transvascular approach was used more often among women
(76.0% versus 68.2%, p<0.0001), whereas men were treated more
frequently via the transapical approach (31.8% versus 24.0%,
p<0.0001) (Table 2). Procedural success was high in both cohorts
(women: 97.4%; men 97.3%). An additional PCI during the same
procedure was performed only in a small minority of patients
(women: 2.1%; men 2.1%).

HOSPITAL OUTCOME

Hospital mortality was similar in women (5.1%) and men (5.2%).
Aorticregurgitation (AR) >II° occurred more often inmen (6.5% ver-
sus 4.9%, p<0.0001), whereas female TAVI patients suffered more
often from vascular complications (9.6% versus 6.3%, p<0.0001)
or major bleeding (13.5% versus 11.6%, p<0.0001) (Table 2).

ONE-YEAR MORTALITY

Mortality at one year was 18.1% in women and 22.6% in men
(p<0.0001). In the multivariate analysis, female gender was asso-
ciated with a lower one-year mortality after TAVI (adjusted hazard
ratio [HR] 0.88 [0.81-0.95]).

ONE-YEAR MORTALITY IN RELATION TO LVEF

There was no difference in gender-specific mortality in patients
with baseline LVEF >50% (women: 16.4%; men 17.6%, p=0.27)
(Figure 1), but in patients with LVEF 30-50% (21.0% versus 25.7%,
p<0.001) (Figure 2) and <30% (26.2% versus 37.6%, p<0.001)
(Figure 3) one-year mortality was significantly higher in men than
in women. In patients with LVEF <30% and with prior myocar-
dial infarction, one-year mortality (women: 43.7%; men 40.6%,
p=0.667) was similar, whereas in patients with LVEF <30% and
without prior myocardial infarction one-year mortality (women:
21.4%; men 35.8%, p<0.001) was significantly lower in women.

INDEPENDENT PREDICTORS FOR ONE-YEAR MORTALITY

Multivariate logistic regression analysis determined the inde-
pendent predictors for one-year mortality in women and
men (Table 3). After adjustment for baseline, procedural and
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Table 1. Patient baseline characteristics.
Female TAVI

Male TAVI

N=8,456 N=7,160 |Pvalue
Demographics
Age, yrs, median (IQR) 83 (79-86) 81 (77-85) <0.001
BMI, kg/m2, median (IQR) 26.4 (23.4-30.0) 26.5(24.2-29.4) | <0.001
BMI <22 kg/m? 14.8% 8.11% <0.001
B L 39.1% 37.0% <0.05
NYHA Class IV 12.4% 12.7% 0.58
LVEF <30% 3.8% 8.7% <0.001
LVEF 30-50% 21.9% 39.9% <0.001
CAD 45.4% 66.6% <0.001
Prior cardiac surgery 12.9% 30.6% <0.001
Prior PCI 23.1% 36.6% <0.001
Prior myocardial infarction 11.5% 21.7% <0.001
rnrq';[a‘:ﬂgfgﬁke’ 9.4% 13.7% <0.001
Erior defiprillator 0.6% 9.9% <0.001
implantation
Pulmonary hypertension 25.7% 24.2% <0.05
Atrial fibrillation 28.5% 30.9% <0.001
PAD 14.5% 25.8% <0.001
COPD 20.4% 26.9% <0.001
ggrlc;r;:g renal failure w/o 3.9% 76% <0.001
Dialysis 3.4% 6.8% <0.001
Diabetes 13.6% 14.8% <0.05
:“Ff:r:‘;'l‘r’]g';;;' (HSHTCHON 25% 3.2% <0.05

Echocardiographic aortic valve parameters

Aortic valve orifice, cm?,

median (1R) 0.6 (0.5-0.8) 0.7 (0.6-0.9) <0.001
33‘}5‘ Puca MMHE, median | g5 35 6) 103050 | <0.001
38‘}3 g WIS, W) 73 (57-90) 66 (50-81) | <0.001
Aortic regurgitation >I1° 19.0% 19.9% 0.17
Other valve disease

Mitral regurgitation >II° 30.3% 25.2% <0.001
Severe tricuspid o o

regurgitation 3.4% 2.5% <0.001

Risk scores

(LI%gR)E“”’SCORE' %, media | 193(114.296) | 189(108-324) | 0.35
German AV score, %,

o 6.2 (39-10.2) 4527-81) | <0.001
STS score, %, median (IR) | 5.5 (4.0-83) 1429-7.0) | <0.001

BMI: body mass index; CAD: coronary artery disease; COPD: chronic obstructive pulmonary
disease; IQR: interquartile range; LVEF: left ventricular ejection fraction; NYHA: New York
Heart Association; PAD: peripheral artery disease; P: pressure; PCI: percutaneous coronary
intervention; w/o: without
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Table. 2. Procedural and postoperative data.

Female
TAVI

N=8,456

Male TAVI
N=7,160

Transvascular approach 76.0% 68.2% <0.001
Transapical approach 24.0% 31.8% <0.001
Additional PCI 2.1% 2.1% 0.81
Procedure duration, min, 75 78

median (IGR) (59-102) | (60-107) | <0001
Radi_ation time, min, 13.1 13.0 0.13
median (IQR) (9.0-19.0) | (8.5-19.1)

Contrast dye, ml, 130 135 0.08
median (IQR) (95-190) | (95-194)

Balloon predilatation 85.5% 83.1% <0.001
Rapid pacing during implantation| 67.3% 66.7% 0.39
Edwards Lifesciences 53.3% 51.1% 0.23
Medtronic CoreValve 36.8% 38.8% 0.16
Procedural success 97.4% 97.3% 0.54
Conversion to sternotomy 0.9% 0.6% <0.001
Aortic dissection 0.3% 0.1% <0.05
Annular rupture 0.6% 0.2% <0.001
Cardiac tamponade 1.5% 0.5% <0.001
Left ventricular decompensation 1.1% 1.0% 0.58
Thromboembolic event 2.8% 1.9% <0.001
Stroke 1.6% 1.3% <0.001
Major vascular complication 9.6% 6.3% <0.001
Major bleeding 13.5% 11.6% <0.001
Sepsis 1.5% 2.2% <0.05
i’jnegvl';nq:fitoﬁacemaker 147% | 142% | 058
Atrial fibrillation at discharge 22.0% 24.1% <0.05
Aortic regurgitation >I1° 4.9% 6.5% <0.001
Hospital mortality 5.1% 5.2% 0.72

postoperative variables, LVEF <30% (women: HR 1.38 [1.10-
1.74]; men: HR 1.77 [1.50-2.09]) and 30-50% (women: HR 1.12
[1.00-1.26]; men: HR 1.28 [1.14-1.43]) were associated with
higher one-year mortality.

TESTING FOR INTERACTION IN THE OVERALL TAVI
POPULATION

The Cox regression analysis demonstrated statistically significant
interaction between gender and LVEF <30% (adjusted HR 1.37
[1.06-1.77]) and 30-50% (adjusted HR 1.23 [1.09-1.39]). The neg-
ative effect of reduced LVEF (<30% and 30-50%) on one-year

mortality was more pronounced in men than in women.

TESTING FOR INTERACTION IN THE TRANSVASCULAR GROUP
The Cox regression analysis demonstrated statistically significant
interaction between gender and LVEF 30-50% (adjusted HR 1.23
[1.09-1.39]). In patients with LVEF <30%, testing showed no
significant interaction (adjusted HR 1.20 [0.89-1.62]).

LVEF >50%
10
F
0.8 -]
M
p=0.268
0.6 -
a
0.4 -
02 Censored
LVEF Total Events N Percentage
>50%  Female 5,768 946 4,822 83.6%
Male 3,679 647 3,032 82.4%
Total 9,447 1,593 1,854 83.1%
0.0 T T T
0 180 210 360
Patients at risk Follow-up (days)
F 5758 5,104 4943 4790 4,624
M 3679 3,323 3,193 3,078 2,945
Figure 1. Kaplan-Meier survival curve in women (red) and men
(blue) with preserved preprocedural systolic ejection fraction
(>50%).
LVEF 30-50%
10
0.8 - F
p<0.001
M
0.6 -
g
3
0.4 -
02 - Censored
LVEF Total Events N Percentage
30-50% Female 2,363 496 1,867 19.0%
Male 2,856 134 2,122 14.3%
Total 5,219 1,230 3,989 16.4%
0.0 T T T T
0 180 270 360
Patients at risk Follow-up (days)
F 2363 2,012 1,922 1,851 1,784
M 2856 2,426 2,217 2,163 2,040

Figure 2. Kaplan-Meier survival curve in women (red) and men
(blue) with moderately reduced preprocedural systolic ejection

fraction (30-50%).



LVEF <30%
1.0 4
0.8 |
F
_ % p=0.001 M
£
S
>
w
0.4
02 - Censored
LVEF Total Events N Percentage
<30%  Female 325 85 240 13.8%
Male 625 235 390 62.4%
Total 950 320 630 66.3%
0.0 T T T T
0 180 270 360
Patients at risk Follow-up (days)
Foo325 266 245 237 233
M 625 484 440 409 372

Figure 3. Kaplan-Meier survival curve in women (red) and men
(blue) with severely reduced preprocedural systolic ejection fraction
(<30%).

TRANSAPICAL GROUP

In patients with transapical TAVI, female gender was not inde-
pendently associated with one-year mortality. However, in patients
with LVEF <30%, one-year mortality tended to be higher among
men (40.0% versus 27.1%, p=0.08).

CORONARY EVENTS AT ONE-YEAR FOLLOW-UP
The rate of myocardial infarction (women: 0.2%; men 0.4%), PCI
(women: 0.6%; men 0.9%), and coronary artery bypass grafting
(women: 0.2%; men 0.2%) was low in both groups.

Discussion

We analysed gender-specific differences in mortality in relation to
LVEF in this study of a large TAVI cohort with over 15,616 patients
from the contemporary German Aortic Valve Registry. The results
demonstrate that the survival benefit for women over men after
TAVI can only be seen in patients with reduced baseline left
ventricular function.

Concomitant impairment of LVEF is a frequent finding in TAVI
patients®. In GARY, almost 40% of male TAVI patients presented
with reduced LVEF, whereas among women the rate was about
28%. In agreement with most previously published data, other
clinical characteristics of women and men treated with TAVI also
differed substantially®*. Coronary artery disease and non-cardiac
comorbidities were more frequent among men. Nevertheless, the
risk scores were higher among women. This is mainly due to the

Survival benefit for women after TAVI

fact that female TAVI patients were two years older than their
male counterparts and female gender itself is considered a risk
factor in the logistic EuroSCORE, the STS score and the German
Aortic Valve score. However, the paradox of this issue is that sur-
vival rates in female as compared with male TAVI patients are
higher in most studies and female gender should not be considered
a risk factor. The access route was also different between the two
cohorts. In contrast to older studies, the transvascular approach
was more often used among women in GARY?, which can prob-
ably be explained by the smaller sheath sizes used nowadays.

Hospital mortality was almost identical in men and women after
TAVI. After discharge, however, the Kaplan-Meier survival curves
begin to diverge. At one year the absolute mortality rate is over
4% higher in men. We also calculated the adjusted one-year mor-
tality rates. In the multivariate analysis female gender was also
associated with a survival benefit. The relative risk of mortality
was 12% lower than in men. It has been known for some time that
women have a more favourable outcome after TAVI?®, and these
results from GARY confirm these findings.

There have been several attempts to explain the gender-specific
difference in mortality. First of all, men have a higher prevalence
of cardiac and non-cardiac comorbidities. It is unlikely, how-
ever, that the observed survival benefit in female patients can be
explained only by the difference in comorbidities. In many stud-
ies, extensive adjustments for various clinical baseline factors
have failed to attenuate the gender difference®¢. Beyond that, AR
after TAVI is linked to a poorer prognosis, and its rate is higher
among men'*%, In agreement with previous data, post-procedural
AR >II° occurred more often in men, but the absolute numbers did
not differ substantially in this registry. In conclusion, the gender-
specific difference in mortality cannot be explained solely by the
higher prevalence of post-procedural AR in men. Interestingly, in
patients with isolated SAVR, gender does not seem to have an
impact on survival?’. Women have a smaller aortic annulus than
men, however, and TAVI valves demonstrate a superior haemody-
namic performance compared with surgical valves in patients with
a small aortic annulus®.

This study shows that the baseline LV function is a decisive
factor for the gender-specific difference in mortality after TAVL
One-year mortality was significantly higher in men with LVEF
30-50 and <30% in comparison with women with LVEF 30-50
and <30%, whereas among patients with LVEF >50% no differ-
ence in survival was observed. Testing for interaction confirms
the statistically significant relationship between gender, LVEF,
and prognosis in TAVI patients. This is an important finding since
a substantial proportion of TAVI patients have a reduced LVEF.

Gender has been shown to influence cardiac remodelling and
fibrosis in patients with severe AS'>*. Women develop a more
concentric form of LV hypertrophy and less LV dilatation than
men. Moreover, interstitial fibrosis is less pronounced in women.
In surgical biopsies, female patients had lower levels of expres-
sion of genes coding for collagen I, III, and matrix metallopro-
teinase 2. Due to less fibrosis, LV hypertrophy reverses better in
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Table 3. Hazard ratios (HR) for 1-year mortality in women and men derived from multivariate analysis.

Female Male

Baseline variable
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LVEF <30% 1.38 1.10-1.74 <0.05 1.77 1.50-2.09 <0.001
LVEF 30-50% 1.12 1.00-1.26 <0.05 1.28 1.14-1.43 <0.001
NYHA Class IV 1.22 1.06-1.41 <0.05 1.36 1.19-1.56 <0.001
Decompensated heart failure 1.17 1.05-1.30 <0.05 1.32 1.18-1.47 <0.001
Mitral regurgitation >I1° 1.13 1.01-1.26 <0.05 1.25 1.11-1.40 <0.001
Severe tricuspid regurgitation 1.71 1.39-2.10 <0.001 1.30 1.01-1.67 <0.05
Atrial fibrillation 1.48 1.33-1.65 <0.001 1.38 1.24-1.53 <0.001
Prior pacemaker implantation 1.37 0.77-2.46 0.28 1.45 1.13-1.85 <0.05
Prior defibrillator implantation 1.39 0.76-2.53 0.28 1.68 1.23-2.12 <0.05
CAD 1.11 1.00-1.23 <0.05 1.10 0.98-1.23 0.11
Pulmonary hypertension 1.18 1.06-1.32 <0.05 1.43 0.71-2.88 0.31
Diabetes 1.23 1.07-1.42 <0.05 1.39 1.22-1.59 <0.001
Neurological dysfunction (Rankin >2) 1.39 1.05-1.82 <0.05 1.15 0.88-1.51 0.30
BMI <22 kg/m? 1.37 1.21-1.56 <0.001 1.49 1.27-1.74 <0.001
Age (per year) 1.02 1.01-1.03 <0.001 1.02 1.01-1.03 <0.001
COPD 1.22 1.08-1.37 <0.05 1.36 1.22-1.52 <0.001
PAD 1.34 1.23-1.46 <0.001 1.36 1.21-1.52 <0.001
Chronic renal failure 1.77 1.51-2.06 <0.001 1.58 1.35-1.85 <0.001
Transapical approach 1.26 1.13-1.40 <0.001 1.14 1.03-1.26 <0.05
Balloon predilatation 0.95 0.88-1.01 0.113 0.87 0.82-0.93 <0.001
Conversion to sternotomy 1.93 1.43-2.61 <0.001 2.22 1.45-3.40 <0.001
Aortic dissection 3.84 2.29-6.44 <0.001 3.77 1.41-10.08 <0.001
Annular rupture 5.71 4.02-8.11 <0.001 1.39 0.67-2.91 0.38
Cardiac tamponade 1.60 1.20-2.14 <0.05 1.32 0.76-2.30 0.32
Major bleeding 2.06 1.82-2.32 <0.001 2.43 2.15-2.75 <0.001
LV decompensation 2.58 1.97-3.38 <0.001 1.74 1.26-2.40 <0.05
Thromboembolic event 1.72 1.38-2.15 <0.001 2.25 1.76-2.90 <0.001
Sepsis 2.46 1.92-3.15 <0.001 2.63 2.14-3.25 <0.001
New-onset dialysis 2.93 2.49-3.45 <0.001 2.91 2.55-3.32 <0.001
Atrial fibrillation at discharge 1.31 1.17-1.46 <0.001 1.18 1.06-1.32 <0.05
Aortic regurgitation >11° 1.25 1.02-1.52 <0.05 1.31 1.10-1.57 <0.05
BMI: body mass index; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; LVEF: left ventricular ejection fraction;

NYHA: New York Heart Association; PAD: peripheral artery disease

women after SAVR®. Apart from this, coronary artery disease
is less frequent in women and LV impairment is more likely to
relate to AS-induced pressure overload, which will be reversed
by TAVI with a favourable influence on outcome. In our analy-
sis, the survival benefit for women over men could only be
seen in patients with reduced LVEF and without prior myocar-
dial infarction. In a study by Stangl et al, improvement of the
LVEF after TAVI was significant only in women®. Furthermore,
in a gender-based analysis of TAVI patients, LVEF <30% was
related to mortality only in men’. All of these findings under-
line the importance of LV function in patients with AS who have

been treated with TAVI and might explain the better outcome in

women compared with men.

Limitations

Inevaluating this study one must take several limitations into account.
The nature of the study is exploratory and the findings need to be
interpreted with caution as confounding factors may have affected
the outcome. Furthermore, we did not capture data on changes in
LV function after TAVI. In some patients the exact LVEF was also
missing. In these patients we only know whether the LVEF was
normal (>50%), moderately (30-50%) or severely reduced (<30%).



Conclusions

Concomitant impairment of LVEF affects a relevant proportion of
TAVI patients. Baseline LV function is a decisive factor for the
gender-specific difference in mortality after TAVI. There is no
mortality difference in the acute phase. However, a higher long-
term survival rate in female over male patients was only observed
in patients with LVEF <50% and is possibly linked to a different

post-procedural cardiac remodelling.

Impact on daily practice

It has been known for some time that female patients have
a better survival rate after TAVI, but the underlying reasons
for the gender-specific differences in prognosis are not well
understood. This analysis of GARY shows that the baseline
LV function is a decisive factor for the gender-specific dif-
ference in mortality after TAVI. One-year mortality was
significantly higher in men with LVEF 30-50 and <30%
in comparison with women with LVEF 30-50 and <30%,
whereas among patients with LVEF >50% no difference in
survival was observed.

Acknowledgements
The authors acknowledge the support of Mrs E. Schéfer, BQS
Institute, for project management. The authors are also very thank-

ful to Dr E. Martinson for proofreading and editing the paper.

Funding

The responsible body of the registry is a non-profit organisation
named Deutsches Aortenklappenregister gGmbH founded by the
German Cardiac Society and the German Society for Thoracic and
Cardiovascular Surgery. The registry receives financial support
in the form of unrestricted grants by medical device companies
(Edwards Lifesciences, JenaValve Technology, Medtronic, Sorin,
St. Jude Medical, Symetis S.A.).

Conflict of interest statement

H. Mollmann has received speaker fees from Abbott, Boston
Scientific, Edwards Lifesciences, Medtronic, St. Jude Medical,
and Symetis. C. Hamm has received personal fees from and serves
on the advisory board of Medtronic, and has received lecture fees
from Edwards Lifesciences. T. Walther has received speaker fees
from Edwards Lifesciences, St. Jude Medical, and Symetis. The

other authors have no conflicts of interest to declare.

References

1. Joint Task Force on the Management of Valvular Heart
Disease of the European Society of Cardiology (ESC); European
Association for Cardio-Thoracic Surgery (EACTS), Vahanian A,
Alfieri O, Andreotti F, Antunes MJ, Barén-Esquivias G,
Baumgartner H, Borger MA, Carrel TP, De Bonis M, Evangelista A,
Falk V, Iung B, Lancellotti P, Pierard L, Price S, Schifers HJ,
Schuler G, Stepinska J, Swedberg K, Takkenberg J, Von Oppell UO,

Survival benefit for women after TAVI

Windecker S, Zamorano JL, Zembala M. Guidelines on the man-
agement of valvular heart disease (version 2012). Eur Heart J.
2012;33:2451-96.

2. Conrotto F, D’Ascenzo F, Presbitero P, Humphries KH,
Webb JG, O’Connor SA, Morice MC, Lefévre T, Grasso C, Sbarra P,
Taha S, Omede P, Grosso Marra W, Salizzoni S, Moretti C,
D’Amico M, Biondi-Zoccai G, Gaita F, Marra S. Effect of gender
after transcatheter aortic valve implantation: a meta-analysis. Ann
Thorac Surg. 2015;99:809-16.

3. Erez A, Segev A, Medvedofsky D, Fefer P, Raanani E,
Goldenberg I, Guetta V. Factors affecting survival in men versus
women following transcatheter aortic valve implantation. Am J
Cardiol. 2014;113:701-5.

4. Hayashida K, Morice MC, Chevalier B, Hovasse T,
Romano M, Garot P, Farge A, Donzeau-Gouge P, Bouvier E,
Cormier B, Lefévre T. Sex-related differences in clinical presenta-
tion and outcome of transcatheter aortic valve implantation for
severe aortic stenosis. J Am Coll Cardiol. 2012;59:566-71.

5. Humphries KH, Toggweiler S, Rodés-Cabau J, Nombela-
Franco L, Dumont E, Wood DA, Willson AB, Binder RK,
Freeman M, Lee MK, Gao M, Izadnegahdar M, Ye J, Cheung A,
Webb JG. Sex differences in mortality after transcatheter aortic
valve replacement for severe aortic stenosis. J Am Coll Cardiol.
2012;60:882-6.

6. O’Connor SA, Morice MC, Gilard M, Leon MB, Webb JG,
Dvir D, Rodés-Cabau J, Tamburino C, Capodanno D, D’ Ascenzo F,
Garot P, Chevalier B, Mikhail GW, Ludman PF. Revisiting Sex
Equality With Transcatheter Aortic Valve Replacement Outcomes:
A Collaborative, Patient-Level Meta-Analysis of 11,310 Patients.
J Am Coll Cardiol. 2015;66:221-8.

7. Williams M, Kodali SK, Hahn RT, Humphries KH,
Nkomo VT, Cohen DJ, Douglas PS, Mack M, McAndrew TC,
Svensson L, Thourani VH, Tuzcu EM, Weissman NJ, Kirtane AJ,
Leon MB. Sex-related differences in outcomes after trans-
catheter or surgical aortic valve replacement in patients with
severe aortic stenosis: Insights from the PARTNER Trial
(Placement of Aortic Transcatheter Valve). J Am Coll Cardiol.
2014;63:1522-8.

8. Zhao ZG, Liao YB, Peng Y, Chai H, Liu W, Li Q, Ren X,
Wang XQ, Luo XL, Zhang C, Lu LH, Meng QT, Chen C, Chen M,
Feng Y, Huang DJ. Sex-related differences in outcomes after trans-
catheter aortic valve implantation: a systematic review and
meta-analysis. Circ Cardiovasc Interv. 2013;6:543-51.

9. Conrotto F, D’Ascenzo F, Salizzoni S, Presbitero P,
Agostoni P, Tamburino C, Tarantini G, Bedogni F, Nijhoff F,
Gasparetto V, Napodano M, Ferrante G, Rossi ML, Stella P,
Brambilla N, Barbanti M, Giordana F, Grasso C, Biondi Zoccai G,
Moretti C, D’Amico M, Rinaldi M, Gaita F, Marra S. A gender
based analysis of predictors of all cause death after transcatheter
aortic valve implantation. Am J Cardiol. 2014;114:1269-74.

10. Diemert P, Seiffert M, Schnabel R, Wilde S, Conradi L,
Schirmer J, Koschyk D, Reichenspurner H, Baldus S, Treede H,
Blankenberg S. Patient gender does not affect outcome after

m
=
S
=
=
=3
(1]
=
<
(1]
=
=
o
=
N
o
pr
.
—
w
H
[=2]
T
D
~
H




m
=
=
=
=
=3
(1]
=
<
(1]
=
=
o
=
)]
©
—
=
—
w
H
[=2]
3
H
~
H

transcatheter aortic valve implantation (TAVI). J Heart Valve Dis.
2013;22:789-93.

11. Lauten A, Figulla HR, Mdllmann H, Holzhey D, Kétting J,
Beckmann A, Veit C, Cremer J, Kuck KH, Lange R, Zahn R,
Sack S, Schuler G, Walther T, Beyersdorf F, Bshm M, Heusch G,
Meinertz T, Neumann T, Welz A, Mohr FW, Hamm CW; GARY
Executive Board. TAVI for low-flow, low-gradient severe aortic
stenosis with preserved or reduced ejection fraction: a subgroup
analysis from the German Aortic Valve Registry (GARY).
Eurolntervention. 2014;10:850-9.

12. Malkin CJ, Long WR, Baxter PD, Gale CP, Wendler O,
Monaghan M, Thomas MT, Ludman PF, de Belder MA,
Cunningham AD, Moat NE, Blackman DJ; National Institute for
Cardiovascular Outcomes Research (NICOR). Impact of left ventri-
cular function and transaortic gradient on outcomes from trans-
catheter aortic valve implantation: data from the UK TAVI Registry.
Eurolntervention. 2016;11:1161-9.

13. Miyazaki S, Agricola E, Panoulas VF, Slavich M, Giustino G,
Miyazaki T, Figini F, Latib A, Chieffo A, Montorfano M,
Margonato A, Maisano F, Alfieri O, Colombo A. Influence of base-
line ejection fraction on the prognostic value of paravalvular leak
after transcatheter aortic valve implantation. Int J Cardiol.
2015;190:277-81.

14. Schaefer U, Zahn R, Abdel-Wahab M, Gerckens U, Linke A,
Schneider S, Eggebrecht H, Sievert H, Figulla HR, Senges J,
Kuck KH; German TAVI Registry. Comparison of outcomes of
patients with left ventricular ejection fractions <30% versus >30%
having transcatheter aortic valve implantation (from the German
Transcatheter Aortic Valve Interventions Registry). 4m J Cardiol.
2015;115:656-63.

15. Petrov G, Regitz-Zagrosek V, Lehmkuhl E, Krabatsch T,
Dunkel A, Dandel M, Dworatzek E, Mahmoodzadeh S, Schubert C,
Becher E, Hampl H, Hetzer R. Regression of myocardial hypertro-
phy after aortic valve replacement: faster in women? Circulation.
2010;122:523-8.

16. Hamm CW, Méllmann H, Holzhey D, Beckmann A, Veit C,
Figulla HR, Cremer J, Kuck KH, Lange R, Zahn R, Sack S,
Schuler G, Walther T, Beyersdorf F, Bohm M, Heusch G, Funkat AK,
Meinertz T, Neumann T, Papoutsis K, Schneider S, Welz A,
Mohr FW; GARY-Executive Board. The German Aortic Valve

Registry (GARY): in-hospital outcome. Eur Heart J. 2014;35:
1588-98.

17. Mohr FW, Holzhey D, Méllmann H, Beckmann A, Veit C,
Figulla HR, Cremer J, Kuck KH, Lange R, Zahn R, Sack S,
Schuler G, Walther T, Beyersdorf F, Bohm M, Heusch G, Funkat AK,
Meinertz T, Neumann T, Papoutsis K, Schneider S, Welz A,
Hamm CW; GARY Executive Board. The German Aortic Valve
Registry: 1-year results from 13,680 patients with aortic valve dis-
ease. Eur J Cardiothorac Surg. 2014;46:808-16.

18. Walther T, Hamm CW, Schuler G, Berkowitsch A, Kétting J,
Mangner N, Mudra H, Beckmann A, Cremer J, Welz A, Lange R,
Kuck KH, Mohr FW, Mollmann H; GARY Executive Board.
Perioperative Results and Complications in 15,964 Transcatheter
Aortic Valve Replacements: Prospective Data From the GARY
Registry. J Am Coll Cardiol. 2015;65:2173-80.

19. Heinze G, Schemper M. A solution to the problem of separa-
tion in logistic regression. Stat Med. 2002;21:2409-19.

20. Abdel-Wahab M, Comberg T, Biittner HJ, El-Mawardy M,
Chatani K, Gick M, Geist V, Richardt G, Neumann FJ; Segeberg-
Krozingen TAVI Registry. Aortic regurgitation after transcatheter
aortic valve implantation with balloon- and self-expandable pros-
theses: a pooled analysis from a 2-center experience. JACC
Cardiovasc Interv. 2014;7:284-92.

21. Hartzell M, Malhotra R, Yared K, Rosenfield HR, Walker JD,
Wood MJ. Effect of gender on treatment and outcomes in severe
aortic stenosis. Am J Cardiol. 2011;107:1681-6.

22. Don CW, Dean LS. Small annulus or small patient? It’s the
aortic complex that matters for TAVR. Catheter Cardiovasc Interv.
2014;84:281-2.

23. Petrov G, Dworatzek E, Schulze TM, Dandel M, Kararigas G,
Mahmoodzadeh S, Knosalla C, Hetzer R, Regitz-Zagrosek V.
Maladaptive remodeling is associated with impaired survival in
women but not in men after aortic valve replacement. JACC
Cardiovasc Imaging. 2014,7:1073-80.

24. Stangl V, Baldenhofer G, Knebel F, Zhang K, Sanad W,
Spethmann S, Grubitzsch H, Sander M, Wernecke KD,
Baumann G, Stangl K, Laule M. Impact of gender on three-month
outcome and left ventricular remodeling after transfemoral trans-
catheter aortic valve implantation. Am J Cardiol. 2012;110:
884-90.



