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ABSTRACT
AIMS: Transcatheter mitral valve repair (TMVR) with MitraClip 
is being used with increasing popularity for significant mitral 
regurgitation and suitable valve anatomy. Whether there are 
difference in baseline, procedural, or outcome data in men versus 
women undergoing this procedure is uncertain. 
METHODS: We thus analyzed retrospectively collected data on 
patients undergoing TMVR at 3 tertiary care centers. Baseline, 
procedural, and outcome details were systematically sought. 
Patients were followed after discharge for clinical events and 
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echocardiographic changes. 
RESULTS: A total of 84 subjects were included: 39 (46%) males 
and 45 (54%) females. Women and men had significant differences in 
age, height, body surface area, prevalence of coronary artery disease, 
chronic obstructive pulmonary disease, receipt of implantable 
cardioverter defibrillators, and systolic dysfunction. Despite this, 
procedural success was similarly high in both genders, with only one 
procedural failure in a man. Echocardiographic follow-up showed 
persistent improvement in mitral regurgitation in 38 (98%) males and 
45 females (100%, p=0.464), with similarly significant reductions in 
vena contracta (within-subject p<0.001, between-subject p=0.728), 
effective regurgitant orifice area (within-subject p<0.001, between-
subject p=0.884), and systolic pulmonary artery pressure (within-
subject p<0.001, between-subject p=0.282). Clinical outcomes at 
12-month follow-up were also not different in males versus females, 
with 4 (10%) deaths in men and 11 (24%) in women (p=0.152). 
Sensitivity analyses limited to propensity score matched pairs 
confirmed the similar procedural, echocardiographic and clinical 
outlook in men and women (all p>0.05). 
CONCLUSION: Males and females with significant mitral 
regurgitation and established indications to TMVR with MitraClip 
appear to equally benefit from this procedure, despite obvious 
gender-related differences in baseline features.
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oral anticoagulants continued aspirin plus clopidogrel for 1 month 
followed by aspirin alone for additional 2 months. Control trans-
thoracic echocardiography (TTE) was performed before discharge, 
1 month, 3 months, and 6 months after the indeed procedure, with 
subsequent follow-up exams every 6-12 months. Clinical follow-
up was performed at the same time intervals by office visit or phone 
contact, if TTE had been performed elsewhere. 
    Outcomes of interest were procedural success (successful clip 
implantation with residual mitral regurgitation grade ≤2+), total 
hospital stay, and in-hospital events (death, myocardial infarction, 
major bleeding or acute kidney injury). In addition, we appraised the 
occurrence during follow-up of death, myocardial infarction, stroke, 
mitral valve surgery, rehospitalizations after successful discharge, 
mitral regurgitation grade, and New York Heart Association class.
    Descriptive analyses were based on counts (%) for categorical 
variables and median (1st-3rd quartile) for continuous variables. 
Inferential analysis was based on bivariate analyses using chi-squared 
tests for categorical variables belonging to a ≥2 by >2 contingency 
table, Fisher exact tests for categorical variables belonging to a 2 
by 2 contingency table, and Mann-Whitney U tests for continuous 
variables. As a sensitivity analysis, we computed a non-parsimonious 
propensity score (including all variables reported in tables 1 and 2), 
which showed adequate discrimination (c statistic=0.73). Then, we 
matched men and women with 1:1 ratio and a 0.15 propensity caliper. 
Finally, survival analyses were carried out with unadjusted and 
adjusted Cox proportional hazard analysis. Statistical significance 
was set at the 2-tailed 0.05 level. Computations were performed with 
SPSS 20 (IBM, Armonk, NY, USA).

RESULTS
A total of 84 patients were included in whom MitraClip implantation 
was attempted, with 39 (46%) men and 45 (54%) women (Table 
1). Several baseline differences were found between genders. In 
particular men were younger (p=0.016), taller (p<0.001), with larger 
body surface area (0.005), a higher prevalence of chronic obstructive 
pulmonary disease (p=0.011), prior myocardial infarction (p=0.001), 
prior percutaneous coronary intervention (p=0.016), prior coronary 
artery bypass grafting (p=0.044), prior receipt of arrhythmia devices 
(p=0.026), and, accordingly, an ischemic etiology for cardiomyopathy 
(p=0.049). However, EuroSCORE II and Society of Thoracic Surgery 
scores were similar in men and women (respectively p=0.308 and 
p=0.440). Echocardiographic features were largely similar in the 
two groups (Table 2), with the notable exclusion of left ventricular 
ejection fraction, which was significantly lower in men (p<0.001). In 
terms of etiology, analysis of the mitral valve morphology according 
to the established and detailed Carpentier classification, showed that 
type I (annular dilation) was present in 69% men and 62% women 
(p=0.646), type II (leaflet prolapsed) in 15% and 31% (p=0.124), type 
IIIa (restricted leaflet motion in both diastole and systole) in 31% 
and 22% (p=0.458), and type IIIb (restricted leaflet motion in systole 
only) in 0 and 4% (p=0.501). 
    Despite such disparities, procedural results and follow-up 
echocardiography findings were similar in males and females (Table 
2). Specifically, improvement in mitral regurgitation occurred in 38 
(97%) men versus 45 (100%) women (p=0.464), after implantation 
of a single MitraClip in, respectively, 28 (74%) and 29 (66%), and 
two MitraClips in 9 (24%) and 15 (34%). Indeed, in a 78-year-old 
man with extremely high surgical risk and severely depressed systolic 
function no clip could be implanted because of unsuitable septal 
anatomy.
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INTRODUCTION
Transcatheter mitral valve repair (TMVR) is an intense and promising 
field of research, with several interesting devices already available 
or under development[1]. MitraClip (Abbott Vascular, Santa Rosa, 
CA) represents one of the most promising of these technologies. It is 
already approved for routine clinical use in several countries, with an 
extensive evidence base encompassing randomized trials as well as 
observational studies[2]. Several studies have tried to identify baseline 
and procedural features which may impact on short- and long-term 
outcomes[3-8]. Despite such breath of clinical data, there is limited 
evidence focusing explicitly on gender differences in subjects treated 
with MitraClip[9].
    Gender analyses represent an important topic in clinical practice 
and research, as they may inform clinical decision making, verify 
appropriateness and bias in treating men in comparison to women, 
as well as appraising the potential independent prognostic effect 
of gender on early or late clinical results[10]. Indeed, gender issues 
are important and may impact significantly in the management 
of patients with acute myocardial infarction[11], those undergoing 
percutaneous coronary intervention[12], or subjects with heart 
failure[13]. As the incidence and prevalence of conditions leading to 
significant mitral regurgitation are different in men and women[14], 
differences in the procedural features and clinical outlook of 
MitraClip implantation may occur in males versus females, with 
important clinical implications. Indeed, we hypothesized that, among 
patients undergoing TMVR, men may have a higher prevalence of 
post-ischemic mitral regurgitation, with relevant consequences on the 
acute success and long-term outcome of MitraClip implantation.

METHODS
This was a retrospective registry exploiting prospectively-collected 
data entered into administrative database, as reported elsewhere[15]. 
Patients provided written informed consent for data collection, 
and the competent ethics committee was notified of the use of 
administrative data for scientific purposes. Specifically, patients were 
included if undergoing elective MitraClip implantation for significant 
(at least moderate) mitral regurgitation, irrespective of the underlying 
etiology or morphology. Given the retrospective and all-comer 
design, no specific prospective inclusion or exclusion criteria were 
enforced. However, clinically established indications were used, and 
all patients were deemed at moderately high or high surgical risk at 
heart team evaluation and were considered suitable candidates for 
transcatheter mitral valve repair on the basis of acceptable (at least 
1 year) life expectancy and lack of anatomic contraindications to 
MitraClip implantation[16-17]. Typical features identifying moderately 
high or high risk included advanced (>80 years) age, chronic renal 
failure, or dilated cardiomyopathy. 
    Procedures were performed by experienced operators under 
general anesthesia and through fluoroscopic and trans-esophageal 
echocardiographic (TEE) guidance. MitraClip implantation was 
performed according to established protocols after having accessed 
the right femoral vein with a 24 French sheath and having completed 
trans-septal puncture. All MitraClip implantations were attempted 
with the standard central clip concept. After successful implantation 
of the first MitraClip, additional MitraClip implantations were 
attempted or envisioned only if TEE did not disclose a meaningful 
reduction (≤2+) in mitral regurgitation. At the end of the procedure 
patients were weaned and subsequently extubated and then 
monitored for at least 24 hours. Subjects without an indication for 
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Baseline echocardiography
  MR degree
    Moderate
    Moderate-severe
    Severe
  Type of MR (Carpentier classification)
    I
    II
    IIIa
    IIIb
  LVEF (%)
  LVEDVI (mL)
  LVESVI (mL)
  Vena contracta (mm)
  EROA (mm2)
  SPAP (mm Hg)
Clips implanted
  None
  1
  2
Procedural success
Procedural time (minutes)
Radiation dose (Gy cm2)
Follow-up echocardiography
  MR degree
    Less than moderate
    Moderate
    Moderate to severe
    Severe
  Improvement in MR degree
  Improvement in LVEF (%)
  Improvement in LVEDVI (mL)
  Improvement in LVESVI (mL)
  Improvement in vena contracta (mm)
  Improvement in EROA (mm2)
  Improvement in SPAP (mm Hg)

Table 2 Procedural and echocardiographic features.
Men 
(N=39)

3 (7.7%)
12 (30.8%)
24 (61.5%)

27 (69.2%)
6 (15.4%)
12 (30.8%)
0
33 (30; 40)
77 (39; 105)
47 (27; 67)
7 (6; 12)
11 (8; 13)
46 (35; 55)

1 (2.6%)
28 (73.7%)
9 (23.7%)
38 (97.4%)
112 (59; 159)
259 (165; 333)

27 (69.2%)
9 (23.1%)
2 (5.1%)
1 (2.6%)
38 (97.4%)
0 (-1.8; 2.0)
0.8 (-3.4; 6.5)
0.4 (-7.4; 4.2)
4.0 (1.5; 8.0)
5.0 (2.0; 6.0)
9 (0; 19)

P value

0.796

0.646
0.124
0.458
0.501
<0.001
0.901
0.650
0.406
0.223
0.091
0.352

0.464
0.091
0.199

0.466

0.464
0.803
0.348
0.291
0.728
0.884
0.282

EROA: effective regurgitant orifice area; LVEDVI: left ventricular end-
diastolic volume index; LVEF: left ventricular ejection fraction; LVESVI: 
left ventricular end-systolic volume index; LV: left ventricular; MR: mitral 
regurgitation; SPAP: systolic pulmonary artery pressure.

Women 
(N=45)

3 (7.7%)
17 (37.8%)
25 (55.6%)

28 (62.2%)
14 (31.1%)
10 (22.2%)
2 (4.1%)
44 (35; 55)
84 (62; 98)
44 (28; 59)
9 (7; 12)
9 (4; 12)
50 (41; 60)

0
29 (65.9%)
15 (34.1%)
45 (100%)
142 (91; 189)
136 (60; 308)

37 (82.2%)
7 (15.6%)
1 (2.2%)
0
45 (100%)
0 (-1.3; 2.0)
3.4 (-2.0; 7.4)
1.1 (-2.7; 6.8)
6.0 (3.0; 7.0)
4.0 (3.0; 6.8)
13 (5; 19)

In-hospital follow-up
  Total hospital stay (days)
  Final disposition
    Discharge home
    Transfer to other facility
    Death
  Acute kidney injury
Cumulative follow-up
  Follow-up duration (months)*
  Death
  Myocardial infarction
  Stroke
  Mitral valve replacement
  Major bleeding
  Rehospitalization after successful 
discharge
  Rehospitalization or death after 
successful discharge
  Improvement in New York Heart 
Association class

Table 3 Outcomes.
Men 
(N=39)

6 (5; 8)

36 (92.3%)
1 (2.6%)
2 (5.1%)
1 (2.6%)

11 (10; 15)
4 (10.3%)
0
0
1 (2.6%)
0

3 (7.7%)

6 (15.4%)

16 (41.0%)

P value

0.321
0.538

0.620

0.804
0.152
1.0
1.0
0.464
1.0

1.0

0.192

0.827

* in those eligible for at least 6-month follow-up.

Women 
(N=45)

5 (5; 7)

42 (93.3%)
0
3 (6.7%)
3 (6.7%)

12 (7; 16)
11 (24.4%)
0
0
0
0

3 (6.7%)

13 (28.9%)

20 (44.4%)

    Clinical outcomes, in-hospital or at mid-term (12-month) follow-
up, were similarly favorable despite the common presence of high 
risk features (Table 3). Specifically, in-hospital death occurred in 2 
(5%) men versus 3 (7%) women (p=0.538), with cumulative death at 
follow-up in 4 (10%) and 11 (24%), respectively (p=0.152). Analysis 
of the rate of rehospitalizations for heart failure or the composite of 
death or rehospitalizations for heart failure also provided favorable 
results without gender-related differences [respectively 3 (8%) vs 3 
(7%), p=1.0, and 6 (15%) vs 13 (29%), p=0.192]. Focusing on causes 
of death, all case fatalities were due to non-cardiac conditions.
    Sensitivity analyses exploiting propensity score matching, which 
yielded 20 matched pairs, confirmed the above unadjusted analyses 
(Table 4), despite the caveat of residual disparities at standardized 
differences. Specifically, propensity matched males and females 
exhibited similar clinical and echocardiographic outcomes at follow-
up, including risk of death at follow-up [1 (5%) vs 5 (25%), p=0.182] 
and improvement in mitral regurgitation [20 (100%) vs 20 (100%), 
p=1.0]. Even at Cox proportional hazard analysis no significant 
differences were found between men and women when focusing on 
the occurrence of death or rehospitalizations (Table 5).

DISCUSSION
The present work, originally reporting on the gender-related 
differences in patients undergoing TMVR with MitraClip, suggest 
that, despite obvious differences in baseline and procedural features, 
both men and women may equally benefit from this innovative 
therapy when appropriate indications and contraindications are 
followed.
    The benefit of MitraClip for TMVR in high-risk patients has 
already been demonstrated in several clinical trials and observational 
registries[2-7,16]. The available evidence base has suggested that 
procedural success, short-term prognosis, and long-term outlook can 
be rather accurately predicted using one or more of the following 
features: age, COPD, eGFR[5], baseline NYHA[8], STS score, MR 
type, EROA, mitral valve orifice area, mean transmitral pressure 
gradient, vena contracta, anterior leaflet pathology and thickness, 
regurgitant volume, and LVEF[4-6,8,18-24]. Accordingly, limited or 
no emphasis at all has been given, to date, on gender comparisons 

Feature

Age (years)
Height (cm)
Weight (kg)
Body mass index (kg/m2)
Body surface area (m2)
Hypertension
Diabetes mellitus
Prior myocardial infarction
Prior percutaneous coronary 
intervention
Prior coronary artery 
bypass grafting
Prior PM, ICD or CRT 
implantation
Ischemic cardiomyopathy
New York Heart 
Association class
III
IV
Atrial fibrillation
Renal failure
Chronic obstructive 
pulmonary disease
EuroSCORE II (%)
Society of Thoracic Surgery 
score (%)

Table 1 Baseline features.
Men 
(N=39)
73 (71; 78)
168 (163; 170)
73 (65; 81)
26 (24; 28)
1.8 (1.7; 1.9)
33 (84.6%)
16 (80.0%)
23 (60.5%)

17 (43.6%)

14 (35.9%)

14 (70.0%)

15 (38.5%)

30 (76.9%)
9 (23.1%)
17 (43.6%)
15 (38.5%)

15 (38.5%)

3.7 (1.7; 14.3)

5.1 (3.0; 8.3)

P value

0.016
<0.001
0.126
0.542
0.005
0.286
0.096
0.001

0.016

0.044

0.026

0.049

0.468

0.391
0.645

0.011

0.308

0.440

CRT: cardiac resynchronization therapy; ICD: implantable cardioverter 
defibrillator; PM: pace-maker.

Women 
(N=45)
78 (72; 81)
160 (155; 165)
70 (64; 75)
27 (25; 28)
1.7 (1.6; 1.8)
32 (72.7%)
10 (50.0%)
10 (22.7%)

8 (17.8%)

7 (15.6%)

6 (30.0%)

8 (17.8%)

31 (68.9%)
14 (31.1%)
24 (53.3%)
14 (31.8%)

6 (13.3%)

2.5 (1.7; 7.9)

4.1 (2.6; 7.1)
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Age (years)
Height (cm)
Body surface area (m2)
Prior myocardial infarction
Prior percutaneous coronary intervention
Prior coronary artery bypass grafting
Prior PM, ICD, or CRT
Ischemic cardiomyopathy
Chronic obstructive pulmonary disease
LVEF (%)
Multiple clips implanted
Procedural success
Follow-up echocardiography
Improvement in MR degree
Improvement in LVEF(%)
Improvement in LVEDVI (mL)
Improvement in LVESVI (mL)
Improvement in vena contracta (mm)
Improvement in EROA (mm2)
Improvement in SPAP (mm Hg)
In-hospital follow-up
Total hospital stay (days)
Final disposition
Discharge home
Transfer to other facility
Death
Acute kidney injury
Cumulative follow-up
Follow-up duration (months)
Death
Mitral valve replacement
Rehospitalization after successful discharge
Rehospitalization or death after successful discharge
Improvement in New York Heart Association class

Table 4 Selected baseline features, procedural results and follow-up events in propensity matched pairs.

EROA: effective regurgitant orifice area; LVEDVI: left ventricular end-diastolic volume index; LVEF: left ventricular ejection fraction; LVESVI: left 
ventricular end-systolic volume index; LV: left ventricular; MR: mitral regurgitation; SD: standardized difference; SPAP: systolic pulmonary artery pressure.

Overall sample

Death

Rehospitalization or death after 
successful discharge

Propensity matched pairs

Death

Rehospitalization or death after 
successful discharge

Table 5 Cox proportional hazard analysis.
Unadjusted 
analysis

HR=0.51 
(95%CI 0.16-1.64) 
p=0.259
HR=0.61 
(95%CI 0.23-1.64)

=0.331

HR=0.63
(95%CI 0.14-2.89)

=0.555
HR=0.68 
(95%CI 0.21-2.27)

=0.535
*adjusting for age, height, body surface area, prior myocardial infarction, 
prior percutaneous coronary intervention, prior coronary artery bypass 
grafting, prior arrhythmia device implantation, ischemic cardiomyopathy, 
chronic obstructive pulmonary disease, and left ventricular ejection 
fraction; HR=hazard ratio for male versus female gender; 95%CI=95% 
confidence interval

Adjusted 
analysis*

HR=0.732 
(95%CI 0.17-3.52)

=0.732
HR=0.56 
(95%CI 0.09-3.52)

=0.533

HR=0.17 
(95%CI 0.01-13.81)

=0.171
HR=0.40 
(95%CI 0.03-5.63)
p=0.500

among patients undergoing MitraClip implantation[9]. This is at odds 
with the fact that women have often beEN treated with MitraClip 
(e.g. they were 36% in the pivotal EVEREST II trial), including 
very publicly visible cases[16,25]. In the present work, pooling on a 
multicenter registry including three Italian centers, we provide useful 
data on the baseline, procedural and outcome details of men vs 
women undergoing TMVR.

    Specifically, we found that, despite several differences in baseline 
features and procedural details (including lower systolic function in 
males), short- and mid-term outcomes were similarly favorable in 
both genders. Accordingly, notwithstanding such baseline differences, 
it is clear that adjusting pre- and procedural strategies to the specific 
individual situation may lead to favorable results irrespective of 
gender. Our findings should be viewed in light of the recently 
reported results of the GRASP registry on 171 patients followed for 
at least 12 months after MitraClip implantation. In this study, men 
and women also fared similarly both acutely and after discharge, 
despite a non-significant trend toward worse outcomes in females[9].
    Gender-based comparisons are of crucial importance in clinical 
medicine, as they may inform on incidence and prevalence of disease, 
on treatment patterns and potential gender bias, as well as, occasionally, 
on the pathophysiologic differences between men and women. Several 
studies have shown that women with symptomatic coronary artery 
disease are typically older, sicker, and at higher risk of adverse events, 
yet they are often treated less aggressively[11,12,26]. Similar findings 
have been reported for heart failure, hypertension, atrial fibrillation, 
aortic stenosis, and other important cardiovascular conditions. In most 
cases sex differences depend on baseline or procedural differences, 
rather than on an inherent pathophysiologic role of gender[9]. However, 
exceptions do occur, and may be due to the protective effects of 
estrogen levels during fertile years as well as on specific difference 
in genetic patterns. For instance, men may be at risk of higher 
cardiomyocyte apoptosis after myocardial infarction[27]. Specific 
gender based comparison are strongly recommended and supported 
internationally, by funding agencies (e.g. the HORIZON 2020 program 

Men (N=20)
73 (71; 78)
168 (162; 170)
1.8 (1.7; 1.9)
9 (45.0%)
8 (40.0%)
5 (25.0%)
5 (25.0%)
7 (35.0%)
7 (35.0%)
30 (29; 35)
6 (30.0%)
19 (95.0%)

20 (100%)
0 (-4.0; 1.0)
0.7 (-2.6; 3.4)
0.3 (-6.4; 2.7)
4.5 (2.3; 8.3)
5.0 (2.0; 6.0)
5 (-5; 15) 

6 (5; 7)

19 (95.0%)
0
1 (5.0%)
1 (5.0%)

12 (9; 15)
1 (5.0%)
1 (5.0%)
1 (5.0%)
2 (10.0%)
10 (50.0%)

Women (N=20)
71 (68; 79)
160 (155; 165)
1.7 (1.6; 1.9)
9 (45.0%)
5 (25.0%)
8 (40.0%)
8 (40.0%)
5 (25.0%)
7 (35.0%)
40 (30; 48)
6 (30.0%)
20 (100%)

20 (100%)
0 (-1.0; 1.8)
4.6 (-2.2; 16.9)
2.2 (-3.5; 5.3)
3.0 (1.8; 7.3)
3.5 (0.5; 4.3)
10 (0; 23)

6 (5; 7)

18 (90.0%)
0
2 (10.0%)
0

10 (7; 14)
5 (25.0%)
0
2 (10.0%)
6 (30.0%)
10 (50.0%)

P value
0.967
0.004
0.070
1.0
0.501
0.501
0.501
0.731
1.0
0.007
1.0
1.0

1.0
0.683
0.292
0.264
0.447
0.266
0.287

0.988
1.0

1.0

0.475
0.182
1.0
1.0
0.235
1.0
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in the European Union) as well as journals and publishers.
    Our work builds upon such premises and provides useful 
information despite its observational retrospective design and 
relatively small sample, with the underlying risk of residual 
confounding[28]. In addition, the inclusion of patients with only 
moderately high surgical risk may be at odds with reports on other 
patients at higher surgical risk and may dilute our statistical precision. 
Other limitations of our work include the mid-term follow-up and 
lack of centralized core laboratory assessment of echocardiographic 
data. The fact that only a minority of patients could be matched with a 
similar propensity score and that despite such matching standardized 
differences after matching still highlighted some disparities are also 
other limitations underlying the fact that men and women undergoing 
TMVR have often starkly different features. 
    Nonetheless, awaiting for further and larger studies on this topic, 
this work provides useful and original data on gender differences (or 
the lack of thereof) among patients treated with MitraClip.
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