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ABSTRACT

Objective: To compare the outcomes of MitraClip and surgical mitral repair in
low-intermediate risk elderly patients affected by degenerative mitral regurgita-
tion (DMR).

Methods: We retrospectively selected patients aged �75 years, with Society of
Thoracic Surgeons Predicted Risk Of Mortality (STS-PROM)<8%, submitted
to MitraClip (n ¼ 100) or isolated surgical repair (n ¼ 206) for DMR at 2 centers
between January 2005 and May 2017. To adjust for baseline imbalances, we used
a propensity score model for average treatment effect on survival.

Results: After weighting, MitraClip showed fewer postoperative complications
(P<.05) but increased residual mitral regurgitation (MR) �2 (27.0% vs 2.8%,
P<.001) compared with surgery. One-year survival was greater after MitraClip
compared with surgery (97.6% vs 95.3%, hazard ratio [HR], 0.09; confidence in-
terval [CI], 0.02-0.37, P ¼ .001), whereas 5-year survival was lower (34.5% vs
82.2% respectively, HR, 4.12; CI, 2.31-7.34, P < .001). Greater STS-PROM
(HR, 1.18; CI, 1.12-1.24, P< .001) and MR �3þ recurrence (HR, 2.18; CI,
1.07-4.48, P ¼ .033) were associated with reduced survival. 5-year MR
�3þ was more frequent after MitraClip compared with surgery: 36.9% versus
3.9%, odds ratio, 11.4; CI, 4.40-29.68, P<.001.

Conclusions: In elderly patients affected by DMR and STS-PROM<8%, the
average effect of MitraClip resulted in lower acute postoperative complications
and improved 1-year survival compared with surgery. However, MitraClip was
associated with greater MR recurrence and reduced survival beyond 1 year.
Long-term survival was impaired by patients’ greater risk profile and MR recur-
rence. Early results are promising, but in the setting of operable patients with life
expectancy beyond 1 year, the quality bar for transcatheter mitral repair needs to
be raised. (J Thorac Cardiovasc Surg 2019;158:86-94)
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Central Message

In low-intermediate risk elderly patients with

DMR, MitraClip was associated with survival

improvement within but impairment beyond

1-year compared with surgery. Greater risk

and MR recurrence reduced survival.
Perspective

Whether MitraClip should be performed in

low-intermediate risk patients is debated.

Improvement in early mortality compared

with surgery is promising, but the impairment

of long-term survival with high MR recurrence

warrants improved efficacy, through refined pa-

tient selection and procedure execution. In the

setting of operable patients, the quality bar for

transcatheter mitral repair needs to be raised.
See Commentaries on pages 95 and 97.
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The elderly patient represents an ever-growing subset of pa-
tients affected by degenerative mitral regurgitation (DMR).
In these patients, the best balance between the acute risk of
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Abbreviations and Acronyms
ASMD ¼ absolute standardized mean

differences
ATE ¼ average treatment effect
CI ¼ confidence interval
DMR ¼ degenerative mitral regurgitation
GEE ¼ generalized estimating equation
HR ¼ hazard ratio
IPTW ¼ inverse probability of treatment

weight
MR ¼ mitral regurgitation
OR ¼ odds ratio
STS-PROM ¼ Society of Thoracic Surgeons

Predicted Risk Of Mortality
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the operation and the long-term benefit is particularly diffi-
cult to ascertain. Indeed, compared with younger patients,
they suffer per se a heavier burden after surgery1-3 while
having a naturally reduced life expectancy and
concomitant comorbidities that can frustrate the benefit of
the operation.

Despite the good results provided by mitral surgery for
DMR, even in the setting of selected elderly patients,2,4

until 10 years ago up to 50% of all patients affected by
severe mitral regurgitation (MR) were not submitted to
treatment because of a perceived excessively high
procedural risk, one of the main reasons being advanced
age.5

In this setting, transcatheter mitral repair with the Mitra-
Clip System (Abbott Vascular, Santa Clara, Calif) provided
over the last decade excellent results in terms of safety,
despite the high-risk profile of the treated patients, at the
price of a suboptimal MR reduction.6-8 Today, MitraClip
is recognized as a viable option to treat high-risk or inoper-
able symptomatic patients after Heart Team discussion.9,10

In the daily practice, however, many elderly patients do
not actually show specific high-risk features but rather fall
into the ‘‘low-to-intermediate’’ risk category. Whether the
access to MitraClip should be opened to these ‘‘gray’’ pa-
tients, with MitraClip being preferred to surgery as the
first-line option, is already debated but not yet supported
by any specific data.

The Endovascular Valve Edge-to-Edge Repair Study
(EVEREST) II randomized patients between MitraClip
and surgery but, as per study design, information on the
real-world elderly DMR population is difficult to infer,
because of the study cohort’s young age, mixed etiologies,
and strict inclusion/exclusion criteria.11 Subsequently, the
High and Intermediate Risk DegenerativeMitral Regurgita-
tion Treatment (HiRiDe) trial was specifically designed to
randomize elderly patients affected by DMR but was
The Journal of Thoracic and C
prematurely terminated due to severe enrolling difficulties.
Up until now therefore, only few retrospective unbalanced
data were available on this topic.7

Given this lack of knowledge, we sought to compare the
outcomes following MitraClip or surgical mitral repair in
the typical, real-world, low-to-intermediate risk elderly
population currently referred to mitral repair for DMR at
2 European leading mitral centers.
METHODS
We retrospectively selected all consecutive elderly patients submitted to

MitraClip or surgical mitral repair at 2 mitral centers between January 2005

and May 2017: San Raffaele Scientific Institute (Milan, Italy) and Zurich

University Hospital (Zurich, Switzerland). Timeframe was on purpose

selected to include also patients treated surgically before MitraClip’s intro-

duction in clinical practice to have more similar patients in the surgical

arm: patients with a greater-risk profile who would get shifted to percuta-

neous treatment after it became available.

Study Design
Figure 1 describes the flowchart for patients’ inclusion into the study.

Patients submitted to mitral repair aged �75 years at the time of operation

and affected by severe MR due to leaflet prolapse with or without flail

(DMR) were included into the study.

Patients with MR etiologies other than DMR were excluded. Patients

who underwent immediate mitral replacement as intention-to-treat were

excluded, as well as patients who received associated procedures as

tricuspid valve, arrhythmia ablation, coronary artery bypass grafting, aortic

valve, ascending aorta, and myectomy procedures. Ten patients receiving

concomitant left atrial appendage closure were included, 4 in theMitraClip

and 6 in the surgical group. Patients with associated preoperative tricuspid

regurgitation �3þ were excluded.

All patients treated with MitraClip underwent a comprehensive Heart

Team discussion, which included the surgical risk assessment using the So-

ciety of Thoracic Surgeons Predicted Risk Of Mortality (STS-PROM). To

focus on low and intermediate risk, patients with preoperative STS-PROM

�8% were excluded.

Although EVEREST II eligibility criteria for MitraClip were used as a

reference,12 a number of patients outside these was also treated. Patients

with target leaflet calcifications and leaflet perforations were excluded.

The study complied with the Declaration of Helsinki and it was

approved by the institutions’ ethics committees.

Data Collection
All patients underwent a preoperative transthoracic and transoesopha-

geal ecocardiographic mitral examination. Patients in the MitraClip group

underwent an in-hospital prospective data collection pathway. Data of sur-

gical patients were retrospectively retrieved from Institutional databases.

After the operation, patients in the MitraClip group were enrolled in a

dedicated echocardiographic outpatient clinic, undergoing a transthoracic

echocardiogram at every visit (1, 6, and 12 months and every year there-

after). Surgical patients and patients missing follow-up visits were con-

tacted via a telephone call and asked to provide their follow-up

echocardiograms.

MR was graded according to European Association of Echocardiogra-

phy and Mitral Valve Academic Research Consortium recommendations

as: 1þ (mild), 2þ (mild-to-moderate), 3þ (moderate-to-severe), and 4þ
(severe).13,14 Because of the potential inaccuracy of conventional

parameters for MR quantification in the setting of double-orifice mitral

valve, the jet-related parameters (vena contracta, effective regurgitant

orifice) were used only in presence of a single-orifice regurgitant jet,
ardiovascular Surgery c Volume 158, Number 1 87



TR ≥ 3+
n = 28

STS ≥ 8
n = 0

TR ≥ 3+
n = 14

STS ≥ 8
N = 1

Surgical repair
n = 206

MitraClip
n = 100

Age < 75
n = 4509           n = 489

Not Degenerative MR
n = 213           n = 132

Combined procedures
n = 173           n = 32

TR ≥ 3+
n = 1           n = 9

STS ≥ 8
n = 0           n = 1

MILAN

Total Mitral Repairs
n = 5151

(MitraClip n = 397 + Surgery n = 4754)

Age ≥ 75
n = 642

Degenerative MR
n = 429

MitraClip
n = 82

TR ≤ 2+
n = 54

STS < 8
n = 54

Isolated surgical repairs
n = 174

TR ≤ 2+
n = 173

STS < 8
n = 173

ZURICH

Total Mitral Repairs
n = 757

(MitraClip n = 266 + Surgery n = 491)

Age ≥ 75
n = 268

Degenerative MR
n = 136

Isolated surgical repairs
n = 43

TR ≤ 2+
n = 34

STS < 8
n = 33

MitraClip
n = 61

TR ≤ 2+
n = 47

STS < 8
n = 46

FIGURE 1. Flowchart of study patients’ selection. MR, Mitral regurgitation; TR, tricuspid regurgitation; STS, Society of Thoracic Surgeons.
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whereas the regurgitant fraction was used in multiple-jet MR.15 Residual

MR was captured at the end of the procedure in the operating room.

Among surgical patients, all patients treated at San Raffaele Scientific

Institute (n¼ 173, 84.0%) underwent mid-sternotomy, whereas all patients

treated at Zurich University Hospital (n ¼ 33, 16.0%) underwent a mini-

thoracotomy approach.

Outcomes
The main endpoints of the study were the comparisons of survival and

MR recurrence between MitraClip and surgical patients.

Statistical Analyses
To adjust for imbalance in baseline characteristics between MitraClip

and surgical patients, a propensity score to weight the sample with inverse

probability of treatment weight (IPTW) was used so that the distribution of

measured baseline covariates was independent of treatment assignment.16

Propensity scores were estimated running multiple logistic models

including various combinations of preoperative variables. The best balance

was achieved with the following 10 variables: age at operation, sex, body

mass index categorized as normal (20-30) or not normal (<20 or>30),

serum creatinine, atrial fibrillation, New York Heart Association

class �III, ejection fraction, systolic pulmonary artery pressure, isolate

P2 prolapse, and STS-PROM.

Weights were designed to estimate the average treatment effect (ATE):

the average effect of moving an entire population from surgery to Mitra-

Clip. ATE weights were chosen by the odds to estimate the average effect

of MitraClip in a pseudo-sample of patient with a covariate distribution

similar to that of the overall sample, thus simulating a randomized trial.
88 The Journal of Thoracic and Cardiovascular Surge
Weights were trimmed at 95th percentile to ameliorate efficiency and

reduce the influence of outlying observations.17 Balance of confounders

between groups was assessed calculating absolute standardized mean dif-

ferences (ASMD) for the original and weighted sample according to Austin

and Stuart.18 Balance was considered optimal for ASMD<0.10 and suffi-

cient for ASMD<0.20, according to previous literature.19,20
Endpoint Analysis
Analyses were conducted using Stata software version 13 (StataCorp

LLC, College Station, Tex) and SAS 9.3 (SAS Institute, Cary, NC). Un-

weighted and weighted means were calculated and differences between

groups were compared by nonparametric test based on Somers’ D statistic

using the somersd package. Numbers in brackets report interquartile range.

Crude and weighted rates of endpoints were calculated and compared using

the Kaplan–Meier estimates.

A Cox model weighted on IPTW was used to estimate the hazard ratio

(HR) of death between MitraClip and surgical patients, allowing for

changes in the proportionality of hazards over time. The proportional haz-

ard assumption for Cox models was assessed using Schoenfeld residuals

and global test. To choose variables included into the final Cox model,

we tested extensively several variables and selected the most clinically

interesting, with a P value<.05 at univariable analysis. The proportional

hazard assumption was also evaluated for each variable. The final variables

included into the survival model were ‘‘Treatment’’ (MitraClip vs surgery,

not proportional, therefore inserted as a time–dependent covariate), ‘‘STS-

PROM’’ (proportional over time), and ‘‘follow-up MR’’ (as a binary MR

�3þ time-varying covariate, splitting the covariate and setting a time of

entry and a time of exit from each status). Robust variance estimator was
ry c July 2019
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used to account for the estimation of weights. ‘‘Institution’’ (Milan/Zurich)

was inserted into the Cox model for survival as a cluster variable.

To describe the time course of MR, we performed a longitudinal anal-

ysis using generalized estimating equations (GEEs) with random intercept

for repeated data. The GEE method was applied because of the possible in-

trapatient correlations. This method allowed to perform a weighted anal-

ysis with a binary model for a repeated measure. Longitudinal analysis

with GEE model to assess predictors of MR �3þ recurrence in the sub-

group of MitraClip patients who had MR �2þ at the end of the procedure

was also conducted. Variables included into this model were institution,

valve calcifications, isolated P2 prolapse, and residual 2þ MR. These co-

variates were chosen based on their clinical importance in the development

of MR, their number of events, and the total number of patients/events.

Because of the limited number of cases, this subanalysis was limited to

within the first 3 years after the procedure. P values<.05 were considered

significant.
RESULTS
The final number of patients included into the study was

306, among whom 100 (32.7%) had undergone MitraClip
and 206 (67.3%) were submitted to surgical repair. The
number of patients per each Institution was as follows: at
San Raffaele Scientific Institute, n ¼ 227, 54 (23.8%)
TABLE 1. Preoperative patients’ characteristics

Unweighted

Surgery

(n ¼ 206)

MitraClip

(n ¼ 100)

Clinical

Age, y 78.8 � 3.13 82.9 � 3.5

Male sex 118 (57) 55 (55)

BMI

<20 or>30 25 (12) 20 (20)

20-30 181 (88) 80 (80)

Creatinine, mg/dL 0.99 [0.81; 1.19] 1.08 [0.89; 1.34]

CAD 41 (20) 28 (28)

COPD 14 (6.8) 19 (19)

CVD 8 (3.9) 9 (9)

PVD 14 (6.8) 13 (13)

Atrial fibrillation 25 (12) 33 (33)

Previous cardiac surgery 2 (1.0) 9 (9)

NYHA class III-IV 81 (39) 66 (66)

Echocardiographic

EDD, mm 54.6 � 6.18 55.3 � 7.05

ESD, mm 32.7 � 6.55 33.9 � 8.59

EF, % 60 [58; 66] 60 [55; 66.5]

sPAP, mm Hg 37 [30; 45] 45 [30.5; 54.5]

Isolated posterior leaflet

prolapse

164 (80) 67 (67)

Isolate P2 prolapse 136 (66) 53 (53)

STS scores

PROM, % 1.64 [1.30; 2.41] 2.99 [2.29; 4.38]

MM, % 14.88 [12.32; 18.06] 19.21 [15.47; 22.9]

Numbers in brackets report interquartile range. ASMD, Absolute standardized mean diffe

COPD, chronic obstructive pulmonary disease; CVD, cerebrovascular disease; PVD, periph

eter; ESD, end-systolic diameter; EF, ejection fraction; sPAP, systolic pulmonary artery pre

morbidity and mortality.

The Journal of Thoracic and C
MitraClip procedures; at Zurich University Hospital
n ¼ 79, 46 (58.2%) MitraClip procedures.
Major baseline patient characteristics before and after

propensity-score weighting are summarized in Table 1. At
baseline, patients in the MitraClip group were older, at
greater risk, and affected by more comorbidities compared
with surgical patients, but propensity weighting allowed
adequate balance of the 2 groups.
Intraoperative details are reported in Table 2. Postopera-

tively, 4 deaths were observed: 2 patients in the MitraClip
group (1 multiorgan failure after emergent conversion to
surgery, 1 electromechanical dissociation) and 2 surgical
patients (1 hemorrhagic shock due to heart rupture, 1 multi-
organ failure). At weighted analysis, the risk of all postop-
erative complications was significantly reduced after
MitraClip compared with surgery (Table 3). In contrast,
greater degrees of residual MR were observed after Mitra-
Clip (Table 3, Figure E1).
Seven (2.3%) patients were missing at follow-up. Me-

dian follow-up timewas 1.38 [0.67-2.85] years in MitraClip
and 3.2 [1.28-6.33] years in surgery.
Weighted

P value ASMD (%)

Surgery

(SoW ¼ 305.08)

MitraClip

(SoW ¼ 247.49) ASMD (%)

<.001 124 80.1 � 6.89 81.2 � 6.27 15

.706 5 175.3 (57) 141.0 (57) 1

47.5 (16) 43.7 (17)

.305 22 257.6 (84) 203.8 (83) 3

.018 27 1 [0.82; 1.2] 1.01 [0.86; 1.28] 2

.112 19 62.6 (20) 73.2 (29) 12

.001 37 30.7 (10) 47.1 (19) 14

.067 21 11.4 (4) 25.0 (10) 14

.073 21 19 (6) 38.2 (15) 16

<.001 52 86.8 (28) 83.1 (34) 6

<.001 37 2.2 (1) 31.6 (12) 20

<.001 55 143.7 (47) 133.7 (54) 8

.409 10 55.0 � 9.71 54.8 � 13.13 2

.203 17 25.9 � 21.17 26.1 � 29.09 1

.185 19 60 [58; 65] 60 [58; 68] 2

.007 34 40 [30; 47] 42 [30; 54] 4

.016 29 233.5 (77) 175.3 (71) 7

.028 29 193.3 (63) 150.2 (61) 3

<.001 103 1.91 [1.43; 3.24] 2.48 [1.91; 3.49] 12

<.001 75 16.2 [13; 21.2] 17.3 [14.6; 21.1] 8

rence; SoW, sum of weights; BMI, body mass index; CAD, coronary artery disease;

eral vascular disease; NYHA, New York Heart Association; EDD, end-diastolic diam-

ssure; STS, Society of Thoracic Surgeons; PROM, Predicted Risk Of Mortality;MM,

ardiovascular Surgery c Volume 158, Number 1 89



TABLE 2. Intraoperative data

Surgery

SoW ¼ 305.08

MitraClip

SoW ¼ 247.49

Total clip time, min 89.3 � 46.82

CPB time, min 88.5 � 37.12

Crossclamp time, min 63.2 � 26.11

Number of clips, n (%)

1 34.9 (14)

2 119.1 (48)

3 51.1 (21)

Associated LAA closure 6.7 (2.6) 9.9 (4.8)

Surgical access, n (%)

Sternotomy 138.4 (45)

Minithoracotomy 166.7 (55)

Surgical techniques, n (%)

Resection 150.0 (49)

Neochordae 70.9 (23)

Edge to edge 105.2 (34)

Cleft closure 42.3 (14)

Ring implantation, n (%) 297.2 (97)

Mean ring size 32.7 � 3.37

II Pump run, n (%) 21.3 (7)

Conversion to replacement, n (%) 9.7 (3.2) 17.1 (6.9)

SoW, Sum of weights; CPB, cardiopulmonary bypass; LAA, left atrial appendage.

TABLE 3. Postoperative outcomes

Surgery

SoW ¼ 305.08

MitraClip

SoW ¼ 247.49 P value

Residual MR �2þ 8.5 (2.8) 67.7 (27) <.001

LCOS 52.8 (17) 8.0 (3.3) .001

Inotropes>MD 124.7 (41) 18.0 (7.3) <.001

AKI 134.2 (45) 26.3 (11) <.001

Ventilation hours 15 [11; 19] 5 [0; 10] <.001

Ventilation>24 h 37.2 (12) 1.1 (0.5) <.001

NIMV 61.9 (24) 9.8 (6.2) .002

Sepsis 11.3 (3.7) 1.2 (0.5) .118

Serious bleeding 26.1 (15) 6.0 (2.3) .003

Transfusion need 111.5 (37) 15.1 (6.1) <.001

Stroke 4.2 (1.4) 2.5 (1.0) .741

ICU LOS, d 1 [1; 2] 0 [0; 1] <.001

ICU LOS>1 d 128.4 (42) 19 (7.8) <.001

Postoperative LOS, d 7 [5; 9] 4 [4; 6] <.001

In-hospital death 2.8 (0.9) 2.7 (1.1) .853

Discharge home 2.5 (0.8) 170.6 (69) <.001

Numbers in brackets report interquartile range. SoW, Sum of weights; MR, mitral

regurgitation; LCOS, low cardiac output syndrome;MD, medium dosage,�adrenalin

0.05 g/kg/min or association of 2 inotropes; AKI, acute kidney injury; NIMV, nonin-

vasive mechanical ventilation; ICU, intensive care unit; LOS, length of stay.
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After IPTW, 1-year survival was 97.6% (95% confi-
dence interval [CI], 94.0-99.0) in MitraClip versus 95.3%
(95% CI, 92.1-97.2) in surgery, whereas 5-year survival
was 34.5% (95% CI, 22.9-46.4) versus 82.2% (95% CI,
75.5-87.2) respectively (Figure 2). The hazard of mortality
for patients in the MitraClip group was lower in the first
year (HR, 0.09; 95% CI, 0.02-0.37, P ¼ .001) but signifi-
cantly greater during the following years (HR, 4.12; 95%
CI, 2.31-7.34, P < .001). When included into the same
Cox extended model both preoperative STS-PROM (HR,
1.18; 95% CI, 1.12-1.24, P<.001) and recurrence of MR
�3þ (HR, 2.19; 95% CI, 1.07-4.48, P ¼ .033) also pre-
dicted increased hazard of mortality (Table 4).

The raw number of echocardiograms available along
follow-up is reported in Table E1. ATE-weighted longitudi-
nal mixed model with GEE for MR is depicted in Figure 3.
Worse MR degrees were significantly more frequent in Mi-
traClip compared with surgical patients: 5-year estimate for
MR�3þwas 36.9% after MitraClip versus 3.9% after sur-
gery (odds ratio [OR], 11.4; 95% CI, 4.40-29.68, P<.001).

In the MitraClip group, acute residual 2þ MR was asso-
ciated with worse follow-up MR (OR, 12.0; 95% CI, 3.22-
44.6, P <.001). A difference in follow-up MR was also
observed between centers (OR, 0.10; 95% CI, 0.02-0.48,
P ¼ .004), Table 5.

A total of 10 (6 MitraClip and 4 surgical) patients
required a new mitral intervention/operation. Median time
90 The Journal of Thoracic and Cardiovascular Surge
to reintervention/reoperation was 7.9 (3.4-15.6) months.
Four patients (3MitraClip and 1 surgical) could be retreated
with a new MitraClip. The remaining 6 (3 MitraClip, 3 sur-
gical) required valve replacement.

DISCUSSION
The main findings of this study were that, in an average

daily practice low-to-intermediate risk elderly patient pop-
ulation affected by DMR, compared with surgery, Mitra-
Clip was associated with: (1) lower rate of acute
complications; (2) improved survival within 1 year but
reduced survival beyond 1 year; and (3) increased MR
recurrence. Baseline patients’ greater-risk profile and MR
recurrence predicted reduced survival.

The present study is the first to try to address a weighted
comparison between MitraClip and surgery in the afore-
mentioned patient population. Previously, the failure of
the HiRiDe Randomized Trial underlined the difficulties
to conduct a proper study in a high-risk elderly population
affected by MR. The use of ATE weights allowed us to
compare outcomes betweenMitraClip and surgery as all pa-
tients could receive either of the 2, thus simulating a ran-
domized trial, on low-to-intermediate risk all-comers.
Indeed, with the expansion of transcatheter technologies,
the dilemma we are currently facing in the clinical practice
is to understand what is the best treatment option for ‘‘gray’’
elderly patients who typically present a low-to-intermediate
risk profile but also a very advanced age (often older than
ry c July 2019
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FIGURE 2. Average treatment effect–weighted Kaplan–Meier survival estimates up to 5 years (A) and up to 1 year (B) after the procedure. The HR of death

with MitraClip compared with surgery is lower within but greater beyond 1 year. HR, Hazard ratio; CI, confidence interval.
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80 years). In such scenario, the burden of surgery and the
patients’ perceived short life expectancy often make the
new less-invasive transcatheter devices appear particularly
appealing.
TABLE 4. Weighted Cox model for all-cause death

HR P value 95% CI

STS-PROM 1.18 <.001 1.12-1.24

MitraClip (t<1 y) 0.09 .001 0.02-0.37

MitraClip (t>1 y) 4.12 <.001 2.31-7.34

MR �3þ recurrence 2.19 .033 1.07-4.48

HR, Hazard ratio; CI, confidence interval; STS-PROM, Society of Thoracic Surgeons

Predicted Risk Of Mortality; MR, mitral regurgitation.

The Journal of Thoracic and C
As predicted, MitraClip was confirmed to be safer than
surgery in the short term. Indeed, all acute postoperative
complications, such as low cardiac output syndrome, acute
kidney injury, prolonged ventilation, bleedings, as well as
postoperative length of stay were significantly reduced,
with the vast majority of patients discharged directly
homewithout need of rehabilitation. Quick return to normal
life and home environment with early full recovery repre-
sents a critical advantage in the delicate elderly setting.
Moreover, for the first time ever, the hazard of follow-up

mortality within 1 year from the procedure was observed to
be lower after MitraClip compared with surgery. Although
numbers are still relatively small and more data will be
needed to confirm this trend, the result is promising and
ardiovascular Surgery c Volume 158, Number 1 91
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for evolution of MR �3þ after the procedure. MR, Mitral regurgitation;
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VIDEO 1. A typical case of elderly patient treated with the percutaneous

MitraClip procedure. Video available at: https://www.jtcvs.org/article/

S0022-5223(19)30232-6/fulltext.
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worth to be noted. It is also perfectly reasonable, given Mi-
traClip’s reduced invasiveness compared with surgery,
resembling the experience with transcatheter versus surgi-
cal aortic valve replacement.21 Indeed, mitral surgery
carries a burden that continues to express over several
weeks or even months after the operation.3

Beyond 1 year after the procedure, however, survival af-
ter MitraClip fell unfavorably compared with surgery. In
this regard, it must be pointed out that possible uncaptured
confounding factors (such as frailty) and imperfect statisti-
cal balance between the 2 groups due to the limited numbers
may partially justify such difference. Certainly, a sicker
profile (as described by the STS-PROM) and the recurrence
ofMRwere associated with an increased mortality rate. MR
recurrence being frequent after MitraClip and being
associated with bad outcomes is no surprise,11,22 but the
confirmation of these associations in this specific elderly
population warrants an improvement in the efficacy of
transcatheter mitral repair, especially in the perspective of
expanding indications to lower-risk operable patients.

Good sustained results are actually achievable after Mi-
traClip (Video 1), as suggested by the fact that the majority
of patients undergoing MitraClip in our series were indeed
still free from MR recurrence after 5 years. While our anal-
ysis for predictors of MR recurrence after MitraClip is
limited and should only be considered hypothesis gener-
ating, it provides interesting insights.
TABLE 5. Longitudinal analysis for predictors of MR recurrence

within 3 years in MitraClip patients with initial residual MR �2þ
OR P value 95% CI

Valve calcifications 1.18 .84 0.29-6.12

Isolated P2 prolapse 0.43 .23 0.1-1.71

Center (Milan) 0.09 .004 0.02-0.48

Residual 2þ MR 12.0 <.001 3.22-44.60

OR, Odds ratio; CI, confidence interval; MR, mitral regurgitation.
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Most important, worse follow-upMRwas observed when
2þ residual MR was present immediately at the end of the
procedure. This has been already previously described,
both after surgical mitral repair23 and MitraClip.24,25

Residual 2þ MR is common after MitraClip and is still
often considered ‘‘acceptable’’ in the elderly people, who
have a perceived reduced functional capacity and life
expectancy. That concept may be accepted in very old,
very sick cases, and we do recognize that �1þ residual
MR cannot be achieved in each and every single case.
Nevertheless, increasing evidence suggests that in the low-
to-intermediate risk people, despite advance age, every effort
should bemade tominimize residualMR, otherwiseMRwill
increase over time and impair survival in the long run.

Some influence of the institutions on follow-up MR was
also observed, underlining the importance of experienced
operators and teams in such complex procedures, especially
in the very early phase of adoption.

It should also be underlined that MitraClip’s edge-to-
edge should not be considered a ‘‘procedure’’ per se but
rather just one ‘‘tool’’ to be used within a mitral repair pro-
cedure, the same way a 4-0 PROLENE suture is used in sur-
gery. Like in surgery, other tools addressing other mitral
targets will be needed to achieve full optimization of trans-
catheter mitral repair. Most important, it is well documented
across the surgical literature that the absence of ring implan-
tation is one of the strongest predictors of MR recurrence
after mitral repair, even with the edge-to-edge technique.26

Transcatheter mitral rings have recently started to provide
promising results,27 and we are looking forward to
combining different transcatheter technologies in the
future, targeting both the mitral leaflets and the annulus,
as we do in surgery, to provide a tailored treatment and
improve the efficacy of transcatheter mitral repair.

In the complex scenario that is the elderly patient, the
choice of the best treatment should be individualized per
ry c July 2019
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each single person, being tailored through a Heart Team
approach to the patient anatomy, risk, need, and desire.
Study Limitations
Several limitations of this study must be acknowledged.

First, its retrospective nature may have led to biases like
the impossible collection of variables such as quality of
life, frailty, or other potential confounding factors. Frailty
in particular is an important missing variable, the assess-
ment of which remains not standardized and uncommon
in the clinical daily practice. Also, precise scallop-by-
scallop anatomy pairing was not considered into the pro-
pensity score model because of the too-small number of
patients. Second, because of the small numbers of patients
and events, the best IPTW model that could be achieved al-
lowed sufficient but not perfect balance between groups,
with some ASMD between 0.1 and 0.2; the overall statisti-
cal power of the study was also limited. Third, because the
present series includes MitraClip procedures performed
since the beginning of centers’ experiences, a learning
curve effect should be taken into account. Fourth, echocar-
diographic evaluation was performed on site, without a
core-lab re-adjudication. The evaluation of MR in the sub-
verted double-orifice valve anatomy remains challenging
and may have led to biased estimation of real MR. Greater
rigor in the echocardiographic follow-up, technique, and
analysis in the MitraClip group could have biased the
long-term MR results. For the aforementioned reasons,
our findings should only be considered hypothesis-
generating and they should be confirmed by larger data.
CONCLUSIONS
In the average low-to-intermediate risk elderly affected

by DMR, MitraClip was associated with lower acute post-
operative complications and increased survival within
1 year compared with surgery but also with greater MR
recurrence and reduced survival beyond 1 year. Long-
term survival was impaired by patients’ greater risk profile
and MR recurrence. Although early results are promising,
in the setting of operable patients with life expectancy
beyond 1 year, the quality bar for transcatheter mitral repair
needs to be raised.
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FIGURE E1. Weighted residual mitral regurgitation at the end of the

procedure.

TABLE E1. Raw un-weighted number of available echocardiograms

during follow-up

Time, y MitraClip Surgery

0 100 206

1 94 178

2 59 131

3 30 93

4 19 72

5 14 62
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