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Abstract

OBJECTIVES: With the popularization of catheter-based mitral valve procedures, evaluating risk-specific differentiated clinical outcomes
after contemporary mitral valve surgery is crucial. In this study, we assessed the operative results of minimally invasive mitral valve opera-
tions across different patient risk profiles and evaluated the value of EuroSCORE (ES) II predicted risk of mortality model for risk prediction,
in the large cohort of Mini-Mitral International Registry (MMIR).

METHODS: The MMIR database was used to analyse mini-mitral operations between 2015 and 2021. Patients were categorized as low
(<4%), intermediate (4% to <8%), high (8% to <12%) and extreme risk (>_12%) according to ES II. The observed-to-expected mortality ratio
was calculated for each risk group.

RESULTS: A total of 6541 patients were included in the analysis. Of those, 5546 (84.8%) were classified as low risk, 615 (9.4%) as intermedi-
ate risk, 191 (2.9%) as high risk and 189 (2.9%) as extreme risk. Overall operative mortality and stroke rates were 1.7% and 1.4%, respective-
ly, and were significantly associated with patient’s risk. The observed mortality was significantly lower than expected—according to the ES
II—in all risk categories (observed-to-expected ratio < 1).

CONCLUSIONS: The present study provides an international contemporary benchmark for operative outcomes after minimally invasive
mitral surgery. Operative results were excellent in low-, intermediate- and high-risk patients, but were less satisfactory in extreme risk. The
ES II model overestimated the in-hospital mortality. We believe that findings from the MMIR may assist surgeons and cardiologists in clin-
ical decision-making and treatment allocation for patients with mitral valve disease.

Keywords: Minimally invasive mitral surgery • Mini-Mitral International Registry • Minimally invasive cardiac surgery

ABBREVIATIONS

CIs Confidence intervals
ES EuroSCORE
MMIR Mini-Mitral International Registry
O:E Observed-to-expected
OR Odds ratio
sCr Serum creatinine

INTRODUCTION

In an era where catheter-based techniques are being proposed
as potential alternatives to surgical approaches, more robust
evidence to evaluate risk-specific differentiated clinical out-
comes after contemporary mitral valve operations is needed.
Over the last decade minimally invasive mitral valve surgery
has evolved considerably and has become the first choice ap-
proach to treat patients with mitral valve disease in many spe-
cialized heart valve centres [1–3]. Available data suggest that
mini-mitral surgery is associated with improved patient out-
comes and faster recovery when compared with the conven-
tional sternotomy approach [4, 5]. However, current evidence
is limited to single centres series or national database not spe-
cifically focused on mini-mitral operations. The Mini-Mitral
International Registry (MMIR), a large multicentric registry
specifically focused on mini-mitral surgery, represents a
unique opportunity to study a large group of patients who
underwent mini-mitral operations. The aims of this study were
to assess the operative results of minimally invasive mitral
valve operations across different patient risk profiles in the
large cohort of MMIR.

PATIENTS AND METHODS

Ethical statement

The study protocol was approved by the local institutional review
board of all centres based on the approval of the coordinating

centre (n. 2020189, 30 July 2020) and consent of patients was
waived.

Study end points

The primary end points included all cause operative mortality,
postoperative stroke, low cardiac output, acute kidney injury, re-
spiratory failure, bleeding and repair rate. In addition, lengths of
stay and the observed-to-expected (O:E) mortality ratios were
assessed. Operative mortality was defined [according to the
EuroSCORE (ES) II] as death in the same hospital as the operation
took place, before discharge from hospital. Stroke included dur-
ation of a focal or global neurological deficit >_24 or <24 h if avail-
able neuroimaging documents a new intracranial or
subarachnoid haemorrhage or central nervous system infarction
or the neurological deficit results in death. Low cardiac output
included inotropic support >24 h or the use of temporary mech-
anical circulatory support. Acute kidney injury involved the max-
imal change in serum creatinine (sCr) from baseline to 7 days
post-procedure as follows: (i) stage 1, increase in sCr to 150–
199%, increase of >_0.3 mg/dl (>_26.4 mmol/l) within 48 h, or urine
output <0.5 ml/kg/h for >_6 h but <12 h, (ii) stage 2, increase in sCr
to 200–299% or urine output <0.5 ml/kg/h for >_12 h but <24 h
and (iii) stage 3, increase in sCr to >_300%, sCr of >_4.0 mg/dl
(>_354 mmol/l) with an acute increase of >_0.5 mg/dl (44 mmol/l),
urine output <0.3 ml/kg/h for >24 h, or anuria for >_12 h or
patients receiving renal replacement therapy. Respiratory failure
involved prolonged mechanical ventilation (>24 h), reintubation
and tracheostomy. Bleeding included patients who required sur-
gical re-exploration.

Data source and definition

The MMIR was established in 2020 by a consortium of research
centres to evaluate the current management and outcomes of
minimally invasive mitral valve surgery. The Polytechnic
University of Marche, Lancisi Cardiovascular Center (Ancona,
Italy) is the Coordinating Center and is responsible for the con-
cept and design, establishing and maintaining the clinical
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database, performing statistical analyses and coordinating and
organizing the research projects. Currently, 17 large referral heart
valve centres in Europe, America, Oceania and Asia have been
included in the registry. Centers were initially invited based on
the literature search of international minimally invasive cardiac
surgery and mitral surgery expertise hubs with consistent and on-
going academic publication output. Following expert advice was
sought from the Research Steering Committee regarding recruit-
ment of other centres. The study population was defined as
patients undergoing minimally invasive mitral valve operations
with all possible indications, using all available approaches (direct
vision, video assisted, fully endoscopic, robotic) and materials ex-
cept for NeoChord (NeoChord, Inc., St. Louis Park, USA). All con-
secutive patients were included. The MMIR database was
designed specifically to assess patients with mitral valve disease
and patients undergoing mini-mitral valve surgery. It includes
over 380 variables on clinical data, risk assessment variables, sur-
gery related data, perioperative outcomes, echocardiographic
data and long-term outcomes. All centres provided data by using
the same definitions and assessment measures according to the
current European Society of Cardiology or ACC/AHA/HRS
Guidelines, ES II model and Mitral Valve Academy Research
Consortium end-point definitions [6–8]. The retrospectively com-
pleted data forms were forwarded by the participating MMIR
sites to the coordinating centre and reviewed for face validity
and completeness. The protocol of the registry is provided in the
Supplementary Material.

Population

At the time of writing, 7513 patients were enrolled in the registry
(Supplementary Material, Fig. S1). Patients who did not receive
minithoracotomy access or underwent concomitant aortic valve
replacement and root/ascending aorta repair as well as patients
with missing data for calculation of ES II were excluded from the
analysis (Fig. 1). Patients were classified as low (ES II <4%), inter-
mediate (ES II 4% to <8%), high (ES II 8% to <12%) and extreme

risk (ES II >_12%). Preoperative, intraoperative and postoperative
outcome variables were compared among the 4 groups.

Statistical analysis

Continuous variables were expressed as mean ± standard devi-
ation and categorical variables as percentages. Where continuous
variables did not follow a normal distribution, the median and
interquartile range were reported. In all cases, missing data were
not defaulted to negative, and denominators reflect only cases
reported. Comparisons of subgroups were performed using un-
paired t-test or Mann–Whitney U-test (continuous variables) and
chi-squared test (categorical variables). Observed in-hospital
mortality was divided by mean expected mortality based on the
ES II to obtain the O:E mortality ratios. The ratio of O:E mortality
was calculated with 95% confidence intervals (CIs) based on the
binomial distribution. Multivariable logistic and linear regression
models (using backward stepwise algorithm) were estimated to
evaluate the effect of patients’ risk profile on outcomes. The
model was adjusted for residual risk factors for adverse outcomes
over and above those included in the ES II (centre volume, pre-
operative AF, type of mitral valve disease, surgical approach, type
of surgery, arterial cannulation site, technique of myocardial pro-
tection, type of cardioplegia, cross-clamp time). The variables
that achieved P < 0.25 in the univariable analysis were included in
the multivariable model. The level of significance, a, was set at
5%. Statistical analysis was performed using IBM SPSS Statistics
for Macintosh Version 28.0 (IBM Corp. Released 2021. Armonk,
NY: IBM Corp).

RESULTS

Patients’ characteristics and operative data

This study included 6541 consecutive patients who underwent a
mini-mitral operation at MMIR centres from 2015 and 2021. Of
those, 84.8% (5546) were classified as low risk, 9.4% (615)

Figure 1: Consolidated Standards of Reporting Trials diagram.
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intermediate risk, 2.9% (191) high risk and 2.9% (189) extreme
risk, according to the ES II. The patients’ characteristics are
reported in Table 1. As expected, higher-risk patients were older
and more frequently suffered from serious comorbidities. The
probability of valve repair in patients presenting with degenera-
tive mitral valve regurgitation was 92.5% and significantly
correlated with patients’ risk (low risk 93.3%, intermediate risk
84.4%, high risk 77.5% and extreme risk 65.5%, p < 0.001).
Higher-risk patients underwent more frequently combined
tricuspid and atrial fibrillation surgery with longer CPB and
cross-clamp times. The overall MVARC technical success rate was
97.2% with no difference between groups (Table 2).

In-hospital outcomes

In-hospital results are given in Table 3. The overall in-hospital
mortality was 1.7%, being 1%, 3.4%, 3.7% and 14.3% in the low-,
intermediate-, high- and extreme-risk groups, respectively
(P < 0.001). The O:E ratios for all risk groups were considerably <1
(low risk, 0.71 [95% CI, 0.63–0.82]; moderate risk, 0.61 [95% CI
0.55–0.79]; high risk, 0.38 [95% CI, 0.21–0.62]; and extreme risk,
0.64 [95% CI, 0.52–0.79]) (Table 4). The rates of main postopera-
tive complications were all in favour for patients in the low-risk
category. Higher-risk patients were more likely to have mild
postoperative mitral regurgitation, whereas the incidence of

Table 1: Demographics

Total (n = 6541),
n (%)

ES II <4% (n = 5546) ,
n (%)

ES II 4–8% (n = 615) ,
n (%)

ES II 8–12% (n = 191) ,
n (%)

ES II >_12% (n = 189) ,
n (%)

P-Value

Male 3819 (58.4) 3371 (60.8) 272 (44.2) 79 (41.4) 97 (51.3) <0.001
Age. median (IQR) 65 (55–73) 63 (53–72) 73 (66–78) 76 (69–79) 75 (67–78) <0.001
NYHA class III–IV 3050 (47.2) 2261 (41.3) 453 (74.4) 159 (83.7) 177 (94.1) <0.001
Hypertension 3395 (57.4) 2798 (54.6) 363 (72.3) 125 (86.2) 109 (76.8) <0.001
Diabetes 544 (8.3) 350 (6.3) 110 (17.9) 39 (20.5) 45 (23.8) <0.001
Dyslipidemia 1800 (30.5) 1453 (28.4) 217 (43.3) 68 (46.9) 62 (43.7) <0.001
Smoking 672 (11.4) 595 (11.6) 54 (10.8) 12 (8.3) 11 (7.7) 0.4
Obesity (BMI > 30) 910 (14.2) 741 (13.7) 111 (18.7) 25 (13.3) 33 (17.6) 0.005
Atrial fibrillation 2226 (37.2) 1765 (34) 287 (56.9) 86 (58.9) 88 (62.4) <0.001
Pacemaker 213 (3.3) 103 (1.9) 56 (9.3) 30 (15.9) 24 (12.7) <0.001
Renal impairment (eGFR < 85) 3691 (57.8) 2860 (52.9) 496 (83.5) 170 (90.4) 165 (87.8) <0.001
Dialysis 67 (1) 30 (0.5) 14 (2.3) 11 (5.8) 12 (6.3) <0.001
CAD 887 (13.8) 586 (10.8) 146 (24) 75 (39.7) 80 (42.6) <0.001
Poor mobility 131 (2) 78 (1.4) 27 (4.5) 12 (6.3) 14 (7.4) <0.001
Chronic lung disease 523 (8) 354 (6.4) 82 (13.3) 36 (18.9) 51 (27) <0.001
Active endocarditis 233 (3.6) 162 (2.9) 32 (5.3) 14 (7.4) 25 (13.2) <0.001
Cerebrovascular arteriopathy 119 (1.8) 61 (1.1) 26 (4.2) 13 (6.8) 19 (10.1) <0.001
Peripheral arteriopathy 188 (2.9) 83 (1.5) 34 (5.5) 28 (14.7) 43 (22.8) <0.001
Pulmonary hypertension 2604 (41.5) 1954 (36.6) 379 (64.5) 128 (70.7) 143 (81.3) <0.001
Previous cardiac surgery 491 (7.5) 159 (2.9) 137 (22.3) 78 (40.8) 117 (61.9) <0.001

Mitral valve surgery 275 (4.2) 102 (1.8) 78 (13) 33 (17.5) 62 (32.8) <0.001
Aortic valve surgery 149 (2.3) 40 (0.7) 38 (6.3) 27 (14.3) 44 (23.3) <0.001
CABG 130 (2) 19 (0.4) 35 (5.9) 28 (14.9) 48 (25.5) <0.001
Thoracic aorta surgery 51 (0.8) 15 (0.3) 19 (3.2) 8 (4.2) 9 (4.8) <0.001

Critical preoperative state 188 (2.9) 76 (1.4) 41 (6.8) 20 (10.6) 51 (27) <0.001
Preoperative CT angiography 1450 (27.9) 1208 (26.2) 159 (40.2) 47 (46.5) 36 (39.6) <0.001
Mitral valve disease etiology <0.001

Degenerative 4424 (69.9) 4058 (75.1) 253 (44.5) 61 (34.2) 52 (29.1)
Functional 942 (14.9) 696 (12.9) 145 (25.5) 54 (30.3) 47 (26.3)
Rheumatic 479 (7.6) 377 (7) 74 (13) 16 (9) 12 (6.7)
Other 484 (7.6) 272 (5) 97 (17) 47 (26.4) 68 (38)

Mitral valve regurgitation <0.001
Mild 266 (4.1) 179 (3.2) 49 (8) 12 (6.3) 26 (13.8)
Moderate 1091 (16.7) 862 (15.6) 133 (21.6) 47 (24.6) 49 (25.9)
Severe 4983 (76.3) 4341 (78.4) 412 (70) 126 (65.9) 104 (55)

Mitral valve stenosis <0.001
Mild 135 (2.2) 88 (1.7) 24 (4.7) 10 (6.8) 13 (9.1)
Moderate 178 (3) 118 (2.3) 30 (5.9) 13 (8.9) 17 (11.9)
Severe 310 (5.2) 248 (4.8) 45 (8.8) 11 (7.5) 6 (4.2)

LV function <0.001
LVEF > 50% 5288 (81.9) 4685 (85.7) 405 (66.7) 102 (54) 96 (51.1)
LVEF 31–50% 1031 (16) 724 (13.2) 167 (27.5) 72 (38.1) 68 (36.2)
LVEF 21–30% 120 (1.9) 54 (1) 31 (5.1) 12 (6.3) 23 (12.2)
LVEF <_ 20% 14 (0.2) 6 (0.1) 4 (0.7) 3 (1.6) 1 (0.5)

Urgent/emergent status 437 (6.7) 225 (4.1) 93 (15.4) 45 (23.8) 74 (39.2) <0.001

BMI: body mass index; CAD: coronary artery disease; ES: EuroSCORE; IQR: interquartile range; LVEF: left ventricular ejection fraction; NYHA: New York Heart
Association.
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moderate to severe mitral regurgitation was similar between
groups (Fig. 2). The association between patient’s risk profile and
risk for adverse outcomes are displayed in Table 5. After adjusting
for the other measured covariates, an increase in ES II was related
to an increase in risk of all adverse outcome measures. On multi-
variable analysis, ES II [odds ratio (OR) 1.081, 95% CI 1.046–
1.117], mitral valve replacement (OR 1.813, 95% CI 1.047–3.139)
and cross-clamp time (OR 1.015, 95% CI 1.009–1.022) emerged
as independent predictors of in-hospital mortality (Table 6).

DISCUSSION

With the popularization of catheter-based mitral valve proce-
dures, an evaluation of surgical results after contemporary mitral
valve operations has become crucial. The use of MMIR allowed
us to provide a real world picture of demographics as well as dif-
ferentiated, risk-specific clinical outcomes of patients undergoing
mini-mitral operations. The main findings can be summarized as

follows: (i) the vast majority of patients who received mini-mitral
surgery were at low surgical risk, (ii) in MMIR less-invasive mitral
operations were performed with very low rates of mortality and
morbidity, (iii) the rate of mitral valve repair was excellent and
significantly correlated with patients’ risk and (iv) the ES II con-
sistently overestimated mortality in all risk categories.

Contemporary risk profiles of patients undergoing mini-mitral
valve surgery skew towards low operative risk: 84.8% of patients
had a low mortality risk (ES II <4%) and only 5.8% had a high or
extreme risk (ES II >_8%). Similar distributions of patient by risk
have been previously reported in conventional mitral valve sur-
gery [9], indicating that low-risk patients continue to constitute
the majority of patients referred to surgical treatment. Indeed,
nearly half of patients who meet indications for mitral valve sur-
gery are not offered this therapy due to the perception of ele-
vated surgical risk or the advanced age [10]. Our results showed
that a minimally invasive approach to mitral valve surgery can be
accomplished with very low operative mortality and morbidity
rates. In MMIR cohort, the overall mortality was 1.7% and the

Table 2: Operative data

Total (n = 6541),
n (%)

ES II <4% (n = 5546),
n (%)

ES II 4–8% (n = 615),
n (%)

ES II 8–12%
(n = 191), n (%)

ES II >_12% (n = 189),
n (%)

P-Value

Surgical approach <0.001
Direct vision 1480 (22.6) 1202 (21.7) 177 (28.8) 59 (30.9) 42 (22.3)
Video assisted 2816 (43.1) 2500 (45.1) 198 (32.2) 56 (29.3) 62 (33)
Totally endoscopic 2184 (33.4) 1787 (32.3) 237 (38.5) 76 (39.8) 84 (44.7)
Robotic 55 (0.8) 52 (0.9) 3 (0.5) – –

Surgical access <0.001
Anterolateral 4927 (75.3) 4121 (74.3) 490 (79.7) 156 (81.7) 160 (84.7)
Transaxillary 917 (14) 821 (14.8) 74 (12) 18 (9.4) 4 (2.1)
Periareolar 697 (10.7) 604 (10.9) 51 (8.3) 17 (8.9) 25 (13.2)

Conversion to full sternotomy 113 (1.7) 84 (1.5) 16 (2.7) 4 (2.1) 9 (4.8) <0.001
Arterial cannulation site <0.001

Femoral artery 6206 (97) 5314 (97.9) 554 (93.3) 172 (91.5) 166 (88.3)
Axillary artery 115 (1.8) 69 (1.3) 31 (5.2) 7 (3.7) 8 (4.3)
Ascending aorta 27 (0.4) 16 (0.3) 4 (0.7) 2 (1.1) 5 (2.7)
Other 49 (0.8) 28 (0.5) 5 (0.8) 7 (3.7) 9 (4.8)

Myocardial protection <0.001
Cardioplegia 6362 (97.8) 5486 (99.3) 555 (92.2) 170 (89.9) 151 (79.9)
Ventricular fibrillation 116 (1.8) 33 (0.6) 39 (6.5) 15 (7.9) 29 (15.3)
Beating heart 26 (0.4) 5 (0.1) 8 (1.3) 4 (2.1) 9 (4.8)

Cardioplegia type <0.001
Blood 2352 (36.2) 2220 (40.2) 97 (16.1) 17 (9) 18 (9.5)
Crystalloid 4016 (61.8) 3264 (59.1) 460 (76.5) 153 (81) 139 73.5

Type of surgery <0.001
Mitral valve repair 4981 (76.2) 4486 (80.9) 345 (56.1) 88 (46.1) 62 (32.8)
Mitral valve replacement 1478 (22.6) 990 (17.9) 263 (42.8) 101 (52.9) 124 (65.6)
Replacement due to unsuccessful repair 81 (1.2) 69 (1.2) 7 (1.1) 2 (1) 3 (1.6)

Mitral valve repair technique
Annuloplasty ring 4923 (98.5) 4443 (98.7) 338 (98) 86 (98.7) 56 (90.3) <0.001
Artificial chords 3073 (62.6) 2879 (65.1) 143 (43.1) 28 (32.2) 23 (37.1) <0.001
Resection 778 (16) 571 (16.6) 32 (9.8) 10 (11.6) 5 (8.1) 0.04
Sliding 122 (2.5) 115 (2.6) 5 (1.5) – 2 (3.2) 0.6
Edge to edge 111 (2.3) 96 (2.2) 10 (2.9) 3 (3.5) 2 (3.2) 0.7

Associated procedures 1968 (30.1) 1473 (26.6) 306 (49.8) 91 (47.6) 98 (51.9) <0.001
Tricuspid surgery 1084 (16.6) 732 (13.2) 209 (34) 69 (36.5) 74 (39.1)
Atrial fibrillation surgery 1197 (18.3) 969 (17.5) 147 (23.9) 42 (22.1) 39 (20.6)

LAA closure 938 (14.6) 741 (13.4) 137 (22.3) 33 (17.3) 27 (14.3) <0.001
Repeated X-clamping 155 (2.4) 146 (2.6) 6 (1) 3 (1.6) – 0.008
CPB time (min), median (IQR) 136 (108–174) 134 (106–170) 149 (120–184) 146 (120–182) 154 (122–195) <0.001
Clamp time (min), median (IQR) 84 (63–110) 84 (63–108) 88 (64–115) 85 (66–112) 92 (61–125) 0.04
Technical success 6217 (97.2) 5268 (97.1) 590 (98.2) 183 (97.9) 176 (95.1) 0.1

CABG: coronary artery bypass grafting; CPB: cardiopulmonary bypass; CT: Computed tomography; eGFR: Estimated Glomerular Filtration Rate; ES: EuroSCORE;
IQR: interquartile range; LAA: left atrial appendix.
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incidence of stroke was 1.4%. As expected, whereas low-risk
patients showed low rates of adverse events, patients at increased
risk suffered from worse outcomes. Operative mortality remained
good in intermediate (3.4%) and high risk groups (3.7%) but was
less satisfactory in extreme risk (14.3%). Nevertheless, all these
results compare favourably with those reported by other inter-
national registries on conventional mitral valve surgery [9, 11].
Multiple factors may explain this observation. First, the proven
clinical benefits of minimally invasive mitral valve techniques. In
this regard, multiple studies demonstrated that mini-mitral oper-
ations are associated with reduced short-term morbidity and
faster recovery, when compared with conventional mitral surgery
[4, 5]. Second, the high level of volume and experience with mi-
tral valve operations and minimally invasive cardiac surgery tech-
niques by the MMIR participating centres. It is well-recognized
that good outcomes are strictly associated with relatively high in-
dividual and centre volumes [5, 12, 13]. In our study, the
observed mortality was significantly lower than expected in all
risk groups. This may suggest that, in experienced centres, less-
invasive techniques can be extended to patient who have less
optimal surgical risk with satisfactory results. As previously
reported for conventional valve surgery [14], the ES Il consistently
overestimated risk for mini-mitral operations, regardless of the
patient’s risk. It has to be noted, however, that an increase in ES II
remains related to an increase in risk of all adverse outcomes
(Table 5). Our findings suggest that achieving an O:E ratio <_0.7
may be a realistic goal for all mini-mitral programs in heart valve
referral centres.

In MMIR, the entire strategic approach to the procedure seems
not influenced by the use of less-invasive accesses. The minimally
invasive techniques allowed for the full spectrum of mitral repair
and replacement techniques to be performed, including con-
comitant procedures. In particular, tricuspid valve repair was per-
formed in 17% of cases and AF ablation in 42% of patients
presenting with preoperative AF, which are consistent with data
observed in patients receiving full sternotomy mitral valve opera-
tions [11]. Mitral valve repair is the recommended treatment for
severe mitral regurgitation and is performed in nearly 60% of
patients undergoing mitral valve surgery according to national
databases [5, 15, 16]. It has been suggested that less-invasive
approaches may lead to surgical compromise, with the surgeon
adjusting their repair techniques and resulting in reduced quality
repair and lower repair rate [17]. As less-invasive techniques are
increasingly used, and mitral valve surgery has recently extended
to asymptomatic patients, it is crucial that the surgical access not
compromise the valve repair outcome. Our results argue against
this assumption. In the MMIR cohort the overall repair rate was
76.2%, with 98.1% of cases showing no or mild residual mitral
valve regurgitation postoperatively (Fig. 2). These values included
a large number of patients with dysfunctional mitral valve due to
ischaemic mitral regurgitation with severe restriction of leaflets,
rheumatic valve disease and infective endocarditis, which were
not amenable for repair. When considering only patients pre-
senting with degenerative mitral valve regurgitation, the rate of
valve repair increases to 92.5%. This observed high adoption rate
of valve repair techniques was 25% higher than that observed in

Table 3: In-hospital outcomes

Total (n = 6541),
n (%)

ES II <4% (n = 5546),
n (%)

ES II 4–8% (n = 615),
n (%)

ES II 8–12% (n = 191),
n (%)

ES II >_12% (n = 189),
n (%)

P-Value

In-hospital mortality 112 (1.7) 57 (1) 21 (3.4) 7 (3.7) 27 (14.3) <0.001
Stroke 90 (1.4) 61 (1.1) 12 (2) 7 (3.7) 10 (5.3) <0.001
Delirium 391 (6.6) 305 (5.9) 53 (10.7) 14 (9.7) 19 (13.5) <0.001
Intubation time (h), median (IQR) 8 (5–13) 7.8 (5–12) 10 (6–19) 13 (7.4–23.3) 15 (10–60) <0.001
Respiratory insufficiency 533 (9) 380 (7.4) 78 (15.7) 30 (21.1) 45 (32.8) <0.001
Bleeding 393 (6) 297 (5.4) 57 (9.2) 17 (9) 22 (11.6) <0.001
Transfusions (U), median (IQR) 0 (0–1) 0 (0–1) 0 (0–2) 1 (0–3) 2 (0–5) <0.001
New onset atrial fibrillation 887 (14.9) 792 (15.3) 63 (12.8) 18 (12.5) 14 (9.9) 0.1
Definitive pacemaker 167 (2.6) 110 (2) 29 (4.8) 14 (7.4) 14 (7.4) <0.001
Myocardial infarction 58 (0.9) 50 (0.9) 5 (0.8) 2 (1.1) 1 (0.5) 0.9

Periprocedural (<_48 h) 51 (0.8) 43 (0.8) 5 (0.8) 2 (1.1) 1 (0.5)
Spontaneous (>48 h) 7 (0.1) 7 (0.1) – – –

Low cardiac output 257 (4) 154 (2.8) 49 (8.3) 21 (11.3) 33 (17.6) <0.001
Acute kidney injury <0.001

Stage 1 231 (3.9) 180 (3.5) 25 (5) 13 (9) 10 (7.1)
Stage 2 54 (0.9) 34 (0.7) 8 (1.6) 6 (4.2) 1 (0.7)
Stage 3 102 (1.7) 74 (1.4) 15 (3) 6 (4.2) 15 (10.7)

Postoperative dialysis 74 (1.2) 40 (0.8) 15 (3) 4 (2.8) 15 (10.7) <0.001
Vascular complications 0.007

Major 85 (1.4) 69 (1.3) 10 (1.8) 1 (0.6) 5 (2.9)
Minor 40 (0.6) 31 (0.6) 4 (0.7) 3 (1.8) 2 (1.2)

Thoracic wound complications 101 (1.6) 86 (1.6) 8 (1.3) 4 (2.1) 3 (1.6) 0.9
Residual MR (after valve repair) <0.001

Mild 837 (18.4) 717 (17.4) 75 (24.8) 24 (32) 21 (42)
Moderate 77 (1.7) 69 (1.7) 7 (2.3) 1 (1.3) –
Severe 9 (0.2) 5 (0.1) 1 (0.3) 3 (4) –

ICU stay (h), median (IQR) 24 (20–48) 23.5 (20–48) 24 (20–96) 40 (20–120) 72 (22–216) <0.001
Hospital stay (days), median (IQR) 8 (6–12) 8 (6–11) 10 (7–15) 11 (8–17) 12 (8–23) <0.001

ES: EuroSCORE; ICU: intensive care unit; IQR: interquartile range; MR: mitral regurgitation.
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the STS database in patients receiving conventional mitral valve
operations [5] and this proportion even increases when

considering higher-risk patients [9]. In addition, just 1.2% of
patients with an initial attempt at repair ultimately received re-
placement (Table 2), resulting in a valve repair rate of 98.8%
among the valves that were deemed to be highly reparable intra-
operatively. We do believe these findings support definitely that
less-invasive techniques are not associated with reduced repair
rate than those reported with conventional approach, when per-
formed by experienced surgeons.

Table 4: Observed and expected mortality by predicted risk of mortality group

Variable Observed mortality% Expected mortality % O:E ratio 95% CI

EuroSCORE II <4 1 1.4 0.71 0.627–0.816
EuroSCORE II 4–8 3.4 5.6 0.61 0.550–0.789
EuroSCORE II 8–12 3.7 9.8 0.38 0.211–0.616
EuroSCORE II >12 14.3 22.3 0.64 0.522–0.791

CI: confidence interval; O:E: observed to expected.

Figure 2: Reduction of mitral valve regurgitation according to patient risk, in patients undergoing valve repair.

Table 5: Impact of patients’ risk profile on clinical outcomes

Variable P-Value Impact of
EuroSCORE II
(per 1-U increase),
adjusted OR/b
(95% CI)

In-hospital mortality <0.001 1.081 (1.046–1.117)
Stroke 0.02 1.052 (1.008–1.097)
Low cardiac output <0.001 1.099 (1.068–1.132)
Acute kidney injury <0.001 1.104 (1.075–1.134)
Respiratory failure <0.001 1.089 (1.066–1.118)
Bleeding 0.005 1.040 (1.012–1.070)
ICU stay (b coefficient) <0.001 0.215 (0.132–0.240)
In-hospital stay (b coefficient) <0.001 0.120 (0.092–0.147)

CI: confidence interval; ICU: intensive care unit; OR: odds ratio.

Table 6: Multivariable analysis for in-hospital mortality

Variable P-Value OR 95% CI

Mitral valve replacement 0.03 1.813 1.047–3.139
Type of cardioplegia – – –
Cross clamp time <0.001 1.015 1.009–1.022
EuroSCORE II <0.001 1.081 1.046–1.117
Case volume – – –

CI: confidence interval; OR: odds ratio.
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Limitations

This study has the limitations of any observational registry involving
no adjudication of patient inclusion and data collection. There is no
core laboratory to review images, and the investigators are respon-
sible for data reporting from their own institutions. MMIR is built
on a voluntary participation; therefore, our data are limited to sites
with a mini-mitral program that agree to participate in the registry.
The participating centres are tertiary referral centres. As a result, our
findings may not reflect management or represent patients treated
and followed at non-tertiary centres. Finally, no long-term data are
currently available in the MMIR.

CONCLUSIONS

The MMIR is currently the largest worldwide registry that pro-
vides a contemporary picture of operative outcomes after min-
imally invasive mitral surgery in referral centres. Operative results
were excellent in low-, intermediate- and high-risk patients, with
very low mortality and morbidity rates. Conversely, extreme risk
patients showed less satisfactory procedural and clinical out-
comes. In MMIR, the ES II model overestimated in-hospital mor-
tality. Thus, our findings could serve as a benchmark for patients
in all risk categories whose conditions are being evaluated for
any form of mitral valve therapy.
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