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Abstract

Minimally invasive mitral valve repair (MI-MVr) is the preferred treatment approach in experienced centers for mitral valve disease
(MVD), offering reduced surgical trauma and fast recovery. However, limited operative exposure and increased procedural complexity
can represent a challenge in complex MVD. This narrative review provides an overview of current literature on clinical outcomes of
MI-MVr in challenging MVD scenarios, such as mitral valve (MV) endocarditis, annulus calcification, and mitral annular disjunction, in
the context of myxomatous MVD. Despite the complex anatomy and MVD, MI-MVr is non-inferior in long-term outcomes in treating
MYV endocarditis, MV calcification, and myxomatous MVD with mitral annular disjunction. Nonetheless, careful patient selection and
referral to high-volume centers, where surgeons with expertise in MI-MVr operate, are key elements for achieving a durable, patient-
tailored repair with an optimal long-term outcome in treating complex MVD.

Keywords: minimally invasive cardiac surgery; minimally invasive mitral valve repair; mitral valve endocarditis; mitral annulus calci-
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1. Introduction

The prevalence of valvular heart disease is around
2.5% [1], with mitral regurgitation (MR) being the most
common disease [1-3] and the second most frequent indi-
cation for valve surgery in Europe [4,5].

MR is mostly caused by primary and secondary mitral
valve disease (MVD) [6]. Primary, or degenerative, MVD
refers to a spectrum of conditions caused by morphological
changes in the connective tissue of the mitral valve (MV)
with consequential structural lesions that prevent the nor-
mal function of the mitral apparatus [7]. Fibroelastic defi-
ciency and Barlow’s disease are the two dominant forms of
degenerative MVD [7].

Secondary, or functional, MVD can be categorized in
two main groups: ventricular MVD, which originates from
leaflet tethering by geometric remodeling of the left ven-
tricle, usually resulting from scar formation after myocar-
dial infarction or dilated cardiomyopathy [8]; atrial MVD,
which presents with preserved ventricular geometry and
function, but with a mitral annular enlargement associated
with left atrial dilatation in the setting of chronic atrial fib-
rillation or heart failure with preserved ejection fraction
[9,10].

Current European Society of Cardiology/European
Association for Cardio-Thoracic Surgery (ESC/EACTS)
guidelines for the management of valvular heart disease
[11] recommend surgical treatment of chronic degenerative
MR in symptomatic patients with severe primary MR (low
operative risk and expected durable results) or with signs of
ongoing left ventricular remodeling regardless of the symp-
tomatic status (left ventricular end systolic diameter >40
mm and/or left ventricular ejection fraction <60%). Sur-
gical treatment of chronic functional MR is recommended
in symptomatic patients despite optimal pharmacological
therapy and in patients undergoing other cardiac surgery
procedures; meanwhile, transcatheter edge-to-edge repair
serves as an alternative in selected cases [11]. Urgent
surgery is indicated in patients with acute severe MR [11].

Mitral valve repair (MVr) represents the gold stan-
dard surgical therapy for MR [2,12]. MVr aims to restore
and preserve MV leaflet mobility, create a large surface of
leaflet coaptation, and remodel the mitral annulus to pro-
vide an optimal and stable orifice area [2].

MVr is associated with high patient satisfaction, re-
duced hospital stays, low perioperative morbidity and mor-
tality rates [4], as well as excellent long-term outcomes and
freedom from reoperation [ 13—16].
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The surgical technique for repairing the MV should
be selected according to the specific valve pathology and
the anatomy of the patient. A careful investigation of the
patient and an appropriate discussion in the Heart Team are
fundamental steps in the preoperative planning of MVr [17].

Accordingly, minimally invasive surgery (MIS)—
defined by a sternum-sparing approach—has been estab-
lished as the gold standard for MVr [18] and represents a
routine operative strategy for treating MR in specialized
centers with corresponding expertise.

MIS is associated with a decrease in surgical trauma,
fewer blood transfusions, less pain, shorter ventilation time,
reduced length of stay in the intensive care unit, shorter hos-
pitalization time, earlier return to normal activities, lower
risk of infections, and cosmetic improvements when com-
pared to conventional approaches [2,19,20].

However, minimally invasive mitral valve repair (MI-
MVr) may be technically more challenging to learn and per-
form than M'Vr through median sternotomy. Common con-
cerns for a minimally invasive approach include a limited
operative space, an extended distance from the chest wall to
the MV, the need for specialized equipment and operative
tools, restricted exposure of the surrounding structures, as
well as the need for special surgical training [21], which
possesses a steep learning curve [22]. Nonetheless, MI-
MVr has been demonstrated to be a feasible and safe op-
tion, especially in high-volume institutions that guarantee
high and durable repair rates [4].

In our center, almost all patients with primary MR
are treated with MVr in a minimally invasive setting, with
the correction of prolapsing segments and ruptured chor-
dae by the implantation of neochordae using the loop tech-
nique and concomitant annuloplasty with a semi-rigid ring
to achieve a durable repair [23]. Secondary MR is treated
through annuloplasty, preferably with the use of a closed
ring to enable a reverse remodeling of the left ventricle [24].
Routinely, a right-sided mini-thoracotomy or a periareolar
incision is performed. The MIS setup at our center has been
described previously in detail elsewhere [4,25] and is illus-
trated in Figs. 1,2.

Prior literature reports excellent outcomes in terms of
repair durability, operative complications, long-term mor-
tality, and freedom from reoperation both in the setting of
primary and secondary MVD treated through MIS in high-
volume centers with specific expertise [4,26].

Seeburger et al. [21] conducted a retrospective study
on 1536 consecutive patients who underwent minimally in-
vasive mitral valve surgery (MI-MVS) for MR between
1999 and 2007, whereas 1339 patients underwent MI-M Vr.
MVr techniques consisted of ring annuloplasty with or with-
out chordae-replacement or Carpentier-type leaflet resec-
tion.

The reported 30-day mortality was 2.4% (n=32). The
Kaplan—Meier estimate for survival at 5 years was 82.6%
(95% confidence interval (CI): 78.9-85.7%), and the free-

dom from MV-related reoperation was 96.3% (95% CI:
94.6-97.4%) at 5 years.

Davierwala et al. [27] conducted a retrospective study
on 3438 patients treated with MI-MVS through a right small
thoracotomy approach at the Leipzig Heart Center between
1999 and 2010. Of these, 2829 patients underwent MVr
and 609 underwent mitral valve replacement (MVR), re-
sulting in a total repair rate of 81.2%. The reported overall
30-day mortality was 0.8% (n = 23). Overall, the 5- and
10-year mortality rates were 85.7% (& 0.6%) and 71.5%
+ 1.2%, respectively. As for the MVr population, survival
rates were 87.0% (&£ 0.7%) and 74.2% (% 1.4%) at 5 and
10 years, respectively. Meanwhile, the freedom from reop-
eration rates in the same group were 96.6% (£ 0.4%) and
92.2% (£ 0.9%) at 5 and 10 years, respectively.

McClure et al. [28] conducted a retrospective study
on a population of 3133 patients who underwent isolated
MYV surgery from 1996 to 2011. MIS was performed on
1000 patients; of them, 923 were treated through MVr and
77 through MVR. Myxomatous MV disease was the most
common affection (86%, n = 860), while intraoperative
death was reported as 0.8% (n = 8). Survival rates for the
entire population were 93% (£ 1%) at 5 years, 86% (% 1%)
at 10 years, and 79% (4 3%) at 15 years. The freedom
from reoperation in the MVr population was 96% (£ 1%)
at 5 years, 95% (£ 1%) at 10 years, and 90% (% 3%) at 15
years.

Galloway et al. [29] conducted a retrospective study
on 3057 patients who underwent MVr; of them, 1601 had
degenerative MVD and were the object of the study. A to-
tal of 1071 patients with degenerative MVD were treated
with a MIS approach, and 530 were treated through median
sternotomy. An ulterior division into two subgroups was
made based on the type of intervention: 712 patients un-
derwent isolated MI-MVr, 223 patients underwent isolated
MVr through sternotomy, and 666 patients underwent MVr
plus a concomitant cardiac procedure; both MIS and ster-
notomy were considered in this subgroup. In-hospital mor-
tality was 2.2% in the entire population (36 of 1601), 1.3%
for the isolated MI-M Vr population (9 of 712), and 1.3% in
the group of isolated MVr conducted through median ster-
notomy (3 of 223). The 8-year freedom from reoperation
was 95% (£ 1%) in the isolated MI-MVr group and 91%
(£ 2%) in the isolated MVr sternotomy group (p = 0.24).
The 8-year freedom from reoperation or severe recurrency
of MR was 93% (£ 1%) for isolated MI-MVr and 90% (+
2%) for the isolated MVr through sternotomy group (p =
0.30). Comparatively, the 8-year freedom from all valve-
related complications was 90% (% 2%) in the isolated MI-
MVr group and 86% (£ 3%) in the isolated MVr through
sternotomy group (p = 0.14).

Glauber ef al. [30] conducted a retrospective study
of 1604 patients who underwent MI-MVS between 2003
and 2013. Degenerative MVD (70%) was the predominant
pathology, followed by functional MVD (12%). MVr was
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Fig. 1. Cardiopulmonary bypass and endoaortic clamp inguinal setup. The patient is connected to cardiopulmonary bypass by
percutaneous cannulation of the right femoral artery and vein. An aortic endoclamp is percutaneously placed through the left femoral

artery, which allows aortic cross-clamping, antegrade cardioplegia administration, and aortic root venting. EAC, endoaortic clamp; CBP,

cardiopulmonary bypass.

Fig. 2. Minimally invasive thoracic surgery setup. (A) Periareolar incision: a 3 cm small convex incision that straddles the right
areolar border is performed. (B) Right lateral mini-thoracotomy: a small 34 cm right lateral incision is performed through the fourth
intercostal space. LAR, fixation for the left atrial retractor, placed through a 10 mm port along the fourth intercostal space on the
parasternal line; LAV, left atrial vent, placed through the sixth intercostal space; STR, soft tissue retractor; VT, 30° Three-Dimensional
(3D) high-definition video thoracoscope, placed into the chest via a 10 mm port through the fourth intercostal space at the right anterior

axillary line.
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performed in 1137 patients, while MVR was performed in
476 patients. Overall, in-hospital mortality was 1.1% (n =
19), and the repair rate was 95%. Overall survival rates at
1-, 5-, and 10 years were 96.3% (% 0.5%), 88.9% (£ 1.1%),
and 84.5% (£ 1.8%), respectively. Comparatively, the sur-
vival rates in the MVr group were 98.5% (&= 0.4%) at 1 year,
91.9% (£ 1.2%) at 5 years, and 88.0% (4= 2.1%) at 10 years.
Overall, the freedom from reoperation was 98.6% (& 0.3)
at 1 year, 94.7% (&£ 0.7%) at 5 years, and 91.1% (£ 1.7%)
at 10 years. Meanwhile, the freedom from reoperation in
the MVr group was 98.4% (4 0.4%) at 1 year, 94.8% (£
0.9%) at 5 years, and 93.6% (£ 1.1%) at 10 years.

Moscarelli ef al. [31] conducted a retrospective study
on a population of 51 consecutive patients with severe sec-
ondary MR, left ventricular ejection fraction <40%, and
persistent symptoms despite optimal medical therapy, who
underwent minimally invasive MVr with restrictive annu-
loplasty. The mean duration of follow-up was 33.5 + 16.8
months, with a 94% survival probability and 97% freedom
from at least moderate MR or reintervention identified at
the median follow-up.

D’ Alfonso et al. [32] conducted a retrospective study
on 179 patients who underwent MI-M Vr between 1999 and
2010. Degenerative MVD was the most represented patho-
genesis (95%, n = 170); the remaining nine patients (5.0%)
had endocarditis. No in-hospital deaths were reported. The
10-year follow-up reported a survival rate of 98.7% (&
1.2%) and a freedom from reoperation rate of 98.5% (+
1.1%).

A summary of the reported long-term outcomes is pre-
sented in Table 1 (Ref. [21,27-32]).

2. Special Challenges in Minimally Invasive
Mitral Valve Surgery

2.1 Mitral Annulus Disjunction and Myxomatous
Degeneration of Mitral Valve

Mitral annulus disjunction (MAD)), first described by
Hutchins et al. [33], is a separation between the atrial wall—
MYV junction and the left ventricular attachment. MAD
is commonly associated with mitral valve prolapse (MVP)
and sudden cardiac death (SCD) [34] and is characterized
by the “curling” phenomenon: an unusual systolic motion
of the posterior mitral ring on the adjacent myocardium
identifiable in echography [35].

MAD and systolic curling account for hypermobility
of'the MV apparatus and systolic stretch of the myocardium
closely linked to the valve, leading to ventricular fibrosis
and, consequently, ventricular arrhythmias [35].

Left ventricle fibrosis at the level of papillary muscles
and inferobasal wall, myxomatous MV, MAD, and systolic
curling define the entity of “arrhythmic MVP” [36].

Arrhythmic MVP is currently an underestimated cause
of arrhythmic SCD, mostly in young female adults [36],
with an estimated rate of concurrent SCD that ranges in
prospective follow-up studies from 0.2%/year to 0.4%/year

[37]. The association between MAD and myxomatous dis-
ease of the MV, both in the setting of arrhythmic MVP and
non-arrhythmic MVP, is a common finding [38].

Hutchins et al. [33] hypothesized that MAD could
trigger mechanical stress on the leaflets, leading to myx-
omatous degeneration because of excessive mobility of the
MYV apparatus. Basso ef al. [36] confirmed this hypothe-
sis, stating that MAD is the cause of systolic curling mo-
tion and, thus, a hypermobility that represents the basis
for the paradoxical increase in myxomatous disease of MV
leaflets. The markedly myxomatous valve, often referred
to as “Barlow’s disease”, is associated with a higher risk of
SCD [39]. Multiple authors have studied the pathophysiol-
ogy of ventricular arrhythmias and SCD in the setting of ar-
rhythmic MVP. Sriram et al. [40] suggested that ventricular
arrhythmias could be triggered by the concomitant traction
on papillary muscles, endocardial friction lesions, coronary
microembolism from platelet—fibrin aggregates adjacent to
the prolapsing MV leaflet, transient ischemia due to me-
chanical alterations in coronary blood flow, and increased
autonomic tone.

Dejgaard et al. [34] hypothesized that MAD repre-
sents a clear risk marker of SCD through being a precursor
of degenerative MVD and MVP. Therefore, the disjunctive
areas along the mitral annulus may, in fact, represent weak
spots that are vulnerable to long-standing mechanical stress
and development of MVP, which, ultimately, leads to de-
generation of the MV apparatus.

Basso et al. [36] suggest that prolapsing leaflets in
MVP lead to myocardial stretch and fibrosis in the infer-
obasal left ventricular wall and papillary muscles, which act
as a trigger for electrical instability. Moreover, MVr repre-
sents a successful treatment of ventricular arrhythmias in
arrhythmic MVP [41-43], likely through relieving the me-
chanical stretch that acts as a trigger on the substrate of my-
ocardial fibrosis. Meanwhile, MVr in the setting of MAD
can be challenging, especially in patients with Barlow’s dis-
ease, which is associated with less favorable long-term re-
sults and higher rates of reintervention when compared to
MVr for other MVDs [44]. Indeed, an advanced myxoma-
tous MVD is challenging to face due to the high complex-
ity of the three-dimensional (3D) anatomy of the diseased
valve (Fig. 3), which often presents with thick fibrotic and
even calcified MV apparatus that may not be amenable to
repair [45].

When MAD is present, the number of prolapsing seg-
ments can be proportional to the shift of the mitral annulus
[44]. Patients with marked leaflet redundancy and exces-
sive posterior leaflet height (>30 mm) [46] have a higher
risk of left ventricular outflow tract obstruction due to sys-
tolic anterior movement (SAM) of the anterior leaflet [47].
In these high-risk patients, SAM may be prevented by us-
ing a concomitant sliding plasty technique and large annu-
loplasty rings [48,49].
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Table 1. Summary of reported long-term outcomes of MI-M Vr.

Author, year

Population

Mitral valve disease

Outcome timing

Mortality

Freedom from reoperation

Seeburger et al. [21], 2008

Davierwala et al. [27], 2013

McClure et al. [28], 2013

Galloway et al. [29], 2009

Glauber et al. [30], 2015

Moscarelli ef al. [31], 2021
D’Alfonso et al. [32], 2012

1339 patients

2829 patients

Total: 1000 MVr: 923
and MVR: 77

712 patients who
underwent isolated
MI-MVr

Total: 1604 MVr: 1137
and MVR: 467

54 patients
179 patients

92.3% degenerative
7.7% functional ischemic
/

For the total population:
86% myxomatous
6% rheumatic
4% dilatative cardiomyopathy
3% endocarditis
0.4% functional ischemic

Degenerative MR

For the total population:

70% degenerative
12% functional
9.4% rheumatic
5% endocarditis

3.2% prosthetic dysfunction
Functional

95% degenerative

5% endocarditis

5 years

5 and 10 years

5, 10, and 15 years

8 years

1,5, and 10 years

4 years
10 years

82.6% survival

Survival rates for the repair population:
87% (£ 0.7%) at 5 years
74.2% (£ 1.4%) at 10 years
Survival rates for the total population:
93% (£ 1%) at 5 years
86% (+ 1%) at 10 years
79% (£ 3%) at 15 years

Survival rates for the repair population:

98.5% (£ 0.4%) at 1 year
91.9% (£ 1.2%) at 5 years
88.0% (£ 2.1%) at 10 years

90% survival
98.7% (£ 1.2%)

96.3%

For the repair population:
96.6% (£ 0.4%) at 5 years
92.9% (£ 0.9%) at 10 years

For the repair population:

96% (£ 1%) at 5 years
95% (£ 1%) at 10 years
90% (£ 3% at 15 years

95% (£ 1%)

93% (£ 1%) freedom from
reoperation OR severe
recurrent insufficiency

90% (£ 2%) freedom from

all valve-related
complications
For the repair population:
98.4% (£ 0.4%) at 1 year
94.8% (£ 0.9%) at 5 years
93.6% (£ 1.1%) at 10 years

89%
98.5% (& 1.1%)

MI-MVr, minimally invasive mitral valve repair; MR, mitral regurgitation; MVR, mitral valve replacement; MVr, mitral valve repair.
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Fig. 3. Vision of a myxomatous Barlow’s mitral valve through a minimally invasive approach. (A) Appearance of a myxomatous

mitral valve. Al, P1, and P2 scallops are prolapsed, and P3 scallop is flailed. There is a cleft between the P1 and P2 scallops as well

as between the P2 and P3 scallops with concomitant annulus dilatation. The patient underwent neochordae implantation on P1, P2, and

P3, and cleft closure between the P1/P2 scallops and P2/P3 scallops. The implantation of a semi-rigid closed ring supported the repair.

(B) Appearance of a myxomatous mitral valve. A2, A3, P2, and P3 scallops are prolapsed, and there is a cleft between the P2 and P3

scallops with concomitant annulus dilatation. The patient was treated with neochordae implantation on A2, A3, P2, and P3, as well as

through a cleft closure between the P2 and P3 scallops. The implantation of a semi-rigid closed ring supported the repair.

Minimally invasive access could appear similar to an
ulterior challenge in this scenario. However, the minimally
invasive approach did not appear to be inferior to MVr con-
ducted through a conventional approach in treating Bar-
low’s disease and bileaflet prolapse [50], with good early
and long-term results indicated when performed in special-
ized centers [51].

The MIS approach guarantees the complete repro-
ducibility of the optimal standard-of-care results for MVr;
however, referral to a center and surgeon with extensive ex-
perience in MI-MVr is recommended, given the complex
anatomy of diseased MV and the noted steep learning curve
associated with MIS [52,53]. A multitude of repair strate-
gies, firstly proposed via sternotomy, can be successfully
employed through the MIS approach. A summary of repair
strategies for Barlow’s disease is available in Table 2 (Ref.
[44,47,49,51,54-62]).

The concomitant treatment of the tricuspid valve, a left
atrial or biatrial ablation, or additional closure of atrial sep-
tal defects does not represent a contraindication for a MIS
approach, even when the MV repair is considered complex
and time-consuming.

We routinely use the loop technique to correct the pro-
lapsing or flail segment, with attention to patients at high
risk of SAM, where the posterior leaflet needs to be cor-
rected aggressively to achieve a posteriorly lying closure
line. All patients undergo annuloplasty with a semi-rigid
ring (Fig. 4).

2.2 Mitral Valve Endocarditis

Infective endocarditis (IE) is estimated to affect 3 to
10 patients per 100,000 per year, with a significant increase
in the incidence trend observed over the last thirty years
[63]. The current 2023 ESC Guidelines for the manage-

ment of endocarditis [64] emphasize the importance of early
surgical treatment of IE, affirming that a surgical approach
may yield a survival advantage of up to 20% within the first
year. The main reasons for surgery in the setting of acute
IE are represented by heart failure, uncontrolled infection,
and prevention of septic embolization [64].

A careful selection of patients with mitral valve in-
fective endocarditis (MVIE) is crucial, as this patient se-
lection enables the performance of MVr whenever feasible,
resulting in lower hospital mortality, improved long-term
survival, and freedom from disease recurrence compared to
MVR with a valvular prosthesis [65,66].

The approach to minimize surgical trauma through
MI-MVr may be particularly useful in surgical treatment
for MVIE, as this approach reduces the risk of infections
carried by sternotomy and its attendant morbidity, as well
as the risk of redo procedures [66,67]. This approach is
also associated with an accelerated recovery in high-risk pa-
tients [68], which enhances their comfort, wound healing,
and cosmetic results, ultimately leading to a better overall
recovery and improved outcomes compared to median ster-
notomy [69].

Conversely, the limited access and reduced visibility
of the MIS setup represent a challenge in the treatment of
IE [65], with a steep learning curve, especially in complex
cases of valve reconstruction [69]. The appearance of MV
endocarditis, as observed through a MIS setup, is illustrated
in Fig. 5.

Large vegetations, abscesses, valve destruction, se-
vere involvement of the mitral annulus, participation in the
aortomitral continuity, or concomitant mitral annulus cal-
cification (MAC) represent a challenge in annular recon-
struction and often require a more extensive surgical inter-
vention, best achieved through median sternotomy [70,71].
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Table 2. Summary of repair strategies for Barlow’s disease.

Author, year Population (patients)  Surgical approach Repair strategy
Eriksson et al. [44], 2005 67 MS Multiple horizontal mattress sutures, P2 resection
with chordae reattachment and annuloplasty
Maisano et al. [47], 2000 82 MS Edge-to-edge technique
with concomitant annuloplasty
Lapenna et al. [54], 2005 48 Ml Edge-to-edge technique with concomitant
annuloplasty
Adams et al. [49], 2006 67 20% (n=13) MI Large annuloplasty ring
80% (n=54) MS
Borger et al. [51],2014 145 MI Loop technique
with concomitant annuloplasty with a large ring
Quigley [55], 2005 47 MS Elliptical excision at the base of AML with
concomitant annuloplasty
Barlow et al. [56], 2003 60 MS Resection and plication of the prolapsed leaflet
Lawrie et al. [57], 2009 61 MS Multiple stay stitches of 2-0 polypropylene,
placed with concomitant annuloplasty
Ben Zekry et al. [58], 2015 24 MS Ring-only repair
Miura et al. [59], 2015 12 50% (n=6) MI Triangular resection, chordal replacement, and
50% (n=6) MS annuloplasty
Fasol and Mahdjoobian [60], 2002 37 MS Complete resection of the middle scallop of PML,
sliding and folding plasty of the remaining lateral
scoops, combined with a triangular resection of
AML with concomitant annuloplasty
da Rocha E Silva et al. [61], 2015 120 MI 68 patients loop technique
44 patients edge-to-edge technique
8 patients, both the loop technique and the
edge-to-edge technique
Muneretto et al. [62], 2015 50 Ml Resection of PML with sliding at the level of P2

and chordal replacement or isolated artificial
neochordae implantation

AML, anterior mitral leaflet; MI, minimally invasive; MS, median sternotomy; PML, posterior mitral leaflet.

Thus, careful patient selection is fundamental to iden-
tifying patients who clearly benefit from a minimally in-
vasive approach [67]. Patients with MVIE that does not
extend to the intervalvular fibrous body, aortic valve, or
peri-annular tissue are the ideal candidates for an MI-Mvr.
Hence, the trend in performing early surgery for native
MVIE is another argument in favor of the minimally in-
vasive approach, considering that the disease in this setting
is more likely to be confined to the MV [69]. Contrarily,
the involvement of the mitral annulus represents a more ad-
vanced disease state associated with a worse prognosis and
is technically much more demanding to treat, especially in a
minimally invasive setup [71]. A redo setting or extensive
mitral annular calcification are also anatomical factors that
may complicate the complete debridement and excision of
all infected tissue, thus representing relative contraindica-
tions that should be considered [67].

Recent studies present positive results in patients with
MVIE treated using a minimally invasive approach. In-
deed, Folkmann et al. [67] conducted a retrospective

&% IMR Press

single-center study on 92 patients who were treated using
MI-MVr for isolated MVIE. Folkmann et al. [67] reported
a successful repair rate of 24% (n = 22), a 30-day mortal-
ity rate of 9.8% (n =9), a 1-year survival rate of 77.7% (&
4.4%), and a freedom from reoperation due to endocarditis
of 93.3% (£ 2.1%). Meanwhile, Barbero et al. [68] con-
ducted a retrospective study on 35 patients undergoing MI-
MVS for IE; 20% (n = 7) of patients were treated through
MVr. Barbero ef al. [68] reported an overall 30-day mor-
tality of 11.4% (n = 4), with no neurological or vascular
complications, and only one reoperation for prosthesis IE
relapse occurring 37 days after the initial procedure. The
overall survival rate at 1 and 5 years was 83%; the freedom
from reoperation and/or recurrence of IE at 1 and 5 years
was 97%.

Franz et al. [70] conducted a case—control study com-
paring a group of 75 patients undergoing MIC for MVIE
with a group of patients undergoing MIC MV for other rea-
sons (n = 862). Here, Franz ef al. [70] reported a 30-day
mortality rate of 5% (n = 4) in the IE group and of 2% (n =
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Fig. 4. Minimally invasive mitral valve repair of a mitral valve affected by Barlow’s disease. (A) Repair of the mitral valve using

neochordae and the loop technique on both prolapsing leaflets. The implantation of a semi-rigid closed ring supported the repair. (B)

Cleft closure between P1, P2, and P3 scallops in the posterior mitral leaflet. The implantation of a semi-rigid closed ring supported the

repair. (C) Annuloplasty with an open, semi-rigid, saddle-shaped ring.

18) in the non-IE group (p =0.24). Meanwhile, no other sig-
nificant differences were observed between the two groups
in terms of postoperative complications.

Kofler et al. [71] compared clinical outcomes between
MIS and median sternotomy in patients with native MVIE,
conducting a one-to-one nearest neighbor propensity score
matching that resulted in a population of 39 matched pairs.
Kofler et al. [71] reported a shorter overall operative time
in the MIS group, as well as an association with fewer trans-
fusions, shorter ventilation times, and a lower rate of rein-
tubation after extubation, resulting in a quicker overall re-
covery. The 30-day mortality was identical (10.3%, n =4
in both groups; p = 0.375). Kaplan—Meier curves showed
a similar survival (p = 0.970) during a median follow-up
of 3.5 years. Freedom from reoperation was significantly
higher in the MIS group (p = 0.019), with no patients in the
MIS group requiring reoperation, compared to six patients
in the median sternotomy group who needed reintervention.

The repair techniques conducted in our center in the
setting of MVIE are listed in Table 3 (Ref. [4]). The repair
is usually supported by the implantation of a semi-rigid an-
nuloplasty ring [66].

2.3 Mitral Annulus Calcification

MAC is a chronic degenerative process of the fibrous
support structure of the MV, with a reported prevalence
ranging from 8% to 15%, which increases to up to 40% in
individuals aged 70 years or older [72,73]. Although MAC
was initially considered a passive, degenerative, age-related
process, MAC is now recognized as a tightly regulated pro-
cess that exhibits similarities with medial and atheroscle-
rotic cardiovascular calcification [72]. MAC occurs princi-
pally in female and older patients with multiple comorbidi-
ties and has a strong association with cardiovascular risk
factors [72,74,75]. The Framingham Heart Study [76] re-
ported that MAC is an independent predictor of cardiovas-
cular risk, with an increased risk of incident cardiovascular
disease, cardiovascular death, and all-cause death. More-
over, the Framingham Heart Study [76] estimated a 10%
increased risk for cardiovascular disease for every 1 mm in-
crease in MAC. Carotid atherosclerotic disease, peripheral
artery disease, and coronary artery disease are all strongly
associated with MAC and the pathogenesis of atheroscle-
rosis [72]. Prevalence, severity, and incidence of MAC are
associated with increased MV stress conditions such as hy-
pertension, aortic stenosis, hypertrophic cardiomyopathy,
and MVP [72].
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Fig. 5. Images of an endocarditic mitral valve through a minimally invasive approach. (A) Central vegetation is located on the

posterior leaflet. The patient was treated with a quadrangular resection of the P2 scallop, P3 scallop, and A3 scallop, posterior com-

misuroplasty, neochordae implantation on the P2 scallop, sliding between the P1 and P3 scallops, and implantation of a semi-rigid,

closed annuloplasty ring. (B) Large mobile vegetation on the free margin of the posterior leaflet. The patient was treated with resec-

tion of the vegetations, cleft closure between the P2 and P3 scallops, neochordae implantation on the A2 scallop, and implantation of

a semi-rigid closed annuloplasty ring. (C) Vegetation of the anterior leaflet and chordae tendinae. The patient underwent mitral valve

replacement.

MAC involves dystrophic calcium deposition between
the ventricular myocardium and leaflet insertion, further
calcium aggregates from bars of calcium that may lead to
mitral dysfunction [74]. MAC usually affects the posterior
annulus with progressive disease calcification that can ex-
tend into the rest of the annulus and leaflet tissue [74]. How-
ever, leaflet tips are usually not restricted, and commissural
fusion is absent [75].

MAC does not necessarily affect the valve function-
ing, but can be associated with MR or mitral stenosis (MS)
through different mechanisms: the rigidity that distorts the
valve apparatus and interferes with ring contractility can
produce a traction on the chordae and leaflet elevation, lead-
ing to MR; the extension of calcium into the valve leaflet,
which results in fixation of the leaflet and reduction of the
MV orifice area, leads instead to MS.

However, MAC often remains asymptomatic and is,
in most cases, an incidental finding; however, if MAC pro-
gresses, symptoms of valve dysfunction may occur. En-
docarditis, thrombo-embolic events, cardiomyopathy, and
congestive heart failure are clinical implications that can
develop in concomitance with MAC [72,74].
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Furthermore, up to 20% of patients who undergo MV
surgery have some degree of MAC and thus a higher risk
of mortality and morbidities compared to patients in whom
MAC is absent [75]. MAC influences the outcome of
surgery [72]; therefore, surgery is only indicated in the
known presence of MAC when there is a relevant degree
of valve dysfunction [73,74,77].

The challenges for the surgeon facing MAC are pri-
marily driven by the characteristics of the patient, which
are typically those of old age, accompanied by multiple co-
morbidities and cardiovascular risk factors [75], and in part
by the intrinsic technical difficulty of surgically treating the
disease. The main challenges during surgery are related to
the difficulty in passing sutures through calcification and,
consequently, in accurately placing a prosthetic valve when
MVR is performed. The presence of MAC also brings a
greater risk of circumflex artery injury or occlusion, atri-
oventricular dehiscence, and bleeding [74]. However, a
minimally invasive approach may be feasible and safe in
a select group of patients with limited MAC and should be
preferred due to its previously discussed advantages. The
MIS visualization of a MAC is shown in Fig. 6.
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Table 3. Repair techniques in the setting of mitral valve infective endocarditis.

Lesion

Repair technique

Perforation or leaflet defects

Annular abscess

Atrio-ventricular or atrio-valvular junction disruption
Limited posterior leaflet involvement

Anterior leaflet chordae rupture

Debridement of vegetations and sequential pericardial patch closure
Excision of the infected lesions

Reconstruction with pericardium or sliding atrium technique
Triangular resection with sliding plasty

Secondary chordae transposition or implantation of neochordae

Leaflet continuity restoration with annular plication or the sliding leaflet technique

Posterior leaflet/commissure chordae rupture

Triangular or quadrangular resection

Adapted from Van Praet et al. [4] “Minimally Invasive Surgical Mitral Valve Repair: State of The Art Review.”

Fig. 6. Images of MAC through a minimally invasive approach. (A) Calcification of the P2 scallop. The patient was treated with

resection of the calcification, closure of the cleft between the P2 and P3 scallops, neochordae implantation on the P2 scallop, and implan-

tation of a semi-rigid open, saddle-shaped annuloplasty ring. (B) Calcification of the posterior annulus. The patient underwent treatment

that included resection of the calcifications, neochordae implantation on the P2 scallop, triangular resection of the P3 scallop, annulus

reconstruction, and implantation of a semi-rigid, closed annuloplasty ring. (C) Calcification of the P1 scallop. The patient underwent

resection of the calcification, neochordae implantation on the P2 scallop, and implantation of a semi-rigid, closed annuloplasty ring.

MAC, mitral annulus calcification.

Strategies to address MV surgery in patients with
MAC are categorized into two different approaches: the
“resect approach” and the “respect approach” [73,78],
which are undertaken both in the setting of MIS and me-
dian sternotomy.

The “resect approach” involves the decalcification of
the annulus and its subsequent reconstruction. This ap-
proach is mainly used in the context of MVr [73], but can
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also be conducted as a first step before MVR. Debridement
of calcium before MVR may allow an easier placement of
sutures, a more “natural” appearance of the prosthetic valve
for size and position, and a lower risk of paravalvular leaks.
However, the “resect approach” is technically challenging
and carries the risk of atrioventricular disruption [73] when
an excessive debridement of the calcified annulus is per-
formed. Atrioventricular disruption is a catastrophic com-
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plication that represents the “worst-case-scenario” during
MI-MVr and eventually requires conversion to sternotomy
to be successfully treated.

The “respect approach” avoids annular decalcification
and allows for simpler and shorter surgery with a lower risk
of atrioventricular groove disruption. Nonetheless, the “re-
spect approach” is more likely to lead to paravalvular leaks
and injuries to the circumflex artery, conduction system,
and coronary sinus [73-75,79].

Most patients with non-severe MAC benefit from cal-
cium debridement, annular reconstruction, and MVr. How-
ever, in the presence of a severe MAC, with the involve-
ment of more than one-third of the annular circumference
[80], MVR with a “respect approach” is usually preferred.
A “resect approach” followed by MVR in the context of
severe MAC has, however, been proposed by multiple au-
thors, utilizing ultrasonic debridement of calcifications be-
fore MVR [81-84].

The “resect approach” in the context of MVr has been
proposed by Carpentier ef al. [80], who performed an an-
nulus decalcification followed by reconstruction in a popu-
lation of 68 patients, with a successful repair in 67 patients.

Feindel et al. [85] proposed a debridement of annu-
lar calcification followed by the creation of a new annulus
through a pericardial patch in 54 patients, with a 5-year sur-
vival rate of 73% (£ 7%) and a 5-year freedom from reop-
eration rate of 89% (4 6%). Survival rate at 7 years was
93.1% (% 7.5%) and freedom from reoperation at 9 years
of 87.1% (£ 16.7%).

Multiple authors have performed the “respect ap-
proach” in the setting of MVR. Akansel ef al. [78] con-
ducted MI-MVr in a patient with noncircumferential mod-
erate MAC performing MVr with a “respect approach”.
Akansel et al. [78] avoided manipulation of the MAC and
conducted a repair with neochordae loops implantation and
positioning of a posterior band cut in its midpoint to pre-
vent the MAC zone of the annulus. MI-MVr with partial
annuloplasty can be safely performed in patients with non-
circumferential MAC, avoiding calcium debridement [78].

3. Conclusions

MI-MVr represents an excellent surgical option in
complex MVD, such as endocarditis, MAC, and MAD with
myxomatous degeneration of the MV. When performed
in high-volume centers by experienced surgeons, this ap-
proach offers a fast recovery and higher patient comfort
without compromising surgical efficacy or patient safety.
Therefore, careful patient selection, proper surgeon train-
ing, and high-volume centers with specific expertise in min-
imally invasive mitral surgery are key elements in achieving
optimal outcomes in these challenging cases.

4. Limitations

This narrative review is based on the currently pub-
lished literature, which primarily consists of observational
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and comparative studies. Additionally, as a narrative re-
view, this paper does not include a quantitative synthesis
or meta-analysis. These factors represent inherent limita-
tions that may affect the strength and generalizability of the
conclusions.

Abbreviations

IE, Infective Endocarditis; MAC, Mitral Annulus Cal-
cification; MAD, Mitral Annulus Disjunction; MI-MVr,
Minimally Invasive Mitral Valve Repair; MI-MVS, Mini-
mally Invasive Mitral Valve Surgery; MIS, Minimally Inva-
sive Surgery; MR, Mitral Regurgitation; MV, Mitral Valve;
MVD, Mitral Valve Disease; MVIE, Mitral Valve Infec-
tive Endocarditis; MVP, Mitral Valve Prolapse; MVr, Mi-
tral Valve Repair; MVR, Mitral Valve Replacement; SAM,
Systolic Anterior Movement; SCD, Sudden Cardiac Death.

Author Contributions

Conceptualization: all authors; methodology: MD,
LP; validation: MD, LP, MM, EM, DG, SJ, VK, JK, MK,
SA; investigation: MD, LP, MM, EM, DG, SJ, VK, JK,
MK, SA; resources: MD, LP, MM, EM, DG, SJ, VK, JK,
MK, SA; original draft preparation: MD, LP; writing re-
view and editing: MD, LP, MM, EM, DG, SJ, VK, JK, MK,
SA; visualization: MD, LP, MM, EM, DG, SJ, VK, JK,
MK, SA; supervision: MD, LP, MM, EM, DG, SJ, VK, JK,
MK, SA; project administration: MD, LP, MM, EM, DG,
SJ, VK, JK, MK, SA; funding acquisition: not required. All
authors read and approved the final manuscript. All authors
have participated sufficiently in the work and agreed to be
accountable for all aspects of the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Nkomo VT, Gardin JM, Skelton TN, Gottdiener JS, Scott
CG, Enriquez-Sarano M. Burden of valvular heart diseases: a
population-based study. Lancet (London, England). 2006; 368:
1005-1011. https://doi.org/10.1016/S0140-6736(06)69208-8.

[2] Van Praet KM, Kempfert J, Jacobs S, Stamm C, Akansel S,
Kofler M, et al. Mitral valve surgery: current status and future
prospects of the minimally invasive approach. Expert Review of
Medical Devices. 2021; 18: 245-260. https://doi.org/10.1080/
17434440.2021.1894925.

[3] Kempfert J, Blumenstein JM, Borger MA, Linke A, Lehmann

11


https://doi.org/10.1016/S0140-6736(06)69208-8
https://doi.org/10.1080/17434440.2021.1894925
https://doi.org/10.1080/17434440.2021.1894925
https://www.imrpress.com

(4]

[3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

12

S, Pritzwald-Stegmann P, ef al. Minimally invasive off-pump
valve-in-a-valve implantation: the atrial transcatheter approach
for re-operative mitral valve replacement. European Heart Jour-
nal. 2008; 29: 2382-2387. https://doi.org/10.1093/eurheartj/eh
n285.

Van Praet KM, Stamm C, Siindermann SH, Meyer A, Unbe-
haun A, Montagner M, ef al. Minimally Invasive Surgical Mi-
tral Valve Repair: State of the Art Review. Interventional Cardi-
ology (London, England). 2018; 13: 14-19. https://doi.org/10.
15420/icr.2017:30:1.

Tung B, Baron G, Butchart EG, Delahaye F, Gohlke-Béarwolf C,
Levang OW, et al. A prospective survey of patients with valvu-
lar heart disease in Europe: The Euro Heart Survey on Valvular
Heart Disease. European Heart Journal. 2003; 24: 1231-1243.
https://doi.org/10.1016/s0195-668x(03)00201-x.

Stindermann SH, Seeburger J, Scherman J, Mohr FW, Falk V.
Innovations in minimally invasive mitral valve pair. Surgical
Technology International. 2012; 22: 207-212.

Anyanwu AC, Adams DH. Etiologic classification of degenera-
tive mitral valve disease: Barlow’s disease and fibroelastic defi-
ciency. Seminars in Thoracic and Cardiovascular Surgery. 2007
19: 90-96. https://doi.org/10.1053/j.semtcvs.2007.04.002.
Silbiger JJ. Anatomy, mechanics, and pathophysiology of the
mitral annulus. American Heart Journal. 2012; 164: 163-176.
https://doi.org/10.1016/j.ahj.2012.05.014.

Zoghbi WA, Levine RA, Flachskampf F, Grayburn P, Gillam L,
Leipsic J, et al. Atrial Functional Mitral Regurgitation: A JACC:
Cardiovascular Imaging Expert Panel Viewpoint. JACC. Car-
diovascular Imaging. 2022; 15: 1870-1882. https://doi.org/10.
1016/j.jemg.2022.08.016.

Milwidsky A, Mathai SV, Topilsky Y, Jorde UP. Medical Ther-
apy for Functional Mitral Regurgitation. Circulation. Heart Fail-
ure. 2022; 15: €009689. https://doi.org/10.1161/CIRCHEARTF
AILURE.122.009689.

Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S,
Bauersachs J, et al. 2021 ESC/EACTS Guidelines for the man-
agement of valvular heart disease. European Heart Journal.
2022; 43: 561-632. https://doi.org/10.1093/eurheartj/ehab395.
Stindermann SH, Falk V, Jacobs S. Mitral valve reconstruction -
timing, surgical techniques and results. Swiss Medical Weekly.
2012; 142: w13715. https://doi.org/10.4414/smw.2012.13715.
David TE, Ivanov J, Armstrong S, Christie D, Rakowski H. A
comparison of outcomes of mitral valve repair for degenerative
disease with posterior, anterior, and bileaflet prolapse. The Jour-
nal of Thoracic and Cardiovascular Surgery. 2005; 130: 1242—
1249. https://doi.org/10.1016/j.jtcvs.2005.06.046.

Gillinov AM, Cosgrove DM, Blackstone EH, Diaz R, Arnold
JH, Lytle BW, et al. Durability of mitral valve repair for de-
generative disease. The Journal of Thoracic and Cardiovas-
cular Surgery. 1998; 116: 734-743. https://doi.org/10.1016/
S0022-5223(98)00450-4.

Suri RM, Schaff HV, Dearani JA, Sundt TM, 3rd, Daly RC,
Mullany CJ, et al. Survival advantage and improved durabil-
ity of mitral repair for leaflet prolapse subsets in the current
era. The Annals of Thoracic Surgery. 2006; 82: 819—826. https:
//doi.org/10.1016/j.athoracsur.2006.03.091.

David TE, Armstrong S, McCrindle BW, Manlhiot C. Late out-
comes of mitral valve repair for mitral regurgitation due to de-
generative disease. Circulation. 2013; 127: 1485-1492. https:
//doi.org/10.1161/CIRCULATIONAHA.112.000699.
Spiegelstein D, Ghosh P, Sternik L, Tager S, Shinfeld A, Raanani
E. Current strategies of mitral valve repair. The Isracl Medical
Association Journal: IMAJ. 2007; 9: 303-309.

Kempfert J, Kofler M, Falk V, Siindermann SH. Minimally in-
vasive endoscopic mitral valve repair-the new gold standard for
degenerative mitral valve disease. European Journal of Cardio-
thoracic Surgery: Official Journal of the European Association

[19

—

[20

—

[21

—

[22

—

[23

—

[24]

[25

—

[26]

[27

—

[28

[l

[29

—

[30

-

[31

—

for Cardio-thoracic Surgery. 2022; 61: 645-646. https://doi.org/
10.1093/ejcts/ezab568.

Goecke S, Pitts L, Dini M, Montagner M, Wert L, Akansel S, et
al. Enhanced Recovery After Cardiac Surgery for Minimally In-
vasive Valve Surgery: A Systematic Review of Key Elements
and Advancements. Medicina (Kaunas, Lithuania). 2025; 61:
495. https://doi.org/10.3390/medicina61030495.

Pitts L, Dini M, Goecke S, Kofler M, Ott S, Stoppe C, et al.
Enhanced recovery after minimally invasive cardiac surgery fol-
lowing a zero ICU concept-a propensity score-matched analysis.
European Journal of Cardio-thoracic Surgery: Official Journal
of the European Association for Cardio-thoracic Surgery. 2024;
66: ezae439. https://doi.org/10.1093/ejcts/ezae439.

Seeburger J, Borger MA, Falk V, Kuntze T, Czesla M, Walther
T, et al. Minimal invasive mitral valve repair for mitral regurgi-
tation: results of 1339 consecutive patients. European Journal
of Cardio-thoracic Surgery: Official Journal of the European
Association for Cardio-thoracic Surgery. 2008; 34: 760-765.
https://doi.org/10.1016/j.€jcts.2008.05.015.

Holzhey DM, Seeburger J, Misfeld M, Borger MA, Mohr FW.
Learning minimally invasive mitral valve surgery: a cumulative
sum sequential probability analysis of 3895 operations from a
single high-volume center. Circulation. 2013; 128: 483—491. ht
tps://doi.org/10.1161/CIRCULATIONAHA.112.001402.
Gillinov AM, Tantiwongkosri K, Blackstone EH, Houghtaling
PL, Nowicki ER, Sabik JF, 3rd, et al. Is prosthetic anuloplasty
necessary for durable mitral valve repair? The Annals of Tho-
racic Surgery. 2009; 88: 76-82. https://doi.org/10.1016/j.athora
csur.2009.03.089.

Bax JJ, Braun J, Somer ST, Klautz R, Holman ER, Versteegh
MIM, et al. Restrictive annuloplasty and coronary revascular-
ization in ischemic mitral regurgitation results in reverse left
ventricular remodeling. Circulation. 2004; 110: 1I1103-11108.
https://doi.org/10.1161/01.CIR.0000138196.06772.4e.

Van Praet KM, Kofler M, Akansel S, Montagner M, Meyer A,
Stindermann SH, et al. Periareolar endoscopic minimally in-
vasive cardiac surgery: postoperative scar assessment analy-
sis. Interactive Cardiovascular and Thoracic Surgery. 2022; 35:
ivac200. https://doi.org/10.1093/icvts/ivac200.

Stindermann SH, Sromicki J, Rodriguez Cetina Biefer H, Seifert
B, Holubec T, Falk V, et al. Mitral valve surgery: right lateral
minithoracotomy or sternotomy? A systematic review and meta-
analysis. The Journal of Thoracic and Cardiovascular Surgery.
2014; 148: 1989-1995.e4. https://doi.org/10.1016/j.jtcvs.2014.
01.046.

Davierwala PM, Seeburger J, Pfannmueller B, Garbade J, Mis-
feld M, Borger MA, et al. Minimally invasive mitral valve
surgery: “The Leipzig experience”. Annals of Cardiotho-
racic Surgery. 2013; 2: 744-750. https://doi.org/10.3978/j.issn
.2225-319X.2013.10.14.

McClure RS, Athanasopoulos LV, McGurk S, Davidson MJ,
Couper GS, Cohn LH. One thousand minimally invasive mitral
valve operations: early outcomes, late outcomes, and echocar-
diographic follow-up. The Journal of Thoracic and Cardiovas-
cular Surgery. 2013; 145: 1199-1206. https://doi.org/10.1016/j.
jtevs.2012.12.070.

Galloway AC, Schwartz CF, Ribakove GH, Crooke GA, Gogo-
ladze G, Ursomanno P, et al. A decade of minimally inva-
sive mitral repair: long-term outcomes. The Annals of Thoracic
Surgery. 2009; 88: 1180—1184. https://doi.org/10.1016/j.athora
csur.2009.05.023.

Glauber M, Miceli A, Canarutto D, Lio A, Murzi M, Gilmanov
D, et al. Early and long-term outcomes of minimally invasive
mitral valve surgery through right minithoracotomy: a 10-year
experience in 1604 patients. Journal of Cardiothoracic Surgery.
2015; 10: 181. https://doi.org/10.1186/s13019-015-0390-y.
Moscarelli M, Di Bari N, Fattouch K, Brigiani MS, Bonifazi R,

&% IMR Press


https://doi.org/10.1093/eurheartj/ehn285
https://doi.org/10.1093/eurheartj/ehn285
https://doi.org/10.15420/icr.2017:30:1
https://doi.org/10.15420/icr.2017:30:1
https://doi.org/10.1016/s0195-668x(03)00201-x
https://doi.org/10.1053/j.semtcvs.2007.04.002
https://doi.org/10.1016/j.ahj.2012.05.014
https://doi.org/10.1016/j.jcmg.2022.08.016
https://doi.org/10.1016/j.jcmg.2022.08.016
https://doi.org/10.1161/CIRCHEARTFAILURE.122.009689
https://doi.org/10.1161/CIRCHEARTFAILURE.122.009689
https://doi.org/10.1093/eurheartj/ehab395
https://doi.org/10.4414/smw.2012.13715
https://doi.org/10.1016/j.jtcvs.2005.06.046
https://doi.org/10.1016/S0022-5223(98)00450-4
https://doi.org/10.1016/S0022-5223(98)00450-4
https://doi.org/10.1016/j.athoracsur.2006.03.091
https://doi.org/10.1016/j.athoracsur.2006.03.091
https://doi.org/10.1161/CIRCULATIONAHA.112.000699
https://doi.org/10.1161/CIRCULATIONAHA.112.000699
https://doi.org/10.1093/ejcts/ezab568
https://doi.org/10.1093/ejcts/ezab568
https://doi.org/10.3390/medicina61030495
https://doi.org/10.1093/ejcts/ezae439
https://doi.org/10.1016/j.ejcts.2008.05.015
https://doi.org/10.1161/CIRCULATIONAHA.112.001402
https://doi.org/10.1161/CIRCULATIONAHA.112.001402
https://doi.org/10.1016/j.athoracsur.2009.03.089
https://doi.org/10.1016/j.athoracsur.2009.03.089
https://doi.org/10.1161/01.CIR.0000138196.06772.4e
https://doi.org/10.1093/icvts/ivac200
https://doi.org/10.1016/j.jtcvs.2014.01.046
https://doi.org/10.1016/j.jtcvs.2014.01.046
https://doi.org/10.3978/j.issn.2225-319X.2013.10.14
https://doi.org/10.3978/j.issn.2225-319X.2013.10.14
https://doi.org/10.1016/j.jtcvs.2012.12.070
https://doi.org/10.1016/j.jtcvs.2012.12.070
https://doi.org/10.1016/j.athoracsur.2009.05.023
https://doi.org/10.1016/j.athoracsur.2009.05.023
https://doi.org/10.1186/s13019-015-0390-y
https://www.imrpress.com

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Nasso G, et al. Minimally Invasive Mitral Valve Repair for Stan-
dalone Secondary Mitral Regurgitation. Heart, Lung & Circula-
tion. 2021; 30: 431-437. https://doi.org/10.1016/j.h1c.2020.08.
002.

D’Alfonso A, Capestro F, Zingaro C, Matteucci S, Rescigno G,
Torracca L. Ten years’ follow-up of single-surgeon minimally
invasive reparative surgery for degenerative mitral valve dis-
ease. Innovations (Philadelphia, Pa.). 2012; 7: 270-273. https:
//doi.org/10.1097/IMI.0b013e31826f7ac4.

Hutchins GM, Moore GW, Skoog DK. The association of floppy
mitral valve with disjunction of the mitral annulus fibrosus. The
New England Journal of Medicine. 1986; 314: 535-540. https:
//doi.org/10.1056/NEJM198602273140902.

Dejgaard LA, Skjelsvik ET, Lie @H, Ribe M, Stokke MK, Heg-
bom F, et al. The Mitral Annulus Disjunction Arrhythmic Syn-
drome. Journal of the American College of Cardiology. 2018;
72: 1600-1609. https://doi.org/10.1016/j.jacc.2018.07.070.
Perazzolo Marra M, Basso C, De Lazzari M, Rizzo S, Cipriani A,
Giorgi B, et al. Morphofunctional Abnormalities of Mitral An-
nulus and Arrhythmic Mitral Valve Prolapse. Circulation. Car-
diovascular Imaging. 2016; 9: €005030. https://doi.org/10.1161/
CIRCIMAGING.116.005030.

Basso C, Perazzolo Marra M, Rizzo S, De Lazzari M, Giorgi B,
Cipriani A, et al. Arrhythmic Mitral Valve Prolapse and Sudden
Cardiac Death. Circulation. 2015; 132: 556-566. https://doi.or
2/10.1161/CIRCULATIONAHA.115.016291.

Nishimura RA, McGoon MD, Shub C, Miller FA, Jr, Ilstrup DM,
Tajik AJ. Echocardiographically documented mitral-valve pro-
lapse. Long-term follow-up of 237 patients. The New England
Journal of Medicine. 1985; 313: 1305-1309. https://doi.org/10.
1056/NEJM198511213132101.

Carmo P, Andrade MJ, Aguiar C, Rodrigues R, Gouveia R,
Silva JA. Mitral annular disjunction in myxomatous mitral valve
disease: a relevant abnormality recognizable by transthoracic
echocardiography. Cardiovascular Ultrasound. 2010; 8: 53. ht
tps://doi.org/10.1186/1476-7120-8-53.

Vohra J, Sathe S, Warren R, Tatoulis J, Hunt D. Malignant
ventricular arrhythmias in patients with mitral valve prolapse
and mild mitral regurgitation. Pacing and Clinical Electrophys-
iology: PACE. 1993; 16: 387-393. https://doi.org/10.1111/j.
1540-8159.1993.tb01599.x.

Sriram CS, Syed FF, Ferguson ME, Johnson JN, Enriquez-
Sarano M, Cetta F, et al. Malignant bileaflet mitral valve pro-
lapse syndrome in patients with otherwise idiopathic out-of-
hospital cardiac arrest. Journal of the American College of
Cardiology. 2013; 62: 222-230. https://doi.org/10.1016/j.jacc
.2013.02.060.

Pocock WA, Barlow JB, Marcus RH, Barlow CW. Mitral valvu-
loplasty for life-threatening ventricular arrhythmias in mitral
valve prolapse. American Heart Journal. 1991; 121: 199-202.
https://doi.org/10.1016/0002-8703(91)90976-0.

Abbadi DR, Purbey R, Poornima IG. Mitral valve repair is an
effective treatment for ventricular arrhythmias in mitral valve
prolapse syndrome. International Journal of Cardiology. 2014;
177: e16—e18. https://doi.org/10.1016/j.ijcard.2014.07.174.
Vaidya VR, DeSimone CV, Damle N, Naksuk N, Syed FF, Ack-
erman MJ, et al. Reduction in malignant ventricular arrhyth-
mia and appropriate shocks following surgical correction of
bileaflet mitral valve prolapse. Journal of Interventional Car-
diac Electrophysiology: an International Journal of Arrhyth-
mias and Pacing. 2016; 46: 137-143. https://doi.org/10.1007/
s10840-015-0090-5.

Eriksson MJ, Bitkover CY, Omran AS, David TE, Ivanov J, Ali
MJ, et al. Mitral annular disjunction in advanced myxomatous
mitral valve disease: echocardiographic detection and surgical
correction. Journal of the American Society of Echocardiogra-
phy: Official Publication of the American Society of Echocar-

&% IMR Press

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

diography. 2005; 18: 1014—1022. https://doi.org/10.1016/j.echo
.2005.06.013.

Newcomb AE, David TE, Lad VS, Bobiarski J, Armstrong S,
Maganti M. Mitral valve repair for advanced myxomatous de-
generation with posterior displacement of the mitral annulus.
The Journal of Thoracic and Cardiovascular Surgery. 2008; 136:
1503-1509. https://doi.org/10.1016/].jtcvs.2008.05.059.
Borger MA, Mohr FW. Repair of bileaflet prolapse in Barlow
syndrome. Seminars in Thoracic and Cardiovascular Surgery.
2010; 22: 174-178. https://doi.org/10.1053/j.semtcvs.2010.09.
006.

Maisano F, Schreuder JJ, Oppizzi M, Fiorani B, Fino C, Al-
fieri O. The double-orifice technique as a standardized ap-
proach to treat mitral regurgitation due to severe myxoma-
tous disease: surgical technique. European Journal of Cardio-
thoracic Surgery: Official Journal of the European Association
for Cardio-thoracic Surgery. 2000; 17: 201-205. https://doi.org/
10.1016/s1010-7940(00)00351-1.

Jebara VA, Mihaileanu S, Acar C, Brizard C, Grare P, La-
tremouille C, et al. Left ventricular outflow tract obstruction af-
ter mitral valve repair. Results of the sliding leaflet technique.
Circulation. 1993; 88: I130-1134.

Adams DH, Anyanwu AC, Rahmanian PB, Abascal V, Salzberg
SP, Filsoufi F. Large annuloplasty rings facilitate mitral valve re-
pair in Barlow’s disease. The Annals of Thoracic Surgery. 2006;
82: 2096-100; discussion 2101. https://doi.org/10.1016/j.athora
csur.2006.06.043.

Moscarelli M, Fattouch K, Gaudino M, Nasso G, Paparella D,
Punjabi P, er al. Minimal Access Versus Sternotomy for Com-
plex Mitral Valve Repair: A Meta-Analysis. The Annals of Tho-
racic Surgery. 2020; 109: 737-744. https://doi.org/10.1016/j.at
horacsur.2019.07.034.

Borger MA, Kaeding AF, Seeburger J, Melnitchouk S, Hoebart-
ner M, Winkfein M, ef al. Minimally invasive mitral valve repair
in Barlow’s disease: early and long-term results. The Journal of
Thoracic and Cardiovascular Surgery. 2014; 148: 1379-1385.
https://doi.org/10.1016/].jtcvs.2013.11.030.

Speziale G, Nasso G, Esposito G, Conte M, Greco E, Fat-
touch K, et al. Results of mitral valve repair for Barlow dis-
ease (bileaflet prolapse) via right minithoracotomy versus con-
ventional median sternotomy: a randomized trial. The Journal
of Thoracic and Cardiovascular Surgery. 2011; 142: 77-83.
https://doi.org/10.1016/].jtcvs.2010.08.033.

Melnitchouk SI, Seeburger J, Kaeding AF, Misfeld M, Mohr
FW, Borger MA. Barlow’s mitral valve disease: results of con-
ventional and minimally invasive repair approaches. Annals of
Cardiothoracic Surgery. 2013; 2: 768-773. https://doi.org/10.
3978/j.1ssn.2225-319X.2013.10.07.

Lapenna E, Torracca L, De Bonis M, La Canna G, Crescenzi G,
Alfieri O. Minimally invasive mitral valve repair in the context
of Barlow’s disease. The Annals of Thoracic Surgery. 2005; 79:
1496—-1499. https://doi.org/10.1016/j.athoracsur.2004.10.032.
Quigley RL. Prevention of systolic anterior motion after re-
pair of the severely myxomatous mitral valve with an anterior
leaflet valvuloplasty. The Annals of Thoracic Surgery. 2005;
80: 179-82; discussion 182. https://doi.org/10.1016/j.athoracs
ur.2005.01.066.

Barlow CW, Ali ZA, Lim E, Barlow JB, Wells FC. Modified
technique for mitral repair without ring annuloplasty. The An-
nals of Thoracic Surgery. 2003; 75: 298-300. https://doi.org/10.
1016/s0003-4975(02)03924-3.

Lawrie GM, Earle EA, Earle NR. Nonresectional repair of the
barlow mitral valve: importance of dynamic annular evaluation.
The Annals of Thoracic Surgery. 2009; 88: 1191-1196. https:
//doi.org/10.1016/j.athoracsur.2009.05.086.

Ben Zekry S, Spiegelstein D, Sternik L, Lev I, Kogan A, Ku-
perstein R, et al. Simple repair approach for mitral regurgitation

13


https://doi.org/10.1016/j.hlc.2020.08.002
https://doi.org/10.1016/j.hlc.2020.08.002
https://doi.org/10.1097/IMI.0b013e31826f7ac4
https://doi.org/10.1097/IMI.0b013e31826f7ac4
https://doi.org/10.1056/NEJM198602273140902
https://doi.org/10.1056/NEJM198602273140902
https://doi.org/10.1016/j.jacc.2018.07.070
https://doi.org/10.1161/CIRCIMAGING.116.005030
https://doi.org/10.1161/CIRCIMAGING.116.005030
https://doi.org/10.1161/CIRCULATIONAHA.115.016291
https://doi.org/10.1161/CIRCULATIONAHA.115.016291
https://doi.org/10.1056/NEJM198511213132101
https://doi.org/10.1056/NEJM198511213132101
https://doi.org/10.1186/1476-7120-8-53
https://doi.org/10.1186/1476-7120-8-53
https://doi.org/10.1111/j.1540-8159.1993.tb01599.x
https://doi.org/10.1111/j.1540-8159.1993.tb01599.x
https://doi.org/10.1016/j.jacc.2013.02.060
https://doi.org/10.1016/j.jacc.2013.02.060
https://doi.org/10.1016/0002-8703(91)90976-o
https://doi.org/10.1016/j.ijcard.2014.07.174
https://doi.org/10.1007/s10840-015-0090-5
https://doi.org/10.1007/s10840-015-0090-5
https://doi.org/10.1016/j.echo.2005.06.013
https://doi.org/10.1016/j.echo.2005.06.013
https://doi.org/10.1016/j.jtcvs.2008.05.059
https://doi.org/10.1053/j.semtcvs.2010.09.006
https://doi.org/10.1053/j.semtcvs.2010.09.006
https://doi.org/10.1016/s1010-7940(00)00351-1
https://doi.org/10.1016/s1010-7940(00)00351-1
https://doi.org/10.1016/j.athoracsur.2006.06.043
https://doi.org/10.1016/j.athoracsur.2006.06.043
https://doi.org/10.1016/j.athoracsur.2019.07.034
https://doi.org/10.1016/j.athoracsur.2019.07.034
https://doi.org/10.1016/j.jtcvs.2013.11.030
https://doi.org/10.1016/j.jtcvs.2010.08.033
https://doi.org/10.3978/j.issn.2225-319X.2013.10.07
https://doi.org/10.3978/j.issn.2225-319X.2013.10.07
https://doi.org/10.1016/j.athoracsur.2004.10.032
https://doi.org/10.1016/j.athoracsur.2005.01.066
https://doi.org/10.1016/j.athoracsur.2005.01.066
https://doi.org/10.1016/s0003-4975(02)03924-3
https://doi.org/10.1016/s0003-4975(02)03924-3
https://doi.org/10.1016/j.athoracsur.2009.05.086
https://doi.org/10.1016/j.athoracsur.2009.05.086
https://www.imrpress.com

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

14

in Barlow disease. The Journal of Thoracic and Cardiovascular
Surgery. 2015; 150: 1071-7.el. https://doi.org/10.1016/j.jtcvs.
2015.08.023.

Miura T, Ariyoshi T, Tanigawa K, Matsukuma S, Yokose S,
Sumi M, et al. Technical aspects of mitral valve repair in Bar-
low’s valve with prolapse of both leaflets: triangular resection
for excess tissue, sophisticated chordal replacement, and their
combination (the restoration technique). General Thoracic and
Cardiovascular Surgery. 2015; 63: 61-70. https://doi.org/10.
1007/s11748-014-0492-9.

Fasol R, Mahdjoobian K. Repair of mitral valve billowing
and prolapse (Barlow): the surgical technique. The Annals of
Thoracic Surgery. 2002; 74: 602—605. https://doi.org/10.1016/
s0003-4975(02)03605-6.

da Rocha E Silva JG, Spampinato R, Misfeld M, Seeburger J,
Pfanmiiller B, Eifert S, et al. Barlow’s Mitral Valve Disease: A
Comparison of Neochordal (Loop) and Edge-To-Edge (Alfieri)
Minimally Invasive Repair Techniques. The Annals of Thoracic
Surgery. 2015; 100: 2127-2133; discussion 2133-2135. https:
//doi.org/10.1016/j.athoracsur.2015.05.097.

Muneretto C, Bisleri G, Bagozzi L, Repossini A, Berlinghieri
N, Chiari E. Results of minimally invasive, video-assisted mi-
tral valve repair in advanced Barlow’s disease with bileaflet
prolapse. European Journal of Cardio-thoracic Surgery: Offi-
cial Journal of the European Association for Cardio-thoracic
Surgery. 2015; 47: 46-50; discussion 50-51. https://doi.org/10.
1093/ejcts/ezul 66.

Momtazmanesh S, Saeedi Moghaddam S, Malakan Rad E,
Azadnajafabad S, Ebrahimi N, Mohammadi E, ef al. Global, re-
gional, and national burden and quality of care index of endo-
carditis: the global burden of disease study 1990-2019. Euro-
pean Journal of Preventive Cardiology. 2022; 29: 1287-1297.
https://doi.org/10.1093/eurjpc/zwab211.

Delgado V, Ajmone Marsan N, de Waha S, Bonaros N, Brida
M, Burri H, et al. 2023 ESC Guidelines for the management of
endocarditis. European Heart Journal. 2023; 44: 3948-4042. ht
tps://doi.org/10.1093/eurheartj/chad193.

Muehrcke DD, Cosgrove DM, 3rd, Lytle BW, Taylor PC, Burgar
AM, Durnwald CP, ef al. Is there an advantage to repairing in-
fected mitral valves? The Annals of Thoracic Surgery. 1997; 63:
1718-1724. https://doi.org/10.1016/s0003-4975(97)00271-3.
Van Praet KM, Kofler M, Siindermann SH, Montagner M, Heck
R, Starck C, et al. Minimally invasive approach for infective mi-
tral valve endocarditis. Annals of Cardiothoracic Surgery. 2019;
8: 702-704. https://doi.org/10.21037/acs.2019.07.01.
Folkmann S, Seeburger J, Garbade J, Schon U, Misfeld M,
Mohr FW, et al. Minimally Invasive Mitral Valve Surgery for
Mitral Valve Infective Endocarditis. The Thoracic and Cardio-
vascular Surgeon. 2018; 66: 525-529. https://doi.org/10.1055/
s-0037-1604206.

Barbero C, Marchetto G, Ricci D, Mancuso S, Boffini M, Cec-
chi E, et al. Minimal access surgery for mitral valve endocardi-
tis. Interactive Cardiovascular and Thoracic Surgery. 2017; 25:
241-245. https://doi.org/10.1093/icvts/ivx088.

FleiBner F, Salman J, Naqizadah J, Avsar M, Meier J, Warnecke
G, et al. Minimally Invasive Surgery in Mitral Valve Endocardi-
tis. The Thoracic and Cardiovascular Surgeon. 2019; 67: 637—
643. https://doi.org/10.1055/s-0038-1675342.

Franz M, Aburahma K, Tus F, Ali-Hasan-Al-Saegh S, Boethig D,
Hertel N, ef al. Minimally Invasive Surgery through Right Mini-
Thoracotomy for Mitral Valve Infective Endocarditis: Con-
traindicated or Safely Possible? Journal of Clinical Medicine.
2024; 13: 4182. https://doi.org/10.3390/jcm13144182.

Kofler M, Van Praet KM, Schambach J, Akansel S, Stindermann
S, Schénrath F, ef al. Minimally invasive surgery versus ster-

[72

—

[73

—

[74

[l

[75

—

[76]

[77

—

[78

[l

[79

—

[80

-

[81

—

[82

—

[83]

[84

[l

[85

—

notomy in native mitral valve endocarditis: a matched compari-

son. European Journal of Cardio-thoracic Surgery: Official Jour-
nal of the European Association for Cardio-thoracic Surgery.

2021; 61: 189—194. https://doi.org/10.1093/ejcts/ezab364.
Abramowitz Y, Jilathawi H, Chakravarty T, Mack MJ, Makkar
RR. Mitral Annulus Calcification. Journal of the American Col-
lege of Cardiology. 2015; 66: 1934-1941. https://doi.org/10.
1016/j.jacc.2015.08.872.

Bedeir K, Kaneko T, Aranki S. Current and evolving strate-
gies in the management of severe mitral annular calcification.
The Journal of Thoracic and Cardiovascular Surgery. 2019; 157:
555-566. https://doi.org/10.1016/j.jtcvs.2018.05.099.
Salhiyyah K, Kattach H, Ashoub A, Patrick D, Miskolczi S,
Tsang G, et al. Mitral valve replacement in severely calcified
mitral valve annulus: a 10-year experience. European Journal
of Cardio-thoracic Surgery: Official Journal of the European
Association for Cardio-thoracic Surgery. 2017; 52: 440-444.
https://doi.org/10.1093/ejcts/ezx086.

Wisneski AD, Hamilton B, Nguyen TC. Minimally invasive
treatment of mitral valve disease with severe mitral annu-
lar calcification: Meeting paper for Mitral Conclave 2022.
JTCVS Techniques. 2022; 18: 44-50. https://doi.org/10.1016/
j-xjtc.2022.11.008.

Fox CS, Vasan RS, Parise H, Levy D, O’Donnell CJ, D’ Agostino
RB, et al. Mitral annular calcification predicts cardiovascular
morbidity and mortality: the Framingham Heart Study. Circu-
lation. 2003; 107: 1492-1496. https://doi.org/10.1161/01.cir.
0000058168.26163.bc.

Okada Y. Surgical management of mitral annular calcification.
General Thoracic and Cardiovascular Surgery. 2013; 61: 619—
625. https://doi.org/10.1007/s11748-013-0207-7.

Akansel S, Kofler M, Siindermann SH, Van Pract KM, Falk V,
Kempfert J. Partial ring annuloplasty in the management of mi-
tral annular calcification. Journal of Cardiac Surgery. 2022; 37:
1749-1752. https://doi.org/10.1111/jocs.16439.

Pizano A, Hirji SA, Nguyen TC. Severe Mitral Annular Cal-
cification and Mitral Valve Surgery: An Algorithmic Ap-
proach to Management. Seminars in Thoracic and Cardiovas-
cular Surgery. 2020; 32: 630-634. https://doi.org/10.1053/j.se
mtcvs.2020.05.021.

Carpentier AF, Pellerin M, Fuzellier JF, Relland JY. Exten-
sive calcification of the mitral valve anulus: pathology and sur-
gical management. The Journal of Thoracic and Cardiovascu-
lar Surgery. 1996; 111: 718-729; discussion 729-730. https:
//doi.org/10.1016/s0022-5223(96)70332-x.

Brescia AA, Rosenbloom LM, Watt TMF, Bergquist CS,
Williams AM, Murray SL, et al. Ultrasonic Emulsification of Se-
vere Mitral Annular Calcification During Mitral Valve Replace-
ment. The Annals of Thoracic Surgery. 2022; 113: 2092-2096.
https://doi.org/10.1016/j.athoracsur.2021.11.066.

Vander Salm TJ. Mitral annular calcification: a new technique
for valve replacement. The Annals of Thoracic Surgery. 1989;
48: 437-439. https://doi.org/10.1016/s0003-4975(10)62878-0.
Unal M, Sanisoglu I, Konuralp C, Akay H, Orhan G, Aydogan
H, et al. Ultrasonic decalcification of calcified valve and annulus
during heart valve replacement. Texas Heart Institute Journal.
1996; 23: 85-87.

Baumgartner FJ, Pandya A, Omari BO, Pandya A, Turner C,
Milliken JC, et al. Ultrasonic debridement of mitral calcifica-
tion. Journal of Cardiac Surgery. 1997; 12: 240-242. https:
//doi.org/10.1111/j.1540-8191.1997.tb00133 x.

Feindel CM, Tufail Z, David TE, Ivanov J, Armstrong S. Mi-
tral valve surgery in patients with extensive calcification of
the mitral annulus. The Journal of Thoracic and Cardiovas-
cular Surgery. 2003; 126: 777-782. https://doi.org/10.1016/
s0022-5223(03)00081-3.

&% IMR Press


https://doi.org/10.1016/j.jtcvs.2015.08.023
https://doi.org/10.1016/j.jtcvs.2015.08.023
https://doi.org/10.1007/s11748-014-0492-9
https://doi.org/10.1007/s11748-014-0492-9
https://doi.org/10.1016/s0003-4975(02)03605-6
https://doi.org/10.1016/s0003-4975(02)03605-6
https://doi.org/10.1016/j.athoracsur.2015.05.097
https://doi.org/10.1016/j.athoracsur.2015.05.097
https://doi.org/10.1093/ejcts/ezu166
https://doi.org/10.1093/ejcts/ezu166
https://doi.org/10.1093/eurjpc/zwab211
https://doi.org/10.1093/eurheartj/ehad193
https://doi.org/10.1093/eurheartj/ehad193
https://doi.org/10.1016/s0003-4975(97)00271-3
https://doi.org/10.21037/acs.2019.07.01
https://doi.org/10.1055/s-0037-1604206
https://doi.org/10.1055/s-0037-1604206
https://doi.org/10.1093/icvts/ivx088
https://doi.org/10.1055/s-0038-1675342
https://doi.org/10.3390/jcm13144182
https://doi.org/10.1093/ejcts/ezab364
https://doi.org/10.1016/j.jacc.2015.08.872
https://doi.org/10.1016/j.jacc.2015.08.872
https://doi.org/10.1016/j.jtcvs.2018.05.099
https://doi.org/10.1093/ejcts/ezx086
https://doi.org/10.1016/j.xjtc.2022.11.008
https://doi.org/10.1016/j.xjtc.2022.11.008
https://doi.org/10.1161/01.cir.0000058168.26163.bc
https://doi.org/10.1161/01.cir.0000058168.26163.bc
https://doi.org/10.1007/s11748-013-0207-7
https://doi.org/10.1111/jocs.16439
https://doi.org/10.1053/j.semtcvs.2020.05.021
https://doi.org/10.1053/j.semtcvs.2020.05.021
https://doi.org/10.1016/s0022-5223(96)70332-x
https://doi.org/10.1016/s0022-5223(96)70332-x
https://doi.org/10.1016/j.athoracsur.2021.11.066
https://doi.org/10.1016/s0003-4975(10)62878-0
https://doi.org/10.1111/j.1540-8191.1997.tb00133.x
https://doi.org/10.1111/j.1540-8191.1997.tb00133.x
https://doi.org/10.1016/s0022-5223(03)00081-3
https://doi.org/10.1016/s0022-5223(03)00081-3
https://www.imrpress.com

	1. Introduction 
	2. Special Challenges in Minimally Invasive Mitral Valve Surgery
	2.1 Mitral Annulus Disjunction and Myxomatous Degeneration of Mitral Valve
	2.2 Mitral Valve Endocarditis
	2.3 Mitral Annulus Calcification

	3. Conclusions
	4. Limitations
	Abbreviations
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

