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Introduction
Mitral valve (MV) disease consists of various pathogenic mechanisms that affect the strategy 

of MV repair. Primary MV regurgitation is mainly caused by degenerative disease with or without 
calcified generative disease, and is classified by Carpentier’s surgical classification type I or II [1]. 
Mitral degenerative disease consists of two or four principal types of pathogenic mechanisms as 
follows. Carpentier classified two types consisting of fibroelastic deficiency (FED) and Barlow’s 
disease (BD). Anyanwu and Adams classified four types consisting of FED, advanced FED, forme 
fruste and BD [1-3]. 

BD has a distinctive macroscopic appearance, which is characterized as an advanced stage of 
excess myxomatous degenerative leaflets, including bileaflet prolapse, billowing, chordal elongation, 
and annular dilation with or without calcification. This is in contrast to FED, including limited 
prolapsing segments. These segments are mainly caused by chordal rupture in normal or thin leaflets 
with or without regional thickening or expansion and slight annular dilation, except for forme 
fruste [1-3] (Figure 1). These macroscopic characteristics in BD have been shown by pathological 
hallmarks consisting of myxoid infiltration, which destroys the three-layer leaflet architecture, and 
alterations in collagen [4]. FED results from connective tissue deficiency, resulting in thinning of 
leaflets with a preserved, three-layer architecture of the leaflet tissues [4]. Regional thickening and 
expansion of leaflets may result from a secondary pathological change in prolapsing segments with 
myxoid deposition [5].These findings of BD reflect different physical findings as mid systolic click 
and late systolic murmur in auscultation, with a relatively younger age at onset than common MV 
regurgitation in older patients [3].

According to the characteristics mentioned above, BD requires a more difficult surgical repair 
strategy compared with MV regurgitation caused by FED. This is because of specific appearances, 
including bileaflet prolapse with billowing leaflets and a considerably dilated mitral annulus in BD. 
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Abstract
Barlow’s disease (BD) has a distinctive macroscopic appearance, which is characterized as an 
advanced stage of excess myxomatous degenerative leaflets, including bileaflet prolapse, billowing, 
chordal elongation, and considerable annular dilation with or without calcification. This is in 
contrast to fibroelastic deficiency, which mainly includes limited prolapsing segments. Therefore, 
BD requires a more difficult surgical repair strategy, including anterior and posterior leaflet repair, 
compared with fibroelastic deficiency. The present review evaluates which mitral valve repair for BD 
has better long-term results. Recent studies have reported that mitral valve repair with resection-
and-suture, neo chordal repair (or the loop technique), and the Alfieri stitch provide comparable 
long-term results. However, a simple repair technique is not favorable. This is because studies that 
obtained excellent long-term results used combined repair technique sowing to the fact that BD 
consists of complex lesions. Moreover, redundant leaflets should be removed and elongated chorda 
should not be used because lesions may develop recurrent regurgitation. In mitral annuloplasty, 
recent studies have reported that non-use of a ring was a risk factor of recurrent regurgitation in the 
long term and a small-sized ring was associated with anterior systolic motion. Therefore, a large-
sized ring is recommended for preventing systolic anterior motion and recurrent regurgitation. 
Comprehensive repair procedures that consist of resection of redundant leaflets with neo chordal 
repair, or the Alfieri stitch with leaflet resection or cleft plasty, and using a large annuloplasty ring 
for BD, may be ideal. These procedures can obtain robust long-term results similar to repair for 
fibroelastic deficiency.
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A previous study reported that MV repair for BD had worse long-
term outcomes compared with FED [6], which indicated the difficulty 
of MV repair for BD. However, recently, a successful repair rate and 
good long-term results in MV repair for BD have been reported [7].
The present study reviews the long-term outcomes of MV repair for 
BD in recent studies.

Mitral Valve Repair for Barlow’s Disease
Transthoracic or transesophageal echocardiography (TEE) 

provides important information that affects operative procedures. TEE 
reveals more detail of MV complexity compared with transthoracic 
echocardiography. Three-dimensional TEE is more useful and 
beneficial for obtaining accurate localization of MV regurgitation 
in complex lesions compared with two-dimensional TEE [8,9]. 
Therefore, before MV repair, evaluation of MV regurgitation by two- 
or three-dimensional TEE is needed to maintain a high quality of 
MV repair for preventing residual MV regurgitation and obtaining 
favorable long-term results.

The performance goal of MV repair is durable and robust 
long-term outcomes over the results of MV replacement. Since the 
superiority of early and long-term outcomes, including mortality rate, 
after MV repair compared with MV replacement has been reported 
[10-12], various data of MV repair has dramatically increased. Many 
studies have reported favorable results of MV repair that consisted 
of a high reparability rate (>95%) of the MV for MV diseases with a 
low mortality rate [10,13-15]. This has led to an era in which almost 
all patients have successful results after MV repair. Moreover, recent 
reports have shown greater than 90% freedom from reoperation for 
longer 15 years after MV repair for degenerative disease [16-18]. 

However, MV repair is still not able to provide a complete lack 
of recurrence of MV regurgitation. Flameng and colleagues reported 
that freedom from reoperation for BD was significantly worse (86.1% 
at 10 years) compared with that for FED (96.6% at 10 years) [6]. They 
also showed that freedom from failing repair (MV regurgitation > 2) 
was significantly associated with BD with 64.9%±5.6% freedom from 
MV regurgitation >2 at 10 years in the entire group [6]. Moreover, 
David and colleagues reported 701 cases with posterior, anterior, 
and bileaflet prolapse, and compared freedom from reoperation and 
moderate or severe MV regurgitation at 12 years [13]. They found 
significantly lower freedom from reoperation of anterior prolapse 
(88%±4%) compared with posterior (96%±2%) and bileaflet prolapse 
(94%±2%). They also found significantly lower freedom from 

moderate or severe MV regurgitation of anterior (65±8%) and bileaflet 
(67±6%) prolapse than from moderate or severe MV regurgitation of 
posterior prolapse (80±4%). This study suggested that MV repair for 
anterior and bileaflet prolapse required a certain amount of experience 
because most repair failure of anterior leaflet and bileaflet prolapse 
occurred in the first decade of experience. Therefore, BD requires 
more advanced surgical techniques and experience compared with 
FED, which mainly consists of simple posterior leaflet repair. This is 
because BD has multi-segmental myxomatous degenerative leaflets, 
including anterior leaflet or bileaflet prolapse. Therefore, MV repair 
for BD should be performed by mitral surgeons in centers with special 
expertise [19]. 

Recently Borger and Mohr et al. reported the excellent long-
term results of MV repair for BD with 93.8%±2.6% freedom from 
reoperation and 88.4%±3.9% freedom from greater than 2+ MV 
regurgitation at 10 years [7]. O. c and colleagues also showed that 
MV repair with the Alfieri stitch for BD provided good mid-term 
results with 94.0%±4.4% freedom from reoperation and 90.6%±5.1% 
freedom from greater than 2+ MV regurgitation at 5 years [20]. These 
data suggest that surgeons can treat MV regurgitation caused by BD 
with robust mid- and long-term outcomes.

Mitral Valve Leaflet and Subvalvular Repair
The concept of MV repair is to maintain the coaptation surface 

(height and width) and align the height of bileaflets. Many types 
of MV repair, such as resection-and-suture, including triangular, 
quadrangular, sand-clock, and the sliding techniques, neo chordal 
repair, the loop technique, transposition of chorda, edge-to-edge 
suturing (Alfieri stitch), and commissuroplasty suturing, have been 
established. In 1983, Carpentier and colleagues introduced the 
French correction that consists of a multi component philosophical 
and surgical approach to MV disease, including the resection-and-
suture technique [21]. Resection and suture of posterior leaflets for 
MV regurgitation is still the gold standard technique because it is a 
simple and reliable procedure. However, recently, there has been a 
new shift in paradigm. Perier and colleagues postulated the concept 
of “respect rather than resect” of the posterior leaflet for preserving 
a good coaptation surface and satisfactory MV function instead of 
resection, which is associated with distortion of the MV annulus 
[22]. The results of respect rather than resect showed satisfactory 
long-term results, with a greater than 93% freedom from reoperation 
rate. Furthermore, Lawrie and colleagues showed that anterior 
leaflet repair with polytetrafluoroethylene (PTFE) reconstruction, 

Figure 1: These macroscopic characteristics in BD. Figure 2: Composite MV repair for BD.
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the so-called American correction, can provide reproducibility with 
the same results as posterior leaflet repair [23]. Additionally, Opell 
and Mohr invented the loop technique with PTFE for anterior 
and posterior mitral leaflets, which facilitated neochordal repair in 
American correction [24]. Edge-to-edge repair, the so-called Alfieri 
stitch, for MV regurgitation has been proposed, and is a simple and 
reproducible technique [25]. Recently, long-term outcomes of the 
three techniques of resection-and-suture, the neochordal repair, and 
the Alfieri stitch, for MV regurgitation were reported. There were 
excellent equivalent results between resection and the neochordal 
repair (>90% freedom from reoperation 15 years after the operation) 
[26]. However, the results of MV repair with the resection technique 
were derived from a larger number of patients and a longer period 
of time compared with those of the neochordal repair [26]. In the 
Alfieri stitch, greater than 90% freedom from reoperation in 17 years 
has been reported [18]. Therefore, surgeons may decide on either 
technique based on their own experience and perpetuated knowledge 
[26]. 

In BD, MV repair techniques that produce robust, good, long-
term results have not been established yet. Recently, Borger and 
Mohr et al. [7]. reported good long-term results in MV repair with 
composite procedures consisting of the loop technique, resection-
and-suture, and the Alfieri stitch, especially under recommended 
aggressive resection for redundant leaflets [7]. Castillo et al. [15]. 
Also showed favorable results of MV repair combined with neo 
chordal repair (or loop), chordal transfer, and the posterior leaflet 
flip technique [15]. Rocha and colleagues reported the outcomes of 
MV repair with the simple loop technique or simple Alfieri stitch for 
BD [27]. Although the results of both procedures were comparable, 
the loop technique had relatively more early reoperations compared 
with the Alfieri stich. Therefore, the simple loop technique for BD 
may lead to a high failure rate of repair. Moreover, Maisano and 
Alfieri recommended that wide clefts or previously unrecognized 
leaflet prolapse in segments other than central leaflet prolapse should 
be corrected with cleft closure or leaflet resection, and not only 
undergo the Alfieri stitch [28]. Flameng and colleagues reported that 
performing chordal shortening and non-use of sliding plasty were 
more significantly associated with recurrence of MV regurgitation 
in BD compared with FED [6]. A previous report also showed that 
neo chordal repair was superior to chordal shortening in repair of 
the anterior leaflet [29]. These results suggest that the redundant 
leaflet should be removed and elongated chorda should not be used 
for preventing recurrent MV regurgitation. Additionally, chordal 
transfer may not be favorable, because in BD, there is the possibility 
of the disease spreading to other chordae. These results suggest that 
comprehensive repair procedures, such as resection of a redundant 
posterior leaflet with or without neo chordal repair, neo chordal 
repair of anterior leaflets with or without resection of redundant 
leaflets, and the Alfieri stitch with or without leaflet resection, may be 
ideal procedures owing to robust long-term results. We recommend 
combined MV repair that emphasizes resection of redundant leaflets 
because of the characteristics of excess redundant leaflets in BD in 
contrast to FED (Figure 2 shows composite MV repair for BD).

In MV techniques, prolapse and billowing width can determine 
the type of resection-and-suture and neo chordal repair technique. In 
the resection technique for posterior leaflets, quadrangular resection 
or the sliding technique is appropriate rather than triangular resection 
because BD has excess billowing leaflets. For anterior leaflets, only 
triangular resection of the rough zone is recommended because 

resection of the clear zone and wide resection may lead to distortion 
associated with loss of coaptation. By contrast, in neochordal repair, 
the loop technique may lead to a better contribution as below 
mentioned in wide prolapse segments than in isolated neo chordal 
repair. The loop technique has several advantages, such as easily 
determining the length of neo chorda with or without a loop in 
the loop technique, easily re-fixing the loop to adequate prolapsing 
segments, and shortening of the operation time by premade loops 
[30]. However, coexisting prolapse of commissural lesions is a 
weakness of the loop technique. Therefore, commissuroplasty 
suturing may also be needed to improve distortion and obtain good 
coaptation, ensuring complete repair. 

The water saline test and TEE findings are important for 
determining the success of repair, which is associated with long-term 
outcomes after MV repair [31-33]. More than mild residual MV 
regurgitation after MV repair is associated with recurrent greater than 
moderate MV regurgitation and reoperation [32,33]. Therefore, no 
leakage by the water saline test and less than trivial MV regurgitation 
by TEE after MV repair may improve and provide good long-term 
results without reoperation.

Systolic anterior motion (SAM) consists of dynamic anterior 
mitral leaflet movement toward the interventricular septum 
during systole with left ventricular outflow tract obstruction. This 
condition is a considerable complication associated with residual 
MV regurgitation after MV repair. SAM is treated by medical 
therapy, including intravascular volume load, discontinued inotropic 
drugs, and administration of beta-blockers after weaning from 
an extracorporeal circuit. However, some patients still have SAM 
and require re-surgical interventions [34]. Risks of SAM after MV 
repair are excess posterior leaflet tissue, a short distance between 
the leaflet coaptation point and the interventricular septum, a thick 
basal interventricular septum, a long secondary chorda, inadequate 
resection of the posterior leaflet, and using a small-sized annuloplasty 
ring [34-36].Almost BD has excess redundant and billowing posterior 
leaflet that are strongly associated with SAM. Therefore, the redundant 
posterior leaflet should be resected to prevent SAM. However, some 
patients develop SAM after MV repair with resection-and-suture for 
BD [16]. The reasons for SAM in such patients may be inadequate 
resection of the posterior leaflet or using an undersized annuloplasty 
ring. Therefore, leaflet resection with sliding plasty of less than 15mm 
in height of the posterior leaflet accompanied by upsized annuloplasty 
ring insertion may reduce SAM [35]. In contrast, studies of the 
loop technique or neo chordal repair for degenerative disease have 
reported little SAM [14,37]. The neo chordae may effectively pull the 
posterior leaflet down to the papillary muscle, which is associated 
with preventing SAM. Kudo and colleagues reported that the loop 
technique is a simple method for preventing SAM [38]. Furthermore, 
in patients who have a high risk of SAM and severe conditions in 
which a second pump run was avoided, a simple Alfieri stitch fixing 
the free edge of the anterior leaflet may conveniently eliminate SAM 
with a shortening in operation time [27,28,39]. 

Mitral Valve Annuloplasty
BD has a considerably larger MV annulus that requires a large 

mitral annuloplasty ring than FED [40]. Previous studies have shown 
that non-use of a mitral annuloplasty ring is significantly associated 
with recurrence of MV regurgitation, and a mitral annuloplasty ring 
provides good coaptation [6,32]. Therefore, a mitral annuloplasty 
ring is required to prevent recurrent mitral regurgitation. 
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The type and size of an annuloplasty ring are important factors 
for determining favorable long-term results after MV repair. In a 
review of mitral valve annuloplasty for degenerative disease, a flexible 
annuloplasty ring may improve left ventricular systolic function, but 
does not translate into better clinical outcomes compared with a semi-
rigid or rigid annuloplasty ring [41]. Recently, a propensity-matched 
cohort study reported that there were no significant differences in 
ejection fraction and end-systolic/end-diastolic dimension between 
semi-rigid and flexible annuloplasty rings [42]. In BD, a flexible 
ring and semi-rigid ring also provide comparable long-term results. 
However, a complete semi-rigid ring was used in a relatively large 
number of studies without disturbing MV function owing to 
prevention of annular dilatation and reshaping the mitral annulus 
[7,14,15,20,27,43]. Therefore, the type of annuloplasty ring may not 
affect long-term results. In annular sizing, the inter commissural 
distance and mitral anterior leaflet dimension are measured by mitral 
annular sizes. Using a small-sized ring increases the risk of causing 
SAM, whereas a large-sized ring helps minimize the risk of SAM [40]. 
Therefore, annuloplasty rings just over the size of the intercomissural 
distance or anterior leaflet dimension should be chosen with the bias 
of choosing larger size among the available sizes for preventing SAM. 

Severe mitral annular calcification is a common finding in 
approximately 24% of patients with BD who undergo MV repair. 
This finding increases the difficulty of MV procedures and sometimes 
requires MV replacement [44]. Removal of extensive mitral annular 
calcification is associated with risks of posterior atrioventricular 
groove rupture and circumflex coronary artery injury. A surgical 
mortality rate of up to 9% has been reported for patients undergoing 
extensive decalcification procedures [45,46]. Recently, Morisaki and 
colleagues reported that MV repair without artificial ring implantation 
and decalcification could regulate MV regurgitation [47]. This report 
suggested that an extensively calcified annulus, a so-called natural 
artificial ring, will not dilate in the future. Additionally, MV repair 
without artificial ring implantation may be feasible in these patients 
because a calcified annulus may prevent dilatation. Moreover, 
without ring implantation, wide triangular- or quadrangular-shaped 
resection leads to shortening of the mitral leaflets without shrinking 
of the mitral annulus by extensive calcification. This calcification 
causes MV regurgitation because of a reduced coaptation zone. 
Therefore, in patients who have extensive mitral annular calcification, 
comprehensive MV repair without a wide resection technique may 
be required to maintain good coaptation of the MV and obtain good 
long-term results because of no MV annuloplasty. 

Minimally Invasive Mitral Valve Repair
Recently, minimally invasive MV surgery has been increasingly 

performed along with development of devices and establishing safe 
techniques for minimally invasive cardiac surgery. Recent studies have 
indicated that minimally invasive MV surgery can provide equivalent 
results compared with conventional MV surgery with several 
associated clinical benefits [48,49]. These benefits included cosmetic 
acceptance, decreasing the hospital stay, and avoiding mediastinitis. 
However, minimally invasive MV surgery causes stress to surgeons 
because of a narrow and deep operative field that necessitates more 
difficult operative maneuvers and specific instruments. However, an 
endoscopic view and thoracotomy approach provide good exposure 
because the sideways view provides direct vision in front of the 
MV compared with the conventional approach. There is a certain 
learning curve to achieve stable outcomes and a steady operation 

time because of difficult operative maneuvers [50]. Therefore, the first 
step of minimally invasive MV surgery should be undergone in non-
complex MV disease, such as FED.

Minimally invasive MV repair for BD is more challenging than 
repair for FED because repair for BD requires many operative 
maneuvers. MV repair of BD is usually performed via median 
sternotomy instead of left mini-thoracotomy. After experience of 
successfully performing minimally invasive MV repair for FED, 
cardiac surgeons may be able to undergo minimally invasive MV 
repair for BD as the next stage. Lapenna and colleagues reported that 
MV insufficiency due to BD can be effectively corrected by minimally 
invasive MV repair with the edge-to-edge technique via a small right 
anterolateral thoracotomy [51]. They reported a 100% success rate of 
less than mild residual MV regurgitation. Furthermore, Speziale and 
colleagues compared minimally invasive MV repair with conventional 
open repair for BD in 70 patients [52]. They found that the results 
of minimally invasive MV repair, which was mainly performed with 
neo chordal repair rather than quadrangular resection or edge-to-
edge approximation, were equal to conventional repair (minimally 
invasive versus conventional, 98.5% versus 100% success rate; 98% 
versus 97% freedom from moderate or severe MV regurgitation). 
Additionally, Muneretto and colleagues reported that minimally 
invasive MV repair using neo chordal repair with resection provided 
good mid-term results [53]. They found 95.7% freedom from 
reoperation at 3 years and 100% freedom from more than moderate 
MV regurgitation after the operation. Da Rocha and colleagues also 
reported that 4 years freedom from reoperation was 92.8%±5.0% in 
the repair group using the Alfieri stitch compared with 90.9%±4.6% 
in the loop technique [27]. Recently, Borger and colleagues reported 
excellent long-term outcomes at 10 years, including 93.8%±2.6% 
freedom from reoperation and 88.4±3.9% freedom from greater than 
moderate MV regurgitation in minimally invasive MV repair [7]. 
They used composite techniques that consisted of the loop technique, 
resection-and-suture, the Alfieri stitch, and commissuroplasty. These 
results suggest that BD can be treated by minimally invasive MV 
repair using various techniques. In particular, composite MV repair 
with an easy, simple technique, such as the Alfieri stitch or loop 
technique, may be acceptable in initial minimally invasive MV repair 
for BD. This is because a narrow and deeper operative field restricts 
complicated maneuvers.

Conclusion
BD has characteristic macroscopic findings that consist of an 

advanced stage of excess myxomatous degenerative leaflets, including 
bileaflet prolapse, billowing, and chordal elongation. These features 
require more comprehensive operative techniques that are different 
from those for FED, which mainly includes limited prolapsing 
segments. There are mainly three MV repair techniques, including 
resection-and-suture, neo chordal repair (or the loop technique), and 
the Alfieri stitch. Each technique provides comparable and excellent 
long-term results with a low rate of freedom from reoperation 
and more than moderate recurrent regurgitation, similar to FED. 
However, using only a simple repair technique is not favorable. 
Previous studies that obtained excellent long-term results used 
combined MV repair techniques because BD consists of complex 
lesions. Additionally, redundant leaflets should be removed and 
elongated chorda should not be used because the lesions may develop 
recurrent MV regurgitation. In MV annuloplasty for BD with alarge 
annulus, a large-sized ring is recommended to prevent systolic anterior 
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motion and recurrent MV regurgitation in the long term after repair. 
Therefore, comprehensive repair procedures that consist of resection 
of redundant leaflets with neo chordal repair or the Alfieri stitch with 
leaflet resection or cleft plasty, and using a large annuloplasty ring 
for BD may be ideal. These procedures are recommended to obtain 
robust long-term results similar to repair for FED.
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