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Minimally invasive mitral valve repair for Barlow’s syndrome with
functional prolapse using artificial chords
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Abstract: Mitral valve repair is the gold standard for mitral valve regurgitation. Minimally invasive

approaches are established even in complex pathology like Barlow’s syndrome. A Barlow valve is considered

difficult to repair, a comprehensive review concerning various successful repair techniques is given. The

complex pathophysiology of a subgroup of patients presenting with functional prolapse is described and a

simple repair strategy is highlighted. In the video a fully endoscopic mitral valve repair of a Barlow valve with

functional prolapse is demonstrated.
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Mitral valve (MV) disease is one of the most common
reasons for valve related cardiac surgery, MV prolapse
affects 3% of the population (1,2). Various advances in
understanding the MV over the past decades have led to
promotion of early intervention, which is recommended
in the 2017 European Society of Cardiology/European
Association for Cardio-Thoracic Surgery guidelines for the
management of valvular heart disease (3). The 2017 AHA/
ACC guidelines advocate an early treatment of MV disease
even more pronounced (4). Three basic principles are
described by Alain Carpentier and colleagues: restoring or
preserving the mobility of both leaflets, the importance of
a large surface of coaptation, and remodeling the diseased
MV annulus (5). Today, MV repair is the gold standard for
the treatment of significant MV regurgitation (MVR) (6).

Surgical approach

Besides standard of care full sternotomy different minimally
invasive techniques are established, to decrease surgical
trauma and accelerate postoperative recovery, thus
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increasing acceptance of MV surgery.

The mini-sternotomy approach is mainly used for
aortic valve and MV surgery (7,8). We use this technique
especially in patients with severely calcified MV annulus
to facilitate excellent exposure and surgical handling still
offering less invasive treatment (9,10).

The right mini-thoracotomy approach is successfully
used by many groups, already in 2003 Casselman and
colleagues demonstrated feasibility and durability of so
called endoscopic MV repair (11). Many surgeons use this
technique under direct vision. With the development of
3D endoscopes totally endoscopic MV surgery with even
smaller incisions is feasible representing the least invasive
surgical approach today (12,13).

At our center, since the introduction of mini-
thoracotomy approach for MV surgery in 2001 exactly
600 patients were operated under direct vision and since
the implementation of a 3D endoscope in 2015 another
295 patients underwent fully endoscopic MV surgery. The
typical setup at our center consists of a peri-areolar incision
in male and a sub-mammary incision in female patients,
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Figure 1 Setup of totally endoscopic procedure with 3D video

system, working port and transthoracic clamp in place.

Figure 2 Demonstration of peri-areolar mini-incision for totally

endoscopic approach.

Figure 3 Endoscopic manipulation with limited angulation of

instruments.

in all cases entering the fourth intercostal space. All other
instruments (transthoracic aortic clamp, left heart vent,
cardioplegia line and left atrial retractor) are introduced
via the third intercostal space. Extracorporeal circulation
is predominantly established via cannulation of the groin
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Figure 4 Excellent visualization of subvalvular apparatus and

implantation of neochordae.

Figure 5 Cosmetic result after peri-areolar incision for totally

endoscopic mitral valve repair.

vessels, in rare cases of heavily calcified abdominal aorta the
axillary or carotid artery is cannulated (Figures 1-6).

Barlow’s syndrome

The most prevalent cause of MVR is degenerative MV
disease. In the variety of degenerative MV disease Barlow’s
syndrome is a spectrum of phenotypes with its extreme
form manifesting typically in young patients (14). Barlow’s
syndrome is a clinical syndrome, Barlow and colleagues
primarily described auscultatory-electrocardiographic
findings (15). Subsequently, four patients were described
presenting with the typical auscultatory murmurs in whom
the posterior leaflet underwent massive protrusion into the
left atrium during systole (16). Histological examination
of valve tissue resected during MV replacement in similar
patients showed severe myxomatous degeneration of
leaflets and chordae. Also, the term “billowing” was used
to morphologically describe the valve leaflet motion (17).
Further on, the valve pathology was described as “floppy
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Figure 6 Cosmetic result after sub-mammary incision for totally

endoscopic mitral valve repair.

valve” or “myxomatous valve”. Carpentier defined the
syndrome as a bi-leaflet prolapse, a billowing valve with
excessively thickened leaflets and severe annular dilatation.
Additionally, calcification of the leaflets or the annulus is
common in late disease (18). Due to the complex, multi-
segmental changes of the valve and the lack of normal tissue
to serve as a reference point MV repair was considered
as difficult and frequently ended up in MV replacement
(19,20). In addition to excessive tissue as a challenge for
repair per se the size of the leaflets predisposes the patients
for a higher risk of a systolic anterior motion (SAM)
phenomenon (21).

Reconstructive concepts in Barlow’s syndrome

Nevertheless, various reconstructive approaches are
described and successfully used in this pathology.

After exposure and valve analysis one common issue
is to address mitral annular calcification (MAC) which is
present in around 20% of patients. A calcium bar usually
encased in a fibrous capsule can often be resected in toto.
Subsequently, valve repair is carried out (22).

Jouan and colleagues from Carpentier’s working group
applied a quadrangular resection of the posterior leaflet
in most patients presenting with Barlow’s syndrome. It
was performed without a posterior sliding leaflet plasty in
29.7%, and with a sliding leaflet plasty in 69.8%. By this
procedure the height of the posterior leaflet was reduced
effectively thus avoiding the risk for SAM, which occurred
in very few patients in this cohort. Commissural prolapse
was addressed by commissuroplasty (localized edge-
to-edge technique). According to the principles of MV
repair an annuloplasty ring was implanted in all patients,
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the predominant sizes of the ring were 36 mm or bigger.
Results were promising with long-lasting repair rates (23).
The presence of anterior leaflet billowing or prolapse was
treated with papillary muscle plasty or an Edge-to-edge
repair (23,24).

In contrast, Miura ez 4/. describe a triangular resection
and chordal replacement as “restoration technique”. In
a small number of patients, the triangular resection was
successfully applied to correct the posterior as well as
the anterior leaflet. This concept addresses not only the
excessive height of leaflets but also the extended width,
which occurs as a consequence of degeneration (25).
The reduction of the anterior leaflet size by resection
contributed to the 100% successful prevention of SAM in
this series.

A similar technique was reported by Fasol at al. In
addition to a quadrangular resection of the P2 segment with
sliding leaflet plasty of the remaining P1 and P3 segments
together with plication of the posterior annulus, a triangular
resection of the anterior leaflet in the A2 region was
performed. An annuloplasty ring was implanted to restore
annular geometry. The results were promising with no
recurrent MVR during long-term follow-up (26).

An alternative to resection of valve tissue is to address
the subvalvular apparatus in order to restore leaflet
coaptation (27). Several techniques on the level of native
chordae (chordae shortening or chordae transfer) or
papillary muscles (papillary muscle plasty or relocation) are
described and used successfully in MV repair, even in the
field of Barlow’s syndrome (5,22). During the last decade
artificial chordae (either single sutures or pre-measured
loops) consisting of expanded polytetrafluorethylene
(ePTFE) are liberally used, not only in the setting of
isolated P2 prolapse but also in Barlow’s syndrome. In
many centers, implantation of ePTFE chordae replaced
sophisticated surgical techniques on the level of the
papillary muscles or native chordae (13,19,28-30). Artificial
chordae can be implanted rather easily, also in the setting
of minimally invasive MV surgery (10,13). The appropriate
length of chordae treats the leaflet prolapse successfully and
minimizes the risk for SAM.

Instead of dealing with the size of leaflets or the
appropriate length of chordae the so called “Alfieri-
Technique” (edge-to-edge repair) also was analyzed by
the Leipzig group in the context of minimally invasive
repair. Either implantation of neochordae or the edge-to-
edge technique were applied to Barlow’s disease patients
in addition to annuloplasty. The Alfieri-technique was
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feasible and allowed for shorter operative times but resulted
in mildly increased transvalvular gradients, however still
in a non-stenotic range (19). Although the edge-to-edge
stich appears to be easily performed an exact placement
at the proper site of leaflets is mandatory to achieve good
results (19,24).

A common complication during valve repair in Barlow’s
syndrome is the development of a SAM phenomenon (29).
Reducing the height of the posterior leaflet either by
tissue resection or by implantation of appropriately short
neochordae prevents the anterior leaflet from being
displaced towards the left ventricular outflow tract during
systole (5,21). Another mechanism for development of
SAM is an inappropriately small annuloplasty ring forcing
excessive tissue into the left ventricular outflow tract. The
latter can be overcome by using large, at least true-sized if
not over-sized annuloplasty rings. Adams and colleagues
report on a series of Barlow’s disease patients in whom
annuloplasty rings no smaller than 36 mm were used
resulting in 100% absence of SAM (21).

All studies report good results and at least acceptable
long-term durability of the used repair technique.
Nevertheless, an “optimal” strategy for Barlow disease
patients is not defined. Castillo and colleagues report on
the use of different techniques, such as chordal transfer or
transposition, implantation of neochordae, commissural
sutures or triangular resection. This “blend of approaches”
results in 90% freedom from moderate MVR at 7 years (20).
Most probably the use of a widespread armamentarium
reflects the best practice to deal with the complex pathology
in Barlow’s syndrome and a distinct “best method” cannot
be applied successfully to each patient. At our center
we also use various techniques for the repair of bileaflet
prolapse including the mentioned measures. We implant
an annuloplasty ring in all patients, according to Adams’
findings we always use large annuloplasty rings with a
tendency to oversize the prosthetic ring.

In numerous centers the surgical approach for Barlow’s
syndrome patients is the median sternotomy to address
the complex pathology and allow for sophisticated repair.
With the previously described advances of minimally
invasive MV surgery even bileaflet prolapse valves can be
successfully repaired with either partial sternotomy or right
mini-thoracotomy (5,10). In a randomized trial, Speziale
and colleagues demonstrated reproducible repair results
in the minimally invasive setting under direct vision. They
advocate for minimally invasive approach even in complex
settings such as Barlow’s syndrome (31). In our own center
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we perform a routine CT scan in each patient referred for
MV surgery. In case of MAC the patient is scheduled for
partial sternotomy. This allows for complete resection of
MAC and annular repair by atrial sliding plasty if required
and subsequent reconstruction of the MV. All other
patients, including Barlow disease patients, meanwhile
undergo a fully endoscopic MV repair using a 3D video
endoscope.

Subgroup of patients—functional prolapse

Several working groups report on a subgroup of Barlow’s
syndrome patients in whom only a ring annuloplasty was
successfully performed (14,32-36). The term “functional
prolapse” was introduced. Although Barlow disease
involves the whole MV apparatus, the mitral annulus plays
a significant role in the development of MVR (36). The
area encircled by the annulus is significantly enlarged
in comparison to normal subjects and the physiologic
annular motion is impaired (32). Normally, in early
systole antero-posterior contraction at the level of the MV
annulus accentuate the saddle shape of the annulus (37).
This movement brings the two leaflets together to avoid
early systolic MVR. The locking together of the leaflets
allows the tips of the papillary muscles to move towards
the apex pulling the free edge of the leaflets into the
left ventricular cavity further enhancing coaptation and
reduction of chordal tension during systole (38,39). The
loss of these features promotes leaflet separation. Moreover,
the prolapsing leaflets exert traction on papillary muscles,
which now move paradoxically towards the left atrium
rather than towards the left ventricular apex (38). This
leads to a reduced distance between the papillary muscle
tip and the annular plane during systole (32). In addition,
a left ventricular wall motion abnormality was described
already by Ehlers and associates. A “systolic contraction
ring” at the level of the bases of the papillary muscles
was observed. It was hypothesized that this could lift the
papillary muscles toward the MV annular plane during
systole causing the chordae to slacken (40). These findings
were confirmed by others and summarized by Lawrie (34).
This movement can be visualized in echo, especially the
abnormal wall motion at the basis of the papillary muscles
can be observed. The paradox movement of the papillary
muscles is demonstrated by almost equal distance between
the muscle tip and the free edge of the prolapsing leaflet
during systole and diastole (Figures 7,8). During surgery,
a water test performed on the cardioplegic heart before
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Figure 7 Echo image of functional prolapse in diastole with measured

distance between papillary muscle tip and free edge of leaflet.

Figure 8 Echo image of functional prolapse in systole with measured

distance between papillary muscle tip and free edge of leaflet.

reconstruction showing no significant regurgitation in the
cardioplegic heart finally proves the diagnosis of functional
prolapse (35,36). In contrast, a prolapse on the basis of
ruptured or severely elongated or ruptured chordae would
be apparent during water testing. It has to be emphasized
that any additional “true” i.e., anatomical prolapse has to be
corrected in routine fashion in addition to annuloplasty (34).

Recently, an additional pathologic pattern of the MV
annulus was focused: mitral annular disjunction (MAD) (37).
As the annulus per se is a pure fibrous structure it’s kinetic
behavior can only be linked to ventricular myocardial
contraction. The normal annulus is inserted firmly into
the ventricular myocardium, ensuring that the ventricular
contraction has appropriate effects on annular shape (2).
Already three decades ago a separation between the atrial
wall-MV junction and the left ventricular attachment
was described in floppy MV (41). This observation was
taken into consideration by Newcomb and coworkers
as a possible explanation of failed repair in myxomatous
degeneration: an inadequate annuloplasty might not
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re-fix the disjunctive annulus to the ventricle, thus the
mechanical stress on leaflets and chordae was not properly
corrected (42). However, the literature so far is confusing,
whereby MAD is considered as the cause of MVR (41),
as a constant byproduct of myxomatous MV (43), or as
insignificant (44,45). It was hypothesized, that MAD could
be a precursor of MVR as disjunctive areas represent
weak spots vulnerable for mechanical stress (42,46). It can
be speculated that MAD also could promote functional
prolapse in Barlow’s syndrome. MAD could be an additional
explanation for the pathological leaflet motion despite intact
chordae (32,37).

The reduction of annular size by a precisely selected
annuloplasty ring leads to geometrical changes allowing for
a more vertical position of MV leaflets with a good zone
of coaptation. The leaflets can coapt at the level of the left
ventricle below the mitral annulus (14). Thus, papillary
muscle traction is no longer apparent and the papillary
muscles are able to descend normally to the apex of the left
ventricle during systole (34). The annuloplasty ring size is
an important issue with the aim to match the annulus to the
increased leaflet surface. A ring sizer to cover the whole MV
orifice was described to be appropriate (32). In all published
series early and mid-term results are excellent. The
incidence of SAM is very low despite the enlarged leaflets
(14,33-36). De Paulis and associates performed a stress
echo in a 4-year follow-up period showing 92% absence of
any MVR, 5% trivial MVR and 3% mild MVR. No SAM
was detected during stress echo (32). Although results are
promising the reported number of patients is so far rather
small. Nevertheless, having the entity of functional prolapse
in mind and the ability of a rather simple repair at hand
the number of patients diagnosed with this special form of
Barlow’s syndrome might further increase.

Video (Figure 9)

The video displays the setting of fully endoscopic approach
via peri-areolar incision and groin vessel cannulation.
Echo loops show the bileaflet prolapse and the paradoxical
ventricular contraction leading to the functional prolapse of
the posterior MV leaflet with a rather centric regurgitant jet.
The distance between the papillary muscle tip and the free
margin of the leaflet is measured in diastole and systole, it
remains almost equal due to the paradox upward movement
of the papillary muscle towards the annular plane. After
aortic cross-clamping and application of cardioplegia the
left atrium is cut open and the MV is visualized. Both venae
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Figure 9 Setup for totally endoscopic mitral valve surgery, diagnosis
and repair of a functional prolapse in Barlow’s syndrome, and repair
results (47).

Available online: http://www.asvide.com/article/view/32474

cavae are snared for subsequent tricuspid valve repair (not
shown). The first action is a water test presenting an almost
competent valve. This is the surgical proof of concept for
functional prolapse. Valve analysis shows myxomatous
valve tissue and a bileaflet prolapse with chordae of normal
length. Nevertheless, chordae to the posterior MV leaflet
are already diseased in means of thickening and irregular
structure. To achieve a posterior located coaptation zone by
pulling the enlarged posterior mitral leaflet (PML) into the
ventricle to avoid SAM and to prevent further degeneration
with chordal elongation or even rupture and recurrent
MVR artificial chordae are implanted throughout the
posterior leaflet. Finally, a slightly oversized annuloplasty
ring (40 mm ring after 38 mm exact measurement) is
implanted. The final water test demonstrates a competent
valve with a large zone of coaptation and absence of SAM
which is confirmed in echo.

Conclusions

MYV repair can be successfully performed in Barlow’s
syndrome, minimally invasive approach and totally
endoscopic techniques are safe and feasible in specialized
centers. Various surgical techniques and measurements to
overcome the complexity of a Barlow valve are described.
Among them, the concept of “pseudo-prolapse” or
“functional prolapse”, probably associated to disjunction
of the MV annulus, allows for a rather simple non-
resectional repair. So far, the results of this technique are
promising according to literature. Further investigations are
required to fully understand the various physiological and
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pathological movements of the MV annulus to completely
understand the consequences of dilatation and disjunction.
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