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Targeted triangular resection for repair of degenerative
mitral valve disease
Daniel J. P. Burns, MD, MPhil, Rakesh M. Suri, MD, DPhil, and A. Marc Gillinov, MD
Simple triangular resection for a small posterior
flail segment.

CENTRAL MESSAGE

Triangular resection is a versatile
option for mitral valve repair in
segmental posterior leaflet pro-
lapse. Several techniques can be
employed to achieve excellent
repair quality and durability.

See Commentary on page 53.
Video clip is available online.

For patients with primary mitral regurgitation (MR) second-
ary to degenerative mitral valve disease, mitral valve repair
is the gold standard therapy. The benefits of mitral valve
repair in patients with degenerative disease are well estab-
lished. In addition to superior survival, a complete mitral
valve repair decreases risks of thromboembolism, endocar-
ditis, anticoagulant-related hemorrhage, and reintervention
relative to valve replacement.1-4 Many mitral valve repair
techniques are available to the surgeon, with varying
degrees of complexity, that should result in a successful
valve repair>90% of the time. Of these techniques, we
are going to focus this discussion on one of the most
practical: the triangular resection. We will begin with the
initial considerations of every valve repair and move on to
the specific techniques and nuances of performing a
mitral valve repair using a targeted triangular resection.
UNDERSTANDING AND EXPOSING THE VALVE
Before undertaking any attempt at mitral valve repair,

careful examination of the intraoperative transesophageal
echocardiogram (TEE) is essential. The exact mechanism
of MR can be determined by careful examination of both
2-dimensional and 3-dimensional imaging. Sites of pro-
lapse/flail and degree of excess leaflet tissue should be
evident. With the addition of color Doppler, jet volume
and direction can confirm the major lesion present and
help uncover any additional sites of regurgitation that may
need to be addressed, such as prominent indentations be-
tween segments. The other important function performed
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by intraoperative TEE is the determination of the risk of
postrepair systolic anterior motion (SAM) of the anterior
leaflet. Basal septal thickness �15 mm, a narrow left ven-
tricular outflow tract (septum to coaptation point
<25 mm, aortomitral angle<120�), a small ventricle (end
diastolic diameter <45 mm), and posterior leaflet length
�15 mm all have been shown to predict SAM following
mitral valve repair.5 If SAM is present before repair, we
favor planning for an extensive resection-based repair.
With proper planning and TEE assessment, the proper
repair techniques can be chosen and the risk of postopera-
tive SAM mitigated.
The first step to any mitral valve repair is obtaining the

necessary valve exposure. Exposure maneuvers will differ
somewhat depending on the initial operative approach. In
a sternotomy-based approach, after entering into the peri-
cardium, stay sutures are placed on the right side only, al-
lowing the heart to roll left. Standard aortobicaval
cannulation is typically performed, although single right
atrial venous cannulation with a multistage cannula can
be used as well. Certain techniques can further enhance
exposure. These include freeing up the tissue surrounding
the superior vena cava, opening the oblique sinus, and/or
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placing a snare around the inferior vena cava cannula and
distracting it inferiorly under mild tension. After the heart
is arrested, we prefer a left atriotomy, although in certain
deep or obese patients, a trans-septal approach may be
preferred. If a transseptal approach is inadequate, the inci-
sion can be carried over the dome of the left atrium. This
provides excellent exposure, although it predisposes to
postoperative rhythm disturbances due to invariably
dividing the artery to the sinoatrial node.

In the case of right thoracic approaches to the mitral
valve, the direct line of sight along with the transthoracic
left atrial retractor almost always results in excellent expo-
sure. Whichever approach is used, it is worth spending extra
minutes optimizing valve exposure, as this will directly
affect the surgeon’s ability to inspect/assess the valve, as
well as carry out the necessary repair.

ANNULOPLASTY SUTURES AND VALVE
INSPECTION

In sternotomy approaches, it is our practice to first place
annuloplasty sutures. This will enhance exposure and allow
a more complete initial valve inspection. If required,
placing the sutures under slight tension will elevate the
valve and bring it closer to the surgeon, enhancing expo-
sure/access and potentially “unfurling” a compressed valve.
This can also apply to nonsternotomy approaches when us-
ing interrupted annuloplasty sutures, although manipulation
of the transthoracic left atrial retractor is generally all that is
needed to optimize exposure, given the direct line of sight.

Once annuloplasty sutures are placed, a comprehensive
valve assessment can be performed, with the site of valve
prolapse identified and quantified. Keeping in mind the
findings of the intraoperative TEE, the surgeon systemati-
cally inspects each valve segment, identifying the seg-
ment(s) of abnormal valve. It can be useful to identify a
normal valve segment as a reference point, used to judge
relative differences in segment height, thickness, and over-
all tissue redundancy. This is a crucial component of plan-
ning the mitral valve repair, and also an important
crossroads. Once the valve has been inspected, we can clas-
sify it as simple or complex. In agreement with contempo-
rary guidelines, disease of>1 posterior segment, anterior
leaflet disease, or bileaflet disease is classified as complex,
while single segment prolapse or flail of the posterior leaflet
is considered simple.6 A targeted triangular resection for
mitral valve repair is best suited for a “simple” valve lesion.
Complex valve lesions typically require a more extensive
repair utilizing advanced techniques, alone or in
combination.7

TARGETED TRIANGULAR RESECTIONS OF THE
POSTERIOR LEAFLET

If a simple valve lesion is identified, a targeted triangular
resection is an excellent technique for mitral valve repair.8
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A properly performed triangular resection will be targeted
toward the specific area of leaflet pathology, will decrease
both leaflet height and volume, and will result in a
tension-free repair.9 Depending on the extent of leaflet dis-
ease, these resections may be small, more extensive, or even
asymmetric. In all cases, the boundaries of the abnormal
valve segment are first identified along with adjacent
normal chords. This technique can be employed in
segmental prolapse of any of P1, P2, or P3. However, if
the prolapsing segment approaches the commissural region,
alternative or adjunctive techniques will likely be required.8

Targeted small triangular resection of the anterior leaflet has
been described, and reported with success.10-12 However, it
is our opinion that anterior leaflet pathology is better
addressed with chordal-based repair techniques.7,8,13,14

Simple Triangular Resection
This technique is best used for segmental posterior pro-

lapse without grossly excessive leaflet tissue or for an iso-
lated small flail segment secondary to chordal rupture in
fibroelastic deficiency. Traditionally, this has been
described as being when the free margin of the diseased
segment is approximately one-third or less of the total
segment length. The boundaries of the abnormal segment
are identified, and the adjacent normal chords are isolated
by placing stay sutures around the chords. This defines
the boundaries of abnormal tissue and elevates the diseased
segment for subsequent resection and reconstruction. A
small symmetric triangular resection is performed. The
depth of the resection, the apex of the triangle, should be
slightly longer than the base of the triangular resection at
the free edge. The depth of the resection will likely not
reach the annulus in this method.9,11 The lateral margins
of the resection may be slightly scalloped to ensure a ten-
sion free reconstruction when the leaflet edges are reap-
proximated.12 Once the resection is completed, the free
margins at the base of the resection (the leaflet free edge)
are reapproximated, and the defect is closed with interrup-
ted or running polypropylene suture. The repair is
completed with the implantation of the annuloplasty pros-
thetic (Figure 1).

Extensive Triangular Resection
When excessive leaflet tissue is present in a segmental

posterior prolapse, a more extensive triangular resection
may be required. This is done to ensure that both the volume
and height of the leaflet are reduced, providing a competent
valve and avoiding SAM.9 The same initial steps apply:
identify the extent of the leaflet disease, then identify and
isolate the adjacent normal chordae. The triangular resec-
tion will necessarily bewider and deeper toward the annulus
to adequately remove/reduce the abnormal tissue. Recon-
struction of the posterior leaflet takes place as previously
described, using running or interrupted polypropylene



FIGURE 1. A, Performance of a simple triangular resection for a flail segment of posterior leaflet. B, Reapproximating the valve free edge at the base of the

resection. C, Completion of the simple triangular resection including leaflet reconstruction and annuloplasty implantation.
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suture (Figure 2, Video 1). With all extensive triangular re-
sections, care must be taken to not remove too much leaflet
tissue. Excessive tissue removal will create tension on the
reconstructed leaflet. This will have the effect of either teth-
ering/restricting the posterior leaflet, or creating a shallow
and stiff posterior “shelf,” both leading to inadequate leaflet
coaptation.12 Ultimately, this can lead to suboptimal opera-
tive results; residual MR may be present which, along with
inadequate coaptation, can lead to poorer repair durability.
The best way to manage this problem is, of course, to pre-
vent it. Before resection, the surgeon can estimate the end
result by approximating the adjacent normal chordae,
seeing how the reconstruction will come together. If the
leaflet is poorly mobile, excessively flattened, or distorting
adjacent segments, then too much tissue is going to be
removed. If faced with this result after resection, this would
be best addressed by converting to the more extensive
sliding plasty-based repair. Judgment is key here, and it is
better to err on the side of removing less tissue.

In certain cases of excessive posterior leaflet tissue, an
extensive resection may reduce the volume of tissue but
inadequately reduce the leaflet height, leading to postrepair
SAM if not addressed. In these cases, we favor a ventricula-
rization technique to reduce the height of the reconstructed
posterior leaflet.15 In this technique, the free edges of the
resection are not simply reapproximated. Rather, the free
edges at the base of the resection are folded onto their
respective ventricular aspects in order to decrease the height
of the reconstructed free edge. Following the resection, each
end of a double armed suture is placed from the atrial to the
ventricular side through the respective free edge at the
resection base. Each needle is then brought back up through
the resected edge of its respective side posteriorly, toward
the annulus.8,16 When this suture is tied, it buries or “ventri-
cularizes” the leading edge, thereby decreasing the height
of the posterior leaflet (Figure 3, Video 2). This technique
not only reduces leaflet height but also allows the equaliza-
tion of an asymmetric resection if required. Following
completion of the initial ventricularization, the remaining
suture ends are used to complete a standard 2-layer closure,
completing the leaflet reconstruction. As always, the repair
is completed with the implantation of an annuloplasty
prosthetic.
The previously described techniques have assumed that

the triangular resection performed is symmetric, and that
there is an equal tissue volume and height remaining on
either side of the posterior leaflet resection. While this is
commonly the case with segmental leaflet prolapse, excess
tissue can be asymmetric, or there may be deep clefts be-
tween valve segments present. In these cases, a typical trian-
gular resection may not result in an adequate posterior
leaflet reconstruction. When faced with cases such as
these, the previously described ventricularization technique
works well. Different respective degrees of leaflet
JTCVS Techniques c Volume 10, Number C 49



FIGURE 2. Extensive triangular resection for advanced segmental degenerative disease. A, Intraoperative transesophageal echocardiogram demonstrating

the flail segment. B, Performing the triangular resection. C, Performing the leaflet reconstruction using interrupted polypropylene sutures. D, Completed

repair without residual regurgitation or systolic anterior motion.
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ventricularization for each side of the resection allows the
free edge of the reconstructed leaflet to be equalized when
the repair is completed. Alternatively, one side of the asym-
metric resection can be focused on a deep cleft between
valve segments.9 The cleft serves as one of the lateral resec-
tion margins, with the remainder of the resection involving
the diseased leaflet segment. The leaflet reconstruction
VIDEO 1. Triangular resection with reconstruction using interrupted su-

tures. Video available at: https://www.jtcvs.org/article/S2666-2507(21)

00681-7/fulltext.
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takes place in a standard manner with polypropylene suture,
unifying the unresected tissue on the cleft side with the
resected edge of the diseased leaflet side.

A recently described technique can achieve a similar
outcome to the ventricularization previously described.
The “butterfly technique” serves as a bridge between the
triangular resection and the more extensive quadrangular
resection with sliding plasty.17 When faced with excessive
leaflet height, an initial triangular resection is planned at a
predefined height depending on whether P2 or P1/3 are
involved. Additional smaller horizontal triangular resec-
tions are planned from the apex of the initial triangular
resection, extending to the annular level. After completion
of these resections, the leaflet margins are rotated toward
the annulus, secured, and the leaflet reconstruction
completed using polypropylene suture. We do not currently
employ this technique, instead favoring leaflet ventriculari-
zation, adjunctive neochordae, or the more extensive
quadrangular resection with sliding plasty. However, it is
an elegant option to decrease posterior leaflet height, has
sound physiologic reasoning, and demonstrates encour-
aging early results.18
Adjunctive Procedures
Once the valve repair has been completed, the valve un-

dergoes conventional saline and ink testing to assess the
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FIGURE 3. Extensive triangular resection with leaflet ventricularization. A, Ventricularizing the leaflet free edge as appropriate for required height reduc-

tion and/or equalization. B, Completing the leaflet reconstruction using running polypropylene suture. C, Completed repair following running annuloplasty.

D, Completed repair without residual regurgitation or systolic anterior motion.
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repair adequacy prior to closing the cardiac chamber(s) and
weaning from cardiopulmonary bypass. Following a trian-
gular resection, the surgeon is looking for a competent valve
with an adequately posterior coaptation point. If coaptation
is not adequately posterior, then SAM may be observed
VIDEO 2. Triangular resection reconstructed using the ventricularization

technique. Video available at: https://www.jtcvs.org/article/S2666-

2507(21)00681-7/fulltext.
once weaned from cardiopulmonary bypass. Although there
are accepted algorithms for medically managing SAM,
tailoring the operative strategy to predict and avoid SAM
is preferable.5,19 Performing a leaflet ventricularization to
decrease posterior leaflet height in those with an increased
anticipated risk of SAM should be employed during a trian-
gular resection. If despite the surgeon’s best effort, coapta-
tion is excessively anterior (�50% of the valve orifice), the
posterior leaflet is excessively tall (�15 mm), or if SAM is
unexpectedly encountered after weaning from cardiopul-
monary bypass, decreasing the relative leaflet height with
the addition of neochordae is preferable to revising the
entire repair.
When leaflet degeneration is more extensive, adja-

cent segments may show signs of early degeneration,
and the usual indentations between valve segments
may develop into deeper clefts, occasionally extending
to the annular level. These can lead to significant resid-
ual MR following repair with a triangular resection, as
the reconstruction following triangular resection can
pull apart these clefts. These can be easily managed
by primarily closing the offending cleft using polypro-
pylene suture. Alternatively, the resection margin can
be fashioned to include the cleft as described
previously.
JTCVS Techniques c Volume 10, Number C 51
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RESULTS
Mitral valve repair is the gold standard for degenerative

mitral valve disease, with excellent survival and durability
expecte.1,4,20,21 For simple segmental posterior leaflet pro-
lapse, triangular resection has been similarly shown to be
a safe and effective technique with excellent long-term re-
sults.22,23 Using a triangular resection, freedom from mitral
valve reintervention at 10 to 20 years should be expected to
exceed 90%, and it may hold advantages over the more
extensive quadrangular resection when appropriately
used.1,23,24 By employing the discussed techniques, one
can be expected to achieve excellent operative and postop-
erative results. This has the net effect of translating into
improved long-term outcomes for our mitral valve patients.
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