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New subvalvular procedures for the treatment of
TR with leaflet tethering.

CENTRAL MESSAGE

Subvalvular procedures of ante-
rior papillary muscle relocation
and septal annular repositioning

were effective to relieve leaflet
tethering and restore leaflet
coaptation in severe functional
TR.

See Commentaries on pages 166 and 168.
Video clip is available online.

Tricuspid annuloplasty (TAP) is a standard procedure for
treating functional tricuspid regurgitation (TR). However,
for patients with severe leaflet tethering, the effectiveness
of TAP is limited.1 We describe a case in which new sub-
valvular procedures were successfully applied in tricuspid
valve repair to treat severe functional TR.
CLINICAL SUMMARYAND SURGICAL
TECHNIQUES

This study was approved by our institution’s ethical com-
mittee. A 66-year-old man with moderate ischemic mitral
regurgitation, severe TR, coronary artery stenosis, and atrial
fibrillation was referred to our hospital. He had significant
lower-extremity edema and ascites. Preoperative transtho-
racic echocardiography (TTE) showed severe functional
TR due to anterior and septal leaflet tethering, annular dila-
tation, and right ventricular (RV) dilatation, consequently
leading to loss of leaflet coaptation (Figure 1, A). The
left ventricular ejection fraction was 32%. The RV frac-
tional area change was 20%. The tricuspid annular plane
systolic excursion was 10.2 mm. The tethering height was
15.0 mm. Intraoperative findings of the tricuspid valve on
beating heart revealed severe tethering of all leaflets and
significant annular dilatation (Figure 1, B). We initially
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placed CV-4 polytetrafluoroethylene mattress sutures
(Gore-Tex, Flagstaff, Ariz) in the anterior papillary muscle.
The free ends of the CV-4 sutures were passed through the
corresponding anterior annulus. After we performed TAP
with a 32-mm Contour 3D ring (Medtronic, Minneapolis,
Minn), the CV-4 sutures were also passed through the annu-
loplasty ring, and then pulled to relocate the anterior papil-
lary muscle closer to the anterior annulus. The CV-4 sutures
were tied when the anterior leaflet lifted up to the level of
the tricuspid annular plane. This procedure, papillary mus-
cle relocation in RV, was effective in relieving the anterior
leaflet tethering.

Edge-to-edge plication sutures between the septal and
posterior leaflets had been placed; however, the saline test
results showed remaining septal leaflet tethering. We subse-
quently placed additional CV-4 sutures in the RV septum.
The free ends of the CV-4 sutures were passed through
the corresponding septal annulus and annuloplasty ring. Af-
ter saline injection into the RV, the sutures were tightened to
reposition the septal annulus in the direction of the RV
cavity. This additional procedure relieved septal leaflet
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FIGURE 1. A, Preoperative echocardiogram showing regurgitation occurring due to annular dilatation and leaflet tethering (anterior and septal leaflet teth-

ering [tethering height 15.0 mm], annular dilatation [annular diameter 56.0 mm], and right ventricular dilatation [right ventricular diastolic diameter

56.0 mm, systolic diameter 49.2 mm]). B, Intraoperative picture showing tethering of all leaflets. RV, Right ventricle; RA, right atrium.

VIDEO 1. Video 1 demonstrates the papillary muscle relocation and

annular repositioning procedures and transthoracic echocardiography per-

formed preoperatively, postoperatively, and at 3 years postoperatively.

Video available at: https://www.jtcvs.org/article/S2666-2507(20)30235-2/

fulltext.
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tethering, and the final saline test showed no significant
regurgitation. We named this procedure “annular reposi-
tioning,” which was effective for relieving septal leaflet
tethering (Video 1). Mitral annuloplasty, coronary artery
bypass grafting to the posterior descending branch using a
saphenous vein graft, and the maze procedure were
concomitantly performed. At 3 years postoperatively,
TTE showed only mild TR with preserved leaflet motion
without tricuspid stenosis.
DISCUSSION
We successfully applied new surgical techniques in

tricuspid valve repair for the treatment of severe functional
TR due to leaflet tethering. The concept of papillary muscle
relocation is well known for the treatment of functional
mitral regurgitation (Figure 2). We applied this concept to
relieve the anterior leaflet tethering in severe functional
TR and found that it was very effective. We apply this relo-
cation technique when the anterior papillary muscle is
a certain size and not separated into small multiheaded
JTCVS Techniques c Volume 3, Number C 163
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FIGURE 2. The concept of new subvalvular procedures for the treatment of TR with leaflet tethering. In anterior papillary muscle relocation, the CV-4

sutures are placed in the anterior papillary muscle. The free ends of them are passed through the corresponding anterior annulus. In annular repositioning,

the CV-4 sutures are anchored to the RV septum around the origin of the papillary muscle or chords belonging to the septal leaflet. The free ends of them are

passed through the corresponding septal annulus and ring. The degree of papillary muscle relocation and annular repositioning is determined based on the

saline test results. During saline injection into the RV cavity with manual compression of the main pulmonary artery, the CV-4 sutures are tied when the

anterior and septal leaflet approach the annular plane. By applying annular repositioning, the septal annulus relocates in the direction of the RV cavity.

This maneuver leads to tilting of the annular plane with the rigid ring. As a result, the septal leaflet approaches the annular plane, and leaflet tethering is

relieved. RV, Right ventricular; RA, right atrium.
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muscles. Annular repositioning was another subvalvular
procedure, the concept of which is new. In annular reposi-
tioning, the CV-4 sutures are anchored to the RV septum
around the origin of the papillary muscle or chords
belonging to the septal leaflet. The main purpose of this
particular technique is to relieve the septal leaflet tethering
by pushing the septal annulus into the RV cavity. After this
initial case, we found it easier to put the CV-4 sutures before
securing the annuloplasty ring.

Septal leaflet tethering is one of the most important fac-
tors of severe functional TR. Anatomically, the septal
leaflet is the shortest and least mobile leaflet.2 Moreover,
in a healthy individual, the lowest point of the tricuspid
annulus is located at the septal segment near the posterior
segment. In addition, the more severe the TR, the more
planar the annulus becomes, and the septal segment is
elevated in the direction of the right atrium.3 Thus, the
short and the least mobile septal leaflet is susceptible to
the relative elevation of the septal annulus and can be
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tethered easily. The concept of annular repositioning in-
volves pushing the septal annulus into the RV cavity to re-
turn the septal annulus to its original position. The degree
of leaflet tethering was measured using preoperative TTE.
The tethering height, which is the distance between the
coaptation of the septal and anterior leaflets and the
tricuspid annular plane, was measured in the apical 4-
chamber view at mid-systolic phase. We defined the indi-
cation of these procedures as a tethering height of greater
than 8 mm according to a previous report.4 In addition, the
degree of papillary muscle relocation and annular reposi-
tioning was determined based on the saline test results.
During saline injection into the RV cavity with manual
compression of the main pulmonary artery, the CV-4 su-
tures were tied so that the anterior and septal leaflets
floated above the RV cavity and the whole leaflets could
be seen in the annular plane. In papillary muscle reloca-
tion for the anterior leaflet tethering, too much relocation
should be avoided not to induce leaflet prolapse, because



Adult: Tricuspid Valve: Surgical Technique
the anterior papillary muscle and corresponding RV free
wall are easy to move. In this particular case, TR was
controlled and leaflet motion was preserved at 3 years.

The size of the ring is routinely chosen according to the
surface area of the anterior leaflet for TAP. By using these
particular procedures in addition to anterior leaflet-sized
ring annuloplasty, almost one half of the septal leaflet height
is expected to result in the coaptation length between the
anterior and septal leaflets. The height of the septal leaflet
is reported to be 14.5 to 20.6 mm by Sakon and colleagues.5

Thus, the coaptation length between the anterior and septal
leaflets would be more than 7 mm, which is almost equal to
one half of the septal leaflet height. The smaller-sized ring
was not selected because Min and colleagues6 reported that
leaflet tethering became aggravated after TAP and annulus
size reduction could be achieved at the expense of aggrava-
tion of leaflet tethering.

Dreyfus and colleagues7 described anterior leaflet
augmentation using an autologous pericardium. This is a
useful technique to control TR with leaflet tethering. How-
ever, tricuspid stenosis due to late calcification of the autol-
ogous pericardium is a concern. The subvalvular procedures
we introduced here are simple, do not require leaflet manip-
ulations, and are not more demanding than leaflet-patching
techniques.

Tricuspid valve replacement (TVR) might have been
considered as an optional surgical procedure for this
particular case. However, operative mortality of TVR is
reported to be high.8 Because of the limited effects of
TVR, tricuspid valve repair can be advocated if it is
optimally performed. This is the initial case of anterior
papillary muscle relocation and septal annular
repositioning, and this patient was followed up for the
longest period. We applied these subvalvular procedures
for several cases after this particular case.
In conclusion, tricuspid valve repair with anterior papil-
lary muscle relocation and septal annular repositioning in
combination with rigid ring annuloplasty was a simple
and effective procedure for functional TR due to severe
leaflet tethering. These procedures can be applied in pa-
tients with the most severe type of functional TR, that is,
in combination with tricuspid annular dilatation, leaflet
tethering (tethering height of greater than 8 mm), and loss
of leaflet coaptation due to RV enlargement. Postopera-
tively, leaflet coaptation was restored with improved leaflet
motion and satisfactory long-term durability. We believe
that this technique will be one of the alternative surgical
procedures for treating advanced functional TR.
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