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Tricuspid valve repair during mitral valve operations: Put
a ring on it!
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Functional, or secondary, tricuspid regurgitation (TR) is a
condition that commonly accompanies mitral valve disease.
Despite strong evidence for the benefit of tricuspid valve
repair at the time of mitral valve surgery, adoption of
concomitant tricuspid valve repair at the time of mitral
valve surgery is low. Here, we provide an overview of func-
tional TR, operative strategies to intervene on TR, and a
summary of outcomes for concomitant tricuspid valve
repair at the time of mitral valve surgery.
For functional tricuspid regurgitation during mitral
valve repair: Put a ring on it!

CENTRAL MESSAGE

For patients with moderate or
worse tricuspid regurgitation,
tricuspid valve repair is safe, im-
proves survival, and should be
performed at the time of mitral
valve surgery.
PATHOPHYSIOLOGY, PRESENTATION, AND
DIAGNOSIS OF FUNCTIONALTR

Functional TR occurs in the setting of right ventricular
remodeling. Right ventricular remodeling occurs due to
right ventricular volume or pressure overload, such as in
the setting of pulmonary hypertension and/or left-sided
valve disease. Right ventricular remodeling results in
tricuspid annular dilation and/or leaflet tethering with re-
sulting TR.

Most commonly, functional TR is diagnosed by echocar-
diogram during evaluation of left-sided valve disease. Func-
tional TR is typically asymptomatic until it has progressed
to decreased right ventricle function. Once right ventricular
dysfunction is present, patients may present with edema,
abdominal fullness, fatigue, and decreased exercise toler-
ance. Right ventricular dysfunction can lead to end-organ
damage, such as liver dysfunction and/or renal failure.
Development of moderate or worse TR influences quality
of life, and is an independent predictor of long-term
mortality.
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NATURAL HISTORY OF TR AFTER MITRAL
VALVE SURGERY
For many years, conservative management was believed

to be the best management strategy for tricuspid valve dis-
ease.1 It was proposed that functional TR would improve on
its own by fixing the mitral valve disease and removing the
right ventricular volume overload.1,2 Select patients with
preoperative TR may never progress to severe TR, particu-
larly after mitral valve intervention.2 However, in patients
with advanced TR and known risk factors for TR progres-
sion such as annular dilation, atrial fibrillation, and pulmo-
nary hypertension, TR can and does persist and progress
after mitral valve intervention.
In a trial by Gammie and colleagues3 randomizing pa-

tients with moderate TR to either receive a tricuspid valve
repair at the time of mitral intervention or conservative
management, 6% of patients who did not receive tricuspid
valve repair developed severe TR at 2 years, compared with
0.6% of patients who received a tricuspid valve repair. In a
review of patients undergoing mitral valve repair with a
dilated tricuspid annulus, 48% of patients undergoing iso-
lated mitral valve surgery developed worsening TR by at
least 2 grades, compared with 2% of patients who had
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FIGURE 1. Stitches should be placed in the annulus clockwise from the 10

o’clock to 6 o’clock positions, avoiding the atrioventricular (AV) node at the

8 o’clock position. A, Anterior leaflet; P, posterior leaflet; S, septal leaflet.
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concomitant tricuspid valve repair.4 This extends beyond
degenerative mitral valve disease, and in a review of pa-
tients with rheumatic mitral disease, functional TR pro-
gressed in 13% of patients.5 For most patients, mitral
valve surgery does not fix functional TR.

CURRENT GUIDELINES AND PRACTICE
Presently, tricuspid valve intervention is recommended at

the time of left-sided valve surgery if patients have severe
TR (Class 1) or progressive TR with annular dilation
(>4.0 cm) and/or signs of right heart failure (Class 2a).6

The importance of intervention on the tricuspid valve has
been increasingly recognized, and the rate of tricuspid valve
surgery has recently increased. Indications for tricuspid
valve repair at the time of left-sided valve surgery are likely
expanding to include moderate TR.

Despite the evidence for the importance of tricuspid
valve intervention at the time of left-sided valve surgery,
concomitant adoption has been low. Rate of concomitant
tricuspid repair during mitral valve surgery for patients
with moderate or worse TR and/or a dilated annulus has
ranged from 5% to 75%.3 Patients left with TR who later
require reoperation for tricuspid valve disease have poor
outcomes. Redo surgery for tricuspid valve disease is
consistently among the highest-risk cardiac operations,
with significant perioperative mortality ranging from 10%
to 35%.3 The high-risk nature of redo surgery for tricuspid
valve disease underscores the importance of tricuspid valve
repair at the time of left-sided valve surgery.

Unique Consideration: Isolated Dilated Annulus
With a Competent Valve

Patients with a dilated tricuspid annulus (>4.0 cm) but a
competent valve are an area of controversy for tricuspid
valve repair. Several groups have found that patients with
an isolated dilated annulus have a higher incidence of pro-
gression of TR.4,7,8 However, other studies have found that
there is no difference in long-term survival or TR progres-
sion for patients with an isolated dilated annulus with and
without tricuspid annuloplasty.9 Our group routinely per-
forms tricuspid annuloplasty for annulus>4.0 cm, regard-
less of the degree of TR. The role of the dilated annulus
will be an area that will continue to evolve as we learn
more about functional TR.

OPERATIVE TECHNIQUE
Annuloplasty Strategy

Several strategies exist for tricuspid valve annuloplasty,
and include suture-based annuloplasty (ie, the Kay or De-
Vega approach) or ring annuloplasty. Although suture annu-
loplasty essentially eliminates the risk of tricuspid valve
endocarditis and ring dehiscence, prior work has routinely
found that suture annuloplasty has a higher rate of recurrent
TR than ring annuloplasty. At 15 years postoperatively,
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Tang and colleagues10 found that 82% of those repaired
with an annuloplasty ring versus just 39% of patients re-
paired with a suture-based approach had freedom from
recurrent TR. Because of the higher rate of recurrence
with suture annuloplasty, we advocate for ring annuloplasty.

Next, surgeons must decide between a flexible and a rigid
annuloplasty ring. A flexible ring reduces the dilated
annulus, whereas a rigid or semirigid ring conforms the
annulus to restore a more normal 3-dimensional shape.11

Although a rigid ring has been shown to reduce the motion
of the annulus in a beating heart, studies have consistently
found that a rigid or semirigid ring offers better freedom
from recurrent TR than a flexible ring.12 Based on this evi-
dence, we recommend placement of an annuloplasty ring,
and prefer a rigid ring over a flexible ring.
Annuloplasty Stitch Placement
We advocate for and teach the 10-stitches-in-10-minutes

approach to tricuspid valve annuloplasty. Looking at the
tricuspid annulus as a clock face, from a surgeon’s view,
10 horizontal mattress stitches are placed in the annulus
going from 10 o’clock to 6 o’clock (Figure 1). This
approach allows placement of an annuloplasty band while
widely avoiding the atrioventricular node, which is located
roughly at 8 o’clock. Annuloplasty stitches must be placed
in the annulus and not on the leaflet or the atria to avoid an-
nuloplasty ring dehiscence. This standardized approach en-
ables us to quickly teach and perform tricuspid
annuloplasty, and minimizes risk of damage to the atrioven-
tricular node.
Ring Size
Our group routinely does not size the tricuspid annulo-

plasty ring for functional TR. Instead, we always use either
a size 26 mm or a size 28 mm ring.13 Prior work suggests
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that a normal tricuspid annular dimension is 2.8� 0.5 cm.14

Although it may appear that a 26 mm or 28 mm ring is
undersizing the valve, for functional TR, the dilated annulus
is being restored to its normal dimensions.15 There is no ev-
idence that placement of this standard ring size leads to
tricuspid stenosis.15

Leaflet Augmentation
Some groups perform augmentation of the anterior leaflet

with a pericardial patch when there is significant leaflet teth-
ering and annular dilation.16,17 Leaflet augmentation in-
creases the zone of coaptation, which may protect against
recurrent TR.16,17 There are several small case series that
report on this technique describing excellent freedom
from recurrent TR at midterm follow-up.16,17 However,
when faced with a tricuspid valve that has such extensive
disease that it requires leaflet augmentation, our group pre-
fers to perform tricuspid valve replacement because it is a
durable intervention with proven long-term outcomes.

OUTCOMES OF CONCOMITANT TRICUSPID
VALVE REPAIR
Perioperative Outcomes

There is no increased operative mortality as a result of
adding tricuspid valve repair duringmitral valve surgery.8,18

In a series of 110 matched patients undergoing mitral valve
repair, the operative mortality for patients undergoing iso-
lated mitral valve repair was 8.5% versus 2% for those un-
dergoing mitral valve repair with concomitant tricuspid
valve repair (P ¼ .20).4 Other work by Chikwe and col-
leagues8 similarly found that concomitant tricuspid valve
repair conferred no increased risk of operative mortality.
Concomitant tricuspid valve repair is safe and does not in-
crease the risk of short-term mortality.

Pacemaker Risk
An important risk factor of tricuspid valve repair with

mitral valve surgery is the risk of damage to the atrioventric-
ular nodewith resulting complete heart block. The atrioven-
tricular node is located in the triangle of Koch, which is
defined by the ostium of the coronary sinus, the tendon of
Todaro, and the septal leaflet of the tricuspid valve. Rate
of new heart block and permanent pacemaker placement af-
ter tricuspid valve repair are highly variable, ranging from
2% to as high as 20%.19 Increased risk of pacemaker im-
plantation may be a leading cause of low adoption of
concomitant tricuspid valve repair during mitral valve
surgery.

However, select high-volume centers report no
increased risk of pacemaker with concomitant tricuspid
repair versus mitral surgery alone.8 At our institution,
pacemaker rate of mitral valve repair and concomitant
tricuspid valve repair is similar to our pacemaker rate after
mitral valve surgery alone.20 Our low pacemaker
placement rate may be due to our operative technique,
which widely avoids the atrioventricular node and our
practices postoperatively, which gives patients time to
recover their native rhythm. Many patients have temporary
atrioventricular block postoperatively due to swelling
around the atrioventricular node that resolves as the heart
recovers from surgery and diuresis. Because of this, we
ensure that patients are diuresed to their dry weight and
typically wait at least 1 week postoperatively before eval-
uating a patient for pacemaker implantation. Adoption of
this approach to pacemaker implantation may result in
decreased pacemaker rate at other centers.

Right-Sided Remodeling
Many patients with preoperative functional TR have

some degree of right ventricular dysfunction and right-
sided dilation. Annular dilation seen with functional TR re-
sults in ventricular dysfunction, and TR results in a volume
load of the right atrium resulting in right atrial dilation.
Fortunately, tricuspid repair leads to sustained improve-
ments in right ventricular function and can restore right-
sided structures to normal dimensions.8,21 Elimination of
TR removes the volume load on the right atrium, and with
an annuloplasty ring restoring the anatomy of the annulus,
the ventricle is able to function more normally. Tricuspid
valve repair leads to sustained improvement in right-sided
remodeling and function.

Recurrent TR andDevelopment of Tricuspid Stenosis
Incidence of recurrent TR and tricuspid stenosis after

tricuspid valve repair is low.4,8 Recurrent TR after tricuspid
valve repair ranges from 0.6% to 2%.3,4 When compared
with patients who did not receive tricuspid valve repair at
the time of mitral surgery, patients with tricuspid valve
repair have significantly lower incidence of development
of recurrent TR. Restoring the annulus to a normal size
does not result in tricuspid stenosis, with no difference in
the tricuspid gradient among patients who received
tricuspid annuloplasty versus conservative management.8

Tricuspid valve repair is a durable intervention for func-
tional TR and does not lead to tricuspid stenosis.

Long-Term Survival
Patients with preoperative TR who undergo tricuspid

valve repair at the time of mitral surgery have superior
long-term survival than those who are managed conserva-
tively. Among patients undergoing left-sided valve surgery
with preoperative TR, those left with residual TR had
significantly worse long-term survival than those who had
no TR.22 Although some studies have found no difference
in long-term survival between medical management and
surgical management of severe TR,23 these studies are pri-
marily limited to patients undergoing surgery for isolated
TR, which is known to be a high-risk population not
JTCVS Techniques c Volume 22, Number C 71
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comparable to those who undergo mitral valve surgery and
receive a concomitant tricuspid valve repair. If patients with
TR are intervened upon at the time of mitral valve sur-
gery—before they develop severe TR and/or undergo sur-
gery for isolated tricuspid disease—they can have
equivalent survival to those who underwent isolated mitral
valve repair and normal life expectancy may be
restored.24,25 Patients with moderate or worse TR undergo-
ing mitral valve surgery clearly have a survival benefit from
concomitant tricuspid repair.
CONCLUSIONS
Tricuspid valve repair at the time of mitral surgery is safe

and leads to excellent freedom from recurrent TR and im-
proves long-term survival. The risk of permanent pace-
maker placement can be mitigated by avoiding the area of
the atrioventricular node and giving sufficient time for
diuresis and cardiac tissue recovery before evaluation for
a pacemaker. Patients with moderate or worse TR who are
undergoing mitral valve surgery should receive tricuspid
valve repair. Put a ring on it!
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