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Concomitant tricuspid ring an-
nuloplasty prevents moderate-
to-severe tricuspid regurgitation,
which otherwise occurs in a 25%
to 30% of patients after isolated
mitral repair.

See Commentaries on pages 62 and 64.
Feature Editor’s Note—The tricuspid has oft been the
forgotten valve. When it comes to intervention for second-
ary tricuspid regurgitation (TR), the approach has histori-
cally been conservative, with the expectation that TR
would reverse with correction of mitral regurgitation.
Growing evidence has shown that late symptomatic heart
failure can develop secondary to residual TR after isolated
mitral valve surgery for degenerative disease and that late
TR is prevalent in these patients upon long-term follow-
up. Recently, a more aggressive stance toward concomitant
repair of the tricuspid valve at the time of mitral valve sur-
gery for degenerative disease has been proposed, with
guidelines from the American Heart Association/American
College of Cardiology and European Society of Cardiology
that support tricuspid repair based on the severity of TR
and/or tricuspid annular size. Evolution of repair tech-
niques from suture annuloplasty to remodeling annulo-
plasty with semi-rigid or rigid devices has also led to
greater durability of the repair. In this issue of the Journal,
Drs Chikwe and Megna review the evidence supporting
concomitant tricuspid repair at the time of mitral valve sur-
gery for degenerative disease and describe the key anatomic
and physiologic changes that mediate secondary TR. The
authors offer a robust discussion regarding the types of sur-
gical repair strategies and their relative strengths and
weaknesses. While catheter-based valvular interventions
are gaining momentum for left-sided valvular lesions, de-
vices for tricuspid repair remain in their infancy and their
relative role for correction of secondary TR remains small.
For the practicing cardiac surgeon, these authors provide a
framework with the when, why, and how to manage the
tricuspid valve at the time of mitral valve surgery for degen-
erative disease.
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Secondary or functional tricuspid regurgitation is
commonly seen in the settings of right ventricular dilation
or dysfunction, pulmonary hypertension, and left-heart
dysfunction and is characterized by structurally normal
tricuspid valve leaflets and subvalvular apparatus.1,2 In the
1960s, observations that functional tricuspid regurgitation
sometimes improved after mitral surgery led Braunwald
and colleagues3 to recommend conservative management
of functional tricuspid regurgitation, which remained the
accepted approach for decades. Although Carpentier and
colleagues4 stated in 1974 that a conservative approach to
concomitant tricuspid repair could be “dangerous,” it took
another decade for the impact of severe heart failure due
to tricuspid regurgitation years after isolated mitral surgery
and the high mortality associated with reoperative tricuspid
surgery to be widely recognized.1,2,5 Current consensus
guideline recommendations recommend concomitant
tricuspid valve repair at time of degenerative mitral repair
for moderate tricuspid regurgitation or tricuspid annular
dilatation (Table 1), based on superior long-term clinical
and echocardiographic outcomes with this strategy and
evidence suggesting that a conservative approach is associ-
ated with residual and recurrent moderate-to-severe
tricuspid regurgitation rates as high as 30% at 5 years.1,2
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TABLE 1. Current consensus guideline recommendations for concomitant tricuspid repair from the American Heart Association/American

College of Cardiology (AHA/ACC) and the European Society of Cardiology (ESC)

AHA/ACC guidelines ESC guidelines

Tricuspid valve surgery is recommended for patients with severe TR

undergoing left-sided valve surgery. Class I (Level of Evidence C)

Surgery is indicated in patients with severe secondary TR under-going

left-sided valve surgery. Class I (Level of Evidence C)

Tricuspid valve repair can be beneficial for patients with mild,

moderate, or greater functional TR at the time of left-sided valve

surgery with either (1) tricuspid annular dilatation or (2) previous

evidence of right heart failure. Class IIa (Level of Evidence B)

Surgery should be considered in patients with mild or moderate

secondary TR with a dilated annulus (>40 mm or>21 mm/m2 by

2-dimensional echocardiography) undergoing left-sided valve

surgery. Class IIa (Level of Evidence C)

Tricuspid valve repair may be considered for patients with moderate

functional TR (stage B) and pulmonary artery hypertension at the

time of left-sided valve surgery Class IIb (Level of Evidence C)

Surgery may be considered in patients undergoing left-sided valve

surgery with mild or moderate secondary tricuspid regurgitation

even in the absence of annular dilatation when previous recent right-

heart failure has been documented. Class IIb (Level of Evidence C)

TR, Tricuspid regurgitation.
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There remains controversy and wide practice variation in
the approach to concomitant tricuspid repair.6-10 The aim
of this review is to provide a concise account of the
rationale and optimal surgical technique for concomitant
tricuspid repair based on current evidence.
SURGICAL TRICUSPID VALVE ANATOMY
The tricuspid valve annulus is saddle-shaped and charac-

terized by the lack of a fibrous skeleton: consequently, it is
very flexible, distensible, and fragile. The anterior annulus
is in close proximity to 3 structures at risk during annulo-
plasty: the right and noncoronary sinuses of the aortic
root at about 10’o clock, the right coronary artery as it
runs in the atrioventricular groove between 11 and 2’o
clock, and the atrioventricular conduction tissue, which
lies in close proximity to the anteroseptal commissure at
7’o clock (Figures 1 and 2). The septal annulus is supported
by the musculature of the interventricular septum and is
least subject to dilation, which disproportionately affects
the posterior and anterior annulus11 (Figure 3).
FIGURE 1. Cross-section of heart showing anatomic relationships of the

tricuspid valve. (With permission from Carpentier A, Filsoufi F, Adams D.

Carpentier’s Reconstructive Valve Surgery. Philadelphia: Saunders; 2010).
Annuloplasty rings are therefore deliberately designed as
incomplete rings, to facilitate remodeling annuloplasty of
the anterior and posterior annulus while avoiding suture
placement in the region of conduction tissue and bundle
of His.
PATHOPHYSIOLOGY OF SECONDARY
TRICUSPID REGURGITATION
Three factors contribute to functional tricuspid regurgita-

tion: tricuspid annulardilatation, right ventricular dysfunction
and dilatation, and pulmonary hypertension. Echocardio-
graphic analysis has suggested that functional tricuspid regur-
gitation is most strongly associated with tricuspid annular
dilatation,whereas pulmonary hypertensionand right ventric-
ular dilatation are weaker predictors of functional tricuspid
regurgitation.12 However, recent data in a long-term surgical
cohort suggest that preoperative tricuspid regurgitation grade
is amore important predictor of postoperative tricuspid regur-
gitation after degenerative mitral repair than annular dilata-
tion.13 Three-dimensional echocardiography in patients
with functional tricuspid regurgitation reveals that the annulus
tends to be dilated and flatter, with abnormal annular contrac-
tion, compared with the normal saddle-shaped annulus.14 A
key part of surgical strategy is therefore correcting tricuspid
annular dilatation with a remodeling annuloplasty that re-
stores the 3-dimensional annular geometry and corrects
annular dilatation.
Elevated left atrial pressures in patients with advanced

left-sided heart disease are transmitted to the lungs, causing
pulmonary hypertension and right ventricular pressure
overload, eventually with permanent pulmonary vascular
remodeling. This can result in tricuspid regurgitation either
directly, or indirectly as a result of right ventricular dilata-
tion and leaflet tethering, which are predictive of functional
tricuspid regurgitation severity.15 Consequently, in order
for isolated mitral repair to reduce or eliminate tricuspid
regurgitation, reverse remodeling of both the dilated right
ventricle and pulmonary vascular is needed, which takes
months to years and may not occur in the presence of
JTCVS Open c Volume 3, Number C 53



FIGURE 2. Surgical anatomy of the tricuspid valve, viewed through a

right atriotomy (the superior and inferior vena cava orifices lie to the lower

left and right of the image, respectively).
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residual tricuspid regurgitation, or residual left-sided ven-
tricular dysfunction or valve lesions.

Finally, septal leaflet tethering may contribute to tricuspid
regurgitation even in the absence of right ventricular
dysfunction or pulmonary hypertension.16 The mechanism
may be due to left ventricular dysfunction, since the ventri-
cles are interdependent at the septum, and left ventricular
septal dysfunction also causes dysfunction of the septal
wall of the right ventricular septumwhere the papillary mus-
cles and chordae to the tricuspid valve septal leaflet arise.
RATIONALE FOR CONCOMITANT TRICUSPID
REPAIR

Concomitant tricuspid repair confers both prognostic
and symptomatic benefit in patients with severe tricuspid
FIGURE 3. Annular dilatation predominantly affects the anterior and pos-

terior annulus.
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regurgitation documented on preoperative or intraopera-
tive echocardiography.1,2 Given the dynamic nature of
tricuspid regurgitation, the absence of severe tricuspid
regurgitation on pre-bypass transesophageal echocardiog-
raphy should not necessarily change the intent to perform
concomitant tricuspid repair if severe tricuspid regurgita-
tion was documented on preoperative echocardiography.
This is because severe tricuspid regurgitation is usually
associated with right ventricular dysfunction and dilata-
tion and is unlikely to see significant and sustained
improvement with isolated mitral repair. The role of
concomitant tricuspid repair in the setting of moderate
or lesser degrees of tricuspid regurgitation is less clear
cut: the primary goal is to prevent progression in
those patients at increased risk of severe tricuspid
regurgitation.
Course of Untreated Tricuspid Regurgitation
Moderate-to-severe tricuspid regurgitation is very com-

mon after isolated mitral valve surgery, even in patients
with mild or no tricuspid regurgitation at baseline.17-19 It
is associated with worse right-sided remodeling, func-
tional outcomes, and survival.17-19 One of the first
large, retrospective studies to demonstrate the impact of
a conservative approach to concomitant tricuspid surgery
showed that the prevalence of moderate or severe
tricuspid regurgitation in 5-year follow-up after isolated
degenerative mitral repair was close to 30%, compared
with 16.5% at baseline.17 More recently, David and col-
leauges19 reported moderate or severe tricuspid regurgita-
tion rates of 21% in 20-year follow-up, compared with
4% at baseline. Moderate tricuspid regurgitation is associ-
ated with significantly worse survival: in a series of 5223
patients followed over 10 years, greater mortality was
observed in patients with moderate tricuspid regurgitation
compared with mild or, no regurgitation, even after adjust-
ing for pulmonary hypertension and left and right ventric-
ular dysfunction.20 About one half of the patients who
develop severe tricuspid regurgitation report symptoms
of heart failure.1 The mortality of reoperative tricuspid
valve surgery is relatively high and associated with a
high rate of persistent or recurrent heart failure and
continued elevated risk of death.21 Surgery and increas-
ingly transcatheter repair may be offered to these patients,
but the impact on survival and even symptoms at this late
stage is unpredictable. Concomitant tricuspid repair
has been associated with significantly better functional
outcomes in patients compared with those undergoing iso-
lated mitral repair.22 Improved right ventricular remodel-
ing and freedom from right ventricular dysfunction and
pulmonary hypertension have also been associated with
concomitant tricuspid repair compared with isolated mitral
repair.22
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Annular Dilatation as an Indication for Tricuspid
Repair

Functional tricuspid regurgitation is highly dynamic
and may vary widely in the same patient depending on vol-
ume loading and hemodynamic conditions.1 Specifically,
tricuspid regurgitation may be downgraded in fasted pa-
tients under general anesthesia, so the pre-bypass transeso-
phageal echocardiogram can be less reliable measure of
tricuspid regurgitation than preoperative transthoracic
echocardiography. This is one reason why assessment of
annular dilatation is an important factor in the decision to
perform concomitant tricuspid repair. Carpentier first
described direct intraoperative assessment of annular dila-
tion by comparing the tricuspid leaflet surface area with
the diameter of the annulus (Figure 4).4,26 This approach
was popularized by Dreyfus and colleagues,18 who assessed
tricuspid annular dilatation by direct intraoperative mea-
surement, with a threshold for repairing of>70 mm in a
flaccid heart. They subsequently acknowledged that this
threshold may be too high, since one third of patients below
this threshold developed moderate or severe tricuspid regur-
gitation during follow-up. The current consensus guideline
echocardiographic threshold for significant tricuspid
annular dilatation of an end-diastolic diameter of 40 mm
FIGURE 4. Intraoperative assessment of annular dilatation and selection of ann

sizer. A, Surgeons view of tricuspid valve. B, Tricuspid valve sizer compared wi

with surface area of anterior leaflet. D, Competent saline test after tricuspid rin
(or >21 mm/m2) in the 4 chamber transthoracic view is
somewhat arbitrary but supported by several retrospective
series.1,2 Three-dimensional echocardiography is probably
a more accurate method of assessing dilatation of the
tricuspid annulus.23

SURGICALTECHNIQUES FOR TRICUSPID VALVE
REPAIR
Concomitant repair is most easily performed via an obli-

que right atriotomy on the arrested heart before mitral or
aortic valve reconstruction, with direct bicaval cannulation
and caval snares or vacuum-assisted venous drainage. The
right atrium can be very fragile, and the risk of tearing
into the atrioventricular groove is minimized by starting
the atriotomy incision well away from the groove and
avoiding aggressive retraction. As long as there is no patent
foramen ovale or atrial septal defect, tricuspid repair can
also safely be performed on the beating heart without the
crossclamp to minimize ischemia time, although greater
care with suture placement is required to avoid annular tears
(Figure 5). Vacuum-assisted venous drainage removes the
need to snare the vena cavae. The pulmonary artery catheter
may be retracted to one side or temporarily placed in the
right atrium to facilitate suture placement.
uloplasty ring size: comparing the leaflet surface area with a tricuspid valve

th annular dimension showing dilatation. C, Tricuspid valve sizer compared

g annuloplasty (With permission from Milla and colleagues.26)
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FIGURE 5. Suture technique for tricuspid annuloplasty. Directing the needle though the annulus toward the ventricle ensures bites have maximum strength

and minimizes risk of sutures impinging on aortic root and right coronary artery. (With permission from Carpentier A, Filsoufi F, Adams D. Carpentier’s

Reconstructive Valve Surgery. Philadelphia: Saunders; 2010)
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There are 2 main approaches to repair of tricuspid regur-
gitation: ring annuloplasty and suture annuloplasty (most
commonly DeVega repair) (Table 2).22-24,36 Both tech-
niques aim to correct and prevent anterior and posterior
annular dilatation, and avoid suture placement in the region
of conduction tissue to minimize the risk of heart block.
Ring annuloplasty, where the annulus is remodeled or
permanently fixed in a systolic position by suturing in a
rigid or semi-rigid ring, has been associated with signifi-
cantly greater durability of tricuspid repair compared with
suture annuloplasty, where the annulus size is reduced by
using a continuous suture to “purse string” the annulus
(Figure 6, A).24 The purse-string is prone to cutting out of
the fragile annulus and associated with high rates of residual
and recurrent tricuspid regurgitation. Simple horizontal
mattress sutures are placed close together, approximately
1 cm wide, 2 to 3 mm deep, and 1 to 2 mm outside the
hinge-point between the leaflet and the atrial wall. The De-
Vega suture annuloplasty is usually performed with a
running suture taken from the septal annulus just above
the coronary sinus, to the anteroseptal commissure and
back again with a distance of about 5 mm between the 2
arms, and buttressed at the far ends with pledgets.

Choice of approach is ideally tailored to the severity of
tricuspid regurgitation (Table 2). Mild tricuspid regurgita-
tion can effectively be treated with reduction annuloplasty
56 JTCVS Open c September 2020
using a flexible band such as the Cosgrove-Edwards Annu-
loplasty Band (Edwards Lifesciences, Irvine, Calif), or
semi-rigid rings such as the Tri-Ad (Medtronic, Carlsbad,
Calif) or Carpentier-Edwards Physio Tricuspid ring (Ed-
wards Lifesciences). Severe tricuspid regurgitation is
most effectively treated with remodeling annuloplasty us-
ing a rigid ring such as the Carpentier Classic (Edwards
Lifesciences) or Edwards MC3 (Edwards Lifesciences)
ring. Data from the surgical literature suggest that up to
95% of patients having a ring annuloplasty will be free
from moderate or severe tricuspid regurgitation years after
surgery.2 Rigid ring annuloplasty has been associated with
dehiscence, and semi-rigid rings have been used in an
attempt to reduce the risk of this complication.24,25

Ring annuloplasty can be easily sized by comparing the
septal annulus, and then the anterior and posterior leaflet
surface area to a sizer (Figure 4)26; however, a size 28 annu-
loplasty consistently achieves a good result in most patients.
Adjunctive leaflet repair techniques such as Gore-Tex neo-
chordae (W.L. Gore &Assoc, Inc, Flagstaff, Ariz) to correct
prolapse, and closure of large fenestrations and gaps be-
tween leaflets are occasionally necessary to achieve a
competent repair. Leaflet patch augmentation may be
required to achieve a competent and durable repair when
there is substantial leaflet tethering. Permanent epicardial
pacing wires or right ventricular leadless pacemakers



TABLE 2. Comparison of annuloplasty techniques for functional TR

Annuloplasty

technique

Reduction annuloplasty Remodeling annuloplasty

Bicuspidization DeVega Flexible band Semi-rigid ring Rigid ring

Suture Band Ring

Prostheses

Indication Limited Mild TR Mild TR Mild-moderate TR Moderate-severe TR

Annular

stabilization

Posterior Anteroposterior Anteroposterior Anteroposterior and septal Anteroposterior and septal

Durability Poor

25% moderate or

severe TR at 3 y36

Poor to moderate

28% 3þ or 4þ
TR at 5 y24

Moderate

32% 3þ or 4þ
TR at 5 y24

Good Good

<5% �2þ TR at 5 y

depending on indications

for repair22-24

Risk heart block Minimal Minimal Minimal Low Low

Risk dehiscence Moderate Moderate Minimal Minimal Low to moderate

Additional time 5 min 5-10 min 10-15 min 15þ min 15þ min

TR, Tricuspid regurgitation.
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FIGURE 6. Freedom frommoderate or greater TR after tricuspid repair. A, Stratified by tricuspid annuloplasty technique. B. According to the presence of

permanent pacemaker leads. TR, Tricuspid regurgitation; PG, Peri-Guard band annuloplasty; DV, DeVega suture annuloplasty; FB, flexible band annulo-

plasty; RR, rigid ring annuloplasty. (With permission from McCarthy and colleagues.24)
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should be considered in patients at risk of requiring long-
term ventricular pacing postoperatively.

INCREMENTAL RISKS ASSOCIATED WITH
TRICUSPID VALVE REPAIR

Correctly performed, concomitant tricuspid repair is
associated with minimal incremental mortality or
morbidity.22,27-29 Historic reports of greater mortality with
58 JTCVS Open c September 2020
concomitant tricuspid repair reflect a case selection
that may be biased by a much greater proportion of
patients with severe tricuspid regurgitation, pulmonary
hypertension, and right-sided dysfunction included in the
concomitant tricuspid surgery cohort compared with the
isolated mitral surgery group. In addition, outcomes of pa-
tients undergoing tricuspid surgery have improved with
time, with lower risk-adjusted operative mortality seen in



TABLE 3. Summary of outcomes of tricuspid repair strategies

AHA/ACC level of

recommendation

Indication for concomitant

tricuspid repair strategy

Late TR in patients

without tricuspid repair Series

Class I: “Should

be performed”

Severe TR

Class IIa: “Is reasonable

to perform”

Mild/moderate TR and annular

dilatation

11% of patients with moderate or severe TR at 3 y

30% of patients with moderate or severe TR at 5 y

20% of patients with moderate or severe TR at 20 y

Brescia et al37

Yilmaz et al17

David et al19

Class IIb: “May be

considered”

Moderate TR and PAH Mean grade of TR at 5 y was 2þ Dreyfus et al18

Mild/moderate TR or

annular dilatation

<2% patients with>2þ TR at 5 y Chikwe et al22

AHA, American Heart Association; ACC, American College of Cardiology; TR, tricuspid regurgitation; PAH, pulmonary artery hypertension.
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a national analysis of patients operated on between 2000
and 2010.21 In a surgical series comparing outcomes of
600 patients, the incidence of mortality, major bleeding
events, and permanent pacemaker was not significantly
different between patients who underwent concomitant
tricuspid repair versus mitral repair only.22 The rate of per-
manent pacemaker associated with tricuspid surgery in a
national registry analysis was 4%.21 Avoiding conduction
block and the need for permanent pacemaker is particularly
important, since transvalvular pacemaker leads are associ-
ated with much greater recurrence rates of tricuspid regur-
gitation (Figure 6, B). Compromise of the right coronary
artery from tricuspid annular suture placement or kinking
is a rare complication.

RESIDUAL AND RECURRENT TRICUSPID
REGURGITATION

Rates of residual moderate or greater tricuspid regurgita-
tion after concomitant tricuspid repair for class IIa and IIb
indications have been reported to range from zero in one
single-surgeon series to 10% (Table 3).22-24 Long-term
rates of recurrent tricuspid regurgitation after tricuspid
repair also vary widely, from around 3% to more than
20%, reflecting wide variation in the indications for
concomitant repair, surgical approach, and outcomes re-
porting.22-24 Risk factors associated with residual and
recurrent tricuspid include echocardiographic factors such
as tricuspid annular dilatation, tricuspid leaflet tethering,
and right ventricular dysfunction; clinical factors such as
atrial fibrillation, pulmonary hypertension, rheumatic
valve disease, and transvalvular pacing wires; and
technical factors—primarily suture annuloplasty
techniques are associated with greater risk of residual and
recurrent tricuspid regurgitation compared with ring
annuloplasty.6,8,13-15,22,24

FUTURE DIRECTION AND RESEARCH
The National Institutes of Health–supported multicenter

trial, which randomized 401 patients with mild-to-
moderate tricuspid regurgitation undergoing degenerative
mitral repair to concomitant tricuspid repair versus isolated
mitral surgery, was designed and powered for a primary
echocardiographic (tricuspid regurgitation grade) rather
than clinical end point.30 The outcomes of this trial may
inform practice but will probably be less influential than
the results of current trials comparing transcatheter and sur-
gical repair for degenerativemitral regurgitation, and the re-
sults of transcatheter repair versus medical therapy for
severe tricuspid regurgitation. These studies are designed
and powered for noninferiority composite end points at 1
to 2 years that include repeat hospitalization31 and as such
will likely provide a platform for the expanded use of trans-
catheter devices in this population—both as first-line treat-
ment for degenerative mitral regurgitation and subsequently
instead of reoperative surgery for progression of tricuspid
regurgitation. The initial feasibility studies of transcatheter
tricuspid repair show some limited efficacy: in the TRILU-
MINATE study using MitraClip to repair the tricuspid
valve, tricuspid regurgitation was reduced, on average
from 5þ to 4þ.32 The surgical experience suggests that
while short-term palliation of severe functional tricuspid
regurgitation may be achieved with transcatheter edge-to-
edge repair, this will be insufficient for in patients in
whom the goal of care is curative, because long-term treat-
ment efficacy in functional tricuspid regurgitation depends
primarily on durable tricuspid annuloplasty. Transcatheter
annular techniques under initial feasibility studies include
Trialign (Mitralign Inc, Boston, Mass), TriCinch (4Tech
Cardio Ltd, Galway, Ireland), and Cardioband (Edwards
Lifesciences).33-35

CONCLUSIONS
Moderate or severe functional tricuspid regurgitation oc-

curs in up to one third of patients after isolated degenerative
mitral surgery, even in patients with insignificant tricuspid
regurgitation at baseline. Tricuspid regurgitation is not a
benign lesion, and even moderate degrees have been associ-
ated with reduced survival. Tricuspid regurgitation is highly
JTCVS Open c Volume 3, Number C 59
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dynamic, and annular dilatation is a helpful predictor of
the presence and progression of tricuspid regurgitation.
Tricuspid ring annuloplasty can be performed safely,
without incremental risk, and offers excellent and durable
freedom from tricuspid regurgitation—correlated with
improved right ventricular modeling. An aggressive
approach to concomitant tricuspid repair is supported by
current consensus guidelines and more recent data from sur-
gical series with more conservative approaches character-
ized by high rates of recurrent moderate and severe
tricuspid regurgitation in late follow-up. Future research
will focus on the role of transcatheter repair in the manage-
ment of severe tricuspid regurgitation after cardiac surgery.
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