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Abstract

Tricuspid regurgitation (TR) frequently accompanies degenerative mitral regurgitation, and its persistence or progression after mitral surgery 
carries an adverse prognosis, while reoperation for isolated late TR is hazardous. Whether moderate TR should be corrected at the index mitral 
operation remains one of the most contested questions in valve surgery. The historical assumption that TR regresses once left-sided disease is 
corrected has proved unreliable, and tricuspid annular dilatation-independent of regurgitant grade-has emerged as the principal driver of late 
progression. Randomized and pooled data confirm that concomitant tricuspid annuloplasty markedly reduces TR progression, but at the cost of a 
several-fold increase in permanent pacemaker implantation and without a demonstrable early survival, functional, or quality-of-life benefit. This 
mini-review synthesizes the contemporary evidence and argues that current evidence does not support a universal strategy: moderate TR warrants 
near-universal consideration but selective, risk-stratified correction. Annuloplasty is well justified when moderate TR coexists with annular 
dilatation, atrial fibrillation, or pulmonary hypertension, and is more difficult to defend in their absence.
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Key Points

	 Functional TR frequently fails to regress after mitral surgery, and residual or progressive TR is associated with heart failure and reduced late 
survival.

	 Tricuspid annular dilatation, rather than regurgitant grade alone, is the principal predictor of late TR progression and the key operative criterion.

	 Concomitant tricuspid annuloplasty reliably prevents TR progression but has not shown an early survival, functional, or quality-of-life benefit 
and substantially increases permanent pacemaker implantation.

	 Moderate TR should be repaired selectively-when accompanied by annular dilatation, atrial fibrillation, or pulmonary hypertension-rather than 
in every case.

	 A risk-stratified, heart-team-guided policy (Figure 1) best balances prevention of progression against the risk of conduction injury.
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Introduction

Tricuspid regurgitation is among the most common valve 
lesions left untreated at cardiac surgery. It is present in a substantial 
proportion of patients presenting for degenerative mitral 
regurgitation (MR), and even mild-to-moderate TR independently 
predicts reduced long-term survival [1]. For decades, surgeons 
were guided by the classic observation that functional TR frequently 
regressed once the left-sided lesion was corrected, and the tricuspid 
valve was therefore commonly left alone [2]. This doctrine has not 
withstood scrutiny: residual or progressive TR after mitral surgery 
is associated with heart failure, poorer functional status and excess 
late mortality, and reoperation for isolated severe TR carries 
prohibitive risk [1,3]. The pertinent question is therefore not 
whether severe TR should be addressed-guidelines are unanimous 
that it should-but whether moderate TR, and lesser degrees 
accompanied by annular dilatation, warrant routine concomitant 
repair. The word “always” implies a categorical policy; the evidence 
supports a more discriminating position.

From Regurgitant Grade to Annular Geometry

The conceptual shift underpinning current practice is the 
recognition that the tricuspid annulus, rather than the instantaneous 
regurgitant grade, governs the natural history of functional TR. 
Dreyfus and colleagues demonstrated that the annulus is frequently 
dilated even when TR is trivial, and that annular dilatation (≥40 
mm on echocardiography, corresponding to >70 mm measured 
intraoperatively) rather than regurgitant severity best predicts 
subsequent progression; on that basis they proposed dilatation as 
the operative criterion. Annular diameter is comparatively load-
independent and reproducible, whereas echocardiographic TR 
grade under anesthesia is notoriously labile [3]. Observational and 

small randomized series subsequently showed that prophylactic 
annuloplasty in dilated annuli prevents TR progression and adverse 
right ventricular remodeling and improves functional status, 
without a mortality penalty [4-6]. These data formed the basis for 
guideline statements that concomitant tricuspid annuloplasty is 
reasonable during left-sided surgery for moderate TR, and for lesser 
TR with annular dilatation or prior right heart failure [7,8]. Atrial 
fibrillation and pulmonary hypertension further identify patients 
whose TR is unlikely to regress and more likely to progress [9,10].

What the Randomized Evidence Shows

The pivotal contribution is the Cardiothoracic Surgical Trials 
Network (CTSN) trial, which randomized 401 patients undergoing 
surgery for degenerative MR-37% with moderate TR and the 
remainder with less-than-moderate TR and annular dilatation-to 
mitral surgery alone or with tricuspid annuloplasty. Annuloplasty 
reduced the two-year composite of death, tricuspid reoperation, 
or TR progression from 10.2% to 3.9% (relative risk 0.37), an 
effect driven entirely by prevention of TR progression. Crucially, 
there was no accompanying benefit in survival, major adverse 
cardiac and cerebrovascular events, functional class, or quality of 
life, and the need for a permanent pacemaker rose almost six-fold 
(14.1% vs 2.5%) [11]. A 2025 meta-analysis of more than 3,000 
patients reached concordant conclusions: annuloplasty reduced 
≥moderate TR progression (hazard ratio 0.34) but conferred no 
survival advantage out to 15 years while increasing perioperative 
pacemaker implantation more than five-fold [12]. Guideline-
based cohorts similarly report durable freedom from significant 
TR under a consistent tricuspid policy, but again without a clear 
hard-outcome dividend within available follow-up [13]. The 
principal lines of evidence, with their benefits and limitations, are 
summarized in (Table 1).

Table 1: Summary of the principal evidence on concomitant tricuspid annuloplasty during mitral valve surgery for moderate or less-than-moderate 

tricuspid regurgitation. CTSN, Cardiothoracic Surgical Trials Network; HR, hazard ratio; QoL, quality of life; TR, tricuspid regurgitation.

Evidence Source Principal Benefit Key Limitation

Observational and single-centre series Reduced late TR and adverse right ventricular 
remodelling Selection bias; heterogeneous indications and technique

CTSN randomized trial Reduced 2-year TR progression (10.2% to 3.9%) Almost six-fold higher permanent pacemaker rate; no 
survival, functional, or QoL benefit

2025 pooled meta-analysis (>3000 
patients)

Durable reduction in ≥moderate TR progression 
(HR 0.34)

No survival advantage to 15 years; >5-fold higher pace-
maker rate

Guideline-based cohorts Durable freedom from significant TR under a 
consistent policy No clear hard-outcome benefit within available follow-up

The Case Against Reflexive Repair

Three considerations temper enthusiasm for a universal policy. 
First, TR does not progress in every patient, so a blanket approach 
inevitably overtreats those who would have remained stable; 
annular diameter, though the best available marker, is an imperfect 
predictor and captures geometry at a single time point rather than 
annular dynamics or right ventricular reserve. Second, the principal 
harm-permanent pacemaker implantation-is neither trivial nor 
transient. It is not a benign outcome, particularly in younger patients, 

because lifelong right ventricular pacing may impair ventricular 
synchrony, complicate future transcatheter interventions, and 
itself aggravate tricuspid regurgitation; moreover, this harm 
accrues to precisely those patients who otherwise derive only an 
echocardiographic benefit [11,12]. Third, adding annuloplasty 
lengthens cardiopulmonary bypass and, in a minority, may escalate 
to tricuspid replacement [11]. It is telling that publication of the 
CTSN results was followed by a measurable decline in concomitant 
annuloplasty among eligible patients-a profession recalibrating 
benefit against harm rather than abandoning the procedure.
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Toward A Risk-Stratified Answer

The reconciling principle is that the decision should be 
indexed to the probability of progression and the competing risk 
of conduction injury, not to the regurgitant grade in isolation 
(Figure 1). Moderate TR accompanied by annular dilatation, atrial 
fibrillation, or pulmonary hypertension carries a sufficiently high 
progression risk that concomitant annuloplasty is well justified and 
concordant with guidelines [7,8]. Conversely, isolated moderate 

TR with a non-dilated annulus, sinus rhythm, normal pulmonary 
pressures and preserved right ventricular function-particularly in 
an older or higher-risk patient-is a setting in which the pacemaker 
hazard may outweigh a purely echocardiographic gain, and careful 
observation is defensible. Where repair is undertaken, a rigid or 
semi-rigid ring rather than a suture technique, with sutures sited 
to respect the atrioventricular node, mitigates both recurrence and 
conduction injury (Figure 1).

Figure 1: Decision-making algorithm for the management of moderate tricuspid regurgitation (TR) during mitral valve surgery. AF, atrial 
fibrillation; PAP, pulmonary artery pressure; RV, right ventricular.

Looking ahead, the emergence of transcatheter tricuspid 
interventions may in future alter the threshold for surgical 
correction, offering a lower-risk option for TR that progresses 
after mitral surgery; at present, however, the available evidence-
largely confined to symptomatic severe TR-remains insufficient to 
influence intraoperative decision-making [14]. Longer-term follow-
up of surgical cohorts is likewise required to establish whether the 
demonstrated reduction in TR progression ultimately translates 

into a survival or heart-failure benefit; until then, the evidence 
favors judgement over reflex.

Conclusion

Moderate TR should not always be repaired during mitral valve 
surgery-but it should almost always be deliberately considered. The 
correct question at the operating table is not the TR grade alone 
but whether the annulus is dilated and whether atrial fibrillation or 
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pulmonary hypertension is present, weighed against the individual 
patient’s tolerance of a materially increased pacemaker risk. A risk-
stratified, annulus-centered and heart-team-guided policy, rather 
than a universal one, best serves patients undergoing mitral valve 
surgery. Future research should identify the imaging and clinical 
biomarkers that best predict which patients derive durable clinical 
benefit from prophylactic annuloplasty, so that a risk-stratified 
policy can be refined into a genuinely individualized one.
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