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Comparative Efficacy and Safety of Transcatheter Edge-to-Edge Repair Versus Tricuspid Valve Replacement Versus Optimal Medical Therapy in Severe Tricuspid Regurgitation: A Network Meta-Analysis of Randomized Controlled Trials
Supplementary Figures
Supplementary Figure S1. Network geometry plots for each outcome (star-shaped network with OMT as the common comparator; no direct TEER–TTVR comparison). Node size is proportional to the number of patients randomized to each treatment; edge width is proportional to the number of trials contributing to the comparison.
Supplementary Figure S2. Rankograms illustrating the posterior probability (Bayesian) of each treatment being ranked first, second, or third for key efficacy and safety outcomes (200,000 Monte-Carlo draws from the joint normal sampling distribution under vague priors).
Supplementary Figure S3. Traffic-light plot of the CINeMA framework domain judgments for each network estimate (within-study bias, reporting bias, indirectness, imprecision, heterogeneity, incoherence).
Supplementary Note S1. Search strategies
Searches were run on 31 December 2025 in PubMed, Embase, and ScienceDirect. The full strings are reproduced below.
PubMed  (Results: n = 202)
("Tricuspid Valve Insufficiency"[MeSH Terms] OR "tricuspid regurgitation"[All Fields] OR "tricuspid regurg*"[All Fields] OR "tricuspid insufficiency"[All Fields] OR "functional tricuspid regurgitation"[All Fields] OR "secondary tricuspid regurgitation"[All Fields] OR "isolated tricuspid regurgitation"[All Fields] OR "severe tricuspid regurgitation"[All Fields] OR "moderate-to-severe tricuspid regurgitation"[All Fields] OR "moderate to severe tricuspid regurgitation"[All Fields] OR "tricuspid valve disease"[All Fields]) AND ("transcatheter"[All Fields] OR "percutaneous"[All Fields] OR "edge-to-edge"[All Fields] OR "edge to edge"[All Fields] OR "edge-to-edge repair"[All Fields] OR TEER[All Fields] OR TriClip[All Fields] OR PASCAL[All Fields] OR "transcatheter tricuspid"[All Fields] OR "transcatheter tricuspid valve"[All Fields] OR TTVR[All Fields] OR "tricuspid valve replacement"[All Fields] OR "tricuspid valve repair"[All Fields] OR "tricuspid annuloplasty"[All Fields] OR EVOQUE[All Fields] OR Cardioband[All Fields] OR FORMA[All Fields] OR "transcatheter tricuspid intervention"[All Fields] OR "percutaneous tricuspid intervention"[All Fields]) AND (randomized[All Fields] OR randomised[All Fields] OR RCT[All Fields] OR "randomized controlled trial"[All Fields] OR "randomised controlled trial"[All Fields] OR "controlled clinical trial"[All Fields] OR "clinical trial"[All Fields])
Embase  (Results: n = 292)
('tricuspid regurgitation'/exp OR 'tricuspid valve insufficiency'/exp OR 'tricuspid valve disease'/exp OR 'tricuspid regurg*':ti,ab OR 'tricuspid insufficiency':ti,ab OR 'functional tricuspid regurgitation':ti,ab OR 'secondary tricuspid regurgitation':ti,ab OR 'isolated tricuspid regurgitation':ti,ab OR 'severe tricuspid regurgitation':ti,ab OR 'moderate-to-severe tricuspid regurgitation':ti,ab) AND ('transcatheter'/exp OR 'percutaneous'/exp OR 'edge to edge repair':ti,ab OR 'edge-to-edge':ti,ab OR teer:ti,ab OR triclip:ti,ab OR pascal:ti,ab OR ttvr:ti,ab OR evoque:ti,ab OR cardioband:ti,ab OR forma:ti,ab OR 'transcatheter tricuspid':ti,ab OR 'transcatheter tricuspid valve replacement':ti,ab OR 'transcatheter tricuspid valve repair':ti,ab OR 'transcatheter tricuspid intervention':ti,ab OR 'percutaneous tricuspid intervention':ti,ab OR 'tricuspid annuloplasty':ti,ab) AND ('randomized controlled trial'/exp OR randomized:ti,ab OR randomised:ti,ab OR rct:ti,ab OR 'controlled clinical trial':ti,ab OR 'clinical trial':ti,ab)
ScienceDirect  (Results: n = 430)
("tricuspid regurgitation" OR "tricuspid regurg") AND ("transcatheter" OR "percutaneous" OR TEER OR TTVR OR EVOQUE)


Supplementary Note S2. Extended statistical methodology
Bayesian rank probabilities under a star network
The included network is star-shaped: OMT is the common comparator, TEER and TTVR are not compared directly in any trial, and there are no closed loops. Under these conditions, a Bayesian NMA with vague priors on the basic parameters (contrasts of each active treatment against OMT) yields posterior marginals that are analytically well-approximated by the normal sampling distribution of the corresponding frequentist maximum-likelihood estimator, with the between-study heterogeneity variance τ² estimable only within each comparison (and not borrowed across comparisons, because no closed loop exists). We therefore implemented the Bayesian analysis as Monte-Carlo simulation (200,000 draws) from the bivariate normal distribution of log(RR) for TEER-vs-OMT and TTVR-vs-OMT (or MD for continuous outcomes), with standard errors recovered from the reported 95% CIs. For each draw we computed within-sample ranks (1 = best) according to the direction of benefit, and summarised posterior rank probabilities, mean rank, and SUCRA. SUCRA was calculated as 1 − (mean rank − 1) / (K − 1) with K = 3. As a sensitivity check, we repeated the analysis assuming a half-normal(0, 0.5) prior on the between-study SD of the log-RR; qualitative rankings were unchanged.
NNT / NNH via bootstrap of log-RR
For each dichotomous outcome, the pooled OMT control-arm risk p₀ was calculated as the total number of events in OMT arms divided by the total number of OMT participants across the three trials, at the trial-specific primary follow-up (approximately one year). For each outcome, 200,000 draws of log(RR) were simulated from N(log(RR), SE²), where SE = (log(UCL) − log(LCL))/(2 × 1.96). Each simulated RR was multiplied by p₀ and clipped to [0, 1] to obtain the distribution of the treatment-arm risk p₁; the risk difference was p₁ − p₀ and the NNT was |1/RD|. Point estimates are reported as the median of the posterior distribution; 95% CIs as the 2.5–97.5 percentiles. NNT is reported when the intervention was beneficial (NYHA improvement); NNH when it was harmful (major bleeding, new pacemaker). The NYHA improvement point estimate for TTVR (88.6%) reflects multiplication of the pooled baseline OMT rate (27.0%) by the network RR (3.28) and should be interpreted as a model-derived counterfactual rate given the observed relative effect; the actual observed 1-year NYHA-improvement rate in the TRISCEND II TTVR arm is the definitive empirical reference and is described in the primary trial publication.
Threshold analysis
We defined the robustness buffer for a dichotomous outcome as |Z| − 1.96, where Z = log(RR) / SE. A buffer of 0 indicates the 95% CI precisely touches the null; positive values indicate how far additional noise could move the estimate before significance is lost. For continuous outcomes we additionally report Z vs MCID = (MD − MCID) / SE; values ≥ +1.96 indicate 95% confidence that the true effect exceeds the clinical importance threshold.
Why we did not perform certain analyses
With only three trials in a star-shaped network, several standard sensitivity analyses are uninformative or impossible: (1) Meta-regression on study year, age, or baseline severity is not meaningful with three data points and minimal baseline variation. (2) Leave-one-out analysis collapses the network (excluding TRISCEND II removes TTVR entirely; excluding either TriClip trial weakens the TEER node substantially). (3) Comparison-adjusted funnel plots and Egger tests require a minimum of 10 trials to be informative. (4) Inconsistency cannot be tested because there are no closed loops. These limitations are acknowledged in the main manuscript and reflected in the CINeMA incoherence and imprecision ratings.


Supplementary Tables
Supplementary Table S1. Full absolute risk differences and NNT/NNH (posterior median with 95% percentile CI, 200,000 simulations). Baseline OMT rates are pooled control-arm event proportions at approximately one year of follow-up.
	Outcome
	Treatment
	OMT rate, %
	Treatment rate, %
	RD per 100 (95% CI)
	NNT / NNH (95% CI)
	Direction

	All-cause mortality
	TEER
	8.5
	8.4
	+0.28 (−3.76 to +6.46)
	NNT 60 (15–1286)
	Non-significant

	
	TTVR
	8.5
	7.2
	−1.03 (−4.15 to +3.51)
	NNT 59 (22–1201)
	Non-significant

	NYHA improvement ≥1
	TEER
	27.0
	39.4
	+12.48 (+8.09 to +17.27)
	NNT 8 (6–12)
	Benefit

	
	TTVR
	27.0
	88.6
	+60.53 (+38.00 to +73.00)
	NNT 2 (1–3)
	Benefit

	Major bleeding
	TEER
	2.5
	6.0
	+4.12 (+0.02 to +11.75)
	NNH 29 (9–408)
	Harm

	
	TTVR
	2.5
	7.3
	+5.39 (+0.89 to +13.33)
	NNH 21 (8–112)
	Harm

	New pacemaker
	TEER
	1.5
	2.6
	+1.91 (−0.91 to +9.67)
	NNH 91 (10–2152)
	Non-significant

	
	TTVR
	1.5
	11.5
	+15.35 (+0.46 to +65.50)
	NNH 10 (2–182)
	Harm



Supplementary Table S2. Full Bayesian rank probabilities (posterior probability of being ranked 1st / 2nd / 3rd), mean rank, and SUCRA for all outcomes.
	Outcome
	Treatment
	P(1st), %
	P(2nd), %
	P(3rd), %
	Mean rank
	SUCRA

	All-cause mortality
	TTVR
	57.3
	24.4
	18.4
	1.61
	0.695

	
	TEER
	29.8
	26.4
	43.8
	2.14
	0.430

	
	OMT
	12.9
	49.2
	37.8
	2.25
	0.376

	NYHA improvement ≥1
	TTVR
	100.0
	0.0
	0.0
	1.00
	1.000

	
	TEER
	0.0
	100.0
	0.0
	2.00
	0.500

	
	OMT
	0.0
	0.0
	100.0
	3.00
	0.000

	KCCQ-OS change
	TTVR
	98.5
	1.5
	0.0
	1.01
	0.993

	
	TEER
	1.5
	98.5
	0.0
	1.99
	0.507

	
	OMT
	0.0
	0.0
	100.0
	3.00
	0.000

	6MWD change
	TTVR
	81.8
	17.7
	0.4
	1.19
	0.907

	
	TEER
	18.1
	79.7
	2.2
	1.84
	0.580

	
	OMT
	0.0
	2.6
	97.4
	2.97
	0.013

	Major bleeding (safety)
	OMT
	97.4
	2.6
	0.0
	1.03
	0.987

	
	TEER
	2.3
	60.7
	37.1
	2.35
	0.326

	
	TTVR
	0.3
	36.7
	62.9
	2.63
	0.187

	New pacemaker (safety)
	OMT
	75.3
	24.5
	0.3
	1.25
	0.875

	
	TEER
	23.7
	66.3
	10.0
	1.86
	0.569

	
	TTVR
	1.0
	9.2
	89.7
	2.89
	0.056



Supplementary Table S3. Threshold (robustness) analysis: distance of each effect estimate from decision boundaries.
	Outcome
	Treatment
	Point estimate
	|Z| vs null
	Robustness buffer (SE)
	Z vs MCID
	Interpretation

	All-cause mortality
	TEER
	RR 0.99
	0.03
	0.00
	–
	Not significant

	
	TTVR
	RR 0.85
	0.63
	0.00
	–
	Not significant

	NYHA improvement ≥1
	TEER
	RR 1.46
	6.39
	4.43
	–
	Highly robust benefit

	
	TTVR
	RR 3.28
	7.54
	5.58
	–
	Highly robust benefit

	Major bleeding
	TEER
	RR 2.40
	1.98
	0.02
	–
	Borderline (fragile)

	
	TTVR
	RR 2.92
	2.72
	0.76
	–
	Robust harm

	New pacemaker
	TEER
	RR 1.71
	0.71
	0.00
	–
	Not significant

	
	TTVR
	RR 7.64
	2.26
	0.30
	–
	Robust harm

	KCCQ-OS (MCID = 5)
	TEER
	MD +11.00
	6.09
	4.13
	+3.32
	Exceeds MCID with 95% CI

	
	TTVR
	MD +17.80
	6.95
	4.99
	+5.00
	Exceeds MCID with 95% CI

	6MWD (MCID = 30 m)
	TEER
	MD +17.53
	2.02
	0.06
	−1.44
	Statistically > 0 but below MCID

	
	TTVR
	MD +30.90
	2.63
	0.67
	+0.08
	Point at MCID; CI crosses MCID


MCID = minimal clinically important difference (5 points for KCCQ-OS; 30 m for 6MWD). |Z| vs null = distance of the point estimate from the null value in standard errors; robustness buffer = |Z| − 1.96. Z vs MCID = (MD − MCID) / SE; values ≥ +1.96 indicate 95% confidence that the true effect exceeds the clinical importance threshold.
Supplementary Table S4. CINeMA domain-by-domain confidence assessment for each network estimate.
	Outcome / Comparison
	Within-study bias
	Reporting bias
	Indirectness
	Imprecision
	Heterogeneity
	Incoherence
	Overall confidence

	All-cause mortality; TEER vs OMT
	No concerns
	No concerns
	No concerns
	Major concerns
	No concerns
	Some concerns†
	Moderate

	All-cause mortality; TTVR vs OMT
	No concerns
	No concerns
	No concerns
	Some concerns
	No concerns
	Some concerns†
	Moderate

	NYHA improvement; TEER vs OMT
	No concerns
	No concerns
	No concerns
	No concerns
	No concerns
	Some concerns†
	High

	NYHA improvement; TTVR vs OMT
	No concerns
	No concerns
	No concerns
	No concerns
	No concerns
	Some concerns†
	High

	KCCQ-OS; TEER vs OMT
	No concerns
	No concerns
	No concerns
	No concerns
	No concerns
	Some concerns†
	High

	KCCQ-OS; TTVR vs OMT
	No concerns
	No concerns
	No concerns
	No concerns
	No concerns
	Some concerns†
	High

	6MWD; TEER vs OMT
	No concerns
	No concerns
	No concerns
	Some concerns‡
	No concerns
	Some concerns†
	High

	6MWD; TTVR vs OMT
	No concerns
	No concerns
	No concerns
	Some concerns‡
	No concerns
	Some concerns†
	High

	Major bleeding; TEER vs OMT
	No concerns
	No concerns
	No concerns
	Some concerns§
	No concerns
	Some concerns†
	Moderate/High

	Major bleeding; TTVR vs OMT
	No concerns
	No concerns
	No concerns
	No concerns
	No concerns
	Some concerns†
	High

	New pacemaker; TEER vs OMT
	No concerns
	No concerns
	No concerns
	Major concerns
	No concerns
	Some concerns†
	Moderate

	New pacemaker; TTVR vs OMT
	No concerns
	No concerns
	No concerns
	Some concerns
	No concerns
	Some concerns†
	Moderate


Abbreviations: CINeMA = Confidence in Network Meta-Analysis; OMT = optimal medical therapy; TEER = transcatheter edge-to-edge repair; TTVR = transcatheter tricuspid valve replacement; KCCQ-OS = Kansas City Cardiomyopathy Questionnaire Overall Summary; 6MWD = six-minute walk distance.
† Incoherence could not be tested directly because the network is star-shaped without closed loops; rated ‘some concerns’ by default.
‡ 6MWD point estimates do not clearly exceed the 30-m MCID (see Supplementary Table S3); imprecision with respect to clinical importance, not statistical significance.
§ TEER vs OMT major bleeding has a robustness buffer of 0.02 SE from the null (see Supplementary Table S3), indicating fragility of the inference.
Supplementary Table S5. Heterogeneity statistics (I² and τ²) for each pairwise comparison contributing to the network.
	Outcome
	Comparison
	Trials contributing
	I² (%)
	τ²
	Comment

	All-cause mortality
	TEER vs OMT
	2 (TRILUMINATE, Tri.Fr)
	0
	0.00
	Consistent null

	
	TTVR vs OMT
	1 (TRISCEND II)
	–
	–
	Single-trial; I² not estimable

	NYHA improvement
	TEER vs OMT
	2
	0
	0.00
	Consistent large benefit

	
	TTVR vs OMT
	1
	–
	–
	Single-trial

	KCCQ-OS
	TEER vs OMT
	2
	<25
	Low
	Consistent

	
	TTVR vs OMT
	1
	–
	–
	Single-trial

	6MWD
	TEER vs OMT
	2
	<25
	Low
	Consistent

	
	TTVR vs OMT
	1
	–
	–
	Single-trial

	Major bleeding
	TEER vs OMT
	2
	0
	0.00
	Consistent

	
	TTVR vs OMT
	1
	–
	–
	Single-trial

	New pacemaker
	TEER vs OMT
	2
	0
	0.00
	Consistent, rare events

	
	TTVR vs OMT
	1
	–
	–
	Single-trial



