[bookmark: table_1_characteristics_of_includ_2b82e8]Table 1. Characteristics of included studies
Panel A: nine comparative studies (n = 5,453)
	Study (cohort)
	Design
	Setting, centres
	Region
	Enrolment period
	Device platform
	Lead / no lead (n)
	Total (n)
	Adjustment
	Follow-up

	Braun 2017 (Munich LMU) [12]
	Single-centre retrospective research letter
	1 centre
	Germany
	Mar 2016 – Apr 2017
	MitraClip
	13 / 28
	41
	None
	30 days

	Lurz 2019 (Leipzig Heart Center) [13]
	Single-centre retrospective research letter
	1 centre
	Germany
	Not reported
	MitraClip
	33 / 69
	102
	None
	30 days

	Taramasso 2020 (TriValve) [14]
	Multicentre retrospective registry
	21 centres
	Europe / North America
	2015 – 2018
	MitraClip 79% (87% in CIED group)
	121 / 349
	470
	None
	30 days; 12 months

	Alachkar 2023 (Nürnberg) [15]
	Single-centre retrospective cohort
	1 centre
	Germany
	Not reported
	TriClip; PASCAL in 6
	25 / 81
	106
	None
	In-hospital

	Naik 2025 (TRILUMINATE Pivotal, NCT03904147) [16]
	Analysis of randomised pivotal trial plus single-arm cohort
	76 centres
	USA / Canada / Europe
	From 2019
	TriClip
	98 / 371
	469
	None (core-lab adjudicated)
	30 days; 1 year

	Goebel 2025 (bRIGHT EU PAS, NCT04483089) [17]
	Prospective single-arm multicentre post-market registry
	26 centres
	Europe
	From 2020
	TriClip XT / XTW
	110 / 401
	511
	None
	30 days

	Ruberti 2025 (TRI-SPA) [18]
	Multicentre retrospective registry subanalysis
	15 centres
	Spain
	Jun 2020 – May 2023
	TriClip; PASCAL
	35 / 275
	310
	Multivariable Cox
	12 months

	von Stein 2025 (EuroTR, NCT06307262) [19]
	Multicentre prospective registry with 1:1 propensity matching (385 pairs)
	26 centres
	Europe
	2016 – 2024
	MitraClip; TriClip; PASCAL
	851 / 2,174
	3,025
	1:1 propensity score matching
	Median 269 days; 2-year events

	Zahid 2026 (TriNetX) [20]
	Retrospective federated EHR network with 1:1 propensity matching (85 pairs)
	>120 healthcare organisations
	Predominantly USA
	2015 – 2024
	Not reported
	108 / 311
	419
	1:1 propensity score matching
	30 days; 1 year

	Total
	
	
	
	
	
	1,394 / 4,059
	5,453
	
	



Panel B: two single-arm CIED-lead cohorts (lead-integrity and proportion syntheses only)
	Study (cohort)
	Design
	Setting
	Region
	Device
	Lead carriers (n)
	Contribution to synthesis

	Stolz 2025 (LMU Munich / Bad Oeynhausen) [21]
	Two-centre retrospective cohort of lead carriers
	2 centres
	Germany
	TriClip; PASCAL; MitraClip
	155
	Lead integrity; residual TR ≤2+ proportion

	Storozhenko 2025 (Tri-LEAD) [22]
	Multicentre cohort dedicated to lead carriers
	Multicentre
	Europe
	Dedicated tricuspid TEER systems
	146
	Lead integrity



CIED, cardiac implantable electronic device; EHR, electronic health record; EU PAS, European post-authorisation study; TEER, transcatheter edge-to-edge repair; TR, tricuspid regurgitation.

[bookmark: table_2_outcome_definitions_used_24c1d9]Table 2. Outcome definitions used by each included study
	Study
	Procedural / device success
	Residual TR endpoint
	Safety composite
	Late clinical endpoint

	Braun 2017
	Device implantation with TR reduction ≥1 grade
	TR ≤2+ at discharge
	Not defined separately
	Not reported

	Lurz 2019
	Successful device implantation with TR reduction ≥1 grade and no procedural death
	Not reported separately by lead status
	Not defined separately
	Not reported

	Taramasso 2020 (TriValve)
	Device success: successful implantation with residual TR ≤2+ and no procedural death or conversion to surgery
	TR ≤2+ at discharge
	In-hospital mortality reported separately
	12-month survival (not lead-stratified in extractable form)

	Alachkar 2023
	Successful device deployment with TR reduction ≥1 grade
	Not reported by lead status at discharge
	In-hospital mortality; vascular complications
	Not reported

	Naik 2025 (TRILUMINATE Pivotal)
	Core-laboratory adjudicated device success with residual TR ≤ moderate
	TR ≤2+ at 30 days and 1 year, core-lab adjudicated
	Major adverse events per TVARC-aligned definition
	1-year composite (not extractable by lead status as an adjusted hazard)

	Goebel 2025 (bRIGHT)
	Device success at exit from the catheterisation laboratory
	TR ≤2+ at 30 days
	Composite of death, stroke, myocardial infarction, renal failure, bleeding, reintervention at 30 days
	30-day only

	Ruberti 2025 (TRI-SPA)
	Procedural success: device implanted with residual TR ≤2+
	TR ≤2+ at discharge
	Not defined as a single composite
	Death, heart-failure hospitalisation or tricuspid reintervention at 1 year, multivariable adjusted

	von Stein 2025 (EuroTR)
	Technical success per TVARC
	TR ≤2+ and TR ≤1+ at discharge and at follow-up
	Reported by component
	Death or heart-failure hospitalisation at 2 years, propensity matched

	Zahid 2026 (TriNetX)
	Not reported
	Not available (echocardiographic data absent from network)
	Code-derived composite of major adverse cardiovascular events at 30 days
	All-cause mortality at 1 year, propensity matched



TVARC, Tricuspid Valve Academic Research Consortium.

[bookmark: table_3_pooled_comparative_estimates]Table 3. Pooled comparative estimates
	Outcome
	k
	Patients
	Events lead
	Events no lead
	Pooled effect (95% CI)
	p
	I² (95% CI)
	τ²
	Q (p)
	Prediction interval

	Procedural / device success
	5
	1,499
	281/324
	1,044/1,175
	RR 1.00 (0.96–1.04)
	0.92
	0% (0–0)
	0
	0.46 (0.98)
	0.96–1.04

	Residual TR ≤2+ (discharge / 30 d)
	6
	2,560
	594/757
	1,464/1,803
	RR 0.99 (0.95–1.04)
	0.68
	0% (0–73.2)
	0
	2.81 (0.73)
	0.95–1.04

	Residual TR ≤2+ (follow-up)
	2
	1,042
	265/378
	517/664
	RR 0.95 (0.88–1.03)
	0.23
	0% (0–93.3)
	0
	0.01 (0.90)
	Not estimable

	NYHA class I/II at follow-up
	3
	1,364
	286/398
	773/966
	RR 0.96 (0.90–1.02)
	0.19
	0% (0–81.8)
	0
	0.32 (0.85)
	0.90–1.02

	Early mortality (in-hospital / 30 d)
	3
	1,087
	5/256
	22/831
	RR 0.83 (0.19–3.65)
	0.63
	0% (0–93.5)
	0
	1.04 (0.60)
	0.19–3.65

	Major adverse events
	3
	1,150
	24/293
	42/857
	RR 0.77 (0.49–1.21)
	0.26
	0% (0–45.2)
	0
	0.07 (0.96)
	0.49–1.21

	Major bleeding
	2
	980
	10/208
	41/772
	RR 0.90 (0.30–2.73)
	0.44
	0% (0–98.5)
	0
	0.07 (0.80)
	Not estimable

	Death or HF hospitalisation (adjusted)
	3
	3,754
	—
	—
	aHR 1.28 (0.95–1.72)
	0.070
	0%
	0
	0.55 (0.76)
	Not estimable

	Procedure time (minutes)
	3
	—
	—
	—
	MD −11.4 (−39.8 to +17.0)
	0.23
	47.3%
	—
	—
	Not estimable



Pooled proportions
	Outcome
	k
	Patients
	Pooled proportion (95% CI)
	I²
	Crude

	Lead dysfunction, dislodgement, entrapment or revision
	5
	1,360
	0.00% (0.00–0.05)
	0%
	0/1,360

	Residual TR ≤2+ achieved in lead carriers
	7
	912
	82.4% (76.4–87.7)
	74.1%
	733/912 (80.4%)

	Prevalence of transvalvular CIED lead among T-TEER patients
	7
	5,310
	22.3% (18.0–26.9)
	91.0%
	1,348/5,310 (25.4%)



RR, risk ratio; aHR, adjusted hazard ratio; MD, mean difference; HF, heart failure. All intervals are the wider of the Hartung–Knapp and conventional Wald intervals.
Alternative effect measures (pre-specified)
	Outcome
	Odds ratio (95% CI)
	Risk difference (95% CI)
	Mantel–Haenszel fixed-effect RR (95% CI)

	Procedural success
	0.96 (0.66–1.41)
	+0.11% (−3.35 to +3.58)
	1.00 (0.95–1.04)

	Residual TR ≤2+ (discharge)
	0.95 (0.75–1.20)
	−0.77% (−4.30 to +2.75)
	0.99 (0.95–1.04)

	Residual TR ≤2+ (follow-up)
	0.83 (0.54–1.29)
	−3.51% (−9.24 to +2.21)
	0.95 (0.88–1.03)

	NYHA class I/II
	0.82 (0.61–1.09)
	−3.47% (−8.52 to +1.57)
	0.95 (0.89–1.02)

	Early mortality
	0.82 (0.17–3.87)
	−0.60% (−3.28 to +2.08)
	0.70 (0.27–1.84)

	Major adverse events
	0.71 (0.39–1.29)
	−0.49% (−3.43 to +2.45)
	0.77 (0.49–1.22)

	Major bleeding
	0.89 (0.27–2.99)
	−0.33% (−7.67 to +7.02)
	0.90 (0.46–1.76)



All odds ratios and risk differences above use the wider of the Hartung–Knapp and conventional Wald intervals, the same rule applied to every risk ratio in this manuscript (see Methods and Discussion). This check is essential on the additive and odds scales: for residual TR ≤2+ at follow-up (k = 2), the Hartung–Knapp interval for the risk difference was −3.9% to −3.2%, a half-width of 0.3 percentage points against a denominator-limited minimum attainable half-width of 5.6 percentage points, and was therefore rejected in favour of the Wald interval. With the rule applied uniformly, no odds ratio or risk difference excludes the null, and every alternative measure is concordant with its corresponding risk ratio. We regard the risk ratio as the interpretable primary measure throughout and claim no protective effect of lead carriage for any outcome.

[bookmark: table_4_sensitivity_and_influence_d7aeae]Table 4. Sensitivity and influence analyses
	Outcome
	Primary estimate
	EuroTR excluded
	Strictly non-overlapping set
	DerSimonian–Laird τ²
	Paule–Mandel τ²
	Empirical Bayes τ²
	Most influential study (Cook's d)

	Procedural success
	RR 1.002 (0.965–1.041)
	RR 1.002 (0.965–1.041), k = 5
	RR 1.003 (0.965–1.043), k = 4
	1.002 (0.965–1.041)
	1.002 (0.965–1.041)
	1.002 (0.965–1.041)
	Goebel 2025 (0.072)

	Residual TR ≤2+ (discharge)
	RR 0.99 (0.95–1.04)
	RR 0.99 (0.93–1.05), k = 5
	RR 0.99 (0.94–1.05), k = 5
	0.99 (0.95–1.04)
	0.99 (0.95–1.04)
	0.99 (0.95–1.04)
	Goebel 2025 (0.270)

	Residual TR ≤2+ (follow-up)
	RR 0.95 (0.88–1.03)
	Not applicable (k = 2)
	Not applicable
	0.95 (0.88–1.03)
	0.95 (0.88–1.03)
	0.95 (0.88–1.03)
	Naik 2025 (0.016)

	NYHA class I/II
	RR 0.96 (0.90–1.02)
	RR 0.96 (0.73–1.25), k = 2
	Not applicable
	0.96 (0.90–1.02)
	0.96 (0.90–1.02)
	0.96 (0.90–1.02)
	Naik 2025 (0.234)

	Early mortality
	RR 0.83 (0.19–3.65)
	Unchanged (EuroTR does not contribute)
	Not applicable
	0.83 (0.32–2.12)
	0.83 (0.32–2.12)
	0.83 (0.32–2.12)
	Taramasso 2020 (4.263)

	Major adverse events
	RR 0.77 (0.49–1.21)
	Unchanged
	Excluding Zahid 2026 (critical RoB): RR 0.74 (0.22–2.54), k = 2
	0.77 (0.49–1.21)
	0.77 (0.49–1.21)
	0.77 (0.49–1.21)
	Zahid 2026 (0.030; hat 0.866)

	Major bleeding
	RR 0.90 (0.30–2.73)
	Unchanged
	Not applicable
	0.90 (0.46–1.76)
	0.90 (0.46–1.76)
	0.90 (0.46–1.76)
	Goebel 2025 (2.499)

	Death or HF hospitalisation (adjusted)
	aHR 1.28 (0.95–1.72)
	Not informative (EuroTR dominates)
	Excluding Zahid 2026: consistent direction, wider interval
	—
	—
	—
	von Stein 2025 (dominant weight)



Leave-one-out range
	Outcome
	Minimum pooled estimate
	Maximum pooled estimate

	Procedural success
	0.997 (omit Goebel 2025)
	1.005 (omit Taramasso 2020)

	Residual TR ≤2+ (discharge)
	0.985 (omit Taramasso 2020, Naik 2025 or von Stein 2025)
	1.002 (omit Goebel 2025)

	NYHA class I/II
	0.942 (omit Naik 2025)
	0.968 (omit Goebel 2025)

	Major adverse events
	0.743 (omit Zahid 2026)
	0.785 (omit Goebel 2025)




[bookmark: table_5_robins_i_domain_level_judgements]Table 5. ROBINS-I domain-level judgements
	Study
	D1 Confounding
	D2 Selection of participants
	D3 Classification of interventions
	D4 Deviations
	D5 Missing data
	D6 Measurement of outcomes
	D7 Selection of reported result
	Overall

	Braun 2017
	Serious
	Moderate
	Low
	Low
	Moderate
	Moderate
	Moderate
	Serious

	Lurz 2019
	Serious
	Serious
	Low
	Low
	Moderate
	Moderate
	Serious
	Serious

	Taramasso 2020
	Serious
	Moderate
	Low
	Moderate
	Moderate
	Moderate
	Moderate
	Serious

	Alachkar 2023
	Serious
	Moderate
	Low
	Low
	Moderate
	Moderate
	Moderate
	Serious

	Naik 2025
	Moderate
	Low
	Low
	Low
	Low
	Low
	Moderate
	Moderate

	Goebel 2025
	Serious
	Low
	Low
	Low
	Low
	Low
	Moderate
	Serious

	Ruberti 2025
	Serious
	Moderate
	Low
	Moderate
	Moderate
	Moderate
	Moderate
	Serious

	von Stein 2025
	Moderate
	Moderate
	Low
	Moderate
	Moderate
	Moderate
	Low
	Moderate

	Zahid 2026
	Serious
	Serious
	Serious
	Moderate
	Moderate
	Serious
	Moderate
	Critical



Domain-level justifications for the critical rating (Zahid 2026, TriNetX)
· D1 Confounding (Serious): propensity matching relies on administrative diagnosis and procedure codes rather than verified clinical or echocardiographic variables. TR severity, the dominant prognostic variable, is not codified and therefore cannot enter the propensity model.
· D2 Selection of participants (Serious): cohort construction is entirely code-based across more than 120 healthcare organisations, so misclassification of both the T-TEER procedure and the transvalvular position of the lead is possible.
· D3 Classification of interventions (Serious): the exposure is "presence of a CIED code", which cannot distinguish transvalvular right ventricular leads from coronary sinus, epicardial or leadless systems. This is the single most important limitation of this study and is not correctable analytically.
· D6 Measurement of outcomes (Serious): outcomes are ascertained from diagnosis codes without adjudication; echocardiographic endpoints are unavailable entirely.
· Overall (Critical): exposure misclassification could bias results in either direction. This study was therefore excluded from all echocardiographic syntheses and retained only where no alternative source exists, with a pre-specified sensitivity analysis removing it.

[bookmark: table_6_newcastle_ottawa_scale_scores]Table 6. Newcastle–Ottawa Scale scores
	Study
	Selection (max 4)
	Comparability (max 2)
	Outcome (max 3)
	Total (max 9)
	Quality band

	Braun 2017
	3
	0
	2
	5
	Moderate

	Lurz 2019
	2
	0
	2
	4
	Low

	Taramasso 2020
	3
	0
	2
	5
	Moderate

	Alachkar 2023
	3
	0
	2
	5
	Moderate

	Naik 2025
	4
	1
	3
	8
	High

	Goebel 2025
	4
	0
	3
	7
	High

	Ruberti 2025
	3
	1
	2
	6
	Moderate

	von Stein 2025
	4
	2
	2
	8
	High

	Zahid 2026
	2
	1
	1
	4
	Low




[bookmark: table_7_grade_summary_of_findings]Table 7. GRADE summary of findings
Population: adults undergoing tricuspid transcatheter edge-to-edge repair.
Exposure: transvalvular CIED lead present. Comparator: no transvalvular lead.
	Outcome
	Studies (patients)
	Effect (95% CI)
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Publication bias
	Certainty

	Procedural / device success
	5 (1,499)
	RR 1.00 (0.96–1.04)
	Serious (−1): four of five contributing studies unadjusted
	Not serious: I² = 0%, all estimates within 0.98–1.01
	Not serious
	Not serious: interval excludes any difference >4%
	Not formally excludable: Egger p = 0.017 with k = 5; trim-and-fill moved estimate 0.4%
	VERY LOW

	Residual TR ≤2+ (discharge / 30 d)
	6 (2,560)
	RR 0.99 (0.95–1.04)
	Serious (−1): predominantly unadjusted, site-reported echocardiography
	Not serious: I² = 0%, Q p = 0.73
	Not serious
	Not serious: 2,560 patients, interval excludes differences >5%
	Undetected: Egger p = 0.50, no studies imputed
	LOW

	NYHA class I/II at follow-up
	3 (1,364)
	RR 0.96 (0.90–1.02)
	Serious (−1): unblinded, subjective endpoint
	Not serious: I² = 0%
	Not serious
	Not serious
	Undetected: Egger p = 0.64
	LOW

	Lead dysfunction, dislodgement, entrapment or revision
	5 (1,360)
	0.00% (0.00–0.05)
	Serious (−1): active surveillance not protocol-mandated in every cohort
	Not serious: zero events in all five cohorts
	Not serious
	Not serious: rule of three upper bound ≈0.2%
	Not applicable
	LOW

	Early (in-hospital / 30-day) mortality
	3 (1,087)
	RR 0.83 (0.19–3.65)
	Serious (−1): all three unadjusted
	Not serious: I² = 0%
	Not serious
	Very serious (−2): 27 events; interval spans an 81% reduction to a 265% increase
	Not assessable
	VERY LOW

	Major adverse events
	3 (1,150)
	RR 0.77 (0.49–1.21)
	Serious (−1): includes one study at critical risk of bias
	Not serious: I² = 0%
	Serious (−1): composite defined differently in every source study
	Serious (−1): 66 events
	Undetected: Egger p = 0.99
	VERY LOW

	Death or HF hospitalisation (adjusted)
	3 (3,754)
	aHR 1.28 (0.95–1.72)
	Not serious: all estimates adjusted or matched; dominant contributor at moderate risk of bias
	Not serious: I² = 0%, Q p = 0.76
	Serious (−1): composite definition and horizon differ (2-y death/HFH; 1-y death/HFH/reintervention; 1-y mortality)
	Serious (−1): interval compatible with a 5% reduction and a 72% increase
	Not assessable
	VERY LOW



Note on major adverse events: the Hartung–Knapp interval alone would have read RR 0.77 (0.64–0.94), p = 0.029, implying a protective effect of carrying a lead. This is an artefact of applying the Hartung–Knapp adjustment to three studies with τ² estimated at exactly zero. The conservative interval is reported throughout.

