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	database
	blaintext

	PubMed
	#1. ("Conduction System Pacing"[MeSH] OR "His Bundle Pacing"[All Fields] OR "His‑Purkinje system pacing"[All Fields] OR "left bundle branch pacing"[All Fields] OR "left bundle branch area pacing"[All Fields] OR "LBBP"[All Fields] OR "LBBAP"[All Fields] OR "CSP"[All Fields] OR "physiologic pacing"[All Fields] OR "cardiac resynchronization therapy"[MeSH] OR "cardiac resynchronization"[All Fields] OR "CRT"[All Fields]) 
#2. ("Biventricular Pacing"[All Fields] OR "biventricular pacing"[MeSH] OR "BiVP"[All Fields] OR "BVP"[All Fields] OR "conventional CRT"[All Fields] OR "coronary sinus lead"[All Fields]) 
#3. 1 AND 2.

	Web of Science
	#1. TS=("conduction system pacing" OR "His bundle pacing" OR "left bundle branch pacing" OR "left bundle branch area pacing" OR "CSP" OR "physiologic pacing" OR "cardiac resynchronization therapy" OR "cardiac resynchronization" OR "CRT") 
#2. TS=("biventricular pacing" OR "BiVP" OR "BVP" OR "conventional CRT" OR "coronary sinus lead") 
#3. 1 AND 2.

	Embase
	#1. ('conduction system pacing'/exp OR 'his bundle pacing' OR 'left bundle branch pacing' OR 'left bundle branch area pacing' OR 'csp' OR 'physiologic pacing' OR 'cardiac resynchronization therapy'/exp OR 'cardiac resynchronization' OR 'crt') 
#2. ('biventricular pacing'/exp OR 'biventricular pacing' OR 'bivp' OR 'bvp' OR 'conventional crt' OR 'coronary sinus lead') 
#3. 1 AND 2.

	Cochrane
	#1 MeSH descriptor: [Conduction System Pacing] explode all trees
#2 (His bundle pacing OR left bundle branch pacing OR left bundle branch area pacing OR CSP OR physiologic pacing):ti,ab,kw
#3 MeSH descriptor: [Cardiac Resynchronization Therapy] explode all trees
#4 (cardiac resynchronization OR CRT):ti,ab,kw
#5 #1 OR #2 OR #3 OR #4
#6 (biventricular pacing OR BiVP OR BVP OR conventional CRT OR coronary sinus lead):ti,ab,kw
#7 MeSH descriptor: [Randomized Controlled Trial] explode all trees
#8 (RCT OR randomized OR randomised OR controlled clinical trial):ti,ab,kw
#9 #7 OR #8
#10 #5 AND #6 AND #9


Supplementary Table 1: Database search strategy













Supplementary Table 2. Univariate Random‑Effects Meta‑Regression Results (per 10‑unit change)
	Outcome
	Covariate
	β (95% CI)
	P value
	Residual τ²

	ΔLVEF (%)
	Non‑ischaemic proportion (per 10%)
	0.49 (–1.14 to 2.12)
	0.556
	10.61

	
	Crossover rate (per 10%)
	–0.42 (–2.16 to 1.32)
	0.637
	10.83

	
	Follow‑up duration (per 10 months)
	0.83 (–1.62 to 3.27)
	0.507
	10.79

	
	Baseline QRS duration (per 10 ms)
	–4.09 (–7.97 to –0.20)
	0.039
	6.60

	
	CSP technique (reference = His‑CRT)
	
	
	

	
	 LVSP‑dominant
	–1.90 (–5.26 to 1.46)
	0.108
	

	
	 CSP with optimization
	–0.30 (–4.93 to 4.33)
	0.145
	

	
	 Strict LBBP
	+5.54 (0.77 to 10.32)
	0.317
	

	
	Overall test for CSP technique
	
	0.0038
	2.96

	ΔLVESV (mL)
	Non‑ischaemic proportion (per 10%)
	–2.18 (–7.23 to 2.87)
	0.397
	74.03

	
	Follow‑up duration (per 10 months)
	14.35 (–20.95 to 49.64)
	0.426
	72.77

	
	CSP technique (reference = His‑CRT)
	
	
	

	
	 LVSP‑dominant
	–1.40 (–9.36 to 6.56)
	0.719
	

	
	 CSP with optimization
	–0.59 (–7.27 to 6.09)
	0.685
	

	
	 Strict LBBP
	–23.98 (–31.96 to –16.01)
	0.0076
	

	
	Overall test for CSP technique
	
	0.0003
	0

	ΔQRS (ms)
	Baseline QRS duration (per 10 ms)
	6.67 (–9.74 to 23.08)
	0.426
	157.05

	
	Follow‑up duration (per 10 months)
	–3.80 (–12.51 to 4.91)
	0.393
	148.90

	
	QRS measurement method (ref = stimulus)
	
	
	

	
	 Fast deflection
	–4.65 (–22.12 to 12.82)
	0.602
	167.56

	
	CSP technique (reference = His‑CRT)
	
	
	

	
	 LVSP‑dominant
	–6.70 (–23.45 to 10.05)
	0.350
	

	
	 CSP with optimization
	–3.83 (–16.06 to 8.40)
	0.133
	

	
	 Strict LBBP
	–8.78 (–22.54 to 4.98)
	0.286
	

	
	Overall test for CSP technique
	
	0.511
	180.17


Supplementary Table 3. Summary of Evidence Quality
	Certainty level
	Outcomes

	⨁⨁⨁◯Moderate
	All‑cause death or heart failure hospitalization; NYHA functional class improvement

	⨁⨁◯◯Low
	Change in LVEF; QRS duration shortening; Complications / reintervention rate

	⨁◯◯◯Very low
	Change in LVESV


Supplementary Figure 1. Meta‑regression of baseline QRS duration on LVEF improvement.
[image: 演示文稿2]
Figure 1. Bubble plot of meta‑regression analysis for the association between baseline QRS duration and LVEF improvement (CSP vs. BiVP). The size of each bubble reflects the study weight. The solid line represents the fitted regression line, and the shaded area represents the 95% confidence interval. The dashed line at zero indicates no difference between groups. The regression coefficient (β = –4.09 per 10 ms, P = 0.039) indicates that each 10‑ms increase in baseline QRS duration was associated with a 4.09% reduction in LVEF benefit of CSP over BiVP.
Supplementary Table 4 : GRADE Summary of Findings: Conduction System Pacing vs Biventricular Pacing for Cardiac Resynchronization Therapy
	Outcome
	No. of studies 
(participants)
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Publication bias
	Overall certainty of evidence

	All-cause death or heart failure hospitalization
	8 (830)
	Serious*
	Not serious
	Not serious
	Not serious
	Suspected†
	⨁⨁⨁◯ Moderate

	Change in LVEF
	10 (1017)
	Serious*
	Very serious‡
	Not serious
	Not serious
	Suspected†
	⨁⨁◯◯ Low

	Change in LVESV
	8 (638)
	Serious*
	Very serious‡
	Not serious
	Serious§
	Suspected†
	⨁◯◯◯ Very low

	QRS duration shortening
	10 (1017)
	Serious*
	Very serious‡
	Not serious
	Not serious
	Suspected†
	⨁⨁◯◯ Low

	NYHA functional class improvement
	5 (494)
	Serious*
	Not serious
	Not serious
	Not serious
	Suspected†
	⨁⨁⨁◯ Moderate

	Complications / reintervention rate
	10 (1044)
	Not serious
	Serious‖
	Not serious
	Serious§
	Not detected
	⨁⨁◯◯ Low


Abbreviations: LVEF = left ventricular ejection fraction; LVESV = left ventricular end-systolic volume; NYHA = New York Heart Association.
Explanations for downgrading: *Risk of bias — Serious: All included randomized controlled trials were non‑double‑blinded (patients and healthcare providers were aware of treatment allocation). Although hard endpoints (death, hospitalization) are objective, knowledge of group assignment may influence subsequent clinical decision‑making and hospitalization assessment. For echocardiographic and functional outcomes, although most studies used blinded core laboratories for image analysis, the lack of blinding for outcome assessors of NYHA classification in several studies introduces potential detection bias
†Publication bias — Suspected: Multiple small‑sample studies reported positive results favoring CSP (e.g., Wang 2022, n=40; Upadhyay 2019, n=41; Vinther 2021, n=50), while larger negative or neutral studies (e.g., Zimerman 2026, n=173; Cano 2026, n=176) were published later. This pattern suggests potential publication bias, though formal Egger's test could not be performed due to the limited number of studies per outcome.
‡Inconsistency — Very serious: Substantial statistical heterogeneity was observed across studies (LVEF: I² = 80%; LVESV: I² = 64%; QRS duration: I² = 87%). Subgroup analyses revealed that the heterogeneity was primarily driven by differences in CSP techniques: the Strict LBBP subgroup showed significant LVEF improvement (MD 5.55%) and LVESV reduction (MD –23.98 mL), while the LVSP‑dominant subgroup (Cano 2026, Zimerman 2026) showed no significant benefit. Meta‑regression confirmed that CSP technique significantly explained the heterogeneity in LVEF (P = 0.004) and LVESV (P = 0.0003).
§Imprecision — Serious: For LVESV, the overall 95% confidence interval crossed the null effect line (MD –6.97 mL, 95% CI –14.30 to 0.36 mL), indicating imprecise estimates. Although the Strict LBBP subgroup showed significant LVESV reduction, the overall estimate remains uncertain. For complications, the 95% CI was wide and crossed the null (RR 0.93, 95% CI 0.55–1.58).
‖Inconsistency — Serious: For complications/reintervention rate, significant subgroup differences were observed: the His‑CRT subgroup had a substantially higher risk of reintervention (RR 4.00) in the long‑term His‑Alternative I trial (Frandsen 2026, 5‑year follow‑up), whereas other CSP techniques showed no significant difference from BiVP. This subgroup disparity downgraded the consistency rating by one level.
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