Supplementary methods
Volume definition 


Since 2012 the BCIS registry has recorded the General Medical Council (GMC) registration number of both the ‘consultant responsible for the procedure’, and the ‘primary’, ‘secondary’, and ‘tertiary’ operators. These are more reliable identifiers than the corresponding operator names - susceptible to misspellings and aliases that are undetectable after pseudonymisation - that have been available since the registry’s inception. The interpretation of ‘primary operator’, however, may be inconsistent across centres, for example it could be determined by either seniority, procedural involvement, or the operator making the initial arterial puncture. The present study therefore defined consultant ID as the GMC number of the consultant responsible for the procedure, so that only consultant-grade operators were considered. As consultant identification based on GMC number is unavailable prior to 2012, complete-career volume is unmeasurable for all but the most recently qualified consultants, which motivated our use of an annualised volume metric. Volume in private practice is excluded; this represented 1.1% of procedures undertaken in England and Wales in 2012-14. 
Multiple imputation
The variables included in the imputation model were sex, age, age-squared, ethnicity, BMI, smoking, dialysis, diabetes, previous PCI, previous CABG, previous myocardial infarction, previous stroke, high-cholesterol, hypertension, peripheral vascular disease, valvular heart disease, left-ventricular ejection fraction, multi-vessel disease, use of athero-thrombus removal devices, graft-protection of left-main stem, indication for PCI, cardiogenic shock, pre-procedural ventilation, intra-aortic balloon pump support, cardio-pulmonary support, inotropic support, access site, left-main stem targeted, multi-vessel PCI, stent type, anti-platelet use, Warfarin use, Bivalirudin use, Glycoprotein IIb/IIIa inhibitor use, hospital volume, operator volume (including ACS and primary-specific volume), and the outcome (three separate imputation models were built for 30-day mortality, in-hospital mortality, and in-hospital MACE).

Although age, sex, indication, operator volume, hospital volume and outcomes were included in the imputation model they were not themselves imputed as procedures with missing values in these variables were removed. 
Mixed effect modeling


The mean value was deemed sufficient to pool random-effect components due to the small between-imputation variance compared with the within-imputation variance and its relative unimportance in making inferences about the effect under consideration. The test due to Li, Raghunathan and Rubin27 is robust, computationally efficient and asymptotically valid, and was favored over likelihood and bootstrap based alternatives for its practicality in accommodating multiply-imputed, non-linear mixed effect models in large sample sizes. Panageas et al.42 note that “the volume-outcome setting is unique in that 'volume' reflects both the primary factor under study and also the cluster size”, and showed that random-effects modeling is able to model this scenario with relatively low bias. Although in our case cluster size is not the direct exposure of interest, it will be strongly correlated with volume. 
Spline graphs


The volume-mortality relationship was examined by plotting the observed (unadjusted) mortality, o, and model-adjusted mortality, a, against volume to explore possible non-linear relationships. Note that a = [o/e]*E(e), where e is the model-estimated mortality as volume varies (conditional on both fixed- and random-effect components), and E(e) is the overall model-estimated mortality. Restricted cubic splines33 with five knots located midway between quintiles were used to smooth o and a. Uncertainty banding was provided by smoothing over the lower and upper 95% limits of a (that is, [a]95% = [o/[e±1.96*SE(e)]]*E(e), where SE(e) is the standard error of e incorporating both fixed- and random-effect uncertainty). Uncertainty in the smoothing is ignored.
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