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Abstract

Background  
Complex percutaneous coronary intervention (PCI) in patients with severely impaired left ventricular function carries a high risk of mortality and morbidity. Whether percutaneous left ventricular unloading improves outcomes remains unclear.

Methods 
We randomly assigned 300 patients with severe left ventricular dysfunction and extensive coronary disease in a 1:1 ratio to a strategy of elective unloading using a micro axial flow pump or to standard care during planned complex PCI. The primary outcome was the hierarchical composite of death from any cause, disabling stroke, spontaneous myocardial infarction, cardiovascular hospitalization and periprocedural myocardial injury at a minimum of 12 months, analysed using the win ratio. 

Results 
A total of 148 patients were assigned to receive a micro axial flow pump and 152 to standard care. At a median of 22 months (interquartile range, 16 to 30), 36.6% of pairwise comparisons favoured the microaxial flow pump and 43.0% favored standard care (win ratio, 0.85; 95% confidence interval [CI], 0.63 to 1.15, P=0.30). All-cause death occurred in 47 patients assigned to a micro axial flow pump and 33 assigned to standard care (hazard ratio, 1.54; 95% CI, 0.99 to 2.41).  There was no between group difference in bleeding or vascular complications.


Conclusion
Among patients with severely impaired left ventricular function undergoing complex PCI, elective left ventricular unloading with a microaxial flow pump did not reduce major adverse clinical outcomes at a minimum of 12 months.
(Funded by the UK National Institute for Health and Care Research; CHIP-BCIS3 ClinicalTrials.gov number NCT05003817).

Background
Percutaneous coronary intervention (PCI) is a cornerstone of treating patients with acute coronary syndromes or limiting symptoms due to obstructive coronary disease and ischemia. However, the procedure can be associated with a high risk of death and major morbidity in patients with impaired left ventricular systolic function, especially when the coronary disease is extensive and complex1. Percutaneous mechanical circulatory support strategies are often used to mitigate these risks during PCI procedures, although there is a paucity of evidence in favor of this approach2. When elective intra-aortic balloon counterpulsation was compared with a strategy of no planned circulatory support in a randomized trial of patients undergoing high-risk PCI, the intra-aortic balloon pump failed to reduce the incidence of major adverse events3. Microaxial flow pumps are percutaneous left ventricular assist devices that are advanced across the aortic valve to provide continuous non-pulsatile unloading of the left ventricle4. In 2015, the United States Food and Drug Administration approved the use of these devices in patients with severe left ventricular dysfunction who were undergoing PCI and the indication was expanded in 2018 to lower risk patients with only mildly reduced ejection fraction5. There has been a rapid global rise in the use of microaxial flow pumps to support high-risk PCI since, a strategy that has been termed protected PCI6,7. 

There has been one randomized comparison of balloon conterpulsation versus a microaxial flow pump (Impella 2.5) in high-risk PCI, which was stopped prematurely due to likely futility8. The safety and efficacy of these devices has not been evaluated previously in a randomized trial against PCI without planned mechanical circulatory support, although the strategy does have fiscal implications and potential clinical disadvantages, including the risk of bleeding and vascular complications related to the need for large bore vascular access9. We carried out the Controlled trial of High-risk coronary Intervention with Percutaneous left ventricular unloading (CHIP-BCIS3) to address the hypothesis that percutaneous left ventricular unloading with a microaxial flow pump would reduce the incidence of death and major adverse events compared to a strategy of PCI without planned circulatory support.


Methods

Trial design and oversight
The trial design has been described previously10. CHIP-BCIS3 was a prospective, multicenter, open-label randomized trial funded by the National Institute for Health and Care Research in the United Kingdom. Ethical approval was provided by the U.K. Health Research Authority and all patients provided written informed consent. The trial protocol is available with the full text of this article at NEJM.org. An independent Trial Steering Committee and Data Monitoring Committee oversaw the trial. Key outcomes were adjudicated by an independent Clinical Events Committee blinded to trial group assignment. Trial conduct and statistical analysis were co-ordinated by the London School of Hygiene & Tropical Medicine Clinical Trials Unit. The initial draft of the manuscript was written by DP and MR. All authors contributed to writing the final version submitted for publication and vouch for the fidelity of the trial to the protocol.

Patients
Patients were eligible for enrollment if they had a left ventricular ejection fraction ≤ 35% (or ≤ 45% in the presence of severe mitral regurgitation), extensive coronary artery disease (British Cardiovascular Intervention Society Jeopardy Score [BCIS-JS] ≥ 8; the BCIS-JS has a scale of 0 to 12 with a higher score indicating more coronary artery disease) and were scheduled to undergo complex PCI11. Complex PCI was defined by the presence of at least one of the following: unprotected left main coronary artery intervention in the presence of an occluded dominant right coronary artery, a left dominant coronary circulation or disease involving the entire bifurcation; intended calcium modification in multiple vessels, in the left main coronary artery, in a final patent conduit or where the anatomic Synergy Between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery (SYNTAX) score (an angiographic assessment of coronary artery disease with 0 as the lowest score and higher scores indicating more complex coronary anatomy) was ≥32; or a target vessel which was a chronic total occlusion with a planned retrograde approach12. Exclusion criteria included cardiogenic shock or acute ST-segment elevation myocardial infarction at randomization, current treatment with a mechanical circulatory support device and contraindications to microaxial flow pump insertion. A complete list of inclusion and exclusion criteria are provided in the Supplementary Appendix available at NEJM.org.

Randomization and treatment
Patients were randomly assigned in a 1:1 ratio stratified by center using randomly permuted blocks of varying size, either to a strategy of elective unloading with a  microaxial flow pump or to standard care, using a web-based randomization system (Sealed Envelope, U.K.). Pre-procedure vascular planning using computerized tomography was strongly recommended and the use of ultrasound or fluoroscopy for vascular access was mandated. The use of mechanical circulatory support devices was prohibited in the standard care group, except where the patient developed protocol-defined cardiogenic shock, profound hypotension, pulmonary edema, incomplete resolution of mechanical complications of PCI or cardiac arrest requiring cardiopulmonary resuscitation, in which circumstances either an intra-aortic balloon pump or veno-arterial extra-corporeal membrane oxygenation could be used. Crossover to a microaxial flow pump was not permitted.

The protocol recommended complete revascularization of all hemodynamically significant coronary lesions in vessels with a diameter of 2.5mm or greater, subtending viable myocardium. The use of intracoronary imaging was mandated for left main coronary artery PCI and strongly recommended for all other procedures. All diagnostic angiograms and PCI procedures were analyzed retrospectively by a central core laboratory to characterize the extent of angiographic disease, classified by the BCIS-JS and SYNTAX scores. The extent of revascularization was quantified by the coronary revascularization index (RIcoro = [change in BCIS-JS/pre-procedure BCIS-JS]*100) and the residual SYNTAX score, after each PCI procedure and cumulatively across staged procedures13. A staged approach to revascularization could be undertaken only if this intention was documented at the end of the index procedure.

Outcomes and follow-up
The primary outcome was a hierarchical composite of death from any cause, disabling stroke, spontaneous myocardial infarction, cardiovascular hospitalization and periprocedural myocardial injury, analyzed using the win ratio method over all available follow-up14. Secondary outcomes included death from any cause, death from cardiovascular causes, disabling stroke, spontaneous myocardial infarction, cardiovascular hospitalization, periprocedural myocardial injury and completeness of revascularization. Periprocedural myocardial injury was defined as a rise in high-sensitivity cardiac troponin following PCI, by at least 20% of the baseline value or five times the upper reference limit. A complete list of outcome definitions is included in Table S1 in the Supplementary Appendix. The minimum mandated duration of follow-up was 12 months from randomization.

Statistical analysis
Simulations for the win ratio demonstrated that a trial of 300 patients would have 85% power at a 5% significance level to show a win ratio of at least 1.6, based on an assumed rate of death from any cause of 10% in the first year (followed by 4% per year), disabling stroke of 2% in the first year (followed by 1% per year), spontaneous myocardial infarction of 4% in the first year (followed by 2% per year), cardiovascular hospitalization of 20% per year and a periprocedural myocardial injury rate of 20%. 

All analyses were performed on an intention-to-treat basis. The primary end point was analysed using an unmatched pairs approach, with each patient in the microaxial flow pump group compared to every patient in the standard care group, in a prespecified sequence, to adjudicate a win. Ties resulting from pairwise comparison at any tier of the hierarchy would attempt to be resolved at each subsequent tier, in the following order: time to death, time to first disabling stroke, time to first spontaneous myocardial infarction, number of cardiovascular hospitalizations (if tied on number, time to first cardiovascular hospitalization) and finally, the occurrence of periprocedural myocardial injury (if tied on occurrence, the magnitude of periprocedural myocardial injury). For each comparison, follow-up is censored at the shorter duration within the pair. Detailed procedures for breaking ties are available in the statistical analysis plan, which was finalized before database lock and unblinding of trial-group assignments and is available online at NEJM.org (Table S2).

The win ratio was defined as (total wins for micro axial flow pump)/(total wins for standard care) with values greater than 1 indicating a benefit of micro axial flow pump and values less than 1 indicating a benefit of standard care. The corresponding 95% confidence interval (CI) and P-value were calculated14. Pre-specified sensitivity analyses were performed of the primary outcome on a time-to-first event basis, rather than by hierarchy of components, for composite outcomes that include and exclude periprocedural myocardial injury.

For time-to-event outcomes, Cox proportional hazards models were used to calculate hazard ratios with associated 95% CI, and P values determined using likelihood ratio tests.  The proportional hazards assumption was verified using tests of the Schoenfeld residuals. Cumulative incidences were estimated at 24-months following randomization and displayed using Kaplan-Meier methods; for comparison, 12-month rates are also reported in the Supplementary Appendix. Periprocedural myocardial injury was analysed using a generalized linear model for binary outcomes to estimate a risk ratio and 95% CI. There were no interim analyses.

The widths of confidence intervals have not been adjusted for multiplicity and should not be used in place of hypothesis testing, except for the primary analysis. Given that missing data were infrequent, complete case analyses are reported. Data are presented as mean (SD) or median (interquartile range). Statistical analyses were performed using Stata software version 18.5 (StataCorp).


Results
Patients and follow-up
Between August 2021 and December 2024, 300 patients were enrolled across 21 hospitals in the United Kingdom; 148 patients were assigned to receive a microaxial flow pump and 152 to standard care (Figure S1). Patient demographics and clinical characteristics appeared well balanced between the groups with the exception of diabetes which occurred in 56.1% of patients assigned to micro axial flow pump group and 48% in the standard care group (Table 1). Overall representativeness of the trial population is reported in Table S3. At the time of randomization, the median left ventricular ejection fraction was 27% (interquartile range, 20 to 32) and the core laboratory-adjudicated BCIS Jeopardy Score and SYNTAX Score were 12 (interquartile range, 10 to 12) and 38 (interquartile range, 30 to 47), respectively. Trial follow-up concluded in December 2025, at a median of 22 months (interquartile range, 16 to 30) after randomization. Follow-up data were available for all patients at 12 months.

PCI procedures and use of mechanical support
Two-hundred and ninety-nine patients (99.7%) underwent PCI, at a median of 1 day (interquartile range, 0 to 4) in the microaxial flow pump group and 1 day (interquartile range, 0 to 3) in the standard care group. One patient assigned to the standard care group died prior to the procedure. Planned staged PCI was performed in 10 patients in assigned to microaxial flow pump group and 27 patients in the standard care group (Table S4). The device used in all patients assigned to receive a microaxial flow pump was the Impella CP (Johnson & Johnson MedTech).

Among the 148 patients assigned to the microaxial flow pump group, the device was successfully placed immediately before PCI in 144 patients (97.3%); in two patients device placement was unsuccessful due to obstructive peripheral vascular disease, one patient had a major vascular complication during attempted insertion, and one patient developed an acutely ischemic lower limb after randomization but before the planned date of the PCI procedure. None of the 152 patients assigned to standard care had a mechanical circulatory support device inserted electively. Nine patients (6.0%) required bailout mechanical circulatory support, eight with an intra-aortic balloon pump and one with a microaxial flow pump (Table S5). Technical details of the PCI procedures performed are reported in Table S6.

Primary outcome
Of 22,496 pairwise comparisons, 36.6% favoured the micro axial flow pump group, 43.0% favoured the standard care group and 20.4% resulted in a tie that could not be resolved (win ratio, 0.85; 95% CI, 0.63 to 1.15; P=0.30). The win difference was -6.4% (95% CI, -18.4 to 5.7) (Figure 1 and Table S7). The treatment effect with respect to the primary outcome seemed consistent across all prespecified subgroups (Figure 2 and Table S8). 
In the sensitivity (time-to-first event) analyses, the composite primary outcome including periprocedural myocardial injury occurred in 111 of 140 patients (79.3%) and 100 of 139 patients (73.6%) in the microaxial flow pump and standard care groups, respectively (hazard ratio, 1.24; 95% CI, 0.94 to 1.62). The composite outcome excluding periprocedural myocardial injury occurred in 64 of 148 patients (45.3%) and 65 of 152 patients (45.4%) in the microaxial flow pump and standard care groups, respectively (hazard ratio, 1.06; 95% CI, 0.75 to 1.49) (Figure S2 and S3).

Secondary outcomes
Death from any cause occurred in 47 of 148 patients (32.6%) in the microaxial flow pump group and 33 of 152 patients (23.4%) in the standard care group (hazard ratio, 1.54; 95% CI, 0.99 to 2.41; Table 2 and Table S9). Death from cardiovascular causes occurred in 36 patients (26.7%) in the microaxial flow pump group and 20 (14.5%) in the standard care group (hazard ratio, 1.91; 95% CI, 1.11 to 3.30); the treatment effect appeared unchanged after adjusting for the competing risk of death from non-cardiovascular causes.

The rates of disabling stroke, spontaneous myocardial infarction and cardiovascular hospitalization are shown in Figures 3 and S4 and Tables 2 and S8. Periprocedural myocardial injury affected 61.7% of patients in the microaxial flow pump group and 50.0% in the standard care group (risk ratio, 1.23; 95% CI, 0.99 to 1.54; Table S10). Across all staged procedures, the coronary revascularization index was 67% (interquartile range, 50 to 80) in the microaxial flow pump group and 67% (interquartile range, 50 to 80) in the standard care group. The residual SYNTAX Score was 14 (interquartile range, 8 to 22) and 13 (interquartile range, 7 to 26) in the microaxial flow pump and standard care groups, respectively.	

Adverse Events
Major bleeding prior to discharge occurred in 16 patients (10.8%) in the micro axial flow pump group and 11 patients (7.3%) in the standard care group (risk ratio, 1.48; 95% CI, 0.71 to 3.09). Minor vascular complications occurred in 23 patients (15.5%) in the micro axial flow pump group and in 15 patients (9.9%) in the standard care group (risk ratio, 1.56; 95% CI, 0.85 to 2.88). Two patients (1.4%) in the micro axial flow pump group experienced major vascular complications, compared to one patient (0.7%) in the standard care group. Rates of other procedural complications, bleeding, acute kidney injury and unexpected adverse events are shown in Table S11.


Discussion

In the CHIP-BCIS3 study of patients with severely impaired left ventricular function undergoing complex PCI, a strategy of elective left ventricular unloading with a percutaneously inserted microaxial flow pump did not reduce the incidence of the hierarchical composite outcome of death, stroke, subsequent myocardial infarction, cardiovascular hospitalization or periprocedural myocardial injury, compared to a strategy of PCI without planned mechanical circulatory support. More patients had died in the micro axial flow pump group, and when the cumulative incidence of death from cardiovascular causes was considered, by 24 months there was an absolute risk increase of 12.2% among patients who received a microaxial flow pump.

While it is recognized that severe left ventricular systolic dysfunction increases the risk of adverse outcomes in patients undergoing PCI, there was no prior consensus on how to prospectively identify other characteristics that increase the risk of mortality and major morbidity15. The criteria used to define high risk in the CHIP-BCIS3 trial were carefully chosen by an expert panel to include patients with features that would increase the likelihood of acute ischemic left ventricular dysfunction, from which they might derive protection with a microaxial flow pump. The observed rates of periprocedural myocardial injury and mortality in the control arm confirm that the trial eligibility criteria do identify a cohort at high risk of adverse outcomes. The high event rates also mean the population enrolled in CHIP-BCIS3 optimized the chance of demonstrating the benefit of a microaxial flow pump, should one exist. In this context, the failure to reduce the likelihood of the primary outcome, and the finding of a potential increase in cardiovascular mortality, constitute evidence that use of a microaxial flow pump is not superior to a strategy of performing PCI without planned left ventricular unloading.

One of the proposed mechanisms of benefit of microaxial flow pumps was that this strategy would provide greater hemodynamic stability, allowing cardiologists to undertake more complete revascularization, which in turn would translate to better long-term outcomes16. In our study, the reduction in coronary disease burden was similar in both groups, although the timing was different; almost all revascularization was completed at the index procedure in patients assigned to a microaxial flow pump and more staged revascularization undertaken in those assigned to standard care. Furthermore, and contrary to the assumption that the microaxial flow pump ameliorates ischemia and myocardial damage during PCI, we observed a greater likelihood of myocardial injury with a microaxial flow pump strategy. Whether the frequency and magnitude of periprocedural myocardial injury relate to the observed difference in cardiovascular mortality remains unclear. A selection of patients enrolled in this trial underwent detailed hemodynamic assessments before and during PCI and this pre-specified substudy may yield further insight into the role of stunning and mechanistic impact of unloading10.

Our study has limitations. First, it is a relatively small trial but given that the observed event rates exceeded that anticipated during the pre-trial power calculation, the risk of type 2 error is low. Second, careful planning with respect to the peripheral vasculature was mandated in the trial protocol and consequently, the bleeding and vascular complication rates were lower than reported in real world registries; therefore, we may be underestimating the downside of using microaxial flow pumps17. Third, we have only followed up our patients for a median of 22 months thus far but given that mortality and other event rates seem to be diverging in favour of standard care, it is unlikely that our overall conclusions will change with longer term follow-up, although the latter is planned. Finally, we excluded patients with cardiogenic shock at randomization, hence our results cannot be extrapolated to that scenario, noting the evidence of benefit of microaxial flow pumps in patients presenting with shock complicating acute myocardial infarction18. Our study was conducted in the United Kingdom and findings may not be generalizable to other health care systems.

In summary, among patients with severely impaired left ventricular function undergoing complex PCI, elective left ventricular unloading with a microaxial flow pump did not reduce major adverse clinical outcomes at a minimum of 12 months.
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Figure Legends

Figure 1

Win ratio for the hierarchical composite primary outcome. CI denotes confidence interval, CV cardiovascular, mAFP micro axial flow pump and MI myocardial infarction.

Figure 2

Difference in win ratio for the primary outcome according to pre-specified subgroups. BCIS-JS denotes British Cardiovascular Society Jeopardy Score, CI confidence interval, LVEF left ventricular ejection fraction, mAFP micro axial flow pump, NT-pro-BNP N-terminal pro B-type natriuretic peptide and PCI percutaneous coronary intervention. The widths of the confidence intervals have not been adjusted for multiplicity and should not be used to infer treatment effect.

Figure 3

Panels A through D show the Kaplan-Meier plots for death from any cause, death from cardiovascular causes, spontaneous myocardial infarction and cardiovascular hospitalization. HR denotes hazard ratio, CI confidence interval and mAFP micro axial flow pump. The widths of the confidence intervals have not been adjusted for multiplicity and should not be used to infer treatment effect.


Table 1. Demographic and clinical characteristics of the patients at baseline*
	
	Micro axial flow pump 
(N = 148)
	Standard care
(N = 152)

	Age – yr 
	72.2 ± 10.1
	73.3 ± 9.3

	Male sex – no. (%)
	125/148 (84.5)
	123/152 (80.9)

	Ethnicity – no. (%) †
White
Black
Asian
Other/not stated
	
124/148 (83.8)
3/148 (2.0)
21/148 (14.2)
0/148 (0.0)
	
131/152 (86.2)
2/152 (1.3)
16/152 (10.5)
3/152 (2.0)

	Body mass index – kg.m-2 ‡
	26.9 ± 4.6
	27.2 ± 5.3

	Hypertension - no/total no. (%)
	105/148 (70.9)
	106/152 (69.7)

	Diabetes - no/total no. (%)
	83/148 (56.1)
	73/152 (48.0)

	Current or previous smoker - no/total no. (%)
	88/147 (59.9)
	92/152 (60.5)

	Previous PCI- no/total no. (%)
	33/148 (22.3)
	34/152 (22.4)

	Previous CABG - no/total no. (%)
	11/148 (7.4)
	5/152 (3.3)

	History of peripheral vascular disease - no/total no. (%)
	21/148 (14.2)
	28/152 (18.4)

	Median left ventricular ejection fraction (IQR) - %
	26 (20 to 31)
	28 (20 to 32)

	Median pre-PCI high sensitivity cardiac troponin level (IQR) § - xURL 
	5 (1 to 26)
	13 (3 to 55)

	CCS Angina Severity II - no/total no. (%)
	
	

	0
	32/137 (23.4)
	30/136 (22.1)

	1
	15/137 (10.9)
	20/136 (14.7)

	2
	32/137 (23.4)
	30/136 (22.1)

	3
	39/137 (28.5)
	35/136 (25.7)

	4
	19/137 (13.9)
	21/136 (15.4)

	NYHA Functional Class **  - no/total no. (%)
	
	

	I
	21/141 (14.9)
	17/135 (12.6)

	II
	56/141 (39.7)
	55/135 (40.7)

	III
	51/141 (36.2)
	52/135 (38.5)

	IV
	13/141 (9.2)
	11/135 (8.1)

	Median BCIS jeopardy score ††- IQR
	12 (10 to 12)
	12 (10 to 12)

	Median SYNTAX score  ‡‡- IQR
	38 (28 to 47)
	38 (31 to 49)

	Left main coronary artery disease – no./total no. (%)
	107/148 (72.3)
	114/152 (75.0)

	Urgent indication for PCI - no/total no. (%)
	107/148 (72.3)
	121/152 (79.6)

	Intended calcium modification – no./total no. (%)
	118/148 (79.7)
	126/152 (82.9)

	Intended left mainstem PCI – no./total no. (%)
	105/148 (70.9)
	111/152 (73.0)

	Intended retrograde CTO PCI – no./total no. (%)
	43/148 (29.1)
	39/152 (25.7)



*Plus-minus values are mean ±SD. BCIS denotes British Cardiovascular Intervention Society, CABG coronary artery bypass grafting, CCS Canadian Cardiovascular Society, CTO chronic total occlusion, IQR interquartile range, NYHA New York Heart Association, PCI percutaneous coronary intervention, SYNTAX synergy between taxus and surgery, ULR upper reference limit.

† Ethnicity was reported by the participant. The categories were Asian or Asian British, Black or Black British, White, Other Ethnic Group or Not Stated.

‡ Body-mass index is the weight in kilograms divided by the height in meters squared. 

§ All high sensitivity cardiac troponin levels were normalized to the upper reference limit of the assay used.

II The Canadian Cardiovascular Society (CCS) grade classifies angina severity from 0 (no angina) to 4 (symptoms at rest or on minimal exertion).

** The New York Heart Association Functional Class records functional limitation due to heart failure. Scores range from I (no limitation of physical activity) to IV (symptoms at rest or during minimal exertion).

†† The British Cardiovascular Intervention Society (BCIS) Jeopardy Score is used to assess the extent of myocardium jeopardized by coronary artery disease. Scores range from 0 to 12, with higher values indicating a greater extent of disease.

‡‡ The Synergy Between Taxus and Surgery (SYNTAX) Score is used to assess the complexity of coronary artery disease. Each coronary stenosis is scores based on multiple factors relating to lesion complexity, with individual lesion scores summed to calculate and overall score. Scores start at 0 with no upper limit. Higher scores indicate more complex disease, with scores of 0 to 22 generally considered to represent low complexity, 23 to 32 intermediate complexity and scores of 33 or greater indicating high complexity.

Table 2 Secondary outcomes*
	
	Micro axial flow pump 
(n=148)
No./Total no. (cumulative incidence)
	Standard care
(n=152)
No./Total no. (cumulative incidence)
	Hazard ratio or risk ratio
(95% CI)

	Major secondary outcomes†

	Death from any cause
	47/148 (32.6)
	33/152 (23.4)
	1.54 (0.99 to 2.41)

	Death from CV causes†
	36/148 (26.7)
	20/152 (14.5)
	1.91 (1.11 to 3.30)

	Disabling stroke†
	3/148 (3.5)
	6/152 (4.5)
	0.53 (0.13 to 2.11)

	Spontaneous myocardial infarction†
	9/148 (6.8)
	15/152 (12.4)
	0.64 (0.28 to 1.47) 

	CV hospitalization†
	32/148 (24.5)
	29/152 (21.0)
	1.20 (0.72 to 1.98)

	Periprocedural myocardial injury‡
	82/133 (61.7)
	62/124 (50.0)
	1.23 (0.99 to 1.54)

	Sensitivity analyses

	Non-hierarchical composite (including periprocedural myocardial injury) §
	111/140 (79.3)
	100/139 (70.6)
	1.24 (0.94 to 1.62)

	Non-hierarchical composite (excluding periprocedural myocardial injury)
	64/148 (40.3)
	65/152 (41.4)
	1.06 (0.75 to 1.49)



*Data are observed no./total no. in group for whom data available (cumulative incidence at 24 months [%]).CI denotes confidence interval, CV cardiovascular.

† After accounting for the competing risk of death from non-cardiovascular causes and death from any cause respectively, by the Fine-Gray method, the treatment effects for these outcomes were as follows: CV death HR 1.91 (95% CI, 1.10 to 3.31); disabling stroke HR 0.50 (95% CI, 0.13 to 1.97); spontaneous myocardial infarction HR 0.60 (95% CI, 0.26 to 1.36); CV hospitalization HR 1.17 (95% CI, 0.72 to 1.90).

‡The risk ratio for periprocedural myocardial injury included in the table is a patient-level analysis, where the numerator is the number of patients who had a periprocedural myocardial injury during at least one procedure and the denominator is the number in whom occurrence of periprocedural myocardial injury could be adjudicated.

§ Participants with missing periprocedural myocardial injury data are excluded from this analysis if they did not experience at least one of death, disabling stroke, spontaneous myocardial infarction, or CV hospitalization.

The widths of the confidence intervals have not been adjusted for multiplicity and should not be used to infer treatment effects. 
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