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Abstract
Background: Patients with complex high-risk coronary anatomy, such as those with a last remaining patent vessel (LRPV), are increasingly revascularized with percutaneous coronary intervention (PCI) in contemporary practice. There are limited data on the outcomes of these high-risk procedures. 
Methods & Results: We analysed a large longitudinal PCI cohort (2007-2014, n=501,841) from the British Cardiovascular Intervention Society (BCIS) database. Clinical, demographical, procedural and outcome data were analysed by dividing patients into two groups; LRPV group (n= 2,432) and all other PCI group (n=506,691). Patients in the LRPV PCI group were older, had more comorbidities & higher prevalence of moderate-severe left ventricular systolic dysfunction. Mortality was higher in the LRPV PCI group during hospital admission (12 % vs 1.5 %, P<0.001), at 30-days (15% vs 2%, P<0.001) and at one-year (24%vs5%, P<0.001). Following multivariable regression analyses, higher mortality was observed in the LRPV PCI group during index admission (OR:2.29, CI 1.93-2.7, P<0.001), at 30 days (OR:2.31,CI 1.99-2.68, P<0.001) and one year (OR:2.13, CI 1.90-2.39,P<0.001) along with higher in-hospital MACE (OR:1.66, CI 1.41-1.96,P<0.001) but similar stroke (OR:1.67, CI 0.88-3.17,P=0.11). Similar results were obtained during propensity score-matched analyses. In sensitivity analyses, similar clinical outcomes were observed irrespective of which major epicardial coronary artery was treated.
Conclusion: In this contemporary cohort, patients who had PCI to their LRPV had a higher risk profile and more adverse clinical outcomes, irrespective of the vessel treated. 
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Perspective
What is Known
There are limited outcome data about Percutaneous Coronary intervention (PCI) in last remaining patent vessel (LRPV).
What the Study Adds
After adjustment for baseline differences, risk of short- and long-term adverse outcomes including mortality were higher in LRPV PCI.


Introduction

	The development of percutaneous coronary intervention has witnessed unprecedented evolution in the 21st century with the refinement of stent platforms, modern imaging techniques, aggressive adjunctive pharmacotherapy and increasing adoption of circulatory support amongst the factors contributing to this advancement. Interventional cardiologists are increasingly undertaking percutaneous revascularization of patients with more complex coronary anatomy who are often declined for surgical intervention, with the evolution of Complex Higher-Risk & Indicated Percutaneous Coronary Intervention (CHIP) programs.  These patients are often complicated due to advanced age, higher frailty scores, complex and more severe coronary anatomy, worse left ventricular systolic dysfunction (LVSD) and the presence of more comorbid conditions. (1,2) Owing to their increased surgical risk (high EuroScore II or STS score) cardiac surgeons often decline coronary artery bypass grafting (CABG) in such patients (3-5) meaning that high-risk PCI is the revascularization strategy of choice for those patients who are deemed unsuitable for surgery.  
	There is an emerging consensus that high-risk PCI involves a combination of clinical characteristics, consisting of complex coronary anatomy, unstable haemodynamic status, acute coronary syndrome and multimorbidity.(6) Involvement of left main stem, severe multi vessel disease or last remaining conduit, especially in presence of severely reduced left ventricular systolic function (Ejection fraction (EF) <35%), are amongst the highest risk procedures due to the large myocardium subtended and the potential for circulatory collapse during the procedure. Whilst PCI to LRPV is one of the highest risk PCIs, there are no published large studies that can provide insight into the clinical characteristics, treatment strategies and clinical outcomes of this important cohort. Therefore, the purpose of this study was to describe clinical, procedural and demographic characteristics, temporal trends and clinical outcomes of patients who received PCI to last remaining patent vessel compared to all remaining PCI procedures in a large unselected national cohort from the database of the British Cardiovascular Intervention Society (BCIS). We also sought to identify the independent predictors of worse outcomes in this high-risk cohort. 

Methods
This study was a retrospective analysis of prospectively collected national data for all patients who received PCI in England in Wales from January 2007 to December 2014. The British Cardiovascular Intervention Society (BCIS) records data on all PCI procedures undertaken in the United Kingdom (UK) with data collection managed by the National Institute of Cardiovascular Outcomes Research (NICOR). The data and materials used to conduct the research are made available to any researcher for purposes of reproducing the results or replicating the procedure only after getting approval from BCIS & NICOR. Data input is mandatory for all independent operators in the UK.  The BCIS database consists of 113 clinical, procedural and outcome variables with approximately 80,000 new records added each year.(7,8) Data from the Office of National Statistics (ONS) were used for mortality tracking in all patients of England & Wales by linking their unique National Health Service numerical identifier. Patients from Scotland and Northern Ireland were excluded due to the absence of the ONS-linked mortality data. Institutional research and ethical board approval were not required for this study as all data were anonymized and routinely collected as part of the national audit but the project was approved by a national Data and Monitoring Advisory Group on behalf of NICOR & BCIS. 
The BCIS database collected data regarding patients’ clinical characteristics, risk factors, concurrent medical conditions, aspects of PCI procedures and adjunctive pharmacotherapy. We analysed all-cause mortality during index hospital admission, 30 days and one year after admission. In addition, we observed temporal changes in interventional practice for these patients from 2007-2014. We also assessed in-hospital major adverse cardiovascular events (MACE; defined as a composite of in-hospital mortality, in-hospital myocardial reinfarction, and target vessel revascularization), any procedural complications (includes aortic dissection, coronary perforation, heart block requiring pacing, DC cardioversion, no flow/slow flow phenomenon, need mechanical ventilation, shock induced by procedure), major in-hospital bleeding (defined as: need blood or platelets transfusions, haemorrhagic stroke, tamponade, retroperitoneal haemorrhage) and in-hospital stroke which included ischaemic or haemorrhagic stroke or transient ischaemic attack (TIA).
The study participants were divided into 2 groups: PCI in LRPV (defined as if they received procedure in particular epicardial artery while other main epicardial arteries were 100% occluded) and compared with all other PCI undertaken during the study period. Patients with prior CABG were excluded from this analysis as it is difficult to define last remaining patent vessel in presence of Grafts due limitations of the dataset. Patients with missing data for mortality, sex, and age were also excluded. We compared clinical characteristics across the two groups of interest and these comparisons were undertaken using chi square tests for categorical and student t-test for continuous variables. We used multiple imputations with chained equations to impute data for all variables with missing information. We registered age, gender, group of participants, mortality outcomes, femoral access and clinical presentation (STEMI (ST Segment Elevation Myocardial Infarction), NSTEMI (Non-ST Segment elevation Myocardial Infarction), stable angina) as complete variables in imputation models and these were used to produce 10 datasets on which we ran analysis. Incomplete and imputed variables were smoking status, diabetes mellitus (DM), hypertension, hyperlipidaemia, previous Myocardial Infarction (MI), previous stroke, peripheral vascular disease (PVD), renal disease, family history of coronary artery disease (CAD), glycoprotein IIb/IIIa inhibitors use, circulatory support, use of drug eluted stents (DES), the need for mechanical ventilation, any procedural complication, coronary artery perforation, inpatient MACE, use of intracoronary imaging and left ventricular systolic dysfunction (LVSD).
Multivariable logistic regression analysis was used to estimate the risk of adverse outcomes among groups. In multivariable analysis, we controlled for various covariates including, age, sex, smoking history, DM, hypertension, hypercholesterolemia, previous MI, previous stroke, peripheral vascular disease, renal insufficiency, family history of premature coronary disease, femoral access site, glycoprotein IIb/IIIa inhibitor use, circulatory support, use of drug eluted stents (DES), mechanical ventilation, intracoronary imaging and left ventricular systolic dysfunction.
We analysed imputed data with propensity score matching (PSM) to estimate the average treatment effects for adjustment of baseline differences among the groups of patients. One to one matching with replacements were applied, followed by logistic regression analysis (the sole predictor being group membership) to obtain the average treatment effects over the multiply imputed datasets. We used the nearest-neighbour matching method and no procedures were discarded.  We used similar variables as in our prior statistical analyses and the coefficients were converted to odds ratios to aid interpretation. 
Stata 14 statistical package was used for all analyses. All statistical analyses were two-tailed, and an alpha of 5% used throughout.
Results 
Study cohort
This study cohort consisted of 509,123 patients who had PCI in England & Wales from January 2007 to December 2014. The process of patients’ inclusion and exclusion for this analysis is presented in Figure 1. Out of 509,123 total patients who underwent PCI during this study period, PCI in LRPV were undertaken in 2,432 (0.48%) procedures. The median follow-up of the entire cohort was 3.7 (IQR 1.8 – 5.8) years. Temporal changes in interventional practice for these patients from 2007-2014 are presented in Figure 2. The proportion of patients who received PCI in LRPV were similar over the study period ranging from 0.43% to 0.52% in the years analysed. More patients received mechanical circulatory support (Intra-aortic balloon pump/ Impella/ ECMO) in LRPV PCI compared to all other PCI procedures (14% vs 1.6%) and varied between 10.1% and 17.6% in the years analysed (P for trend – 0.29) (Table 1) (Figure 3). On site surgical cover rates (availability of cardiothoracic surgical team in the same hospital) during LRPV PCI were higher (66 % vs 62%) compared to control group (Supplement figure 1).
Clinical characteristics
There were significant differences observed in demographics, clinical and procedural characteristics between the two groups (Table 1). Specifically, patients with LRPV PCI were significantly older, less likely to be female, had a higher prevalence of DM, hypertension, hypercholesterolaemia, previous MI, PVD, renal disease and stroke compared to the control cohort (Table 1). The proportion of patients presenting with either ST Segment elevation myocardial infarction (STEMI) (27% vs 24%, P 0.02) or Non-ST Segment Elevation myocardial infarction (NSTEMI) (45% vs 37%, P <0.001) were higher in LRPV PCI, but were less likely to have a PCI for stable angina indications (29% vs 38%, P < 0.001) compared to the control group. Patients in LRPV PCI were more likely to have severe LVSD (32% vs 6% P<0.001) and were more likely to have presented with cardiogenic shock (11% vs 2%, P<0.001). Use of intracoronary imaging (intravascular ultrasound (IVUS), optical coherence tomography (OCT), angioscopy) (6.6% vs 7%, P-0.94) were similar in both cohorts. Utilization of rotational atherectomy (3.9% vs 1.8%, P <0.001), laser angioplasty (0.43% vs 0.18%, P <0.001), penetration/micro catheters (3% vs 1.34%, P <0.001) and mechanical ventilator support (8% vs 1.5%, P <0.001) were higher in LRPV PCI compared to all other PCI procedures. 

Clinical Outcomes
Unadjusted (i.e. crude) clinical outcomes are presented in Table 2. More patients in LRPV PCI suffered from major in-hospital bleeding (2% vs 0.88%, P <0.001 and received blood transfusions (0.92% vs 0.23%, P <0.001) (Table 2). The unadjusted all-cause mortality during hospital admission (12% vs 1.5%, P <0.001), at 30 days (15% vs 2%, P <0.001) and at one year (24% vs 5%, P <0.001) were higher in LRPV PCI group compared to the control group. In the supplementary figure 2 we present unadjusted Kaplan-Meir survival estimates at follow up of one year. Unadjusted clinical outcomes including In-hospital MACE, stroke, procedural complications, renal failure/dialysis were higher in LRPV PCI apart from retroperitoneal haemorrhage and in-hospital reintervention (need emergency CABG or PCI) which were similar to the control group. 
The adjusted risk of short- and long-term mortality, procedural complication, in-hospital MACE and strokes are presented in Table 3. In a propensity score matching analysis the adjusted risk of mortality during index admission (OR: 2.05, CI 1.65 – 2.44, P <0.001), at 30 days (OR: 2.13, CI 1.78 – 2.5, P <0.001), at one year (OR: 1.81, CI 1.59 – 2.03, P <0.001) and in-hospital MACE (OR: 1.8, CI 1.42-2.19, P <0.001) were higher LRPV PCI group as compared to control group (Table 3). In multivariate analysis, after adjustment of baseline differences, all-cause mortality remained higher in LRPV PCI group during index hospital admission (OR: 2.29, CI 1.93 – 2.71, P <0.001), at 30 days (OR: 2.31, CI 1.99 – 2.68, P <0.001) and at one year (OR: 2.13, CI 1.90 – 1.39, P <0.001) compared to control group. Higher adjusted risks of In-hospital MACE (OR: 1.66, CI 1.41 – 1.96, P <0.001) and “any procedural complications” (OR 1.21, CI 1.06 – 1.39, P-0.005) were observed in patients who received PCI to LRPV but similar risk of in-hospital stroke (OR:1.67, CI 0.88 – 3.17, P – 0.11) and re-intervention (OR: 0.68, CI 0.38 – 1.22, P – 0.20) compared to control PCI group. 

Independent Predictors of In-patient Mortality & MACE
We undertook sensitivity analyses to assess independent predictors of in-patient Mortality and MACE for PCI in LRPV (Supplement Table 1-2) with prior DM (OR 1.89, CI 1.36 – 2.61, P <0.001), prior PVD (2.04, CI 1.31 – 3.18, P 0.002), presence of mechanical circulatory support (OR 2.44, CI 1.74 – 3.42, P <0.001), femoral access (OR 2.04, CI 1.47 – 2.82, P <0.001) and severe LVSD (OR 3.17, CI 1.64 – 6.12, P 0.001) are independently associated with an increased risk of inpatient mortality. 
Sensitivity analyses in Individual artery PCI
We undertook another sensitivity analysis to assess adjusted clinical risk of PCI in last remaining patent vessel as Individual epicardial coronary arteries in comparison to control group (Supplement figures 3-5). The adverse outcomes associated with LRPV PCI appeared to be of similar magnitude irrespective of vascular territory intervened upon.

Sensitivity analyses after excluding Shock patients
Similar clinical outcomes were observed in Multivariable analyses after excluding those patients who presented with cardiogenic shock (Supplement table 3). 
Sensitivity analysis to assess complete vs incomplete revascularization
Out of total 2,376 patients who received PCI in last remaining patent vessel, 56 patients (2.3%) received complete revascularization during index procedure and only one patient after discharge (this single patient did not receive complete revascularization within 90 days after discharge and therefore we did not include this in our sensitivity analysis). In multi-variate analysis, risk of short- and long-term adverse clinical outcomes were similar between the two cohorts including any procedural complications, MACE, mortality during hospital admission, at 30-days and one year after discharge (supplement table 4).
Our summary central illustration figure (figure 4) describes important clinical characteristics, adverse outcomes and independent predictors of in-patient mortality of patients who received PCI in last remaining patent vessel.

Discussion
To the best of our knowledge, this is the first study ever to examine the clinical and procedural characteristics, temporal trends and short and long-term outcomes in patients who received PCI in their LRPV. Our study demonstrates that PCI in LRPV was undertaken in older patients who have a greater burden of comorbid illnesses and the rates have remained relatively stable over time accounting for around 0.5 % of all PCI procedures performed in the United Kingdom. The proportion of patients that received mechanical circulatory support during these procedures ranged from 10-17.6% with rates remaining fairly static over time. Finally, we report an increased risk of in-hospital, 30-days and 1-year Mortality and in-hospital MACE in patients who received PCI to the LRPV, and this risk did not appear to vary in different epicardial vessels. Predictors of adverse outcomes in this cohort include age, diabetes, an acute presentation, the receipt of ventilation and the need for circulatory support.
In contemporary PCI practice, overall success rates are now approaching 100% and serious complications are reported to be < 1%.(9) Due to advances in procedural techniques, stent platforms, pharmacotherapy and devices, the population who can now be treated with PCI has expanded including older more comorbid patients with increasingly complex coronary artery disease. Increasingly interventional cardiologists are being asked to undertake high risk PCI in both acute and elective settings when other treatment options are not feasible. Despite its increasing prevalence, there is no universally accepted definition of high-risk PCI.(10,11) PCI to the LRPV is described as high-risk PCI in almost all the published definitions but there are no clinical studies to the best of our knowledge that describe clinical characteristics and outcomes of this important cohort of patients.(11-13)
This large real-world data highlights that intravascular imaging (IVUS, OCT) was utilized only in small minority of patients (6.3%) for PCI in LRPV, which were not statistically different as compared to other PCI groups (6.1%). It is surprising that intravascular imaging is not used more frequently in this complex, high risk PCI group, especially in the presence of emerging data.(14,15) Intravascular imaging can aid in the planning of PCI procedures (assessment of plaque severity, lesion characteristics, presence and extent of calcification and vessel sizing), which are crucial in lesion preparation and stent selection.(16) Similarly, intravascular imaging also helps in optimization of stent implantation during PCI by identifying stent under expansion, stent edge dissections, strut malposition and tissue prolapse in the stent lumen. Logically, in high risk PCIs where the hazard of in-stent restenosis, stent thrombosis or target lesion failure is higher, the consequences of stent failure could be life threatening and it would be expected that the benefits of intracoronary imaging techniques would be even greater. Counter-intuitively, use of intracoronary imaging did not independently predict risk of adverse outcomes in our study (OR for in-hospital Mortality: 0.86 (CI 0.40-1.85) P 0.69) (In-hospital MACE: OR; 0.43 (CI 0.16 – 1.11) P 0.08), although there was a non-significant trend towards benefit, which may relate to this analysis being underpowered due to the small number of procedures where intravascular imaging was used. 
Only 10-18 % patients received mechanical circulatory support during PCI to LRPV which increased to 31% in patients who had severe LVSD in this cohort. During this period in the UK, the device of choice would have been the intra-aortic balloon pump, with little use of other technologies.  However, the randomised control trial data and observational registries have not shown consistent benefit for the routine use of intra-aortic balloon pumps in complex PCI procedures.(17-19).  There is considerable interest in whether more judicious use of contemporary circulatory support devices in this high-risk PCI group may improve clinical outcomes. During the last two decades,  alternative and potentially more efficacious percutaneous mechanical circulatory support (MCS) devices have been developed  with a potential rols as an adjunct to PCI in high-risk procedures. For example there is growing interest in the use of the Impella device, which has been approved by the FDA for use in elective and urgent high-risk PCI patients. Similarly, other MCS devices like TANDEMHEART and ECMO (extracorporeal membrane oxygenation) also demonstrated clinical benefit in relatively small volume clinical studies of patients, though these devices are not widely available in UK.(20-23) 
Our analysis suggests that only small minority of patients who underwent PCI for last remaining patent vessel received complete revascularization. In multivariate analysis, there was a trend of increased odds of mortality among those patients who received complete revascularization compared to non-complete revascularization but this difference was statistically non-significant with wide confidence intervals due to the small numbers present in one arm, and would be difficult to interpret. Nevertheless, this data suggests that a majority of interventional operators favour treatment of only in the  last remaining patent vessel in this high-risk group and leave other, chronically occluded arteries for medical management.

Strengths & Limitations 
Our study has many strengths. The study data represent an almost complete record of all PCI procedures performed in the UK during study period from 2007-2014. This real-world study contains high risk patients with multiple comorbidities, which are often not included in clinical trials, and represents the first ever analysis of patients who received PCI in LRPV. To the best of our knowledge, this is the first clinical study to specifically examine clinical outcomes in patients who underwent PCI in last remaining patent vessel. Our large sample size gives us sufficient statistical power to capture differences in clinical outcomes between the patient groups studied. Moreover, these very sick patients are often excluded or under-represented in clinical trials, and so our data represents best available current evidence in this context. 
One of the inherent limitations of this study was that it was based on retrospective analysis of national registry data and therefore was subject to all the limitations associated with observational studies.  Secondly, though mortality tracking within in England and Wales is robust, all other clinical outcomes and post procedural complications are self-reported, without official adjudication and are therefore vulnerable to reporting biases. Thirdly, our findings are only applicable to patients who undergone PCI and so we cannot compare outcomes to similar patients who treated medically or surgically. Finally, the BCIS dataset does not record information about the anatomy of patients with prior CABG, and in particular the graft supply of native vessels and whether these grafts are patent. Therefore, we were unable to determine whether any vessel intervened upon in patients with a prior CABG was truly a last remaining vessel; hence we excluded all the patients with prior CABG from this study. 
Conclusion
Our study demonstrates that approximately 0.5% of 506,691 PCI procedures performed in England and Wales between 2007 and 2014 were undertaken in LRPV. These patients are a higher risk group that are older, have more comorbid conditions and present with more haemodynamic compromise. They are clearly higher risk than usual PCI, as evidenced by the fact that approximately 12% patients died during hospital admission and 24% at one year follow-up. 
After adjustment for differences in baseline clinical and procedural characteristics, clinical outcomes remain worse in patients who received PCI in LRPV. Judicious use of intracoronary imaging and modern mechanical circulatory may improve clinical outcomes in this complex and high-risk cohort though the limited use of both in this dataset did not demonstrate this convincingly. 
External funding: None
Conflict of interest: None



Figures
Figure 1: Consort diagram to show to show all participant inclusion and exclusion



Total patients received PCI in UK from 2007-2014: 669,279



Total patients received PCI in England & Wales from 2007-2014: 593,058




After exclusion of those patients who had prior CABG or PCI to Grafts: 541,427



No use of Patients with missing data for age n = 289, sex n = 974, Mortality data n = 31,041, n for further analysis = 509,123


Data for final analysis: n = 509,123
1. PCI in last remaining patent vessel = 2,432
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Figure 2: Temporal trends for PCI in Last Remaining Patent Vessel vs All Remaining PCI Procedures
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Figure 3: Temporal trend of patients received Mechanical Circulatory support for PCI in Last Remaining Patent Vessel vs All Remaining PCI Procedures 
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Figure 4: Central Illustration figure
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DM; Diabetes Mellitus, CVA; Cerebrovascular accident; DES; Drugs eluted stents; MI: Myocardial Infarction, PCI; Percutaneous Coronary Intervention, Rota; Rotational atherectomy, LVSD; Left ventricular systolic dysfunction, MACE; Major adverse Cardiovascular events, ACS; Acute Coronary syndrome, STEMI; ST segment elevation myocardial infarction, MCS; Mechanical circulatory support, PVD; Peripheral vascular disease


Tables

Table 1: Clinical Characteristics

	Variable 
	Missing data from total 

	All other PCI (n= 506,691)



	 PCI in last remaining patent vessel (n= 2,432)

	P-value

	Median Age (IQR)
	0
	64 (56-73)
	71 (61-79)
	<0.001

	Female sex (%)
	0
	134,567 (27%)
	458 (19%)
	<0.001

	Body Mass Index, Median (IQR)
	213,456
	28 (25 - 31)
	27 (25 – 31)
	0.18

	Smoking history (%)
	57,279
	290,036/449,691 (65%)
	1,442/2,153
(67%)
	0.02

	Diabetes mellitus (%)
	20,173
	89,626/486,594 (18%)
	751/2,356 (32%)
	<0.001

	Hypertension (%)
	24,492
	259,050/482,306 (54%)
	1,525/2,325
(66%)
	<0.001

	Hypercholesterolaemia (%)
	24,492
	268,860/482,306 (56%)
	1,510/2,325 (65%)
	<0.001

	Previous PCI (%)
	18,303
	104,103/488,455
(21%)
	541/2,365
(23%)
	0.06

	Previous MI (%)
	47,684
	114,270/459,106
(25%)
	1,251/2,333 (54%)
	<0.001

	Previous CVA (%)
	24,492
	18,250/482,306 (4%)
	179/2,325
(8%)
	<0.001

	Peripheral vascular disease (%)
	24,492
	21,788/482,306 (5%)
	302/2,325 (13%)
	<0.001

	Previous renal disease (%) 
	33,858
	5,324/473,086
(1%)
	56/2,179
 (3%)
	<0.001

	Family history of heart disease
	72,466
	194,698/434,611 (45%)
	920/2,046 (45%)
	0.9

	Clinical presentation

	Stable angina
	0
	191,319/506,691
(38%)
	712/2,432 (29%)
	<0.001

	UA/NSTEMI
	0
	186,883/506,691 (37%)
	1,028/2,432 (45%)
	<0.001

	STEMI
	0
	122,611/506,691 (24%)
	647/2,432 (27%)
	<0.001

	Left Ventricular Systolic Function

	Good 
(LVEF >50%)            
	260,452
	177,642/247,261 (72%)
	431/1,410 (31%)
	
<0.001

	                                Moderate (LVEF 30-50 %)              
	
	55,294/247,261 (22%)
	531/1,410
(38%)
	

	                                Poor (LVEF <30%)
	
	14,325/247,261 (6%)
	448/1,410
(32%)
	

	Access site (AS)

	 Femoral (%)
	0
	237,001/506,691 (47%)
	1,363/2,432 (56%)
	<0.001

	 Radial (%)
	0
	266,742/506,691 (53%)
	1,110/2,432 (46%)
	<0.001

	

	Glycoprotein IIb/IIIa inhibitor 
	38,693
	111,674/468,112
(24%)
	644/2,318 (28%)
	<0.001

	Intracoronary imaging (IVUS/OCT/Angioscope)
	38,057
	30,937/468,731
(7 %)
	155/2,335
(6.6%)
	0.94

	Cardiogenic shock (Pre-procedure)
	6,095
	10,901/500,621 (2%)
	392/2,407
(11%)
	<0.001

	Inotropes as circulatory support 
	32,082
	3,739/474,692 (0.79%)
	146/2.349 (6%)
	<0.001

	IABP as circulatory support
	32,082
	7,667/474,692 (1.6%)
	330/2,349 (14%)
	<0.001

	Impella as circulatory support
	32,082
	37/474,692 (0.01%)
	1/2,349 (0.04%)
	0.06

	ECMO as circulatory support
	32,082
	42/474,692 (0.01%)
	1/2,349 (0.04%)
	0.09

	Mechanical Circulatory support (IABP/Impella/ECMO)
	32,082
	7,711/474,692 (1.6%)
	331/2,349 (14%)
	<0.001

	Circulatory support in patients with severe LVSD
	292,534
	2,001/13,832
(14%)
	137/436
 (31%)
	<0.001

	DES use 
	23,980
	347,452/482,783 (72%)
	1,508/2,360 (64%)
	<0.001

	Number of stent use
	
	
	
	

	0 
	8,695
	37,782/498,024 (8%)
	273/2,404
(11%)
	<0.001

	1 
	
	268,356/498,024 (54%)
	918/2,404
(39%)
	

	2 
	
	124,981/498,024 (25%)
	640/2,404 (27%)
	

	≥3 
	
	66,905/498,024 (13%)
	573/2,404 (24%)
	

	Rotational atherectomy, n (%) 
	37,803
	8,379/468,968
(1.8%)
	91/2,352
(3.9%)
	<0.001

	Laser angioplasty, n (%) 
	37,803
	859/468,968
(0.18%)
	10/2,352 (0.43%)
	0.006

	Use of Penetration / Micro catheters
	37,803
	6,280/468,968
(1.34%)
	74/2,352
 (3%)
	<0.001

	Cutting balloon, n (%) 
	37,803
	14,564/468,968
(3.1%)
	56/2,352
(2.4%)
	0.04

	Mechanical ventilator support (%) 
	76,097
	6,676/430,900
(1.5%)
	161/2,126 (8%)
	<0.001

	Median follow up period in years (IQR)
	0
	3.7 (1.8 – 5.8)
	2.4 (0.7 – 4.7)
	0.0001


CVA; Cerebrovascular accident; DES; Drugs eluted stents; IQR; Inter quartile range; LVEF; Left ventricle ejection fraction; MI: Myocardial Infarction, NYHA; New York heart association, PCI; Percutaneous Coronary Intervention, SD; Standard deviation, IVUS; Intravascular Ultrasound, OCT; Optical coherence tomography, UA; Unstable angina

Circulatory support in the form of Intra-aortic balloon bump, ECMO, Impella


 Recorded in the BCIS database as Tornus, Asahi Intecc, Santa Ana, CA or Gopher Gold, Vascular Solutions, Minneapolis, MN), microcatheters, Finecross, crossBoss, Corsair, Stingray


Table 2: Unadjusted clinical outcomes


	Outcome
	Missing data from total 

	All other PCI (n= 506,691)



	 PCI in last remaining patent vessel (n= 2,432)

	P-value

	Transfusions (%), n (%)
	10,211
	1,134/496,516
(0.23%)
	22/2,396
 (0.92%)
	<0.001

	In hospital major bleeding, n (%)
	10,172
	4,383/496,55
(0.88%)
	50/2,396
(2%)
	<0.001

	In-hospital mortality, n (%)  
	0
	7,872/506,691 (1.5%)
	280/2,432 
(12%)
	<0.001

	30-day mortality, n (%)  
	0
	11,285/506,691 (2%)
	357/2,432 
(15%)
	<0.001

	1-year mortality, n (%) 
	0
	24,517/506,691 (5%)
	573/2,432 
(24%)
	<0.001

	In-hospital MACE# 
	10,211
	9,817/496,516
(2%)
	234/2,396
(10%)
	<0.001

	In-hospital Stroke 

	10,211
	636/496,516
(0.13%)
	10/2,396
(0.42%)
	<0.001

	Procedural complications (%)
	
	
	
	

	Any procedural complications≠
	43,296
	28,063/463,446 (6%)
	271/2,381
(11%)
	<0.001

	Coronary perforation
	43,296
	1,555/463,446 (0.34%)
	21/2,381 
(0.88%)
	<0.001

	Retroperitoneal haemorrhage 
	36,218
	271/470,549 (0.06%)
	2/2,356 
(0.08%)
	0.59

	Renal failure/dialysis
	10,211
	544/496,516 (0.1%)
	21/2,396
(0.88%)
	<0.001

	In-hospital reintervention 
	10,211
	1,996/496,516 (0.4%)
	12/2,396
(0.5%)
	0.45



CTO; Chronic total occlusion, MACE; Major adverse cardiovascular events, PCI; Percutaneous Coronary Intervention, SVG; Saphenous Vein Grafts, 


 Major bleeding: Need blood or platelets transfusions, haemorrhagic stroke, tamponade, retroperitoneal haemorrhage

 # MACE; Major adverse cardiovascular events (defined as a composite of in-hospital mortality, in-hospital myocardial reinfarction, and emergency target vessel revascularization)

≠ Any procedural complication includes Aortic dissection, Coronary perforation, Heart block requiring pacing, DC cardioversion, no flow/slow flow phenomenon, need ventilation, Shock induced by procedure

  Emergency CABG or PCI

Table 3: Risk of Adverse Outcomes following multivariate adjustments 

	Outcome
	Adjusted OR* in Last remaining vessel PCI as compare to reference (All other PCI)
	P-Value
	95% CI

	Any Procedural Complications (n of observations≠ = 509,123)

	PSM analysis
	OR: 1.18
	0.002
	1.07 – 1.37

	MV analysis
	OR: 1.21
	0.005
	1.06 – 1.39

	In-hospital reintervention, n of observations= 509,123

	PSM analysis
	OR: 0.72
	0.25
	0.41 – 1.35

	MV analysis
	OR: 0.68
	0.20
	0.38 – 1.22

	In-hospital Stroke (n = 509,123)

	PSM analysis
	OR: 1.58
	0.13
	0.70 – 3.25

	MV analysis
	OR: 1.67
	0.11
	0.88 – 3.17

	In-hospital mortality (n of observations= 509,123)

	PSM analysis 
	OR: 2.05 
	<0.001
	1.65 – 2.44

	MV analysis
	OR: 2.29
	<0.001
	1.93 – 2.71

	30-day mortality (n of observations= 509,123)

	PSM analysis
	OR: 2.13 
	<0.001
	1.78 – 2.50

	MV analysis 
	OR: 2.31
	<0.001
	1.99– 2.68

	1-year mortality (n of observations = 509,123)

	PSM analysis
	1.81 
	<0.001
	1.59 – 2.03

	MV analysis 
	OR: 2.13
	<0.001
	1.90 – 2.39

	In-hospital MACE (n = 509,123)

	PSM analysis
	1.80 
	<0.001
	1.42 – 2.19

	MV analysis
	OR: 1.66
	<0.001
	1.41 – 1.96



* Adjusted for Age, gender, femoral access, prior history of (H/O) smoking, prior H/O Myocardial infarction, ejection fraction, family H/O coronary artery disease, circulatory support, prior H/O hypercholesterolemia, prior H/O hypertension, prior H/O peripheral vascular disease, prior H/O Cerebrovascular accident, prior H/O Diabetes Mellitus, prior H/O PCI, Mechanical Ventilatory support, ST-segment elevation Myocardial infarction  as indication, Non- ST segment elevation Myocardial infarction   as indication, stable angina as indication, use of Drug eluted stents, Use of Glycoprotein IIb/IIIa inhibitor,  & use of Intracoronary imaging on imputed data,

≠ Any procedural complication includes Aortic dissection, Coronary perforation, Heart block requiring pacing, DC cardioversion, no flow/slow flow phenomenon, need ventilation, Shock induced by procedure


  Emergency CABG or PCI


MV; Multivariable, PSM; propensity score matching, OR; odds ratio, MACE; Major adverse cardiovascular events (defined as a composite of in-hospital mortality, in-hospital myocardial reinfarction, and emergency target vessel revascularization)
 


Supplement

Supplement figure 1: Surgical cover



PCI; Percutaneous Coronary Intervention



Supplement Figure 2: KM survival estimates at 365 days between two groups
[image: ]Log Rank P <0.001


PCI; Percutaneous Coronary Intervention


Supplement figure 3: Clinical outcomes if Left anterior descending (LAD) were used as Last remaining patent vessel PCI

[image: ]

# MACE; Major adverse cardiovascular events (defined as a composite of in-hospital mortality, in-hospital myocardial reinfarction, and emergency target vessel revascularization)

MACE; Major adverse cardiovascular events, PCI; Percutaneous Coronary Intervention




Supplement figure 4: Clinical outcomes if Left circumflex artery (LCX) were used as Last remaining patent vessel PCI
 [image: ]

# MACE; Major adverse cardiovascular events (defined as a composite of in-hospital mortality, in-hospital myocardial reinfarction, and emergency target vessel revascularization)

MACE; Major adverse cardiovascular events, PCI; Percutaneous Coronary Intervention



Supplement figure 5: Clinical outcomes if Right coronary artery (RCA) were used as Last remaining patent vessel PCI
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# MACE; Major adverse cardiovascular events (defined as a composite of in-hospital mortality, in-hospital myocardial reinfarction, and emergency target vessel revascularization)

MACE; Major adverse cardiovascular events, PCI; Percutaneous Coronary Intervention



Supplement Table 1: Independent predictors of in-patient Mortality in Last Remaining vessel PCI


	Variables
	Odds Ratio
	P-Value
	Lower limit of 95% CI
	Upper Limit of 95% CI

	Prior DM
	1.89
	<0.001
	1.36
	2.61

	Prior PVD
	2.04
	0.002
	1.31
	3.18

	Mechanical Circulatory support
	2.44
	< 0.001
	1.74
	3.42

	Femoral access
	2.04
	<0.001
	1.47
	2.82

	Use of DES
	0.60
	0.001
	0.44
	0.82

	Severe LVSD
	3.17
	0.001
	1.64
	6.12

	Stable angina presentation
	0.02
	<0.001
	0.004
	0.15






CVA; Cerebrovascular accident; DES; Drugs eluted stents; PCI; Percutaneous Coronary Intervention, are metal stent, STEMI; ST Segment elevation Myocardial infarction, LVSD; Left ventricular systolic dysfunction, PVD; Peripheral vascular disease, DM; Diabetes Mellitus


Supplement Table 2: Independent predictors of in-patient MACE in Last Remaining vessel PCI


	Variables
	Odds Ratio
	P-Value
	Lower limit of 95% CI
	Upper Limit of 95% CI

	Prior DM
	1.81
	0.001
	1.29
	2.54

	Prior PVD
	1.62
	0.04
	1.02
	2.57

	Mechanical Circulatory support
	2.27
	<0.001
	1.61
	3.20

	Femoral access
	1.79
	0.001
	1.28
	2.50

	Use of DES
	0.72
	0.04
	0.53
	0.99

	Severe LVSD
	2.23
	0.01
	1.21
	4.14

	NSTEMI Presentation
	0.31
	0.04
	0.10
	0.96

	Stable angina presentation
	0.08
	<0.001
	0.02
	0.31

	Use of intracoronary imaging 
	0.35
	0.03
	0.13
	0.90





MACE; Major adverse cardiovascular events, DES; Drugs eluted stents; PCI; Percutaneous Coronary Intervention, are metal stent, NSTEMI; Non-ST Segment elevation Myocardial infarction, LVSD; Left ventricular systolic dysfunction, PVD; Peripheral vascular disease, DM; Diabetes Mellitus



Supplement Table 3: Risk of Adverse Outcomes following multivariate adjustments after excluding Shock patients

	Outcome
	Adjusted OR* in Last remaining vessel PCI as compare to reference (All other PCI)
	P-Value
	95% CI

	Any Procedural Complications, n of observations≠ = 497,830
	OR: 1.21
	0.02
	1.03 – 1.41

	In-hospital reintervention, n of observations= 497, 830
	OR: 0.71
	0.35
	0.35 – 1.44

	Coronary artery perforation as procedural complication, n = 497,830
	OR: 1.84
	0.008
	1.17-2.90

	In-hospital mortality
n of observations= 497,830
	OR: 1.74
	<0.001
	1.34 – 2.27

	30-day mortality
n of observations= 497,830
	OR: 2
	<0.001
	1.67 – 2.48

	1-year mortality, n of observations= 497,830
	OR: 1.97
	<0.001
	1.72 – 2.26

	In-hospital MACE, n = 487,837
	OR: 1.31
	0.04
	1.02 – 1.69

	In-hospital Stroke, n = 497,830
	OR: 1.89
	0.1
	0.88 – 4.03



* Adjusted for Age, gender, femoral access, prior history of (H/O) smoking, prior H/O Myocardial infarction, ejection fraction, family H/O coronary artery disease, circulatory support, prior H/O hypercholesterolemia, prior H/O hypertension, prior H/O peripheral vascular disease, prior H/O Cerebrovascular accident, prior H/O Diabetes Mellitus, prior H/O PCI, Mechanical Ventilatory support, ST-segment elevation Myocardial infarction  as indication, Non- ST segment elevation Myocardial infarction   as indication, stable angina as indication, use of Drug eluted stents, Use of Glycoprotein IIb/IIIa inhibitor,  & use of Intracoronary imaging on imputed data

≠ Any procedural complication includes Aortic dissection, Coronary perforation, Heart block requiring pacing, DC cardioversion, no flow/slow flow phenomenon, need ventilation, Shock induced by procedure


  Emergency CABG or PCI


OR; odds ratio, MACE; Major adverse cardiovascular events (defined as a composite of in-hospital mortality, in-hospital myocardial reinfarction, and emergency target vessel revascularization)




Supplement Table 4: Risk of Adverse Outcomes following multivariate adjustments in in-patient complete (n=56) vs incomplete revascularization (n=2,376) in patients who received PCI in LRPV
	Outcome
	Adjusted OR* in complete revascularization PCI compared to incomplete revascularization 
	P-Value
	95% CI

	Any Procedural Complications, n of observations≠ = 2,432
	OR: 0.55
	0.29
	0.19 – 1.64

	In-hospital mortality
n of observations= 2,432 
	OR: 1.68
	0.25
	0.69 – 4.13

	30-day mortality
n of observations= 2,432
	OR: 1.45
	0.37
	0.64 – 3.32

	1-year mortality, n of observations= 2,432
	OR: 1.38
	0.38
	0.67 – 2.85

	In-hospital MACE, n = 2,432
	OR: 1.75
	0.22
	0.72 – 4.27



* Adjusted for Age, gender, femoral access, prior history of (H/O) smoking, prior H/O Myocardial infarction, ejection fraction, family H/O coronary artery disease, circulatory support, prior H/O hypercholesterolemia, prior H/O hypertension, prior H/O peripheral vascular disease, prior H/O Cerebrovascular accident, prior H/O Diabetes Mellitus, prior H/O PCI, Mechanical Ventilatory support, ST-segment elevation Myocardial infarction  as indication, Non- ST segment elevation Myocardial infarction   as indication, stable angina as indication, use of Drug eluted stents, Use of Glycoprotein IIb/IIIa inhibitor,  & use of Intracoronary imaging on imputed data

≠ Any procedural complication includes Aortic dissection, Coronary perforation, Heart block requiring pacing, DC cardioversion, no flow/slow flow phenomenon, need ventilation, Shock induced by procedure

LRPV; last remaining patent vessel, OR; odds ratio, MACE; Major adverse cardiovascular events (defined as a composite of in-hospital mortality, in-hospital myocardial reinfarction, and emergency target vessel revascularization)
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