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Abstract 

Introduction: Left main stem percutaneous coronary intervention (LMS-PCI) is a complex 

high-risk procedure which can be performed as an alternative to coronary artery bypass graft 

(CABG) procedure in surgical turn-down patients or where there is equipoise in percutaneous 

versus surgical strategies. Current guidelines suggest that PCI is an appropriate alternative to 

CABG in patients with unprotected LMS disease and low SYNTAX score. However, ‘real 

world’ data on outcomes of LMS-PCI remain limited. This study aims to quantify and 

determine predictors of mortality following LMS-PCI. 

 

Methods: Using local coronary angioplasty registries from two UK centres, all LMS-PCI cases 

were identified from 2016-2020. Descriptive statistics and multivariate logistic regressions 

were used to examine the association between baseline and procedural characteristics with 30-

day and 12-month mortality.  

 

Results: We identified 484 cases of LMS-PCI between 2016 and 2020. There was a year-on-

year increase in the number of LMS-PCI, the highest being in 2020.   Covariates associated 

with higher 30-day mortality were age (OR 1.07, 95% CI: 1.02-1.12) and shock pre-procedure 

(OR 23.88, 95% CI: 7.90-72.20). Covariates associated with higher 12-month mortality were 

age (OR 1.04, 95% CI: 1.01-1.08), acute coronary syndrome (OR 2.50, 95% CI: 1.08-5.80), 

renal disease (OR 5.24, 95% CI: 1.47-18.68) and shock pre-procedure (OR 7.93, 95% CI: 3.30-

19.05). Overall, 30-day and 12-month mortality in this contemporary dataset were 9.5% and 

16.7%, respectively, with significantly lower rates in elective cases (p<0.01).  

 

Conclusions: Older age and cardiogenic shock pre-procedure were associated with increased 

30-day mortality after LMS-PCI. 12-month mortality was associated with older age, ACS 

presentation, pre-existing renal disease and cardiogenic shock pre-procedure.  
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WHAT IS KNOWN: 

• Left main stem percutaneous coronary intervention (LMS-PCI) is a complex high-risk 

procedure which is increasingly utilised in cases where there is surgical turn-down or 

equipoise in percutaneous versus surgical strategies.  

• However, contemporary data on its outcomes in real-life practice remain limited.  

 

WHAT THE STUDY ADDS: 

• In databases from two UK PCI centres, LMS-PCI volumes have been increasing since 

2016 to 2020.  

• Covariates associated with higher 12-month mortality include older age, acute coronary 

syndrome presentation, renal disease and shock pre-procedure.  

• Overall mortality from LMS-PCI in this real-life registry was at 9.5% (30 days) and 

16.7% (12 months). However, this was significantly less in elective cases compared 

with acute cases (3.3% vs 12.3% at 30 days, p < 0.01) 
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INTRODUCTION 

Left main stem coronary artery disease occurs in 3% to 5% of patients with coronary artery 

disease1,2 and is associated with high morbidity and mortality3. Early studies demonstrated 

coronary artery bypass grafting (CABG) for patients with left main stem disease improved 

survival compared with medical treatment alone4,5 . Consequently, CABG was considered the 

gold standard of care for patients with left main stem disease in previous European Society of 

Cardiology (ESC) guidelines6. 

 

More recently, randomised control trials investigating the role of left main stem percutaneous 

coronary intervention (LMS-PCI) compared to CABG showed similar rates of death and 

myocardial infarction (MI) at 12-months between the two groups in the SYNTAX study7, and 

showed non-inferiority of LMS-PCI compared to CABG in patients with low to intermediate 

anatomical complexity for death, stroke or MI at 3 years in the EXCEL study8.  

 

A further randomised control trial, the NOBLE study9, found that there was similar mortality 

between LMS-PCI and CABG treatment arms, but higher rates of MI and repeat 

revascularisation in the LMS-PCI group. Given the results of these studies, the ESC/European 

Association for Cardio-Thoracic Surgery (EACTS) 2018 guidelines10 report that “PCI is an 

appropriate alternative to coronary artery bypass surgery in unprotected left main stem disease 

of low-to-intermediate anatomical complexity”. Class I recommendation is given for both 

CABG and PCI in patients with low SYNTAX score (0-22) due to similar clinical outcomes, 

whilst there is a Class II recommendation for PCI in patients with intermediate anatomical 

complexity (SYNTAX score 23-32). 
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What remains lacking however is ‘real world’ outcome data on LMS-PCI, particularly as they 

relate to hard outcome such as mortality. This study investigates the frequency of performing 

LMS-PCI from contemporaneous two-centre data and quantify the incidence of death at 30-

days and 12-months after procedure, and the risk factors associated with increased mortality.     
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METHODS 

Study participants 

This was a retrospective analysis of local PCI registries from two centres in the United 

Kingdom between Jan 2016 to Dec 2020. All LMS-PCI cases were identified and included in 

this study. The study design was approved by local clinical governance procedures as quality 

improvement measures.  

 

The local PCI registries are designed in line with the guidelines from the national institute 

of cardiovascular outcomes research (NICOR) and the British cardiac intervention society 

(BCIS) to inform patients and the public on PCI outcomes in UK national health service (NHS) 

centres.11 UK interventional cardiologists are mandated to enter all the PCI procedures, 

including complications, onto these datasets as part of professional revalidation.  

 

Design of the study 

Using the above datasets, data on LMS-PCI cases obtained included age, gender, smoking 

history (current or ex-smoker), pre-procedural renal failure (defined as creatinine >200µmol/l, 

renal transplant history, or dialysis), diabetes mellitus, previous PCI to any vessel, previous 

coronary artery bypass grafting (CABG), family history of coronary artery disease (CAD), Q 

wave on ECG, out of hospital cardiac arrest (OOHCA), New York Heart Association (NYHA) 

score, Canadian Cardiovascular Society (CCS) score, acute coronary syndrome (ACS) status, 

use of microcatheter, cutting balloon, rotablation (rotational atherectomy), intravascular 

lithotripsy (IVL), drug eluting balloons (DEB), intravascular imaging (both intravascular 

ultrasound, IVUS, and optical coherence tomography, OCT), access site, use of pressure wire, 

target vessel for PCI, no of stents used, and complications of side branch loss, dissection, shock 
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induced by procedure, perforation, slow flow, DC cardioversion (DCCV) and death at 30 days 

and 12 months.  

 

Statistical analyses 

Statistical analysis was performed using the R coding environment (Open Source). 

Multiple imputations were carried out using the mice package to reduce the potential bias from 

missing data (Supplementary Table S1), assuming missingness at random mechanisms.  We 

used chained equations to impute the data for all variables with missing information and 

generated 5 datasets to be used in the analyses. We examined co-variates associated with 30-

day and 12-month mortality. We explored crude baseline comorbidities using a Chi-squared 

test for categorical variables and the Wilcoxon-Mann-Whitney test for continuous variables. 
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RESULTS 

Baseline characteristics of LMS-PCI cases included in the study  

Throughout the study period, 484 LMS-PCI cases were performed across the two centres, 

from a total of 9480 (5.1%) PCI procedures. Crude numbers per year of LMS-PCI increased 

during the study period from 46 (2.5% of total PCI) in 2016 to 167 (8.7% of total PCI) in 2020. 

The baseline characteristics of LMS-PCI patients overall and per year is presented in Table 1. 

There was a significantly increasing number of cases with a previous PCI to any vessel and 

family history of CAD (p<0.05). In contrast, there was a significant decline in the number of 

cases with OOHCA and pre-procedural shock over the study period (p<0.05).  

 

Procedural characteristics of LMS-PCI cases  

Over the study period, there was a higher use of microcatheters, cutting balloons, IVL, 

intracoronary imaging use (74.3% in 2020), concurrent PCI to proximal LAD, other LAD and 

three-vessels with a higher mean number of stents used (Table 2, p<0.05). The proportion of 

ACS cases undergoing LMS-PCI reduced over the study period from 84.8% to 69.5% (Table 

2, p<0.05). These trends likely reflect increased uptake of contemporary enabling strategies, 

that is intravascular imaging, physiological indices, microcatheters, atherectomy devices or 

lesion-modifying balloons such as scoring/cutting balloons, with an increase in the number of 

stable LMS-PCI cases. 

 

Clinical outcomes of LMS-PCI  

The unadjusted outcomes of LMS-PCI overall and per year are presented in Table 3. These 

demonstrate a 2.7% risk of dissection, 0.6% shock induction, 0.2% coronary perforation, 1.0% 

slow flow, 0.4% DCCV and 0.8% side branch loss. Real world mortality rates were recorded 

at 9.5% (30-days) and 16.7% (12-months) with no significant change over the study period.  
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Multivariate logistic modelling of 30-day mortality and 12-month mortality was used to 

adjust outcomes for baseline and procedural comorbidities. This showed that 30-day mortality 

was associated with older age (OR 1.07, 95% CI: 1.02-1.12) and shock pre-procedure (OR 

23.88, 95% CI: 7.90-72.20), as shown in Figure 1. Co-variates associated with higher 12-

month mortality are presented in Figure 2, demonstrating lower odds of 12-month mortality 

for patients undergoing concurrent right coronary artery (RCA) PCI (OR 0.23, 95% CI: 0.06-

0.86) but higher risk of 12-month mortality with advancing age (OR 1.04, 95% CI: 1.01-1.08), 

ACS presentation (OR 2.50, 95% CI: 1.08-5.80), pre-existing renal disease (OR 5.24, 95% CI: 

1.47-18.68) and shock pre-procedure (OR 7.93, 95% CI: 3.30-19.05).   

 

Finally, given the independent association of ACS with mortality in the adjusted model, 

we re-analysed baseline, procedural and outcome characteristics of the cohort by ACS status 

(elective/acute). Indeed, there were significantly lower rates of unadjusted mortality in elective 

cases compared with acute cases both at 30 days and 12 months (Supplementary Table S2). 
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DISCUSSION 

We showed that there was a 9.5%, and a 16.7%, at 30-day and 12-month mortality, 

respectively, in this patient group. 30-day mortality was similar to a recent study of in-hospital 

outcomes for patients undergoing LMS-PCI in all New Zealand PCI centres, which 

demonstrated an in-hospital mortality of 7.9%12. This study was similar for including all LMS-

PCI cases and had similar characteristics of patients with regards to age, diabetes and previous 

PCI. This study demonstrated the use of intra-aortic balloon pump in 10% of cases. No data 

was provided regarding operator volume. 

 

A further recent study from the British Cardiovascular Intervention Society Database for all 

UK centres showed slightly lower 30-day mortality after LMS-PCI between 2.9% and 6.6%, 

and similar 12-month mortality between 9.0% and 15.5%13. This UK study investigated all 

unprotected LMS-PCI, but had similar levels of procedural complexity, but with slightly lower 

levels of circulatory support during PCI (6%) than the previous study. 

 

This is higher than the risk for standard all-comer PCI, and therefore, there is a mandate that 

the risks are clearly communicated to patients undergoing LMS-PCI in this setting. 

Nevertheless, mortality rates were significantly lower in elective compared with acute cases at 

both 30 days and 12 months (Supplementary Table S2). This therefore may influence the 

operators’ decision with respect to timing of the intervention, akin to the approach of cardiac 

surgeons to elective versus urgent CABG, where the former is associated with lower mortality 

rates14.  

 

The relatively high mortality rates demonstrated in this study reflect the high-risk patient 

population under investigation, with many cardiovascular risk factors, and who may be 
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unsuitable for CABG. This study had a high proportion of patients with underlying diabetes 

mellitus, with average age >70 years, as well as significantly increasing number of cases 

throughout the study with previous PCI to any vessel and family history of CAD (Table 2). 

Therefore, LMS-PCI cases became more complex over time in regards to previous PCI, 

although we found a significant reduction in cases presenting in out of hospital cardiac arrest 

(OOHCA) and pre-procedural shock. Despite there being no significant increase in the number 

of patients with diabetes throughout the study, this still represented a high proportion (27.6%) 

of patients.   

  

Throughout the course of our study, we have noted an increase in the use of contemporary 

enabling strategies (microcatheters, cutting balloons, IVL, and intracoronary imaging use). 

However, we did not find a significant reduction in dissection, or coronary perforation over the 

same time period.   

 

In this study, we demonstrated that age and pre-procedural cardiogenic shock were significant 

risk factors for 30-day mortality and that age, ACS presentation, renal disease and pre-

procedural shock were significant risk factors for 12-month mortality. A study of patients 

presenting with STEMI requiring LMS-PCI15 found that older age is a risk factor for in-hospital 

mortality, similar to our study analysing 30-day mortality, and also found increased risk of in-

hospital mortality for patients with diabetes mellitus, and absence of post-PCI thrombolysis in 

myocardial infarction (TIMI) 3 flow. A further study performed in the LMS-PCI group 

demonstrated that STEMI, femoral access, and worse renal function were independent risk 

factors of in-hospital mortality12.  
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Concerning predictors for 12-month mortality, previous data supports our findings that age was 

a risk factor for 12-month mortality (in STEMI, non-ST elevation ACS (NSTEACS)  and 

chronic stable angina patient groups), as well as pre-procedural cardiogenic shock (STEMI and 

NSTEACS patients only) and chronic renal failure (NSTEACS patients only)16. This data is 

supported by previous studies which have demonstrated that cardiogenic shock in the context 

of acute myocardial infarction is a poor prognostic factor, with in-hospital mortality between 

27-51%.17  

 

There was a significant association between concurrent RCA PCI and reduced mortality at 12-

months.  Other studies have also reported this finding, where patients with concomitant PCI to 

RCA lesions during the same hospitalisation as LMS-PCI reduced 30-day cardiovascular death 

and 3-year RCA revascularisation rate.18 This was supported by previous data that incomplete 

revascularisation in multiple vessel disease increased the risk of death, MI, and repeated 

revascularisation.19 

 

The protective effect of RCA PCI may reflect improved perfusion of the myocardium by RCA 

PCI20, leading to better outcomes from LMS PCI performed concurrently. Another possibility 

for this effect may be that this reflects technically easier cases, enabling operators to carry out 

two-vessel PCI in same sitting, leading to more favourable outcomes. 

 

Guidelines currently recommend that “PCI is an appropriate alternative to coronary artery 

bypass surgery in unprotected left main stem disease of low-to-intermediate anatomical 

complexity”.10 Therefore, SYNTAX score may be used for guiding revascularisation strategies 

in this patient group in terms of inclusion and exclusion for PCI. In addition to SYNTAX, the 

location of the LMS disease (ostial, mid, distal) may influence the strategy used for 
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revascularisation or stenting, particularly where it implicates the LAD/Cx bifurcation.21 Whilst 

these variables are not routinely collected in this dataset, it is likely that the outcomes of LMS 

PCI may be influenced by them. Nevertheless, over the course of the study period, we noted 

an increase in the use of intracoronary imaging and angioplasty devices. Recent evidence13 has 

demonstrated the role in intravascular ultrasound (IVUS) imaging in LMS-PCI, leading to 

lower rates of coronary complications, in-hospital major adverse cardiac events, and improved 

30-day, and 12-month, mortality. We did not find that IVUS led to statistically significant 

improved mortality at either timepoint, but we note a signal towards benefit at the 30-day 

mortality timepoint. Given the small numbers in our study, this signal may not be real and 

would require investigation in larger studies/registries. 

 

All patients received dual anti-platelet therapy in line with European Society of Cardiology 

(ESC) guidelines, either 12-months for ACS, 6-months for stable disease, or reduced if there 

was concurrent use of anti-coagulation.22 

 

We note some limitations within the study. Firstly, the database does not record SYNTAX 

score or bifurcation PCI technique and therefore we are unable to provide any further 

conclusions to the impact of these variables on LMS-PCI outcome. Secondly, the location and 

cause of complications (detailed in Table 3) is not distinguished by our database. Thirdly, 

outcomes from CABG from the two centres were not available for comparison of mortality 

between revascularisation strategies, albeit a true comparison may not be possible due to 

differences in patient characteristics. We also note that our study was limited to two centres 

and therefore may not be representative of all centres in the UK. 
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Finally, despite aiming to correct for baseline differences, the observational and retrospective 

nature of our study may still have unmeasured confounders such as frailty or technical 

difficulties. Consequently, conclusions need to be interpreted in the context of the nature of the 

study design.  
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CONCLUSIONS 

LMS-PCI was performed in a high-risk cohort of patients across two UK PCI centres, 

demonstrating that 30-day mortality after LMS-PCI was associated with older age and 

cardiogenic shock pre-procedure, and 12-month mortality was associated with older age, ACS 

presentation, pre-existing renal disease and cardiogenic shock pre-procedure. Concurrent RCA 

PCI had a protective effect on 12-month mortality. There were lower mortality rates in elective 

versus acute cases at both 30 days and 12 months. Awareness of the high-risk of mortality in 

this patient group should be used for appropriate patient selection and procedural consent. 
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FIGURE LEGENDS 

Table 1. Baseline characteristics of cases included in the study. SD: standard deviation. PCI: 

percutaneous coronary intervention, CABG: coronary artery bypass grafting, OOHCA: out of 

hospital cardiac arrest, NYHA: New York Heart Association, CCS: Canadian Cardiovascular 

Society       

 

Table 2. Procedural characteristics of cases included in the study. ACS: acute coronary 

syndrome, IVUS: intravascular ultrasound, OCT: optical coherence tomography, LAD: left 

anterior descending, PCI: percutaneous coronary interventions, Cx: circumflex artery, RCA: 

right coronary artery, SD: standard deviation 

 

Table 3. Unadjusted outcomes of cases included in the study. DCCV: DC cardioversion.  

 

Figure 1. Multivariate-adjusted model for 30-day mortality in LMS-PCI cases 2016-2020 

 

Figure 2. Multivariate-adjusted model for 12-month mortality in LMS-PCI cases 2016-2020 

 

Supplementary Table S1. Missing values from variables in the data set 


