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ABSTRACT
Aims We aimed to uncover the 5- year real world 
outcomes of patients with significant left mainstem (LMS) 
disease managed with percutaneous coronary intervention 
(PCI), coronary artery bypass graft (CABG) or medical 
management.
Methods We identified patients with LMS disease in 2012 
and analysed baseline characteristics and outcomes in the 
following 5 years.
Results 119 patients were identified, 62% (74) received 
CABG and 12% (14) received PCI and 26% (31) were 
medically managed. In PCI versus CABG, there was no 
significant difference in age and Synergy between PCI 
with Taxus and Cardiac Surgery score but there were 
significantly higher rates of pretreatment heart failure 
(ejection fraction 42%±10 vs 52%±13p=0.01). Overall 
major adverse cardiovascular event (MACE) being a 
composite of stroke, myocardial infarction (MI), target 
vessel revascularisation and all- cause mortality were not 
statistically different but numerically higher in the PCI 
group (36% (5) vs 23% (17) p=0.12). Medically managed 
patients were significantly older than those that were 
revascularised (PCI or CABG n=88; 75±11 vs 69±9 years 
p=0.01). They also had higher MACE (74% (23) vs 25% 
(22) p=0.000002) driven by MI (19% (6) vs 2% (1) p=0.01) 
and all- cause mortality (52% (16) vs 19% (17) p=0.01) 
compared with those with revascularisation.
Conclusions The bleak outcomes of medical 
management in LMS disease are reflective findings from 
studies performed from several decades ago. Our findings 
show that there is still a role for PCI in the management of 
LMS disease in selected patients.

INTRODUCTION
Left mainstem (LMS) disease represents 
higher risk to the patient due to the large 
territory of left ventricular myocardium under 
threat; it supplies 100% of the left ventricle in 
left dominant systems and 75% in right domi-
nance. Stenosis of this vessel is therefore asso-
ciated with a higher risk of heart failure and 
arrhythmia than non- LMS disease. The LMS 
comprises more elastic smooth muscle of the 
coronary vessels and therefore can lead to 
procedural unpredictability and restenosis.1

Significant LMS disease (angiographic 
stenosis >50%) has been historically reserved 

for surgical management, however with 
improvements in LMS percutaneous coro-
nary intervention (PCI) with drug- eluting 
stents, this status quo has been challenged.2 
Substudy findings of the large Synergy 
between PCI with Taxus and Cardiac Surgery 
(SYNTAX) trial have shown that drug- eluting 
PCI had comparable findings of death, 
myocardial infarction (MI) and composite of 
death MI and stroke, with PCI having higher 
rates of target vessel revascularisation (TVR) 
and coronary artery bypass graft (CABG) 

Key questions

What is already known about this subject?
 ► EXCEL and NOBLE reported vastly differing out-
comes in the management of left mainstem disease, 
with EXCEL showing non- inferiority of percutane-
ous coronary intervention (PCI) to coronary artery 
bypass graft (CABG), and NOBLE reporting superi-
ority of CABG to PCI. Medical management of left 
mainstem disease has historically carried dismal 
outcomes with a quoted mortality of approximately 
50% at 5 years; however, this was based on studies 
performed over 20 years ago.

What does this study add?
 ► This study provides real- world outcomes of treat-
ment of left mainstem disease where we included 
patients that would have been excluded from large 
trials due to a lack of clinical equipoise between the 
two treatment strategies. We showed PCI had com-
parable outcomes to CABG in a cohort that had less 
favourable baselines characteristics such as heart 
failure and emergent presentation. There has been 
no contemporary studies of medical management 
for left mainstem disease. The medically managed 
patients had poor outcomes with high rates of myo-
cardial infarction and death, which are remarkably 
similar to historical studies.

How might this impact on clinical practice?
 ► Our study supports the use of left mainstem PCI in 
selected patients. The study also shows that more 
consideration is needed before precluding patients 
from left mainstem revascularisation, considering 
the poor outcomes that were found in our study.
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having higher rates of stroke. At higher lesion complexity 
and burden of coronary disease as judged by the SYNTAX 
score (>32), TVR was higher in the PCI arm and therefore 
those patients were reserved for surgery where possible.3 4

2014 saw guidance from both European Society of 
Cardiology (ESC) and American College of Cardiology/
American Heart Association (ACC/AHA) for LMS revas-
cularisation. ESC gave PCI a class 1 indication for LMS 
stenosis with SYNTAX <22, IIA 23–32 and 3 for >32, with 
ACC/AHA giving PCI 2a for SYNTAX <22, 2b for 23–32 
and also class 3 SYNTAX >32, with CABG maintaining 
class 1 for all complexities of coronary disease.4 5 LMS 
PCI has therefore been reserved for patients who are 
unfit for surgical revascularisation in clinical practice.

Since the 2014 guidelines two major randomised 
controlled trials published different outcomes in 
comparing CABG with PCI for LMS disease. EXCEL 
(Everolimus- eluting stents or bypass surgery for left main 
coronary artery disease) claimed non- inferiority of PCI 
to CABG with a primary endpoint of death, stroke and 
MI at 3 years (15.4 vs 14.7% p=0.02 for non- inferiority).6 
NOBLE (Nordic- Baltic- British Left Main Revasculariza-
tion Study) however concluded bleaker outcomes for 
PCI stating that CABG was superior to PCI for treatment 
of LMS disease. This was based on higher rate of major 
adverse cardiovascular event (MACE) at 5 years (28% for 
PCI and 18% for CABG at 5 years p=0.0044).7 Important 
differences in primary endpoint of MACE should 
however be noted with NOBLE excluding procedural MI 
and including any revascularisation (therefore favouring 
CABG).8 We aimed to compare and contrast our patients 
5- year outcomes with significant LMS disease against the 
findings of these trials.

There have been no contemporary studies on medical 
management of LMS disease despite advances in medical 

therapy such as more potent antiplatelets and widespread 
use of statins; however, classically figure 1 for this treat-
ment modality is dire with the 57%–58% mortality at 5 
years.9 10

METHODS
We studied patients presenting with significant LMS 
disease to our hospitals in East Kent, UK. We retro-
spectively analysed coronary angiogram reports from 1 
January 2012 to 31 December 2012 to identify patients 
with reported significant LMS stenosis on the initial 
angiogram, defined as angiographic stenosis >50%. 
We analysed the following 5 years to include data from 
surgical discharge summaries, catheter lab reports, echo 
reports and clinic letters to identify outcomes of these 
patients. Patients were grouped using intention- to- treat 
and statistical tests included student’s t- test, χ2, Kruskal 
Wallis, Mann- Whitney U and one- way analysis of variance 
(ANOVA) as necessary. There was no patient and public 
involvement in our study.

RESULTS
Total cohort
One hundred and nineteen patients were identified with 
angiographically significant LMS disease. Sixty- two per 
cent (74) received CABG, 12% (14) received PCI to LMS 
and 26%(31) were medically managed as their initial 
treatment strategies. Eighty six per cent (102) were male, 
14% (17) were female (table 1). Mean age was 70±9 years. 
Follow- up time was 5 years from the initial angiogram.

Baseline characteristics
Patients receiving CABG
Seventy- four patients received CABG. Age was 69±8 
(SD) years, 92% (68) were male. Mode of admission 
was stratified into emergency (ST- segment elevation 
myocardial infarction (STEMI), post arrest, malignant 
arrhythmia), acute (unstable angina, non- ST segment 
elevation myocardial infarction and elective indications 
(stable angina, investigation of heart failure, arrhythmia, 
preoperative assessment for valve intervention). Fifty- one 
per cent (38) received angiography electively, 43% (32) 
acutely and 5% (4) emergently. Ostial/Mid shaft lesion 
were present in 45% (33) and distal lesions were in 
55% (41). Number of non- LMS vessels with significant 
stenosis was 1.8±1.1 with SYNTAX score of 24±9. Twelve 
per cent (9) had diabetes mellitus. Sixteen per cent (12) 
had chronic kidney disease (CKD) (defined as estimated 
glomerular filtration rate <90 mL/min), 35% (27) had 
hypertension, 14% (10) had a history of smoking and 5% 
(4) had a documented family history of ischaemic heart 
disease. Four per cent (3) had respiratory disease. Mean 
ejection fraction determined by echo was 52±13%.

Of the 74 patients that received CABG, 7% (5) patients 
received valve intervention as well (3 patients received 
tissue aortic valve replacement and 2 patients received 
mitral valve repair).

Figure 1 Boxplots to illustrate the differences in age groups 
between coronary artery bypass graft (CABG), percutaneous 
coronary intervention (PCI), medical management (Medical 
Mx).
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Seventy per cent (95%) of 74 patients underwent left 
internal mammary artery grafting, 3 (4%) underwent 
right internal mammary grafting, 72 (97%) underwent 
venous grafting. The number of grafts per patient was 1 
in 2 (3%) patients, 2 in 17 (23%) patients, 3 in 38 (51%) 
patients and 4 in 17 (23%) patients.

Patients receiving PCI
Fourteen patients received LMS PCI. Mean age was 
71±8 years. Seventy- one per cent (10) were male. Mode 
of admission as defined as above were 43% (6) for elec-
tive, 29% (4) acute and 29% (4) were emergent presenta-
tions. Seventy- nine per cent(11) were distal/bifurcation 
lesions with 21% (3) being ostial/mid- shaft. There were 
1.7±1.0 non- LMS vessels with significant stenosis and 
mean SYNTAX score was 25±8. Fourteen per cent (2) had 
diabetes mellitus, 14% (2) had CKD, 29% (4) had hyper-
tension, no one had a documented smoking or family 
history and 14% (2) had a history of respiratory disease. 
Mean ejection fraction determined by echocardiography 
was 42±10%.

Among the 14 PCI treated patients, 6 (43%) had 
isolated treatment for left main stem disease, 6 (43%) 
of 1 additional lesion treated, and 2 (14%) had 2 

additional lesions treated. Treatment for left main stem 
disease involved the bifurcation in 11 (79%). A second- 
generation drug- eluting stent was implanted in the left 
main stem in 13 (93%) and 1 (7%) had a bare metal 
stent. Intravascular ultrasound was used to guide implan-
tation in 2 (14%) and fractional flow reserve was used in 
5 (36%) of cases.

Medically managed patients
Mean age for the medically managed group of patients 
was 75±11% and 77% (23) were male. Forty- five per 
cent (14) of patients had their initial angiogram elec-
tively, 32% (10) acutely and 23% (7) as an emergency. 
Forty- two per cent (13) had ostial or mid- shaft lesions 
and 58% (18) had distal/bifurcation lesions. There 
were mean 1.99±1.0 non- LMS vessels with significant 
stenosis and mean SYNTAX score was 25±9. 16% (5) 
had diabetes mellitus, 10% (3) had CKD, 42% (13) had 
hypertension, 6% (2) had a history of smoking, 3% (1) 
had a family history of ischaemic heart disease, 6% (2) 
had respiratory disease and mean ejection fraction was 
48%±15.

Table 1 Table to illustrate the baseline characteristics between the four groups

CABG PCI P value*
Revascularised
(PCI/CABG)

Medical 
management P value†

Total numbers (74) (14) (88) (31)

  Age (years) 69±8 71±8 0.76 69±9 75±11 0.01

  Male 92% (68) 71% (10) 0.049 89% (78) 77% (23) 0.13

Mode of admission

  Elective 51% (38) 43% (6) 0.57 50% (44) 45% (14) 0.4

  Acute 43% (32) 29% (4) 0.39 41% (36) 32% (10) 0.43

  Emergent 5% (4) 29% (4) 0.08 9% (8) 23% (7) 0.11

Type of lesion

  Ostial/mid shaft 45% (33) 21%(3) 0.09 41% (36) 42% (13) 0.54

  Distal/bifurcation 55% (41) 79 %(11) 59% (55) 58% (18)

Anatomical characteristics

  No. non- LMS vessels with sig. stenosis 1.8±1.1 1.7±1.0 0.63 1.8±1.0 1.99+1.0 0.83

  SYNTAX 24±9 25±8 0.68 24±9 25±9 0.75

  Diabetes mellitus 12% (9) 14% (2) 0.83 13% (11) 16% (5) 0.76

  CKD 16% (12) 14% (2) 0.86 16% (14) 10% (3) 0.39

Risk factor profile

  HTN 36% (27) 29% (4) 0.52 35% (31) 42% (13) 0.52

  Smoking 14% (10) 0 (0%) 0.14 11% (10) 6% (2) 0.23

  Family history 5% (4) 0 (0%) 0.37 5% (4) 3% (1) 0.75

  Lung disease 4% (3) 14% (2) 0.13 6% (5) 6% (2) 0.88

  Ejection fraction 52%±13 42%±10 0.01 50%±13 48%±15 0.4

*P value for significance between coronary artery bypass graft (CABG) and percutaneous coronary intervention (PCI).
†P value for significance between medical management and revascularisation, that is, PCI or CABG.
MACE, major adverse cardiovascular event–composite between MI, TVR, stroke and all- cause mortality; MI, myocardial infarction; SYNTAX, 
Synergy between PCI with Taxus and Cardiac Surgery; TVR, target vessel revascularisation.
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PCI versus CABG group comparison and outcomes
There was no significant difference in age p=0.76. There 
was a significantly higher proportion of men in the CABG 
group (92% (68) vs 71% (10), p=0.049). There was a 
trend towards significantly higher proportion of patients 
receiving PCI emergently as opposed to CABG (29% (4) 
vs 5% (4), p=0.08). There was no significant difference in 
acute (p=0.39) or elective (p=0.57) presentations. There 
was a trend towards higher distal/bifurcation lesions in 
the PCI group 79% (11) versus 55% (41) p=0.09. There 
was no significant difference in SYNTAX score (p=0.68) 
or number of non- LMS vessels with significant stenosis 
(p=0.63). There was no significant difference in propor-
tion of patients with diabetes mellitus (p=0.83), CKD 
(p=0.86), hypertension (p=0.52), history of smoking 
(p=0.14), family history (p=0.37) and respiratory disease 
(p=0.13). Ejection fraction was significantly lower in the 
PCI group (42%±10 vs 52%±13, p=0.01).

There was no significant difference in MI (defined 
using the Fourth Universal Definition of MI including 
periprocedural11) between CABG or PCI (3% (2) vs 
0%, p=0.53), TVR (1% (1) vs 0%, p=0.66) and all- cause 
mortality (19% (14) vs 21% (3), p=0.83; table 2). There 
was a significantly higher rate of stroke in the PCI group 
(14% (2) vs 1% (1), p=0.01). MACE defined as composite 
of MI, TVR, stroke and all- cause mortality was not signifi-
cantly different between the two groups although numer-
ically higher in the PCI group (36% (5) vs 23% (17), 
p=0.12).

Revascularised (PCI/CABG) versus medically managed group 
comparison and outcomes
Patients that were medically managed were significantly 
older than those that were revascularized (either PCI or 
CABG n=88; 75 years±11 vs 69 years±9, p=0.01). There 
was no significant difference in elective (p=0.4), acute 
(p=0.43) or emergent (p=0.11) presentations. There 
was no significant difference in ostial versus bifurcation 
lesions (p=0.54). There was no significant difference in 
proportion of patients with diabetes mellitus (p=0.76), 
CKD (p=0.39), hypertension (p=0.52), smoking history 
(p=0.23), family history of ischaemic heart disease 
(p=0.75), respiratory disease (p=0.88) or ejection frac-
tion (p=0.4).

There was a higher rate of MI in the medically managed 
group compared with patients that were revascularized 
with either PCI or CABG (19% (6) vs 2% (2) p=0.01). 
There was no significant difference in TVR (1% (1) vs 
0% (0), p=0.55) and stroke (6% (2) vs 3% (3), p=0.47). 
There was a higher all- cause mortality in the medically 
managed group (52% (16) vs 19% (17), p=0.01) and 
significantly higher MACE rate defined as above (74% 
(23) vs 25% (22), p=0.000002).

Subgroup analysis based on SYNTAX score
In the whole cohort (all- comers with left main stem 
disease), 25 (21%) of patients had a SYNTAX score 
>32 and 94 (79%) had SYNTAX <32. Patients with 
SYNTAX >32 had a higher MACE (60% (15) vs 33% (31), 
p=0.013), which was due to a higher mortality (52% (13) 
vs 21% (20), p=0.003). There was no significant differ-
ence in stroke (p=0.24), MI (p=0.47) or TVR (p=0.79) 
based on SYNTAX score.

Of the patients receiving CABG, 18% (13) had a 
SYNTAX score >32. Of the patients receiving PCI, 21% 
(3) had SYNTAX score >32. In those treated with CABG, 
there was no significant difference in MACE between 
patients with SYNTAX >32 (13) versus those with SYNTAX 
<32 (61) (38% (5) vs 20% (12), p=0.14). In patients 
treated with PCI, there was a trend towards a higher rate 
of MACE in those with SYNTAX >32 versus those with 
SYNTAX <32 (27% (3/11) vs 100% (3/3), p=0.055).

DISCUSSION
The main findings of our study were that PCI had a 
numerically higher rate of MACE than CABG although 
this did not reach statistical significance. This reflects the 
findings of NOBLE as opposed to EXCEL with a higher 
MACE (PCI 28% vs CABG 18% in NOBLE over 5 years). 
Mortality was not significantly different between the two 
cohorts and unlike patients receiving CABG, no patient 
in the PCI arm had further MI or TVR. This is taking into 
account a higher rate of heart failure, emergent pres-
entation and distal/bifurcation disease in the PCI group. 
Patients that were medically managed had significant 
higher rate of MI and MACE, and all- cause mortality was 
also very high (52%). A modest sample size particularly 

Table 2 Table to illustrate the difference in outcomes between the four groups

CABG PCI P value*
Revascularised 
(CABG/PCI) Medical management P value**

MI 3% (2) 0% (0) 0.53 2% (2) 19% (6) 0.01

TVR 1% (1) 0% (0) 0.66 1% (1) 0% (0) 0.55

Stroke 1% (1) 14% (2) 0.01 3% (3) 6% (2) 0.47

All cause mortality 19% (14) 21% (3) 0.83 19% (17) 52% (16) 0.01

MACE 23% (17) 36% (5) 0.12 25% (22) 74% (23) 0.000002

CABG, coronary artery bypass graft; MACE, major adverse cardiovascular event; composite of stroke, MI, TVR and all- cause mortality; MI, 
myocardial infarction; PCI, percutaneous coronary intervention; TVR, target vessel revascularisation.
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in the PCI group means that we cannot advocate for one 
method of revascularisation of the other using this data; 
however, we can gain insightful observations on the influ-
ence of clinical, anatomical and procedural characteris-
tics on outcomes.

There was no significant difference in age between PCI 
and CABG. Interestingly, there was a higher proportion 
of men who offered CABG than PCI. This may give some 
influence on outcomes as it has been demonstrated in 
a previous study that female gender favours CABG in 
terms of 4- year mortality in EXCEL.12 Age in EXCEL and 
NOBLE was approximately 66 years for both treatment 
modalities, however enrolment depended on clinical 
equipoise between both strategies and therefore would 
have resulted in the exclusion of a large proportion of 
those over 75.6 7

There was a significantly higher incidence of left 
ventricular systolic dysfunction in the PCI- treated group. 
The influence of heart failure on outcomes following 
PCI and CABG in patients with significant left main stem 
disease remains unclear with only 7.1% and 6.7% in PCI 
and CABG in EXCEL with heart failure and even fewer 
in NOBLE. There was a higher numerical event rate in 
EXCEL in those with ejection fraction of less than 50%, 
however not significantly different due to low patient 
numbers. The presence of heart failure may preclude 
surgery due to surgical risk and therefore tip the balance 
towards PCI. However, a recent metanalysis has shown 
survival benefit with both revascularisation strategies with 
CABG having favourable outcomes compared with PCI 
(HR 0.82, p<0.001).13 This is further emphasised in the 
STICH (Surgical Treatment for Ischemic Heart Failure) 
trial which showed a reduction in cardiovascular death 
and hospitalisation from cardiac causes in CABG as 
compared with medical therapy alone in patients with 
coronary disease and heart failure.14

Patients receiving LMS PCI had similar SYNTAX 
scores to those receiving CABG where guidelines reserve 
PCI for those with lower SYNTAX scores. Three patients 
receiving LMS PCI had SYNTAX score >32 where PCI 
is a class IIIb indication; however, two of these patients 
received PCI in the context of STEMI and one was turned 
down for surgery due to previous stroke. Limitations 
of SYNTAX were uncovered in the EXCEL trial where 
17% of PCI patients and 14% of CABG patients had SS 
scores>32 despite it being a low SYNTAX trial.5 Despite 
these limitations, SYNTAX >32 was strongly predictive of 
MACE in the PCI arm and MI and MACE in the whole 
cohort independent of revascularisation method. Our 
data therefore support the stratification of high SYNTAX 
scores to the CABG as a preferred method of revascular-
isation. There was a trend towards more distal/ bifurca-
tion left main stem lesions in the PCI group which can 
have significant influences on revascularisation rates as 
it has been found to be associated with higher ischaemia 
driven revascularisation in PCI when compared with 
CABG from a substudy of the EXCEL trial (13 vs 7.2%, 
p=0.0001).15

There was a trend towards PCI being performed more 
on those with STEMI (ie, on an emergent basis). In the 
Asia- pacific Left main ST- Elevation Registry study, STEMI 
in the setting of LMS disease resulted in a high in- hos-
pital mortality of 47.8% compared with the 1% 30 days 
mortality found in EXCEL.16 Patients with STEMI were 
excluded in NOBLE and had only 1.6%–1.7% of EXCEL 
patients were recruited with STEMI in PCI and CABG, 
respectively.6 Even in SYNTAX, acute MI was excluded.7 
Despite a higher rate of STEMI in our PCI cohort, 
outcomes remained comparable between CABG and PCI.

Interestingly, in our cohorts a higher proportion of 
patients had a stroke in the PCI treated group compared 
with, although in very low numbers. This was paralleled 
in the NOBLE trial with a numerically higher rate of 
stroke in PCI versus CABG (4.9% vs 2%); however, this 
did not quite reach significance (p=0.08).7 The result 
contrasted the SYNTAX trial which found a higher rate 
of stroke in the CABG group at long term follow- up. The 
NOBLE authors did propose this to be a chance finding 
due to low numbers in both groups similar to our cohort. 
Furthermore, this finding was not reflected in the EXCEL 
trial which showed no significant difference in stroke at 3 
years (2.9% CABG vs 2.3% PCI, p=0.37).6

Medically, management of LMS disease in our cohort 
carried very poor outcomes compared with those with 
revascularisation with higher rates of further MI, all- cause 
mortality (being particularly high 52%) and MACE. It 
is striking how similar our results compare to studies 
from many decades ago given improvements in medical 
management that have emerged, namely higher inten-
sity antiplatelets and statins. Our medically managed 
patients had a high incidence (19%) of MI in the 5 years 
of follow- up. Historic studies showed a slightly higher rate 
of MI at 28%–30.7%10 17 Reduction in MI in our medi-
cally managed patients may hint at improved contem-
porary medical optimisation. However, the rate of MI 
in EXCEL and NOBLE was 3%–7%. We cannot directly 
compare our medically managed cohort to the younger 
and less comorbid participants of large randomised 
trials; however, our observed high rate of further MI and 
mortality needs to be considered before precluding these 
patients from revascularisation.

The main distinguishing feature of the medically 
managed were that they were on average 5 years older 
than those that were revascularised. The risk factor profile 
and anatomical complexity were similar. A substudy of 
the EXCEL cohort reported 3- year MACE (in patients 
with both PCI or CABG) of 20.4% in those aged over 75 
years compared with 14%<75 years p=0.00818 (composite 
of death, stroke or MI). In a study of 304 octegenarians 
with LMS disease, MACE defined as death stroke or MI 
was 32.6% for PCI versus CABG 30.2% p=0.69 at 3 years.19 
We consider that age should not be a pivotal feature in 
risk assessment of those with left main disease consid-
ering the far higher MACE rate that has been found in 
our medically managed group. We acknowledge however 
that other factors of frailty that we have not measured 
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such as mobility, cognition or bleeding risk may have 
played a role in clinical decision- making.

Limitations
We acknowledge the overall small numbers for recorded 
events and components of MACE. Data collection also 
dependant on the detailed documentation in discharge 
summaries and clinic letters and therefore there is poten-
tial to miss certain baseline characteristics in particular.

CONCLUSION
The real- world findings of our naturalistic observational 
study support the use of LMS PCI in selected patients with 
comparable cardiovascular outcomes to those under-
going CABG, despite presenting emergently and with a 
higher rate of heart failure. The cohort of patients with 
medically managed LMS disease suffered with high rates 
MACE driven by MI and all- cause mortality reflecting the 
findings of historical studies performed several decades 
ago. More careful consideration is needed in precluding 
patients with significant LMS disease from revascularisa-
tion considering the prognosis suggested by our study.
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