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We report the early and late results of 
coronary artery bypass graft (CABG) 

for protected and unprotected left main 
coronary artery (LMS) stenosis in an era of 
growing interest in LMS stenting.

We identified 1,707 patients who had 
CABG for LMS stenosis between February 
1996 and December 2009, and compared 
their clinical characteristics and outcomes 
with a contemporaneous group of 6,260 
people with non-LMS disease. A subgroup 
analysis of protected versus unprotected 
LMS cohorts was also performed. Follow-up 
data were 99.9% complete.

The LMS group, often male (82% vs. 79%, 
p=0.01) and older (mean 65.3 ± 9 vs. 
63.6 ± 9 years, p<0.0001), frequently had 
ejection fraction <0.50 (25.2% vs. 23.9%, 
p=0.002) and urgent/emergency surgery 
(40% vs. 24%, p<0.0001). Overall, operative 
mortality was higher for the LMS group 
(2.7% vs. 1.1%, p<0.0001), and there was 
improvement over time (2.3% vs. 0.8% in the 
later period). There was no difference between 
protected and unprotected LMS cohorts 
(operative mortality 2.2 vs. 2.8, p=0.54).

The respective 10-year survival rates for 
LMS and non-LMS patients were 75% and 
79% (p=0.001). By multi-variate analysis, 
LMS stenosis was a predictor of operative 
mortality (odds ratio 2.05, 95% confidence 
interval 1.29–3.25, p=0.002) but not a 
determinant for late death. 

In conclusion, CABG yields good early and late 
survival benefit for LMS stenosis (protected 
and unprotected), although operative result is 
adversely affected by LMS disease. 

Introduction
Traditionally, coronary artery bypass grafting 
(CABG) was the preferred management strategy 
for left main stem (LMS) disease, but the success 

of percutaneous coronary intervention (PCI) with 
stenting for other anatomical variants of coronary 
artery disease has driven a growing interest in the 
same revascularisation strategy for LMS stenosis. 
However, PCI for LMS stenosis is not a low-risk 
procedure. Rathore and associates1 reported a 
12-fold increase in the risk of death following PCI 
for LMS stenosis in a large retrospective study 
of 9,914 patients. In the setting of randomised 
clinical trials, however, procedural survival are 
comparable but late outcomes for PCI are marred 
by higher rates of re-intervention.2-4 The RESEARCH 
(Rapamycin-Eluting Stent Evaluated at Rotterdam 
Cardiology Hospital) and T-SEARCH (Taxus – Stent 
Evaluated at Rotterdam Cardiology Hospital) 
registries data5 showed a four-year mortality rate 
of 35.8% following PCI for LMS stenosis. At one 
year, the SYNTAX (Synergy between PCI with Taxus 
and Cardiac Surgery) trial reported lower rates of 
major adverse cardiac and cerebrovascular events 
with CABG compared with PCI for the subgroup of 
patients with LMS disease.3 The four-year data from 
the SYNTAX trial for all-comers, including patients 
with LMS stenosis, shows an overall progressive 
increase in all-cause (11.7% vs. 8.8%, p=0.048) 
and cardiac mortality rates (7.6% vs. 4.3%, 
p=0.004) for PCI compared with CABG.6 

We, therefore, conducted this study to: 

1.	 elucidate the early and late clinical outcomes of 
CABG for LMS stenosis as compared with non-
LMS stenosis 

2.	 determine if LMS stenosis imposes additional 
risk for early and late mortality after CABG.

Materials and methods
Patients
We obtained approval for this study from the local 
ethics committee and a waiver for individual patient 
consent. Prospectively collected pre-, intra- and 
post-operative data were then retrieved for all 
primary isolated CABG patients from April 1996 
through December 2009 from the cardiothoracic 
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surgery database of our hospital. Patients 
were divided into LMS (n=1,707) and non-
LMS (n=6,260) groups. The LMS group was 
further subdivided into protected (n=318) or 
unprotected LMS (n=1,385) patients.

Survival data were obtained using the United 
Kingdom National Health Service tracking 
system in January 2011 and was 99.9% 
complete. 

Statistical analysis
The primary outcome measures of interest 
were operative (in-hospital and/or 30-day) and 
long-term all-cause mortality. 

Baseline clinical characteristics and outcome 
variables were compared between LMS and 
non-LMS groups; and between protected and 
unprotected LMS patients.

Categorical variables are presented as 
percentages and compared between groups, 
and subgroups with Pearson’s chi-square 
test, while continuous variables are presented 
as medians with the interquartile range 
or means with standard deviation and 
compared between the groups/subgroups 
using Mann-Whitney U-test or Student t-test, 
as appropriate. The independent effect of 
baseline variables (table 1), including LMS 
stenosis, on operative and late mortality 
were respectively assessed using 1,000 
Bootstraps of a stepwise, multi-factorial 
logistic regression and Cox proportional 
hazards models. The odds ratio (OR) and 95% 
confidence interval (CI) for the predictors of 
operative mortality, and the hazard ratio (HR) 
and 95% CI for the determinants of late all-
cause mortality are reported. The probability 
of long-term survival was estimated using 
the Kaplan-Meier methods and compared 
between the groups with log-rank test. The 
analysis was performed using the Statistical 
Package for the Social Sciences (SPSS) 
version 20.0 for Windows (IBM Corp, 2011, 
New York), and statistical significance was set 
at p≤0.05.

Results
Baseline characteristics
About 21% (n=1,707) of the 7,967 patients 
who underwent CABG during the study 
period had LMS stenosis. Patients with LMS 
stenosis were older, more often male, and 
tended to have more extensive coronary 

Variables No LMS disease 
(n=6,260)

LMS disease 
(n=1,707) 

P value

Demographic details 
Female, n (%) 
Median age, years (IQR)  
Median body mass index, kg/m2 (IQR)

 
1,307 (20.9) 
64 (57, 71) 
28 (25, 31)

 
308 (18.0) 
66 (59, 72) 
27 (25, 30)

 
0.01 
<0.0001 
0.07

Clinical symptoms, n (%) 
New York Heart Association class III/IV 
Canadian Cardiovascular Society angina  
  class III/IV

 
1,939 (31.0) 
2,893 (46.2)

 
499 (29.2) 
813 (47.6)

 
0.16 
0.31

Cardiac morbidity, n (%) 
Previous myocardial infarction 
 
Previous percutaneous coronary  
  intervention 
 
Hypertension 
 
Extent of coronary artery disease 
         Double vessel 
         Triple vessel 
 
Ejection fraction  
         30–50% 
         <30%

 
3,017 (48.2) 
 
427 (6.8) 

 
3,850 (61.5) 

 
1,195 (19.1) 
4,773 (76.4)

1,299 (20.8) 
192 (3.1)

 
751 (44.0) 
 
94 (5.5) 

 
1,089 (63.8) 
 
 
268 (15.8) 
1,379 (81.3) 
 
 
347 (20.3) 
83 (4.9)

 
0.002 
 
0.05 

 
0.08 
 
<0.0001 
 
 
 
0.002

Comorbidities, n (%) 
Diabetes 
Renal dysfunction 
Chronic obstructive pulmonary disease 
 
Neurological event 
         No deficit 
         Residual deficit 
 
Peripheral vascular disease

 
1,268 (20.3) 
63 (1) 
707 (11.4) 
 
 
373 (6.1) 
42 (0.7) 
 
988 (15.8)

 
317 (18.6) 
24 (1.4) 
200 (11.8) 
 
 
101 (6.2) 
10 (0.6) 
 
339 (19.9)

 
0.12 
0.16 
0.61 
 
0.94 
 
 
 
<0.0001

Peri-operative data, n (%)

Operative priority 
         Elective 
         Urgent 
         Emergency 
         Salvage 
 
Graft details 
         Left internal mammary artery use 
         Mean number of grafts ± SD 
 
Cardiopulmonary bypass parameters 
         Bypass used 
         Median bypass time (minutes) 
         Median cross-clamp time (minutes) 
 
Intra-aortic balloon pump use 
         Pre-operative 
         Intra-/postoperative

 
4,758 (76) 
1,359 (21.7) 
133 (2.1) 
10 (0.2) 

 

 

6,021 (96.2) 
3.2 ± 0.9 
 
 
5,461 (87.2) 
79 (56, 102) 
38 (24, 58) 
 
 
48 (0.8) 
88 (1.4)

 
1,025 (60) 
584 (34.2) 
90 (5.3) 
8 (0.5) 
 
 
1,641 (96.1) 
3.3 ± 0.8 
 
 
1,453 (85.4) 
81 (57, 105) 
39 (24, 61) 
 
 
49 (2.9) 
39 (2.3)

<0.0001

 

 
 

 
0.93 
<0.0001 
 
 
0.04 
0.11 
0.31 
 
 
<0.0001 
 

Table 1. Baseline characteristics of study population

Key: IQR = interquartile range; LMS = left main stem; SD = standard deviation 
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artery disease, peripheral vascular disease 
and severely impaired left ventricular systolic 
function, but were less likely to have had 
myocardial infarction and PCI, in comparison 
to those without LMS stenosis (table 1). The 
risk for operative mortality, as defined by the 
European System for Cardiac Operative Risk 
Evaluation (EuroSCORE), was higher for the 
LMS group. The mean additive EuroSCOREs 
were 3.8% for LMS and 3.2% for non-LMS 
patients (p=0.03). The requirement for 
peri-operative intra-aortic balloon pump and 
urgent/emergency CABG were more frequent 
for patients with LMS stenosis.

Early operative outcomes
In general, major postoperative cardiac, renal and 
neurological morbidity were observed in greater 
proportions of LMS stenosis patients (table 2). 

The operative mortality rate was higher for 
patients with LMS stenosis (2.7%) compared 
with non-LMS stenosis patients (1.1%, 
p<0.0001). Multi-factorial logistic regression 
analysis identified LMS stenosis (OR 2.02, 
95% CI 1.26–3.22, p=0.003) as an 
independent predictor of operative mortality. 

During the study period, there was a steady 
increase in the proportion of patients with 
LMS disease undergoing surgery, with a 
corresponding decline in operative mortality. 
From 1996 to 2000, there were a total of 
2,126 CABG patients and 367 (17.3%) had 
LMS disease. In the later part of the study 
period, 2001 to 2009, there were 1,340 
patients with LMS out of 5,841 (22.9%). 
The crude operative mortality rates for LMS 
patients dropped from 4.1% to 2.3%, and for 
non-LMS patients from 1.8% to 0.8%.

Late operative outcomes
During the follow-up period (maximum 15 
years, mean 6.1 ± 3.7 years), there were 276 
deaths (16.2%) among LMS stenosis patients 
compared with 941 (15.0%) for non-LMS 
stenosis patients. The probability of survival 
by Kaplan-Meier analysis at five and 10 years 
were 88% and 75% for LMS stenosis patients, 
compared with 91% and 79% for non-LMS 
stenosis group (p=0.001), respectively, as 
shown in figure 1. After controlling for other 
variables in a multi-variate analysis, however, 
left main coronary artery stenosis (HR 1.05, 
95% CI 0.90–1.22, p=0.53) did not exhibit a 
significant influence on late death after CABG.

Subgroup analysis: protected versus 
unprotected LMS stenosis

The characteristics and outcomes for 

patients with protected and unprotected LMS 

stenosis are compared in table 3. Patients 
with unprotected LMS stenosis were more 
often male, older and presented with severe 
symptoms, cardiovascular morbidities and 
comorbidities more frequently than those 

Variables No LMS disease 
(n=6,260)

LMS disease 
(n=1,707) 

P value

Cardiovascular complications, n (%)

           Inotrope use

           Re-opening for bleeding

           Packed red blood cell transfusion

           Platelet transfusion

           Fresh frozen plasma transfusion

           Myocardial infarction

731 (11.7)

219 (3.5)

1,046 (16.7)

318 (5.1)

473 (7.6)

5/2,948 (0.2)

243 (14.3)

69 (4.1)

368 (21.6)

112 (6.6)

163 (9.6)

6/944 (0.6)

0.004

0.26

0.000

0.02

0.01

0.02

Neurological complications, n (%)

           Stroke, no deficit

           Stroke, residual deficit

18 (0.3)

38 (0.6)

4 (0.2)

13 (0.8)

0.73

Renal complications, n (%)

           Creatinine >200, no dialysis

           New haemofiltration

173 (2.8)

40 (0.6)

69 (4.0)

23 (1.3)

0.01

0.003

Operative mortality, n (%) 66 (1.1) 46 (2.7) <0.0001

Mean number of days in cardiac intensive care 
unit ± SD

1.2 ± 1.5 1.5 ± 5.6 0.03

Median postoperative length of stay, days (IQR) 6 (5, 8) 6 (5, 8) 0.17

Table 2. Early operative outcomes after coronary artery bypass grafting (CABG) in 
patients with, and without, left main stem (LMS) coronary artery stenosis
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Figure 1. Kaplan-Meier survival curves comparing survival for patients who had coronary 
artery bypass graft surgery for left main stem (LMS) coronary artery stenosis and those 
who did not have LMS stenosis

Key: IQR = interquartile range; LMS = left main stem; SD = standard deviation
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Variable Protected 
LMS disease 
(n=318)

Unprotected 
LMS disease 
(n=1,385)

P value

Demography

Median age, years (IQR)

Female, n (%)

Median body mass index, kg/m2 (IQR)

64 (57, 70)

79 (24.8)

27 (25, 30)

67 (60, 73)

227 (16.4)

27 (25, 30)

<0.0001

<0.0001

0.79

Symptoms, n (%)

Angina class III/IV

New York Heart Association class III/IV

132 (41.5)

80 (25.2)

678 (49.0)

418 (30.2)

0.02

0.08

Cardiovascular morbidity, n (%)

Previous myocardial infarction

Hypertension

Peripheral vascular disease

Pre-operative sinus rhythm 

Ejection fraction 30–50%

Ejection fraction <30%

100 (31.4)

191 (60.1)

56 (17.6)

297 (95.8)

28 (8.8)

7 (2.2)

651 (47.0)

897 (64.8)

282 (20.4)

1,245 (93.5)

319 (23.0)

76 (5.5)

<0.0001

0.12

0.27

0.13

<0.0001

Comorbidity, n (%)

Diabetes 

Renal dysfunction

Chronic obstructive pulmonary disease 

Prior stroke/transient ischaemic attack

47 (14.8)

5 (1.6)

37 (11.7)

12 (3.9)

270 (19.5)

19 (1.4)

163 (11.9)

98 (7.4)

0.05

0.78

0.96

0.03

Operative details

Operative priority, n (%)

         Urgent

         Emergency

         Salvage

Cardiopulmonary bypass used, n (%)

Left internal thoracic artery use, n (%)

Median number of grafts (IQR)

Median cardiopulmonary bypass time, minutes (IQR)

Median cross-clamp time, minutes (IQR)

96 (30.2)

24 (7.5)

2 (0.6)

261 (82.3)

302 (95.0)

2 (2, 3)

63 (42, 89)

33 (16, 52)

487 (35.2)

65 (4.7)

6 (0.4)

1,188 (86.0)

1,335 (96.4)

3 (3, 4) 

84 (61, 108)

41 (26, 63)

0.10

0.09

0.24

<0.0001

<0.0001

<0.0001

Complications, n (%)

Re-opening for bleeding

Postoperative stroke

Haemofiltration

Postoperative myocardial infarction

15 (4.7)

3 (0.9)

5 (1.6)

0/184

54 (3.9)

14 (1.0)

18 (1.3)

6/766

0.53

0.91

0.71

0.23

Outcome parameters

Median postoperative days (IQR)

Operative mortality, n (%)

Median follow-up, years (IQR)

Late death, n (%)

6 (6, 8)

7 (2.2)

5 (3, 9) 

39 (12.3)

6 (5, 8)

39 (2.8)

5 (3, 8) 

236 (17.0)

0.03

0.54

0.24

0.04

Table 3. Comparison of baseline characteristics and outcomes for patients undergoing 
coronary artery bypass grafting (CABG) for protected and unprotected LMS stenosis

Key: IQR = interquartile range; LMS = left main stem; SD = standard deviation

with protected LMS stenosis. Despite these 
differences, the operative outcomes were 
comparable for both groups. In the long term, 
however, a significantly higher rate of late 
all-cause mortality was observed among the 
unprotected LMS patients compared with the 
protected LMS subgroup.

Discussion
Our study shows that increasing numbers of 
LMS stenosis patients are undergoing CABG 
and that, although LMS had direct and indirect 
associations with operative morbidity and 
mortality, the operative results are acceptable 
and steadily improving. The more regular 
co-existent with older age, cardiovascular 
morbidity and comorbidities on the one 
hand, and the frequent surgical exigency it 
imposes, contribute to the relatively higher 
adverse outcomes observed. Two decades 
ago, Chaitman et al.7 identified similar risk 
factors for operative mortality in 1,172 patients 
with LMS disease from the Collaborative 
Study in Coronary Artery Surgery (CASS). It 
is noteworthy that there is a steady decline in 
the operative risk for this growing population 
of patients requiring surgical revascularisation, 
and that there is no difference in operative 
outcomes between protected or unprotected 
LMS disease. 

This study provides a ‘real-life’ experience of 
surgical revascularisation for LMS stenosis, 
which has been scarcely reported. An operative 
mortality of 2.7% compares well with higher 
mortality rates reported for PCI in some 
observational studies.8 Although randomised 
clinical trials2-4,9 and registry data10,11 reveal 
comparable procedural risks for both PCI and 
CABG, the rates of subsequent re-intervention 
remain high with PCI.12 Also, the complexity 
of the atherosclerotic lesion appears to have 
a prognostic impact on the outcome of PCI as 
the SYNTAX score has shown, which is not the 
case for CABG.3,13 The cohort of patients best 
suited for PCI was identified by Ghenim et al.14 
to include older patients with high creatinine 
and EuroSCORE. 

In the current era of myocardial 
revascularisation with low operative risk, 
the determination of clinical benefit should 
focus on long-term prognosis for competing 
revascularisation strategies. CABG for  
LMS disease is associated with good  
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long-term survival comparable with non-
LMS patients. 

This study, like all retrospective studies, is 
constrained by inherent limitations of the 
study design. Angiographic details, such 
as the anatomical sites of LMS stenosis, 
were not available. Also data about 
postoperative myocardial infarction were 
not available for all the patients, however, 
a good number of patients had entries 
based on electrocardiographic changes, 
echocardiographic findings and enzyme 
(troponin and/or creatine kinase myocardial 
band [CKMB]) rise to enable a comparison 
between groups. The long-term follow-up 
data did not distinguish cardiac deaths from 
all-cause mortality, and did not capture late 
major adverse cardiac events like  

re-intervention, hence only late survival  
is reported.

The number of patients undergoing CABG 
for LMS stenosis is growing as the operative 
mortality is declining. Although LMS is 
associated with increased operative risk 
for CABG, long-term survival for protected 
and unprotected LMS disease is excellent 
following CABG •
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Key messages
•	Patients undergoing coronary artery 

bypass grafting (CABG) with left main 
stem (LMS) coronary artery stenosis 
are at higher operative risk than those 
without

•	Operative mortality and morbidity for 
CABG for non-LMS and LMS disease 
is steadily improving

•	Surgical revascularisation is as safe 
for protected LMS disease, as it is for 
unprotected LMS disease

•	CABG for LMS disease yields excellent 
long-term survival comparable with 
non-LMS disease
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