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 Abstract

 Background: Age is one of the most important factors that have consistently emerged as the most potent predictors of 
mortality and morbidity after coronary artery bypass graft (CABG) surgery. However, early results of CABG in young pa-
tients in comparison with elderly ones have been different in previous surveys. The aim of this study was to compare short-
term mortality and morbidity in young versus older patients and evaluate the presence of risk factors and their influence on 
outcome in both groups. 

Methods: We conducted a retrospective database review of 13222 patients divided into two age groups: patients less than 
40 years old (411 patients) and those older (12811 patients), who underwent CABG at Tehran Heart Center between January 
2002 and January 2007. We also compared preoperative, operative, and postoperative characteristics between them and as-
sessed the influence of the variables on the length of stay in hospital (LOS) in the two groups. 

Results: Among postoperative complications, only atrial fibrillation (P<0.001) was more prevalent in the elderly group 
and other complications were similar. The thirty-day mortality rate was higher in the elderly group (1.1% vs. 0%, P=0.023). 
Also, prolonged LOS (P<0.001) and ICU stay (P<0.001) were found more prevalent in the elderly group. Among the preop-
erative and postoperative variables, emergency surgery, diabetes mellitus, and previous myocardial infarction influenced the 
prolonged LOS in the young patients. 

Conclusion: Early mortality rate and prolonged length of stay in ICU and hospital were higher in the elderly than those 
in the young patients; however, other postoperative early complications were similar between the two groups. 
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Introduction 

During the past two decades, the mean age of patients 
selected for coronary artery bypass graft (CABG) surgery 
has increased.1 Despite the fact that improved myocardial 
preservation, anesthesia, surgical techniques, and 
postoperative care have improved the outcome of surgery, 

older age still causes increased morbidity and longer hospital 
stays.1 Thus, age is one of the most important factors that 
have consistently emerged as the most potent predictors of 
mortality and morbidity after CABG. Elderly patients being 
considered for CABG has a higher average risk for mortality 
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and morbidity in a direct relation to age. 
However, early results of CABG in young patients in 

comparison with elderly ones have been different in previous 
surveys. In some studies, the prognosis for young patients 
was worse with decreasing age of the first coronary episode;2 
and in some others, the outcome for young patients was better 
than that for older patients.3,4 Also, coronary artery disease 
(CAD) carries a significant morbidity, psychological effects, 
and financial constraints for the person and the family when 
it occurs at a young age. Furthermore, the prevalence of risk 
factors is on the rise in young adults and children. This will 
result in an increased disease burden in the near future.5  

According to the different results of CABG in young 
versus elderly patients and the increase of risk factors for 
CAD in young groups, we compared short-term mortality 
and morbidity in young patients and evaluated the presence 
of risk factors and their influence on early outcome in this 
group versus elderly patients.  

Methods 

Preoperative, intraoperative, and postoperative 
characteristics were collected and entered into a computerized 
database from 13222 patients undergoing isolated CABG at 
Tehran Heart Center from January 2002 to January 2007. In 
this study, CAD was considered significant if there was a 
75% or greater stenosis in the luminal diameter of coronary 
arteries in any view. A stenosis of 50% or more in the left main 
coronary artery was considered significant.6 The following 
data were included for analyzing the preoperative variables: 
1) general characteristics: age, gender, and body mass index 
(BMI); 2) preoperative risk factors: current smoking history 
(patient regularly smokes a tobacco product/products one 
or more times per day or has smoked in the 30 days prior 
to admission),7 hypercholesterolemia (total cholesterol≥220 
mg/dl, HDL-cholesterol≤35 mg/dl, LDL- cholesterol≥160 
mg/dl),8 family history of CAD (first-degree relatives before 
the age of 55 in men and 65 years in women),9 hypertension 
(systolic blood pressure>140 mmHg and/or diastolic>90 
mmHg and/or on anti-hypertensive treatment),10 diabetes 
mellitus (symptoms of diabetes plus plasma glucose 
concentration>200 mg/dl or fasting plasma glucose>126 mg/
dl or 2-hp>200 mg/dl),11 renal failure (creatinine>4.0 mg/dl 
with a rise of >44 units or urine output below 0.3 ml/kg for 
24 h), cerebrovascular disease, and chronic lung disease; 3) 
preoperative cardiac status: previous myocardial infarction 
(an acute event with abnormal creatine phosphokinase and 
troponin levels), New York Heart Association (NYHA) 
score, Euroscore, and arrhythmia; and 4) preoperative 
homodynamic status: number of defected coronary vessels, 
left main disease>50%, and left ventricular ejection fraction. 

The operative data included type of surgery (elective or 
emergency), the number of distal anastomoses with vein 

grafts, and the use of internal mammary artery (IMA) as 
grafts. 

We considered four criteria for postoperative short-term 
outcome: 

1) In-hospital postoperative complications (existence of 
at least one of these complications): cardiac complications 
(heart block, cardiac arrest, tamponade, and atrial fibrillation) 
and non-cardiac complications (brain stroke, renal failure, 
pulmonary emboli, acute limb ischemia, multi-system failure, 
continuous coma>24 hours, and prolonged ventilation>10 
hours) ; 2) prolonged length of stay in ICU; 3) prolonged 
hospital stay; and 4) 30-day mortality rate (sometimes termed 
as operative mortality) defined as death within 30 days of 
operation.12 

Numerical variables were presented as the mean±SD, while 
categorized variables were summarized by percentages. 
Continuous variables were compared using the Student’s 
t test or nonparametric Mann-Whitney U test whenever 
the data did not appear to have normal distributions, and 
categorical variables were compared using the chi-square or 
Fisher’s exact test. 

Power analysis showed that there was about 90% chance  
of detecting a significant difference using a two-sided test 
with significance level=0.05.

Multivariate stepwise logistic regression model for risk 
factors predicting prolonged LOS was constructed separately 
for young and elderly patients. Variables were included into 
the multivariate model if the p value was found to be less than 
or equal to 0.15 in the univariate analysis. The associations 
of independent predictors with prolonged LOS in the final 
model were expressed as odds ratios (OR) with 

95% Confidence Intervals (CIs). Model discrimination was 
measured using the c statistic, which is equal to the area under 
the ROC (Receiver Operating Characteristic) curve. Model 
calibration was estimated using the Hosmer Lemeshow (HL) 
goodness-of-fit statistic (higher P values imply that the model 
fit the observed data better). For the statistical analysis, the 
statistical software SPSS version 13.0 for windows (SPSS 
Inc., Chicago, IL) and the stasistical package SAS version 
9.1 for windows (SAS Institute Inc., Cary, NC, USA) were 
used. All p values were 2-tailed, with statistical significance 
defined by p≤0.05. 

Results

There were 411 and 12811 CABG operations performed on 
patients≤40 years old and elderly patients, respectively. The 
main preoperative characteristics are summarized in Table 1. 
Among CAD risk factors, family history of 

CAD (P<0.001), previous myocardial infarction (P=0.001), 
and cigarette smoking (P=0.001) were higher in group≤40 
years old, whereas history of hypertension (P<0.001), 
diabetes mellitus (P<0.001), peripheral vascular disease 
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(P=0.044), and arrhythmia (P=0.011) were more prevalent in 
the elderly group. Also, the mean of Euroscore in the young 
patients was less than that in the elderly group (P<0.001). 
No significant differences in other risk factors between the 
two groups were found. Preoperative ejection fraction and 
the mean of NYHA score were also similar between the two 
groups. There was a significant difference in the number of 
defected vessels between the two groups (P<0.001). Also, 
left main disease>50% was more prevalent in group>40 
years old (P=0.007).

Table 1. Preoperative patients characteristics 

P valueGroup with 
age>40 

 (n=12811)

Group with 
age≤40    

(n=411)

Characteristics

 
<0.00174.187.6Male (%)
<0.00159.3±9.036.7±5.5Age (mean±SD)

0.67127.1±4.227.2±4.2BMI  (mean±SD)
0.00116.022.4Current cigarette smoking (%)
0.98616.015.9Opium addiction (%)

<0.00135.253.9Family history of CAD (%)
<0.00132.216.8Diabetes mellitus (%)

0.25765.768.4Hypercholesterolemia (%)
0.9991.11.0Renal failure (%)

<0.00153.536.3Hypertension (%)
0.1706.85.1Cerebrovascular disease (%)
0.0441.80.5Peripheral vascular disease (%)
0.00138.546.8Previous MI (%)
0.158 2.0±0.91.9±0.9NYHA score (mean±SD)
0.0112.90.7Arrhythmia (%)
0.13949.3±10.448.6±10.2Ejection fraction (mean±SD) (%)
0.0079.85.8Left main disease (>50%) (%)

<0.001
<0.001
<0.001

4.613.0Single vessel disease (%)
20.926.6Two vessels disease (%)
74.560.5Three vessels disease (%)

<0.0015.4±2.24.8±2.0Euroscore (mean±SD)
BMI, Body mass index; CAD, Coronary artery disease; MI, Myocardial 
infarction; NYHA, New York heart association

The operative cardiac indices are shown in Table 2. Arterial 
grafts were used more in group≤40 years old (P=0.031), 
whereas the use of vein grafts was found more in the other 
group (P<0.001). 

Table 2. Operative patients characteristics 

P valueGroup with 
age >40 

 (n=12811)

Group with 
age≤40
(n=411)

Characteristics

NS11.68.8Emergency CABG (%)
0.03197.499.1Anastomoses with arterial conduits (%)

<0.00198.294.7Anastomoses with venous grafts (%)
0.04596.998.8IMAs used as graft (%)

CABG, Coronary artery bypass grafting; IMA, Internal mammary artery

The main postoperative characteristics are summarized 
in Table 3. Among postoperative complications, only atrial 
fibrillation (P<0.001) was more prevalent in the elderly 
patients, and the other studied complications were similar 
between the two groups. The thirty-day mortality rate in 
group≤40 years was significantly less than that in the other 

group. Also, prolonged length of stay in hospital (LOS) 
(P<0.001) and total ICU stay (P=0.001) were more prevalent 
in the elderly patients.

Table 3. Postoperative early outcome of patients 

P valueGroup with 
age>40 

 (n=12811)

Group with 
age≤40
(n=411)

Characteristics

 

0.2671.20.6Re-intubation (%)
0.6260.30.0Continuous coma (%)
0.1372.31.2Prolonged ventilation (%)
0.5210.10.0Cardiac arrest (%)
0.2770.50.0Heart block (%)

<0.0016.30.5Atrial fibrillation (%)
0.2730.90.2Renal failure (%)
0.5240.40.2Brain stroke (%)
0.6730.40.5Pulmonary emboli (%)
0.2710.10.2Acute limb ischemia (%)
0.5210.10.0Multi system failure (%)
0.0231.10.030 days mortality (%)
0.4284.63.430 days readmission (%)

<0.00116.2±7.014.1±6.3LOS/day (mean±SD)
<0.00151.238.0LOS >14 days (%)

0.00143.0±34.535.8±18.9ICU stay/hour (mean±SD)
0.00111.86.6ICU stay >72 hours (%)

LOS, Length of stay in hospital

A multivariate stepwise logistic regression analysis showed 
that several preoperative and postoperative characteristics 
influenced the prolonged LOS in the elderly patients (Table 
4). However, only three factors of emergency versus elective 
surgery (P=0.0003), history of diabetes mellitus (P=0.0047), 
and pre-CABG myocardial infarction (P=0.0038) were main 
predictors for prolonged LOS in hospital in young patients 
(table 5).

Table 4. Predictors for prolonged LOS in elderly patients

Variable Univariate 
P value

Multivariate P 
value

Odds 
Ratio

95% 
Confidence 

Interval

Preoperative variables: 
Male gender <0.0001 <0.0001 0.541 0.492-0.595

Emergency surgery <0.0001 <0.0001 2.269 1.041-4.946
Diabetes mellitus <0.0001 <0.0001 1.332 1.221-1.453
Dyslipidemia <0.0001 <0.0001 1.192 1.007-1.296
Hypertension <0.0001 <0.0001 1.253 1.156-1.359
Peripheral vascular disease <0.0001 <0.0001 2.466 1.741-3.492
Previous PCI <0.0001 0.0003 1.459 1.185-1.797
Previous MI <0.0001 0.0020 1.143 1.050-1.244
Three vessels disease <0.0001 <0.0001 1.215 1.130-1.305
Ejection Fraction <0.0001 <0.0001 0.986 0.982-0.990
Postoperative complications: 
Brain stroke <0.0001 0.0395 2.782 1.014-7.629
Prolonged ventilation <0.0001 <0.0001 2.073 1.502-2.860
Pulmonary emboli <0.0001 0.0003 3.984 1.707-9.296
Heart block <0.0001 0.0018 2.647 1.412-4.961
Atrial fibrillation <0.0001 <0.0001 2.301 1.929-2.745
LOS, Length of stay in hospital; PCI, Percutaneous intervention, MI, 
Myocardial infarction
Hosmer-Lemeshow statistic: χ2 = 18.81, P=0.016
Area under the ROC curve c= 0.656
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Table 5. Predictors for prolonged LOS in young patients

Variable Univariate P 
value

Multivariate P 
value

Odds 
Ratio

95% 
Confidence 

Interval
Emergency surgery <0.0001 0.0003 0.244 0.113-0.526
Previous MI 0.002 0.0038 1.904 1.239-2.925
Diabetes mellitus 0.002 0.0047 2.253 1.289-3.939
LOS, Length of stay in hospital; MI, Myocardial infarction
Hosmer-Lemeshow statistic: χ2 = 0.51, P=0.776
Area under the ROC curve c=0.636

Discussion
CABG surgery has been shown to be an effective method 

for treating angina pectoris and prolonging life in patients 
with severe coronary artery disease. Be that as it may, it has 
not yet been determined whether younger patients benefit 
from this procedure to the same extent as elderly patients. 
The present study compares three preoperative, operative, 
and postoperative characteristics of patients≤40 years old 
who underwent CABG with elderly patients in this center 
between 2002 and 2006.

In this study, frequency of CABG procedures in men 
≤40 years old and elderly men were 87.6% and 74.1%, 
respectively. In line with our study, French et al. reported 
the frequency of 84% for men≤40 years old who underwent 
CABG procedures.13 Furthermore, in the Keskimaki et al. 
study, in relation to hospitalization due to CAD, women 
received proportionally less surgery than men.14 

The average age of patients≤40 years old in our study was 
36.7 years old. In the Kelly study, the average age of these 
patients was reported to be 35 years.15 In our study, history 
of cigarette smoking and family history of CAD in the young 
patients were more frequent than those in the patients>40 
years old. We also found that history of hypertension and 
diabetes mellitus in patients≤40 years old was seen less than 
that in the elderly patients. Kelly15 and Rohrer-Gubler16 et 
al. found similar results in their studies. In marked contrast 
to their studies, however, we found no significant difference 
between history of hypercholesterolemia in the young patients 
and patients>40 years old that underwent CABG procedure. 
In the Kelly and Rohrer studies, patients less than 40 years 
were more likely to have elevated cholesterol levels. In the 
French et al. study, the prevalence of cigarette smoking, 
hypertension, diabetes mellitus, hypercholesterolemia, and 
family history of CAD was strikingly less than that in our 
study.13

In our study, previous myocardial infarction was more 
prevalent in the younger group. Rohrer et al. found that 
the group≤40 years old had more preoperative myocardial 
infarction.14 Casas et al. found that the younger patients 
appeared to carry the same risks for myocardial infarction and 
death as an elderly patient.17 In their study, a total of 61% of 
young patients had a recent history of a myocardial infarction 
and 60% had NYHA Class IV just prior to operation, whereas 

we found the prevalence of recent myocardial infarction in 
45.8% of younger patients and NYHA Class≥3 only in 20.3% 
of our patients. Results of several studies have suggested that 
CABG is becoming safer to perform in very old persons; and 
although older patients are referred for CABG at a significantly 
lower functional level, the functional improvement after 
CABG is not significantly different among age groups.18, 19 

Among postoperative criteria, atrial fibrillation was 
more frequent in patients>40 years old. Atrial fibrillation 
after CABG is the most common sustained arrhythmia. 
Its pathophysiology is unclear, and its prevention and 
management remain suboptimal.20 Post-CABG atrial 
fibrillation seems to require a well-definite anatomical and 
electrical substrate that is generated by increased left atrial 
dimensions, a greater extension of coronary lesions, and a 
possible electrical remodeling consequent to prior repetitive 
episodes of paroxysmal atrial fibrillation.21

In our study, the 30-day mortality rate was more in the 
elderly group. In the Kelly et al. study, the percentage of death 
was much higher for younger patients.14 In the Peterson et al. 
study, age was a significant predictor of the 30-day mortality. 
For example, an 85-year-old patient undergoing bypass 
surgery would have nearly 40% higher odds for mortality 
at 30 days than a similar patient of age 80 years.22 Also, 
measures of acute coronary disease, such as acute myocardial 
infarction before bypass surgery and congestive heart failure, 
and comorbid illnesses such as peripheral vascular disease 
and chronic renal disease were highly predictive of 30-day 
mortality.22 

We also found that the length of hospital stay in the elderly 
patients was higher than the other group. Results of other 
studies indicated that elderly patients were much more likely 
to be discharged to extended-care facilities.18 In our study, 
the female gender was an important predictor for prolonged 
length of stay in hospital, which chimes in with the results 
of the Borzak study.23 In several studies, the female sex is 
reported to be an independent predictor of length of stay in 
hospital.24-26 Vaccarino et al. reported that women undergoing 
CABG had higher rates of hospital readmission than men at 6 
weeks.27 It seems that the most common causes of prolonged 
lengths of stay in hospital in females are a higher incidence of 
preoperative risk factors and postoperative complications of 
CABG in females than in males.28 Therefore, it is important 
to control these risk factors in female patients before 
operation.

Conclusion

Finally, it can be concluded that early mortality rates and 
prolonged lengths of stay in ICU and hospital are higher in 
elderly patients by comparison with young ones. However, 
other postoperative complications are similar between the 
two groups.  
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In view of our findings, additional investigations are 
needed to compare long-term mortality rates of young with 
elderly patients who undergo CABG and study the effects of 
operative and postoperative indices on late CABG outcome 
in younger patients.  
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