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other comorbidities,6 including diabetes 
mellitus, hypertension, hyperlipidaemia, 
and coronary artery disease, and pose tech-
nical difficulties in operative and periopera-
tive care that may contribute to poorer early 
outcomes. More recently, however, several 
overseas studies have suggested that there 
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ABSTRACT

Objective:  To assess the prevalence of obesity in patients undergoing coronary artery 
bypass grafting, heart valve surgery, or both procedures, and its association with 
postoperative outcomes.
Design and setting:  Retrospective analysis of data, collected by the Australasian 
Society of Cardiac and Thoracic Surgeons Victorian Cardiac Surgery Database Project, 
on patients undergoing coronary artery bypass grafting, heart valve surgery, or both 
procedures, between 1 June 2001 and 31 January 2006.

cipants:  11  736 patients divided into four groups: underweight (body mass index 
], <  20), normal weight (BMI, 20–30), obese (BMI, >  30 to <  40), and morbidly obese 
, �  40).
 outcome measures:  Prevalence of obesity (compared with the age- and sex-
hed adult Australian population); associations between obesity and morbid obesity 
rdiac patients and adverse postoperative outcomes.
lts:  30.4% of patients had a BMI >  30 (28.6% obese, 1.8% morbidly obese) 

compared with an expected prevalence of 21.2%. Morbid obesity was associated with 
prolonged ventilation (adjusted odds ratio [OR], 2.4; 95% CI, 1.6–3.7), readmission to 
intensive care (adjusted OR, 2.2; 95% CI, 1.2–4.1), and length of stay >  14 days (adjusted 
OR, 2.1; 95% CI, 1.4–3.3). Both obesity and morbid obesity were associated with renal 
failure (adjusted ORs, 1.4 [95% CI, 1.1–1.7] and 2.9 [95% CI, 1.7–4.9], respectively) and 
deep sternal wound infection (adjusted ORs, 2.4 [95% CI, 1.5–3.8] and 7.2 [95% CI,  
2.8–18.7], respectively).
Conclusions:  Obesity is 1.4 times more prevalent in patients having coronary artery 
bypass grafting or heart valve surgery in Victoria compared with the general adult 
Australian population. Both obesity and morbid obesity are associated with early 
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morbidity, but not mortality, after operation.
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t obesity is a major risk factor for 
diac disease and death,1 the prev-

alence of obesity (a body mass index [BMI] 
>  30  kg/m2) is increasing in Australia and 
other developed nations.2,3 Obesity has also 
been considered a major risk factor in 
patients undergoing cardiac surgery.4,5

Patients who are obese are likely to have 

may be little association between obesity 
and early mortality and morbidity after car-
diac surgery.7-10

Given the lack of Australian studies on 
this topic, and the rising prevalence of obes-
ity in Australia, we aimed to investigate the 
prevalence of obesity in patients undergoing 
cardiac surgery in Australia. In addition, we 
sought to examine the relationship between 
obesity and early morbidity and mortality 
after cardiac surgery.

METHODS

Participants
The analyses were based on 11  736 consecu-
tive patients undergoing coronary artery 
bypass grafting (CABG), heart valve surgery, 
or both procedures, between 1 June 2001 
and 31 January 2006, at public hospitals in 
Victoria. The six hospitals involved in data 
collection for the Australasian Society of 
Cardiac and Thoracic Surgeons (ASCTS) 
Victorian Cardiac Surgery Database Project11

were the Royal Melbourne Hospital, the 
Alfred Hospital, Monash Medical Centre, 
Geelong Hospital, Austin and Repatriation 
Medical Centre, and St Vincent’s Hospital 
Melbourne. Data were collected prospec-
tively for all patients as part of clinical care 
and follow-up by surgeons, perfusionists, 
resident medical officers and database man-
agers. Data on 30-day mortality were 
obtained by telephone contact with patients, 
family members or medical practitioners. 
Patients undergoing other cardiac proce-
dures concomitantly (eg, atrial septal defect 
closure or atrial arrhythmia surgery) or non-
cardiac procedures (eg, related to the thor-

acic aorta) were excluded. The quality of 
the data is good, as participating surgical 
units are subject to regular audits and 
checks. Only 16 patients (0.14%) were 
excluded from the analysis because of miss-
ing data.

BMI, which defines the degree of obesity, 
was calculated using the height and weight 
at the time of surgery according to National 
Health and Nutrition Examination Survey 
criteria.12 Obesity was defined as BMI (kg/m2)
>  30 to <  40. Morbid obesity was defined as 
BMI �  40.12 We defined the normal weight 
group (BMI, 20–30) as the reference group. 
Underweight patients were those with a BMI 
<  20. We divided the study cohort into these 
four categories; the underweight group was 
excluded from the outcomes analysis.

Comorbidities
Preoperative patient data analysed included 
age, sex, BMI, and the presence of comor-
bidities — diabetes mellitus, hypercholes-
terolaemia, renal failure, hypertension, 

cerebrovascular disease, peripheral vascular 
disease, chronic obstructive airways disease, 
heart failure (New York Heart Association 
class), left ventricular impairment, and 
active valve endocarditis.

Definitions
• Hypercholesterolaemia — history of a 
fasting cholesterol level >  5.0  mmol/L or 
treatment for hypercholesterolaemia.
• Hypertension — blood pressure level 
>  140/90  mmHg or a history of high blood 
pressure, or taking anti-hypertensive medi-
cations.
• Renal failure — last preoperative serum 
creatinine level >  200  μmol/L or dialysis-
dependence before operation.
• Cerebrovascular disease — any prior 
coma with the patient unresponsive for 
>  24  h, stroke or transient ischaemic attack, 
or carotid stenosis >  75%.
• Peripheral vascular disease — any of: 
claudication, amputation for arterial insuffi-
ciency, reconstruction for aortoiliac occlu-
sive disease or surgery for peripheral 
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vascular disease, or documented abdominal 
aortic aneurysm.
• Active valve endocarditis — valvular dis-
ease of infectious aetiology with positive 
blood culture or confirmation of endocardi-
tis at operation, and receiving treatment for 
endocarditis at the time of surgery.

Perioperative data analysed were clinical 
status, operation type, cardiopulmonary 
bypass time, and bilateral internal mam-
mary artery use. Emergency status was 
defined as unscheduled surgery required in 
next available theatre on same day due to 
cardiac compromise or refractory angina.

Outcome measures
Twelve postoperative adverse outcomes 
were analysed:
• Operative mortality — death �  30 days 
after operation or >  30 days if still in hospi-
tal;
• Stroke — new neurological deficit or 
coma >  24 h after operation;
• Postoperative myocardial infarction — at 
least two of: cardiac enzyme level elevation, 
new cardiac wall motion abnormalities, or 
new Q waves on serial electrocardiograms;
• Pneumonia — diagnosed by positive 
sputum cultures and consistent with clinical 
findings;
• Prolonged ventilation — >  24  h;
• Reintubation;
• New occurrence of renal failure — at 
least two of the following: raised serum 
creatinine level >  200  μmol/L, increase in 
creatinine level (doubling or greater) com-
pared with preoperative value, new require-
ment for dialysis or haemofiltration;

• Deep sternal wound infection — involv-
ing muscle and bone (as shown by surgical 
exploration) and one of the following: posi-
tive cultures or treatment with antibiotics;
• Readmission to the intensive care unit 
(ICU);
• Return to theatre for any cause;
• Return to theatre for bleeding;
• Prolonged length of stay — >  14 days.

Statistical analysis
Continuous variables are presented as 
mean  ±  1  SD. The Mann–Whitney U test was 
used to compare two groups of continuous 
variables. The χ2 test was used to compare 
groups of categorical variables. Odds ratios 
(ORs) and 95% confidence intervals (CIs) 
were calculated using standard statistical 
methods. The prevalence of obesity in the 
study cohort was compared with the 

expected prevalence of obesity in the adult 
Australian population (age- and sex-specific 
data obtained from the AusDiab 1999–2000 
study).3

Multivariate logistic regression analysis 
was used to examine the effect of obesity 
category on early morbidity and mortality, 
while adjusting for potentially confounding 
patient and operative variables.13 We 
adjusted for the variables that differed in 
prevalence between the study groups, and 
those that have previously been shown to 
affect short-term outcomes.14-16 These vari-
ables were: age, sex, diabetes, hypercholes-
terolaemia, hypertension, renal failure, 
cerebrovascular disease, peripheral vascu-
lar disease, lung disease, heart failure (New 
York Heart Association Class IV), severe left 
ventricular impairment (ejection fraction 
<  30%), emergency status, active infective 

1 Prevalence of obesity in the 
ASCTS database cohort compared 
with prevalence in age- and sex-
matched adult Australians 
(AusDiab 2000, data adjusted  
for sex)3

ASCTS  =  Australasian Society of Cardiac and 
Thoracic Surgeons.  ◆
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2 Patient and operative variables in patients undergoing cardiac surgery,  
by obesity category

Variable
Normal 

(n  =  7893)
Obese 

(n  =  3353)
P (obese

v normal)*

Morbidly 
obese 

(n  =  214)

P (morbidly 
obese v 
normal)*

Age, mean  ±  SD (years) 67.0  ±  11.0 64.5  ±  10.3 <  0.001 61.4  ±  10.9      <  0.001

Female 24.5% 29.6% <  0.001 48.1%      <  0.001

Diabetes 25.9% 37.3% <  0.001 50.9%      <  0.001

Hypercholesterolaemia 72.9% 80.0% <  0.001 76.6% 0.22

Renal failure†   3.6%   2.9%    0.052   4.7% 0.40

Hypertension 69.1% 79.2% <  0.001 80.8%      <  0.001

Cerebrovascular disease 11.9% 10.7%    0.072   8.9% 0.18

Peripheral vascular 
disease

13.2% 12.6%  0.44   7.0%   0.008

Lung disease 14.4% 16.2%    0.013 20.6%   0.011

NYHA Class IV 10.0%   9.2%  0.20 13.5% 0.11

Severe left ventricular 
impairment‡

  6.3%   4.3% <  0.001   5.6% 0.69

Active endocarditis   1.3%   0.7%    0.004   0.5% 0.28

History of previous 
cardiac surgery

  5.9%   5.1%    0.094   4.2% 0.31

Emergency status   0.3%   0.1%  0.04   0.5% 0.76

Isolated CABG 74.9% 78.3% <  0.001 71.5% 0.25

Heart valve surgery 25.1% 21.7% <  0.001 28.5% 0.25

Cardiopulmonary 
bypass time,  
mean  ±  SD (min)

104.7  ±  50.8 103.0  ±  50.8  0.27 106.7  ±  49.6 0.16

Bilateral internal 
mammary artery use (of 
those having CABG)

13.6% 12.9%  0.30 13.8% 0.95

*  Mann–Whitney U test or χ2 test used to determine significance.
†  Serum creatinine level >  200  μmol/L or dialysis-dependent. 
‡  Left ventricular ejection fraction <  30%.
NYHA  =  New York Heart Association. CABG  =  coronary artery bypass grafting. ◆
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endocarditis, previous cardiac surgery, 
operation type other than isolated coronary 
artery bypass grafting, and total cardiopul-
monary bypass time. All calculated P values 
were two-sided, and values <  0.05 were 
considered significant. Statistical analysis 
was performed using SPSS, version 14.0 
(SPSS Inc, Chicago, Ill, USA).

Ethical approval
Approval for our study was obtained from 
the Research Sub-Committee of the Victo-
rian Cardiac Surgery Database Project 
Steering Committee, and the study was 
performed according to the Project Data 
Access Policy, as agreed to by the Execu-
tive Steering Committee in conjunction 
with the Victorian Department of Human 
Services.

RESULTS
Overall, 7893 (67.3%) of the patients were 
classified as having normal weight, 276 
(2.3%) were underweight with a BMI <  20, 
3353 (28.6%) were obese, and 214 (1.8%) 
were morbidly obese. Compared with the 
general adult Australian population, the 
study cohort had more obese patients in all 
age groups examined (Box 1). Overall, 
30.4% of our study cohort were obese com-
pared with an expected prevalence of 21.2% 
(P  <  0.001). The prevalence of obesity was 
highest in the 45–54 years age group 
(37.7%), followed by the 35–44 years age 
group (37.5%).

Box 2 shows patient and operative charac-
teristics by obesity categories. Compared 
with normal weight patients, patients with 
obesity were younger, more likely to be 
women, more likely to have comorbidities 
(diabetes, hypercholesterolaemia, hyperten-
sion, and lung disease), more likely to 

undergo isolated CABG, and less likely to 
undergo heart valve surgery. Patients with 
obesity were less likely to have severe left 
ventricular impairment or active infective 
endocarditis, or to undergo emergency sur-
gery. Patients with morbid obesity were 
younger, more likely to be women, and to 
have diabetes, hypertension and lung dis-
ease, and less likely to have peripheral vas-
cular disease. There were no differences 
between normal weight patients and those 
with obesity in the prevalence of preopera-
tive renal failure, New York Heart Associa-
tion Class IV status, previous cardiac surgery 
or bilateral internal mammary artery use, 
and cardiopulmonary bypass times were 
similar.

The incidence of adverse postoperative 
outcomes is shown in Box 3, and the 
adjusted ORs for outcomes are shown in 
Box 4. There was no association between 
obesity or morbid obesity and operative mor-
tality, stroke, postoperative myocardial infarc-
tion, pneumonia, reintubation, return to 
theatre for any cause, or return to theatre 
because of bleeding. Morbid obesity (but not 
obesity) was associated with prolonged venti-
lation (adjusted OR, 2.43), readmission to ICU 
(adjusted OR, 2.23) and prolonged length of 
stay (adjusted OR, 2.13). Both obesity and 
morbid obesity were associated with higher 

4 Adjusted* odds ratios for early adverse outcomes after cardiac surgery

Obese Morbidly obese

OR† 95% CI P OR† 95% CI P

Operative mortality 0.83 0.61–1.13 0.24 1.44 0.57–3.64 0.44

Stroke 0.89 0.62–1.29 0.53 0.78 0.19–3.23 0.73

Postoperative myocardial 
infarction

0.86 0.48–1.54 0.60 — — 0.99

Pneumonia 1.20 0.99–1.45 0.07 1.72 0.97–3.05 0.06

Prolonged ventilation 1.16 0.99–1.35 0.06 2.43 1.61–3.68   <  0.001

Reintubation 1.09 0.86–1.38 0.46 1.86 0.97–3.53 0.06

New occurrence of renal 
failure

1.38 1.13–1.70      0.002 2.90 1.71–4.91   <  0.001

Deep sternal wound infection 2.38 1.47–3.85   <  0.001 7.24 2.80–18.70  <  0.001

Readmission to ICU 1.06 0.82–1.36 0.65 2.23 1.20–4.15      0.011

Return to theatre — any cause 1.05 0.87–1.26 0.62 0.65 0.30–1.41 0.28

Return to theatre — bleeding 0.85 0.65–1.10 0.22 0.36 0.09–1.47 0.15

Postoperative stay >  14 days 1.16 0.99–1.35 0.07 2.13 1.37–3.29     0.001

*  Adjusted for age, sex, diabetes, hypercholesterolaemia, renal failure (preoperative serum creatinine level 
>  200  μmol/L or dialysis-dependent), hypertension, cerebrovascular disease, peripheral vascular disease, lung 
disease, New York Heart Association Class IV status, severe left ventricular impairment (ejection fraction 
<  30%), emergency status, total cardiopulmonary bypass time, active infective endocarditis, operation type 
other than isolated coronary artery bypass grafting, and previous cardiac surgery.  
†  The normal-weight group is the reference group. 
ICU  =  intensive care unit. ◆

3 Incidence of adverse outcomes after cardiac surgery, by obesity category

Normal 
(n  =  7893)

Obese 
(n  =  3353)

P (obese 
v normal)*

Morbidly 
obese 

(n  =  214)

P (morbidly 
obese 

v normal)*

Operative mortality 2.9% 2.0%   0.006   3.3% 0.72

Stroke 1.8% 1.3% 0.10   0.9% 0.36

Postoperative myocardial 
infarction

0.7% 0.5% 0.26 0 0.23

Pneumonia 5.1% 5.6% 0.31   6.5% 0.35

Prolonged ventilation 9.0% 9.1% 0.77 15.4%   0.001

Reintubation 3.6% 3.5% 0.84   5.1% 0.23

New occurrence of renal 
failure

4.4% 5.2% 0.07   8.4%   0.006

Deep sternal wound infection 0.5% 1.0%   0.003   2.8%     <  0.001

Readmission to ICU 3.0% 3.0% 0.97   5.6%   0.026

Return to theatre — any cause 5.7% 5.5% 0.66   3.3% 0.13

Return to theatre — bleeding 3.1% 2.5% 0.06   0.9% 0.07

Postoperative stay >  14 days 9.3% 8.8% 0.39 14.0%   0.019

*  χ2 test was used to determine significance. ICU  =  intensive care unit.  ◆
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rates of new occurrence of renal failure 
(adjusted ORs, 1.38 and 2.90, respectively) 
and deep sternal wound infection (adjusted 
ORs, 2.38 and 7.24, respectively).

We also performed a subanalysis of the 
9921 patients in our cohort who underwent 
CABG to determine the association between 
bilateral internal mammary artery use and 
deep sternal wound infection. Bilateral inter-
nal mammary artery use and obesity (as 
binary variables) were added to the 16 varia-
bles listed in Box 2 in a multivariate analysis. 
We found bilateral internal mammary artery 
use to be associated with a higher risk of deep 
sternal wound infection, with an adjusted OR 
of 3.14 (95% CI, 1.70–5.80).

DISCUSSION

We found that there were 1.4 times more 
patients with obesity undergoing CABG or 
heart valve surgery than would be expected 
for the general adult Australian population. 
The high prevalence of obesity in the study 
cohort is in keeping with recent data from 
the United Kingdom, where 27% of patients 
undergoing isolated CABG in 1999–2003 
were obese.17 These figures are also similar 
to data from Europe and the United 
States,7,10,18,19 indicating that this trend is 
evident in most developed nations. Any 
comparisons between our findings and 
those of other studies must take into 
account differences in obesity definitions 
used. We elected to define obesity as a BMI 
over 30 to be consistent with the majority of 
the health science literature. However, other 
studies have used a defined percentile of the 
BMI of the study cohort (eg, highest 25% of 
BMI defined as obese),10 or a BMI more than 
3518 as the cut-off for obesity.

We found obesity to be most prevalent in 
the younger age groups (35–54 years), at 
odds with Australian population data. In the 
AusDiab data, the two age groups with the 
highest prevalence of obesity were 55–64 
years and 65–74 years.3 The higher preva-
lence of obesity in younger patients under-
going cardiac surgery may be due to referral 
bias. Clinicians may be less likely to con-
sider patients who are obese, elderly and 
have comorbidities (the number of comor-
bidities also rises with age) as good candi-
dates for surgery. Conversely, younger 
patients with obesity, as well as probably 
having fewer additional comorbidities than 
their older counterparts, are seen to have 
more to gain from the survival advantages 
conferred by cardiac surgery versus non-
surgical therapies.

The adjusted early mortality rate was sim-
ilar in patients who were obese or morbidly 
obese compared with the normal weight 
cohort, consistent with most of the recent 
studies of cardiac surgery looking at this 
issue.7-10,19 However, one study published 
in 2002 used the North American Society of 
Thoracic Surgeons’ database — the largest 
cardiac surgery database in existence.18 An 
analysis of a cohort of 590  000 patients 
showed a modest increase in operative mor-
tality (adjusted OR, 1.21) in their moderate 
obesity group (BMI, 35–39.9), and a mark-
edly higher risk of operative mortality 
(adjusted OR, 1.58) in their extreme obesity 
group (BMI, �  40).18 The large size of the 
Society of Thoracic Surgeons’ database, and 
the different cut-offs for defining obesity, 
may account for the differences in findings.

Our study found that obesity and morbid 
obesity were both associated with a higher 
risk of deep sternal wound infection, with 
adjusted ORs of 2.38 and 7.24, respectively. 
This association between obesity and deep 
sternal wound infection has been well docu-
mented.5,18 Bilateral internal mammary 
artery use is also a known risk factor for 
deep sternal wound infection. However, sur-
geons did not avoid using bilateral internal 
mammary arteries in obese patients as the 
rates of use were similar between the 
groups. The tendency to use bilateral inter-
nal mammary artery grafting in younger 
patients to improve long-term graft patency 
and patient survival may account for this. In 
our subanalysis, we found bilateral internal 
mammary artery use to be associated with a 
higher risk of deep sternal wound infection 
(adjusted OR, 3.14). Hence, the long-term 
survival benefits of bilateral internal mam-
mary artery use need to be balanced with 
the increased short-term risk of deep sternal 
wound infection.

Obesity is related to unfavourable 
changes in pulmonary function. This may 
explain our finding in the morbidly obese 
group of an increased risk of prolonged 
ventilation (adjusted OR, 2.43), and partly 
explain the higher rates of readmission to 
ICU (adjusted OR, 2.23) and the prolonged 
length of stay (adjusted OR, 2.13). This is 
consistent with the findings of the Society of 
Thoracic Surgeons’ database study in which 
both moderate obesity (BMI, 35–39.9) and 
extreme obesity (BMI, �  40) were associ-
ated with a higher risk of prolonged ventila-
tion, with adjusted ORs of 1.49 and 1.70, 
respectively.18

Studies of the association between obesity 
and renal failure after cardiac surgery have 

given conflicting results.7-9,18,19 Our results 
document an increased risk of postoperative 
renal failure in both the obese and morbidly 
obese groups, although the reason is unclear. 
It is possible that the higher prevalence of 
hypertension and diabetes in obese patients 
may be associated with compromised preop-
erative renal function, which is exacerbated 
by the inflammatory response to cardiopul-
monary bypass and cardiac surgery. There 
may be other as yet undiscovered mecha-
nisms in obese patients that impair renal 
function above and beyond the known asso-
ciation of diabetes and hypertension. Popu-
lation-based studies have found that obesity 
is independently associated with the devel-
opment of chronic renal disease.20,21

Obesity presents technical challenges to 
the cardiac surgeon. Poor operative exposure 
of the heart, operating at depth within the 
chest, poor internal mammary artery expo-
sure during harvest, problems with harvest-
ing the long saphenous vein, and obtaining 
good lower-limb wound closure, are several 
of the challenges posed by obese patients. 
Adherence to sound surgical principles, such 
as gentle tissue handling, meticulous hae-
mostasis and good wound closure techniques 
are vital if poor quality conduits and wound 
problems are to be avoided in obese patients. 
The use of endoscopic vein harvesting when 
available may also be helpful.

Our study has several limitations. Firstly, 
the use of BMI as a measure of obesity is not 
ideal. However, it is the index that correlates 
least with height and most with more direct 
measures of percentage body fat. Secondly, 
our study only assessed in-hospital postop-
erative events. It may therefore underesti-
mate the real burden of complications, as a 
proportion of these may occur after dis-
charge from hospital. Lastly, considering the 
low rates of some of the complications 
studied and the relatively small sample size, 
particularly in the morbidly obese group, 
our study may be inadequately powered to 
detect important differences in outcomes.

In conclusion, obesity is more prevalent 
among patients undergoing CABG or heart 
valve surgery, or both procedures, compared 
with the general adult Australian population 
(30.4% v 21.2%). It is associated with early 
morbidity after cardiac surgery — deep 
sternal wound infection and new occurrence 
of renal failure. Morbid obesity was associ-
ated with the additional complications of 
prolonged ventilation, readmission to ICU 
and prolonged length of stay. We did not 
find an increased risk of early mortality in 
patients with obesity or morbid obesity.
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