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Abstract

Background: Obesity is a common risk factor for morbidity and mortality after cardiac surgery. However, the relationship 
between obesity and postoperative risk has not been fully defined.

Methods: A prospective study of 1015 consecutive patients undergoing isolated coronary artery bypass grafting (CABG) 
was carried out. Body mass index (BMI) was used as the measure of obesity and was categorized as normal weight (BMI=20-
25) and obese (BMI>25 and<35). The preoperative, operative, and postoperative risk factors as well as the complication and 
in-hospital death rates were compared between the two groups.

Results: Of the 1015 patients, 40% had a normal weight and 49% were obese. Compared with the normal-weight group, 
the obese group had a significantly higher incidence of diabetes mellitus (P=0.007) and lower arterial partial pressure of 
oxygen (PaO2) (P=0.03). The normal-weight patients had a higher New York Heart Association (NYHA) Functional Class 
(P=0.03) and were at a higher risk for emergent surgery (P=0.003) or reoperation (P=0.002). Among the postoperative com-
plications, respiratory complications (P=0.027) were more frequent in the obese patients. The duration of mechanical venti-
lation (P=0.001), the incidence of arrhythmia (P=0.011), low cardiac output syndrome (P=0.001), reintubation (P=0.001), 
and neurological complications (P=0.003) were significantly higher in the normal-weight patients. Obesity was associated 
with a lower risk of reoperation for bleeding (P=0.032). There were no significant differences in infective complications, 
length of intensive care unit (ICU) stay, total length of stay in hospital, and operative mortality between the groups.

Conclusion: In the patients undergoing isolated CABG procedures, obesity did not   increase the risk of op-
erative mortality and morbidity with the exception of respiratory complications. The normal body weight pa-
tients were at a higher risk for complications than were the obese patients. Therefore, obese patients may 
safely undergo CABG without previous weight reduction if due attention is paid to minimize respiratory complications.                                                                                                                                   
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Introduction 

The rate and number of obese persons in all societies have 
been increasing at epidemic speed.1 The pathophysiologic 

consequences of obesity involve every major organ 
system.2 Obesity has been identified as a risk factor for the 
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developing of diabetes mellitus, hypercholesterolemia, and 
hypertension.3 Obesity is defined by the American Heart 
Association (AHA) as a major risk factor for coronary artery 
disease.4 The results of prior studies of the relationship 
between obesity and risk of adverse outcomes of coronary 
artery bypass grafting (CABG) have been contradictory. 
Large numbers of studies have shown that postoperative 
mortality and morbidity rates are higher in obese patients 
than are those in non-obese patients after cardiac surgery.5-10 
Increasing numbers of more recent studies, however, have 
demonstrated no significant association between obesity and 
major cardiac surgical mortality and morbidity.11,12  In the 
present study, the degree of obesity was defined by the body 
mass index (BMI), because BMI has correlates most with the 
body fat content.13 This study was designed to determine the 
influence of body size on operative mortality and morbidity 
after isolated CABG and to assess whether obesity was a risk 
factor for bypass surgery.

Methods

Between September 2005 and April 2006, 1015 
consecutive patients underwent isolated CABG procedure 
with cardiopulmonary bypass (CPB) at Shaheed Rajaie 
Cardiovascular Center. 

 BMI was calculated with standard formulas, as the 
weight in kilograms divided by the height in meters squared. 
Initially, all the patients were divided into four groups on the 
basis of their BMI: underweight (BMI<20 Kg/m2), normal 
weight (BMI=20-25 Kg/m2), obese (BMI>25 and<35 Kg/
m2), and severely obese (BMI≥35 Kg/m2). Then, the patients 
who had a normal weight and were obese were considered 
for entry into the study; and the remaining 117 patients, who 
were underweight or severely obese, were excluded. Finally, 
a total of 898 patients were subdivided into two groups for 
investigation.

Anesthesia was induced with opioids (primarily 
sufentanil) plus etomidate; and cisatracurium and was 
maintained with 100% oxygen, midazolam, sufentanil, 
and atracurium. All the patients underwent isolated CABG 
with CPB. Cardiopulmonary bypass was instituted with 
mild hypothermia (30˚-34˚C) and cardioplegia technique. 
Myocardial protection was performed in all the cases using 
retrograde or antegrade cold blood cardioplegia.

At the end of surgery, the patients were transferred to the 
intensive care unit (ICU) and extubated as soon as they met 
our ICU extubation criteria, namely hemodynamic stability, 
satisfactory arterial blood gas, no excessive bleeding 
(<100mL/h), normothermia, and consciousness with pain 
control.

The preoperative, operative, and postoperative variables 
were prospectively collected and entered into a computer data 
base. The variables selected for this study are listed in Table1.

Table 1. Preoperative, operative and post operative variables
Preoperative variables

Age
Sex
Body mass index (BMI)   
New York Heart Association(NYHA) Functional Class                                                   
Ejection fraction(EF)                                                                                                       
Hemoglobin          
Arterial partial pressure of oxygen (PaO2)                                                                      
Smoking        
Comorbidities[ diabetes mellitus, chronic obstructive pulmonary 
disease (COPD),renal insufficiency]                                   

Operative Variables                                                                                                   
Emergency 
Prior coronary  artery bypass grafting                                                                                                                     
Operation time                                                                                                                
Cardiopulmonary bypass (CPB)                                                                                     
Aortic cross clamp time                                                                                                  
Number and type of distal bypass                                                                                

Postoperative variables                                                                                                
Mechanical ventilation time                                                                                            
Reintubation                                                                                                                  
Arrhythmia                                                                                                                      
Low cardiac output syndrome
Reoperation for bleeding                                                                                           
Myocardial infarction(MI)                                                                                           
Respiratory complications (atelectasia, plural effusion)                                            
Renal complication                                                                                                    
Neurological complications                           
Infective complications                                 
Intensive care unit stay                                 
Total hospital stay                                        
Operative death                                            

Smoking was defined as more than 15 cigarettes per day 
for more than 5 years. Diabetes was determined to be present 
in patients receiving medication to control blood sugar 
values. Chronic obstructive pulmonary disease (COPD) was 
defined if the patient was treated with medication for COPD. 
Preoperative renal insufficiency was defined as serum 
creatinine>2  mg/dL. 

Priority of surgery was assessed by cardiac surgeons and was 
defined as follows: “emergency” means that surgery should 
be performed within hours to prevent morbidity or death, and 
“elective” constitutes the remaining operation cases.

Postoperatively, all the patients were assessed daily for 
evidence of complications. Arrhythmia was considered if 
associated with hemodynamic compromise or medication 
requirement.

Postoperative bleeding was recorded as present if the 
patient required re-exploration to assess bleeding. Myocardial 
infarction (MI) was documented by a rise in cardiac isoenzyme 
values or electrocardiographic changes with documentation 
of MI by a physician. Low cardiac output syndrome was 
diagnosed if the patient required inotropic medication or an 
intra-aortic balloon pump in the operating room or in the ICU 
because of hemodynamic compromise or to maintain systolic 
blood pressure greater than 90 mmHg and a cardiac index 
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greater than 2.2 L/min/m2 for at least 2 hours. Respiratory 
complications included plural effusion as requiring placement 
of a chest tube or atelectasia as radiologic appearance of 
complete atelectasia of one pulmonary lobe at least. Renal 
complications included a rise in creatinine concentration of 
1 mg/dL greater above baseline or the continued presence of 
preoperative renal insufficiency. Postoperative neurological 
complications were diagnosed by a neurologic consultant 
and included both transient ischemia attacks and strokes. 
Infective complications included septicemia and deep sternal 
and leg wound infection as defined by positive culture and 
requiring antibiotic therapy. Finally, operative mortality was 
defined as any death that occurred during the hospital stay.

Statistical analysis was performed with SPSS, version11 
statistical software. The study groups were compared using 
the Student’s t-test for the continuous variables and the X2 
test or Fisher exact test where appropriate for the categorical 
variables. The continuous variables were presented as 
mean±standard deviation. In all the cases, P values<0.05 
were considered significant.

Results

After the exclusion of the 72 (7%) underweight and 45 
(4%) severely obese patients, the remaining 898 patients 
were classified into two groups: 403 (40%) normal-weight 
and 495 (49%) obese patients. The distribution of the BMI 
for all the patients in the study population is depicted in 
Figure1. 

 
 
 
 
 
 
 
 
 
 

Figure1. Distribution of  body mass index in the study population 

Tables 2-4 describe and compare the two study groups 
with respect to the preoperative, operative, and postoperative 
patient variables. There were no significant differences in 
age and sex between the two groups. The obese group had 
a significantly higher incidence of diabetes (P=0.007) and 
lower preoperative PaO2 (P=0.03), whereas the normal-
weight patients were significantly more likely to have a 
higher NYHA Functional Class (P=0.03) than were the obese 
patients. No significant differences were found between the 
normal-weight and obese patients in the rates of preoperative 
renal insufficiency, COPD, and smoking. There were also no 
differences in terms of preoperative ejection fraction.

Table 2. Preoperative patient’s variables

Variables
Normal weight 

patients                                                     
(n=403)

Obese 
patients
(n=495)

P value

Age (y) 54±13 56±10 NS
Sex (M/F) 61/39 65/35 NS
NYHA class (I-II/III-IV) 74/26 80/20 0.03
EF (<35/35-49/≥50) 12/36/52 9/40/51 NS
PaO2 (mmHg)                    74±10 71±11 0.03
Smoking 23.1 24.6 NS
Diabetes mellitus 16.9 24 0.01
COPD 3.2 2.7 NS
Renal insufficiency 4 3.2 NS

*Data are presented as mean±SD or percentage 
NS, Not significant; NYHA, New York heart association; PaO2, Arterial 
partial pressure of oxygen; COPD, Chronic obstructive pulmonary disease 

Table 3. Operative patients’ variables

Variables Normal weight 
patients (n=403)

Obese patients 
(n=495) P value

Emergency case 8.2 3.7 0.003
Reoperation 10 5.2 0.002
Operative time (min) 235±69 231±55 NS
CPB time (min) 96±42 89±32 NS
Aortic cross clamp (min) 53±27 49±22 NS
No. of coronary grafts NS

One 8.3 4.2
Two 18.7 17.4
Three 46.5 53.7
≥ Four 26.5 24.7

LIMA use 95.7 95.4 NS
*Data are presented as mean±SD or percentage 
NS, Not significant; CPB, Cardiopulmonary bypass ; LIMA, Left internal 
mammary artery

Table 4. Postoperative patients’ variable

Variables Normal weight 
patients (n=403)

Obese patients 
(n=495) P value

Mechanical 
ventilation time (hr)

10±10.0 6±5.0 0.001

Reintubation 5 1.3 0.001

Arrhythmia 12.4 7.6 0.011

Low out put syndrome 16 8.2 0.001

Myocardial infarction 7 5 NS
Reoperation for 
bleeding 

10 6 0.032

Respiratory 
complications 

5.5 9.1 0.027

Renal failure 3 2.2 NS
Neurological 
complications

5 2.2 0.003

Infective 
complications 

4.5 3 NS

Days in ICU (d) 4.1±4.3 3.4±2.2 NS

Hospital stay, 12±6.4 10±7.3 NS

Operative death 4.4 2.5 NS

* Data are presented as mean±SD or percentage 
NS, Not significant; ICU, Intensive care unit 
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Regarding the operative factors, more normal-weight 
patients received emergent surgery (P=0.003) and reoperation 
(P=0.002). Nonetheless, there were no statistically significant 
differences between the two groups in the operation, CPB, 
and aortic clamp times or the number and type of coronary 
grafts.

Among the postoperative variables, the normal-weight 
patients received ventilator support longer (P=0.001) and 
had a higher incidence of arrhythmia (P=0.011), low output 
syndrome (P=0.001), reintubation (P=0.001), re-exploration 
for bleeding

(P=0.032), and neurological complications (P=0.003). On 
the other hand, the incidence

of respiratory complications (P=0.027) were significantly 
higher in the obese patients than that of the other group. The 
incidences of infective complications and operative deaths 
were higher in the normal-weight patients and they stayed in 
the ICU and hospital for longer periods compared to the obese 
patients, but there was no statistically significant difference 
between the groups. The incidences of major complications 
in this group of patients compared to the total study patients 

(n=898) are shown in Figure 2.

Figure 2. Incidence of major complications between study groups

Discussion

The present study seems to be the first of its kind to 
examine the relationship between BMI and the early outcome 
of CABG in an Iranian population. This study had access 
only to data on postoperative complications occurring in the 
hospital. 

 It is commonly assumed that obesity is a risk factor for a 
poor outcome for operative mortality following CABG 5-8,11,12  
because of the increased incidence of comorbid factors 
such as diabetes, hypertension, alternations of pulmonary  
function, and technical difficulty of performing surgery and 
hemostasis.11 Be that as it may, several previous studies have 
shown that underweight patients are at an increased risk of 

mortality or common complications after cardiac surgery.14-20

 In this study, we found that the combination of obesity 
with diabetes and lower PaO2 was not associated with 
increased postoperative complications except for respiratory 
complications such as atelectasia and plural effusion. Similar 
to our results, Prasad et al.8 demonstrated an increase in 
the incidence of respiratory problems in obese patients 
following cardiac surgery. Obesity is known to alter the 
pulmonary function, leading to a decrease in functional 
residual capacity, vital capacity, and maximum voluntary 
ventilation.21 Furthermore, the obesity and limited ability to 
perform activity in this group of patients may account for 
this finding.

On the other hand, obesity may be protective against some 
adverse outcomes.14,22  Interestingly, the obese group compared 
to the normal-weight group was significantly less likely to 
experience postoperative bleeding. This chimes in with the 
finding of some previous studies11,12,17,20 maintaining that the 
risks of postoperative bleeding and reoperation for bleeding 
were significantly lower in obese patients. Nonetheless, these 
studies also failed to document any significant protective 
effect of obesity.5,6,11 In the present study, the lower number 
of emergent operations and reoperations in the obese patients 
may be related to the lower risk of re-exploration for bleeding 
in this group of patients.

Many prior studies5-8,11,12,23-25 have indicated a higher 
incidence of infective complications in obese patients. The 
decreased perfusion of subcutaneous fat tissue and the higher 
incidence of diabetes mellitus in the obese, postoperative 
hemorrhage, prolonged operation time, age, renal failure, 
and low cardiac output syndrome may lead to an increase 
in infective complications.5-8,12,15,25,26 We found a similar 
incidence of infective complications between the obese and 
the normal-weight groups.

 Multiple mechanisms are likely to explain this finding: in 
patients with diabetes mellitus, the treatment of hyperglycemia 
in the postoperative period may reduce infection.  On the other 
hand, a higher incidence of emergent operation, reoperation,

postoperative bleeding, and low cardiac output syndrome 
in normal weight patients may lead to a similar incidence of 
infective complications between the two study groups.

 In the current study, the normal-weight patients had a 
higher incidence of postoperative complications such as 
arrhythmia, low cardiac output syndrome, longer ventilation 
time, reintubation, and neurological complications. 
Interestingly, the increased rates of these complications in 
this group of patients were not risk factors for in-hospital 
mortality, length of ICU, or hospital stay; and the incidence 
of these factors were not different between the two study 
groups. Ennker et al.23 reported a higher incidence of 
postoperative complications in their morbidly obese patients, 
but they found no significantly higher mortality in this group 
of patients compared with normal-weight patients. Some 
previous studies5,11,12,14,17,22 have shown that obese patients 
are younger than non-obese patients and have less severe 
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ischemic heart disease, comorbidities, and similar incidence 
of in-hospital mortality.

Nutritional status may be an important factor with impact 
on morbidity and mortality after cardiac surgery,27,28 and 
patients with a higher percentage of body fat may have better 
nutritional status, which may allow them to handle operative 
stress and postoperative complications more efficiently.           

Conclusion

Obesity does not increase the risk of major adverse outcomes 
in patient undergoing CABG. In fact, normal weight patients 
are seen to be at a higher risk for postoperative complications 
than obese patients. This study does indicate that while obese 
patients are at risk of postoperative respiratory complications 
such as atelectasia and plural effusion, they are not at a higher 
risk of reintubation or longer  mechanical ventilation time. 
Respiratory complication rates can be decreased in these 
patients in the postoperative period with early ambulation, 
pulmonary toilet, and use of incentive spirometry. Therefore, 
obese patients may safely undergo coronary surgery without 
previous weight reduction. Further studies are needed to 
identify the protective effect of obesity on postoperative 
bleeding after CABG.

Acknowledgments

This study has been supported by Iran University of Medical 
Sciences. The authors thank nursing staff of Shaheed Rajaie 
Cardiovascular Center for their cooperation in collecting 
these clinical study data. The authors also thank Mrs. F. 
Moshfegh and Mrs. SH. Sayyaf for secretarial assistance.

References
1. Roizen MF, Fleisher LA. Anesthetic implications of concurrent 
diseases. In: Miller RD, ed.  Miller’s anesthesia: a textbook of 
anesthesiology. 6th ed. Philadelphia /London/Toronto: Churchill 
Livingstone; 2005. p. 1028-1034.
2. Fontaine KR, Redden DT, Wang C, Westfall AO, Allison DB. 
Years of useful life lost due to obesity. JAMA 2003;289:187-193.
3. St Jeor ST, Brownell KD, Atkinson RL, Bouchard C, Dwyer J, 
Foreyt JP, Heber D, Kris-Etherton P, Stern JS, Willett W. Obesity. AHA 
prevention conference ΙΙΙ. Behavior change and compliance: key to 
improving cardiovascular health. Circulation 1993;88:1391-1396.
4. Eckel RH, Krauss RM. American heart association call to action: 
obesity as a major risk factor. Circulation 1998;97:2099-2100.
5. Koshal A, Hendry P, Raman SV, Keon WJ. Should obese patients 
not undergo coronary artery surgery? Can J Surg 1985;28:331-334.
6. Fasol R, Schindler M, Schumacher B, Schlaudraff K, Hannes W, 
Seitelberger R, Schlosser V. The influence of obesity on perioperative 

Impact of Body Mass Index on In-Hospital …

mortality: retrospective study of 502 aortocoronary bypass operation. J 
Thorac Cardiovasc Surg 1992;40:126-129.
7. Gadaleta D, Resucci DA, Nelson RL, Tortolani AJ, Hall M, 
Parnell V, Chiodo C, Green S. Effects of morbid obesity and diabetes 
mellitus on risk of coronary artery bypass grafting. Am J Cardiol 
1992:70:1613-1614.
8. Prasad US, Walker WS, Sang CT, Campanella C, Cameron EW. 
Influence of obesity on the early and long-term results of surgery for 
coronary artery disease. Eur  J Cardiothorac Surg 1991;5:67-73.
9. Parsonnet V, Dean D, Bernstein AD. A method of uniform 
stratification of risk for evaluating the results of surgery in acquired 
adult heart disease. Circulation 1989;79:3-12.
10. Edwards FH, Carey JS, Grover FL, Bero JW, Hartz RS. Impact 
of gender on coronary bypass operative mortality. Ann Thorac Surg 
1998;66:125-31.
11. Moulton MJ, Creswell LL, Mackey ME, Cox JL, Rosenbloom 
M. Obesity is not a risk factor for significant adverse outcomes after 
cardiac surgery. Circulation 1996;94:87-92.
12. Birkmeyer NJ, charlesworth DC, Hernandez F, Leavitt BJ, 
Marrin CAS, Morton JR, Olmstead EM, O’Connor GT. Obesity and 
risk of adverse outcomes associated with coronary artery bypass 
surgery. Circulation 1998;97:1689-1694.
13. Manson JE, Stampfer MJ, Hennekens CH, Willett WC. Body 
weight and longevity: a reassessment. JAMA 1987;257:353-358.
14. Chritakis GT, Weisel RD, Buth KJ, Fremes SE, Rao V, 
Panagiotopoulos KP, Ivanov J, Goldman BS, David TE. Is body size 
the cause for poor outcomes of coronary artery bypass operations in 
women? J Thorac Cardiovasc Surg 1995;110:1344-1358.
15. Loop FD, Golding LR, Mac Millan JP, Cosgrove DM, Lytle BW, 
Sheldon WC. Coronary artery surgery in women compared with men: 
analysis of risks and long-term results. J Am Coll Cardiol 1983;1:383-
390.
16. O’Connor GT, Morton JR, Diehl MJ, Olmstead EM, Coffin LH, 
Levy DG, Maloney CT, Plume SK, Nugent W, Malenka DJ. Differences 
between men and women in hospital mortality associated with coronary 
artery bypass graft surgery. Circulation 1993:88:2104-2110.
17. Engelman DT, Adams DH, Byme JG, Aranki SF, Collins JJ Jr, 
Couper GS, Allred EN, Cohn LH, Rizzo RJ. Impact of body mass index 
and albumin on morbidity and mortality after cardiac surgery. J Thorac 
Cardiovasc Surg 1999;118:866-873.
18. Fisher LD, Kennedy JW, Davis KB, Maynard C, Fritz JK, kaiser 
G, Myers WO. Association of sex, physical size, and operative mortality 
after coronary artery bypass in the Coronary Artery Surgery Study 
(CASS). J Thorac Cardiovasc Surg 1982;84:334-341.
19. Mickleborough LL, Takagi Y, Maruyama H, Sun Z, Mohamed S. 
Is sex a factor in determining operative risk for aortocoronary bypass 
graft surgery? Circulation 1995;92:1180-1184.
20. Reeves BC, Ascione R, Chambelain MH, Angelini GD. Effet of 
body mass index on early outcomes in patients undergoing coronary 
artery bypass surgery. J Am Coll Cardiol 2003;42:668-676.
21. Ray CS, Sue DY, Bray G, Hansen JE, Wasserman K. Effects of 
obesity on respiratory function. Am Rev Respir Dis 1983;128:501-506.
22. Schwann TA, Habib RH, Zacharias A, Parenteau GL, Riordan CJ, 
Durham SJ, Engoren M. Effect of body size on operative, intermediate 
and long-term outcome after coronary artery bypass operation. Ann 
Thorac Surg 2001;71:521-531.
23. Ennker J, Schoeneich R, Schroder T, Schoeneich F, Ennker IC. 
The impact of morbid obesity on the peri-and postoperative course after 
aortocoronary bypass surgery. Dtsch Med Wochenschr 2001;126:419-
423.



The Journal of Tehran University Heart Center 

30

24. Nicholson ML, Dennis MJS, Makin GS, Hopkinson BR, Wenham 
PW. Obesity as a risk factor in major reconstructive vascular surgery. Eur 
J Vasc Surg 1994;8:209-213.
25. Hammermeister KE, Burchfiel C, Johnson R, Grover FL. 
Identification of patients at greatest risk for developing major 
complications at cardiac surgery. Circulation 1990;82:380-389.
26. Nagachinta T, Stephens M, Reitz B, Polk BF. Risk factors 
for surgical-wound infection following cardiac surgery. J Infect Dis 
1987;156:967-973.
27. Potapov EV, Loebe M, Anker S, Stein J, Bondy S, Nasseri BA, 
Sodian R, Hausmann H, Hetzer R. Impact of body mass index on outcome 
in patients after coronary artery bypass grafting with and without valve 
surgery. Eur Heart J 2003;24:1933-1941.
28. Anderson CF, Wochos DN. The utility of serum albumin values in 
the nutritional assessment of the patients. Mayo Clin Proc 1982;57:181-
184.

Forouzan Yazdanian et al


