Turk Gogus Kalp Dama 2014;22(2):253-259
doi: 10.5606/tgkdc.dergisi.2014.8680

Original Article / Ozgiin Makale

Effects of body mass index on the early surgical outcomes after
coronary artery bypass grafting

Koroner arter baypas greffleme sonrasinda beden kutle indeksinin
erken cerrahi sonucglar tzerindeki efkileri

Jamshid Bagheri,! Fereshteh Rezakhanloo, Ali Kord Valeshabad,?* Amin Bagheri'

Institution where the research was done:
Cardiac Surgery and Transplantation Research Center (CTRC), Tehran University of Medical Sciences, Tehran, Iran

Author Affiliations:
'Cardiac Surgery and Transplantation Research Center (CTRC), Tehran University of Medical Sciences, Tehran, Iran
2Farzan Clinical Research Institute, Tehran, Iran
3Postdoctoral Research Fellow, Department of Ophthalmology and Visual Sciences,
University of lllinois at Chicago, Chicago, IL, USA

Background: This study aims to investigate the effects
of body mass index (BMI) on early surgical outcomes of
coronary artery bypass grafting (CABG).

Methods: Between August 2007 and March 2011, a total of
1,673 consecutive patients (1,209 males, 464 females; mean
age 58.6+99 years; range 21 to 87 years) who underwent
isolated CABG at Shariati Hospital, Tehran, Iran were
retrospectively analyzed. The patients were classified into
four groups based on the BMI values: underweight (BMI
<19 kg/m?, n=55), normal/overweight (BMI 20-29 kg/m?,
n=523), obese (BMI 30-39 kg/m?, n=739) and morbidly
obese (BMI =40 kg/m?, n=356). Preoperative characteristics
were compared among the four groups. Effects of BMI on
postoperative mortality and morbidity were evaluated using
the stepwise multivariate logistic regression analysis.

Results: There was no significant difference in the
mortality rate among the groups. Intra-aortic balloon
pump (IABP) was the only independent predictor of
postoperative mortality in the multivariate logistic
regression analysis (OR=20.5, 95% CI=8.6-50.5; p<0.001).
Body mass index was independently associated with
postoperative pulmonary complications (OR=1.6, 95%
CI=1.2-2.1; p=0.001).

Conclusion: Our study results suggest that BMI is
an independent predictor of post-CABG pulmonary
complications, but not of post-CABG mortality.

Keywords: Body mass index; coronary artery bypass grafting;
mortality.

Amag: Bu galigmada viicut kiitle indeksinin (VKI) koroner
arter baypas greftlemenin (KABG) erken cerrahi sonuglar:
iizerindeki etkileri arastirildi.

Calisma plani: Agustos 2007 - Mart 2011 tarihleri ara-
sinda, Iran, Tahran Shariati Hastanesi’nde izole KABG
yapilan toplam 1,673 ardisik hasta (1,209 erkek, 464 kadin;
ort. yas 58.6+9.9 yil; dagilim 21-87 yil) retrospektif olarak
incelendi. Hastalar VK1 degerlerine gore dort gruba ayril-
di: zayif (VKI <19 kg/m?, n=55), normal/agir1 kilolu (VKI
20-29 kg/m?, n=523), obez (VKI 30-39 kg/m?, n=739) ve
morbid obez (VKI 240 kg/m?, n=356). Gruplar arasinda
ameliyat oncesi Ozellikler kargsilagtirildi. Beden kiitle
indeksinin ameliyat sonrasi mortalite ve morbidite iizerin-
deki etkileri, basamakli ¢ok degiskenli lojistik regresyon
analizi ile degerlendirildi.

Bulgular: Gruplar arasinda mortalite orani acisindan
anlaml1 bir fark yoktu. Intraaortik balon pompasi (IABP),
cok degiskenli lojistik regresyon analizinde ameliyat
sonrasi mortalitenin tek bagimsiz Ongordiiriiciisii idi
(OR=20.5, %95 CI=8.6-50.5; p<0.001). Beden kiitle
indeksi, ameliyat sonrasi pulmoner komplikasyonlar ile
bagimsiz olarak iligkilendirildi (OR=1.6, %95 CI=1.2-2.1;
p=0.001).

Sonug: Calisma bulgularimiz, VKi'nin KABG sonrasi mor-
talitenin degil, fakat KABG sonrasi pulmoner komplikasyon-
larin bagimsiz bir 6ngordiiriiciisii oldugunu gostermektedir.
Anahtar sozciikler: Viicut kiitle indeksi; koroner arter baypas
greftleme; mortalite.
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Despite a worldwide epidemic of obesity and its
associated comorbidities, which include diabetes
mellitus (DM), hypertension (HT), coronary artery
disease (CAD), and their consequences,!'* there is
still a big debate regarding the adverse effects of
obesity on the early and late outcomes of coronary
artery bypass graft (CABG) surgery.*7’" Although
several studies have proposed obesity as a cause
of increased mortality and morbidity after this
procedure,®! some authors believe that it plays
no role.""3 In fact, some believe that the early
mortality rate is higher in underweight patients
compared with those who are overweight, obese, or
morbidly obese after CABG.!'¥

Obesity has emerged as an endemic concern in
developing countries like Iran. Simultaneously the
proportion of CAD patients who ultimately need CABG
has increased. The outcomes of CABG are affected by
multiple variables such as the personal characteristics
of the patients and operative data, but having the ability
to determine the postoperative prognosis of patients
who undergo CABG would be beneficial. In this study,
we conducted multivariate logistic regression analyses
using an extensive database containing more than 200
different variables to investigate the effects of body
mass index (BMI) on early surgical outcomes after
CABG.

PATIENTS AND METHODS

In this retrospective review of an existing data bank
of patients with heart diseases, all of the consecutive
patients who underwent isolated CABG at Shariati
Hospital, Tehran, Iran between August 2007 and
March 2011 were recruited to take part in this
study. A total 2,333 patients were initially enrolled,
but 659 patients were subsequently excluded due to
having undergone valve surgery in conjunction with
surgery for CAD. In addition, those with additional
concomitant interventions, including valve operations
and carotid endarterectomies, were also excluded
as well as any patients with incomplete information
regarding BMI. In the end, 1,673 patients (1,209
males and 464 females; BMI 32.5+5.3 kg/m?) with
a mean age of 58.6+9.9 (range 21-87) were included
in the final analysis, and the participants were
divided into four categories based on their BMI
[underweight (BMI 16.5x1.1 kg/m? n=55), normal
weight/overweight (BMI 24.1+2.4 kg/m?, n=523),
obese (BMI 35.3+3.1 kg/m? n=739), and morbidly
obese (BMI 43.8+21.8 kg/m?; n=336].

The surgical team was composed of four cardiac
surgeons, all of whom used a similar technique. Blood
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cardioplegia was utilized for on-pump CABG and for
single or two-vessel (2VD) CAD; however, off-pump
CABG was preferred if the patient’s anatomy was
suitable. The four groups were compared with regard to
various preoperative and postoperative characteristics
such as age, gender, DM, HT, hypertriglyceridemia,
hypercholesterolemia, a family history of CAD,
cerebrovascular accidents (CVAs), renal function,
intraoperative situations, postoperative mortality, and
morbidities. Furthermore, the study protocol was
approved by the ethics committee of the Tehran
University of Medical Sciences (TUMS).

The preoperative data included age, gender, DM,
HT, hypertriglyceridemia, hypercholesterolemia, a
family history of CAD, cerebrovascular disease
(CVD), and renal dysfunction. The primary outcome
was defined as an early mortality rate in the first
30 days after surgery, whereas the secondary
outcomes were morbidities that occurred during
hospitalization.

We used the Cockcroft-Gault equation to estimate
creatinine clearance.’> Opium addiction was defined
as inhaling opium smoke and/or eating opium in
its crude form at least three times a week. In
addition, infectious complications were defined as
a deep or superficial sternal infection, leg infection,
septicemia, or a urinary tract infection. The patients
were considered to have neurological complications
if they had suffered a stroke in the first 72 hours,
had a transient ischemic attack, or been in a coma.
Furthermore, those with a pulmonary embolism,
pneumonia, pleural effusion, or a pneumothorax
were classified as having pulmonary complications.
The patients with ventricular arrhythmia had either
ventricular tachycardia, fibrillation, premature
ventricular contractions (PVCs), or atrioventricular
junctional rhythm (AVIJR), whereas those with
supraventricular arrhythmia had atrial fibrillation
(AF), flutter, or paroxysmal atrial tachycardia (PAT).

Additionally, our study included the following
intraoperative findings: average units of transferred
packed red blood cells (PRBCs), fresh frozen plasma
(FFP) and platelet (PLT) transfusion, perfusion
time, aortic cross-clamp time (ACCT), mechanical
ventilation time, inotropic support, the need for an
intra-aortic balloon pump (IABP) and a proportion
of those who underwent on-pump cardiopulmonary
bypass (CPB).

Statistical analysis

All of the statistical analyses were performed
using the SPSS version 16.0 for Windows software
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program (SPSS Inc., Chicago, IL, USA). The results
were reported using mean + standard deviation
(SD) for quantitative variables and percentages for
categorical variables, and the groups were compared
using a chi-square test (or Fisher’s exact test,
if needed) for categorical variables. A one-way
analysis of variance (ANOVA) was also conducted
to compare continuous variables between the four
groups. Statistical significance was based on the
evaluation of two-sided, design-based tests in which
0.05 represented the level of significance.

In the primary analyses, mortality and pulmonary
complication rates differed significantly across the
groups; thus, they were selected as dependent variables
in order to compute a multivariate logistic regression
model. First, the potential effects of the risk factors
on surgical outcomes were tested using univariate
analyses for postoperative mortality and pulmonary
complications. When p<0.2, the variables were entered
into the stepwise multivariable logistic regression
analyses to construct the final model, and the body
mass indices (BMIs) of the patients were also entered in
this manner. Other covariates were female gender, age
>65 years, DM, HT, smoking, hypertriglyceridemia,
hypercholesterolemia, previous myocardial infarction
(MI) >1, inotropic support, the use of an TABP, and
off-pump CPB.

RESULTS

The patients baseline characteristics are summarized
in Table 1. When we compared the four groups,
we found that a greater proportion of those with

Table 1. Baseline characteristics of the patients

high BMIs had DM, HT, hypercholesterolemia, and
hypertriglyceridemia.

A comparison between the four groups with regard
to operative data is shown in Table 2, and there were
significant differences in the average RBC units that
were transfused as well as perfusion time. In addition,
the mortality rate varied between 1.4% in the morbidly
obese patients to 5.5% in the underweight patients,
but the differences were not statistically significant
between the four groups (p=0.229). We also compared
the postoperative complications, and the results are
given in Table 3. The between-group differences with
respect to post-CABG pulmonary complications were
statistically significant (p=0.001), but this was not the
case for the surgical infection and neurological, renal,
gastrointestinal, and vascular complications.

In the univariate analysis, we determined that
postoperative mortality was significantly associated
with female gender (OR=2.2; 95% ClI=1.1-4.4;
p=0.021), age >65 years (OR=2.5; 95% CI=1.3-5.2;
p=0.007), HT (OR=2.6; 95% Cl=1.2-5.6; p=0.011),
IABP (OR=19.1; 95% CI=9.2-39.5; p<0.001), and off-
pump CPB (OR=0.36; 95% CI=0.14-0.93; p=0.028).
To offset the confounding variables, the effects of
BMI on early surgical outcomes were measured using
a multivariable logistic regression in the presence of
other covariates, and we found that IABP continued to
be an independent predictor of postoperative mortality
(OR=20.5; 95% CI=8.6-50.5; p<0.001).

A higher BMI was independently associated with
postoperative pulmonary complications (OR=1.6; 95%

Variables Underweight Normal/overweight Obese Morbidly obese Total
(n=55) (n=523) (n=739) (n=356) (n=1.673)
n %  Mean+SD n %  Mean+SD n % Mean+SD n %  MeantSD n % Mean+SD V4

Female gender 9 164 109 20.8 195 264 151 424 464 279 <0.001
Mean age (years) 58.8+12.2 59.3x10.2 58.5+9.9 57.5+9.5 58.5+9.9 0.910
Age >65 years 17309 161 30.8 212 287 83 233 473 283 0.093
Smokers 33 60.0 226 432 280 379 117 328 656  39.2 <0.001
Opium addiction 20 364 106 203 108 14.6 36 103 270 16.1 <0.001
Family history of CAD 2 36 33 6.3 58 7.8 30 84 123 74 0.421
Previous MI >1 22 400 193 369 276 374 114 320 605  36.2 0.302
Angina class IV and V 9 164 82 157 100 13.5 44 124 235 141 0.490
NYHA class III and IV 12 218 1 212 149 202 67 188 339 203 0.825
Ejection fraction 46.8+8.8 46.8+8.5 47.3+8.5 46.8+8.9 47.0+8.6 0.637
Diabetes mellitus 5 91 177 338 266 36.0 123 347 571 341 0.011
Hypertension 16 29.1 230 440 385 5211 208 584 839  50.1 <0.001
Hypercholesterolemia 17 309 243 46.5 382 517 208 584 850 50.8 <0.001
Hypertriglyceridemia 14 255 241  46.1 381 516 213 598 849 507 <0.001
Cr clearance (ml/min) 1.16+0.55 1.14+0.39 1.22+0.48 1.11+£0.42 1.17£0.59 0.300
CVA 1 1.8 5 1.0 7 09 3 0.8 16 1.0 0.688
COPD 3 55 6 1.0 15 20 8 22 32 1.9 0.122
Dialysis-dependent CRF 0 00 3 0.6 2 03 4 1.1 8 0.5 0.312

SD: Standard deviation; CAD: Coronary artery disease; MI: Myocardial infarction; NYHA: New York Heart Association; Cr: Creatinine; CVA: Cerebrovascular accident; COPD: Chronic obstructive pulmonary

disease; CRF: Chronic renal failure.
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Table 2. Operative clinical characteristics of the patients

Variables Underweight Normal/overweight Obese Morbidly obese Total
(n=55) (n=523) (n=739) (n=356) (n=1.673)
n %  Mean+SD n %  Mean+SD n % Mean+SD n %  Mean+SD n %  MeanxSD P

PRBC units transfused 2.5£1.3 2.6+2.1 2.2+1.6 2.3+2.0 2.4+1.8 0.033
ACCT (minutes) 59.3£22.3 46.3+24.9 49.2+41.5 48.8+19.4 48.3+32.4 0.129
Mechanical ventilation

(minutes) 170+56 175+61 182472 18167 179+66 0.787
Inotropic support 15 273 94  18.0 148 20.0 77 216 334 206 0.292
IABP 4 13 39 75 49 66 25 70 117 70 0.955
Off-pump CPB 15 273 159 304 234 316 122 343 530 317 0.575
FFP units transfused 44£2.1 5.8+4.0 4.8+2.8 5.3+3.6 5.2+3.5 0.056
PLT units transfused 8.2+43 6.3£2.9 6.4+5.1 79+39 6.8+4.2 0.519
Mean distal venous

anastomosis 2.2+0.86 2.1+0.84 2.1+0.83 2.1+0.85 2.1+0.84 0914
Venous distal

anastomosis >2 12 218 143 273 118  16.0 101 284 374 224 0.910
IMA grafts >1 1 18 24 46 41 5.5 22 62 89 53 0.468

SD: Standard deviation; PRBC: Packed red blood cells; ACCT: Aortic cross-clamp time; IABP: Intraaortic balloon pump; CPB: cardiopulmonary bypass; FFP: Fresh frozen plasma; PLT: Platelet; RBC units= 250 cc;

PLT unit= 50 cc

CI=1.2-2.1; p=0.001). Furthermore, age >65 years
(OR=1.6; 95% CI=1.04-2.5; p=0.031), inotropic support
(OR=1.9; 95% CI=1.2-2.9; p=0.007), IABP (OR=6.1;
95% CI=3.6-10.4; p<0.001), and coronary distal
anastomosis >2 (OR=1.6; 95% CI=1.03-2.5; p=0.034)
were also identified as independent predictors of
postoperative pulmonary complications in the
multivariate analyses.

DISCUSSION

The so-called “obesity paradox™ (also known as the
“overweight paradox”) has been recently alluded to
by several researchers as a way of explaining the
incongruent outcomes of CAD in obese patients,!*1®

but it seems that the same holds true for patients
who undergo CABG. Similar to the results of the
study by Omeroglu et al.'” the obese and morbidly
obese patients in our survey were more likely to
have DM, HT, and hypertriglyceridemia, which are
some of the known risk factors for cardiac diseases.
In contrast to what might have been expected based
on these preexisting risk factors, we found that the
mortality rate was higher in the underweight patients
than in those who were morbidly obese. However,
this difference was not statistically significant. Some
studies have found no significant association between
a patient’s BMI and mortality after CABG,!!>14.20-21)
but others have proposed that being underweight is an

Table 3. Comparison of the patients with different BMIs with respect to early mortality and morbidities after

coronary artery bypass surgery

Variables Underweight Normal/overweight Obese Morbidly obese Total
(n=55) (n=523) (n=739) (n=356) (n=1.673)
n % n % n % n % n % P

Mortality 3 54 9 1.7 15 20 5 1.4 32 1.9 0.229
Ventricular arrhythmia 8 14.5 107 20.5 131 17.7 58 18.3 304 18.2 0.351
Ventricular tachycardia 0 0.0 8 1.5 10 1.4 4 1.1 22 1.3 0.781
Ventricular fibrillation 1 1.8 7 1.3 2 0.3 0 0.0 10 0.8 0.021
Supraventricular arrhythmia 8 14.5 69 13.2 75 10.1 39 109 191 114 0.333
Atrial fibrillation 7 127 62 11.9 72 9.7 37 10.4 178 10.6 0.638
Postoperative MI 0 0.0 1 0.2 2 0.3 4 1.1 9 0.5 0.311
Renal complications 0 0.0 7 1.3 10 1.4 1 0.3 18 1.1 0.311
Dialysis 0 0.0 5 1.0 7 0.9 1 0.3 13 0.8 0.560
Pulmonary complications 6 10.9 32 6.1 52 7.6 40 129 136 8.1 <0.001
Neurological complications 0 0.0 5 1.6 10 14 5 14 20 1.2 0.752
Vascular complications 0 0.0 1 0.2 0 0.0 1 0.3 2 0.1 0.583
Gastrointestinal complications 0 0.0 3 0.6 6 0.8 3 0.8 12 0.7 0.869
Infection complications 0 0.0 3 0.6 2 0.3 3 0.8 8 0.5 0.311
Leg infection 0 0.0 0 0.0 0 0.0 1 0.1 1 0.1 0.296
Deep sternal infection 0 0.0 3 0.6 2 0.3 3 0.8 8 0.5 0.567
Septicemia 0 0.0 0 0.0 0 0.0 1 0.3 1 0.1 0.296
Prolonged mechanical ventilation 1 1.9 12 23 18 2.5 18 5.1 49 3.0 0.066
Need for reoperation for bleeding 4 73 21 4.0 12 3.4 12 3.4 60 3.6 0.397

MI: Myocardial infarction.
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independent predictor for post-CABG morbidity and
mortality.'?22) Rahmanian et al.”! determined that
the highest mortality rate (4.6%) occurred in patients
with a BMI <20 kg/m?, and this was true even though
their study included those with a BMI >30 kg/m?. In
our study, the underweight subjects smoked more and
also had more pulmonary complications and longer
perfusion times, all of which could be responsible for
the higher mortality rate in this group. Moreover, the
prevalence of opium addiction was higher in these
patients, and continued use of opium has been reported
to be a predictor of rehospitalization after CABG
surgery. Furthermore, the low rate of compliance
in these patients may also have been a contributing
factor.”*! However, some authors believe that opium
usage is not related to post-CABG outcomes.”*! Another
explanation for the poor results of the underweight
patients in our study might have been the presence
of smaller coronary arteries. On the other hand,
some authors believe that obesity is associated with
mortality after CABG surgery.>?®! Interestingly, there
is another group of studies which supports a U-shaped
pattern for mortality after CABG,?"?® These authors
indicated that extreme BMIs, in both very low and very
high ranges, are associated with the increased rates of
mortality after CABG.

In both the univariate and multivariate analyses
in our study, extreme BMIs were associated with
postoperative pulmonary complications; thus, obesity
seems to be an independent predictor for pulmonary
complications after CABG. In addition, Jenkins and
Moxham!®! also reported that obesity has adverse
effects on pulmonary function through increased
functional residual capacity, decreased vital capacity,
and maximum voluntary ventilation; our findings are in
consistence with previous reports.!') Likewise, other
authors have reported greater respiratory problems and
subsequent longer mechanical ventilation times after
CABG among underweight patients.**! Based on our
findings, it seems that the association between post-
CABG pulmonary complications and preoperative
BMI also follows a U-shaped pattern, with both very
high and very low ranges. Additionally, the CPB
times were longer in the underweight group in our
study, but the pulmonary complications were higher
in the underweight and morbidly obese patients. In
the underweight group, the longer CPB time might
have been responsible for the higher pulmonary
complications, but in the morbidly obese group, obesity
may have played a greater role.

Older age has been reported to be an independent
factor of pulmonary dysfunction after CABG.B

Some severe, restrictive pulmonary changes may
occur after CABG, and, lung function seems to be
more severely affected by CABG in elderly patients
compared with those who are younger.’” Therefore,
older patients might be at a greater risk for post-CABG
pulmonary complications than would be expected
from their preoperative lung function.P"" As Goyal
et al.®? reported, venous grafting is associated with
less severe pulmonary complications than arterial
grafting. Contrary to our expectations, our results
showed that the increased number of venous grafts
was correlated with a higher incidence of post-CABG
pulmonary complications. The main underlying reason
for this is still unclear; therefore, further studies are
needed to evaluate this finding. However, the study
results of Faritous et al.’¥ agreed with our findings
which determined that preoperative inotropic agents
were predictive factors of pulmonary involvement
after CABG. We also found that IABP was another
independent factor that affected the post-CABG
pulmonary complications. However, the reason for this
is also not certain, so further research is needed on this
topic as well.

Similar to our findings, Kuduvalli et al."*! surveyed
47713 patients who underwent isolated CABG and
confirmed that obese patients were more likely to
have prolonged mechanical ventilation. However, they
found no association between BMI and mortality,
stroke, MI, bleeding, or re-exploration, but they did
find a significant association between obesity and
sternal infection, which was inconsistent with our
findings. Several studies have also reported that obese
patients can develop sternal wound infections due to
poor healing of the adipose chest wall tissue.”?"34
Furthermore, the operation time might also play a role
in wound healing and subsequent infections.

It was interesting that 21.3% of our patients were
classified as morbidly obese based on their BMI.
As expected, one reason for this might be that many
of the patients with CAD were treated medically,
with a considerable number undergoing percutaneous
coronary intervention (PCI). In contrast, the patients
with a more comorbid disease and risk factors such as
obesity were referred for surgery.

The retrospective nature of our study limits the
interpretation of our findings; however we applied a
multivariable logistic regression analysis to offset any
confounding effects. It is possible that BMI might
not be an appropriate tool to measure the distribution
of body fat, which could have limited our outcomes.
However, a systematic review by Coutinho et al.’
showed that for CAD patients, including those with
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normal and high BMI, central obesity was related to
mortality, which was not true for BMI.

Conclusion

We determined that BMI is an independent
predictor of post-CABG pulmonary complications but
not post-CABG mortality. Furthermore, the BMIs of
both the underweight and morbidly obese patients in
our study were associated with post-CABG pulmonary
complications.

Acknowledgements

The authors would like to thank the Farzan Clinical
Research Institute for their technical support.

Declaration of conflicting interests

The authors declared no conflicts of interest with
respect to the authorship and/or publication of this
article.

Funding

The authors received no financial support for the
research and/or authorship of this article.

REFERENCES

1. Flegal KM, Graubard BI, Williamson DF, Gail MH.
Cause-specific excess deaths associated with underweight,
overweight, and obesity. JAMA 2007;298:2028-37.

2. Potapov EV, Loebe M, Anker S, Stein J, Bondy S, Nasseri
BA, et al. Impact of body mass index on outcome in patients
after coronary artery bypass grafting with and without valve
surgery. Eur Heart J 2003;24:1933-41.

3. Adams KF, Schatzkin A, Harris TB, Kipnis V, Mouw T,
Ballard-Barbash R, et al. Overweight, obesity, and mortality
in a large prospective cohort of persons 50 to 71 years old. N
Engl J Med 2006;355:763-78.

4. Reeves BC, Ascione R, Chamberlain MH, Angelini GD.
Effect of body mass index on early outcomes in patients
undergoing coronary artery bypass surgery. J Am Coll
Cardiol 2003;42:668-76.

5. Prabhakar G,Haan CK, Peterson ED, Coombs LP, Cruzzavala
JL, Murray GF. The risks of moderate and extreme obesity
for coronary artery bypass grafting outcomes: a study from
the Society of Thoracic Surgeons' database. Ann Thorac
Surg 2002;74:1125-30.

6. Habib RH, Zacharias A, Schwann TA, Riordan CJ, Durham
SJ, Shah A. Effects of obesity and small body size on
operative and long-term outcomes of coronary artery bypass
surgery: a propensity-matched analysis. Ann Thorac Surg
2005;79:1976-86.

7. Jin R, Grunkemeier GL, Furnary AP, Handy JR Jr. Is obesity
a risk factor for mortality in coronary artery bypass surgery?
Circulation 2005;111:3359-65.

8. Kunadian B, Dunning J, Millner RW. Modifiable risk factors
remain significant causes of medium term mortality after
first time Coronary artery bypass grafting. J Cardiothorac

258

10.

11.

12.

13.

14.

15.

16.

17.

20.

21.

22.

23.

Surg 2007;2:51.

Rahmanian PB, Adams DH, Castillo JG, Chikwe J, Bodian
CA, Filsoufi F. Impact of body mass index on early outcome
and late survival in patients undergoing coronary artery
bypass grafting or valve surgery or both. Am J Cardiol
2007;100:1702-8.

Ranucci M, Pazzaglia A, Bianchini C, Bozzetti G, Isgro
G. Body size, gender, and transfusions as determinants
of outcome after coronary operations. Ann Thorac Surg
2008;85:481-6.

Perrotta S, Nilsson F, Brandrup-Wognsen G, Jeppsson A.
Body mass index and outcome after coronary artery bypass
surgery. J Cardiovasc Surg (Torino) 2007;48:239-45.

Engel AM, McDonough S, Smith JM. Does an obese body
mass index affect hospital outcomes after coronary artery
bypass graft surgery? Ann Thorac Surg 2009;88:1793-800.
Kuduvalli M, Grayson AD, Oo AY, Fabri BM, Rashid
A. Risk of morbidity and in-hospital mortality in obese
patients undergoing coronary artery bypass surgery. Eur J
Cardiothorac Surg 2002;22:787-93.

Syrakas CA, Neumaier-Prauser P, Angelis I, Kiask T,
Kemkes BM, Gansera B. Is extreme obesity a risk factor for
increased in-hospital mortality and postoperative morbidity
after cardiac surgery? Results of 2251 obese patients with
BMI of 30 to 50. Thorac Cardiovasc Surg 2007;55:491-3.
Cockcroft DW, Gault MH. Prediction of creatinine clearance
from serum creatinine. Nephron 1976;16:31-41.

Gruberg L, Weissman NJ, Waksman R, Fuchs S, Deible
R, Pinnow EE, et al. The impact of obesity on the short-
term and long-term outcomes after percutaneous coronary
intervention: the obesity paradox? J Am Coll Cardiol
2002;39:578-84.

Steinberg BA, Cannon CP, Hernandez AF, Pan W, Peterson
ED, Fonarow GC. Medical therapies and invasive treatments
for coronary artery disease by body mass: the “obesity
paradox” in the Get With The Guidelines database. Am J
Cardiol 2007;100:1331-5.

. Romero-Corral A, Montori VM, Somers VK, Korinek J,

Thomas RJ, Allison TG, et al. Association of bodyweight
with total mortality and with cardiovascular events in
coronary artery disease: a systematic review of cohort
studies. Lancet 2006;368:666-78.

. Omeroglu NS, Goksedef D, Sayilgan C, Balkanay OO,

Karadag B, Ipek G, et al. The effect of obesity and body mass
index on coronary artery bypass grafting. Turk Gogus Kalp
Dama 2010;18:5-10.

Jarvinen O, Julkunen J, Tarkka MR. Impact of obesity on
outcome and changes in quality of life after coronary artery
bypass grafting. World J Surg 2007;31:318-25.

Orhan G, Biger Y, Aka SA, Sargin M, Simsgek S, Senay S, et
al. Coronary artery bypass graft operations can be performed
safely in obese patients. Eur J Cardiothorac Surg 2004;25:212-7.
van Straten AH, Bramer S, Soliman Hamad MA, van
Zundert AA, Martens EJ, Schonberger JP, et al. Effect of
body mass index on early and late mortality after coronary
artery bypass grafting. Ann Thorac Surg 2010;89:30-7.
Tokmakoglu H. Operative and early results of coronary
artery bypass grafting in female patients in different body



Bagheri et al. Body mass index and surgical outcomes of CABG

24.

25.

26.

27.

28.

29.

mass indexes. J Cardiothorac Surg 2010;5:119.

Safaii N, Kazemi B. Effect of opium use on short-term
outcome in patients undergoing coronary artery bypass
surgery. Gen Thorac Cardiovasc Surg 2010;58:62-7.
Sadeghian S, Karimi A, Dowlatshahi S, Ahmadi SH, Davoodi
S, Marzban M, et al. The association of opium dependence
and postoperative complications following coronary artery
bypass graft surgery: a propensity-matched study. J Opioid
Manag 2009;5:365-72.

Tyson GH 3rd, Rodriguez E, Elci OC, Koutlas TC, Chitwood
WR Jr, Ferguson TB, et al. Cardiac procedures in patients
with a body mass index exceeding 45: outcomes and long-
term results. Ann Thorac Surg 2007;84:3-9.

Schwann TA, Habib RH, Zacharias A, Parenteau GL, Riordan
CJ, Durham SJ, et al. Effects of body size on operative,
intermediate, and long-term outcomes after coronary artery
bypass operation. Ann Thorac Surg 2001;71:521-30.

Wagner BD, Grunwald GK, Rumsfeld JS, Hill JO, Ho PM,
Wyatt HR, et al. Relationship of body mass index with
outcomes after coronary artery bypass graft surgery. Ann
Thorac Surg 2007;84:10-6.

Jenkins SC, Moxham J. The effects of mild obesity on lung
function. Respir Med 1991;85:309-11.

30.

31.

32.

33.

34.

35.

Ghattas MA. Pulmonary dysfunction after coronary artery
bypass surgery. Cleve Clin Q 1981;48:218-20.

Rich MW, Keller AJ, Schechtman KB, Marshall WG Jr,
Kouchoukos NT. Morbidity and mortality of coronary bypass
surgery in patients 75 years of age or older. Ann Thorac Surg
1988;46:638-44.

Goyal V, Pinto RJ, Mukherjee K, Trivedi A, Sharma S,
Bhattacharya S. Alteration in pulmonary mechanics after
coronary artery bypass surgery: comparison using internal
mammary artery and saphenous vein grafts. Indian Heart J
1994;46:345-8.

Faritous ZS, Aghdaie N, Yazdanian F, Azarfarin R, Dabbagh
A. Perioperative risk factors for prolonged mechanical
ventilation and tracheostomy in women undergoing coronary
artery bypass graft with cardiopulmonary bypass. Saudi J
Anaesth 2011;5:167-9.

Yap CH, Mohajeri M, Yii M. Obesity and early complications
after cardiac surgery. Med J Aust 2007;186:350-4.

Coutinho T, Goel K, Corréa de Sd D, Kragelund C, Kanaya
AM, Zeller M, et al. Central obesity and survival in subjects
with coronary artery disease: a systematic review of the
literature and collaborative analysis with individual subject
data. ] Am Coll Cardiol 2011;57:1877-86.

259



