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Purpose: Obesity remains statistically associated with coronary artery disease, for which 
coronary artery bypass graft surgery (CABG) remains the standard of care. However, obesity 
is also associated with sternal wound infection (SWI) which is a severe complication of 
CABG despite advances in surgery and in infection prevention and control. Strategies to 
reduce the incidence of SWI are still being investigated, and we therefore conducted a 
retrospective study to revisit factors other than obesity associated with SWI after CABG.
Patients and Methods: Data were extracted from the medical records of 182 patients who 
underwent elective on-pump CABG using one or both pedicled internal mammary artery 
grafts in Reims University Hospital between May 2015 and May 2016. All preoperative or 
perioperative variables with a p value<0.10 in univariate analysis were entered into a 
stepwise logistic regression model.
Results: Among the 182 patients (145 male (79.6%), median age 68.0 [45.0–87.0] years), 138 
(75.8%) underwent CABG using bilateral internal mammary artery grafts. Median BMI was 27.7 
[18.7–50.5] kg/m2, and there were 51 (28.0%) and 79 (43.4%) patients with obesity and overweight, 
respectively. Twenty-three out of the 182 patients (12.6%) developed SWI. In-hospital mortality 
was not statistically different between patients with and without SWI but the median length of stay 
was (6.0 [2.0–38.0] versus 5.0[3.0–21.0] days in the intensive care unit, p=0.03, and 26.0 [9.0– 
134.0] versus 9.0 [7.0–51.0] days in hospital, p<0.0001). Obesity and preoperative anaemia were 
independently associated with SWI, as was the number of red blood cell (RBC) units transfused 
(OR 14.61 [2.64–80.75], OR 4.64 [1.61–13.34] and OR 1.27 [1.02–1.58], respectively).
Conclusion: The independent association of SWI with the number of RBC units transfused and 
the existence of preoperative anaemia and obesity suggests a mechanism of thoracic wall ischemia 
in SWI after CABG, thus leaving insufficient perfusion of the thoracic wall in patients with obesity. 
Medical strategies are warranted to try to prevent this costly complication.
Keywords: obesity, preoperative anaemia, coronary artery bypass graft surgery, internal 
mammary arteries

Introduction
Obesity, which is becoming more prevalent in developed countries, remains statis
tically associated with coronary artery disease (CAD).1 The prognosis of CAD after 
treatment among patients with obesity is good and even better than that observed 
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among patients without obesity.1 For years, standard care 
for CAD was coronary artery bypass graft surgery 
(CABG), which is still today (after the development of 
percutaneous transluminal coronary angioplasty) the stan
dard of care for CAD with complex lesions, especially in 
the case of triple vessel CAD.2

However, over the last 30 years, obesity has also been 
associated with sternal wound infection (SWI) after 
CABG.3 Over this period, advances in surgery and in 
infection prevention and control have led to a reduced 
rate of infections and of the need for further surgery.4–6 

Saphenous vein graft has been supplanted by more durable 
internal mammary artery graft, and skeletonised internal 
mammary artery grafts have been associated with a lower 
incidence of infection than pedicled grafts.4,5 The inci
dence of postoperative infection has also been reduced 
by the implementation of systematic Staphylococcus aur
eus carriage decontamination before CABG.6 Despite all 
this, SWI is still a severe complication of CABG, with 
significant morbidity, and strategies to reduce the inci
dence of SWI are still being investigated.7,8 Furthermore, 
areas of uncertainties persist, such as the benefit of skele
tonised internal mammary artery graft in real-life setting, 
or the impact of bilateral internal mammary artery grafts 
on the occurrence of SWI among patients with obesity 
and/or diabetes mellitus.9–13

We therefore conducted a retrospective study to revisit 
factors other than obesity associated with SWI after 
CABG using standard pedicled internal mammary artery 
graft before the implementation of systematic 
Staphylococcus aureus carriage decontamination in our 
centre.

Patients and Methods
Study Design
Data were extracted from the medical records of all 
patients who underwent on-pump CABG in Reims 
University Hospital between May 2015 and May 2016. 
The patients were not required to provide individual con
sent because of the retrospective and non-interventional 
nature of this study, in accordance with French legislation. 
No patient had previously objected to the further use of 
their medical data at the time of surgery. Data confidenti
ality was preserved throughout this internal study (Reims 
University Hospital GDPR register number RMR004- 
06082020), in accordance with the principles of the 
Declaration of Helsinki.

During the study period, all patients who underwent 
elective CABG using one or both pedicled internal mam
mary artery grafts with or without concomitant valve sur
gery were included. Patients who underwent 1) aortic 
dissection surgery, 2) CABG using saphenous vein graft 
only or using skeletonised internal mammary artery graft, 
3) valve replacement surgery without associated CABG, 4) 
emergency CABG or 5) off-pump elective CABG were 
excluded.

Definitions
According to the Centre for Disease Control (CDC) defi
nitions, SWI was defined as the presence of one of the 
following criteria within 90 days following surgery: 1) 
fever, chest pain or sternal instability associated with 
purulent discharge from the mediastinal area, or positive 
blood culture; 2) evidence of mediastinitis during revision 
surgery; 3) the presence of organism cultured from med
iastinal tissue/fluid obtained during revision surgery or 
after needle aspiration.7 However, there is evidence for 
genuine surgical site infection that does not fulfill this 
definition.7 In order to go beyond the CDC criteria, SWI 
was defined here as dehiscence of the sternotomy wound, 
local pain, fever or discharge associated with the presence 
of organism cultured from mediastinal tissue, or superficial 
discharge or blood and/or with antibiotic prescription 
(without any other explanation), irrespective of the need 
for revision surgery. Deep SWI was defined as the need for 
sternum bone reopening during revision surgery. 
Otherwise, SWI was defined as superficial.7 Wound infec
tions following saphenous vein or radial artery harvesting 
were not considered.

Obesity and overweight were defined as a Body Mass 
Index (BMI) ≥30kg/m2 and from 25 to 30 kg/m2, respec
tively. Preoperative anaemia was defined as a haemoglobin 
level <120 g/L for women and <130 g/L for men. The 
delta haemoglobin value was defined as the difference 
between postoperative and preoperative haemoglobin 
values.

Immunodeficiency was defined in case of diabetes 
mellitus, autoimmune disease, corticosteroid or immuno
suppressive therapy. Unbalanced diabetes mellitus was 
defined, according to the French Society of Anaesthesia 
and Intensive Care Medicine definition, as fasting glyce
mia>10 mmol/L or glycated haemoglobin HbA1C>8% 
before surgery. Acute renal failure (ARF), ASA, NNIS, 
SAPS2 and the Charlson index have been defined 
elsewhere.14–18
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Statistical Analysis
Quantitative variables expressed as median + range were 
compared using the Mann Whitney U-test and qualitative 
variables expressed as percentages were compared using 
Fisher’s exact test or Pearson’s Chi-square test, as appro
priate. A p value <0.05 was considered as significant. All 
preoperative or perioperative variables with a p value<0.10 
were entered into a stepwise logistic regression model. 
Statistical analyses were performed using Stat view 5.0 
software (SAS institute).

Results
Study Population
One hundred and eighty-two patients (145 males (79.6%), 
median age 68.0 [45.0–87.0] years) underwent elective 
CABG using one or both internal mammary artery grafts 
over the study period. A history of diabetes mellitus, 
arterial hypertension and hypercholesterolemia were evi
denced in 64 (35.1%), 133 (73.0%) and 121 (66.4%) cases, 
respectively. Among the 64 patients with diabetes mellitus, 
19 (29.6%) were being treated with insulin before surgery. 
Forty-one patients (22.5%) were smokers. Median BMI 
was 27.7 [18.7–50.5] kg/m2 and there were 51 (28.0%) 
and 79 (43.4%) patients with obesity and overweight, 
respectively.

Surgical Procedures
Twenty-six patients (14.3%) had concomitant valve sur
gery. Median number of arterial and venous grafts was 2.0 
[1.0–4.0]. One hundred and thirty-eight patients (75.8%) 
underwent CABG using bilateral internal mammary artery 
grafts and 50 patients (27.4%) underwent sequential 
CABG.

Sixteen out of the 64 diabetic patients (25.0%) had 
unbalanced diabetes mellitus and 5 of the 41 smokers 
(12.1%) did not stop smoking before the surgical 
procedure.

All patients received 48 hours of prophylactic antibio
tic therapy with first- or second-generation cephalosporin, 
except for 15 patients (8.2%) who received vancomycin. A 
double dose of cephalosporin was given to 8 of the 14 
patients (57.1%) with BMI≥ 35kg/m2.

The median preoperative haemoglobin value was 135.0 
[95.0–183.0] g/L, and 51 patients (28.0%) had preopera
tive anaemia. No preoperative red blood cell (RBC) trans
fusion was performed. The median postoperative and delta 
haemoglobin values were 115.0 [88.0–149.0] g/L and 

−20.0 [−64.0 - +22.0]g/L. A median number of 2.0 [0.0– 
29.0] RBC units were transfused during CABG or in the 
Intensive Care Unit (ICU) for 131 of the 182 
patients (71.9%).

Sternal Wound Infections
Twenty-three out of the 182 patients (12.6%) developed 
SWI (versus none of the 112 excluded patients who only 
underwent elective valve surgery over the study period). 
Only 6 of these 23 SWI cases fulfilled the CDC criteria,7 

while 10 cases corresponded to deep SWI.
In-hospital mortality was not statistically different 

between patients with and without SWI (1 out of 23 
(4.3%) versus 1 out of 159 (0.6%); p=0.23, according to 
Fisher’s exact test) but the occurrence of ARF was statis
tically more frequent among patients with SWI than 
among those without (11 out of 23 (47.8%) versus 32 
out of 159 (20.1%); p = 0.003). Twelve of the 23 patients 
with SWI (52.1%) required revision surgery versus 3 of 
the 159 patients without SWI (1.9%); p<0.0001, according 
to Fisher’s exact test.

The median length of stay in ICU and in hospital was 
statistically longer among patients with SWI than among 
those without (6.0 [2.0–38.0] versus 5.0[3.0–21.0] days, 
p=0.03 and 26.0 [9.0–134.0] versus 9.0 [7.0–51.0] days, 
p<0.0001, respectively). There were no significant differ
ences for extracorporeal circulation or surgery durations 
(Table 1).

Pre- or perioperative factors significantly associated 
with SWI and univariate logistic regression results are 
shown in Table 1 and Supplementary Table 1 respectively. 
Factors that were considered as a consequence of SWI (in- 
hospital mortality, ARF, need for revision surgery and 
length of stay in ICU or in hospital) were not entered 
into the multivariate logistic regression model, the results 
of which are shown in Table 2. Across all 182 patients, the 
factors independently associated with SWI were obesity, 
preoperative anaemia and the number of RBC units trans
fused (Table 2). Hosmer and Lemeshow goodness-of-fit 
and the c-statistic yielded p=0.89 and p=0.81, respectively. 
Logistic regression using the quantitative variables body 
mass index (kg/m2) and preoperative haemoglobin (g/L) 
yielded OR=1.23 [1.11–1.36]; p<0.0001 and OR=0.93 
[0.89–0.96]; p=0.0005, respectively. Interestingly, when 
CABG using bilateral internal mammary artery grafts 
was forced into the model (as a fourth variable in this 
study involving only 23 SWI), it evidenced an independent 
and significant association with SWI, without modifying 
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the independent association with obesity, preoperative 
anaemia and number of RBC units transfused, but the 
Hosmer and Lemeshow goodness-of-fit fell to 0.16. The 
same preoperative factors (obesity, preoperative anaemia 
and number of RBC units transfused) were independently 
associated with SWI among the 138 patients undergoing 

CABG using bilateral internal mammary artery grafts 
(Table 2).

Diabetes mellitus was statistically associated with obe
sity (49.0% versus 29.6% among patients without obesity; 
p=0.01) but preoperative anaemia was not (21.5% versus 
31.2% among patients without obesity; p=0.19). The 

Table 1 Pre- or Peri-operative Factors Associated with Sternal Wound Infection (SWI) in Univariate Analysis

All Patients 
(n=182)

SWI Patients 
(n=23)

Patients without SWI 
(n=159)

MD p

Male gender, n (%) 145 (79.6) 17 (73.9) 128 (80.5) 0 0.42a

Median age [range] (years) 68.5 [45.0–87.0] 68.0 [47.0–82.0] 69.0 [45.0–87.0] 0 0.72

Diabetes mellitus,n (%) 64 (35.1) 14 (60.8) 50 (31.4) 1 0.003
Arterial hypertension, n (%) 133 (73.0) 19 (82.6) 114 (71.6) 1 0.14

Hypercholesterolemia, n (%) 121 (66.4) 15 (65.2) 106 (66.6) 1 0.88

Active smoking, n (%) 41 (22.5) 5 (21.7) 36 (22.6) 1 0.99b

Immunodepression, n (%) 68 (37.3) 14 (60.8) 54 (33.9) 1 0.07

Obesity, n (%) 51 (28.0) 12 (52.1) 39 (24.5) 3 0.003
Overweight, n (%) 79 (43.4) 8(34.7) 71 (44.6) 3 0.43

Median BMI [range] (kg/m2) 27.7 [18.7–50.5] 30.7 [23.0–50.5] 27.5 [18.7–42.4] 3 0.002

Concomitant valve surgery, n (%) 26 (14.2) 3 (13.0) 23 (14.4) 0 0.99b

Median number of grafts [range] 2.0 [1.0–4.0] 2.0 [2.0–4.0] 2.0 [1.0–4.0] 0 0.48

Bilateral IMAb grafts, n (%) 138 (75.8) 21 (91.3) 117 (73.5) 0 0.06

Sequential grafts, n (%) 50 (27.4) 4 (17.3) 46 (28.9) 0 0.24
Preoperative anaemia, n (%) 51 (28.0) 11 (47.8) 40 (25.1) 0 0.02

Median preHbc [range] (g/L) 135.0 [95.0–183.0] 129.0 [95.0–154.0] 137.0 [105.0–183.0] 0 0.004

Median postHbd [range] (g/L) 115.0 [88.0–149.0] 115.0 [91.0–139.0] 115.0 [88.0–149.0] 0 0.42
Median ΔHbe [range] (g/L) −20.0 [−64.0 - +22.0] −10.0 [−50.0 - +9.0] −22.0 [−64.0 - +22.0] 0 0.069

Patients transfused with RBCf, n (%) 131 (71.9) 21 (94.3) 110 (69.1) 0 0.02

Median number of RBCf units transfused [range] 
(units)

2.0 [0.0–29.0] 3.0 [0.0–29.0] 2.0 [0.0–13.0] 0 0.001

Median Charlson Index [range] 5.0 [0.0–11.0] 5.0 [2.0–10.0] 5.0 [0.0–11.0] 2 0.19

Median SAPSIIg score[range] 25.0 [12.0–48.0] 24.0 [20.0–39.0] 25.0 [12.0–48.0] 112 0.89
Median ASA score [range] 3.0 [2.0–4.0] 3.0 [2.0–3.0] 3.0 [2.0–4.0] 50 0.59

Median NNIS score [range] 1.0 [0.0–2.0] 1.0 [0.0–2.0] 1.0 [0.0–2.0] 55 0.66

Extracorporeal circulation duration (min) 104.0 [30.0–267.0] 92.5 [56.0–156.0] 104 [30.0–267.0] 3 0.47
Surgery duration (min) 240.0 [100.0–470.0] 240.0 [165.0–300.0] 245.0 [100.0–470.0] 5 0.70

Notes: aFischer’s exact test; binternal mammary artery; cpreoperative haemoglobin value; dpostoperative haemoglobin value; edelta haemoglobin value defined as the 
difference between postoperative and preoperative haemoglobin values; fred blood cell units transfused during coronary artery bypass graft surgery or in intensive care unit; 
gNew Simplified Acute Physiology Score. 
MD, missing data; BMI, body mass index; ASA, American Society of Anesthesiologists Score; NNIS, National Nosocomial Infection Surveillance Score.

Table 2 Pre- or Peri-operative Factors Independently Associated with Sternal Wound Infection in Multivariate Analysis Using a 
Stepwise Logistic Regression Model

All Patients (n=182) Bilateral IMA Patients (n=138)

ORb 95% CIc P OR 95% CI P

Obesity 14.61 [2.64–80.75] 0.002 4.04 [1.26–12.93] 0.01
Preoperative anaemia 4.64 [1.61–13.34] 0.004 5.45 [1.76–16.80] 0.003

Number of RBC units transfused 1.27 [1.02–1.58] 0.03 1.47 [1.09–1.96] 0.009

Abbreviations: CAD, coronary artery disease; CABG, coronary artery bypass graft surgery; SWI, sternal wound infection; CDC, Centre for Disease Control; BMI, body 
mass index; ARF, acute renal failure; RBC, red blood cell; ICU, intensive care unit; IMA, internal mammary artery grafts; OR, odds ratio; CI, confidence interval.
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median number of RBC units transfused among patients 
with preoperative anaemia was statistically greater than 
that for patients without (3.0 [0.0–8.0] versus 2.0 [0.0– 
29.0], p=0.0001).

Discussion/Conclusion
This study confirmed that obesity, preoperative anaemia 
and the number of RBC units transfused were the main 
factors independently associated with SWI as we 
defined it, using a broader case definition than that of 
the CDC (see above). Both obesity and preoperative 
anaemia have been previously associated with SWI 
(deep or superficial) in larger studies with sophisticated 
statistical analyses.3,7,19–25 There is no doubt that the 
evidence contributed by these previous studies is more 
robust than that provided by our study without matching 
methods. However, the evidencing of these factors in a 
retrospective study in a single centre such as ours con
stitutes a supplementary argument for their general 
veracity.

Obesity was associated with SWI in the present study, 
and the main confounding factor was diabetes mellitus, 
which has been associated with obesity both here and 
elsewhere.19–22 The presence of diabetes mellitus (which 
accounted for a majority of cases of immunodeficiency as 
we defined it) was no longer associated with SWI when 
obesity, preoperative anaemia and the number of RBC 
units transfused were entered into the logistic regression 
model. This could suggest that obesity should be given 
more attention than diabetes mellitus regarding SWI after 
CABG, but it could also be due to a lack of power and to 
the small percentage of unbalanced diabetes mellitus 
(25.0%) in the present study. Indeed, some past studies 
(but not all) have suggested a deleterious impact of uncon
trolled glycaemia on SWI.26–28 Other studies have 
reported that obesity and diabetes mellitus entail the 
same risk of developing SWI after CABG.29 In this latter 
study, smoking appeared as a risk factor for SWI, but not 
in ours, where only 12.1% of the patients did not stop 
smoking before the surgical procedure. This suggests that 
the percentage of patients with unbalanced diabetes melli
tus or who did not stop smoking before the surgical pro
cedure could modify the estimation of the impact of 
diabetes mellitus and smoking on the development of 
SWI across studies. Because obesity cannot be corrected 
quickly before elective CABG, we presume that the inde
pendent association between obesity and SWI that we and 

others worldwide have observed remains relevant after 
CABG,30,31 but not after valve surgery.32

In addition to SWI, preoperative anaemia has also 
previously been associated with death, stroke, atrial fibril
lation or ARF after heart surgery.25,33–35 This clearly 
suggests that the prevention of preoperative anaemia 
could be a target of interest before elective CABG in 
order to reduce morbidity and SWI among patients with 
obesity (which was not found to be linked to preoperative 
anaemia here or elsewhere).33 Preoperative anaemia 
seems all the more suitable as a target of interest because 
it remained independently associated with SWI even when 
the variable transfusion was entered into the logistic 
regression model. This suggests that transfusion (per
formed here exclusively during CABG or in the intensive 
care unit) cannot correct the deleterious impact of preo
perative anaemia on the development of SWI. Conversely, 
some studies evidenced that RBC transfusion was asso
ciated with the development of SWI, but preoperative 
anaemia was not.36,37 An “immuno-modulating effect” 
of transfusion has been discussed, but the authors recog
nized that the timing and the reasons for RBC transfusion 
were not available in their retrospective study.37 Thus, 
they could not rule out the existence of further surgical 
complications requiring transfusion of a large number of 
RBC units, which could in itself explain the poorer prog
nosis that they observed.37 The deleterious impact of the 
transfusion of a large number of RBC units (≥4) on the 
development of SWI has previously been reported, with 
significant interaction with preoperative anaemia.36 In our 
study, there was also an association between preoperative 
anaemia and the number of RBC units transfused, but the 
number of RBC units transfused was still independently 
associated with SWI, once obesity and preoperative anae
mia had been entered into the logistic regression model 
(Table 2). Taken together, this suggests that acute bleeding 
during CABG requiring transfusion of a large number of 
RBC units, especially in case of preoperative anaemia, 
could be the physiopathological explanation leading to 
chest wall ischemia then SWI.

Indeed, the independent association of the number of 
RBC units transfused and the existence of preoperative 
anaemia and obesity with SWI in our study (especially in 
the case of CABG using bilateral internal mammary artery 
grafts) points to the mechanism of thoracic wall ischemia 
in SWI after CABG, leaving insufficient perfusion of the 
heavier thoracic wall (with higher basal metabolic rate) 
among patients with obesity. Such a mechanism is 
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supported by the evidence of decreased blood supply to 
the chest wall after CABG using left internal mammary 
artery, and by the existence of chest wall necrosis after left 
or bilateral internal mammary graft harvesting for 
CABG.38–40 This chest wall ischemia leading to delayed 
wound healing is thought to favour the development of 
SWI that does not meet the CDC criteria.7

Besides its retrospective and monocentric nature, the 
main limitation of the study is its conduct in the context of 
high prevalence of SWI before the implementation of 
systematic Staphylococcus aureus carriage decontamina
tion in our centre.6 This could lead to a potential lack of 
reproducibility today, as well as the development of 
CABG using skeletonised internal mammary artery graft 
which has not been addressed in this study and which 
could reduce SWI incidence.5 However, more studies are 
needed to investigate the role of obesity and preoperative 
anaemia in the development of SWI, because these two 
preoperative factors seem to be better predictors of SWI 
than all the routinely performed scores (Charlson, SAPS, 
ASA and NNIS), and because SWI leads to prolonged 
hospitalisation, nephrotoxic antibiotherapy and ARF, but 
not mortality, here or elsewhere.1,19 Because SWI is costly, 
and because a lot of progress has been made in surgery,4,5 

the implication of obesity medicine, vascular medicine and 
infectious disease specialists could help to resolve this 
emerging issue.1,41 Losing weight and reducing chest 
wall weight before elective CABG seems difficult, but 
strategies seeking to raise tissue oxygenation and preo
perative haemoglobin such as preoperative RBC units 
transfusion and erythropoietin use need to be evaluated 
in terms of SWI reduction.42 Another strategy that has not 
been investigated here would be to optimize prophylactic 
antibiotic therapy for patients with obesity requiring 
CABG (eg we are not sure that injection of 1g vancomycin 
provides a sufficient concentration immediately at the 
operating site among patients with obesity).
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