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Abstract

Objective: To identify risk factors for sternal wound infection following coronary artery bypass surgery (CABG), and to compare early

and mid-term survival outcome. Methods: Data were prospectively collected for 4228 patients who underwent CABG surgery between April

1997 and March 2001. One hundred and nine (2.6%) patients developed sternal wound infection. We used logistic regression to identify

independent risk factors associated with post-operative sternal wound infection. Patient records were linked to the National Strategic Tracing

Service, which records all deaths in the UK, to establish current vital status. Deaths occurring over time were described using Kaplan–Meier

techniques. To control for differences in patient characteristics, we used Cox proportional hazards analysis to calculate adjusted hazard ratios

(HR) and 95% confidence intervals (CI). Results: The results of the logistic regression analysis found that the independent predictors of

sternal wound infection were obesity (odds ratio (OR) 2.0; P , 0:001), New York Heart Association class $ 3 (OR 1.6; P ¼ 0:022), use of

bilateral internal mammary arteries (OR 3.2; P , 0:001), increasing number of grafts (OR 1.5; P , 0:001), re-exploration for bleeding (OR

3.1; P ¼ 0:011), and increased duration of mechanical ventilation (for every 10 h (OR 1.12; P , 0:001)). Three hundred and forty one (8.1%)

deaths occurred during the study period with mean follow up of 3.2 ^ 1.3 years. The crude HR of mid-term mortality for sternal wound

infection patients was 2.51 (95% CI 1.59–3.94, P , 0:001). After adjustment for pre, intra and post-operative factors, the adjusted HR of

mid-term mortality for sternal wound infection patients was 1.64 (95% CI 1.03–2.61, P ¼ 0:037). The adjusted freedom from death for

sternal wound infections at 30 days, and 1, 2 and 4 years was 96.8, 93.7, 91.4 and 86.7%, respectively, compared with 98.1, 96.1, 94.7 and

91.7% for patients without sternal wound infections. Conclusions: In conclusion, we have identified risk factors for sternal wound infection,

many of which are modifiable. We have also shown that there is a significant increase in mortality in patients with sternal wound infection

during a 4-year follow-up period after CABG.

q 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Sternal wound infections can be a severe complication

associated with a marked increase in short- [1,2] and long-

term [3] mortality following coronary artery bypass graft

(CABG) surgery. The reported incidence of sternal wound

infection can range between 1 and 10% [2–6], and

mediastinitis can occur in up to 8% of patients [7].

Many risk factors have been identified as predictive of

sternal wound infection following CABG, which include

pre-operative (e.g. obesity, diabetes, male sex) [2,4,6,

8–10], operative (e.g. use of bilateral mammary arteries)

[2,4,6], and post-operative (e.g. mechanical ventilation) [2]

variables.

However, little has been published on the experiences of

hospitals in the United Kingdom with regards to the risk

factors associated with sternal wound infection after CABG

and the impact on mid-term survival.

This study aimed to quantify the incidence of sternal

wound infection following CABG at a specialist Cardi-

othoracic Centre in the North West of England. We also

examined the patient and disease characteristics associated

with sternal wound infections, and the impact on mid-term

survival.
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2. Methods

2.1. Patient population and data

Data were prospectively collected on a total of 4228

consecutive patients undergoing isolated CABG surgery

between 1 April, 1997 and 31 March, 2001 at the

Cardiothoracic Centre – Liverpool. Data collection

methods and definitions have been described in detail

previously [11].

Data was prospectively collected during the patient’s

admission as part of routine clinical practice on the

following variables: age, sex, body mass index (BMI),

urgency of operation, prior cardiac surgery, New York

Heart Association (NYHA) functional class, Canadian

Cardiovascular Society (CCS) angina class, history of

myocardial infarction, smoking, diabetes, hypercholester-

olaemia, hypertension, peripheral vascular disease, cerebro-

vascular disease, renal dysfunction and previous

cardiological interventions, as well as the extent of coronary

disease, and left ventricular ejection fraction. Duration of

anaesthesia time and use of cardiopulmonary bypass were

also collected, along with the number and type of grafts used

during the procedure. Post-operative data collected included

the volume of blood loss on the intensive care unit (ICU),

the need for re-exploration for bleeding after initial

departure from theatre, intra-aortic balloon pump (IABP)

support, duration of mechanical ventilation, sternal wound

infection and in-hospital mortality, as well as post-operative

length of stay. The bacteriology and treatment of the sternal

wound infection was noted during the patients’ hospital

admission.

The primary outcome measure for our study was sternal

wound infection, prior to discharge, defined in accord with

the published evidence-based guidelines by the Centre for

Disease Control and Prevention [12]. This included both

deep and superficial sternal wound infections. In brief, a

sternal wound infection was defined as an infection of the

anterior mediastinal space with one of the following criteria:

(1) an organism isolated from culture of mediastinal tissue/

fluid; (2) evidence of mediastinitis is seen during operation;

(3) one of the following: chest pain, sternal instability, fever

ð. 38 8C), and there is either a purulent discharge from the

mediastinum or an organism isolated from blood culture or

culture of mediastinal area drainage.

2.2. Patient follow-up

Patient records were linked to the National Strategic

Tracing Service (NSTS), which records all deaths in the

United Kingdom, to establish current vital status (as from

the 31 July, 2002). Patients were matched to the NSTS

based on patient name, National Health Service number,

date of birth, gender, and postcode.

2.3. Statistical analysis

Continuous variables are shown as median with 25th and

75th centiles and categorical variables are shown as a

percentage with 95% confidence intervals (CI). Compari-

sons were made with Wilcoxon rank-sum tests and chi-

square tests as appropriate. Standard statistical tests were

used to calculate odds ratios (OR) and 95% CI. Multiple

logistic regression analyses were undertaken to identify risk

factors for sternal wound infection [13]. The C statistic

(equivalent to the area under the receiver operating

characteristic curve) and the Lemeshow–Hosmer good-

ness-of-fit statistic were calculated to assess the perform-

ance and calibration of the model, respectively [13,14]. A C

statistic of greater than 0.7 indicates a reasonable ability to

discriminate between patients who developed sternal wound

infections and those who did not. For the Lemeshow–

Hosmer goodness-of-fit statistic, the predicted risks of

individual patients were rank-ordered and divided into

deciles. Within each decile of estimated risk, the number of

sternal wound infections predicted were accumulated

against the number of observed sternal wound infections,

a P-value of greater than 0.05 indicates acceptable

calibration of the model. Patient survival was described

using the product-limit methodology of Kaplan–Meier [15].

We used Cox proportional hazards analysis to calculate

adjusted hazard ratios (HR) and to risk adjust the Kaplan–

Meier survival curve for differences in patient and disease

characteristics [16]. In all cases a P-value of less than 0.05

was considered significant. Statistical analysis was per-

formed retrospectively with SAS for Windows version 8.2.

3. Results

3.1. Incidence

Overall, of the 4228 patients in the study, 109 (2.6%

(95% CI 2.1–3.1)) patients developed sternal wound

infection following isolated CABG prior to discharge

from hospital. Deep sternal wound infections occurred in

28 (0.7% (95% CI 0.4–1.0)) patients, while 81 (1.9% (95%

CI 1.5–2.4)) patients had a superficial sternal wound

infection.

3.2. Bacteriology and treatment

Sixty of the 109 patients who developed sternal wound

infections had organisms identified from culture. The most

common pathogen from wound cultures for gram positive

organisms was staphylococcus epidermidis which caused 29

(36.7% of 60) infections, followed by staphylococcus

aureus 18 (30% of 60), and methicillin-resistant Staphylo-

coccus aureus nine (15% of 60). There were 23 patients who

developed sternal wound infections with gram negative
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organisms, of which enterococci contributed to seven

(30.4% of 23) and Pseudomonas three (13% of 23).

The different treatment methods of patients with sternal

wound infections are summarized in Table 1.

3.3. Risk factors

The characteristics of patients with and without sternal

wound infection are shown in Table 2. There were no

differences between patient characteristics according to age,

sex, severity of angina, previous myocardial infarction,

current smokers, hypercholesterolaemia, hypertension, cer-

ebrovascular disease, renal dysfunction, prior cardiological

interventions and cardiac surgery, extent of coronary

disease, emergency surgery, and off-pump surgery. Patients

with sternal wound infections were however more likely to

have a BMI $ 30 kg/m2, NYHA class $ 3, insulin-

dependent diabetes, peripheral vascular disease, poor left

ventricular ejection fraction, longer operation times, higher

number of grafts and use of bilateral internal mammary

arteries (BIMA), as well as longer mechanical ventilation

times, more re-explorations for bleeding, more blood loss in

ICU, and IABP support post-operatively.

The risk factors for the development of deep and

superficial sternal wound infections, found by univariate

analysis, are shown in Table 3 with respective OR and 95%

CI.

The results of the logistic regression analysis found that

the independent predictors of sternal wound infection were

BMI $ 30 kg/m2 (OR 2.0 (95% CI 1.3–2.9); P , 0:001),

NYHA class $ 3 (OR 1.6 (95% CI 1.1–2.3); P ¼ 0:022),

use of bilateral internal mammary arteries (OR 3.2 (95% CI

1.8–5.9); P , 0:001), increasing number of grafts (OR 1.5

(95% CI 1.2–1.8); P , 0:001), re-exploration for bleeding

(OR 3.1 (95% CI 1.3–7.5); P ¼ 0:011), and increased

duration of mechanical ventilation (for every 10 h (OR 1.12

(95% CI 1.07–1.17); P , 0:001)). The discriminatory

ability of the logistic model, as measured by the C statistic,

was 0.73. The Lemeshow–Hosmer goodness-of-fit statistic

across deciles of risk was not statistically significant

(P ¼ 0:531).

Significant multivariate risk factors for deep and

superficial wound infections are shown in Tables 4 and 5,

respectively, with the C statistic and Lemeshow–Hosmer

goodness-of-fit statistic.

3.4. In-hospital mortality and length of stay

The incidence of in-hospital mortality was 25.0% (95%

CI 11.4–45.2) for patients with deep sternal wound

infections, compared to 2.5% (95% CI 0.4–9.5) for patients

with superficial sternal wound infections, and 2.2% (95% CI

1.8–2.7) for patients without (P , 0:001). The median

post-operative length of stay was 16 days (25th and 75th

centiles: 10–36) for patients with sternal wound infections,

compared to 8 days (25th and 75th centiles: 7–9) for

patients without (P , 0:001).

3.5. Mid-term mortality

Three hundred and forty-one (8.1% (95% CI 7.3–8.9))

deaths occurred during the study period, with a mean follow

up of 3.2 (standard deviation 1.3) years and 13 322 total

patient years.

Out of the 109 patients who developed sternal wound

infection, 20 (18.3%) died during the follow-up period

(deep, 10 out of 28 (35.7%); superficial, 10 out of 81

(12.4%)). There were 321 deaths out of 4119 (7.8%)

patients with no sternal wound infection.

The crude HR of mid-term mortality for sternal wound

infection patients was 2.51 (95% CI 1.59–3.94; P , 0:001).

Freedom from death in patients who developed sternal

wound infections at 30 days, and 1, 2 and 4 years was 95.4,

84.4, 82.4 and 79.7%, respectively, compared with 97.8,

95.8, 94.2 and 90.9% for patients without sternal wound

infections.

After adjustment for differences in patient and disease

characteristics identified in the logistic regression analysis

(obesity, NYHA class $ 3, use of bilateral internal

mammary arteries, number of grafts, re-exploration for

bleeding, and prolonged mechanical ventilation), the

adjusted HR of mid-term mortality for sternal wound

infection patients was 1.64 (95% CI 1.03–2.61; P ¼ 0:037).

The adjusted Kaplan–Meier survival curves are shown in

Fig. 1 (y-axis starts at 50%). The adjusted freedom from

death for sternal wound infections at 30 days, and 1, 2 and 4

years was 96.8, 93.7, 91.4 and 86.7%, respectively,

compared with 98.1, 96.1, 94.7 and 91.7% for patients

without sternal wound infections.

4. Discussion

The primary aim of this study was to identify patient and

disease characteristics associated with post-CABG sternal

wound infections using routinely collected clinical data. We

found that the obesity, NYHA class $ 3, use of bilateral

internal mammary arteries, number of grafts, re-exploration

for bleeding, and duration of mechanical ventilation were all

significant risk factors for sternal wound infection. Patients

with a history of insulin-dependent diabetes or peripheral

Table 1

Treatment of sternal wound infection

No. of patients

(n ¼ 109)

%

Simple dressing 52 47.7

Laying open and open dressing 32 29.4

Sternal re-wiring alone 21 19.3

Sternal re-wiring and irrigation 3 2.7

Sternal re-wiring, irrigation and muscle flap 1 0.9
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vascular disease had an increased risk of developing deep

sternal wound infections.

With increased scrutiny of cardiac surgery outcomes, it is

increasingly important to consider underlying differences in

patient case-mix when examining either institutional or

even surgeon specific outcomes. This paper identifies a

number of risk factors, which need to be considered when

risk adjusting sternal wound infection rates.

As with other reports [2,4,6,17], we identified diabetes as

a risk factor causing sternal wound infections. Trick et al.

found that diabetes with a pre-operative blood glucose level

of 200 mg/dl was an independent risk factor for deep sternal

wound infection [17].

Several studies have identified obesity as a risk factor for

sternal wound infections [2,8–10,18,19]. This finding

concurs with the observations by Kuduvalli [8] and

Birkmeyer [9], which have both shown that the risks of

sternal wound infection were substantially increased in the

obese and severely obese. Moulton et al., in a study of 2299

cardiac surgery patients, found an association with obese

patients being 2.3 times more likely to develop superficial

sternal wound infections [10]. Ridderstolpe and colleagues,

in a more recent study involving over 3000 patients, showed

a similar relationship with obese patients being 2.1 times

more likely to have sternal wound infections [2]. In our

Table 2

Patient and disease characteristics

Patients without SWI (n ¼ 4119) Patients with SWI (n ¼ 109) P-value

Preoperative details

Age at operation (years) 63.9 (57.9–69.6) 66.1 (55.9–70.3) 0.52

Male sex (%) 80.3 83.5 0.41

BMI $30 kg/m2 (%) 26.7 41.3 ,0.001

NYHA class $3 (%) 36.2 48.6 0.008

Angina class 4 (%) 31.1 39.5 0.064

Previous MI (%) 47.4 55.9 0.076

Current smoker (%) 14.8 14.7 0.96

Insulin-dependent diabetes (%) 3.9 8.3 0.023

Hypercholesterolaemia (%) 75.6 73.4 0.61

Hypertension (%) 48.9 48.6 0.95

Peripheral vascular disease (%) 12.0 18.4 0.044

Cerebrovascular disease (%) 8.1 8.3 0.95

Renal dysfunction (%) 1.9 0.9 0.47

Previous cardiological intervention (%) 5.9 6.4 0.82

Ejection fraction , 30% (%) 9.1 14.7 0.045

Three vessel disease (%) 82.9 86.2 0.36

Left main stenosis (%) 17.4 13.8 0.32

Prior cardiac surgery (%) 2.8 1.8 0.54

Emergent procedure (%) 2.2 2.8 0.68

Operative details

Duration of anaesthesia (h) 4.0 (3.5–4.6) 4.3 (3.8–4.7) 0.001

Off-pump surgery (%) 10.3 8.3 0.48

Number of grafts (graft/patient) 4 (3–4) 4 (3–5) ,0.001

Bilateral internal mammary artery (%) 4.6 12.8 ,0.001

Post-operative details

Blood loss in ICU (ml) 690 (500–940) 770 (530–1100) 0.009

Re-exploration for bleeding (%) 1.6 6.4 ,0.001

IABP support (%) 2.3 7.3 ,0.001

Duration of mechanical ventilation (h) 7 (5–13) 14 (8–29) ,0.001

SWI, sternal wound infection; BMI, body mass index; NHYA, New York Heart Association; MI, myocardial infarction; ICU, intensive care unit; IABP,

intra-aortic balloon pump. Continuous variables are shown as median with 25th and 75th centiles. Categorical variables are shown as a percentage.

Fig. 1. Mid-term survival following coronary artery bypass surgery,

adjusted for duration of mechanical ventilation, number of grafts, use of

bilateral internal mammary arteries, obesity, re-exploration for bleeding,

and New York Heart Association class $ 3.
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study, obese patients were two times more likely to develop

sternal wound infections.

Investigators have also found a relationship between the

use of bilateral mammary arteries and sternal wound

infections [2,4,6]. Our experience shares the finding of

Borger and colleagues [6], in their large study of 12 267

consecutive cardiac surgical patients, with the use of

bilateral internal mammary arteries increasing the risk of

sternal wound infections by 3.2 times. Stahle et al., in

another large study involving 13 285 cardiac surgery

patients, also found an association between bilateral internal

mammary arteries and sternal wound infections (OR 3.3;

P , 0:05) [4].

As with other reports, our study has described an

increased risk of sternal wound infections when mechanical

ventilation is prolonged [2,3]. Re-exploration for bleeding,

NYHA class $ 3, and peripheral vascular disease have also

been identified previously as associated with sternal wound

infections [2,3,5]. Loop and colleagues showed that blood

transfusions had a relative risk of causing sternal wound

complications of 1.05 per unit [3].

We have shown a significant increase in mid-term

mortality after developing sternal wound infections, the

risk-adjusted mortality rate at 4 years was 13.3%

compared to 8.3% for patients without sternal wound

infections (P ¼ 0:037). This highlights the importance of

identifying those patients at greater risk of developing

sternal wound infections prior to coronary artery bypass

surgery, with the potential for risk factor modification

when possible.

Furnary et al. found that reducing glucose levels in

diabetic patients could lower the incidence of wound

complications after cardiac surgery [20]. They revealed

that elevated blood glucose levels ð. 200 mg/dl) on the

first and second post-operative day was associated with

increased sternal wound infection in diabetic patients and

Table 3

Univariate risk factors for deep and superficial sternal wound infection

Risk factor DSWI SSWI

OR (95% CI) P-value OR (95% CI) P-value

Pre-operative details

BMI $30 kg/m2 (%) 2.1 (1.3–3.2) ,0.001

NYHA class $3 (%) 1.6 (1.1–2.5) ,0.05

Insulin-dependent diabetes (%) 6.7 (2.7–16.8) ,0.001

Peripheral vascular disease (%) 4.8 (2.2–10.2) ,0.001

Ejection fraction , 30% (%) 1.9 (1.1–3.5) ,0.05

Operative details

Duration of anaesthesia (h)a 1.6 (1.1–2.4) ,0.05 1.3 (1.02–1.7) ,0.05

Number of grafts (graft/patient)a 1.5 (1.2–1.9) ,0.001

Bilateral internal mammary artery (%) 3.6 (1.9–6.7) ,0.001

Post-operative details

Blood loss in ICU (ml)b 1.6 (1.1–2.6) ,0.05

Re-exploration for bleeding (%) 4.4 (1.03–18.9) ,0.05 3.9 (1.5–9.9) ,0.01

IABP support (%) 6.8 (2.3–20.1) ,0.001

Duration of ventilation (h)c 1.04 (1.03–1.1) ,0.001 1.02 (1.01–1.03) ,0.001

OR, odds ratio; CI, confidence interval; DSWI, deep sternal wound infection; SSWI, superficial sternal wound infection; BMI, body mass index; NHYA,

New York Heart Association; ICU, intensive care unit; IABP, intra-aortic balloon pump.
a For every additional unit.
b For every additional 1000 ml.
c For every additional 10 h.

Table 4

Multivariate risk factors for deep sternal wound infections (n ¼ 28)

Risk factor Odds ratio 95% CI P-value

Mechanical ventilationa 1.04 1.03–1.05 ,0.001

Insulin-dependent diabetes 5.0 1.8–13.8 0.002

Peripheral vascular disease 3.7 1.6–8.6 0.002

CI, confidence interval. C ¼ 0:81. Lemeshow–Hosmer goodness-of-

fit ¼ 0:085.
a For every additional 10 h.

Table 5

Multivariate risk factors for superficial sternal wound infections (n ¼ 81)

Risk factor Odds ratio 95% CI P-value

BIMA used 3.8 2.0–7.2 ,0.001

No. of graftsa 1.6 1.2–2.0 ,0.001

BMI $30 kg/m2 2.1 1.4–3.3 0.001

Re-exploration for bleeding 3.7 1.4–9.7 0.007

NYHA class $3 1.6 1.0–2.5 0.039

BIMA, bilateral internal mammary artery; BMI, body mass index;

NYHA, New York Heart Association; CI, confidence interval. C ¼ 0:70.

Lemeshow–Hosmer goodness-of-fit ¼ 0:364.
a For every additional graft.
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that tight control of glucose levels through perioperative

intravenous insulin infusion can substantially reduce

infectious morbidity.

Milano and colleagues hypothesized that the main cause

of sternal wound infection in obese patients may partly be

due to perioperative antibiotics not being properly adjusted

for the increased volume of distribution in these patients.

They also suggest that skin preparation can be difficult and

inadequate due to deep skin folds. Thus the appropriate

choice and dose of prophylactic antibiotics may help in

obese patients [21].

Patients with a high NYHA classification are more likely

to require prolonged ventilation [22], further increasing the

risk of developing sternal wound infections. These patients

may benefit from appropriate use of epidural therapy, which

we have observed in our institution can help reduce the

duration of intubation. Priestly et al., in a randomized

control trial of CABG surgery, showed that patients

receiving high (T1–T4) thoracic epidural anesthesia were

extubated earlier [23].

The avoidance of using bilateral internal mammary

arteries in patients who are either diabetic, obese, or even

have peripheral vascular disease may also be desirable to

help reduce the risk of wound infection in patients already at

high-risk. Lemma and colleagues have shown, in a recent

publication, that radial arteries can provide a safe alternative

and extend the benefits of multiple arterial grafting with

good perioperative and short-term outcomes [24]. Unpub-

lished data from our own centre, by Pandey et al., has

revealed that the incidence of sternal wound infections can

be as high as 8.2% in patients receiving bilateral internal

mammary arteries, compared to 2.7% with single mammary

arteries and 2.2% for radial arteries (P , 0:001).

This report represents a relatively recent population

undergoing cardiac surgery with a large sample size, with

multivariate analysis to identify risk factors for sternal

wound infection and adjusted survival analysis. However,

there are some limitations, which may affect the findings

drawn from our study. Multivariable analysis is not a

substitute for a properly well designed randomized control

trial. The retrospective nature of the study cannot account

for the unknown variables affecting the outcome that are not

measured in this study. On the other hand, retrospective

comparisons with multivariable analysis are more versatile

and more widely applicable than randomized control trials.

In this case, we could never randomize whether a patient

would have a sternal wound infection following coronary

artery bypass grafting. The low event rate is another

limitation, with only 28 (0.7%) deep sternal wound

complications recorded, which may not be sufficient for

an accurate prediction [25]. This precluded us from sub-

analysing the mid-term survival into deep and superficial

sternal wound infections. Another limitation is that our

study only evaluated those cases of sternal wound infection

identified prior to discharge. We have no reason to believe

that the risk factors and mortality outcome of these cases is

significantly different from cases diagnosed after hospital

discharge.

In conclusion, we have identified a number of risk factors

for sternal wound infection, which support previously

published reports, and can be used to properly assess the

differences in infection rates between individual institutions

and individual surgical teams for quality improvement

purposes. We have also shown that there is a significant

increase in mortality in patients with sternal wound

infection during a 4-year follow-up period after CABG.

Focus on modifiable risk factors is desirable for reducing

this severe complication.
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