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Abstract

Background—Mediastinal infections are a potentially devastating complication of cardiac 

surgery. This study analyzed the frequency, risk factors, and perioperative outcomes of mediastinal 

infections after cardiac surgery.

Methods—In 2010, 5,158 patients enrolled in a prospective study evaluating infections after 

cardiac surgery, and their effect on readmissions and mortality for up to 65 days after surgery. 
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Clinical and demographic characteristics, operative variables, management practices, and 

outcomes were compared for patients with and without mediastinal infections (deep sternal wound 

infection, myocarditis, pericarditis, or mediastinitis).

Results—There were 43 mediastinal infections in 41 patients (cumulative incidence 0.79%; CI 

0.60%-1.06%). Median time to infection was 20.0 days with 65% of infections occurring after 

index hospitalization discharge. Higher body mass index (HR 1.06; CI 1.01-1.10), higher 

creatinine (HR 1.25; CI 1.13-1.38), peripheral vascular disease (HR 2.47, CI 1.21-5.05), 

preoperative corticosteroid use (HR 3.33; CI 1.27-8.76), and ventricular assist device or transplant 

surgery (HR 5.81; CI 2.36-14.33) were associated with increased risk of mediastinal infection. 

Postoperative hyperglycemia (HR 3.15; CI 1.32-7.51) was associated with increased risk of 

infection in non-diabetic patients. Additional length of stay attributable to mediastinal infection 

was 11.5 days (bootstrap 95% CI; 1.88–21.11). Readmission rates and mortality were five times 

higher in patients with mediastinal infection than in patients without mediastinal infection.

Conclusions—Mediastinal infection after cardiac surgery is associated with substantial 

increases in length of stay, readmissions, and mortality. Reducing these infections remains a high 

priority and improving post-operative glycemic management may reduce their risk in patients 

without diabetes.
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Major infection after cardiac surgery remains a complication of significant concern to 

physicians and patients alike. Despite advances in care and multiple initiatives to decrease 

postoperative infections, nearly 5% of patients continue to experience major infection after 

cardiac surgery.[1] These infections have been shown to increase morbidity, mortality, and 

costs.[1,2]

Efforts to eliminate the occurrence of mediastinal infection have been largely unsuccessful. 

The reported incidence of this serious complication after cardiac surgery is 0.2–8.0%, with 

most estimates between 1–2%, and has remained stable over time. [3-9] Although a number 

of risk factors for mediastinal infection after cardiac surgery have been described, most 

studies are single center, retrospective, did not adjudicate infections, and lack follow-up past 

discharge or 30 days postoperatively.[9] In this study, using prospective data collected by the 

Cardiothoracic Surgical Trials Network (CTSN), we aim to characterize mediastinal 

infections in cardiac surgery patients and to analyze patient risk factors and processes of care 

associated with these infections.

Patients and Methods

Patient Population

The study cohort included all patients at CTSN sites (Appendix I and CONSORT 
Diagram) who participated in the prospective observational study “Management Practices 

and the Risk of Infection Following Cardiac Surgery” (NCT01089712).[1] Participating sites 
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enrolled patients consecutively between February and October 2010 who had a clinical 

indication for cardiac surgery, did not have an active systemic infection, were at least 18 

years of age, and provided written informed consent. The study was approved by 

Institutional Review Boards at each participating clinical center and at the data coordinating 

center.

Study Design

The primary outcome of interest in this analysis was the incidence of mediastinal infection, 

defined as deep sternal wound infection (DSWI), mediastinitis, pericarditis, or infectious 

myocarditis (Appendix II). Participants were followed for up to 65 days to determine 

incidence of major and minor infections, all-cause mortality, and hospital readmission. 

Infections were classified based on definitions from the Centers for Disease Control and 

Prevention and the National Healthcare Safety Network surveillance. All major infections 

including mediastinal infections and a subset of minor infections were adjudicated by an 

Event Adjudication Committee that included three infectious disease experts.[10]

Data were collected on comorbidities, procedure-related variables, and management 

practices. Postoperative hyperglycemia was defined as one or more blood sugar 

measurements above 180 mg/dL during the first 48 hours post-operatively.

Statistical Analysis

Univariate Cox proportional hazards regression models were used to assess differences in 

patient demographics, operative characteristics, and post-operative management by whether 

or not a patient had a mediastinal infection during the 65 day follow up period. Factors with 

a p-value ≤ 0.15 in univariate analyses were considered for inclusion in a multivariate model. 

A multivariate Cox proportional hazards regression model treating death as a competing risk 

was used to determine the cumulative incidence of mediastinal infection and the association 

of patient characteristics and management practices with mediastinal infection.[11] The 

interaction between diabetes and hyperglycemia was tested at the p=0.10 threshold; all other 

variables included in the final model were tested at the p=0.05 level.

Mortality by time-varying mediastinal infection was assessed by a Cox proportional hazards 

regression model adjusted for variables shown to be associated with mortality in the cohort 

as a whole.[1] Survival estimates for the average patient in the cohort (age 64 years, 

creatinine 1.165 mg/dL, no diabetes or heart failure) were generated from the proportional 

hazards regression model and plotted by time-varying mediastinal infection status.

A time-inhomogeneous multi-state Markov model was used to determine the excess length 

of stay (LOS) of the index hospitalization due to mediastinal infection.[12] The model 

allowed transitions to multiple states from a single initial state (uninfected at time of index 

surgical procedure). State transitions could occur to death (competing risk), discharge (event 

of primary interest), or infection and then to death or discharge (Supplemental Figure 1). 

Transition hazards were calculated and used to estimate the excess LOS due to infection. A 

bootstrap standard error and 95% confidence interval (CI) for the excess LOS was computed 

based on 1,000 bootstrap samples. All analyses were conducted using SAS version 9.4 (SAS 

Institute, Inc., Cary, NC) and R 3.1.1.
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Results

Mediastinal Infection and Patient Characteristics

The cohort included 5,158 patients who enrolled in the study. There were 43 mediastinal 

infections in 41 patients, a cumulative incidence of 0.79% (95% CI, 0.60%-1.06%; see 

Figure 1). Of the 43 mediastinal infections, 26 were DSWIs (61%), 12 mediastinitis (28%) 

and 5 myocarditis or pericarditis (12%). In the patients with two mediastinal infections, one 

had a DSWI followed by a later occurrence of mediastinitis, and one had two separate 

myocarditis or pericarditis events.

Compared to non-infected patients, patients with mediastinal infections typically had higher 

BMI, higher creatinine, lower hemoglobin, and lower ejection fractions (Table 1). They were 

more likely to be on preoperative circulatory support (extracorporeal membrane oxygenation 

[ECMO], intra-aortic balloon pump [IABP], and/or ventricular assist device [VAD]); to have 

diabetes, renal failure, or peripheral vascular disease; and to be on corticosteroids pre-

operatively. In both groups, the most common procedures were isolated valve, isolated 

CABG, and combined CABG and valve procedures. Sternotomy approach was used in 

90.5% of patients, and 91.1% of procedures were done on cardiopulmonary bypass. 

Increased operative and bypass time, packed red blood cell (PRBC) transfusions, and 

ventilation time were more common in patients with mediastinal infections (Table 2). These 

patients were also more likely to have prolonged antibiotic exposure and postoperative 

hyperglycemia.

Timing and Organisms Responsible for Mediastinal Infections

Median time to first mediastinal infection was 20 days (IQR 14 – 28). Nearly two-thirds of 

mediastinal infections were diagnosed after discharge. Eight patients had another infection 

prior to the onset of the mediastinal infection (2 had prior superficial sternal wound 

infections, 3 had symptomatic urinary tract infections [UTI], 1 had endocarditis, 2 had 

bloodstream infections, 1 had a symptomatic UTI and a bloodstream infection, and 1 had a 

superficial chest surgical site infection and a bloodstream infection).

Data regarding the organisms responsible for the mediastinal infection were available in 39 

(90%) of infections. There was a single organism isolated in 33 infections (85%), while two 

organisms were isolated in 5 infections (13%), and three organisms were isolated in one 

infection (3%). The most common organism isolated was Staphylococcus aureus (41%). 

Most isolates (67%) were gram positive; 26% were gram negative, and the remaining 

isolates were yeast or mold (7%). Among the patients with multiple isolates, 5 had both 

gram positive and gram negative bacteria; 1 had gram positive bacteria and yeast or mold. 

The occurrence of Mycobacterium chimaera was not specifically captured.

Risk Factors for Mediastinal Infection

Preoperative characteristics associated with increased risk of mediastinal infection in 

multivariate analysis included higher BMI (HR 1.06; 95% CI, 1.01-1.10; p = 0.013) and 

creatinine (HR 1.25; 95% CI, 1.13 – 1.38; p < 0.001), peripheral vascular disease (HR 2.25; 

95% CI, 1.06 to 4.78; p < 0.035), and corticosteroid use (HR 3.33; 95% CI, 1.27 – 8.76; p = 
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0.015; see Figure 2). VAD and transplant operations were also associated with an increased 

risk of mediastinal infection (HR, 5.30; 95% CI, 2.12 to 13.27; p < 0.001). Postoperative 

hyperglycemia occurred in 68% of patients with diabetes and 34% of non-diabetics. 

Postoperative hyperglycemia was associated with an increased risk of mediastinal infection 

in non-diabetics (HR 3.15; 95% CI, 1.32 – 7.51) but not in diabetics (HR 0.96; 95% CI, 0.37 

– 2.47).

Length of Stay

For patients with onset of mediastinal infection prior to index hospital discharge, observed 

median time in the ICU was 6 days (IQR, 4 – 11) versus 2 days (IQR, 1 – 3) for patients 

who did not. Observed median LOS from admission was 33 days (IQR, 28 – 41) versus 8 

days (IQR, 6 -12) for these groups. Additional LOS following surgery that was attributable 

to mediastinal infection was 11.5 days (bootstrap 95% CI, 1.88 – 21.11 days).

Readmissions

There were 945 readmissions among the 5,059 patients discharged alive; 150 readmissions 

(15.9%) were for infection. Mediastinal infections (n = 26, 17.3%) were collectively the 

third most common reason for admission due to infection after pneumonia and superficial 

sternal wound infection. There were 20 readmissions for DSWI, 4 for mediastinitis, and 2 

for myocarditis or pericarditis. Readmission rates within 65 days were 0.470 per patient 

month in the mediastinal infection group compared to 0.089 per patient month in the group 

without mediastinal infections (p < 0.001).

Mediastinal Infection and Mortality

Death was more common among patients with mediastinal infection (7.32% vs. 1.84%). In a 

Cox proportional hazards model treating mediastinal infection as a time-varying covariate 

and adjusting for variables determined to be associated with risk of mortality in the entire 

cohort (age, male sex, baseline creatinine, congestive heart failure, and diabetes), 

mediastinal infection was associated with a five-fold increase in risk of mortality (HR 5.414; 

95% CI, 1.67 – 17.53, p = 0.005, Figure 3 and Supplemental Table 1,).

Comment

In this prospective multi-institutional study, we demonstrated that mediastinal infection after 

cardiac surgery is often diagnosed after initial discharge and is associated with increased 

length of stay, readmissions and mortality. In addition, those with higher BMI and pre-

operative creatinine, receiving baseline corticosteroids, with peripheral vascular disease, and 

undergoing VAD placement or transplantation are at increased risk of developing a 

mediastinal infection. In addition, non-diabetics who experience postoperative 

hyperglycemic episodes are at increased risk of developing these infections.

The incidence of mediastinal infection in this study was 0.79% at 65 days of follow-up, 

similar to what has been reported in other studies over the past two decades. It is somewhat 

surprising that the incidence in this study remains at levels seen historically given the high 

level of adherence with Surgical Care Improvement Project (SCIP) and Society for Thoracic 
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Surgeons (STS) guidelines[1,4,9]. The stable rate of these devastating infections suggests 

that prevention is not achieved by simple adherence to guidelines, but may also be related to 

potentially non-modifiable patient risk factors and the surgical procedure.

Our findings are similar to other reports showing that BMI, preoperative creatinine, 

peripheral vascular disease, and VAD or transplant surgery are risk factors for mediastinal 

infection. Moreover, postoperative hyperglycemia was found to be a risk factor in non-

diabetic patients. The literature has somewhat conflicting findings related to post-operative 

hyperglycemia and diabetes. Some studies have shown hyperglycemia in diabetic patients to 

be associated with increased risk of infection or death while others have shown 

hyperglycemia to be a risk factor only in non-diabetic patients or even to be protective in 

diabetic patients.[13-17] There might be several reasons for these discrepancies, including 

differences in the study populations, as diabetes defines a heterogeneous illness with a broad 

spectrum of severity, or differences in the study definitions of hyperglycemia. Our study 

defined hyperglycemia as a single blood glucose measurement above a given threshold (180 

mg/dL) < 48 hours after surgery while others considered the average or median blood 

glucose over an extended period of time. Prolonged or extreme hyperglycemia may be a risk 

factor in diabetics; however, small numbers of such patients in our study limit our ability to 

explore this hypothesis.

Unlike other studies, we did not find an increased risk of mediastinal infection with urgent 

procedure status, increased blood transfusions, bilateral internal mammary artery grafting 

(BIMA) in CABG patients, or type or duration of antibiotic. Procedure status was not 

predictive of any major infection in the overall cohort, so it is not unexpected that neither is 

predictive of mediastinal infection alone.[1] Blood transfusions were highly correlated with 

procedure, particularly VAD and transplant procedures and were not a significant predictor 

independent of these procedures.

Some studies have shown an increased risk of mediastinal infection with BIMA grafting, 

particularly in diabetic and/or obese patients, likely due to the decreased sternal blood 

supply.[18-20] It has been suggested that BIMA harvest and grafting is not a risk factor for 

chest infection if patients are selected properly (i.e., are not diabetic and/or obese).[21] We 

found that diabetic CABG patients in this cohort were significantly less likely to have BIMA 

grafts (odds ratio [OR] 0.650; 95% CI, 0.538 – 0.786; p < 0.0001) which may explain why 

we did not observe an increased risk of mediastinal infection with BIMA grafting.

We also did not find that nasal decontamination or scrubbing with chlorhexidine 

preparations was protective of mediastinal infection as others have found.[22,23] Although 

nasal decontamination and chlorhexidine scrubs target S. aureus, S. aureus was still the most 

common isolate in this study (22 of 46 infections). Interestingly, this is less common than 

the reported incidence of up to 80% presence in mediastinal infections cited in the literature. 

[24-26]

Most of the risk factors identified in this study are patient factors that are not modifiable; 

however postoperative glycemic control may represent an opportunity to reduce the 

incidence of mediastinal infections particularly in patients without diabetes. Nonetheless, 
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whether acute hyperglycemia truly increases the risk of infection or is merely marker of a 

sicker, more vulnerable patient is unknown.

Perhaps most importantly, this study clearly demonstrates the added morbidity and mortality 

associated with the development of a mediastinal infection after cardiac surgery. In addition, 

those with mediastinal infections have increased length of stays and more frequent hospital 

readmission.

This study has several important limitations. The purpose of the “Management Practices and 

the Risk of Infection Following Cardiac Surgery study” was to identify management 

practices associated with a reduced risk of a broad range of infections, and therefore the 

power to look at specific infections is limited. With a larger sample size and number of 

events, we may have discovered additional factors associated with risk of infection in a 

multivariate model. Most of the mediastinal infections identified occurred relatively late in 

the 65 day follow up period, thus additional events may have been discovered with longer 

follow up. Blood glucose measurements were only recorded every 6 hours for the first 48 

hours after surgery; additional measurements or measurements beyond the first 48 hours 

may have been illusory. We unfortunately also lack data regarding management of these 

infections.

In conclusion, the incidence of mediastinal infections is low in experienced cardiac surgery 

centers, however, these infections have a substantial effect on length of stay, readmissions, 

and mortality. BMI, peripheral vascular disease, preoperative creatinine and corticosteroid 

use, and VAD or transplant surgery are risk factors for this complication. Improving 

postoperative glycemic management may reduce the risk of mediastinal infection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Cumulative incidence of mediastinal infection with death as a competing risk
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Figure 2. Factors associated with increased risk of mediastinal infection*
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Figure 3. Survival by time-varying chest infection status for the hypothetical “average” patient in 
cohort
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Table 1

Baseline characteristicsa

Mediastinal Infection (N = 41) No Mediastinal Infection (N = 
5117)

Hazard Ratio P-valueb

Demographics

 Age, mean (SD) 64.4 (14.5) 64.4 (13.2) 1.00 0.991

 Male 25 (61.0) 3425 (66.9) 0.77 0.405

 Race 0.849

  White 33 (80.5) 4289 (83.8) 0.83

  Black 5 (12.2) 535 (10.5)

  Other 3 (7.3) 293 (5.7) 1.11

 Body Mass Index 32.1 (25.4, 37.2) 28.2 (25.1, 32.2) 1.07 <.001

Baseline Laboratories

 WBC, ×103/ml 6.8 (5.5, 8.5) 7.0 (5.7, 8.4) 1.02 0.695

 Creatinine, mg/dL 1.2 (1.0, 1.4) 1.0 (0.8, 1.2) 1.24 <.001

 Hemoglobin, g/dL 12.3 (10.6, 13.7) 13.4 (12.0, 14.5) 0.78 0.001

Cardiac morbidity

 Heart failure 17 (41.5) 1488 (29.1) 1.75 0.079

 Ejection fraction 55.0 (37.0, 60.0) 55.0 (48.0, 60.0) 0.98 0.030

 Previous cardiac surgery 11 (26.8) 947 (18.5) 1.62 0.173

 Baseline circulatory support 4 (9.8) 131 (2.6) 4.08 0.008

 History of infective endocarditis 1 (2.4) 60 (1.2) 2.08 0.471

Noncardiac morbidity

 Smoker 23 (56.1) 2434 (47.6) 1.41 0.278

 Diabetesc 18 (43.9) 1151 (22.5) 2.69 0.002

 COPD 0.457

  None 33 (80.5) 4379 (85.6)

  Mild or moderate 6 (14.6) 638 (12.5) 1.25

  Severe 2 (4.9) 100 (2.0) 2.68

 Renal Failure 0.010

  No 31 (75.6) 4531 (88.5)

  Yes, Dialysis Dependent 4 (9.8) 86 (1.7) 6.84

  Yes, Not Dialysis Dependent 6 (14.6) 500 (9.8) 1.79

 History of cerebrovascular accident 6 (14.6) 514 (10.0) 1.53 0.333

 Peripheral vascular disease 11 (26.8) 524 (10.2) 3.23 <.001

Other

 Transferred from outside hospital 7 (17.1) 714 (14.0) 1.27 0.559

 Preoperative corticosteroids 5 (12.2) 171 (3.3) 4.04 0.004

 Days admitted prior to surgery 0.0 (0.0, 2.0) 0.0 (0.0, 2.0) 1.02 0.505

a
Continuous variables are expressed as mean (SD) or median (IQR) and categorical variables as count (%).
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b
Based on Cox proportional hazards model where outcome is time to chest infection and predictor is patient or operative characteristic.

c
Insulin or oral medications.
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Table 2

Operative and postoperative characteristicsa

Mediastinal Infection 
(N = 41)

No Mediastinal 
Infection (N = 5117)

Hazard Ratio P-valueb

Procedure 0.007

 Isolated CABG 16 (39.0) 1661 (32.5) 0.82

 Isolated valve 7 (17.1) 1871 (36.6) 0.32

 CABG + valve 8 (19.5) 684 (13.4)

 Transplant or VAD 5 (12.2) 117 (2.3) 3.65

 Thoracic aortic 2 (4.9) 426 (8.3) 0.40

 Other 3 (7.3) 358 (7.0) 0.72

S. aureus nasal decontamination 15 (36.6) 2412 (47.2) 0.65 0.181

Surgery type 0.614

  Elective 28 (68.3) 3778 (73.8)

  Urgent 11 (26.8) 1203 (23.5) 1.23

  Emergent 2 (4.9) 136 (2.7) 2.00

Surgery time, hours 4.9 (3.8, 6.1) 4.2 (3.3, 5.2) 1.25 0.008

Bypass time, hoursc 2.0 (1.4, 2.8) 1.8 (1.3, 2.3) 1.37 0.036

Sternotomy 40 (97.6) 4629 (90.5) 4.18 0.158

Use of IMA in CABG patientsd 0.56

 No IMA 6 (25.0) 438 (18.7) 0.96

 Single IMA 15 (62.5) 1698 (72.4) 0.62

 Bilateral IMA 3 (12.5) 209 (8.9)

Number of vein grafts 1.5 (1.0, 2.0) 2.0 (1.0, 2.0) 0.99 0.973

Total PRBCs 2.0 (0.0, 4.0) 0.0 (0.0, 3.0) 1.05 0.001

Surgical site scrub with chlorhexadine preparations 30 (78.9) 4118 (81.7) 0.85 0.672

Ioban 24 (58.5) 2867 (56.0) 1.11 0.751

Post-operative hyperglycemia 27 (65.9) 2201 (43.1) 2.55 0.004

Days of post-operative antibiotic prophylaxis 0.008

 2 Days (24-48 hours) 10 (24.4) 2110 (41.2)

 1 Day (0-24 hours) 22 (53.7) 2574 (50.3) 1.80

 3 Days (>48 hours) 9 (22.0) 433 (8.5) 4.47

Perioperative second generation cephalosporins 14 (34.1) 2391 (46.7) 1.11 0.751

Ventilation duration, days 0.8 (0.6, 1.3) 0.6 (0.4, 1.0) 1.08 0.007

Non-chest infection (prior to onset of first mediastinital 
infection)

8 (19.5) 554 (10.8) 2.00 0.079

a
Continuous variables are expressed as median (IQR). Categorical variable is described as count (%).

b
Based on Cox proportional hazards model where outcome is time to chest infection and predictor is postoperative characteristic.

c
91.1% of patients had on-pump surgical procedure
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d
24 patients with chest infection and 2345 without chest infection underwent CABG (isolated or combined)
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