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Objective: To investigate the risk factors of deep sternal wound infection (DSWI) after off-pump coronary artery bypass grafting and 
its prevention and treatment strategy.
Methods: The clinical data of 465 patients who underwent OPCABG with a median chest incision were retrospectively analyzed. The 
patients were divided into the observation group (with DSWI, 32 cases) and the control group (without DSWI, 433 cases) according to 
the occurrence of DSWI. The preoperative, intraoperative, and postoperative clinical data relevant to DSWI were collected in both 
groups. The univariate and multivariate logistic regression analyses were adopted to analyze the risk factors for DSWI after OPCABG 
and investigateand its prevention and treatment strategy.
Results: DSWI occurred in 32 cases with an incidence of infection of 6.89%. There were 5 cases died in the observation group (with 
DSWI), the overall mortality rate was 1.07% and the intra-group mortality rate was 15.6%. There were 16 cases died in the control 
group (without DSWI) because of low cardiac output syndrome and multiple organ failure, the overall and intra-group mortality rates 
were 3.44% and 3.69% respectively. By analyzing the risk factors of DSWI between the two groups, the differences in age, body mass 
index (BMI), history of diabetes mellitus (DM), operation time, tracheal intubation time, time of stay in thecardiac care unit, blood 
transfusion (blood plasma)>800mL, blood transfusion (erythrocyte suspension)>6um, secondary thoracotomy were statistically 
significant between the observation and control groups (P < 0.05 in all).
Conclusion: Obesity, history of DM, prolonged operation time and tracheal intubation time, time of stay in CCU, utilization of blood 
product and secondary thoracotomy were DSWI independent risk factors after OPCABG.Some preventive measure should been 
implemented to reduce the incidence of DSWI, such as shorter operation time and tracheal intubation time, reducing the utilization of 
blood product.
Keywords: off-pump coronary artery bypass grafting, sternal wound infection, risk factor

Introduction
Off-pump coronary artery bypass grafting (OPCABG) is an effective treatment for coronary heart disease (CHD), but 
deep sternal wound infection (DSWI) after OPCABG is a serious complication after cardiac surgery, accounting for 1% 
of the complications of cardiac surgery via median incision, with high mortality of up to 20%.1–5 The natural prognosis 
of DSWI is poor and patients might often die due to multi-organ failure. Early intervention and active treatment of the 
high-risk factors for infection could reduce the length of the ICU stay and mechanical ventilation duration, improve the 
short- and long-term outcomes, and improve the quality of life for patients.

DSWI lead to liquefaction and necrosis of the subcutaneous tissues without untreatment, resulting in prolonged illness 
and death in severe cases. A number of studies have demonstrated some risk factors of DSWI, such as diabetes, obesity, 
prolonged operative time, use of blood products and others.6–8 However, some predictive value of risk factors are not 
identified, including tracheal intubation time and beating heart procedures. Therefore, this study aimed to investigate the 
risk factors for the occurrence of DSWI after surgery and the therapeutic methods for the improvement of prognosis.
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Materials and Methods
General Data and Study Setting
A total of 465 patients undergoing OPCABG via a median thoracic incision in our department from January 2016 to 
December 2020 were consecutively enrolled in this study.Among them the observation group (with DSWI, 32 cases) and 
the control group (without DSWI, 433 cases) according to the occurrence of SWI after surgery (Figure 1). The inclusion 
criteria:The diagnosis of CHD was confirmed in all cases through coronary angiography, and all patients undergoing 
OPCABG via a median thoracic incision in. Exclusion criteria: 1. Other cardiac operations were performed at the same 
time. 2. Preoperative complicated infectious diseases. The study was approved by the institutional review committee 
ofGeneral Hospital of Ningxia Medical University and the informed written consents were signed by all patients.

Methods
Surgical Methods and Postoperative Treatment: Patients in both groups underwent OPCABG via the median thoracic 
incision under general anesthesia. Postoperatively, the patients were treated in the cardiac care unit (CCU) with 
ventilator-assisted ventilation in the cardiac surgery department. Low-dose dobutamine, dopamine were administered 

Figure 1 Flow chart.
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to assist circulation as well as continuous monitoring of the hemodynamic parameters. Treatments for the secondary 
prevention of CHD, such as dual antiplatelet aggregation drugs, lipid regulation and plaque stabilization, control of 
ventricular rate, and coronary dilation, were conducted. Antibiotics were given 24 hours after surgery for the prevention 
of infection. The occurrence of SWI should be noted in case of postoperative fever, skin redness at the incision site, 
increased skin temperature, and exudates from the wound. Chest CT scanning can detect insidious SWI, but needle 
aspiration should be conducted for those with high suspicion.

The Definition and Diagnostic Criteria for DSWI
The definition of DSWI: DSWI, also known as mediastinal infection, is defined as infection related to surgical incision 
and involving muscle and bone, with or without infection in the posterior sternal space.1,9,10

The Diagnostic Criteria for SWI:11 SWI after cardiac surgery can be divided into the superficial SWI (SSWI) and 
deep SWI (DSWI).12 SSWI is an infection limited to the skin and subcutaneous tissues without the involvement of the 
sternum or mediastinum. DSWI is an infection that involves the sternum or mediastinum. DSWI can be diagnosed when 
the patient has one of the following manifestations: (1) microbial growth in the culture of mediastinal tissue or secretion; 
(2) evidence of mediastinal inflammation during surgery or histopathological examination; (3) persistent postoperative 
chest pain, sternal instability, or fever (with a temperature greater than 38°C), accompanied by purulent mediastinal 
drainage or isolation of pathogenic microorganisms from the culture of blood or mediastinal area secretions.

Observation Indicators
The preoperative, intraoperative, and postoperative clinical data relevant to SWI were collected in both groups. The 
preoperative clinical data were age, gender, BMI, histories of hypertension, DM, COPD, smoking, and triglyceride 
levels. Primary endpoint: Sternal incision infection occurred after surgery. Secondary endpoint: operation duration, 
mechanical ventilation duration, length of stay in the CCU in the cardiac surgery department, drainage volume on the 
operation day, volume of postoperative blood transfusion, secondary median incision debridement, postoperative 
pulmonary infection, and postoperative hypoxemia, Infection rate, death rate.

Statistical Methods
The statistical analysis was performed by another blinded statistician using SPSS 19.0 software. The measurement data were 
expressed as mean ± standard deviation (�χ� s), and the t-test was used for statistical analysis. The countable data were 
expressed as percentages or rates. The X2-test was used for statistical analysis, and the Fisher’s exact probability method was 
adopted for those that did not meet the condition. The unconditional multivariate logistic regression analysis was used for the 
analysis of the risk factors for SWI that had statistical significance. P < 0.05 was considered statistically significant.

Results
Comparison of Clinical Results Between the Two Groups of Patients
A total of 465 patients undergoing OPCABG via a median thoracic incision were enrolled and DSWI occurred in 32 
cases with an incidence of infection of 6.89%. There were 5 cases died in the observation group (with DSWI), the overall 
mortality rate was 1.07% and the intra-group mortality rate was 15.6%. There were 16 cases died in the control group 
(without DSWI) because of low cardiac output syndrome and multiple organ failure, the overall and intra-group mortality 
rates were 3.44% and 3.69% respectively.

The Description of the Population
A total of 465 patients undergoing OPCABG via a median thoracic incision were enrolled and DSWI occurred in 32 
cases with an incidence of infection of 6.89%. In the observation group, there were 20 males and 12 females, with an 
average age of 66.1 ± 10.5 years and an average body mass index (BMI) of 26.78 ± 4.56 kg/m2. There were 11 cases 
combined with hypertension, 13 cases with diabetes mellitus (DM), 9 cases with chronic obstructive pulmonary disease 
(COPD), and 12 cases with a smoking history. In the control group, there were 262 males and 171 females, with an 
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average age of 58.7 ± 13.6 years and an average BMI of 20.34 ± 3.21 kg/m2. There were 102 cases combined with 
hypertension, 98 cases with DM, 84 cases with COPD, and 202 cases with a smoking history. The details are illustrated 
in Table 1.

The Comparison of Preoperative, Intraoperative, and Postoperative Risk Factors for 
SWI Between the Two Groups of Patients
By analyzing the risk factors of DSWI between the two groups, the differences in age, body mass index (BMI), history of 
diabetes mellitus (DM), operation time, tracheal intubation time, time of stay in CCU, blood transfusion (blood plasma) 
>800mL, blood transfusion (erythrocyte suspension)>6u, secondary thoracotomy were statistically significant between 
the observation and control groups (P < 0.05 in all).The details are demonstrated in Table 1. Further multi-factor Logistic 
regression analysis showed that BMI >28 kg/m2, history of diabetes mellitus, operation time >6h, tracheal intubation time 
>30h, time of stay in CCU>8d, blood transfusion (blood plasma) >800mL, blood transfusion (erythrocyte suspension) 
>6u. Secondary thoracotomy were statistically significant between the observation and control groups (P < 0.05 in all). 
The details are demonstrated in Table 2.

Table 1 The Comparison of the Risk Factors for Sternal Wound Infection Between the Two Groups of Patients [M (P25, P75)], n(%)]

Item Observation Group (n=32) Control Group (n=433) t/x2 P

Age (year-old) 66.2 (60.2, 70.2) 58.7 (50.2, 69.6) 3.725 0.002

Gender (male/female) 20/12 262/171 0.05 0.824

Body mass index (kg/m2) 26.78 (22.28, 30.56) 20.34 (17.21, 23.56) 2.357 0.032
The history of hypertension 11 (34%) 102 (24%) 1.896 0.169

The history of diabetes mellitus 13 (41%) 98 (23%) 5.308 0.021

The history of COPD 9 (28%) 84 (19%) 1.418 0.234
The smoking history 12 (38%) 202 (47%) 1.005 0.316

Triglyceride (mmol/l) 6.34 (5.66, 7.20) 4.57 (4.07, 5.27) 1.409 0.158

Operation time (h) 6.13 (5.08, 8.37) 4.24 (3.16, 5.32) 10.362 0.000
Tracheal intubation time (h) 30.81 (21.24, 55.60) 27.31 (20.26, 41.67) 3.882 0.002

Time of stay in CCU (d) 8.13 (5.05, 11.21) 5.24 (3.24, 7.32) 6.632 0.018

Amount of bleeding (mL) 622.24 (500.24, 754.22) 598.14 (503.24, 698.21) 0.904 0.403
Blood transfusion (blood plasma)>800mL 18 (56%) 127 (29%) 10.063 0.002

Blood transfusion (erythrocyte suspension)>6u 11 (34%) 75 (17%) 5.749 0.016

Secondary thoracotomy 4 (13%) 17 (4%) 0.048*
Postoperative pulmonary infection 15 (47%) 142 (33%) 2.642 0.104

Postoperative hypoxemia 13 (41%) 139 (32%) 1.145 0.285

Note: *Fisher’s exact probability method.

Table 2 The Logistic Regression Analysis of the Risk Factors for Sternal Wound Infection in the Two Groups of 
Patients

Variate b SE Waldx2 P OR 95% CI

Age 0.025 0.457 1.946 0.445 1.025 0.968–1.072

BMI > 28 kg/m2 0.730 0.248 10.074 0.000 2.290 1.380–3.705
The history of diabetes mellitus 1.264 0.332 14.320 0.000 3.440 1.844–6.780

Operation time >6h 1.315 0.241 4.811 0.002 3.096 1.186–6.338

Tracheal in tubation time >30h 0.792 0.203 12.163 0.001 2.235 1.065–3.882
Time of stay in CCU >8d 0.782 0.195 2.438 0.031 1.198 0.912–2.694

Blood transfusion (blood plasma) >800mL 0.875 0.217 3.482 0.002 3.072 2.409–6.081

Blood transfusion (erythrocyte suspension) >6u 1.404 0.392 7.946 0.012 2.784 2.698–5.682
Secondary thoracotomy 2.164 1.508 4.131 0.040 21.680 1.182–280.056
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Discussion
DSWI is a serious complication after cardiac surgery, accounting for 1% of the complications of cardiac surgery via 
median incision, with high mortality of up to 20%.4,5 In the present study, the risk factors for SWI after OPCABG were 
analyzed. The therapeutic methods to effectively reduce the occurrence of SWI after OPCABG were discussed to 
improve the prognosis in patients.

The results of this study showed that patients’ age, body mass index, history of diabetes, duration of surgery, duration 
of mechanical ventilation, duration of postoperative intensive care, amount of postoperative blood transfusion, 
and second chest opening were risk factors for sternotomy infection after OPCABG (P<0.05), and further multifactorial 
logistic regression analysis showed that body mass index greater than 28 kg/m2, history of diabetes, duration of surgery > 
6h, duration of mechanical ventilation >30h, time of stay in CCU >8d, blood transfusion (blood plasma) > 800mL, blood 
transfusion erythrocytesuspension) > 6u, and secondary thoracotomy was an independent risk factor for sternotomy 
infection after OPCABG. The reasons are discussed as follows.

The incidence of incisional infection was higher in obese patients (P<0.05), which may be due to the following reasons. ① 
Obese patients have more adipose tissue at the incision site and less blood supply, which increases the incidence of 
postoperative incision infection due to poor incision healing ability. ② Surgical impact. In order to expose well, it is inevitable 
to move the pull hook back and forth, sometimes pulling hard, making the tissue compression injury more serious. The tissue 
compression injury itself can lead to slow healing or incisional infection. ③ Fat liquefaction. ④ Patient’s own factors. Obese 
patients have a higher incision liquefaction rate due to the thick skin fat layer of the incision, and the lack of nutrition is more 
obvious after the injury. Secondly, obese patients are prone to sweating and the incision is not easily kept dry, which may also 
lead to incision infection or delayed healing.4

Diabetes can lead to microvascular lesions, resulting in impaired microcirculation, tissue ischemia and hypoxia at the 
incision site, and slow healing, which can predispose to infection.13–15 Second, postoperative stress, during surgery and 
the postoperative period, elevated blood glucose is usually observed, leading to increased secretion of catabolic hormones 
(eg catecholamines or cortisol) and decreased insulin secretion, and related studies have shown that hyperglycemia is 
associated with an increased risk of DSWI in diabetic patients. However, hypoglycemia should be avoided in patients.

Direct cardiac surgery is generally a long and extensive operation, and there is a correlation between the duration of 
cardiac surgery and postoperative incisional infections. During surgery, the number of bacteria landing in the surgical 
area can be 35,000 to 60,000 per hour. The longer the surgery, the longer the exposure time, and also increases the chance 
of contact between bacteria and the incision on medical devices and elsewhere. Some domestic studies have reported that 
the longer the operation time, the more serious the incision is stretched and compressed by the instruments for a long 
time, which will cause local ischemia and hypoxia in the surrounding tissues, resulting in tissue damage and eventually 
a decrease in tissue resistance. Once postoperative infection occurs, the morbidity and mortality rate is high.

The duration of mechanical ventilation is also an independent risk factor for sternotomy infection after OPCABG. In 
patients with prolonged tracheal intubation, sputum is not easily and adequately eliminated, which is conducive to 
bacterial growth, and the use of ventilators also increases sternal instability, which affects healing.After cardiac surgery, 
the patient needs to be monitored in the intensive care unit and transferred to the general ward for treatment only after the 
tracheal intubation is removed and the condition is stabilized. Due to the seriousness of the patient’s primary disease, 
coupled with many invasive operations in the intensive care unit and the massive application of broad-spectrum 
antibacterial drugs, sternotomy infection is likely to occur and worsen the condition. Therefore, the indications for 
invasive operations should be strictly mastered, the aseptic operation protocols should be carefully implemented, and the 
necessity of continued indwelling should be assessed and recorded daily for patients using ventilators, central venous 
placement and indwelling catheters to minimize the indwelling time.

The amount of perioperative blood transfusion is associated with the incidence of postoperative infection,16,17 and the 
mechanism of post-transfusion infection may be due to the negative regulation of host immune defenses. The bacterial 
killing effect of macrophages and NK cells is diminished by homologous blood transfusion, and the total antimicrobial 
defense is impaired despite positive regulation in some aspects of humoral immunity. Therefore, blood transfusion 
suppresses the function of immune cells in the patient’s organism and reduces the patient’s immune function.Therefore, 
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the pros and cons of whether blood transfusion is needed in the perioperative period should be weighed, and no or less 
blood transfusion should be done as much as possible without affecting the patient’s treatment.

Therefore, blood glucose should be controlled during the perioperative period and maintained below 180–200 mg/dl 
during the intraoperative and early postoperative period.18 Several approaches could be taken preoperatively to reduce 
the risk of infection: detection and management of opportunistic infections (pneumonia, urinary tract, and skin) and 
prophylactic administration of adequate antibiotics before skin incision, with 1 g of cefazolin being commonly 
administered (up to 2 g for those with sizable body weight).During the operation, strict aseptic procedures, gentle 
treatment of tissues, and careful and adequate hemostasis should be conducted to minimize mediastinal hemorrhage, 
avoid secondary thoracotomy, and control operation duration. Postoperatively, multiple measures should be conducted to 
reduce the occurrence of postoperative SWI, including minimizing mechanical ventilation duration, avoiding unneces-
sary blood transfusions, trying to achieve zero blood transfusions, etc.

For those with SWI, the treatment experience from the cases in the present study is summarized as follows. The 
clinical manifestations of SWI might be obvious or insidious and often depend on the source of infection. Staphylococcus 
aureus infections tend to be highly pathogenic and appear within 10 days after surgery. Conversely, the onset of 
coagulase-negative staphylococcal infections was late, painless, and insidious.12

The small/superficial infections usually presented with tenderness, redness, plasma exudation, or localized pus flow 
from the incision with a fixed sternum. Large/deep incision infections (located in the deep subcutaneous tissue, 
osteomyelitis, mediastinitis) might have all of the above manifestations but often have significant purulent drainage 
and sternal instability. Patients often have fever, chills, drowsiness, and chest wall pain, with elevated leukocytes in 
a routine blood test. The culture of purulent drainage might reveal the existence of pathogenic bacteria and guide the 
administration of suitable antibiotics. Incision puncture (sternal puncture) might be feasible as an anti-infection diagnosis 
with no pus drainage.In cases with an unstable sternum, a chest CT might be useful for diagnosis and help detect the 
presence of deep infections, such as post-sternal soft tissue, loss of fat integrity, or post-sternal gas-containing abscesses 
without drainage.19 Minor infections could usually be treated effectively with intravenous antibiotics, incision opening, 
and local dressing changes.Persistent sinus or multiple recurrent dehiscences might suggest the existence of deeper 
infection, often involving the sternal sutures, and secondary thoracotomy should be conducted instead of dressing 
changes.Removal of the metallic line, scraping the diseased bone, and six weeks of antibiotic treatment were effective 
for deep infections. In case of early exposure of the sternal metallic line or bone, the occurrence of SWI should be noted, 
and deep infection should be ruled out before dealing with the incision problem. Mediastinal exploration should be 
required for significant infections as well as dilation of infected tissue, removal of foreign bodies, drainage, and reduction 
of dead space.

For large/deep incision infections, vacuum sealing drainage (VSD) was adopted in our department as a therapeutic 
method.VSD is a novel and efficient drainage method with the adoption of VSD material (covered with polyethylene 
ethanol-hydrated seaweed salt foam dressing) and a biological semi-permeable membrane as an intermediary between 
the trauma and the outside, isolating the trauma or body cavity from the outside, and providing continuous negative 
pressure suction.The VSD system can increase the microcirculatory blood flow by dilating small arteries, thus 
promoting the production of granulation tissue and accelerating the incision healing. At the same time, it can reduce 
incisional edema and bacterial accumulation.20 For those with severe mediastinitis, chronic osteomyelitis, refractory 
infection, subcutaneous infection spreading to the sternum and contaminating the metallic line, the opening approach 
should be adopted. After a few days of sternal debridement, daily dressing changes, and cleaning of the incision, the 
therapeutic method of bilateral pectoralis major flap edge loosening and translation should be applied to eliminate the 
sternal cavity in time, promote the healing of subcutaneous tissue, and promote the discharge of exudate, with an 
efficiency of 96%.21

There are some limitations in this study. Due to the relative fragmentation of sternotomy infection cases after 
OPCABG, there is a lack of evidence from large randomized controlled trial studies. Additionally, the sample size of 
patients in group with DSWI is too small for comparison with patients without DSWI.
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Conclusion
In this study, we found that the morbidity of DSWI undergoing OPCABG was 6.89% with an intra-group mortality rate 
of 15.6%. Additionally, obesity, history of DM, prolonged operation time and tracheal intubation time, time of stay in 
CCU, utilization of blood product and secondary thoracotomy were DSWI independent risk factors after OPCABG. We 
should implement multimodal preventive measure to reduce the incidence of DSWI after OPCABG, such as shorter 
operation time and tracheal intubation time, reducing the utilization of blood product.

Abbreviations
OPCABG, Off pump coronary artery bypass grafting; COPD, Chronic Obstructive Pulmonary Disease; SSWI, superficial 
sternal wound infection; DSWI, deep sternal wound infection.
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