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Abstract

Sternal wound infection (SWI) is an uncommon but potentially fatal 
complication of cardiac surgery following median sternotomy. It has a 
considerable impact on in-hospital morbidity and mortality, duration of hospital 
stay, mid-long term survival, and considerable financial concerns. The traditional 
approach to treating SWI involves removal of all foreign hardware, surgical 
debridement, and subsequent sternal reconstruction and long-term intravenous 
antibiotics. The therapy itself is associated with significant complications 
including chronic concerns for chest wall integrity, morbidity, and occasionally 
mortality. In this Case, report, we describe an alternative strategy for deep 
sternal wound infection treatment that maintains sternal integrity by retention of 
the sternal plating system, soft tissue debridement, use of a vacuum-assisted 
closure system, and systemic antibiotics.

Introduction
Deep Sternal Wound Infection (DSWI) is a complex and 

potentially devastating complication following cardiac surgery 
with a significant impact on both patient prognosis and hospital 
expenditure. The criteria defined by Center for Disease Control and 
Prevention (CDC) for DSWI must include at least one of the following 
within 90 days after the initial surgical procedure: organism cultured 
from mediastinal tissue or fluid obtained during a surgical operation 
or needle aspiration; evidence of mediastinitis seen during surgery; 
fever (380C), chest pain or sternal instability associated with purulent 
discharge from the mediastinal area or bacteria that is isolated from 
blood culture or culture of the mediastinal area [1]. Despite the poor 
clinical and economic outcomes of sternal wound infections, there 
are currently no specific guidelines in cardiac surgery to prevent 
and treat these infections. The purpose of this report is to describe 
an alternative approach that contrasts with the generally accepted 
principles of traditional practices.

Case Presentation
A 51-year old woman with a past medical history of hypertension, 

hyperlipidemia and morbid obesity (BMI 41.2) presented with sub-
sternal chest pain for two weeks prior to admission. She also had 
a strong family history of premature death and coronary artery 
disease. Preoperative evaluation with echocardiograph and cardiac 
catherization discovered normal cardiac function, normal valvular 
function and severe multivessel coronary artery disease for which 
Coronary Artery Bypass Grafting (CABG) was recommended. 
Preoperative labs showed a hemoglobin of 13.3, hematocrit of 
40.5 and normal electrolytes. Her albumin level was 3.2g/ml pre-
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operatively.

The patient was prepared for cardiac surgery under general 
anesthesia. She was given IV 1500mg of vancomycin and 2g of 
Cefazolin intra-operatively as part of the antibiotic prophylaxis 
protocol. Sternotomy was performed which was followed by open 
harvesting of Left Internal Mammary Artery (LIMA) and endoscopic 
harvesting of Saphenous Venous Graft (SVG). The aorta and right 
atrium were cannulated for Cardio Pulmonary Bypass (CPB). 
A normotensive CPB was initiated and a pump assisted beating 
heart five-vessel CABG was performed: SVG to Diagonal, Obtuse 
Marginal-1, Obtuse Marginal-2 and PDA, while LIMA to LAD. 
Ventilation was resumed and patient was weaned off CPB after a total 
time of 134 minutes. Trans-esophageal echocardiography showed 
good contractility and all grafts showed excellent flow on ultrasound 
probe. Chest tubes were placed in the pleural and mediastinal spaces. 
In view of her body habitus, closure was performed with the Sternalock 
360™ (Zimmer Biomet; Warsaw, Indiana, U.SA). This sternal plating 
system uses titanium plates incorporated into titanium bands as well 
as titanium screws to hold the sternum together (Figure 1). The soft 
tissues were brought together using Vicryl suture and the overlying 
skin was approximated with a subcuticular suture (Figure 1).

The initial recovery was unremarkable. However, on POD 2, the 
patient developed a fever of 39°C with a leukocyte count of 16,000. 
This was accompanied with a cloudy and purulent discharge from 
the incision site on POD 4. Due to the concern of sternal wound 
infection, she was empirically started on IV Piperacilling/Tazobactam 
and vancomycin. On POD 5, she received a Prevena™ (Figure 2) 
wound management system (KCI Medical Ltd, Dublin, Ireland) that 
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was applied atop the sternal wound skin to absorb any secretions 
underneath. A culture of the discharge fluid was obtained at this time 
and showed no growth. Cultures from blood, urine and sputum were 
also negative for any growth. The initial impression was superficial fat 
necrosis (Figure 2).

On POD 7, due to persistent drainage, she was taken to the OR 
for sternal wound exploration. Intraoperative findings included 
fat necrosis associated with turbid fluid in proximity to the sternal 
bone-cultures were obtained. The sternum itself remained well 
approximated, solid, and viable. A VAC device was applied (Figure 
3). A culture was also obtained in the OR which again showed no 
growth.

She underwent bedside V.A.C™ changes on POD 10 and POD 
12 during which wound cultures were collected. The fevers had 
resolved and the wound appeared clean. On POD 14, she was taken 
to the OR where she underwent sternal soft tissue wound closure. 
Intraoperative cultures were obtained. On POD 15, she had another 

fever spike (38.60C). Cultures obtained previously now grew Serratia 
Marcescens. She was started on IV 2g of Ceftriaxone every 24 hours 
after consultation with infectious disease specialists.

On POD 19, the patient underwent re-debridement of superficial 
soft tissues in conjunction with a V.A.C dressing in OR. Purulence 
was observed in the wound and the culture obtained in OR showed 
persistent growth of Serratia. V.A.C™ dressing changes continued 
throughout her stay at the hospital with no further attempts to close 
the sternal soft tissue. Again, the sternum itself appeared intact and 
solid with no indication of instability or dehiscence. Furthermore, 
despite the patient’s large body habitus, the mechanics of breathing 
was unimpaired.

The patient continued to improve gradually as her fever and 
the leukocyte count returned to baseline. Follow-up cultures no 
longer showed any growth. The wound continued to appear clean 
with good granulation tissue with each V.A.C dressing change. She 
was transitioned to oral antibiotics (500mg of Ciprofloxacin twice 
daily) upon discharge with frequent follow up in the surgical clinic. 
Frequent V.A.C™ dressing changes were done for two months while 
the soft tissue healed.

The remainder of the wound healing was uneventful with final 
reapproximation of the soft tissue assisted by the V.A.C™ system 
(Figure 4). Computer Tomography (CT) of the chest at this time 
showed the sternal segments to be closely approximated with no 
evidence of erosion or cortical destruction and without any soft tissue 
collections (Figure 5).

Figure 1: Sternal wound approximated with the Sternalock 360™ plating 
system.

Figure 2: Prevena™ wound management system.

Figure 3:  V.A.C™ System and its clinical application in this case.

Figure 4: Sternal wound healed after prolonged treatment with V.A.C™ 
system and antibiotics.

Figure 5: Saggital and Coronal sternal Computer Tomography following 
complete healing.
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Discussion
Sternal wound infection is an uncommon outcome of cardiac 

surgery and is often divided into two categories: superficial and deep 
depending on the tissue involved. The superficial infections involve 
skin, sub-cutaneous tissue and the pectoralis fascia only without 
involvement of the bone. The incidence of superficial SWI is reported 
to range from 0.5-8% with a combined morbidity and mortality 
of 0.5-9% [2]. It is often diagnosed clinically by the presence of 
erythema, drainage, fever and occasional ternal instability; low-grade 
fever may be the only presenting complaint. Superficial SWI is often 
treated with IV antibiotics and local wound care.

Deep sternal wound infection (DSWI), also termed as 
mediastinitis, is a life-threatening complication after median 
sternotomy with an incidence of 1-5% and an associated mortality 
rate of 10-47% [3,4]. Not only is it associated with poor clinical 
outcome but also with a longer duration of hospital stay and 
increased economic burden to the hospital. On average, the patients 
with DSWI spend an additional 20 days in the hospital as compared 
to those without DSWI after cardiac surgery and the cost for patients 
with sternal wound complications has been estimated to be 2.8 times 
that for the patients with uncomplicated post-operative courses [4,5]. 
Different studies suggested it could pose an additional cost ranging 
from $ 62,000 to $ 500,000 per case of post sternotomy mediastinits 
[4,6].

Obesity is a known risk factor for DSWI, partly because of 
poor perfusion of subcutaneous adipose layers with low levels of 
prophylactic antibiotics into these tissues. Some data suggests a 
1.5 to two-fold increase in DSWI after cardiac surgery in patients 
with body mass index >30kg/m2 [7]. Other risk factors include age, 
chronic obstructive pulmonary disease, chronic cough, osteoporosis, 
re-operation, previous radiation therapy, previous myocardial 
infarction, bilateral mammary artery harvesting for bypass surgery, 
prolonged mechanical ventilation, smoking and peripheral vascular 
disease [8,9]. In addition, any factor that delays the healing can 
contribute to development to SWI. Malnutrition is a known risk 
factor and some studies have shown that patients with pre-operative 
hypoalbuminemia (<3g/ml) are more prone to develop DSWI [10]. 
Another study demonstrated that a pre-operative albumin level of 
<2.5g/ml was independently associated with both increased mortality 
and increased risk of developing SWI [11].

Despite advancement in prevention and perioperative care 
targeting to decrease the risk factors, DSWI still remains an alarming 
concern in cardiac surgery due to its short and long-term clinical 
and economic outcomes. The prophylactic antibiotic therapy is 
considered one of the most important preventive tools. However, 
the choice of antibiotic, the dose and the duration, the timing of 
prophylaxis and the optimum level required in serum and tissue still 
remains controversial [12].

Treating DSWI is often challenging and currently, the European 
and American cardiothoracic societies provide no guidelines for 
treating these infections. Classic principles of surgical wound 
infection includes debridement of infected and devitalized tissue as 
well as removal of any foreign bodies accompanied by antibiotics. 
The situation in cardiac surgery is compounded by the importance of 

the sternum from its coverage and protection of the underlying heart 
as well as its contribution to chest wall integrity and the mechanics 
of breathing. Morbidly obese patients have difficulty breathing 
on the basis of their body habitus such that any adverse condition 
affecting the mechanics of breathing in this patient population 
could be devastating. As such, the classical treatment of DSWI, 
which involves early wound exploration and extensive debridement 
[9], could prove fatal in some instances. Furthermore, removal of 
the foreign material, such as sternal wires, may result in significant 
sternal instability with dire consequences. Traditionally, following 
extensive sternal wound debridement, sternal reconstruction is often 
achieved with the advancement of the pectoralis myocutaneous flap 
either as a single or staged procedure [13,14]. The procedure itself is 
associated with major adverse outcomes such as thoracic instability, 
prolonged immobilization with an increased risk of thrombosis, 
muscular weakness and pneumonia [15]. Another life-threatening 
complication includes right ventricular injury that can lead to 
uncontrolled tears with torrential bleeding and mortality [16]. These 
issues are compounded in the obese and morbidly obese patient 
population where tension on the midline of the sternum and its 
underlying scar tissue is higher than in their non-obese counterparts. 
The lateral tension associated with the obese patient has been studied 
and the forces in this area tend to pull the sternal halves apart [17]. 
In addition, the mechanics of breathing in the setting of sternal 
instability or absence of sternal integrity following its debridement 
may particularly problematic in patients with underlying COPD, 
as intra-thoracic pressure is likely to be increased by the need for 
prolonged ventilator support with positive end expiratory pressures, 
as well as by excessive cough associated with COPD [17,18]. Again, 
these issues are compounded in the obese patient.

In our case, due to the high BMI, we elected to use a sternal plating 
system that combines titanium bands with plates and screws (Sterna 
Lock 360™) to re-approximate her sternum. This allows for a very 
secure sternal approximation related to its design of rigid fixation. 
In comparison to sternal wires, which provide a linear support, this 
plating system provides a two-dimensional support to stabilize the 
sternum [19]. In the obese and morbidly obese patients, the sternal 
wires may not be strong enough to hold the sternum together in 
periods of stress as when a large person coughs or engages in any 
activity that places lateral tension on the midline. It is not uncommon 
for sternal wires to pull through the hemi-sternums or to break 
altogether. In contrast, the design of the Sterna Lock 360™ provides 
a much stronger closure that is not prone to break or pull through. 
In fact, some studies with sternal plates alone demonstrated a lower 
incidence of sternal infection in the group undergoing sternal plating 
compared that in those receiving conventional sternal wiring [19,20]. 
The system used in this case is unique because it adds the titanium 
bands together with the plates and screws.

Despite the development of a DSWI in this morbidly obese 
patient, two aspects are noteworthy: 1) the organism was a Serratia 
species, not the typical staphylococcus. Serratia infection is usually a 
water-born germ and its origin in this case is unclear. Nevertheless, 
once the species was identified, tailored antibiotic therapy was quickly 
utilized 2). The infection clearly extended to the sternal hardware 
and was in contact with it and the bone. Despite this, we elected to 
retain the hardward and debride the necrotic and infected tissue, 
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using the V.A.C™ to provide additional and frequent debridement 
while maintaining sternal bone integrity. We used the V.A.C™ due 
to its known advantages in causing a reduction in edema, removal of 
infectious secretions, stimulation of circulation by increasing arteriole 
dilation as well as granulation of soft tissues, thereby facilitating 
wound edge approximation and healing of soft tissue [21,22]. This 
translated into no deterioration in breathing mechanics. We were 
eventually able to transition the patient from inpatient to outpatient 
management. Vigilance in the outpatient clinic was important in the 
management of the wound and detection of any possible failure in 
this treatment plan that would require a more traditional approach. 
Fortunately, the wound healed and the patient was able to maintain a 
near normal lifestyle during the process.

Whether or not this approach is reproducible in similar patients 
remains to be seen. However, the merits of this approach are several, 
but most notably is sternal integrity. In our opinion, the decisions 
described in this case may be worthwhile as a first-line approach for 
sternal wound infections in the obese and morbidly obese patient 
population since there is little tolerance for any disruptions in the 
mechanics of breathing. In addition, avoidance of sternal bone 
resection, which is sometimes necessary, may reduce or eliminate 
complications associated with this hazardous operation, particularly 
bleeding.

In summary, we describe an approach to the treatment of deep 
sternal wound infection that utilizes technologies that maintain 
sternal integrity and treat devitalized and infected soft tissue. These 
technologies, in combination with systemic antibiotics and vigilance 
in wound care may be superior to the traditional approach. Further 
application and examination is warranted.
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