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ABSTRACT 
 

Objectives: Vacuum-assisted closure (VAC) was primarily designed for the treatment of pressure ulcers and chronic debilitating 

wounds. Recently, VAC has become an encouraging treatment modality for sternal wound infection after cardiac surgery, providing an 

excellent result.  

Methods: This was a prospective observational study that enrolled a total of 109 patients with deep sternal wound infections under 

usage of VAC system as a primary line of treatment. After improvement of the clinical parameters and the local wound area, the wound 

was closed by secondary intension or followed by conventional surgery.  

Results: 107 patients (98.17 %) were treated successfully with complete healing of the wound. two patients (1.83 %) died, the first 

one died of septic shock and the other of sudden ventricular tachycardia and arrest. The overall length of hospitalization was 32.2 days 

(range 14-68), some patients discharged and complete VAC dressing at home. The median VAC treatment time until closure was 51.1 

days (range 9-110). The most common organism obtained from wound culture was MRSA in 51 patients (46. 8%).VAC therapies were 

used as effective primary line of treatment of deep sternal wound infection (DSWI).  

Conclusion: VAC therapy is a safe and reliable option in the treatment of sternal wound infection in cardiac surgery. VAC therapy 

should be considered as an effective primary modality of treatment of deep sternal wound infections and also effective adjunct to 

conventional treatment modalities for the treatment of extensive and life-threatening wound infections following cardiac surgery, 

particularly in the presence of risk factors. 
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Introduction 

 Sternal wound infection is considered a dreaded and highly 

lethal complication after cardiac surgery [1]. This complication 

occurs in 1-5 % following cardiac surgeries with association of 

many problems related to cost of prolonged hospital stay, 

prolonged use of antibiotics, frequent dressings and associated 

morbidity and mortality. There is many modalities and methods 

for dealing with this complication including repeated dressing, 

extensive wound debridement, closed irrigation with antibiotics 

and antiseptics or conventional surgeries using muscle 

oromental flaps [2]. The first use of vacuum assisted closure 

system in practice was in 1993 in the treatment of chronic 

debilitating wound and pressure sores. Now the VAC system 

gaining popularity over other traditional conventional methods 

regarding to cost and effectiveness [3]. the VAC system allowing 

marked granulation tissue growth and proliferation in acute and 

chronic Wounds that makes condition optimum for closure by 

secondary sutures or other conventional techniques specially in 

patients with high risk to undergo operation or failed 

conventional methods [4]. 
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Material and Methods 

This study was a prospective observational study carried out 

between July 2011 and June 2017 in Cairo university hospitals. 

From 3123 median sternotomy operation carried on 109 

patients of deep sternal wound infection occurred. Deep sternal 

wound infection (mediastinitis) was defined according to 

guidelines of the US Centers for disease Control and Prevention 

(CDC), which requires at least one of the following criteria: (a) 

an organism was isolated from culture of mediastinal tissue or 

fluid; (b) evidence of mediastinits during surgery; or (c) one of 

the following conditions, chest pain, sternal instability, or 

fever(>38 OC) is present and either purulent discharge from the 

mediastinum or an organism isolated from the blood culture or 

culture of drainage of the mediastinal area. 

Patients with fat necrosis, superficial wound infection involving 

only skin and subcutaneous tissue were excluded. Debridement 

carried mostly with local anesthesia with testing of sternal 

viability clinically. Some patients needing debridement under 

general anesthesia. The VAC system is the primary line of 

treatment which applied after debridement and irrigation of the 

wound. Tissue and fluid culture obtained at the time of 

debridement was sent for culture and sensitivity. Antibiotics 

given empirically consisted of vancomycin 500mg vial on 100 

cc saline with imepenim 500mg IV both every 8 hours till the 

result of culture and sensitivity then change to the new 

antibiotic according to the result.  

Every patient studied according to demographic data and risk 

factors including age, sex, diabetes, hypertension, smoking, 

COPD, CRF, obesity, immunosuppression, bilateral internal 

mammary harvesting in CABG operation, prolonged ICU and 

Ventilation, re-opening and blood transfusion. Computerized 

tomography to detect any retrosternal collection. Follow up 

the patients by CBC, CRP, swab for culture and sensitivity. 

Culture is obtained weekly in a regular manner. When the 

culture is negative for bacteria with gradual improvement of 

the wound condition and amount of discharge the antibiotic 

stopped.  

Length of stay was recorded from the diagnosis of mediastinitis 

(if it occurred during the same hospitalization as the initial 

cardiac surgery) or the hospitalization from a separate 

admission for mediastinitis. Duration of vacuum system 

application was also recorded. In some of our patients if there 

is improvement of clinical parameters with improvement of 

local wound area patient continued on VAC system out-patient 

followed by health care professionalist or caregivers who is well 

trained to use the device and deal with its potential 

complications. Sternal stability assessed clinically if stable or 

unstable also CT scan gave information about the sternal 

gapping. Percentage of new granulation tissue growth and the 

reduction of the wound size was weekly measured. According 

to the time of presentation it's classified into early presentation 

within 20 days postoperative and late presentation after 20 

days’ post-operative. Patients were classified according to the 

Oakley classification system [5]. El Oakley classification of deep 

sternal wound infection:  

Type I: DSWI presenting within 2 weeks after operation in 

the absence of risk factors.  

Type II:  DSWI presenting at 2–6 weeks after operation in the 

absence of risk factors.  

Type IIIA: DSWI type I in the presence of one or more risk 

factors.  

Type IIIB: DSWI type II in the presence of one or more risk 

factors.  

Type IVA: DSWI type I, II or III after one failed therapeutic 

trial.  

Type IVB: DSWI type I, II or III after more than one failed 

therapeutic trial.  

Type V: DSWI presenting for the first time > 6 weeks after 

operation.  

VAC system composition and application:   

Debridement of necrotic tissue, loose suture material, and 

bone is performed. Sterile polyurethane foam dressing (PFD) 

with an openpore in various sizes 400 to 600 µm is used then 

trimmed to the geometry of each wound. one or two layers of 

foam can be used covering whole the wound area. If sternal 

dehiscence present and the heart is exposed, we use Vaseline 

gauze on the heart and polyurethane foam layer over it and 

between the heart and sternum to protect the right ventricle 

then other layer between sternal halves and on the wound. A 

perforated tube then embedded in or between foam layers at 

which the foam, together with the first few inches of the 

drainage tube and the surrounding area of healthy skin, is then 

covered with the adhesive transparent membrane overlaps the 

wound margin by 5cm.   

 Foam used with thickness of 1-2 cm in our wounds. Foam was 

sterilized by autoclave at temp 121º for 30 minutes. The distal 

end of the drain is connected to the VAC unit, which is 

programmed to produce the required level of pressure between 

50-125 mmHg in intermittent or continuous manner. The 

machine had been adjusted to be switched on for 5 minutes & 

switched off for 3 minutes. Continuous suction machine was 

used initially in case of large wounds with heavy exudates or a 

site of leakage. 

Dressing changing: 

Dressings are changed and wound assessed every 2-4 days 

under complete aseptic conditions.  If dressing adheres to 
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wound, introducing sterile water or normal saline into the 

dressing, waiting 15-30 minutes facilitate its removal. Any 

necrotic, nonviable tissue, including bone, eschar, or hardened 

slough are debrided the surrounding skin must be clean & dry. 

Caution was considered to prevent foam to overlap onto intact 

skin.  

 Difficulties Encountering During VAC 

Therapy  

i Recurrent tubal obstruction by thick exudates in 

patients with heavy infection.   

ii Tubal slippage during the some dressings.   

Once initiated, VAC therapy was continued until granulation 

to skin level was complete or until the wound ceased to further 

contract. Sternal wounds were closed dependent upon their 

size, either allowed to close by secondary intention, or with 

direct suturing or regional flaps.  

Guidelines for VAC removal and employment of definitive 

surgery include: 

 Decline of serological inflammation parameters 

(TLC, CRP <50mg/l).  

 Negative bacteriological cultures.   

 Resolution of local infection signs in the wound.  

Choice of flap, either omental or pectoralis muscle, was 

decided by the plastic surgeons.  

 Mechanism of action of VAC Therapy   

The visible stretch due to negative pressure that contracts the 

foam called macrostrain which:   

 Draws wound edges together.   

 Removes infectious materials and exudates.  

 Equal distribution of negative pressure.   

 Gives direct and complete wound bed contact.   

The microdeformation at the cellular level, which leads to cell 

stretch, is called microstrain which [6]:   

 Reduces interstitial oedema.   

 Enhance new granulation tissue formation by 

facilitating cell migration and proliferation.   

 Promotes local blood flow. When measured 

underlying blood flow with a Doppler, the maximal 

flow occurred with - 125 mmHg pressure. When the 

pressure was above - 200 mmHg, blood flow began 

to decrease.   

Statistical Analysis  

Data were statistically described in terms of mean ± standard 

deviation (± SD), and range, or frequencies (number of cases) 

and percentages when appropriate. All statistical calculations 

were done using computer program SPSS (Statistical Package 

for the Social Science; SPSS Inc., Chicago, IL, USA) version 15 

for Microsoft Windows. 

Results 

Our study including 109 patients with deep sternal wound 

infection in the period between July 2011 and June 2017. Most 

common prevalent operation was CABG (63, 57.8%), MVR 

(14, 12.8%), AVR (13, 11.9%), MVR+AVR (10, 9.2%),  

AVR+CABG (5, 4.6%), Bental (2, 1.85%), others (2, 1.85%).  

The age of the patients ranged from 24-75 years old with a 

mean of 58.8 years.27 of our 109 patients were females 

(24.8%) and remaining 82 patients were males (75.2%), Table 

1.  

Diabetes is one of the major risk factors for incidence of sternal 

wound infection and mediastinitis (n=77, 70.6%), hyertensives 

were 43 patients (39.4%). Smoking mostly associated with 

COPD which occurred in 70, 49 patients respectively (64.2, 

45%). Obese patients were 28 (25.7%). Eight of our patients 

were chronic renal failure (CRF) on regular dialysis three times 

weekly. Three of our study groups were immunocompromized 

on oral corticosteroids.  

There was 63 patients post CABG operation, 11 of them were 

subjected to bilateral internal mammary artery harvesting 

(17.5%).  Prolonged ventilation and ICU stay represent risk 

factors for sternal wound infection.  Prolonged mechanical 

ventilation was defined if more than 48 hours post-operative on 

ventilator. Re-exploration for bleeding occurred in 8 cases 

(7.3%). Massive blood transfusion was defined as transfusion of 

more than 3-4 units of packed RBCs which occurred in 10 

(9.1%) patients of our study group. Early diagnosis within 20 

days of operation occurred in 85patients (78%), but late 

diagnosis after 20 days of operation occurred in 29 patients 

(22%).   

Among our study group 107 patients survived (98.2%) and 

complete healing achieved but two of our study group died. 

The first case was male patient 51 years old post MVR+AVR, 

diabetic, hypertensive, smoker, COPD with chronic renal 

failure on regular dialysis class IIIa Oakley classification died 

due to septic shock. the other mortality case was 62 years old 

male patient post CABG operation, diabetic, hypertensive, 

smoker, COPD, class IIIb Oakley classification, culture 

obtained MRSA organism. Patient died of sudden arrhythmia 

and arrest. All patients who had stable sternum were managed 

by secondary sutures (n=73, 67%).but who had unstable 

sternum were managed either by secondary intension sutures 

or by conventional flaps.  

Evaluation of the wound every dressing by measuring the 

amount of granulation tissue in relation to the surface area of  
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the wound and the reduction of its size (Table 2). 

Table 1: Patients data 

 Number 

Percentage 

or mean+/- 

SD 

Age Range 24-75 years 

Mean 58.8 

years+/- 

8.73 

Male 82 75.2% 

Diabetes 77 70.6% 

Hyertension 43 39.4% 

Smoking 70 64.2% 

COPD 49 45% 

CRF 8 7.34% 

Immunosupressants 3 2.75% 

Obesity 28 25.7% 

BIMA 11 10.1% 

Total byass time (minutes)  
109.7+/- 

32.97 

Cross clamp time (minutes)  
66.13+/- 

21.08 

Prolonged ventilation 10 9.17% 

Rolonged ICU stay 6 5.5% 

Re-opening 8 7.34% 

Massive blood transfusion 10 9.17% 

Time till diagnosis 

Early 

Late 

 

85 

24 

 

78% 

22% 

TLC(elevated) 85 78% 

Anaemia (+ve) 79 72.48% 

Type of mediastinitis 

I 

IIIa 

 

4 

63 

 

3.67% 

57.8% 

IIIb 

IVa 

V 

26 

12 

4 

23.85% 

11% 

3.67% 

Wound culture(+ve) 93 85.3% 

Blood culture(+ve) 40 36.7% 

Septic shock 1 0.917% 

Use of vasoconstrictors 14 12.84% 

ICU retransfer 22 20.18% 

Retrosternal collection 70 64.2% 

Type of operation 

CABG 

MVR 

AVR 

MVR+AVR 

AVR+CABG 

Bental 

       others 

 

63 

14 

13 

10 

5 

2 

2 

 

57.8% 

2.8% 

11.9% 

9.2% 

4.6% 

1.85% 

1.85% 

COPD; chronic obstructive pulmonary disease, CRF; 

chronic renal failure, BIMA; bilateral internal mammary 

arteries, ICU; intensive care unit, TLC; total leucocytic 

count, CABG; coronary artery bypass graft, MVR; 

mitral valve replacement, AVR; aortic valve 

replacement. 

 

 

Table 2: Wound size and granulation tissue 

 1st week 2nd week 3rd week 

Wound size reduction(%) 5-20% 10-40% 15-70% 

Granulation tissue percent ( 

% ) 
15-60% 30-85% 50-100% 

Omental flap operation was done in 7 patients but pectoral flap 

with sternal rewiring in 4 patients. The VAC system duration 

between 9-110 days mean=51.1 days, but the duration of the 

hospital stay was 14-68 days mean= 32.2 days, some patients 

discharged and complete VAC dressing at home depending on 

improvement of the clinical parameters and local wound area 

who are followed by well trained health care professionalists or 

caregivers.  
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Negative pressure between 50-125mmHg did not cause any 

discomfort to the patients. Most of patients were culture 

negative between 7-10 days of VAC system application. The 

most prevalent organism obtained from the wound was MRSA. 

Other bacterial infection found including CoNS, E-coli, 

Pseudomonas aerigenosa, staphylococci and streptococci as 

(Table 3). 

Table 3: Wound and blood culture 

Wound+/- blood culture Number and percent 

MRSA 51(46.8%) 

CoNS 23(21.1%) 

E-coli 18(16.5%) 

Pseudomonas 9(8.3%) 

Staphylococci & streptococci 8(7.3%) 

fungi 0 

 

Discussion 

Following its description by Julian and colleagues in 1957, 

median sternotomy became the preferred incision for open 

cardiac procedures [7]. Sternal wound infections are frequently 

seen by the plastic and cardiothoracic surgeons despite the 

relative low occurrence rates because of the large number of 

median sternotomies performed annually [8]. All procedures 

designed to control sternal infections are undertaken with great 

risk because of possible involvement of vital underlying 

structures by the infectious process [9]. DSWI is still a 

devastating complication after CABG [10]. The incidence of 

DSWI (3.49%) is comparable to the incidence in other studies, 

which ranged between 0.4% and 5%. Frequent open dressing 

with povidoneiodine packing requires a lengthy hospital stay, 

and it is very demanding on patients and those treating them 

[11]. VAC is a very useful bridge to closure; it promotes 

formation of healthy granulation tissue, superior sternal 

support for improved respiratory function, and better 

psychological relief due to less intensive dressing every 48–96 h 
[12]. Recent studies demonstrated that VAC therapy lowers the 

rates of recurrent infection and therapeutic failure, and tends 

to decrease the morbidity and mortality associated with DSWI, 

compared to primary closure [10].   

Retrospective study by Deniz et al., on 90 patients with DSWI, 

have shown significantly lower 90-day mortalityand treatment 

failure in patients with DSWI who were treated with VAC 

system, comparedwith conventional methods of treatment. 

The cause of all deaths was multi-organ failureresulting from 

severe sepsis. Both studies also showed increased overall 

survival in the VAC group [13].  

Retrospective study by De Feo et al. [14] on 157 patients 

supports the finding of reduced mortality following VAC 

therapy compared to conventional treatment, and also showed 

lower reinfection rates using VAC therapy [14]. No difference in 

long term survival was seen between patients treated with VAC 

system and closed drainage with irrigation in a recent 

retrospective study by Risnes and colleagues on 130 patients 
[15]. They also reported failure of sternal wound healing and 

reinfection to be more common in the closed drainage group. 

A meta-analysis by Damiani et al., of 321 patients showed no 

significant differences in mortality between NPWT and 

conventional therapy [16].  

Another retrospective study by Sjogren and colleagues 115 

showed that DSWI patients treated with NPWT may have 

similar long-term survival to patients without DSWI after 

coronary artery bypass grafting [17]. Conflicting results have also 

been published regarding the length of hospital stay and length 

of treatment. Doss et al. described a retrospective study 

demonstrating a shorter length of stay and treatment after VAC 

compared with conventional wound management. These 

results were supported by a retrospective study by Simek et al. 
[18].  

The uniform negative pressure applied to the wound leads to 

arteriolar dilatation and thus increases microcirculation, 

thereby optimizing wound environment. By continuous 

suction, fluid excess and edema are decreased, thereby 

reducing bacterial colonization. These positive effects on the 

wound promote granulation, tissue proliferation, and 

accelerated wound healing. Therefore, definitive surgical 

repair, such as primary closure or plastic reconstructive surgery 

with omental or muscle flaps, can be accomplished safely.   

This reduces shear forces between the beating heart and the 

sternal edges, and acts as a preventive strategy against the rare, 

but fatal complication of right ventricular rupture. A patient on 

VAC feels no pain. If the patient does not tolerate this 

highpressure therapy, we begin with 50 mm Hg and titrate up 

to 125 mm Hg the following 24 to 36 hours in conjunction 

with adequate analgesic therapy consisting of nonsteroidal 

antirheumatics and opiates.  

Importantly, we observed a significantly shorter ICU stay after 

flap closure for patients having been treated with the VAC 

system as compared with patients Without VAC system 

pretreatment. The reason for this might be associated with the 

better overall condition and the improved wound situation, 

with a consecutive reduction in bacterial colonization of 

patients pretreated with the VAC system before definitive 
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surgery. Therefore, the risk of sepsis due to swept bacteria into 

the circulation is markedly diminished.  

With VAC therapy freedom from sternal wound 

microbiological cultures was achieved early, C-reactive protein 

level declined rapidly, in-hospital stay was short, sternal 

closure was achieved early and long-term survival tended to be 

high. VAC therapy markedly reduced required surgical 

intervention and reoperations for persistent infections, even in 

the group of high-risk patients. Traditionally, timing of the 

following surgical closure is based on the appearance of the 

wound, negativity of wound cultures and general patient 

condition.  

Use of the VAC therapy as a definitive closure strategy has been 

recently reported. This approach seems to be mostly beneficial 

in high-risk patients, where it reduces dependence on regional 

flap and incidence of flap-related morbidity. The positive effect 

of subatmospheric pressure on the local wound healing process, 

active wound drainage and approximation of the wound edges 

was advantageous. However, the VAC therapy, guided by 

Creactive protein level, facilitates timing of wound closure, 

decreased morbidity and increased cost effectiveness of the 

procedure.  

Conclusion  

VAC system seems to significantly reduce the risk of early 

reinfections, increase the rate of granulation tissue formation, 

decrease the tissue edema, and stabilize the sternal haves, with 

excellent survival and low failure rate with reduction of the 

length and cost of hospital stay. The VAC system is a safe, 

reliable and effective option in the treatment of sternal wound 

infection in cardiac surgery, mainly promising as the first-line 

treatment for DSWI specially in presence of risk factors as 

diabetes, hypertension, smoking, bilateral IMA harvesting and 

others., with excellent survival and low failure rate. 
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