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Is Post-Sternotomy 
Mediastinitis Still 
Devastating
after the Advent of Negative-Pressure Wound Therapy?

In this study, we reviewed a 15-year experience with the treatment of a severe sequela 
of cardiac surgery: post-sternotomy mediastinitis. We compared the outcomes of con-
ventional treatment with those of negative-pressure wound therapy, focusing on mortality 
rate, sternal reinfection, and length of hospital stay.

We reviewed data on 157 consecutive patients who were treated at our institution from 
1995 through 2010 for post-sternotomy mediastinitis after cardiac surgery. Of these pa-
tients, 74 had undergone extensive wound débridement followed by negative-pressure 
wound therapy, and 83 had undergone conventional treatment, including primary wound 
reopening, débridement, closed-chest irrigation without rewiring, topical application of 
granulated sugar for recurrent cases, and final plastic reconstruction with pectoral muscle 
flap in most cases.

The 2 study groups were homogeneous in terms of preoperative data and operative 
variables (the primary cardiac surgery was predominantly coronary artery bypass grafting). 
Negative-pressure wound therapy was associated with lower early mortality rates (1.4% 
vs 3.6%; P=0.35) and significantly lower reinfection rates (1.4% vs 16.9%; P=0.001). Sig-
nificantly shorter hospital stays were also observed with negative pressure in comparison 
with conventional treatment (mean durations, 27.3 ± 9 vs 30.5 ± 3 d; P=0.02), consequent 
to the accelerated process of wound healing with negative-pressure therapy.

Lower mortality and reinfection rates and shorter hospital stays can result from using 
negative pressure rather than conventional treatment. Therefore, negative-pressure wound 
therapy is advisable as first-choice therapy for deep sternal wound infection after cardiac 
surgery. (Tex Heart Inst J 2011;38(4):375-80)

M ediastinitis, or deep sternal infection, is a prominent cause of postoperative 
morbidity and death in cardiac surgery patients. The reported incidence 
of mediastinitis is between 1% and 3%, and its sequelae are associated 

with mortality rates of 10% to 25%.1-3 Various wound-healing approaches have been 
introduced for the treatment of this devastating infection. Conventional forms of 
treatment usually involve surgical revision with open dressings or closed irrigation, or 
reconstruction with vascularized soft-tissue flaps such as omentum or pectoral mus-
cle.4,5 These conventional methods have reduced the mortality rate of mediastinitis, 
but without overwhelmingly satisfactory results.4,6 Negative-pressure wound therapy 
was introduced by Argenta and Morykwas.7 It has been widely used for managing 
different types of infected open wounds of the chest, abdomen, head, and neck, and 
the results appear to be efficacious and reproducible. Negative-pressure wound therapy 
increases dermal perfusion8-11 and granulation-tissue formation,5,8,12,13 reduces edema 
and interstitial tissue fluid,8 reverses tissue expansion,14 and reduces bacterial coloniza-
tion.14-16 Studies have validated the effectiveness of negative-pressure wound therapy 
in the treatment of sternal wound infections after cardiac surgery.17-20 However, most 
of the published data are rather recent, and the patient populations have frequently 
been small. Therefore, larger studies to evaluate the performance of negative-pressure 
wound therapy are required.19,21

	 The purpose of this study was to compare the mortality rates, sternal reinfection 
rates, and lengths of hospital stay in 157 patients with post-sternotomy mediastinitis, 
treated with either negative-pressure wound therapy (74 patients) or conventional 
methods (83 patients).
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Patients and Methods

We reviewed the cases of 157 patients with post-sternot-
omy mediastinitis who were treated at our institution 
from 1995 through 2010. Post-sternotomy mediastinitis 
was defined according to the guidelines of the Centers 
for Disease Control and Prevention (CDC).8 Diagnosis 
required at least one of the following criteria: 1) an or-
ganism was isolated from cultures of mediastinal tissue 
or fluid obtained during surgery or needle aspiration; 2) 
evidence of mediastinitis was seen during operation; or 
3) chest pain, sternal instability, or fever (>38 °C) was 
present in addition to purulent discharge from the me-
diastinum or an organism that was isolated from blood 
cultures or cultures of drainage from the mediastinal 
area. However, we excluded patients who had signs of 
infection but negative substernal tissue cultures. To be 
included in the study, patients must have undergone sur-
gical revision with removal of the sternal wires. Patients 
with sterile dehiscence or superficial sternal wound in-
fections were not included. The included patients were 
also classified according to the criteria of preoperative 
risk factors and time of presentation, as proposed by El 
Oakley and Wright22: type I mediastinitis is defined as 
mediastinitis that occurs within 2 weeks after operation 
in the absence of risk factors; type II occurs between 
2 and 6 postoperative weeks without risk factors; type 
IIIA is mediastinitis type I in the presence of one or 
more risk factors; type IIIB is mediastinitis type II with 
one or more risk factors; type IVA corresponds to type 
I, II, or III after 1 failed therapeutic attempt; type IVB 
occurs after more than 1 failed therapeutic attempt; and 
type V is mediastinitis that first presents more than 6 
weeks after surgery. All mediastinitis types were found 
in our study population (Table I).
	 Our institution’s standard perioperative antibiotic 
regimen was the same for both study groups. One dose 
of intravenous amoxicillin and clavulanic acid (2.2 g)
was administered 30 minutes before surgery, 1 dose 
during surgery, and 6 more doses every 8 hours. When 
post-sternotomy mediastinitis was diagnosed early in 
the postoperative period, an initial 2-day washout from 
antibiotics was performed in order to collect blood and 
wound cultures, and then intravenous vancomycin was 
started. When the diagnosis was made after completion 
of the perioperative regimen, intravenous vancomycin 
was usually administered and continued until the re-
sults of the tissue cultures became available. Thereafter, 
the antibiotic therapy was adjusted according to bacte-
rial sensitivity and strain. Table II lists all of the patho-
gens identified in our patients.
	 From 1995 through 2001, all 83 patients with post-
sternotomy mediastinitis underwent conventional treat-
ment. The primary treatment was surgical reopening 
of the wound: all sternal wires and soft-tissue sutures 
were removed, samples of mediastinal f luids were col-

lected for culture, and the pericardial sac was washed 
with antibiotic and povidone-iodine solutions. A tube 
for mediastinal irrigation and 2 drains (one in the peri-
cardium and one in the anterior mediastinum) were 
placed. The sternum was not approximated, and only 
the skin and subcutaneous layers were fully closed, 
with nonabsorbable interrupted stitches. Mediastinal 
irrigation at 100 mL/hr was performed, alternating a 
5% povidone-iodine solution with a 0.1% vancomycin 
solution every 6 hours. On the 7th postoperative day, 

TABLE I. Post-Sternotomy Mediastinitis Classification22

	 Negative-Pressure	 Conventional 
	 Wound Therapy	 Treatment 
Type	 (n=74)	 (n=83)

I	 11 (15)	 12  (14)

II	 5   (7)	 3    (4)

IIIA	 19 (26)	 13  (16)

IIIB	 34 (46)	 41 (49)

IVA	 4   (5)	 9  (11)

IVB	 0	 2    (2)

V	 1   (1)	 3    (4)
 
Data are presented as number and percentage.

TABLE II. Culture-Verified Mediastinal Pathogens

		  Conventional 
	 NPWT	 Treatment 
    Bacterial Strain	 (n=74)	 (n=83)	 P Value

CONS	 39 (52.7)	 47 (56.7)	 0.33*

Staphylococcus aureus	 13 (17.5)	 14 (16.9)	 0.33*

Enterococcus faecalis	 2   (2.7)	 1   (1.2)	 0.33*

Enterobacter cloacae	 6   (8.1)	 4   (4.8)	 0.33*

Escherichia coli	 2   (2.7)	 2   (2.4)	 0.33*

Klebsiella pneumoniae	 2   (2.7)	 1   (1.2)	 0.33*

Pseudomonas aeruginosa	 1   (1.4)	 2   (2.4)	 0.33*

CONS + S. aureus	 4   (5.4)	 5   (6.0)	 0.33*

CONS + E. coli	 3   (4.1)	 2   (2.4)	 0.33*

CONS + E. faecalis	 2   (2.7)	 0	 0.33*

CONS + Proteus mirabilis	 0	 2 (2.4)	 0.33*

No growth	 0	 3 (3.6)	 0.33*

MRSA	 34 (46)	 36 (43.4)	 0.75
 
CONS = coagulase-negative staphylococci; MRSA = methicillin-
resistant S. aureus; NPWT = negative-pressure wound therapy 
 

*c2 test with Fisher exact correction: “bacterial strain” variable  
  plotted against the “treatment” variable 
 

Data are presented as number and percentage. P <0.05 was 
considered statistically significant.
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the irrigation was stopped, and swabs for culture were 
taken from the drains. If cultures were negative, wound 
healing was satisfactory, and fever and leukocytosis had 
disappeared, the drains were removed and the patient 
was discharged from the hospital. If wound drainage 
or bacterial growth from cultures was observed, medi-
astinal irrigation was restarted and continued for 7 days, 
after which the drains were removed.
	 If the infection recurred, surgical débridement was 
performed again. The wound was left open, and daily 
dressing was performed with topical application of gran-
ulated sugar23,24 (3 patients underwent associated hyper-
baric therapy). When wounds had negative cultures and 
appeared to be actively healing by 2nd intention, the 
first 35 patients were offered reconstruction with pec-
toral muscle flap.
	 Since 2002, we used negative-pressure wound therapy 
for deep sternal infection in all 74 patients after surgical 
débridement and removal of all sternal wires. Three lay-
ers of paraffin gauze dressing were placed on the heart, 
and sterile polyurethane foam dressing was trimmed to 
fit between the sternal edges. Often (usually for over-
weight or obese patients), a 2nd foam dressing was placed  
over the f irst to completely include the subcutaneous 
layer of the wound. A transparent adhesive drape was 
attached to the foam and 6 to 8 cm beyond, all around 
the margins of the wound. A drainage tube was placed 
on the drape to enable drainage, and the application of  
vacuum was with a V.A.C.® Therapy system (KCI Con
cepts, Inc.; San Antonio, Texas).
	 All patients were extubated immediately after the pro-
cedure and were returned to their ward room. All were 
treated with a continuous pressure level of –125 mmHg. 
The polyurethane foam dressings were changed 3 times 
weekly under aseptic conditions, without anesthesia. 
Gentle cleaning of necrotic tissue was also performed. 
The negative-pressure wound therapy was continued for 
at least 10 days, then discontinued if fever was absent, 
leukocyte levels were within normal range, C-reactive 
protein level was decreased, and the wound was mac-
roscopically infection-free. Wounds were surgically re-
constructed in the first 35 patients with use of pectoral 
muscle f lap, and the sternum was rewired in the next 
39 patients. During negative-pressure wound therapy, 
as during conventional treatment, intravenous antibiotic 
therapy began after microbiological tests were conduct-
ed. Regardless of the time needed for wound healing, 
antibiotic therapy was continued for at least 3 weeks.

Statistical Analysis
Continuous variables (expressed as mean ± SD) were 
compared between the 2 treatment groups by means 
of the unpaired t test. Discrete variables (expressed as 
numbers and percentages) were compared by means of 
the c2 test. A value of P <0.05 was considered statisti-
cally significant. The SPSS statistical software package 

version 13.0 (IBM Corporation; Somers, NY) was used 
for statistical analysis.

Results

Preoperative Data
When the patients who were treated conventionally 
(n=83) were compared with those who underwent neg-
ative-pressure therapy (n=74), no significant differences 
were found regarding age, male sex, additive European 
System for Cardiac Operative Risk Evaluation (Euro
score), presence of diabetes mellitus, chronic renal fail-
ure, obesity (body mass index ≥30 kg/m2), or time from 
cardiac surgery to diagnosis of mediastinitis (Table III). 
The patients were also grouped according to risk of deep 
sternal wound infection: low risk included type I, II, or 
III and high risk included type IV or V. The difference 
between the 2 groups was not signif icant. There were 
5 high-risk patients in the negative-pressure group and 
14 in the conventional-treatment group (P=0.08).

Intraoperative Data
In both groups, no significant differences were found 
regarding the type of surgical procedure, the need for 
intraoperative blood transfusion, length of operation, 
cardiopulmonary bypass time, or aortic cross-clamping 
time (Table IV).

Postoperative Data
Postoperative length of stay in the intensive care unit 
differed between the 2 groups. Negative-pressure wound 
therapy was associated with a significantly shorter mean 

TABLE  III. Preoperative Data

		  Conventional 
	 NPWT	 Treatment 
      Variable	 (n=74)	 (n=83)	 P Value

Age, yr	 62.6 ± 10.8	 59.2 ± 10.4	 0.51

Male sex	 57 (77)	 63 (75.9)	 0.87

EuroSCORE	 7.8 ± 3.1	 7.6 ± 4.4	 0.85

Diabetes mellitus	 31 (41.9)	 34 (41)	 0.91

Chronic renal failure	 8 (10.8)	 8 (9.6)	 0.81

Obesity (BMI 	 33 (44.6)	 29 (34.9)	 0.22 
≥30 kg/m2)

Hospital stay before	 2.2 ± 0.8	 2.6 ± 1.4	 0.08 
operation for DSWI, d

Time from	 15.2 ± 5.2	 18 ± 6	 0.08 
cardiac surgery 
to DSWI diagnosis, d
 
BMI = body mass index; DSWI = deep sternal wound 
infection; NPWT = negative-pressure wound therapy 
 

Data are presented as mean ± SD or as number and 
percentage. P <0.05 was considered statistically significant.
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length of stay of 1.8 days, versus 3.2 days in the conven-
tional-treatment group (Table V). No significant differ-
ences were found in other postoperative variables. When 
the length of intensive-care stay was compared between 
patients with low-risk deep sternal wound infection 
(types I–III) and patients at higher risk (types IV and 
V), a significant difference was observed (2 ± 1.2 vs 6.6 
± 4 d; P=0.001). This difference remained significant 
in the conventionally treated group (P <0.001) but not 
in the negative-pressure group (2.4 ± 0.9 vs 1.7 ± 1 d; 
P=0.19).

Outcomes
The in-hospital mortality rate in the negative-pressure 
wound therapy group was less than half that in the 
conventionally treated group: 1 patient (1.4%) died in 
the negative-pressure group, after stroke and pneumo-
nia (after satisfactory wound-healing and after recon-
struction with pectoral muscle f lap), compared with 
3 patients (3.6%) in the conventionally treated group. 
However, this difference was not statistically significant 
(Table VI). The negative-pressure patient who died had 
presented with type IVA deep sternal wound infection. 
All deaths in the conventionally treated group were due 
to multiorgan failure caused by severe sepsis (1 patient 
each had type IIIB, type IVA, and type V mediasti-
nitis). The mean hospital stay after the operation for 
mediastinitis was signif icantly lower in the negative-
pressure group than in the conventionally treated group 
(P=0.02), as was the rate of reinfection (P=0.001). No 
local complications, such as bleeding from the wound or 
right ventricular laceration, were observed at any time 
in the negative-pressure group.
	 After wound healing, secondary closure was achieved 
by plastic reconstruction with use of pectoralis muscle 
flap in the first 35 patients and by rewiring of the ster-
num in the next 39 patients. No differences in outcomes 

TABLE IV. Intraoperative Data

	 Negative-Pressure	 Conventional 
	 Wound Therapy	 Treatment 
            Variable	 (n=74)	 (n=83)	 P Value

Length of operation, min	 202 ± 8.1	 194.2 ± 0.9	 0.21

CPB time, min	 89.5 ± 7.3	 84.2 ± 0.8	 0.12

Aortic cross-clamp time, min	 63 ± 4.9	 61 ± 0.51	 0.34

Surgical Procedure			   0.86 
   Valve replacement	 10 (13.5)	 14 (16.9) 
   CABG with or without other procedures	 51 (68.9)	 55 (66.3) 
   Other procedures	 13 (17.6)	 14 (16.9)

Intraoperative blood transfusion	 33 (44.6)	 39 (47)	 0.76
 
CABG = coronary artery bypass grafting; CPB = cardiopulmonary bypass 
 

Data are presented as mean ± SD or as number and percentage. P <0.05 was considered statistically significant.

TABLE V. Postoperative Data

		  Conventional 
	 NPWT	 Treatment 
      Variable	 (n=74)	 (n=83)	 P Value

Need for 	 33 (44.6)	 39 (47)	 0.77 
  transfusion

Days in intensive	 1.8 ± 1.1	 3.2 ± 2.9	 0.02 
  care unit

Thoracic drainage	 33 ± 8	 34 ± 9	 0.26 
  time, hr

Respiratory failure	 1 (1.4)	 4 (4.8)	 0.22

Stroke	 1 (1.4)	 2 (2.4)	 0.54

Low cardiac output	 2 (2.7)	 4 (4.8)	 0.40

Renal failure	 2 (2.7)	 4 (4.8)	 0.40

Redo for bleeding	 3 (4.1)	 4 (4.8)	 0.82
 
NPWT = negative-pressure wound therapy 
 

Data are presented as mean ± SD or as number and 
percentage. P <0.05 was considered statistically significant.

TABLE VI. Outcomes

		  Conventional 
	 NPWT	 Treatment 
      Variable	 (n=74)	 (n=83)	 P Value

In-hospital death	 1 (1.4)	 3 (3.6)	 0.35

Total hospital stay, d	 27.3 ± 9	 30.5 ± 3	 0.02

Treatment duration, d	 12.6 ± 5.5	 10 ± 8.3	 0.32

Reinfection	 1 (1.4)	 14 (16.9)	 0.001
 
NPWT = negative-pressure wound therapy 
 
Data are presented as mean ± SD or as number and 
percentage. P <0.05 was considered statistically significant.
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or postoperative complications were found between 
these 2 reconstruction techniques.

Discussion

The aim of this study was to evaluate the clinical out-
comes of post-cardiac surgery mediastinitis, by com-
paring clinical characteristics and outcomes of patients 
who underwent negative-pressure wound therapy with 
those of patients who received conventional treatment. 
Until 2002, our patients with deep sternal wound infec-
tion were treated with surgical revision, with or without 
multiple open-dressing changes, followed by wound re-
construction or healing by 2nd intention. Previous au-
thors14 have reported a mortality rate as high as 45% 
from this approach.
	 An important step forward in the treatment of ster-
nal wound infection occurred when continuous saline 
and antibiotic irrigation was introduced by Bryant and 
colleagues in 1969.25 This technique results in a stable 
sternum; however, studies have reported disappoint-
ingly high rates of treatment failure9,10 and death.25

	 Another established method for treating post-ster-
notomy mediastinitis is the use of vascularized soft-
tissue flaps. The use of pectoral muscle f laps, initially 
described by Jurkiewicz and colleagues,5 has produced 
varying results.12,13,15 Other authors have advocated using 
omentum flaps (first described by Lee and coworkers4) 
for closing mediastinal defects. Reconstruction with 
soft-tissue f laps has a relatively low mortality rate ac-
cording to some reports,12,16 but the technique can be 
associated with flap-related morbidity.26

	 A new era in the treatment of infected surgical wounds 
began in 1997, when Argenta and Morykwas7 intro-
duced a new technique that involved applying negative 
pressure on wounds. In 1999, Obdeijn and colleagues27 
used this technique to treat post-sternotomy mediastini-
tis. The technique has yielded excellent results in terms 
of definitive recovery from infection and shorter healing 
times than those associated with classical treatment.20 
The use of this method has spread rapidly, although the 
mechanisms responsible for its effectiveness have only 
partially been identif ied. In 2005, in an experimental 
study in pigs, Wackenfors and colleagues28 showed a 
correlation between the intensity of negative pressure 
and blood flow at the microvascular level. They found 
that values of negative pressure within the range of –100 
to –75 mmHg ensured maximal increase in blood flow 
in the muscular microvasculature around the wound. 
The uniform negative pressure applied to the wound 
leads to arteriolar dilation and thus increases microcir-
culation, thereby optimizing the wound environment. 
By continuous suction, excess f luid and tissue edema 
are decreased, thereby reducing bacterial colonization. 
These favorable effects on the wound promote granula-
tion and tissue proliferation and ultimately accelerate 

wound healing. Accordingly, definitive surgical repair 
(such as primary closure or plastic reconstructive sur-
gery with muscle flaps) can now be accomplished earlier 
and more safely than before.
	 Since 2002, we have used negative-pressure wound 
therapy in our institution to treat deep sternal wound 
infections, involving surgical débridement, removal of 
all sternal wires, irrigation of the site, and application 
of negative pressure (–125 mmHg) through a porous 
wound filler.
	 As previously reported,2,23,24 we have 30 years of ex-
perience with deep sternal infection treatment, encom-
passing more than 200 patients with post-sternotomy 
mediastinitis who were treated conventionally; the mor-
tality rate was 15%. When the outcomes of our last 
83 conventionally treated patients were compared with 
those of the first 74 consecutive patients who underwent 
negative-pressure wound therapy, we found a clinically 
relevant (albeit not statistically significant) reduction in 
hospital death and significant decreases in hospital-stay 
duration and reinfection rate. Although a time effect 
could be hypothesized because the 2 groups were not 
treated concurrently, neither the perioperative proto-
cols nor the indication criteria for the management of 
deep sternal wound infection changed during the study 
period. Therefore, any bias would be minimal. Doss 
and coworkers29 similarly reported shorter lengths of 
stay and treatment durations after administering neg-
ative-pressure wound therapy, as did Mokhtari and col-
leagues,30 who also calculated greater cost-effectiveness 
in treatment by negative pressure.
	 In conclusion, negative-pressure wound therapy has 
so far proved capable of signif icantly improving the 
prognosis of post-sternotomy mediastinitis, a dreaded 
sequela of cardiac surgery. In particular, the technique 
reduces the risk of reinfection and the time needed for 
wound healing, and minimizes further complications. 
All these benef its justify the use of negative-pressure 
wound therapy as the f irst-choice approach for post-
sternotomy mediastinitis.
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