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Negative pressure wound therapy 
for sternal wound infections 
following congenital heart surgery
l objective: This study examines the efficacy of a comprehensive, multidisciplinary wound management 
team and negative pressure wound therapy (nPWT) for the treatment of sternal wound infections in 
congenital heart surgery patients.
l Method: a single-institution retrospective review of all congenital heart surgery patients with post-
operative sternal wound infections who were treated with nPWT was performed. Patients were 
evaluated based on (a) whether nPWT occurred before or after the establishment of a multidisciplinary 
wound management team, and (b) whether nPWT was initiated early (within 2 days) or late (greater 
than 2 days) after diagnosis of a sternal wound infection.
l results: The median duration of nPWT was 12 days (range 2–50 days). nPWT was successfully 
initiated in patients as young as 15 days of age. There was a trend toward shorter duration of both 
nPWT and antibiotic use following (a) the implementation of the multidisciplinary wound management 
team, and (b) in patients with early use of nPWT; however, these results did not achieve statistical 
significance.
l conclusion: nPWT can be successfully utilised in congenital heart surgery patients, including young 
neonates, for the treatment of sternal wound infections. The trends observed in the reduction of wound 
therapy duration and antibiotic duration with early implementation of negative pressure therapy and 
multidisciplinary wound management require further investigation to verify their clinical efficacy in 
patient care.
l declaration of interest: There were no external sources of funding for this study. The author has no 
conflicts of interest to declare. 
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M
edian sternotomy remains the 
standard incision when performing 
cardiac surgery for a variety of indi-
cations. Unfortunately, despite 
multiple advances in surgical tech-

nique and a general reduction in the incidence of 
infection, sternal wound infections (SWI) continue 
to be significant concerns following this surgical 
approach, with mediastinitis remaining a potential-
ly life-threatening complication. Though uncom-
mon, mediastinitis carries a high mortality rate and 
high associated morbidity.

In order to better address SWIs at our center, a 
Multidisciplinary Cardiac Surgical Wound Manage-
ment Team (MCSWM) was created in July 2008. 
This team was established with the goal of lowering 
associated morbidity and mortality from cardiac 
surgical wounds through standardised, protocol-
based wound care, chlorhexidine gluconate baths, 
antibiotic usage, and careful monitoring of infec-
tions by a combination of treating surgeons, infec-
tious disease specialists, and certified wound 
advanced practice nurses. The MCSWM team meets 
on a daily basis to discuss the care of all patients 
with diagnosed and suspected SWIs. This enables 
the MCSWM team to create patient-specific plans in 

order to optimise the clinical care of each patient. 
This study was established to better understand the 
impact that this team has had over time and to spe-
cifically evaluate the efficacy of negative pressure 
wound therapy (NPWT) for post-sternotomy wound 
infections within our congenital heart surgery 
(CHS) population.

Method
This study was approved by the Institutional Review 
Board of Children’s National Medical Center in 
Washington, DC. Our own internal database was 
assessed to identify paediatric patients (<18 years of 
age) who had undergone CHS and subsequently 
developed an SWI between January 2005 and 
December 2012. From this group, patients who were 
treated with NPWT were identified, and these indi-
viduals constituted the final patient cohort. In total, 
30 patients met these inclusion criteria for review. 
These patients were divided into two groups. 
Patients in group 1 were admitted before the initia-
tion of the MCSWM team (prior to July 1, 2008), 
and patients in group 2 were admitted after imple-
mentation of the MCSWM team. A second analysis 
was then undertaken where patients were further 
divided into two groups; those with early initiation 
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of NPWT (0-2 days) after identification of an SWI, 
and those with late initiation of NPWT (>2 days) 
after identification of an SWI. All NPWT was deliv-
ered using the Vacuum Assisted Closure (V.A.C.®, 
Kinetic Concepts, Inc., San Antonio, Texas) system 
(our institution currently utilises the V.A.C.Ulta™ 
device for all inpatients). NPWT was used exclusive-
ly on open wounds which were healing by second-
ary intention (NPWT was not utilised on any closed 
sternal incisions).

Prior to the establishment of the MCSWM team 
in July 2008, the identification and treatment of 
sternal wounds at our institution was accomplished 
by various care providers, including the treating 
surgeon and certified wound advanced practice 
nurses. The coordination among these providers, 
however, was not formally organised and did not 
constitute a true multidisciplinary team approach. 
As such, there was not a standardised method to 
the diagnosis of SWIs or the initiation of NPWT, 
except as determined by these individual care pro-
viders. After July 1, 2008, a more comprehensive 
assessment of all sternal wounds was conducted by 
the MCSWM team prior to the diagnosis of an SWI 
or the initiation of NPWT. All SWIs adhered to the 
criteria set forth by the U.S. Centers for Disease 
Control and Prevention (CDC).1 SWIs were diag-
nosed based on the presence of specific clinical 
signs, including: erythema, purulent drainage, ele-
vated white blood cell count, positive microbial 
cultures, fever, and other clinical signs of infection. 
Initiation of NPWT was at the discretion of the 
MCSWM team. In addition, all SWIs underwent 
risk control assessments to help determine the 
cause(s) of the infections and make recommenda-
tions for care improvement methods.

Statistics
Statistical analysis was performed using IBM® 
SPSS® Statistics (version 21.0, IBM®, Armonk, NY). 
p<0.05 (95% confidence level) was considered sta-
tistically significant. Univariate analysis was per-
formed using the Mann-Whitney U-test for con-

Table 1. comparison of patient factors and outcomes based on 
period before and after implementation of comprehensive wound 
management team

Variable 1/2005 – 6/2008
(n = 17)

7/2008 – 12/2012
(n = 13)

p value

raCHS-1 Score 3 (2 – 6) 3 (2 – 6) 0.68

aristotle Complexity Score 9 (6.3 – 14.5) 9 (6.3 – 14.5) 0.97

†In-hospital mortality 2 (12%) 1 (8%) 1.00

nPWT completed within 14 
days of initiation

9 (53%) 9 (69%) 0.47

†Duration of nPWT, days 15 (2 – 30) 11 (3 – 50) 0.87

†antibiotic therapy, days 25 (0 – 55) 17 (3 – 53) 0.62

Procedure 0.44

   Primary sternotomy 10 (59%) 10 (77%)

   redo sternotomy 7 (41%) 3 (23%)

Delayed sternal closure 6 (35%) 5 (38%) 1.00

Severity of SwI 0.72

   Superficial 12 (71%) 10 (77%)

   Deep 2 (12%) 2 (15%)

   Mediastinitis 3 (17%) 1 (8%)

Prior hospitalization 12 (71%) 9 (69%) 1.00

Type of repair 1.00

   uni-ventricular 10 (59%) 8 (62%)

   Bi-ventricular 7 (41%) 5 (38%)

† Primary end points. Scores and duration of nPWT and antibiotic therapy expressed as median (range).

Table 2. comparison based on duration between identification of 
SwI and initiation of nPwT following cHS

Variable early initiation of 
nPwT (n = 16)

late initiation of 
nPwT (n = 14)

p value

†In-hospital mortality 2 (13%) 1 (7%) 1.00

nPWT completed within 14 
days of initiation

10 (63%) 8 (57%) 1.00

†Duration of nPWT, days 9 (2 – 50) 15 (6 – 45) 0.09

†antibiotic therapy, days 17 (0 – 55) 26 (3 – 53) 0.40

Procedure 0.71

   Primary sternotomy 10 (63%) 10 (71%)

   redo sternotomy 6 (37%) 4 (29%)

Delayed sternal closure 5 (31%) 6 (43%) 0.71

Severity of SwI 0.65

   Superficial 11 (69%) 11 (79%)

   Deep 2 (12%) 2 (14%)

   Mediastinitis 3 (19%) 1 (7%)

Prior hospitalization 9 (56%) 12 (86%) 0.12

Type of repair 0.28

   uni-ventricular 8 (50%) 10 (71%)

   Bi-ventricular 8 (50%) 4 (29%)

† Primary end points. Duration of nPWT and antibiotic therapy expressed as median (range).
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tinuous variables. Fisher’s exact test for proportions 
was used for comparing patients before and after 
July 1, 2008, as well as patients who had initiation 
of NPWT ≤2 days or >2 days following SWI diagno-
sis. Length of antibiotic therapy and duration of 
NPWT were evaluated using median and range.

Results
Between January 2005 and December 2012, 30 CHS 
patients were treated with NPWT for SWIs at our 
institution. There were a total of 3 deaths (in-hospi-
tal mortality of 10%). The patient cohort was used 
to conduct two distinct analyses: 1) a comparison of 
patients pre- and post-implementation of the 
MCSWM team in July 2008 (Table 1), and 2) a com-
parison of patients where NPWT was implemented 
≤2 days or >2 days following diagnosis of an SWI 
(Table 2). The primary endpoints considered in this 
study were duration of NPWT, length of antibiotic 
therapy, and in-hospital mortality. To ensure simi-
larity between study groups, Risk Adjustment in 
Congenital Heart Surgery (RACHS) and Aristotle 
scores were analysed for all patients.

The study population was comprised of 17 
female (57%) and 13 male (43%) patients, with a 
median age at surgery of 45 days (range 2–856 
days). Median RACHS and Aristotle scores were 3 
and 9, respectively, for both time periods (p=0.68, 
p=0.97) indicating similarly complex surgical pop-
ulations. Patients underwent both univentricular 
(n=18) and biventricular (n=12) surgical repair, 
including Fontan procedure (n=7), stage 1 Nor-
wood procedure (n=5), tetralogy of Fallot (TOF) 
repair (n=4), total anomalous pulmonary venous 
return (TAPVR) repair (n=3), modified Blalock-
Taussig shunt (n=3), and complete atrioventricular 
canal repair (n=3). Based on the CDC classification 
of surgical wound infections, the SWIs were found 
to be superficial in 22 patients (73%), deep in 4 
patients (13%), and true mediastinitis in 4 patients 
(13%).1 Patients were treated with broad-spectrum 
intravenous antibiotics, consisting of vancomycin 
and at least one other antibiotic, most commonly 
piperacillin/tazobactam, gentamycin, or meropen-
em. Mediastinal microbial cultures revealed that 
most sternal wounds were populated with Staphy-
lococcus aureus (n=8), coagulase-negative staphylo-
cocci (n=5), and Enterococcus faecalis (n=2).

NPWT settings ranged between -25 and -125 
mmHg of suction. The median duration of NPWT 
for all patients was 12 days (range 2–50 days). The 
median number of days between each NPWT dress-
ing change for all patients was 3 days. Overall, the 
median number of dressing changes throughout the 
entire course of NPWT was 3 dressing changes 
(range 1–13 dressing changes). NPWT duration was 
less than 14 days in 18 patients (60%). The duration 
of NPWT tended to be shorter following the crea-

tion of the MCSWM team and longer for patients 
with late implementation of NPWT though these 
findings were not statistically significant. In addi-
tion, there was a trend toward shorter duration of 
antibiotic therapy following creation of the 
MCSWM team and in patients with early imple-
mentation of NPWT (17 versus 25 days, and 17 ver-
sus 26 days, respectively) though these results did 
not achieve statistical significance. The median 
length of hospitalisation was 41 days (range 7-166 
days). There were no cases of sternal wound re-
infection in the study population. 

Discussion
In this study, several important trends were identi-
fied related to the overall duration of NPWT and 
antibiotic therapy in CHS patients with SWIs. With 
early implementation of NPWT (≤2 days after iden-
tification of infection), there was a trend toward 
reduced duration of NPWT and a reduction in anti-
biotic days compared to late implementation of 
NPWT. Though these findings did not achieve sta-
tistical significance due to low power, they do sug-
gest that beginning NPWT earlier may reduce the 
need for further intervention, likely by preventing 
progression of infection within the wound. A sec-
ond similar trend was also observed in patients 
treated after the establishment of our comprehen-
sive wound management team. With this team in 
place, there was a trend toward a reduction in 
length of NPWT and duration of antibiotic use 
compared to prior to our multidisciplinary wound 
management approach, although these findings 
did not reach significance.
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fig 2. The use of nPwT for an SwI in a 
cHS patient
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The criteria for diagnosis of an SWI vary from 
institution to institution as well as between indi-
vidual clinicians. However, there have been 
attempts at standardisation of criteria and terminol-
ogy, most notably by the CDC. SWIs can be classi-
fied as superficial, deep, or organ space (sternal 
osteomyelitis or mediastinitis) infections.1-3 A more 
detailed classification scheme developed by El Oak-
ley and Wright may be used to further categorise 
mediastinitis.4 Regardless of the criteria used, clini-
cal differentiation and documentation of the true 
depth of infection remain challenging. Microbio-
logical cultures of deep sternal wounds have shown 
colonisation by a wide variety of organisms, includ-
ing: Staphylococcus aureus (both MSSA and MRSA), 
Staphylococcus epidermidis, coagulase-negative sta-
phylococci, Escherichia coli, Enterococcus sp., Entero-
bacter sp., Klebsiella pneumoniae, Pseudomonas aerugi-
nosa, Proteus vulgaris, Corynebacterium sp., Serratia 
marcescens and Acinetobacter baumannii, with pol-
ymicrobial infections also being common.5,6 This 
variety of potential organisms reinforces the impor-
tance of obtaining wound cultures and tailoring 
antibiotic therapy appropriately once susceptibility 
data are known. In both paediatric and adult popu-
lations, deep sternal wounds are most often colo-
nised by Staphylococcus aureus and coagulase-nega-
tive staphylococci,7,8 a finding that was also reflected 
in our data.

Though uncommon, the development of medias-
tinitis following median sternotomy for cardiac sur-
gery remains a potentially devastating complication 
which may lead to the prolongation of in-hospital 
stay, increased costs, other morbidities, or mortali-
ty.6,7 With the advent of more effective surgical 
techniques and antibiotic therapies, the incidence 
of deep SWIs is now an infrequent occurrence (cur-
rently reported at 0.2% to 5% in the adult cardiac 
population); however, the mortality rate remains 
high, at up to 35%.6,7 Data suggest that the inci-
dence of SWIs of all severities in the paediatric pop-
ulation is similar, at 0.2 to 4.8%.2,9 However, there is 
an overall relative paucity of data regarding medias-
tinitis rates within the paediatric population.

Multiple studies have identified risk factors asso-
ciated with the development of mediastinitis. In 
adults these include diabetes, obesity, chronic 
obstructive pulmonary disease (COPD), and renal 
failure.5 Within the paediatric population, however, 
many of the classic risk factors do not apply. In this 
population, younger age, longer duration of surgical 
procedure, and higher American Society of Anesthe-
siologists (ASA) score have been identified as risk 
factors for mediastinitis.2 

Traditional management of SWIs has included irri-
gation with antibiotic solutions, aggressive debride-
ment, wound packing, delayed sternal closure, and 
complex reconstruction using vascularised muscle 

flaps. NPWT has been adopted in the management of 
SWIs as an adjunct to traditional management, with 
the goal of reducing the need for debridement and 
complex flaps.6 Results with this technology have 
been encouraging,10 and utilisation of NPWT in SWIs 
has become increasingly common. However, though 
there are a substantial number of publications dem-
onstrating the efficacy of NPWT in the adult cardiac 
population,7 very little data exist in the published lit-
erature regarding paediatric use.11

The established CDC criteria form the basis for 
our current approach to the management of SWIs. 
If a definitive diagnosis according to these criteria 
is made and the sternal wound is opened, we 
aggressively consider NPWT in all cases in an effort 
to ‘jump start’ granulation within the wound bed. 
Once the SWI is controlled and the wound appears 
to be granulating well, our team actively evaluates 
every wound for potential delayed primary closure 
versus continued healing by secondary intention, 
with frequent use of delayed primary closure once 
granulation tissue has reached the surface of the 
wound. As redo operations are often necessary in 
the CHS population, a secondary attempt at sternal 
wound closure should be undertaken in every 
patient with a SWI. This has been our preferred 
practice as our experience with NPWT in the man-
agement of SWIs has matured over the years. 
NPWT is conducted at different pressures depend-
ing on the age and clinical status of the patient. 
For neonates and infants the initial pressure is -25 
to -50 mmHg, while for older children therapy is 
initiated at -50 mmHg. These pressures may be 
gradually increased up to a maximum of -125 
mmHg starting as soon as day 1 after NPWT is ini-
tiated and once haemostasis is achieved. The ini-
tial negative pressure is started at lower, conserva-
tive values due to the concern of sternal instability 
and in order to minimise the risk of bleeding. It is 
important to note that the NPWT reported in this 
study is utilised on a very complex patient popula-
tion, namely CHS patients, including small 
neonates (Fig 1–3), which is infrequently discussed 
in the medical literature.

fig 3. Healing of an SwI that occurred in an infant following cHS

a. Sternal wound at nPWT dressing change. 
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B. Sternal wound following completion of nPWT
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In addition to improving wound healing, NPWT 
has several further benefits. By utilising NPWT, the 
need for ventilator support is reduced due to the sta-
bilisation of the anterior thoracic wall by the nega-
tive pressure established with the NPWT system 
(while not concurrently impairing respiratory 
mechanics).12 In the neonatal population, pain also 
appears to be improved with NPWT, with dressing 
changes often not requiring sedation in these 
patients.13 The use of NPWT can result in fewer dress-
ing changes and fewer invasive surgical procedures 
on the sternal wound (both at the bedside in the ICU 
and in the operating room), and deeper wounds can 
be healed in a shorter time frame. Patients can also 
be successfully discharged sooner as NPWT provides 
the option for home wound therapy outside of the 
hospital setting, thus reducing length and cost of 
hospitalisation. These additional benefits, along with 
the improved outcomes achieved when combined 

with traditional management options,8,14,15 will foster 
continued development of this treatment modality 
as standard of care in CHS patients.

Conclusion
Though statistical significance was not achieved in 
this study due to the small size of the population 
examined, definitive trends exist that warrant fur-
ther inquiry. We believe that the trends seen in 
reduction in duration of treatment with NPWT as 
well as duration of antibiotic therapy in the early 
(≤2 day) implementation group and after establish-
ment of a comprehensive wound management 
team are true phenomena. These observations hold 
potential clinical significance in terms of reducing 
hospital costs, length of hospitalisation, and in-hos-
pital mortality in CHS patients. Further study is 
needed to better confirm these trends and their true 
impact on clinical care. n
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