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Abstract

Skin breakdown and infiltration of skin flora are key causative elements in postster-
notomy wound infections. We hypothesised that surgical incision management (SIM)
using negative pressure wound therapy over closed surgical incisions for 6–7 days
would reduce wound infections in a comprehensive poststernotomy patient population.
‘All comers’ undergoing median sternotomy at our institution were analysed prospec-
tively from 1 September to 15 October 2013 (study group, n= 237) and retrospectively
from January 2008 to December 2009 (historical control group, n= 3508). The study
group had SIM (Prevena™ Therapy) placed immediately after skin suturing and
applied at −125 mmHg for 6–7 days, whereas control group received conventional
sterile wound tape dressings. Primary endpoint was wound infection within 30 days.
Study group had a significantly lower infection rate than control group: 1⋅3% (3
patients) versus 3⋅4% (119 patients), respectively (P< 0⋅05; odds ratio 2⋅74). In the
study group, when the foam dressing was removed after 6–7 days, the incision was
primarily closed in 234 of 237 patients (98⋅7%). SIM over clean, closed incisions for
the first 6-7 postoperative days significantly reduced the incidence of wound infection
after median sternotomy. Based on these data SIM may be cost-effective in patients
undergoing cardiac surgery.

Introduction

The problem

With regard to the incidence of wound infections after median
sternotomy, it is assumed that in Germany alone, 4000–6000
patients per year undergo surgical revision with application of
negative pressure wound therapy (NPWT; V.A.C.® Therapy,
KCI, San Antonio, TX) to the open surgical wound and often
additional plastic surgery (1,2). For a particular patient this
means repeated interventions under general anaesthesia and a
prolonged hospital stay of 3 weeks on average or, sometimes,
even a fatal outcome (1–3). From the economics point of view,
excess costs arise primarily owing to the prolonged hospital
stay and the need for repeated surgical procedures, amounting
to about 9000€ per case for the hospital (3).

The cause

Suture breakdown, which allows infiltration of bacteria into
the wound, is the primary cause of poststernotomy infection,

and Gram-positive bacteria are identified in ≥80% of cases
(1,4,5). Median sternotomy as the standard approach in cardiac
surgery shares a critical factor with most orthopaedic interven-
tions: bone with injured periosteum and osteosynthesis material

Key Messages

• poststernotomy wound infections due to suture break-
down and bacterial seepage result in increased patient
health risks and higher health care costs

• surgical incision management (SIM), which delivers neg-
ative pressure wound therapy over closed incisions for
6–7 days, has been shown to reduce infection rates in
various types of surgery

• in this prospective study with a historical control, ‘all
comers’ were treated with either SIM (study group) or
conventional sterile wound tape dressings (historical con-
trol group), and the primary endpoint was infection rate
within 30 days
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• study group had a 62% reduction in poststernotomy
wound infection rate compared with control group: 1⋅3%
(3/237 patients) versus 3⋅4% (119/3508 patients), respec-
tively (P< 0⋅05; odds ratio 2⋅74)

• estimating the potential annual costs in Germany from
a 62% reduction in poststernotomy surgical revisions
demonstrated a cost-benefit for the use of SIM in the
general cardiac surgery patient population

susceptible to bacterial infection directly beneath the skin inci-
sion. In addition, after sternotomy the skin incision is subject
to traction forces that pull apart skin edges, especially in obese
patients; in female patients in supine position the skin edges are
pulled apart by the breasts (Figure 1) and in sitting position the
inframammary fold is bent (Figure 2).

The concept

Surgical incision management (SIM; Prevena™ Incision Man-
agement System, KCI, San Antonio, TX, USA) is an NPWT
system designed specifically for use over surgical incisions.
Both SIM and incisional NPWT have been evaluated experi-
mentally as well as tested successfully after orthopaedic surgery
(6–8). Furthermore, we have evaluated SIM in a high-risk
group of obese patients undergoing cardiac surgery via median
sternotomy (9). The SIM dressing conforms to body contours,
helping to hold incision edges together at least to a certain
degree (Figure 2), and provides a clean, protected wound envi-
ronment until dressing removal. Furthermore, there is experi-
mental evidence that SIM and NPWT support wound healing
by improving wound secretion drainage (6,8).

Study purpose and hypothesis

In addition to our study in high-risk patients mentioned above,
we performed this study to compare SIM and conventional

Figure 1 Patient’s open wound was debrided and treated with negative
pressure wound therapy (NPWT) following deep wound infection after
sternotomy. Skin edges were pulled apart by breasts in supine position
(traction forces on skin incision).

Figure 2 Patient in sitting position, with surgical incision management
(SIM) foam dressing: The incision is bent in the inframammary fold
provoking traction forces that would pull apart skin edges. However, SIM
dressing conforms to body contours and helps to hold incision edges
together.

wound dressings in an ‘all comers’ population with special
regard to wound complications and infections. We hypothesised
that SIM applied immediately after skin closure and continued
for 6–7 days would reduce the number of poststernotomy
wound infections requiring surgical revision.

Methods

From 1 September to 15 October 2013 we performed a prospec-
tive ‘all comers’ cohort study in patients undergoing cardiac
surgery via median sternotomy at our institution. A SIM dress-
ing was placed immediately after skin suturing and negative
pressure of −125 mmHg was applied for 6–7 days (SIM study
group; n= 237). A historical cohort of ‘all comers’ undergoing
cardiac surgery via median sternotomy between January 2008
and December 2009 served as a control group (n= 3508) [in
2010 we started SIM at our institution in high-risk patients (9)].
The control group received conventional wound tape dressings,
which were changed for the first time on the first or second
postoperative day and every 1–2 days thereafter. Study group
wounds were inspected for the first time after SIM removal and
every 1–2 days thereafter. Primary endpoint was wound infec-
tion within 30 days requiring surgical revision and application
of NPWT to the open surgical wound in most cases.
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Results

SIM was well tolerated in all patients, and all patients were
followed up for at least 30 days. In the study group, a total
of 258 patients were enrolled, but 21 (8⋅1%) patients were
excluded from further analyses owing to insufficient therapy
(i.e. dressing air leaks) or death <30 days. Of the remaining 237
patients, 3 (1⋅3%) suffered from wound infections. One patient
suffered from an infected left ventricular assist device and a
second patient suffered from mediastinitis owing to sternum
mobility after postoperative delirium. A third patient underwent
superficial wound infection without sternal involvement. For
98⋅7% (234/237) of study group patients without infection,
the incision was primarily closed at removal of the SIM foam
dressing. In the control group (n= 3508), the incidence of
sternal wound infection requiring surgical revision (n= 119)
was 3⋅4% (P< 0⋅05; odds ratio 2⋅74).

Discussion

Poststernotomy wound infections

Gårdlund et al. identified three categories of postoperative
mediastinitis based on a retrospective study of 126 cases (4).
Type 1 mediastinitis involved coagulase-negative staphylo-
cocci, which accessed the wound through sternal dehiscence
often associated with patient obesity or sometimes chronic
obstructive pulmonary disease. Staphylococcus aureus from
perioperative contamination of the mediastinal space charac-
terised Type 2 mediastinitis and Type 3 resulted from aerobic
Gram-negative rods from concomitant infections (primarily
pneumonia) in the immediate postoperative period (4). Ster-
nal dehiscence was seen in 68% (86/126) of the medias-
tinitis patients (4), which highlights the importance of skin
breakdown prevention as a strategy for reducing the risk of
mediastinitis.

Concept of SIM

Atkins et al. recently demonstrated that incisional NPWT over
clean, closed poststernotomy incisions decreased wound com-
plications. In their retrospective study of 57 patients treated
with incisional NPWT, patient risk factors such as obesity
and diabetes warranted anticipation of three poststernotomy
wound infections; however, no wound complications developed
(10). Application of NPWT over closed incisions in various
wound types has been shown to provide protection from exter-
nal contamination and to facilitate drainage of wound secretions
(6–8,11).

Impact of SIM on wound infection

In our study, 119 of 3508 (3⋅4%) patients in the control group
contracted poststernotomy wound infection, whereas only 3 of
237 (1⋅3%) patients in the SIM group experienced infection
(P< 0⋅05; odds ratio 2⋅74). The fact that no wound infections
occurred after removal of the foam dressing may be owing
to the extent of wound healing during the 6–7 days of SIM
application. Sufficient closure during that period appeared to

provide a barrier against later skin breakdown and consequent
infiltration of skin flora into the wound (the causative factor in
poststernotomy wound infections).

Economic aspects of SIM

According to a recent study by Graf et al. on economic aspects
of deep sternal wound infections, the median overall costs of
treating a case with deep sternal wound infection (i.e. requiring
surgical revision) were 36 261€ compared with 13 356€ per
patient without infection; additional overall costs of 22 905€
per case arose for society (3). The median reimbursement from
health care insurance companies was 27 107€ per case, which
means a financial loss of 9154€ per patient for the hospital and
of 13 751€ for the health care insurance company (3).

Assuming a reduction of wound infections requiring surgical
revision by 62% (3⋅4% vs. 1⋅3%) based on this study and a num-
ber of affected patients of 4000–6000 per year in Germany, the
avoidable economic loss per year in Germany amounts to about
60 000 000€–90 000 000€, which under current conditions of
reimbursement have to be paid in two fifths by the hospitals
(24 000 000€–36 000 000€) and in three fifths by the health care
insurance companies (36 000 000€–54 000 000€).

Based on device costs of ∼350€ per SIM unit, compre-
hensive use of this therapy in cardiac surgery in Germany
(90 000 cases per year) would cost about 30 000 000€ per
year, which should be seen in relation to the annual cost of
60 000 000€–90 000 000€ calculated above. Therefore, use of
SIM may be cost-effective for hospitals and for health care
insurance companies not only in high-risk patient groups but
also in the general cardiac surgery patient population.

Conclusions and considerations

We conclude that applying SIM over clean, closed incisions
for the first 6–7 postoperative days reduced the likelihood
of postoperative wound infection after median sternotomy not
only in high-risk patients but also in a comprehensive patient
population.

This may be achieved by the mechanical stabilisation of inci-
sion edges and the clean, protected environment provided for
6–7 days. In addition, wound healing facilitated by improved
wound secretion drainage establishes an adequate microbac-
terial barrier 1 week postoperation, which in turn may con-
tribute substantially to the clinically significant reduction rate
of wound infections.

Based on our data, the potential economic benefit of com-
prehensive use of SIM in Germany may amount to a saving of
between 60 000 000€ and 90 000 000€ per year, which could be
realised in two fifths by the hospitals (24 000 000€–36 000 000
€) and in three fifths by the health care insurance companies
(36 000 000€–54 000 000€).
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