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Summary
Poststernotomymediastinitis, also commonly called deep sternal wound infection, is one of themost feared complications in patients undergoing
cardiac surgery. The overall incidence of poststernotomymediastinitis is relatively low, between 1% and 3%, however, this complication is associated
with a significant mortality, usually reported to vary between 10% and 25%. At the present time, there is no general consensus regarding the
appropriate surgical approach tomediastinitis following open-heart surgery and awide range of wound-healing strategies have been established for
the treatment of poststernotomy mediastinitis during the era of modern cardiac surgery. 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 muscle.
Unfortunately, procedure-relatedmorbidity is relatively frequent when using conventional treatments and the long-term clinical outcome has been
unsatisfying.Vacuum-assisted closure is a novel treatmentwithan ingeniousmechanism.Thiswound-healing technique is basedon theapplicationof
local negative pressure to awound. During the application of negative pressure to a sternal wound several advantageous features from conventional
surgical treatment are combined. Recent publications have demonstrated encouraging clinical results, however, observations are still rather limited
and the underlying mechanisms are largely unknown. This review provides an overview of the etiology and common risk factors for deep sternal
wound infections and presents the historical development of conventional therapies. We also discuss the current experiences with VAC therapy in
poststernotomymediastinitis and summarize the current knowledge on the mechanisms by which VAC therapy promotes wound healing. Finally, we
suggest a structured algorithm for using VAC therapy for treatment of poststernotomy mediastinitis in clinical practice.
# 2006 Elsevier B.V. All rights reserved.
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1. Poststernotomy mediastinitis—the definition

Poststernotomy mediastinitis, also commonly called deep
sternal wound infection, is one of the most feared
complications in patients undergoing cardiac surgery. The
definition of mediastinitis has been established by the Center
for Disease Control and Prevention in the USA [1]. According
to these guidelines, diagnosis of mediastinitis requires at
least one of the following:
(1) a
* C
E

1010
doi:1
n organism isolated from culture ofmediastinal tissue or
fluid;
(2) e
vidence of mediastinitis seen during operation;

(3) o
ne of the following conditions: chest pain, sternal

instability, or fever (>38 8C), in combination with either
purulent discharge from the mediastinum or an organism
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isolated from blood culture or culture of mediastinal
drainage.
2. Microbial etiology

The microbial etiology of sternal wound infections varies
and includes Gram-negative and Gram-positive bacteria
(Table 1) as well as fungi. However, the most common
causative pathogen involved in sternal wound infections is
Staphylococcus epidermidis (CoNS) and Staphylococcus
aureus, both from the normal flora of the skin [2—5].
Previously, the finding of CoNS in the wound could be
dismissed as contamination and the pathogen was regarded
as a relatively benign pathogen. However, S. epidermidis
(CoNS) is now well known to be one of the most important
agents of healthcare associated infections especially when
foreign material is implanted, such as prosthetic heart
valves, prosthetic joints, peritoneal dialysis catheters,
intravascular catheters, and cerebral spinal fluids shunts.
Another foreign body, steel wires, is used in almost all cardiac
 by on October 23, 2009 g
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Table 1
Culture-verified poststernotomy mediastinitis at Lund University Hospital,
1994—2003

Bacterial strains VAC therapy Conventional
treatment

n %a n %a

CoNS 34 56 27 68
S. aureus 8 13 2 5
E. cloacae 4 7 1 3
Klebsiella oxytoca 3 5 0 0
Proprionibacterium acnes 2 3 0 0
Escherichia coli 1 2 0 0
Bacterioides fragilis 1 2 0 0
Klebsiella pneumoniae 1 2 2 5
CoNS + S. aureus 3 5 2 5
CoNS + E. coli 2 3 0 0
CoNS + Proteus mirabilis 1 2 1 3
CoNS + Pseudomonas aeruginosa 1 2 0 0
CoNS + Enterococcus faecalis 0 0 3 8
CoNS + Enterobacter aerogenes 0 0 1 3
S. aureus + Citrobacter freundii 0 0 1 3

CoNS: coagulase-negative Staphylococci strains; S. aureus: Staphylococcus
aureus; E. cloacae: Enterobacter cloacae; E. coli: Escherichia coli.

a The sum of the percentages exceeds 100% due to rounding.
surgery procedures when closing the sternotomy and CoNS
has emerged as the most important pathogen in postster-
notomy mediastinitis, responsible for 43% to 64% of all cases
in recent studies [2,3]. In a study from Shafir et al., a shift
from Gram-negative bacteria to Gram-positive bacteria,
especially CoNS, was observed in postoperative mediastinitis
[6]. Following initial colonization, large amount of extra-
cellular polysaccharide is synthesized, forming a protective
biofilm around the colony. Therefore, treatment of infections
caused by CoNS frequently necessitates removal of the
infected foreign body. Furthermore, the antibiotic treatment
requires susceptibility testing, because S. epidermidis strains
are often resistant to multiple antibiotics. Previous studies
have demonstrated that approximately 75% of the CoNS
strains were methicillin resistant [2,3]. Coagulase-negative
staphylococcal infections generally have a slow onset and are
often associated with relatively few clinical signs of
mediastinitis compared to mediastinitis caused by other
bacteria [5]. However, no difference in mortality was
observed between sternal infections caused by CoNS, when
compared to S. aureus, or Gram-negative pathogens [2]. The
other major pathogen in poststernotomy mediastinitis is S.
aureus, which may have a more aggressive nature and
demonstrate more classical signs of infection. This bacteria
has been increasingly associated with colonization of the
nasal passages of the patient [4]. The incidence of nasal
colonization with S. aureus in the normal population is
reported to range from 10% to 15% and such colonization
increases the risk of poststernotomy mediastinitis [7].
Perioperative application of nasal mupirocin eradicates
95—100% of S. aureus up to 1 year postoperatively and
demonstrates a 67% reduction of infection [8].
3. Risk factors

The pathogenesis of poststernotomy mediastinitis is
complex and multifactorial. In previous literature, several
ejcts.ctsnetjournaDownloaded from 
risk factors have been identified and in Table 2 a number of
commonly observed risk factors are presented. However,
even if a number of specific patient and procedure related
risk factors have been delineated, inconsistency still remains
regarding the contribution of individual factors to the
development of sternal infections. Due to demographic
changes in the Western countries the population undergoing
cardiac surgery continuously grows older. At time of surgery a
substantial part of this cohort also suffers from one or several
co-morbidities, often related to their cardiovascular disease.
Diagnoses such as obesity, diabetes mellitus, chronic
obstructive pulmonary disorder, or heart failure are abun-
dant. Previous literatures have demonstrated that the
presence of one of these diagnoses, or risk factors, increase
the risk for developing poststernotomy mediastinitis [9]. The
mechanism by which obesity leads to this complication is not
fully understood, however, perioperative antibiotics may be
poorly distributed in adipose tissue, deep skin folds may
cause the preoperative skin preparation to be inadequate,
and it may also be difficult to diagnose mediastinitis in obese
patients during the early phase of the infection [10].
Inadequate sterility may also be one of the mechanisms
behind the finding of re-exploration for bleeding as a risk
factor [5,11,12]. Diabetes mellitus is also a frequently
reported risk factor for mediastinitis [9,13,14]. Elevated
blood glucose levels may impair wound healing and the use of
continuous, intravenous insulin has been shown to signifi-
cantly reduce the incidence of deep sternal wound infection
in diabetic patients [15]. Heart failure, a high NYHA Class,
and a low ejection fraction (<30%) of the left ventricle have
also been demonstrated to be associated with mediastinitis
[10,12,16]. A reduced ejection fraction is included as a
variable in the mediastinitis score proposed by the Northern
New England Cardiovascular Disease Study Group and
presented in the ACC/AHA Guidelines for CABG surgery
[17]. Furthermore, the use of bilateral internal mammary
arteries has been reported as a risk factor for sternal
infection. The mechanism is probably related to a devascu-
larization of the wound margins after harvesting both
mammary arteries, which may delay proper wound healing
[12,13]. Extensive coronary atherosclerosis and re-do surgery
has also been associated with an increased risk of
mediastinitis [10,18]. Again, it is not clear what the true
primary cause is, however, this risk factor probably reflects,
at least to some extent, a general atherosclerotic condition,
which may predispose these patients to poor wound healing
in combination with longer procedure times. Prolonged
duration of the surgical procedure should intuitively increase
the risk of intraoperative contamination and length of
surgery has been demonstrated in previous studies to be a risk
factor for poststernotomy mediastinitis [10,13].
4. Short- and long-term survival following
poststernotomy mediastinitis

With modern hospital hygiene standards and the use of
prophylactic antibiotics the overall incidence of postster-
notomy mediastinitis is usually reported to be low, usually
between 1% and 3% [12,16,19,20]. However, even if this
complication is relatively rare it is associated with significant
 by on October 23, 2009 ls.org
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Table 2
Independent risk factors for mediastinitis observed in previous studies

Risk factor Odds ratio Mediastinitis score AHA/ACC
(Eagle and Guyton et al.)

Author Year

Male gender 2.2 Borger et al. 1998
NA Demmy et al. [84] 1990

Obesity/severe obesity 6.49 2.5/3.5 Abboud et al. [82] 2004
1.27 Bitkover et al. [83] 1998
2.67 The Parisian Mediastinitis Group 1996
3.59 Milano et al. 1995
3.8 Nagachinta et al. [85] 1987
2.65 Ridderstolpe et al. 2001
3.46 Sjögren et al. 2005

Diabetes mellitus 5.82 1.5 Ridderstolpe et al. 2001
2.6 Borger et al. 1998
5.0 Lu et al 2003
3.24 Sjögren et al. 2005
2.6 Nagachinta et al. 1987

Smoking 3.27 Abboud et al. 2004
1.8 Nagachinta et al. 1987
2.41 Ridderstolpe et al. 2001

COPD NA 3.5 Demmy et al. 1990

Heart failure/NYHA Class 3—4 3.36 Ridderstolpe et al. 2001
1.33 Milano et al. 1995

Low LVEF 3.02 2 Sjögren et al. 2005
Renal failure 6.93 2.5 Sjögren et al. 2005

Peripheral vascular disease 3.7 Lu et al. 2003
2.11 Ridderstolpe et al. 2001

Coronary disease/coronary surgery 2.67 The Parisian Mediastinitis Group 1996
6.85 Sjögren et al. 2005
3.2 Muñóz et al. [86] 1997

Use of BIMA 3.2 Borger at al. 1998
4.23 Ridderstolpe et al. 2001

Length of surgery 1.0 Milano et al. 1995
Re-do surgery 2.2 Milano et al. 1995

Re-exploration 9.2 Muñóz et al. 1997
NA Ottino et al. 1987
3.3 The Parisian Mediastinitis Group 1996

Transfusion NA Ottino et al. 1987

Prolonged mechanical ventilation 1.04 Lu et al. 2003
1.004 Ridderstolpe et al. 2001

Prolonged use of inotropic drugs 2.37 The Parisian Mediastinitis Group 1996
3.5 Muñóz et al. 1997

ICU stay > 2 days 4.5 Abboud et al. 2002

NA: not available; COPD: chronic obstructive pulmonary disease; NYHA: New York Heart Class; LVEF: left ventricular ejection fraction; BIMA: bilateral internal
mammary artery; ICU: intensive care unit.
mortality, reported to vary between 10% and 35%
[5,9,12,13,21]. Deep sternal wound infection does not only
lead to high mortality, but the morbidity in surviving patients
is also significant [5]. Furthermore, poststernotomy medias-
tinitis is associated with a prolonged length of hospital stay
[13], an increased cost of care [3,16] and significant
impairment in long-term survival [10,13,19,22,23].
5. Conventional treatment in poststernotomy
mediastinitis

During the development of modern cardiac surgery a
number of wound-healing strategies have been established
ejcts.ctsnetjournaDownloaded from 
for the treatment of poststernotomy mediastinitis. Conven-
tional 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 muscle. These wound-healing techniques may be
used as a single-line therapy or in combination with other
procedures. At the present time, there is little consensus
regarding the appropriate surgical approach to mediastinitis
following open-heart surgery.

Poststernotomy mediastinitis was initially treated with
surgical revision, with or without multiple open dressing
changes, followed by sternal re-wiring or secondary healing.
However, a high mortality rate up to 45% has been reported
following this strategy [24]. One major disadvantage of open
 by on October 23, 2009 ls.org
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dressings is thoracic instability, which requires mechanical
ventilation. Prolonged immobilization may increase the risk
of additional complications such as pneumonia, thrombosis
and muscular weakening. Another devastating complication
when leaving the sternum open is right ventricular lacera-
tion, which is associated with high mortality rates [25—27].
An important advance in mediastinitis treatment was made
in 1963 with continuous irrigation in combination with
drainage and a closed sternum [28]. Bryant et al. achieved
further development with antibiotic irrigation [29]. Surgical
revision with re-wiring or closed irrigation offers an
expeditious procedure with the advantage of a closed
wound and a stable sternum, but several studies have
reported unsatisfactorily high rates of failure [25,30,31] and
mortality [5]. The explanation to these failures may be an
increased bacterial resistance and a relative devasculariza-
tion of the left chest wall after harvesting the left mammary
artery, which is nowadays a routine procedure. Therapeutic
failure during poststernotomy mediastinitis treatment with
recurrent infections is known to aggravate an already
difficult situation, and results in very high early mortality
[32]. Another alternative technique for healing wound
infections, without continuous irrigation, is closed drainage
with Redon catheters. This technique is based on surgical
debridement in combination with multiple small catheters
connected to bottle with a strong (�700 mmHg) negative
pressure inside. The successful use of this therapy in
poststernotomy mediastinitis was demonstrated in 1989
by Durandy et al. [33] and has been confirmed inmore recent
studies [34,35].

A commonly accepted wound-healing approach is pri-
mary, or delayed, wound closure with vascularized soft
tissue flaps. The use of pectoral muscle flaps was initially
described in 1980 [36]. Recent studies have reported varying
results with pectoral muscle flaps in poststernotomy
mediastinitis [37—39]. Other authors have advocated the
technique employing omentum flaps first described by Lee
et al. for closure of mediastinal defects [24,40,41], or
reversed rectus abdominis muscle flaps [30,42]. Reconstruc-
tion with soft tissue flaps has a relatively low mortality rate
according to some reports [37,41]. However, there are
disadvantages, including additional surgical trauma and late
flap-related morbidity such as pain, weakness and hernias
[41,43,44]. Furthermore, there are several reports demon-
strating poor long-term outcome with these techniques as
mentioned previously.
6. Development of vacuum-assisted closure therapy

Vacuum-assisted closure (VAC) is a recent technical
innovation in wound care with a growing number of
applications. This wound-healing system was developed in
the U.S. by Argenta and Morykwas in the mid 1990s [45].
During approximately the same time period a similar system
using sub-atmospheric pressure in wound healing was
evaluated by Fleischmann in Germany [46]. VAC therapy
has been available in North America since 1995 and the
system was introduced in Europe in 1997. This wound-healing
technique is based on the application of local negative
pressure to a wound. This is achieved by placing polyurethane
ejcts.ctsnetjournaDownloaded from 
foam with an open pore structure of 400—600 mm in the
wound. One end of a non-collapsible tube is then connected
to the foam and the other end is connected to a vacuum-
source in a closed system via connected to a fluid container.
The foam and the entire wound are covered with an adhesive
drape thus ensuring an air-tight system. Finally, a prede-
termined, continuous or intermittent, negative pressure is
applied to the wound. The foam dressing collapses on
application of the negative pressure and transmits an even
distribution of pressure across the wound [47].
7. Mechanisms of vacuum-assisted closure therapy

During the application of negative pressure to a sternal
wound several advantageous features of conventional
surgical treatment are combined. Vacuum-assisted closure
allows open drainage that continuously removes exudate
with simultaneous stabilization of the chest and isolation of
the wound. By maintaining a moist environment, this therapy
stimulates granulation-tissue formation [48] in combination
with an increased blood flow in the adjacent tissue [49,50].
Furthermore, VAC therapy approximates the wound edges
and provides amass filling effect with a low degree of surgical
trauma, without establishing a new wound (e.g. abdominal
wound in omental flaps). Finally, due to sternal stabilization
and wound isolation, patients can be mobilized early and
receive physiotherapy in order to minimize further complica-
tions. Morykwas et al. also demonstrated a decrease in
bacterial count during VAC therapy [48]. However, there have
been conflicting results regarding the bacterial burden during
VAC treatment [51,52]. Whether the arbitrary critical level of
1 � 105 CPU/g still is valid or not when using VAC in an
infected wound is debatable [51].

The exact mechanism by which VAC exerts its wound-
healing mechanism is not fully understood. It has been
postulated that the increased perfusion results from an
increased hydrostatic pressure gradient along an arteriole,
thus directly drawing blood along the vessel [53]. An
alternative explanation is the reduction of tissue edema by
removing osmotically active molecules and mediators, thus
preventing capillary compromise [48,54]. The tissue
oedema in the wound margins creates a situation similar
to a localized compartment syndrome [55]. A complimen-
tary mechanism aiding the healing process would be the
removal of inhibitory molecules. Bennet al. reported a
decrease in inflammatory phase cytokines and a simulta-
neous increase in stimulating cytokines [56]. However, so
far no quantitative studies have been reported supporting
the theory of a reduction in interstitial fluid. Vacuum-
assisted closure also approximates the wound margins, and
therefore, exerts a mechanical force on the surrounding
tissue. Tissue expansion is known to stimulate angiogenesis
and increase the mitotic activity in skin [57,58]. It has also
been hypothesized that mechanical stress (transduction)
caused by VAC stimulates wound healing through ‘reversed’
tissue expansion [59,60]. Mechanical stimulation is known
to stimulate several physiological mechanisms, such as ion
transport, release of second messengers, alterations in
gene expression, and increased protein synthesis. Shear
stress has been demonstrated to increase cell division by
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J. Sjögren et al. / European Journal of Cardio-thoracic Surgery 30 (2006) 898—905902
up-regulation of the second messengers causing phosphor-
ylation [61].
8. Vacuum-assisted closure therapy in poststernotomy
mediastinitis

Several recent studies have reported the clinical benefits
of VAC treatment in poststernotomy mediastinitis. In these
studies, the VAC technique has been successful, either as a
single-line therapy, or as a procedure for providing optimal
conditions for second-line treatment with delayed flap
closure [33,62—71]. Also successful data including high-risk
patients and patients with infectious complications after
assist device implantation or transplantation have been
reported [72—75].

Our research group has previously presented a concept for
VAC as a single-line therapy followed by sternal re-wiring
without the use of additional tissue flaps [76]. We have used a
structured approach with VAC, but without additional tissue
flaps, for poststernotomy mediastinitis at our department in
Lund since 1999 with promising results (Fig. 1). The survival
data in Fig. 1 is based on 65 patients (mean age 67.9 � 9.9)
undergoing VAC therapy for poststernotomy mediastinitis
between January 1999 and March 2004. The number of days
from primary cardiac surgery procedure until mediastinitis
diagnosis was 16.4 � 10.6. The patients had VAC therapy
(continuous suction) for 11.9 � 9.0 days and the patients
underwent a mean of 3.4 � 2.2 procedures including initial
debridement, VAC-changes, and final re-wire. All procedures
were made in the operating theatre. All patients (100%) were
re-wired without the use of tissue flaps and the total length of
stay at our hospital was 24.6 � 16.4 days. Our group has
recently demonstrated an improved 90-days survival and a
lower failure rate when comparing VAC therapy to conven-
tional treatments [77]. We have also compared the long-term
survival between patients undergoing CABG without med-
iastinitis to VAC-treated patients suffering from postster-
notomy mediastinitis after CABG [78]. No difference in late
survival was demonstrated, even after adjusting the Kaplan—
Meier plot for differences in EuroSCORE. These results are
contradictory to previously published reports regarding long-
term survival after mediastinitis [13,25,26]. The reason for
Fig. 1. Overall survival after vacuum-assisted closure therapy for postster-
notomy mediastinitis following cardiac surgery.

ejcts.ctsnetjournaDownloaded from 
negative survival effects when using conventional treatments
for poststernotomy mediastinitis is unclear. However, a
severe systemic infection with repeated septic episodes due
to ineffective treatments might cause irreversible effects in
vulnerable organs such as the heart, kidneys, and bypass
grafts [13]. We believe the successful long-term results found
in our study may be due to the use of vacuum-assisted closure
therapy as a wound-healing strategy. The effective combina-
tion of several wound-healing principles provided by VAC
seems to result in minimal sequelae from the poststernotomy
mediastinitis.

Catarino et al. performed an early, small retrospective
study in order to compare VAC to continuous irrigation [33].
They reported a significantly greater number of treatment
failures with continuous irrigation than with VAC. Domkowski
et al. conducted an observational study using VAC therapy as
a single-line treatment or as a bridge to tissue flap surgery,
which showed very low (3.7%) early mortality [62]. However,
they included both superficial and deep sternal wound
infections. Fleck et al. reported lower rates of recurrent
mediastinitis with VAC followed by delayed primary closure
or pectoral muscle flaps compared to revision and primary
closure [79]. Doss et al. reported good results when
comparing VAC to conventional wound management, but
they used VAC as a bridge to tissue flap treatment in 20% of
their patients [65]. They also reported a shorter length of
hospital stay and treatment duration following VAC therapy
[65]. The shorter hospital stay with VAC treatment was
verified in a recent study by Fuchs al., however, some of their
patients were discharged with an open sternum relying on
secondary wound healing without re-wiring [80]. Moidl et al.
recently reported lower costs when using VAC therapy for
poststernotomy mediastinitis [81]. In our retrospective
comparison all patients underwent sternal re-wiring without
the use of soft tissue flaps and no significant difference in
length of stay or treatment duration was observed between
VAC therapy and conventional treatment (Ref. [77]). One
explanation may be that differences in health care systems
affect the routines regarding discharge to the patients’ home
or transfer of patients to the referring hospital. Furthermore,
treatment duration varies considerably between different
surgical techniques, and therefore, results between differ-
ent studies should be interpreted with caution.
9. The Lund University Hospital mediastinitis algorithm

One important factor in successful outcome following
poststernotomy mediastinitis is early referral to a surgical
center with a structured approach and a well-known
experience in wound-healing management. Delayed diag-
nosis and therapy will most likely lead a deteriorating patient
resulting in increased morbidity and mortality. In our region
all our referring hospitals discuss, and eventually, send
patients with diagnosed, or suspected, mediastinitis back to
our cardiothoracic center. We have adopted VAC therapy for
poststernotomymediastinitis in a structured fashion and here
we describe the wound-healing concept used at Lund
University Hospital (Fig. 2). While applying this algorithm
all patients withmediastinitis have received vacuum-assisted
closure therapy followed by successful delayed primary
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Fig. 2. Algorithm for vacuum-assisted closure therapy in poststernotomy
mediastinitis.
closure, including sternal re-wire, without the use of
vascularized tissue flaps.
10. Conclusion and future perspectives

Poststernotomy mediastinitis is still one of the most
feared complications after cardiac surgery and during the
last 50 years several conventional treatments have been
developed in order to manage these devastating infections.
During the last decade a new treatment modality using
topical negative pressure, or VAC, in the wound has evolved.
Vacuum-assisted closure combines several advantageous
features of conventional surgical treatments in addition to
the unique features of topical negative pressure. During the
last years VAC therapy has been adopted for use in
poststernotomy mediastinitis and the use of this wound-
healing therapy is currently spreading throughout the
cardiothoracic community. Knowledge and experience
regarding VAC in poststernotomy mediastinitis is constantly
expanding and an increasing number of institutions report
improved results when using this wound-healing strategy.
However, several of these reports are relatively small studies
and of an observational character including limited popula-
tions with short follow-up times. Therefore, although the use
of VAC treatment in poststernotomy mediastinitis has
presented promising clinical results, there is still need for
further knowledge, e.g. large multi-center studies and
randomized trials. Another way to ensure large enough
amount of data is to initiate a European VAC Therapy
Database Register. However, without a structured clinical
approach at the individual center one may fail to secure all
the clinical benefits of VAC therapy. Therefore, we present an
algorithm for use in VAC-treated poststernotomy mediasti-
nitis after cardiac surgery.
ejcts.ctsnetjournaDownloaded from 
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[35] Kirsch M, Mekontso-Dessap A, Houël R, Giroud E, Hillion M-L, Loisance DY.
Closed drainage using Redon catheters for poststernotomy mediastinitis:
results and risk factors for adverse outcome. Ann Thorac Surg 2001;71:
1580—6.

[36] Jurkiewicz MJ, Bostwick III J, Hester TR, Bishop JB, Craver J. Infected
median sternotomy wound. Successful treatment by muscle flaps. Ann
Surg 1980;191:738—44.

[37] Jones G, Jurkiewicz MJ, Bostwick J, Wood R, Bried JT, Culbertson J,
Howell R, Eaves F, Carlson G, Nahai F. Management of the infectedmedian
sternotomy wound with muscle flaps. The Emory 20-year experience. Ann
Surg 1997;225:766—76.

[38] Wettstein R, Erni D, Berdat P, Rothenfluh D, Banic A. Radical sternectomy
and primary musculocutaneous flap reconstruction to control sternal
osteitis. J Thorac Cardiovasc Surg 2002;123:1185—90.

[39] Klesius AA, Dzemali O, Simon A, Kleine P, bdel-Rahman U, Herzog C,
Wimmer-Greinecker G, Moritz A. Successful treatment of deep sternal
infections following open heart surgery by bilateral pectoralis major
flaps. Eur J Cardiothorac Surg 2004;25:218—23.

[40] Lee Jr AB, Schimert G, Shaktin S, Seigel JH. Total excision of the sternum
and thoracic pedicle transposition of the greater omentum; useful stra-
tegems in managing severe mediastinal infection following open heart
surgery. Surgery 1976;80:433—6.

[41] Milano CA, Georgiade G, Muhlbaier LH, Smith PK, Wolfe WG. Comparison
of omental and pectoralis flaps for poststernotomy mediastinitis. Ann
Thorac Surg 1999;67:377—80.

[42] Shibata T, Hattori K, Hirai H, Fujii H, Aoyama T, Seuhiro S. Rectus
abdominis myocutaneous flap after unsuccessful delayed sternal closure.
Ann Thorac Surg 2003;76:956—8.

[43] Ringelman PR, Vander Kolk CA, Cameron D, Baumgartner WA, Manson PN.
Long-term results of flap reconstruction in median sternotomy wound
infections. Plast Reconstr Surg 1994;93:1208—14.
ejcts.ctsnetjournaDownloaded from 
[44] Yuen JC, Zhou AT, Serafin D, Georgiade GS. Long-term sequelae following
median sternotomy wound infection and flap reconstruction. Ann Plast
Surg 1995;35:585—9.

[45] Argenta LC, Morykwas MJ. Vacuum-assisted closure: a new method for
wound control and treatment: clinical experience. Ann Plast Surg
1997;38:563—76.

[46] Fleischmann W, Strecker W, Bombelli M, Kinzl L. Vacuum sealing as
treatment of soft tissue damage in open fractures. Unfallchirurg
1993;96:488—92.

[47] Thomas GPL, Banwell PE. Topical negative-pressure therapy in wound
management. In: Teot L, Banwell PE, Ziegler UE, editors. Surgery in
wounds. Heidelberg: Springer-Verlag; 2004. p. 109—24.

[48] Morykwas MJ, Argenta LC, Shelton-Brown EI, McGuirt W. Vacuum-assisted
closure: a new method for wound control and treatment: animal studies
and basic foundation. Ann Plast Surg 1997;38:553—62.
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[76] Gustafsson RI, Sjögren J, Ingemansson R. Deep sternal wound infection: a
sternal-sparing technique with vacuum-assisted closure therapy. Ann
Thorac Surg 2003;76:2048—53.
ejcts.ctsnetjournaDownloaded from 
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