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ABSTRACT

Objective. Sternal wound infections are a serious compli-
cation after cardiac surgery. Although a variety of treatment
algorithms has been published, the ideal operative treatment
of complicated median sternotomy wounds is the subject of
ongoing controversy.

Methods. In a retrospective review, 3016 consecutive
open-heart surgery patients between January 2003 and June
2006 were evaluated: 65.6% underwent coronary artery
bypass surgery (CABG), 16.3% cardiac valve replacement,
13.5% combined CABG and valve replacement, 2.8% aortic
reconstruction or replacement, 0.6% artificial heart implanta-
tion, and 1.2% cardiac transplantation.

Results. Sixty-three patients (2.1%) developed sternal
wound infections. Fifty-six wounds were treated with dé-
bridement, irrigation, and re-wiring. Thirty-four patients
were treated using vacuum-assisted closure therapy. Nineteen
of these patients eventually required plastic surgical coverage
with either rectus abdominis or pectoralis major flaps. Dia-
betes mellitus, rethoracotomy, duration of operation and,
interestingly, the time of operation (morning versus after-
noon) presented significant risk factors for development of
sternal wound infections (P < .05). Three patients developed
partial flap necrosis and required a second flap. Eventually, all
defects were successfully reconstructed and there was no
recurrent ostemyelitis noticed over the entire observation
period (follow-up, 23 * 13 months).

Discussion. Patients at risk for development of sternal
wound infections may be preferably operated in the morning
at first position. Vaccuum-assisted closure therapy acts as a
link between radical débridement and definitive plastic cov-
erage. The type of flap is individually chosen based on loca-
tion of the defect and availability of certain vascular axis. The
presented interdisciplinary approach with radical surgical
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débridement, application of subatmospheric pressure dress-
ings, and early involvement of the plastic surgical team allows
efficient treatment of infected median sternotomy wounds.

INTRODUCTION

Since its first description by Julian et al [1957] the median
sternotomy, which provides optimum exposure of the heart
and the great vessels, has been widely used in cardiac and vas-
cular surgery [Farhat 2004; Ahumuda 2005]. The prices
sometimes paid for this exposure are sternal wound infections
and mediastinitis, which still represent serious complications
with considerable morbidity and mortality. The incidence of
such infections is, depending on the type of cardiac surgery
and patient selection, between 0.4% to 5.0% [Sarr 1984].
The etiology is multifactorial. A large number of risk factors
such as diabetes mellitus, age, obesity, use of internal mam-
mary artery grafts, low ejection fraction, re-exploration of the
mediastinum, use of blood products, chronic obstructive pul-
monary disease (COPD), prolonged postoperative ventilation
time, bone wax, and others have been described in several
studies. However, results are still inconclusive and controver-
sial [Milano 1995; Baskett 1999; Gummert 2002].

Several approaches of treating deep sternal wound infec-
tions have been reported [Jeevanandam 1990; Cowan 2005].
Extensive and radical surgical débridement should be per-
formed as soon as possible [Nahai 1989; El Oakley 1996;
Jones 1997]. While acute wound infections (El Oakley I and
II) may be adequately treated by débridement and closed irri-
gation, chronic types of sternum osteomyelitis (El Oakley V)
and complicated wound infections in presence of risk factors
(El Oakley III and IV) require plastic surgical reconstruction
[El Oakley 1996].

Subatmospheric pressure dressings (vaccuum-assisted clo-
sure [VAC] therapy) may be useful as a temporary wound care
technique that prevents shear stress of the open sternum and
helps to decrease wound edema and bacterial load. VAC ther-
apy has also been used to optimize local wound conditions prior
to plastic surgery reconstruction [Scholl 2004; Agarwal 2005].

Reconstructive techniques using muscle flaps have
become the backbone of surgical treatment because the use
of vascularized regional tissue improves wound healing
withy increased blood flow and obliteration of dead space



[Francel 2001; Ascherman 2004]. A plethora of flaps have
been described in the context of sternum osteomyelitis. The
pedicled omentum flap has been used successtully for clo-
sure of mediastinal defects since 1976 [Lee 1976]. Unilateral
or bilateral pectoralis major muscle or myocutaneous flaps
(PEC) are considered the “workhorses” for treatment of
sternum osteomyelitis [Pairolero 1991]. There is a variety of
different modifications that allow transfer of the pectoralis
muscle either supplied by its thoraco-acrominal vascular
pedicle or based on perforators from the mammary artery
[Hugo 1994; Wong 2006]. Another treatment modality for
reconstruction of sternotomy wounds is the rectus abdomi-
nis flap either as muscle flap (RAM) or as myocutaneous flap
with a vertically oriented skin island (VRAM) [Coleman
1989; Yamamoto 1994; Oh 2004; Fujiwara 2006].

In this article, we present a thorough risk factor analysis
for development of sternum osteomyelitis and review our
institutional experience using the VAC therapy in combina-
tion with PEC, RAM, and VRAM flaps to reconstruct large
complex chest wall defects after median sternotomy in heart
surgery patients.

PATIENTS AND METHODS

The present study is a retrospective review of 3016
consecutive open-heart surgery patients between January 2003
and June 2006 at the Center of Cardiac Surgery, University of
Erlangen, Germany. Most of our patients had coronary artery
bypass surgery (CABG) (1979 patients, 65.6%), cardiac valve
replacement (491 patients, 16.3%), or combined CABG and
valve replacement (408 patients, 13.5%). A minority of patients
had aortic reconstruction or replacement (83 patients, 2.8%),
artificial heart implantation (18 patients, 0.6%), or cardiac
transplantation (37 patients, 1.2%). In 213 cases (7.1%), a
rethoracotomy was performed due to diffuse bleeding, pericar-
dial effusion, graft stenosis, or prosthetic dysfunction. In 1870
patients (78.3% from all CABG and combined CABG/valve
replacement patients), the left internal mammary artery was
used for revascularization.

El Oakley and Wright classified mediastinal wound infection
into two large categories; superficial and deep (mediastinitis)
sternal wound infection. They defined infection confined to
subcutaneous tissue as “superficial” while infections involving
the sternum (osteomyelitis), which may or may not be associ-
ated with involvement of retrosternal space, were defined as
“deep” sternal wound infection. They further classified deep
sternal infection into 4 subtypes based on the time of first pre-
sentation, previous results of attempted treatment, and patients’
risk factors [El Oakley 1996]. According to this classification, all
of the patients with mediastinal wound infections presented in
this study had deep sternal infections. Superficial wound infec-
tions, which were successfully managed by conservative treat-
ment, were not considered. Table 1 summarizes all data on
patient demographics, cardiovascular risk factors, the time of
operation time (ie, morning versus afternoon), the duration of
operation, and the type of surgery. The EuroSCORE was used
to assess the risk of early mortality in cardiac surgical candidates

[Nashef 1999]. Sixty-three patients (2.1%) developed sternal
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Table 1. Demographic and Cardiac Surgery Data*

All Patients, Deep Sternal Wound PEC, RAM,
N = 3016 Infections, n =63 VRAM, n=19

66.6 (16-98)  68.5 (29-83)  67.2 (29-75)
71.0/29.0%  61.9/38.1%  47.4/52.6%
27.8 (15.8-45.8) 29.4 (19.5-44.2) 29.1 (18.8-40.4)

Age, y
Male /female
Body mass index

Diabetes mellitus 28.4% 49.2% 52.6%
Arterial hypertension 86.0% 90.5% 89.5%
Smokers 40.4% 27.0% 36.8%
Serum creatinine, 1.3 (0.4-13.0) 1.3 (0.8-4.9) 1.2 (0.7-3.2)
mg/dL
Renal failure 14.3% 23.8% 5.3%
Chronic obstructive 8.6% 19.0% 26.3%
pulmonary disease
Left ventricular function, ~ 54.9 (10-90) 54.0 (10-80) 51.1 (21-70)
ejection fraction %
Immunosuppression 1.2% 1.6% 5.3%
EuroSCORE 4.6 (0-23) 5.4 (0-15) 6.4 (2-15)
Use of left internal 78.3% 77.4% 87.5%
mammary artery graft
Time of operation 48.2:51.8 38.1:61.9 36.8:63.2
(morning:afternoon)
Bypass time, min 82.9 110.4 139.3
Total operation time, min 194.3 222.6 215.7
Duration of operation
Short, % (0-150 min) 20.1 79 0
Medium, % (150-240 min)  64.7 61.9 68.4
Long, % ( >240 min) 15.2 30.2 3.6
Blood products
Erythrocyte 2.5 (0-82) 8.4 (0-82) 9.6 (0-51)
concentrate
Fresh frozen plasma 2.0 (0-61) 4.6 (0-40) 5.5 (0-35)
Thrombocyte 0.3 (0-22) 0.5 (0-12) 0.2 (0-2)
concentrate
Rethoracotomy 7.0% 79.4% 78.9%
Hospital mortality 6.0% 12.7% 10.5%
Type of surgery
CABG 65.6% 65.1% 78.9%
Valve repair/ 16.3% 7.9% 10.5%
replacement
Combined CABG and 13.5% 19.0% 5.3%
valve repair/replacement
Cardiac transplantation 12% 1.6% 5.3%

*Demographic and cardiac surgery data for the 3016 consecutive open-
heart surgery patients, the 63 patients with deep sternal wound infection and
the 19 patients with muscle flap treatment. Significant differences between
different groups (P < .05) were highlighted by bold typing. PEC indicates
6pectoralis major myocunataneous island flaps; RAM, rectus abdominis muscle
flaps; VRAM, vertical rectus abdominis myocutaneous flaps; CABG, coronary
artery bypass grafting.

wound infections. Wounds were defined as “infected” if puru-
lent secretion was evident and positive culture results were
available. Fifty-six wounds were treated with débridement, irri-
gation, and re-wiring. VAC therapy was initiated in 34 patients.
Nineteen of these patients eventually required plastic surgical
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Figure 1. A 54-year-old female patient with a history of mamma carci-
noma, mastectomy, and chest wall irradiation 10 years ago; 18 months
following transfer of a vertical rectus abdominis myocutaneous flap due
to sternum osteomyelitis following coronary artery bypass surgery.

coverage. Plastic surgical treatment of infected sternotomy
wounds was initiated by radical and, if needed, repeated surgical
débridement. This was followed by application of VAC therapy
until definitive closure of the defect. In cases of uncertainty
about patency of the mammary artery, angiography was
performed prior to rectus abdominis flap transfer. The VRAM
and RAM flaps were based on the superior epigastric vessels,
but intercostal perforators were preserved in most of the
patients. The VRAM flaps were harvested with a skin paddle
located above the periumbilical perforators. The RAM flaps
were harvested as isolated cranially based muscle flaps that were
eventually covered with split-thickness skin grafts. The PEC
flaps were raised as myocutaneous island flaps based on the
thoracoacrominal vessels that were located with Doppler ultra-
sound prior to surgery. The skin island was positioned caudal to
the nipple, including the perforating vessels in vicinity of the
submammary fold. The insertion at the humerus was dissected
if a wide arc of rotation was needed. Donor sites were closed
primarily following minimal undermining of the skin.

Data and results are expressed as mean * standard devia-
tion. For statistical analysis, the chi-square test and the Stu-
dent # test were used to compare patients with and without
deep sternal wound infections. Significance was set at P < .05.

RESULTS

The incidence of deep sternal wound infection following
medial sternotomy was 2.1% (63 from 3016 patients) in the last
3 years. Fifty-six patients underwent irrigation and rewiring, 34
patients received a VAC therapy and subsequently, 19 patients
were referred to the plastic surgical team for consideration of
PEC flap, RAM, or VRAM flap operation.

EuroSCORE was not significantly increased in patients suf-
fering from deep sternal infection. Diabetes mellitus, chronic
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obstructive pulmonary disease, bypass time, duration of opera-
tion, and rethoracotomy (ie, reopening prior to the diagnosis of
the sternal infection) were identified as independent risk factors
for development of sternum ostemyelitis (P < .05). Interest-
ingly, also the time of operation (ie, position in the operating
schedule) presented a significant and independent risk factor
for development of sternal wound infections. In this case
we compared and analyzed all operations that started before
11:00 AM versus after 11:00 AM (morning versus afternoon). In
the group of all patients, the operations were equally
distributed (51.8 versus 48.2). However, the majority of
patients who developed sternal infections (61.9 versus 38.1) and
those who required plastic surgical coverage (63.2 versus 36.8)
were operated in the afternoon (P < .05). The hospital mortal-
ity and the number of blood products (erythrocyte concentrate
and fresh frozen plasma) were also significantly higher in the
group of patients with wound infections and plastic surgical
reconstruction. Table 1 summarizes cardiovascular risk factors
and incidence of deep sternal wound infections.

The period between cardiac surgery and plastic surgical
reconstruction was 85 + 82 days. Total VAC treatment dura-
tion after irrigation and débridement of the wound was
between 3 and 59 days. Total hospital stay (cardiac + plastic
surgery) was 91 £ 37 days in patients who underwent plastic
surgical reconstruction. Surgical closure was performed with
RAM flap (4 patients), RAM and unilateral PEC flap
(1 patient), VRAM flap (Figure 1) (7 patients), unilateral PEC
(Figure 2) (5 patients), and bilateral myocutaneous PEC flap
(Figure 3) (2 patients). In 3 of 7 patients undergoing VRAM

Figure 2. A 78-year-old male patient with a history of chronic sternum
osteomyelitis following coronary artery bypass surgery in the cranial
third with involvement of the sternoclavicular joint. After radical
débridement including resection of the sternoclavicular joint and the
cranial third of the sternum, a myocutaneous pectoralis major flap was
transferred into the defect. Eight months postoperatively, the defect is
sufficiently covered without any sign of recurrent osteomyelitis.



Figure 3. A 76-year-old male patient with a history of diabetes mellitus,
peripheral occlusive arterial disease, open cholecystectomy, and chronic
sternum osteomyelitis following coronary artery bypass surgery. The
sternum defect (22 X 8 cm) was reconstructed using bilateral pectoralis
major myocutaneous flap (5 months postoperatively).

transfer, a delay procedure was performed 7 to 14 days prior
to flap closure. The skin island was incised and the inferior
epigastric artery and veins were ligated. All patients were
treated with VAC therapy prior to surgical reconstruction.
Postoperatively, primary closure of both donor and recipient
sites of the flap was achieved in all patients. In two patients, a
hematoma at the donor site of the PEC flap was evacuated.
There were no complete flap losses, vascular thromboses, fis-
tulas, or donor-site complications. We did not observe hernia
formation following RAM or VRAM transfer. In 5 patients (1
RAM, 2 VRAM, and 2 PEC), partial necrosis of the tip of the
flap was successfully managed by débridement and conserva-
tive treatment (n = 2) and transfer of a second flap 2 PEC, 1
RAM, n = 3). Eventually all defects were successfully recon-
structed and there was no recurrent ostemyelitis noticed over
the entire observation period (follow-up, 23 £ 13 months).
There were no statistically significant differences in total hos-
pital stay and time from cardiac surgery until plastic surgical
reconstruction between patients receiving different types of
flaps. Detailed information regarding types of flaps and
reoperations are given in Table 2.

DISCUSSION

The management of the chronically infected sternum
remains a real challenge. Sternal wound infections can lead to
significant morbidity, mortality, and hospital cost. There is a
trend toward earlier referral for flap operation after the diag-
nosis of sternal wound infection in recent years [Coleman
1989; Yamamoto 1994; Oh 2004; Wong 2006]. The incidence
of deep sternal wound infections in our hospital in the last
3 years was 2.1%. This is comparable to the reported world-
wide incidence of 0.4% to 5.0% [Sarr 1984]. Several studies
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analyzed risk factors for sternal wound infections and medias-
tinitis; however, results are still inconclusive, and controversy
remains about the predictive benefit of single factors identi-
fied. Diabetes mellitus, obesity, COPD, renal failure, use of
internal mammary artery grafts, re-exploration, prolonged
ventilation, use of blood products, and the duration of opera-
tion presented significant risk factors [Milano 1995; Baskett
1999; Gummert 2002]. Our study supports the relevance of
diabetes, COPD, re-exploration, bypass time, and duration of
the operation as risk factors for development of sternal wound
infections. In addition, we were able to identify for the first
time the time of operation (ie, the position in the operating
schedule) as another relevant prognostic factor for the devel-
opment of sternum osteomyelitis. A high number of patients
who developed sternal infections and those who required
plastic surgical coverage were operated on in the afternoon.
This phenomenon might be explained by the increased air
turbulence and concentration of pathogens and particles in
the air of the operation room after a period of “activity.”
Although this finding needs to be confirmed in further studies
including a larger number of cardiac surgery patients, we rec-
ommend based on the results of our study that patients with a
number of specific risk factors such as COPD and diabetes
who are scheduled for complex cardiac surgical procedures
should be operated on in the morning rather than in the
afternoon.

Adequate débridement of all infected and necrotic tissues,
including skin, subcutaneous tissue, cartilage, and bone is still
considered a prerequisite for successful management of
infected sternal wounds. Some patients may benefit from
closed irrigation and rewiring. It can accelerate early
discharge, but wires can also act as nidus for further infec-
tions. Francel’s group reported a failure rate of rewiring of
35% [Francel 2001]. In the last decade, VAC has been intro-
duced by Morykwas and Argenta [Argenta 1997; Morykwas
1997]. Since their first report in 1997, VAC has been success-
fully applied for treatment of infected sternotomy wounds
either solely or as an adjunctive therapy prior to flap coverage
[Fleck 2002; Song 2003; Scholl 2004]. In our study, VAC

Table 2. Treatment Data*

Total Partial ~ Second Defect Hospital
Type of Flap Number  Loss Flap Localization Stay, d
PEC unilateral 5 (26%) 1 Cranial 1/3 77 £27
PEC bilateral 2 (10%) 1 1 RAM Complete 92 +35
VRAM 7 (37%) 2 1 PEC Complete (5), 95+53

caudal 1/2 (2)

RAM 4 (22%) 1 1 PEC Caudal 1,2 99+ 33
RAM + PEC 1(5%) 0 Complete 105

*In total 19 patients were treated by transfer of unilateral or bilateral pec-
toralis major myocunataneous island flaps (PEC), vertical rectus abdominis
myocutaneous flaps (VRAM), cranially based rectus abdominis muscle flaps +
split thickness skin grafts (RAM), and combinations of different types of flaps.
Defect localization in relation to the sternum is provided for each type of flap.
Hospital stay is given as mean = standard deviation.
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therapy helped to reduce the number of painful dressing
changes, improved wound conditions, and even allowed for
complete wound closure without transfer of surgical flaps in a
significant number of patients. In other patients who under-
went plastic surgical reconstruction, it acted as a bridge
between débridement and definitive closure. We did not
observe any severe complication related to the use of VAC
therapy in our patients.

In 5 of our patients, partial flap necrosis of the most distal
proportion of the skin island occurred. While in two patients
after initial local débridement the wounds healed uneventfully
under conservative treatment regime, 3 patients required a
second flap. In two of these patients, VRAM and RAM flaps
were initially raised, and due to the extent of the sternum
defect some of the cranial intercostal perforators have been
sacrificed in order to achieve a larger arc of rotation. In the
third patient, bilateral pectoralis major myocutaneous flaps
were raised for reconstruction of an extended infected ster-
notomy wound. The most caudal part of the flap (ie, the most
lateral proportion of the skin island prior to transfer) under-
went necrosis. This demonstrates the limited reliability of
myocutaneous pectoralis major island flaps for reconstruction
of caudally located sternal wounds. All 3 patients had at least
2 vascular risk factors.

Pectoralis major island or advancement flaps and turnover
flaps based on perforators originating from the mammary
artery are excellent choices for reconstruction of the sternum
[Ascherman 2004; Wong 2006]. However, the mammary
artery perforator-based modification is contraindicated
if patency of the mammary artery is not given [Lopez-
Monjardin 1998]. Since the muscle proportion of the myocu-
taneous pectoralis major flap does not reach the inferior 1/3
of the sternum, only laterocaudal placement of the skin
island [Jurkiewicz 1980], as demonstrated in Figure 3, allows
reconstruction of this part of the sternum, but at the price
of decreased reliability. Therefore we recommend, based on
our personal experience and anatomical considerations, the
PEC flap primarily for reconstruction of the upper 2/3 of
the sternum.

The RAM flap is also an option for reconstruction of the
presternal region if the superior epigastric artery is available
[Coleman 1989; Tacobucci 1989; Fleischer 1993; Clarkson
2003]. The deep inferior epigastric system is the dominant
pedicle of the rectus abdominis myocutaneous flap [Moon
1988]. Therefore, extremely caudal placement of the skin
island bears a considerable risk of partial flap necrosis. Delay
procedures that increase blood flow in the VRAM flap as
demonstrated by angiography [Fujiwara 2006; Strecker 2006]
have been performed in 3 of our patients.

Besides VRAM and PEC flaps, the omentum flap and the
pedicled or free latissimus dorsi flap have also been used for
treatment of mediastinitis [Banic 1995; Lopez-Monjardin 1998;
Weinzweig 1995]. While the omentum flap requires a laparot-
omy, communicating a sterile cavity with a contaminated one,
the latissimus dorsi flap does not provide enough tissue to com-
pletely fill out a post-sternectomy defect. Therefore we use
these flaps in our institution only if no other first-line muscle
flap is available for reconstruction.
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In conclusion, the presented interdisciplinary joint
approach allows safe and efficient treatment of patients who
are at high risk for complications such as sternum osteomyeli-
tis or wound dehiscence. Diabetes mellitus, COPD, rethora-
cotomy, duration of operation, and the time of the operation
(morning versus afternoon) presented significant risk factors
for development of sternal wound infections (P < .05). We
suggest that patients who are at high risk for development of
sternal wound infections should be operated on in the morn-
ing at first position rather than in the afternoon. VAC therapy
acts as a link between radical débridement and definitive plas-
tic coverage in prolonged sternal infections. We recommend
based on our personal experience the use of PEC flaps as
first-line procedure for cranial and central sternum defects
while the RAM flap is primarily used for caudal defects.
Complete sternal defects are in our institution reconstructed
using delayed VRAM flaps, if a patent mammary artery is
available.
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