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Abstract

Deep sternal wound infections are a serious complication following sterno-

tomy for cardiothoracic surgery. “Conventional” treatment provides debride-

ment and secondary closure or closed catheter irrigation. The combination of

the Negative Pressure Therapy with flap coverages is an accepted technique

and one or both Pectoralis Major muscles could be chosen. A multistep proto-

col was adopted. One hundred and sixty seven patients were treated with the

combination of Negative Pressure Therapy with the Pectoralis Major muscle

flap: 86 monolateral flap and 81 bilateral flap reconstruction. The main com-

plications (hematoma, seroma, dehiscence, and re-infection), the need for re-

intervention, mortality rates, Intensive Care Unit, and hospitalisation time

were assessed. The mono-pectoralis group had fewer complications and need

for revision, with a shorter hospital stay. A statistically significant difference

emerged for the hematoma rate (P = .0079). Monolateral flap should to be pre-

ferred because with the same coverage effectiveness, it guarantees the saving

of controlateral muscle with its functionality and the possibility of its use in

case of failure. Furthermore, as the technique is less invasive, it can be

reserved for more fragile patients.
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1 | INTRODUCTION

Open-heart surgery can be followed by different compli-
cations, as the Sternal Wound Dehiscence (SWD) that
usually occurs after infection.

The first classification of these wounds was described
by Pairolero & Arnold in 1984.1 Nowadays, according to
the Center for Disease Control and Prevention (CDC),
the Sternal Wound Infection (SWI) in surgical wounds

after sternotomy should be classified into three types:
superficial (SSWI), when it involves skin, and subcutane-
ous tissue until muscle fascia; deep (DSWI), when the
dehiscence reaches the sternal surface without affecting
it but there may be sternal instability, osteomyelitis,
and/or mediastinitis,2 which are the most serious cases.

SSWI occur in 1.1% to 6.7% of cases, whereas the inci-
dence of DSWI ranges from 0.1% to 3.7%,3-6 although it
would reach up to 10%, according to other studies.7-9 The
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SSWI morbidity and mortality rate ranges from 0.5% to
8% and in DSWI it increases more than twice, up to
47%.10,11 In addition to high morbidity and mortality
rates, SWIs are associated with prolonged periods of
hospitalisation and high healthcare costs.12-16

The most commonly reported risk factors for DSWI
include surgical technique, obesity, diabetes mellitus,
prolonged stay in intensive care, emergent or urgent sur-
gery, use of BIMA (bilateral internal mammary artery),
reoperation, substernal seroma or haematoma, female
gender.17-21

The most common pathogens detected in DSWI are
Staphylococcus aureus, especially methicillin-resistant
species, followed by Gram-negative as Pseudomonas
aeruginosa, Klesbiella Pneumoniae, or Enterobacter spp.
with increasing incidence and multidrug resistance.22

There are several methods for the treatment of SWIs
and the most commonly used procedures are closed suc-
tion antibiotic catheter irrigation systems, Negative Pres-
sure Therapy (NPT), and various flap coverages.10

“Conventional” treatment provides debridement and
secondary closure or closed catheter irrigation. This
choice is associated with mortality rate between 5% and
80%.23,24 In the last years, radical debridement with the
use of vascularized flaps reduced the mortality rate to
4.8% to 10.5%25-29: in the most cases Pectoralis Major,
Rectus Abdominis, and Latissimus Dorsi muscle flaps
represent the main choices for SWIs surgical coverage
and infection control. Nowadays, NPT is an accepted
method for the treatment of open contaminated/infected-
acute/chronic wounds. It reduces the wound bacterial
colonisation rate, swelling and exudation, stimulates
growth of granulation tissue, improves perfusion and
antibiotic circulation in the wound, and creates
favourable microenvironment for wound healing.30-36

The growing experience with the NPT pointed out how it
can be used as a bridge to allow cleaning and preparation
of the wound bed for further reconstructions.36-38 Tradi-
tionally, the timing for the surgical closure procedure is
guided by the patient's general condition, the clinical
appearance of the wound, the cultures performed on the
wound bed, and laboratory tests, such as the CRP.39

The whole treatment of DSWI often involves pro-
longed hospitalisation/time in the Intensive Care Unit
(ICU), prolonged antibiotic therapy, and high costs.12-16

In this study, we want to report the results we
obtained from the comparison of two groups of patients
with DSWI, following a multistep protocol: the first
group was treated with preoperative NPT (VAC® ther-
apy) and subsequent reconstruction with a Monolateral
Pectoralis Major muscle Flap (MPMF), whereas the sec-
ond one was managed with preoperative VAC-therapy
and a Bilateral Pectoralis Major muscle Flap (BPMF).

2 | MATERIALS AND METHODS

2.1 | Patients

From January 2014 to April 2018, a single-centre retro-
spective study was performed and 167 patients with post-
sternotomy DSWI following cardiac surgery.

All patients were treated with a multistep protocol.
The first step was the preoperative VAC-therapy, per-
formed in all 167 patients. The second step was surgery
and two study groups were created: patients in Group A
were treated with MPMF, whereas patients in Group B
were treated with BPMF.

Both demographical data and surgical data were
assessed routinely from all patients.

2.2 | Surgical technique

Preoperative management of DSWI was the debridement
time and NPT (V.A.C. ATS Therapy System, KCI Con-
cepts, Inc, San Antonio, TX) in all 167 patients
(Figures 1–3). Before aseptic procedures, wound cultures
were performed for microbiological exam and anti-
biogram. Debridement involved the review of the wound
margins and the removal of necrotic and infected tissue,
with a copius irrigation of the wound bed through a
hydrogen peroxide plus normal saline solution. Staples
and non-viable bone were removed with possible
sequestrectomy, sternectomy, and a partial costectomy.
At the beginning, all patients received empirical antibi-
otic treatment, then the therapy was based on the cul-
tures and antibiograms.

At the end of this time, the polyurethane-customized
foam was placed in the wound with a “two-layer” tech-
nique, in order to completely cover the upper layers of

Key Messages

• Deep sternal infections are a possible complica-
tion of open-heart surgery. One hundred and
sixty seven cases were treated with VAC-
therapy and with Pectoralis Major muscle flap
(86 unilateral and 81 bilateral). Complications,
length of stay, and need for revision were
assessed. The mono-Pectoralis muscle flap is
less invasive and associated with better results
than the bi-Pectoralis muscle flap.
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the wound. The two foams were covered with sterile
drape and the layers were connected to the tube through
a central and superficial hole. The effective negative pres-
sure set was at −125 mmHg. VAC-therapy was replaced
at least twice a-week and at each change, microbiological
cultures were performed.

At the subsequent surgical time, the MPMF (Group
A) was raised as the standard procedure (Figure 4).
The muscle monolateral flap was placed upon the ster-
nal defect and fixated without tension. Closure was
performed in a multilayer technique using 2-0 and 3-0
absorbable single stitches sutures (Vicryl®, Ethicon,
Norderstedt, Germany) for the subcutaneous tissue and
same calibres non-absorbable (Ethilon®, Ethicon, Nor-
derstedt, Germany) single vertical mattress sutures for
the skin (Figure 5). In Group B, both Pectoralis mus-
cles were sharply elevated from their costal and sternal
insertions, continuing the dissection in a subpectoral
plane to allow bilateral advancement to the midline
without tension. The humeral attachments of the
Pectoralis muscles were left intact and the
thoracoacromial arteries were carefully preserved. The
insertion of the Pectoralis muscles was released with
preservation of the long thoracic artery to aid in a
tension-free closure. The Pectoralis muscles were
imbricated medially. Closure was performed in a multi-
layer technique.FIGURE 2 First step: surgical debridement

FIGURE 3 VAC-therapy placement

FIGURE 1 Preoperative time: sternal wound infection with
closed drainage
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Two or three drains were used and the wounds were
taped with sterile non-woven tape.

2.3 | Statistical analysis

Statistical analysis was performed using the SPSS soft-
ware. Fisher's exact two-tailed test was used to compare
postoperative complications (seroma, haematoma, dehis-
cence, surgical revision). A P-value of 0.05 was consid-
ered statistically significant.

3 | RESULTS

3.1 | Patient characteristics

From January 2014 to April 2018, 167 patients had a
DSWI following cardiac surgery with sternotomy. CABG
(Coronary Artery Bypass Grafting) was performed in
109 patients (65.2%), valve replacement procedure in
26 patients (15.5%), both these procedures in 31 patients
(18.5%); 1 patient (<1%) was treated for an ascending
aorta rupture with intramural hematoma and hem-
opericardium. Bilateral Internal Mammary Artery tech-
nique for revascularization was used in 51 cases (30.5%)
and other 51 patients underwent emergent/urgent sur-
gery. Sex distribution, mean age, BMI, and comorbidities
are described in Table 1.

Wound coltures were performed before VAC placing.
In most patients a positivity for Gram + cocci was found:
Staphylococcus epidermidis in 58 patients (34.7%); Staphy-
lococcus aureus in 95 patients (56.8%), including 34 posi-
tive for Pseudomonas, KPC, Candida albicans too;
12 coltures were positive for Enterobacter (7.18%); in two

FIGURE 5 Postoperative picture at 30 days after surgery

TABLE 1 Patient's characteristics and comorbidities

Sex (M:F) (97:70)

Age (mean) 67.1

BMI > 30 73 (43.7%)

Diabetes mellitus 61 (36.5%)

Heart failure 41 (24.5%)

COPD 20 (11.9%)

CRI 21 (12.5%)

Hypertension 89 (53.2%)

Hyperlipidaemia 81 (48.5%)

Smoke 100 (59.8%)

Abbreviations: BMI, body mass index; COPD, chronic obstructive
polmunary desease; CRI, chronic renal insufficiency.

FIGURE 4 Second step: unilateral Pectoralis Major muscle
flap coverage
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cases, the presence of other pathogens was found. VAC-
therapy lasted 16 ± 6 days.

Two homogeneous groups were created before the
reconstructive time. Group A included 86 patients
(51.5%) that underwent MPMF. Group B included the
remaining 81 patiens (48.5%) that underwent BPMF.

In Group A 14 adverse events (16.27%) occurred,
whereas 30 complications (37.03%) occurred in Group B;
wound revision was needed in eight cases and in 14 cases,
for Groups A and B, respectively (Table 2). In each group,
one patient had mediastinitis and died for sepsis (Group
A) and for Heart Failure (Group B). Other two media-
stinitis occurred and the one of Group B had sepsis.

When needed, the mean time spent in ICU was
3.2 ± 1.6 days in Group A and 18 ± 13 in Group B. The
mean hospitalisation time was 18.1 ± 14.5 days for MP
patients and 32 ± 24.2 for BP patients.

4 | DISCUSSION

Deep sternal wound infections (DSWI) are a serious com-
plication occurring in about 0.1% to 3.7% of patients after
sternotomy for cardiothoracic surgery.3-6

The first classification of these wounds was described
by Pairolero & Arnold in 1984.1 They classified these
infections according to the postoperative onset timing. In
1996, Oakley et al used the same criteria but added to
their classification the presence of clinical risk factors.40

One year later, Jones et al proposed the first classification
based on the affected anatomical site in addition to the
ever presence of infection as the main parameter.41

Finally, in 2007 Greig et al defined the only affected ana-
tomical site classification.42 In 2015, Anger et al
suggested a new classification based on anatomical
changes, considering the depth and location of the surgi-
cal wound.43

There are various risk factors, like surgical technique
and the use of accurate asepsis procedures, female gen-
der, high BMI, diabetes mellitus and hyperglycemia sta-
tus, prolonged stay in intensive care, emergent or urgent
surgery, use of BIMA (bilateral internal mammary
artery), and others, like age > 70, reoperation, heart fail-
ure, renal failure, peripheral vascular disease, need for

transfusion or prolonged inotropic support, smoking,
chronic obstructive pulmonary disease, substernal ser-
oma, or haematoma.17-21

The most common pathogens detected in DSWI are
Staphylococcus aureus, Pseudomonas aeruginosa,
Klesbiella Pneumoniae, or Enterobacter spp. The inci-
dence of MRSA and multidrug resistance Gram-negative
species is increasing in the last years.22

In the past the treatment only consisted in intrave-
nous antibiotics and different surgical tecniques, but it
was associated with a high short- and long-term
mortality.44

The introduction of negative pressure therapy in the
treatment of difficult wounds dates back to 1997 by
Argenta and Morykwas,37 but Obdeijn suggested its
application in post-sternotomy wound dehiscences in
1999.45 In these cases VAC-therapy leads to a faster
wound healing,46-48 lower length of hospital stay and the
subsequent lower in-hospital cost.38 Moreover, early stud-
ies and meta-analysis showed that VAC-therapy is associ-
ated with lower mortality than other surgical techniques
in DSWI38,49,50 and that it is a good choice of treatment
for these complications when it is used with other con-
comitant surgical reconstructive procedures.51 There are
no controindications in using VAC-therapy in SWI, but
all free particles in the sternum have to be removed
completely before its placing, in order to avoid severe
bleeding caused by the displacement of the fragments in
the vessels.52

Primary or delayed flap closure is generally obtained
by myocutaneous flaps (myoplasty), such as the
Pectoralis Major flap,53-57 the Rectus Abdominis flap,58,59

the LD flap (Latissimus Dorsi muscle),60 or the omental
flap.61,62

Pectoralis Major and Rectus Abdominis are the first-
line flaps, with the preference of the first one.27,56,63

Rectus Abdominis flap can be used especially in
dehiscences of the lower III of the sternum, alone or in
combination with the Pectoralis Major muscle flap. The
flap is based on the peduncle of the superior epigastric
artery, so the use of the internal mammary artery (IMA)
for the previous cardiac revascularization is at least a rel-
ative contraindication,64,65 although cases of flap survival
have been described despite the absence of one or both te
IMA61,66-68: this is explained by the presence of collateral
circles based on the musculofrenic arteries and on the
anterior intercostal arteries. A possible complication asso-
ciated with this flap is the formation of herniations
through the abdominal wall.69

The LD flap can be used to cover dehiscence of the
two upper thirds of the sternum. Vascularization is based
on the thoraco-dorsal artery. The main advantage is
related to the savings of the collateral blood supply to the

TABLE 2 Complication and revision rate

Group A Group B

Haematoma, n (%) 1 (1.2%) 9 (11.1%)

Seroma, n (%) 6 (7%) 13 (16%)

Deishences, n (%) 7 (8.1%) 8 (9.9%)

Revision needed, n (%) 8 (9.3%) 14 (17.3%)
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sternum and parasternal tissues; the disadvantages are
the possible formation of seromas in the donor site and
the need to change the position of the patient to lateral
decubitus during surgery.70

The greater Omentum flap is based on the gas-
troepiploic arteries and can cover large dehiscences,
even of the entire sternum.63,71 Its harvesting requires
a laparotomic incision or less invasive abdominal inci-
sions, so it is contraindicated in complicated patients;
furthermore, cases of accidental damage to abdominal
viscera and formation of abdominal hernias have been
described.1 Laparoscopy can reduce all of these risks,
but it is still a little used approach.59 It would be advis-
able to exclude neoplastic pathologies at least of the
colon because the omentum can be the site of meta-
static repetition: in fact, Telfer et al72 described the
case of a patient, who underwent the transposition of
the Greater Omentum with the onset of an omental
adenocarcinoma at the sternal region, starting from a
colon cancer.

Pectoralis Major muscle flap is the technique of
choice for several centres. One or both of the Pectoralis
muscles can be harvested and the decision is based on
the kind and extension of the area to be covered. Further-
more, in right-handed patients the left pectoral muscle is
the first choice, so that the functionality of the dominant
limb is completely preserved; equally, the right muscle is
used in left-handed people.

The dominant peduncle is the thoracoacromial artery,
therefore the use of the IMA for the revascularization
procedure is an independent factor.59,73 The flap is an
excellent option, especially for the covers of the two
upper thirds of the sternum41,69,74 and guarantees a good
thoracic stabilisation, a good aesthetic result and the
maintenance of respiratory function.54,75-77

MPMF is an alternative that spares the contralateral
Pectoralis Major muscle. The technique is comparable to
BPMF in terms of effectiveness of coverage and mortality,
but it is associated with shorter surgical times and less
invasiveness, morbidity, and complications, so as to have
an indication even for patients with more risk factors.78

In both procedures, the main limitation is the diffi-
culty in covering the lower III of the sternum26,41,74: in
these cases, they can associate other flaps or reinforce the
lower part of the flap with the suture of the only fascia of
the Rectus Abdominis muscle.79 The main complications
are hematoma, seroma, infection, and dehiscence. In the
literature, the incidence of these complications varies
from study to study, especially based on the characteris-
tics of the sample populations.41,73,80 The incidence of
seromas and hematomas is around 6% to 7%; the re-
infection rate is around 12%; the recurrence of sternal
dehiscences is generally <10%, although it can even

reach 27%, especially for the partial dehiscences of the
lower part of the sternum, where the tension after the
coverage with the flap is high.1,41,68,70-72,81,82

In our study, the overall complication rate is 16.2% in
Group A and 37% in Group B. The rate of postoperative
hematomas and seromas is lower after MPMF compared
to BPMF: in Group A, the percentage of hematomas and
seromas are 1.2% and 7%, respectively, instead in Group
B they are 11.1% and 16%. Consequently, the need for
surgical revision in patients treated with BPMF is higher
compared to MPMF patients (17.3% versus 9.3%). Our
results confirm the rate of dehiscence recurrence after
PMF reported in the literature (<10% in both groups). A
statistically significant difference emerged only for the
hematoma rate (P = .0079). The mean time in ICU and
the overall hospitalisation time are shorter in Group A
(3.2 ± 1.6, and 18.1 ± 14.5 days) than in Group B (18
± 13 and 32 ± 24.2 days). Mortality rate was <1.2% after
both procedures.

Our study shows that the coverage with unilateral or
bilateral Pectoralis Major muscle flap is equally effective
and without significant differences on the infectious out-
come. On the other hand, the unilateral technique is less
invasive because it saves the contralateral muscle with its
functionality, so it can be reserved for more fragile
patients. The contralateral Pectoralis muscle is always
available in cases of recurrences. Furthermore, MPBF is
associated with a more rapid postoperative course, with
fewer days of hospitalisation, lower complication rate,
and lower healthcare costs. In conclusion, both tech-
niques are the first choice and, when conditions allow,
unilateral flap is preferred.
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