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Median sternotomy is the most popular approach in cardiac surgery. Post-sternotomy wound
complications are rare, but the occurrence of a deep sternal wound infection (DSWI) is a cat-
astrophic event associated with higher morbidity and mortality, longer hospital stays, and in-
creased costs. A literature review was performed by searching PubMed from January 1996 to
August 2017 according to the guidelines in the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses statement. The following keywords were used in various combina-
tions: DSWI, post-sternotomy complication, and sternal reconstruction. Thirty-nine papers
were included in our qualitative analysis, in which each aspect of the DSWI-related care pro-
cess was analyzed and compared to the actual standard of care. Plastic surgeons are often in-
volved too late in such clinical scenarios, when previous empirical treatments have failed and
a definitive reconstruction is needed. The aim of this comprehensive review was to create an
up-to-date operative flowchart to prevent and properly treat sternal wound infection com-
plications after median sternotomy.
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Despite the increasingly common use of minimally invasive
techniques, the vast majority of cardiac operations still use me-
dian sternotomy; as it is easily and expeditiously performed, and
provides excellent exposure [1,2]. When compared to other
surgical approaches such as laparotomy, post-sternotomy com-
plications are infrequent. However, deep sternal wound infec-
tion (DSWI) can be a catastrophic complication, as it is associ-

ated with prolonged hospital stays, long-term antibiotic therapy,

multiple surgical procedures, higher mortality and morbidity,
and increased patient suffering and costs [3,4]. The reported in-
cidence of DSWI ranges between 0.8% and 6.0% [5,6]. The
current literature consists mainly of small case series with a low
level of evidence, without systematic reviews and meta-analyses.
Considering the lack of established treatment protocols, the aim
of this review was to provide an up-to-date evidence synthesis.
The resulting operative flowchart is meant to be useful to both
cardio-thoracic and plastic surgery units by providing guidance
on how to treat post-sternotomy complications properly. A full
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understanding of the etiology, prevention, and surgical recon-

struction of DSWT s crucial for proper treatment.

A systematic search of the literature was performed by searching
PubMed from January 1996 to August 2017 according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses statement (Fig. 1) [7]. The following keywords were
used in various combinations: DSWI, post-sternotomy compli-
cation, and sternal reconstruction. The following exclusion cri-
teria were applied hierarchically: (1) not relevant to sternal re-
construction; (2) not relevant to post-surgical sternal complica-
tions; (3) not including feasible clinical applications or innova-
tion; and (4) not in English. The abstracts were manually
screened by four of the authors (LS, PC, EA, and PDS) sepa-

rately and subsequently matched for accuracy.

Extensive variation was found in the studies concerning DSWI,
to the point that it was impossible to compare the individual
publications in a systematic manner. The identified articles were
in fields ranging from cardio-thoracic surgery to infectious dis-

ease treatments, microbiology, wound healing, and surgical re-

PRIMA, Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses.

568 Records identified
through
database searching

|

307 Records after non-
pertinent papers
removed

!

307 Abstract and full- 268 Abstracts and
text articles assessed —>»  full-text articles
for eligibility excluded

|

39 Studies included in
qualitative synthesis

Eligibility Screening Identification

Included

292

Archives of Plastic Surgery

construction. Given these dramatic differences in terms of pop-
ulation, aims, and evaluated outcomes, it was not possible to
perform a meta-analysis that would gather and combine the re-
sults. However, all publications were comprehensively analyzed,
yielding an updated picture of the evidence base on the multi-
disciplinary treatment of DSWI, from prevention to final recon-

struction.

Classification of sternal complications

Considering the multitude of possible presentations of wound
infections post-sternotomy, the first step in our analysis was to
extract proper definitions and classifications from the analyzed
publications. DSWI can involve the skin, subcutaneous tissue,
and eventually bone, with heterogeneous definitions in the liter-
ature [8]. The following classification, which was presented by
Rupprecht and Schmid [9], addresses appropriate treatment ac-
cording to clinical findings. This classification integrates the El
Oakley and Wright classification [10], which is generally ap-
plied for sternal complications, and facilitates better planning of

reconstructive options.

Rupprecht and Schmid classification

Sternal instability without infection

This condition develops through high traction forces to the ster-
nal edges after surgery (e.g, severe coughing); such forces may
damage osseous integrity and lead to early postoperative sternal
instability. Alternatively, a more gradual gliding trauma can lead
to cartilaginous metaplasia, usually resulting in chronic pain

syndromes [9].

DSWI without sternal instability

Wound dehiscence without sternal instability is more likely to
be seen in patients who, despite a good sternal structure, present
with a considerable amount of tension on the skin and soft tis-
sues, such as obese patients or women with breast hypertrophy.
Similarly, patients with diabetes are generally predisposed to im-
paired wound healing, with on-going tension on the medial
sternotomy line aggravating the problem, ultimately resulting in
a deep wound infection [9].

DSWI with sternal instability

The combination of DSWI with sternal instability represents
the most critical situation. Continuous movement (related to
rupture or loosening of sternal wires) of the sternal edges leads
to inflammation, effusion, and secondary infection. Frequently,
due to extreme friability of the infected bone and cartilage, total
destruction of the sternum may be present, and the wires can

further induce bone fragmentation and eventually bone loss.
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Severe respiratory problems associated with pneumonia are
generally common in these patients, further aggravating the
clinical scenario [9]. Purulent mediastinitis with necrotic sternal
bone can be considered the most advanced and dangerous stage
ofa DSWL

Would complications can be further classified according to the
timing of infection presentation [11]. Type I wounds occur
within the first few days post-surgery, involve early wound sepa-
ration with or without sternal instability, and are characterized
by sero-sanguineous drainage in absence of cellulitis, costo-
chondritis, or osteomyelitis. Type II wounds occur within the
first few weeks and are characterized by purulent drainage, cel-
lulitis, mediastinal suppuration, and positive cultures (eventually
leading to fulminant mediastinitis). Type III wounds occur
months to years after surgery and are distinguished by the pres-
ence of chronic draining sinus tracts, localized cellulitis, osteo-

myelitis, or retained foreign bodies (Table 1).

Prevention of sternal complications

The literature showed significant variation in the incidence of
DSWI amonyg different centers, ranging from 0.8% to 6% [5,6].
Prevention played a crucial role in lowering this rate. Being
aware of risk factors, properly selecting patients, and improving
perioperative care were identified as critical preventive mea-

sures.

Patient risk factors

DSWI was found to be related to various predisposing elements.
The following patient-related risk factors were cited in the litera-
ture: obesity, diabetes, coronary artery disease, low ejection
fraction, steroid treatment, chronic infections, advanced age, ac-
tive smoking, osteoporosis, end-stage renal disease, and chronic
lung disease. Several procedure-related risk factors that signifi-
cantly impair wound healing were identified, such as inadequate

skin preparation, use of bone wax, emergency operation, non-
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skeletonized (pedicled) or bilateral harvesting of the internal
mammary artery (IMA) [12], high-volume red blood cell trans-
fusions, any platelet transfusion [13-15], prolonged operative
time and perfusion time, sternal rewiring, postoperative bleed-
ing, use of an intra-aortic balloon pump, extensive use of elec-
trocautery, and late prophylactic antibiotic administration ( > 60
minutes prior to incision) [16,17]. Strong coughing, raising the
intra-thoracic pressure up to 300 mmHg, was considered to be a
factor with a considerable effect on sternal stability, as it induces
strong shearing forces that may easily untwist the wires [18,19].

Procedure-related risk factors

Coronary artery bypass graft (CABG) surgery using the bilater-
al internal mammary arteries (BIMA) instead of a single IMA
(SIMA) increases the risk of DSWI [20], due to a dramatic de-
crease in sternal blood flow; this tendency is particularly notice-
able with pedicle harvesting [21]. The Gatti score [22] can be
used to identify high-risk patients, allowing a reasonable preop-
erative selection according to risk factors. Being aware of DSWI
risk can help the surgeon choose between different CABG sur-
gical techniques (skeletonized BIMA or SIMA), to adopt effec-
tive perioperative measures, and to implement closer postopera-

tive wound follow-up.

Perioperative care

Various aspects of perioperative primary surgical care were re-
ported to have a significant impact on DSWI risk in the exam-
ined literature.

In addition to meticulous disinfection and compliance with
sterility principles, the topical use of antimicrobials applied to
the sternum during cardiac procedures combined with standard
intravenous agents may yield satisfactory results for DSWI pre-
vention. Osawa et al. [23] showed that spraying a solution of
gentamicin and cefazolin on the surgical site multiple times dur-

ing cardiac surgery had beneficial effects in terms of protecting

Classification

Timing of infection Clinical findings Timing of infection and risk factors
Pairolero Rupprecht and Schmid El Oakley
Type | In the first week Noninfected sternal instability Type | DSWI presenting within 2 weeks after operation in the absence of risk factors
Type |l Between 2 and 6 weeks DSWI without sternal instability — Type Il DSWI presenting at 2—6 weeks after operation in the absence of risk factors
Type ll After 6 weeks to years DSWI with sternal instability Type llla DSWI like type | in the presence of one or more risk factors
Type llb DSWI like type Il in the presence of one or more risk factors
Type IVa DSWI like type |, II, or Il after one failed therapeutic trial
Type IVb DSWI like type I, II, or Il after more than one failed therapeutic trial
Type V DSWI presenting for the first time > 6 weeks after operation

DSWI, deep sternal wound infection.
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high-risk patients (patients with diabetes and those undergoing
emergency cardiac procedures). Prophylactic perioperative an-
tibiotic therapy and intra-nasal prophylaxis with mupirocin are
also effective in reducing the incidence of postoperative sternal
wound infection [24].

Sternal fixation techniques were found to significantly affect
the infection rate. Moving beyond traditional sternal closure
with sternal wires, hybrid techniques have been proposed to
achieve better sternal stability [2]. Combining stainless steel
monofilament wire sutures with peristernal cable-tie devices
(ZipFix; DePuy Synthes GmbH, Oberdorf, Switzerland) ap-
peared to be an effective way of reducing the DSWI rate.

Dehiscence and infection of the sternum may preclude rewir-
ing, especially in patients with multiple morbidities [25]. Tita-
nium plate sternal fixation, despite making it more difficult to
quickly re-access the mediastinum, reduced the need for multi-
ple rounds of debridement, offering good sternal stability and
reducing mortality (11.1%) when compared to traditional wire
re-fixation (19.2%) [26]. This strategy was suggested for prima-
ry surgery in high-risk patients or in patients undergoing sternal
wound debridement.

Finally, autologous platelet-rich plasma (PRP) use for the pre-
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vention of DSWI has been proposed recently, with good clinical
results [27]. During the inflammatory phase of wound healing,
PRP stimulates the release of growth factors such vascular endo-
thelial growth factor and transforming growth factor beta, which
are believed to stimulate cell proliferation, migration, differentia-
tion, and matrix synthesis. These same growth factors can posi-
tively affect chondrocyte metabolism, increase chondrogenesis,
and improve bone healing and regeneration [27]. PRP wound
irrigation was found to be safe and cost-effective, improving
healing and leading to a lower incidence of sternal infections.
Moreover, PRP was able to inhibit the proliferation of Staphylo-
coccus aureus, one of the most common bacteria responsible for
DSWI [27].

Debridement and acute treatment of sternal
complications

Despite the heterogeneity of the investigated literature, debride-
ment was a common element—as expected—of all treatment
strategies for DSWI. After analyzing articles proposing treat-
ment algorithms for debridement, we were able to match the
appropriate treatment to specific clinical situations, as shown in
the practical algorithm in Fig, 2.

Acute treatment and surgical debridement algorithm for postoperative sternal wound infection complications. DSWI, deep sternal wound infection.
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Noninfected sternal instability

The surgical treatment of noninfected sternal instability depends
on the integrity of the sternal wound edges, and the bone quality
is crucial for achieving a good result. In cases of simple wire loos-
ening, authors generally suggested rewiring or, occasionally, sim-
ple strengthening. However, in nearly half of the cases [26], this
approach was found to be ineffective, requiring further re-explo-
ration with an increased risk of a secondary deep infection [25].
In a recent work, Wang and Wang [26] demonstrated the supe-
riority of plate fixation in cases of sternal instability. Using three
to four transverse titanium plates together with one H-shaped
short plate after bone reduction, the authors achieved proper
sternal fixation, reducing the need for further surgery. No differ-
ences were found between the alternative types of sternal fixa-
tion [28-31]. All these techniques served their intended purpose
well, but were not found to be superior to standard trauma

plates, which can be used in most instances [32].

DSWI without sternal instability

In cases of DSWI without sternal instability, in order to elimi-
nate the infectious focus, extensive debridement and aggressive
antibiotic treatment are mandatory. Surgical washout and de-
bridement should progress until adequately perfused tissue is
visible. If the sternum is stable enough, any infected sternal wires
should be ablated to eliminate the bacterial biofilm, and the en-
try sites of the wires into the sternal bone should be inspected
and debrided [9].

While the basic principles of wound debridement were com-
monly practiced and widely accepted in the analyzed publica-
tions, wound closure was more controversial. Although early
closure seemed to reduce secondary wound contamination and
infection [25], it has also been proposed that in cases of exten-
sive infection, secondary closure of the wound after an appro-
priate open treatment period and repeated surgical looks would
be preferable [33]. Bridge treatment with negative-pressure
therapy (VAC) until the wound becomes clean and granulation
tissue appears was generally seen as an attractive alternative
[34,35]. VAC therapy has been shown to increase parasternal
blood flow, even in the face of IMA harvest, and to reduce the
initial bacterial load [36]. According to the recent literature, the
sternal bone can heal despite the presence of a low bacterial
load. Prolonged use of VAC garments may promote the pres-
ence of this chronic bacterial load, implying that the duration of
VAC bridge therapy should be shortened in order to lower the
risk of secondary and polymicrobial wound infection [25].

DSWI with sternal instability
Unfortunately, the most common sternal complication after car-
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diac surgery is partial or complete dehiscence, resulting in frag-
mentation of the sternal structure with a concomitant wound
infection. In contrast, it is very unlikely for a superficial infection
to affect an initially stable sternum to the point that it has to be
un-joined due to extensive infectious involvement of the sternal
wires [9]. Debridement of both the wound and sternum (partial
or total according to the specific clinical scenario) was men-
tioned in all analyzed articles as a step of the foremost impor-
tance. The main debate was whether primary closure should be
performed when a “clean” mediastinum is obtained. Continu-
ous antibiotic irrigation with rewiring of the sternum and clo-
sure of the wound is a consolidated treatment that was devised
in 1963 [37,38]. However, since the efficacy of mediastinal rins-
ing is limited, a considerable risk of an infectious relapse, with a
consequent need for wound revision, remains [39]. Leaving the
mediastinum open is currently considered a more acceptable al-
ternative. In cases of purulent mediastinitis, after extensive de-
bridement and multiple rinsing, the mediastinum is packed
with a VAC system, which helps to resolve the infection effec-
tively [40].

Among methods of secondary wound closure after mediasti-
num decontamination, the omentum was the preferred choice
in cases of massive bone defects or defects covering the entire
mediastinum and the exposed pericardium [41]. Other flaps
have been described as suitable options depending on the defect
size and volume, location, and available vascular axis (Figs. 3,4),
as discussed below. As mentioned before, rewiring can be diffi-
cult due to sternal fragility; therefore, placement of titanium

plates is associated with a better outcome [26].

Antimicrobial treatment
According to the analyzed papers, S. aureus was the most com-
monly involved pathogen [25], although a significant increase
in the incidence of DSWI due to slower-growing pathogens
such as coagulase-negative staphylococci (CoNS) and certain
fungi has been observed since the late 1990s [42-44]. Recent
studies found CoNS to be the most common pathogen in cases
of DSWI, with rates from 40% to 62% [45-47]. Candidal medi-
astinitis after cardiac surgery used to be exceedingly rare [48];
however, an incidence of 20% has been recently reported [49].
The tendency of CoNS and Candida to form a biofilm in deeper
structures, despite conventional antifungal and antibiotic thera-
py [50], can result in a mutualistic inter-species relationship that
leads to combined vancomycin and fluconazole resistance [51].
Secondary pathogens generally belong to a heterogeneous
group, mostly involving gram-negative bacilli such as Escherichia
coli and Klebsiella. Less common described pathogens were en-

terococci and streptococci, non-fermentative bacilli, and fungi,
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Fig. 3. Clinical presentation of a DSWI

(A) Post-sternotomy wound infection. The wound involved skin and deep soft tissues, including bone with chronic osteomyelitis. Dehiscence ap-
peared 3 months after the last surgical procedure (classified as Pairolero type Il and EI Oakley type V) [10,11]. (B) Intraoperative debridement. The
defect partially involved the sternum, including the sternal notch. (C) Intraoperative phase of flap coverage surgery. The presence of one spared
internal mammary artery, the width of the wound, and the necessity of reaching the sternal notch led the surgeon to choose a vertical rectus ab-
dominis musculocutaneous flap based on the contralateral superior epigastric artery. (D) Surgical results at 3 weeks postoperatively. The patient

fully recovered, with full working activity and no infectious complications at 2 years of follow-up.

Fig. 4. Anatomical flap location for sternal coverage

A: Latissimus dorsi, B: pectoralis major, C: omentum, D: vertical rec-
tus abdominis, E: superior epigastric artery perforator.

in order of frequency [25,40].

The authors agreed on the fact that initial empiric antibiotic
therapy must include broad coverage against methicillin-resis-
tant gram-positive, gram-negative, and anaerobic organisms.
Vancomycin represents the first choice in the majority of cases,
followed by oral therapy based on rifampicin, quinolone, and co-
trimoxazole. According to the literature, culture-directed therapy
should be started as soon as a microbiological analysis is avail-
able, and systemic intravenous antibiotics should be maintained

296

for at least 6 weeks. Antifungal therapy should be administered

in the absence of clinical improvement on antibiotics [25].

Surgical reconstruction

The analyzed articles agreed that the best results are achieved
with a multidisciplinary approach, in which plastic surgeons are
alerted when a wound complication after sternotomy is suspect-
ed. Patients who were referred to plastic surgery specialists were
at a significantly lower risk of ventilator dependence, develop-
ment of pressure sores, prolonged length of hospital stay, and
mortality than patients who were initially managed conserva-
tively [52]. Brandt and Alvarez [41] compared muscle or omen-
tal flap reconstruction to traditional treatment involving debride-
ment and closed drainage. They demonstrated a 22% rate of ma-
jor complications and a 0% mortality rate in the flap group, com-
pared with a 92% rate of major complications and a 33% mortal-
ity rate in the traditionally treated patients. Muscle flaps promote
early wound closure and reduce mortality. In a review of 211
sternal infections treated with muscle flaps, successful wound
closure occurred in 95% of patients, with a mortality rate of 5.7%
[53]. Muscle flaps and omentum flaps were effective at expedit-
ing the resolution of infections in the most frightening cases of
DSWI, and may be the only viable option in cases of unrespon-
sive infections, bleeding, and large chest-wall defects [54].

In the sternal region, the workhorse procedures of reconstruc-
tive surgery include the unilateral or bilateral pectoralis major
flap, pectoralis major turn-over flap, latissimus dorsi flap, rectus
abdominis flap, and greater omentum flap (Fig. 4). These flaps
are described below with their specific advantages, disadvantag-
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IMA, internal mammary artery; VRAM, vertical rectus abdominis musculocutaneous.
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es, and indications as found in the literature. If the muscles men-
tioned above fail to succeed, or are simply unavailable or contra-
indicated, microsurgical free flaps can be an effective recon-
structive possibility, as shown in the reconstruction algorithm in
Fig. 5 [55,56].

Pectoralis major flap

The most used flap in sternal wound reconstruction is the pedi-
cled pectoralis major muscle flap based on the thoracoacromial
artery. Back-cutting the superior medial segment of the pectora-
lis muscle maintains its blood supply and allows for more caudal
coverage. To guarantee full sternal coverage and support to the
xyphoid, the pectoralis is then approximated to the cephalad
portion of the rectus sheath to help with full sternal coverage
and support. Bilateral pectoralis major muscle flaps have the key
advantage of not being dependent on the IMA [57]. Moreover,
they do not add a new incision, do not compromise the func-
tion and appearance of the chest, and do not affect the activity
of the upper limb. Another key advantage is the possibility of
harvesting the flap on the medial perforators coming from the
IMA only; this often allows a combination of a turnover pecto-
ralis flap on the side from which the IMA has not been harvest-
ed and a unipedicled rotational advancement flap on the ipsilat-
eral side. The pectoralis major is more suitable for small to mod-
erate defects, as long as the key zone (mid-chest) is covered by
the peripheral part of the flap. Similarly, cachectic patients with
weak pectoralis major muscles should be considered at potential

risk of flap failure or insufficient coverage.

Vertical rectus abdominis musculocutaneous flap

The rectus abdominis flap is pedicled on the superior epigastric

artery and is advocated due to its ease of dissection and its wide
arc of rotation, which allows it to reach the sternal notch as well
as the most common site of breakdown, the lower third of the
sternal wound. Although hernia formation or protrusion is a
concern, Davison et al. [$8] significantly diminished this com-
plication, from a reported 50% in some studies to 2% in their se-
ries, by leaving the rectus fascia in place and closing in two lay-
ers. When comparing rectus abdominis flaps alone and the
modified pectoralis major flap with anterior rectus sheath exten-
sion, the rectus group showed a statistically significant improve-
ment in terms of preventing dehiscence of the inferior third of
the sternum [58]. In our experience, this flap allows for fast har-
vesting, minimal bleeding, and efficient coverage. In moderate
to large defects including the sternal bone, it helps to cover the
debrided sternum and to fill bone defects. A major drawback is
that it cannot be used when both IMAs have been harvested.
Elastic abdominal belt compression is advised for 6 to 12 weeks

postoperatively, according to the patient’s work activities.

Omental flap

The omental flap is a useful reconstructive option because it can
conform to the deepest recesses of the sternal wound and has
noteworthy immunological properties, showing superiority
when compared to the pectoralis flap in preventing sepsis-relat-
ed morbidity [59]. The omental flap requires an additional sur-
gical site, but the minimally invasive laparoscopic approach re-
duces the risks related to this procedure. Sternal wound defect
coverage by the omentum has often been considered as a sec-
ondary reconstructive option when pectoralis or rectus abdomi-
nis flaps have failed or are not available [60]. A recent report by
Stump et al. [61] suggested that patients with diabetes treated
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with omental transposition showed a decreased need for flap re-
vision compared to those who received a pectoralis muscle flap.
In our experience, the main indications for this flap are large de-

fects or massive sternal debridement and mediastinitis.

Perforator flaps

Perforator flaps represent a totally new concept since their intro-
duction in reconstructive surgery. Instead of relying on the an-
giosome concept, the “perforasomes” nourished by perforator
vessels allow minimally invasive flap harvesting, sparing the
main vessel axis (e.g,, the IMA) and functional muscle tissues
[62]. Superior epigastric artery perforator (SEAP) flaps, instead
of traditional musculocutaneous flaps, have become a common
choice when moderate to large defects are present [63,64]. Af-
ter detecting the emergence of the most suitable perforator us-
ing a handheld acoustic Doppler (located next to the sternal ori-
gin of the rectus abdominis), the axis of the flap is drawn hori-
zontally, following the skin perforator vascularization of the
trunk reported by Saint-Cyr and colleagues [62,64]. If neces-
sary, in order to reach more distal wound edges, the perforator
artery and veins can be dissected under loupe magnification
through the deep fascia until it becomes possible to rotate the
flap without twisting the pedicle. Considering the midline de-
fect, this is usually not necessary, and a 90° to 100° rotation into
the defect (Fig. S) can be easily achieved, even without com-
pletely isolating the skin paddle, leaving a skin bridge to help ve-
nous drainage and to avoid venous congestion. Propeller flaps
based on superior epigastric perforators are a fast, reliable tech-
nique with minimal donor site morbidity; they are suitable for
use in patients who require coverage of at least the lower-two
thirds of the sternum, which is the usual site of DSWI [64]. In
our experience, SEAP flaps can be occasionally harvested in pa-
tients without an available IMA, as the flap is still vascularized
by the inferior epigastric artery. In these particular cases, com-
puted tomography angiography is generally mandatory to ob-
tain information on perforator quality and size. Another major
advantage is minimal donor site morbidity, as the scar is hidden
in the inframammary fold. Since flaps over 25 cm in length may
cause distal skin ischemia [65], we believe that a combination
with a unilateral pectoralis major flap is reasonable for longitudi-
nally long defects. The disadvantages of the SEAP flap include
the potential need of the IMA axis and its limited length.

The IMA perforator (IMAP) may be more adequate from the
notch defect up to the xiphoid, with relatively minimal dissec-
tion and morbidity compared with conventional flaps. Although
IMAP flaps are generally harvested as fasciocutaneous flaps,
they can be harvested as musculocutaneous flaps, including part

of the pectoralis major for deeper defects [66]. IMAP flaps rely
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on second or third intercostal perforators that are generally
spared despite the use of the IMA more distally when harvesting
for a CABG. However, similarly to the SEAP flap after bilateral
IMA use for cardiac procedures, preoperative computed tomog-
raphy angiography is strongly suggested for operative planning.
The main disadvantage of this flap is a more difficult perforator
dissection when compared to the SEAP and the resulting sub-
clavicular scar, which is aesthetically displeasing in women.
Perforator flaps are an important tool for reconstructive sur-
geons. Their relative noninvasiveness can be particularly useful
in fragile patients in whom extensive procedures should be

avoided.

DSWI can lead to serious complications if not treated aggres-
sively, making prevention and early management important.
The optimal treatment is still controversial, and it was impossi-
ble to combine the results of the different papers analyzed here-
in to obtain cumulative evidence of the treatment to be chosen.
However, the heterogeneity of the analyzed publications is in
line with the multidisciplinarity and diverse aspects of DSWI.
Although a systematic review of the “best treatments” could not
be performed, smaller groups of papers relating to different as-
pects of DSWI (patient- and procedure-related risk factors, peri-
operative care and fixation, type and timing of debridement, an-
tibiotic treatment, and types of surgical reconstruction) were re-
viewed to generate a comprehensive picture of the evidence
available for the complex management of DSWI. Through this
review, we developed treatment algorithms for both debride-
ment and reconstruction. As a general rule, when dealing with
DSWI, both the instability and infection must be treated, due to
the severe systemic repercussions of both factors. Surgical
wound and partial or total sternal bone debridement is a priori-
ty. Mediastinal inspection and cleaning, including excision of
necrotic tissue, fragment removal, and extensive rinsing, are
necessary when reopening the sternum. The sternal edges must
be cleared from syndesmotic coverage.

In our experience, flap coverage should not be delayed in cases
of chronic DSWI (especially post-transplant or after implanta-
tion of Dacron grafts) after VAC therapy (>2 weeks). Greig et
al. [67] proposed an anatomical classification based on the site
of infection. They recommended pectoralis major muscle flaps
for defects in the upper half of the sternum, and combined pec-
toralis major and rectus abdominis muscle flaps for defects in
the lower half and the whole sternum. Another algorithm (the
Cologne-Merheim approach) [68] presents a strategy based on
wound size and depth, in which small wounds (up to 6 cm) are
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to be covered by unilateral or bilateral musculocutaneous pecto-
ralis flaps. Unilateral pedicled pectoralis flaps are used for medi-
um wounds (between 7 and 12 cm). For large wounds (>13
cm), aleft pedicled latissimus dorsi flap is advised.

In our opinion, the flap choice depends on wound dimen-
sions, deep tissue involvement, anatomical findings (presence
or absence of IMA), and microsurgical skills (Fig. 1). If the de-
fect is relatively small, bilateral pectoral advancement should be
the first treatment option. In cases of larger defects, the presence
of at least one IMA should orient the surgeon to choose be-
tween a perforator flap or a vertical rectus abdominis musculo-
cutaneous flap, according to the need for muscular coverage, the
necessity of covering the sternal notch, and the patient’s general
status. If the IMA is absent, a bilateral pectoral advancement flap
or perforator flap (after appropriate perforator confirmation by
computed tomography angiography) can be used. An omental
flap should be considered for extensive or deep defects, unstable
patients, and patients with a high risk of infection [9]. As an al-
ternative to the omentum, among pedicled flaps, we have found
the latissimus dorsi flap to be a viable solution in cases of mas-
sive sternal or parasternal defects. When meticulously dissected
down to its pedicle (thoracodorsal artery), good coverage of the
midline can be achieved.

Microsurgical and free flaps should be considered when local
pedicled flaps have failed or seem inadequate. Nourishing arter-
ies and veins for free flaps can be often found in the operative
tield by experienced surgeons. Arteriovenous loops have been
described as an alternative if the recipient vessels are depleted
[56]. However, considering the risk of thrombosis at the anasto-
motic sites, we believe that microsurgical reconstructions
should be performed after accurate planning, confirmation of
patient hemodynamic stability (e.g., discontinuation of vaso-
pressors), and resolution of the acute infectious inflammatory
phase.

Patients should be referred early to plastic surgeons, during the
acute or post-acute infectious phase. This allows proper surgical
planning in order to obtain the best possible reconstructive out-
comes, avoiding further infectious complications that can be

life-threatening in the mediastinal setting.

DSWI is a potentially life-threatening complication of cardiac
surgery. Despite the low incidence, DSWI-related morbidity,
mortality, and costs are extremely high. Prevention, aggressive
acute treatment, and early involvement of the reconstructive
team are crucial steps to prevent and treat DSWI-related com-

plications.
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In the operative flowchart presented herein, we included all
modifiable aspects of the care process, showing that a standard-

ized clinical protocol can lower DSWT incidence and morbidity.
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