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Abstract: Deep sternal wound infection (DSW1I), also known as mediastinitis, is a serious and
potentially fatal condition. The diagnosis and treatment of DSWI are challenging. In this cur-
rent narrative review, the epidemiology, risk factors, diagnosis, and surgical and antimicrobial
management of DSWI are discussed. Ideally, the management of DSWI requires early and suf-
ficient surgical debridement and appropriate antibiotic therapy. When foreign material is present,
biofilm-active antibiotic therapy is also needed. Because DSWI is often complex, the manage-
ment requires the involvement of a multidisciplinary team consisting of cardiothoracic surgeons,
plastic surgeons, intensivists, infectious disease specialists, and clinical microbiologists.
Keywords: deep sternal wound infection, diagnosis, antibiotic, surgical treatment

Introduction

Deep sternal wound infection (DSWI), also known as post-sternotomy infection of the
mediastinal space (mediastinitis) (Figure 1), is a serious and potentially fatal complica-
tion of median sternotomy, a procedure performed mainly for cardiac surgeries.!? Rarely,
DSWTI can occur also by hematogenous route (mainly in children) and by contiguous
extension from an adjacent infectious process (e.g., arthritis).3 The mediastinal space is
the area between sternum and the vertebral column that contains the heart and its large
vessels, esophagus, trachea, and other structures and tissues such as lymph nodes and
thymus. DSWI can involve the mediastinum, bone or cartilage, and infections beneath
the subcutaneous tissue.* Noninfectious causes of sternum osteomyelitis usually involve
the sternoclavicular or sternocostal joints and is related to an immunological process
rather than infection, typically presenting as systemic or multifocal inflammation (e.g.,
SAPHO syndrome, vasculitis, and chronic recurrent multifocal osteomyelitis).

In this current narrative review, the epidemiology, risk factors, diagnosis, and
surgical and antimicrobial management of DSWI are discussed. Ideally, the manage-
ment of DSWI requires early and sufficient surgical debridement, combined with
bactericidal antibiotic therapy. In case of presence of foreign material, biofilm-active
antibiotic therapy is also needed. Due to complex situation and difficulties in making
the diagnosis, the management of such complications requires the involvement of a
multidisciplinary team consisting of cardiothoracic surgeons, plastic surgeons, inten-
sivists, infectious disease specialists, and clinical microbiologists.

Epidemiology, risk factors, and classification
The incidence of DSWI varies between centers, countries, and year of publication, but
most studies reported incidence between 0.5% and 2%.2° The incidence is quite low,
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but DSW1 results in devastating consequences, with reported
increased 1-year mortality of 10.7% (compared with 2.5%
in patients without DSWI), longer mean hospital stay of 33
days versus 9 days, and the estimated higher cost compared
with patients without DSWI (US$211,478 vs $82,089).8
Risk factors for DSWI can be broadly grouped into
patient related, intraoperative, and postoperative factors.
Patient-associated risk factors are older age, obesity, smok-
ing, and presence of comorbidities such as diabetes mellitus
and chronic lung disease.*™>!® A recent case control study
showed that novel finding of chronic infections (human
immunodeficiency virus, hepatitis B virus, hepatitis C virus,
or bacterial infectionlonger than4 weeks, or on antibiotics
at surgery) was another risk factor for DSWI.!' Concomitant

Figure | Deep sternal wound infection in a patient.

coronary artery bypass grafting with valve or aortic surgery,
long operation time, and bilateral use of internal mammary
arteries are among surgery-associated risk factors.*”!2
Reported postoperative risk factors are prolonged ventilator
support and inotropic support.”-?

Based on the number of risk factors and time to presen-
tation after surgery, El Oakley and Wright classified DSWI
into five classes (Table 1).!* Such a classification can be used
for comparison between different management protocols and
used in research to refine the management of DSWI. When
sternal wound infection is classified according to the anatomy
of infected tissue, DSWI should be differentiated from
superficial wound infection (Table 2). Whereas superficial
infection involves only skin and subcutaneous tissue (type
1), deep infection extends below the fascia without involve-
ment of the bone or retrosternal tissue (type 2A); involves
retrosternal tissue (type 2B), bone and retrosternal tissue
(type 2C); or causes frank osteitis (type 2D).!>16

Diagnosis

The diagnosis of DSW1 is often difficult to make. It is based
on the combination between clinical symptoms and signs,
and laboratory and radiological findings. According to the
Centers for Disease Control and Prevention (CDC), DSWI
must meet at least one of the following three criteria: 1)
organism(s) are identified from mediastinal tissue or fluid by
a culture- or nonculture-based microbiologic testing method
that is performed for the purposes of clinical diagnosis or
treatment (not for surveillance purpose); 2) evidence of

Table | El Oakley and Wright classification of deep sternal wound infection

Type Presentation after operation Number of risk factors® Additional criteria

| Within 2 weeks 0 -

I 2-6 weeks 0 -

llla Within 2 weeks >| -

llib 2-6 weeks =1 -

IVa Type I, Il, or Il - One failed therapeutic trial

IVb Type I, II, or Il - Two or more failed therapeutic trials
\ >6 weeks - -

Note: *Risk factors identified in three or more major studies such as diabetes, obesity, and requirement of immunosuppressive agents."

Table 2 Terminology of deep sternal wound infection based on involved anatomic layer

Entity Type Involvement

Superficial sternal infection (above the fascia) Type | Skin and subcutaneous tissue only

Deep sternal infection (below the fascia) Type 2A Without involvement of the bone or retrosternal tissue
Type 2B Retrosternal tissue
Type 2C Bone and retrosternal tissue
Type 2D Frank osteitis

Note: Data from Tegnell et al'* and Horan et al.'®
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mediastinitis on gross anatomic or histopathologic exam
and 3) patient has at least one of the following signs or
symptoms: fever (>38.0°C), chest pain, or sternal instabil-
ity, and at least one of the following: purulent drainage from
mediastinal area or mediastinal widening on imaging test.!”
For patients <1 year old, the diagnosis of mediastinitis can
be made if the patient has at least one of the following signs
or symptoms: fever (>38.0°C), hypothermia (<36.0°C), no
other recognized cause of apnea or bradycardia, or sternal
instability. In these patients, the sign should be accompanied
with purulent drainage from mediastinal area or mediastinal
widening on imaging test.!”

Besides the signs and symptoms mentioned by CDC,
other clinical signs suggestive of early DSWI include
surrounding cellulitis and wound dehiscence, sometimes
accompanied by systemic inflammation with tachycardia and
hypotension.'® These signs and symptoms typically present
within 30 days of cardiac surgery.' In our previous study,
wound dehiscence (75% of the patients), wound discharge
(69%), and sternal instability (51%) were the most common
signs found with fever, occurring in 29% of the patients.?
In contrast, chronic DSWI may present with delayed or poor
wound healing or even a sternocutaneous fistula.!®

The clinical diagnosis is supported by laboratory and
radiology findings. White blood cell counts, C-reactive pro-
tein (CRP), and erythrocyte sedimentation rate are common
screening tests in patients with suspected DSWI; however,
neither tests are specific nor particularly sensitive, especially
during the postoperative period.?! Due to the high frequency
of bacteremia, ranging from 18% to 57%, in patients with
acute postoperative mediastinitis, blood cultures should
always be performed. Positive blood cultures, particularly for
Staphylococcus aureus, may be helpful in identifying acute
sternal osteomyelitis as the source of infection.”>*

Radiographic abnormalities supporting the diagnosis of
acute mediastinitis include widening of the mediastinum,
mediastinal air—fluid levels, pneumomediastinum, and pleu-
ral effusion on chest radiograph.?* In chronic osteomyelitis,
displaced sternal wires, sternal dehiscence, and rarely, oste-
olysis may be detectable. The extent of mediastinal infection,
however, cannot be made based on chest radiography alone.
Computed tomography (CT) is useful to assess the extent
of mediastinal disease. Common CT findings include fluid
collections, abscess formation, air pockets, extension into
adjacent joints, pleural and pericardial fluid, adenopathy,
and parenchymal and sternal abnormalities.?*** Similarly,
magnetic resonance imaging (MRI) can detect structural
abnormalities including early detection of osteomyelitis,

as evidenced by bone marrow hypointense signals on
T1-weighted images and hyperintense signals on T2-weighted
images. Percutaneous aspiration of focal collections can
guide microbiological diagnosis. Despite the high sensitivity
of CT and MRI, postoperative fluid or air pockets can persist
for several days to weeks, thus lowering the specificity of
findings, particularly in the early postoperative period. How-
ever, normal findings would rapidly exclude any significant
retrosternal pathology abnormalities.?*?! Potentially, positron
emission tomography combined with CT imaging is useful
in localizing the disease sites to guide adequate debridement.
Also, it can be used to monitor the evolution of DSWI.2¢

Microbiology
Knowledge on microorganism that can cause DSWI is
important in determining the choice of antimicrobials for
prophylaxis, empiric, and targeted treatment. Cultures from
tissue samples obtained during surgical debridement were
positive in 62% of patients, and among them, most (94%)
were monomicrobial.?’ Gram-positive bacteria were the
most common microorganisms (89% of all pathogens), fol-
lowed by Gram-negative rods in 10%. Coagulase-negative
staphylococci were the most common microorganism (56%
among all Gram-positive organisms). S. aureus were found in
24% of Gram-positive organisms. Although the numbers and
percentages are different in various studies, the findings that
coagulase-negative staphylococci and S. aureus are the most
common pathogens are consistent throughout the years.2?7-3
A study using superficial swab culture found 75% positive
cultures of patients with probable DSW1.3! Although superfi-
cial swab might enable early diagnosis of DSWI, the risk for
false positive findings is high since the skin is colonized by
microorganisms that can also be responsible for DSWI. Since
the finding of microorganism in superficial swab may trigger
the diagnosis of DSWI and can lead to unnecessary treat-
ment, the superficial swab culture should not be performed.
Interestingly, when infection persisted after surgical
and antibiotic treatments, Gram-negative rods, especially
Enterobacteriaceae, were found more often and the propor-
tion of Gram-positive cocci decreased.”” Perhaps, this is
caused due to the selection of antibiotics targeted Gram-
positive only, but it is also possible that the Gram-negative
were not detected earlier. DSWI with Gram-negative rods
is also associated with worse prognosis than DSWI with
Gram-positive microorganisms. Charbonneau et al showed
that 30-day hospital mortality was significantly higher with
Gram-negative rods than with Gram-positive bacteria (31.9%
versus 17.0%; p=0.004).? Gram-negative rods were found
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mostly together with other bacteria (polymicrobial), espe-
cially with other Gram-negative rods.?*? Non-fermenters
such as Pseudomonas aeruginosa and yeasts are found less
common in DSWI, but their frequency increases with the
number of surgical revisions.2*-32

Surgical management
Although several surgical options exist in current practice,
there is a lack of consensus on optimal surgical manage-
ment.* Traditional surgical treatment modalities introduced
in the 1960s involved wound debridement, primary sternal
closure, and mediastinal catheter irrigation with antibiotic
or antiseptic solution.**** Due to unsatisfactory treatment
results and advances in surgical techniques, alternative surgi-
cal concepts were evaluated including surgical revision with
debridement, open dressing, and secondary closure, with or
without reconstruction with vascularized soft tissue flaps
such as greater omentum or pectoral muscles.>>3¢

Aside from flap coverage, another option for sternal
wound closure is negative pressure wound therapy (NPWT;
also known as vacuum-assisted closure [VAC]). VAC sys-
tems were introduced in the late 1990s as a novel therapeutic
wound healing method. The continual drainage of bacteria,
debris, and exudates by negative wound pressure enhances
microcirculation and accelerates tissue granulation.’” The
mass filling effect of the foam stabilizes and approximates
the sternal wound edge. Prompted by its increasing use,
several studies have found the clinical effect of VAC to be
comparable to traditional closed drainage or open packing,
with improvement in sternal wound healing, reinfection rates,
length of ICU stay, and possibly mortality.**** However, VAC
system itself can be a reservoir for microorganisms and may
lead to emergence of multiresistant microorganisms, such as
Gram-negative bacilli and yeasts (Candida spp.). In a previous
study, 68 foams were cultured after sonication procedure, and
in 65 (97%) foams, at least one bacterial species was found.
The bacterial load was ranging from 10* to 105 CFU/mL.*

The interval to wound closure remains unclear. Varia-
tions in clinical practice include from early closure within
48 hours to multiple debridements and until bacteriology
samples are negative. Delayed closure is associated with the
risk of secondary infection, possibly due to the increased
opportunity for bacterial inoculation and multiplication, from
either repeated interventions or exposure of the open wound
to the environment. The emergence of polymicrobial, Gram-
negative, and fungal organism infection in delayed sternal
closure is concerning for the development of antimicrobial
resistance and need for broad-spectrum antibiotics. Although

early closure of the chest may not be possible for all patients,
for example in patients requiring extensive debridement,
poor pulmonary or cardiac reserve, early sternal closure after
debridement is a surgical strategy which requires further
investigation in selected patients. Therefore, NPWT should
be used as short as possible and plastic coverage performed
as early as possible.*! In combination with highly active anti-
biotic therapy, the risk of mediastinitis after wound closure
and failure of the flap is minimal.

Antimicrobial prophylaxis
Analogous to other surgical site infections,* recommenda-
tions for the prevention of DSWI include preoperative prophy-
lactic antibiotics and other additional preoperative measures
such as nasal disinfectants and bathing. The guidelines from
the Society of Thoracic Surgeons Workforce on Evidence-
Based Medicine recommended the use of an intravenous
cephalosporin (cefazolin or cefuroxime) within 60 minutes
before the skin incision, and to be continued for no longer
than 48 hours.*** Redosing is needed when procedures are
longer than 4 hours. As an alternative, vancomycin can be
used for patients with documented previous Type 1 allergic
reactions (urticaria, eczema, conjunctivitis, angioedema, or
anaphylaxis, occurring between 30 and 60 minutes or within
minutes after administration of beta-lactam antibiotics)* or
in possible cases of methicillin-resistant S. aureus (MRSA;
patients hospitalized for longer than 3 days, transferred from
another hospital, surgery for intracardiac implant or a vas-
cular graft, or in hospitals with a high MRSA prevalence).
Gram-negative coverage (using an aminoglycoside, usually
gentamicin in the dose <4 mg/kg body weight as a single dose)
may be added when vancomycin is used as prophylaxis.**
Intranasal mupirocin administration for all cardiac sur-
gery procedures may be added. Two prospective and random-
ized control trials (RCTs) showed the benefit of mupirocin in
reducing the incidence of DSWI.4%47 Preoperative skin anti-
septic preparations themselves can be considered since they
may be useful, but the evidence is not well established yet.*
Implantable gentamicin—collagen sponges significantly
reduce the risk of DSWI after cardiac surgery, although the
extent of this benefit might be attenuated in patients receiving
bilateral internal thoracic artery grafts.*>® A recent meta-
analysis of three large retrospective and one RCT has found
a substantial reduction in the incidence of DSWI after cardiac
surgery with the use of vancomycin paste administered topi-
cally to the sternal edge.’' Despite this evidence, concerns
remain regarding persistent antibiotic levels may lead to
emergence of resistant strains to these important antibiotics.
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Empiric antimicrobial treatment

Once DSW1 is suspected in acutely unwell patients, systemic
antimicrobial therapy should be immediately instituted after
adequate sampling for microbiological investigations (tissue
samples, blood, and eventually sputum). When a patient is
septic, blood cultures should be obtained and empiric broad-
spectrum antibiotics should be administered immediately.
The empirical antibiotic therapy should be directed against
the most likely causative organisms, such as coagulase nega-
tive staphylococci, S. aureus (or MRSA when the MRSA
prevalence in the hospital is high), and eventually Gram-
negative, and anaerobic organisms. Treatment is generally
started empirically, in order to control clinical sepsis, and
especially to protect a newly inserted valve. If MRSA are
rare, piperacillin/tazobactam (or imipenem or meropenem)
is an adequate choice. In centers with a high prevalence of
MRSA, vancomycin, teicoplanin, or daptomycin should be
added.*

Targeted antimicrobial treatment

When results of microbiological cultures are available, tar-
geted therapy should be initiated as soon as possible. Inter-
pretation of microbiological results and susceptibility tests
should be performed together with medical microbiologists
and consultation with infectious disease specialists should

Table 3 Suggested targeted antibiotic therapy

be obtained for further guidance. Data on optimal antibiotic
treatment in postoperative sternal osteomyelitis remain
scarce, in particular, the duration and choice of antibiotics.
Combination therapy of rifampicin and fluoroquinolones has
been shown to be effective against staphylococci embedded
in biofilms.> In a retrospective study, a rifampicin-containing
antibiotic regimen was shown to improve the outcome of
rifampicin-susceptible staphylococcal sternal osteomyeli-
tis.** Fosfomycin can be added to other antistaphylococcal
antibiotic in treating staphylococcal infection, especially
MRSA. Fosfomycin is shown to achieve clinically relevant
concentrations in cortical bone, cancellous bone, and postos-
teomyelitis sequestra,>>¢ and shown in the in vitro study to
have synergism with beta-lactam antibiotics.’’ Yet, it should
not be used to replace rifampicin as an antibiofilm agent.™
Table 3 shows the choice of antibiotics according to the
causing pathogen. Antifungal therapy can be administered
in the absence of clinical improvement on a broad-spectrum
antibiotic, even if no fungi are isolated.

Based on studies with periprosthetic joint infection, the
authors recommend a total duration of therapy of 12 weeks,
usually 2 weeks intravenously, followed by the oral route.*
If no foreign body such as cerclages is present, the treatment
of bacterial osteitis can be shortened to 6 weeks. The initial
intravenous therapy is given for 2 weeks since this is the

Microorganism Antibiotic? Dose® Route
Staphylococcus spp.
Oxacillin/methicillin susceptible Flucloxacillin® 4<2 g iv.
(+/—Fosfomycin)¢ (35 g) i.v.
for 2 weeks, followed by (according to susceptibility)
Rifampicin® + 2x450 mg p-o.
o Levofloxacin or 2x500 mg p.o.
e Cotrimoxazole or 3%x960 mg p.o.
e Doxycycline or 2x100 mg p-o.
o Fusidic acid 3x500 mg p.o.
Oxacillin/methicillin resistant Daptomycin or I8 mglkg iv.
Vancomycin' 2%l g i.v.
(+/—Fosfomycin)? (3%5 g) i.v.
for 2 weeks, followed by an oral rifampicin
combination as above
Rifampicin resistant Intravenous treatment according to susceptibility for 2 weeks (as above), followed by long-term
suppression for >| year
Streptococcus spp.
Penicillin G¢ or 4x5 million U iv.
Ceftriaxon Ix2 g i.v.
for 2-3 weeks, followed by
Amoxicillin or 3x1000 mg p-o.
Levofloxacin 2x500 mg p-o.
(Continued)
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Table 3 (Continued)

Microorganism Antibiotic® Dose® Route

Enterococcus spp.

Penicillin susceptible Ampicillin + 4x2 g ..
Gentamiciné 1240 mg iv.
for 2-3 weeks, followed by
Amoxicillin 3%1000 mg p.o.

Penicillin resistant Vancomycin' or 2xl g iv.
Daptomycin + 110 mg/kg iv.
Gentamicing 1240 mg iv.
(+/—Fosfomycin) 3x5 ¢ i.v.
for 2—4 weeks, followed by
Linezolid (max. 4 weeks) 2x600 mg p.o.

Vancomycin resistant Individual; removal of the implant or lifelong suppression necessary

Gram-negative

Enterobacteriaceae (Escherichia Ciprofloxacin® 2x750 mg p.o

coli, Klebsiella, Enterobacter, etc.)

Non-fermenters (Pseudomonas Piperacillin/tazobactam or meropenem or 4x4.5g/3x1 g iv.

aeruginosa, Acinetobacter spp.) Ceftazidime+ 3X2 g i.v.
Tobramycin 1300 mg i.v.
(or gentamicin) 1240 mg i.v.
for 2-3 weeks, followed by
Ciprofloxacin 2x750 mg p-o.

Ciprofloxacin resistant Depending on susceptibility: meropenem 3x|1 g, colistin 3x3 million U, and/or fosfomycin 3x5 g i.v.,
followed by oral long-term suppression

Anaerobes

Gram-positive (Cutibacterium, Penicillin G¢ or 4x5 million U i.v.

Peptostreptococcus, Finegoldia Ceftriaxon Ix2 g i.v.

magna) for 2 weeks, followed by
Rifampicin® + 2x450 mg p-o.
e Levofloxacin or 2x500 mg p.o.
o Amoxicillin 3x1000 mg p.o.

Gram-negative (Bacteroides) Ampicillin/sulbactam© for 2 weeks, followed by 3x3g i.v.
Metronidazol 3x400 mg or 500 mg p-o.

Candida spp.

Fluconazole susceptible Caspofungin’ 170 mg i.v.
Anidulafungin 1100 mg (first day: 200 mg) iv.
for 1-2 weeks, followed by
Fluconazole (suppression for 1 year) 1400 mg p.o.

Fluconazole resistant Individual (e.g., with voriconazole 2x200 mg p.o.); removal of the implant or long-term suppression

Culture negative Ampicillin/sulbactam¢ 3x3 g i.v.
for 2 weeks, followed by
Rifampicin®+ 2x450 mg p.o.
Levofloxacin 2x500 mg p.o.

Notes: “Total duration of therapy: 6—12 weeks, usually 2 weeks intravenously, followed by oral route. *Laboratory testing 2x weekly: leukocytes, CRP, creatinine/eGFR,
liver enzymes (AST/SGOT and ALT/SGPT). Dose adjustment according to renal function and body weight (<40/>100 kg). “Penicillin allergy of NON-type | (e.g., skin rash):
cefazolin (3%2 g i.v.). In case of anaphylaxis (= type | allergy such as Quincke’s edema, bronchospasm, and anaphylactic shock) or cephalosporin allergy: vancomycin (2x| g
i.v.) or daptomycin (1x8 mg/kg i.v.) Ampicillin/sulbactam is equivalent to amoxicillin/clavulanic acid (3%2.2 g i.v.). ‘Fosfomycin can be added in treating Staphylococcal infection,
especially MRSA, but it cannot replace rifampicin as an antibiofilm agent.*® *Rifampicin is administered only if an implant is in situ. Add it to intravenous treatment as soon as
wounds are dry and drains removed; in patients aged >75 years, rifampicin is reduced to 2x300 mg p.o. ‘Check vancomycin through concentration (take blood before next
dose) at least | x/week; therapeutic range: 15-20 ug/mL. éGive only, if gentamicin HL is tested susceptible (consult the microbiologist). In gentamicin HL-resistant Enterococcus
faecalis, gentamicin is exchanged with ceftriaxone (1x2 g i.v.). "Add i.v. treatment (piperacillin/tazobactam 3x4.5 g or ceftriaxone 1X2 g or meropenem 3x| gi.v.) in the first
postoperative days (until wound is dry). ‘After a loading dose of 70 mg on day |, reduce the dose to 50 mg in patients weighing <80 kg from day 2.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; HL, high level; i.v.,
intravenous; MRSA, methicillin-resistant S. aureus; p.o., per oral; SGOT, serum glutamic oxaloacetic transaminase; SGPT, serum glutamic pyruvic transaminase.

duration of culture incubation. During the treatment, labora-  glutamic oxaloacetic transaminase and alanine aminotrans-
tory testing twice weekly is adviced where leukocytes, CRP,  ferase/serum glutamic pyruvic transaminase) are determined.
renal function (creatinine/estimated glomerular filtration  Dose adjustments should be made according to renal function
rate), and liver enzymes (aspartate aminotransferase/serum  and body weight (<40/>100 kg).
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After sternal closure, switch to oral antibiotics is recom-
mended for a total duration of 6 weeks (if no foreign material
is present) or 12 weeks (if any foreign material is present).
An earlier switch is avoided to prevent the rapid emergence
of resistance, whilst the bacterial load remains high in the
open wound. Cerclage wires are removed whenever possible,
to remove the existing biofilm and prevent future relapse.
Although long-term follow-up was not available, patients
had good hospital recovery with low mortality based on this
antibiotic strategy.

Conclusion

DSWI can be treated with the combination of appropriate sur-
gical technique and antibiotic therapy. The multidisciplinary
approach where various medical specialties are involved will
deliver the best results.

Disclosure
The authors report no conflicts of interest in this work.
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