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Abstract
Background: Deep sternal wound infections, mediastinitis and sternal osteomyelitis are devastating and lifethreatening complications of median-sternotomy incisions after cardiac surgical procedures. The incidence of
surgical wound infection in sternotomies is relatively high among heart disease patients since these patients are
burdened with a high number of risk factors compared to the general population.
Purpose: This study focusses on microbiological data of deep sternal wounds, alongside blood and bone
cultures to help define early and appropriate antibiotic therapy following debridement and reconstructive surgery.
Furthermore, this study discusses whether antibiotic treatment of sepsis can rely on preliminary wound cultures.
Results: The most commonly cultured organism from deep sternal wound infections was Staphylococcus and the
most commonly cultured Gram-negative organism was Pseudomonas. All Gram-negative organisms combined
together represented approximately 50% of all cultures. We found that 37% of blood culture pathogens were initially
found in wound cultures, and 14% of blood culture organisms were first identified in bone cultures. From a different
prespective, 16% of the organisms isolated from the wound and 26% of the organisms isolated from the bone were
later found to involve the blood.
Conclusions: The initial antibiotic regimen should be broad spectrum, covering both Gram-positive and Gramnegative organisms. We demonstrate that for osteomyelitis of the sternum, antibiotic treatment for a relatively short
period of two weeks is adequate alongside thorough debridement and reconstruction with a vascularized soft tissue
flap (pectoral major). Furthermore, the initial antibiotic regimen during sepsis may partially rely on preliminary wound
cultures since a third of the pathogens found in the blood were first identified in wound cultures.

Keywords: Deep sternal wound infection; Microbiological cultures–
sternum; Wound & blood; Antibiotic treatment protocol; Duration of
antibiotic treatment; Sepsis

Background
Deep sternal wound infection (DSWI), mediastinitis and sternal
osteomyelitis (SOM) are major complications of median sternotomy
incisions after cardiac surgical procedures (coronary artery bypass
graft (CABG) or heart valve repair or replacement surgery). These
complications are all associated with prolonged hospitalization,
increased healthcare costs and impaired quality of life, representing an
economic and social burden. DSWI, as defined by the CDC’s
(standardized centers of disease control) surveillance criteria, involves
the layers beneath the skin and subcutaneous tissue. It presents with
purulent drainage from the deep layer or surgical wound dehiscence
on the background of fever, localized pain or tenderness and an abscess
or other observable evidence of infection on direct examination,
histopathology and radiology. According to the CDC’s classifications,
the infection of surgical wounds of sternotomies should be defined as
(A) superficial if only the skin and subcutaneous tissue are involved,
(B) deep when the infection reaches the sternum but does not involve
it and (C) organ/space when sternal SOM or mediastinitis occurs [1].
Many mechanisms have been proposed to explain the development of
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sternal wound infections. Theories include inadequate sternal fixation
leading to instability and dehiscence of the overlying skin incision [2],
inadequate surgical drainage or localized ischemic osteomyelitis [3].
Numerous risk factors have been suggested including: hypertension,
ischemic heart disease, diabetes, emergent surgery for acute
myocardial ischemia, smoking and re-operation. The incidence of
superficial surgical wound infection in sternotomies should be similar
to that in any clean surgical procedure (i.e. approximately 2%).
However, the infection rate is roughly three times this value among
heart disease patients due to their higher number of risk factors
compared to the general population [4-6]. The rate of sternal wound
infection varies in different reports ranging from 0.15%-8%, with the
majority reporting an average of 3% for both superficial and deep
sternal wound infection. Of note, the mortality rate incidence ranges
between 10-52% [7-12]. The prevalence of positive blood cultures was
found to be significantly higher among deep sternal wound infection
patients in comparison with superficial surgical wound infection
patients. Successful management requires early recognition based on a
high index of suspicion, detailed physical examination, appreciation of
the clinical signs and symptoms, timely imaging studies and prompt
surgical therapy [1]. Although several therapeutic strategies are
currently used in clinical practice, there is a lack of evidence-based
surgical consensus for treating this surgical complication. In most
cases, treatment involves surgical revision with debridement of all
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foreign bodies as well as infected and necrotic tissue, which gives rise
to abundant dead space. Subsequent reconstruction with vascularized
soft tissue flaps, such as omentum or pectoralis major muscle, may be
utilized. Alternatively, open dressing and vacuum-assisted therapy may
be used [5,7,10]. Despite widespread infection control practices and
routine antibiotic prophylaxis, the incidence of deep sternal wound
infection has remained stable over time. Little is known about the
optimal antibiotic management and data is scarce, in particular
regarding the duration of therapy which can range from a few weeks to
a few months, depending on the severity of the infection and the
presence of osteomyelitis. Early microbiological diagnosis and the use
of appropriate antibiotic therapy should improve outcomes by allowing
targeted antibiotic treatment, thereby improving morbidity and
mortality. This study focuses on the microbiological data of deep
sternal wound, bloodstream infections and osteomyelitis to determine
the appropriate empiric antibiotic treatment. Furthermore, the
relevance and utility of early sternal wound and bone cultures to
predict the pathogen during sepsis were analyzed.

Materials and Methods
A ten year retrospective analysis (2005-2014) of microbiological
data was conducted in the department of Plastic and Reconstructive
Surgery, at the Kaplan Medical Center, under the Helsinki committee
permission number 205-14-KMC. A demographic analysis of mean
age, sex and risk factor stratification (hypertension, ischemic heart
disease, diabetes mellitus, emergent surgery for acute myocardial
ischemia, smoking and re-operation) was performed, and data
regarding previous operations (CABG, heart valve repair or
replacement surgery) was collected.
Microbiological data was collected from bone cultures (taken during
surgery), wound cultures (swabs taken during hospitalization or
outpatient facilities), blood cultures and resistant bacteria cultures
(Meticilin resistant Staphylococcus aureus (MRSA) and Imipenem
resistant Gram negative rods, Pseudomonas, Acinetobacter and
Klebsiella. Cultures were examined using the Bactec 9240 system
(Bacton Dickinson) and tested for susceptibility to different antibiotics
in a VITEK automated identification system according to the clinical
and laboratory standards institute. All patients in this study underwent
radical debridement of infected bone and soft tissue and subsequent
reconstruction with pectoralis major muscle flaps for the management
of DSWI and SOM. In addition, they received empirical broadspectrum antimicrobial agents, with successive antibacterial treatment
based on preliminary and final culture results together with drug
sensitivity testing. If sepsis was suspected, broad spectrum antibiotics
were started, later to be modified based on the sensitivity of the
bacteria cultured.
Patients were divided into four groups, based on the duration of the
antibiotic therapy following surgery: (1) patients receiving antibiotics
for a duration of up to one week, (2) patients receiving antibiotics for a
duration of up to two weeks, (3) patients receiving antibiotics for a
duration of up to three weeks, (4) patients receiving antibiotics for a
duration longer than three weeks (and up to a maximum of 42 days).
We examined the microbiological data of bacteria cultured from the
wound and bone in comparison to bacteria later present in blood
cultures (throughout the hospitalization stay), to determine the rate of
specific organisms involved in DSWI or SOM to later crossover to
involve the blood and also to define how many of the positive blood
cultures were first found in DSWI cultures. Every bacteria cultured
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(from the blood or the surgical wound) was calculated once (n=1),
even if it was cultured multiple times and on several occasions.

Results
Seventy six patients with DSWI or SOM following sternotomy were
found. Over half the patients were male (61%), with an average age of
68 years (44-88 years). 60% suffered from high blood pressure, 50%
from ischemic heart disease, 35% from diabetes, 30% had emergent
surgery for acute myocardial ischemia (MI), 25% were smokers and 6%
required re-operation. CABG was most prevalent among our patients
(79%), in comparison with mitral\aortic valve replacement (17% and
8% respectfully). All patients underwent surgical debridement and
reconstruction with a pectoralis major advancement muscle flap and
received broad-spectrum antibiotic treatment started at the time of
diagnosis, preoperative and postoperative according to the patient’s
condition. Reconstruction was predominantly performed using the left
pectoralis major muscle advancement flap (71% compared to 19%
using he right and 10% using bilateral pectoralis major muscle
advancement flaps). Sternal bone cultures were sent during surgery, of
which 39 (52%) where found to be positive for the following bacteria
Pseudomonas, Staphlococcus aurreus, Staphlococcus coagulas
negative, Acinetobacter, Proteus, Streptococcus, Morganella,
Enterobacter, Bacteroides, Escherichia coli, Enterococci, Candida
(Figure 1). Of which, resistant bacteria were found in 23% including Pseudomonas, Staphlococcus aureus, Acinetobacter, Enterococci
(Figure 1). Positive sternal wound cultures (from the duration of
hospitalization) were found among 58 patients, with a total of 164
bacteria cultured - Staphlococcus aurreus, Staphlococcus coagulas
negative, Pseudomonas, Acinetobacter, Escherichia coli, Klebsiella,
Enterobacter,
Enterococci,
Proteus,
Citrobacter,
Seracia,
Streptococcus, Candida, Cyanobacterium, Morganella, Providencia
stuartii (Figure 2). With 11% of the cultured bacteria being resistant Staphlococcus aurreus, Pseudomonas, Acinetobacter, Klebsiella,
Enterobacter, Morganella (Figure 2). Positive blood cultures were
found among 36 patients from a total of 70 bacterial cultures including
- Staphlococcus coagulas negative, Staphlococcus aureus,
Acinetobacter, Enterobacter, Pseudomonas, Proteus, Candida,
Klebsiella, Streptococcus, Enterococci, Seracia, Stoner multiforr,
Morganella, Bacteroides, Conobacterium, Providencia stuartii, Borde
bronchiseptic. With 12% resistant bacteria-Staphlococcus aureus,
Acinetobacter, Pseudomonas, Klebsiella (Figure 3). We compared the
organisms isolated from the blood with those isolated from the wound
and found that 37% of the bacteria from blood cultures were first
detected in the sternal wound. From a different prespective, 16% of the
organisms cultured from the wound were later found to spread into the
bloodstream. When we compared the organisms isolated from the
blood with those isolated from the bone and found that 14% of blood
cultures were first detected in the bone culture and 26% of the
organisms isolated from the bone were later found to spread into the
bloodstream. The patients were divided into four groups based on the
duration of antibiotic therapy following surgery. Half the patients
(50%) had antibiotic therapy for less than a week. Seventeen percent
had antibiotic therapy for a period of up to two weeks, 21% for a
period of up to three weeks and 13% had antibiotic treatment for more
than three weeks (to a maximum duration of 42 days) (Figure 4a and
4b). The majority (67% of the patients) received antibiotic treatment
for a period of less than two weeks. 86% of the patients that were
discharged from the hospital had completely closed sternal wound or a
mild dehiscence of the surgical wound upon discharge. With only, 14%
complicated with a fistula requiring re-hospitalization for antibiotic
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treatment or surgical debridement. Ten patients died during
hospitalization (13%), two from DSWI complications (sepsis and
hemothorax) and eight from other causes (e.g. aspiration pneumonia,
respiratory failure and renal failure). Long term follow-up (with a
median of 9 months, and up to 3 years and 2 months maximum
duration) was favored in most cases.

publications demonstrate that the empirical regimen should include
agents active against a range of Gram-negative organisms
(aminoglycosides, carbapenems or cephalosporins with antipseudomonal activity), an agent active against methicillin-resistant
Gram-positive organisms (vancomycin), and metronidazole [2,13-18].
These studies also conclude that the duration of antibiotic treatment
should be based upon wound culture results and by clinical picture
dynamics. This study demonstrates that in most DSWI or SOM cases
(67%), an antibiotic regimen of two weeks following thorough
debridement and reconstruction with a muscle flap is sufficient unless
severe clinical evidence suggest otherwise.

Figure 1: Sternal bone cultures from the surgery.

Discussion
This study, in line with other publications, demonstrates that
Staphylococcus is the most commonly cultured organism from deep
sternal wound infection (bone cultures alongside wound cultures). The
most commonly cultured Gram-negative organism was Pseudomonas
and all Gram-negative organisms combined together represented
approximately 50% of all cultures. Therefore, the empiric antibiotic
treatment of choice should be broad spectrum covering both Gram
positive and negative bacteria. Since MRSA was found amongst 20% of
the Staphylococcus aureus infections, a combination of vancomicin
along with an antibiotic that is active against a range of Gram-negative
organisms
(Quinolone,
aminoglycosides,
carbapenems
or
cephalosporins with anti-pseudomonal activity) should be initiated,
later to be modified based on the sensitivity of the cultured bacteria. It
is noteworthy, that only 10% of Gram-negative bacteria were found to
be resistant to Carbapenem. Recent studies have shown that first line
empiric treatment of sternal wound infections is Vancomicin [10,13].
This was based on the high prevalence of gram positive bacteria
isolated from deep sternal wound infection tissue specimens. As for
gram negative bacteria, despite their low prevalence in these
publications, some recommend additionally adding Penicillin (of the B
lactamase family), in lieu of their virulent nature [10,13]. Other studies
advocate for a less aggressive line of treatment, a prophylactic regimen
of Cefazoline alone or in conjunction with Gentamicin/Amikacin,
starting sixty minutes prior to the surgical incision to be continued for
no longer than 48 h. These studies suggest that vancomycin be reserved
mainly for patients with a history of type I allergic reaction
(anaphylaxis, urticaria, angioedema, or bronchospasm) to B-lactam
agents or when MRSA is of special concern [13,14]. Additional
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Figure 2: Sternal wound cultures from the duration of
hospitalization.
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At the conclusion of our study we were able to achieve wound
closure or only mild dehisces among 87% of our patients and
demonstrated a 13% mortality rate.
Several studies attempted to assess the utility of sternal swab
cultures alongside the value of blood cultures in the diagnosis and
treatment of SWI. It was revealed that swab and tissue cultures were
positive in 82% of patients [22,23]. Superficial swab cultures were
predictive of the pathogen in 75% of the cases. Specifically, to
Staphylococcus aureus, the positive predictive value of a superficial
sternal swab was found to approach 100%. The inclusion of blood
cultures predicted the pathogen 82% of the time. It was established that
superficial swabs and blood cultures appear to be useful in
determining the microbiological etiology of DSWI. Routing testing
and reporting of these samples could enable early and targeted
antimicrobial therapy in DSWI [24].
Figure 3: Positive blood cultures from the duration of
hospitalization.

Figure 4a: Wound blood bacteria cross over.

Studies focusing on the association between bacteremia’s and sternal
wound complications in patients following sternotomies, illustrated a
3.2% incidence of bacteremia among these patients. It was established
that the sternal wound was the most common source of bacteremia,
accounting for 59% of the infections, with Coagulase-negative
Staphylococcus responsible for one half of SWI. It was also stated, that
often a positive blood culture was the first manifestation of wound
infection, occurring before local signs were manifest, and
recommended multiple blood cultures in sternotomy patients [25].
According to our findings, when sepsis is suspected antibiotic
regimen may partially rely on preliminary wound or bone cultures,
since we demonstrated that 37% of blood cultures were identical to
prior wound cultures and 14% of blood cultures were identical to prior
bone cultures. Additionally, 16% of the organisms isolated from the
wound and 26% of the organisms isolated from the bone were shown
to later cross over to the blood. No association was found between
resistant bacteria and the higher chance for a bacterial crossover from
the wound or bone to the blood. However, we only found a small
number of resistant pathogens. Other limitation of this study is its
retrospective nature and the relatively small number of patients.

Conclusion

Figure 4b: Bone blood bacteria cross over.
Recent publications demonstrate that there is a 15-35% treatment
failure with a reported mortality rate of 6-20% (with one report
reaching up to 47%) during the first year after deep sternal wound
infection diagnosis [19-21].
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This study demonstrates that the most commonly cultured
organism from DSWI was found to be Staphylococcus and that all
gram negative organisms combined together represent 50% of all
cultures. We therefore conclude that a preliminary broad spectrum
antibiotic treatment should be directed against gram positive as well as
gram negative organisms. We recommend a combination of
Vancomicin and an antibiotic that is active against a range of Gramnegative organisms (Quinolone, aminoglycosides, carbapenems or
cephalosporins with anti-pseudomonal activity), later to be modified
based on the sensitivity of the cultured bacteria. A thorough surgical
revision with debridement of all foreign bodies, and reconstruction
with vascularized soft tissue flap (such as a pectoral major
advancement flap) is crucial to the success of DSWI treatment,
followed by antibiotic treatment for a relatively short period of two
weeks is adequate unless severe clinical evidence suggest otherwise.
Our analysis demonstrates that wound and bone cultures provide
important information not only for choosing the antibiotic therapy for
perioperative treatment, but also when sepsis is suspected. This
assumption was made as 37% of blood cultures were found to be
identical to prior wound cultures and 14% to prior bone cultures. Also
16% of the organisms isolated from the wound and 26% of the
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organisms isolated from the bone were later found to involve the
blood.
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