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Prophylactic antibiotic administration for post cardiothoracic
surgery sternal wounds: a retrospective study

Georgia Pitsiou', Ioannis Kioumis', Konstantinos Zarogoulidis', George Lazaridis’, Antonis
Papaiwannou', Katerina Tsirgogianni', Anastasia Karavergou', Sofia Lampaki', Aggeliki Rapti’,
Georgia Trakada®, Athanasios Zissimopoulos’, Theodoros Karaiskos®, Athanasios Madesis®,
Georgios Drosos’, Paul Zarogoulidis'

'"Pulmonary Department, “G. Papanikolaou” General Hospital, Aristotle University of Thessaloniki, Thessaloniki, Greece; “Department of
Medical Oncology, Aristotle University School of Medicine, Thessaloniki, Greece; 2nd Pulmonary Clinic of “Sotiria” Hospital, Athens, Greece;
*Pulmonary Laboratory of Alexandra Hospital University of Athens, Athens, Greece; *Nuclear Medicine Department, University General Hospital
of Alexandroupolis, Democritus University of Thrace, Greece; “Thoracic Surgery Department, “G. Papanikolaou” General Hospital, Aristotle
University of Thessaloniki, Thessaloniki, Greece

Correspondence to: Paul Zarogoulidis, MD, PhD. Pulmonary Department-Oncology Unit, “G. Papanikolaou” General Hospital, Aristotle University

of Thessaloniki, Thessaloniki, Greece. Email: pzarog@hotmail.com.

Background: Cardiothoracic surgery sternal infections are difficult to treat situations. Until now there are no
clear guidelines which or if an antibiotic could be used as prophylactic treatment.

Patients and methods: We collected retrospectively data from 535 patients from our hospital which
underwent cardiothoracic surgery and recorded several biological parameters and technical aspects of the surgery.
Results: It was observed that patients to whom vancomycin was administered had less post surgery infection than
those to whom begalin was administered. Male who were treated with vancomycin it was observed that they had 1.67
chances to be treated properly than female. Patients which were hospitalized for more than 7 days before surgery
had 62.6% higher chances for post surgery infection.

Conclusions: It was observed that vancomycin can be used as a prophylactic treatment for cardiothoracic

surgeries acting efficiently against sternal wounds.
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Introduction muscle tissue and fascia along with the surrounding the

Cardioth ] d ¢ h muscles.
ardiothoracic surgery procedures of the sternum are . .
gery p Moreover; there is also the organ or space SSI. It is a

technically difficult. The skin which is the natural barrier type of infection that can occur in any area of the body

against infection due to the incision breaks and a post such as; the skin, muscle, and fascia that was involved in

surgical infection can occur. This type of infection is called the surgery or space between organs. There are signs and

surgical site infection (SSI) because it occurs on the part symptoms SSIs, these are: (I) redness; (II) tenderness;

of the body where the surgery took place. One out of
three patients tends to develop an SSI. There are three
types of incisional infections: (I) superficial incisional SSI.
This infection occurs just in the area of the skin where the
surgical incision was made; (II) deep incisional SSI. This

infection takes place beneath the incision area within the
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(III) fever; (IV) warmth; (V) pain; (VI) delayed healing
and (VII) swelling (1,2). Furthermore: there are additional
signs and symptoms for specific types of SSIs, these are
summarized to the following: (I) locally to the site of the
incision pus, or “purulent discharge”, from the wound
site. In this case material from the wound site should be

Ann Transl Med 2015;3(4):56

www.atmjournal.org



Page 2 of 7

sent for culture in order to find out the types of germs that
are causing the infection; (II) a deep incisional SSI may
also produce pus. In this case the wound site may reopen
on its own, or a surgeon may reopen the wound and find
purulent discharge inside the wound; (III) there is also the
case where an abscess is formed and pus is discharged form
an organ or space of SSI. In this case the pus is drained
through the drainage placed through the skin into a body
space or organ. An abscess may be seen when the surgeon
reopens the wound or by special X-ray studies (3,4).
Usually infections after surgery are caused by germs called
microorganisms. The most common of these include the
bacteria Pseudomonas, Staphylococcus and Streptococcus (5).
Microorganisms can infect a surgical wound through various
forms of contact, such as from the touch of a contaminated
caregiver or surgical instrument, through microorganisms
in the air, or through microorganisms that are already on
or in your body and then spread into the wound. Therefore
pus culture is not always enough to determine the primary
site of infection and blood or instrument parts should be
also sent for cultures. Severity of an SSI is associated with
the type of surgical wound and be classified as follows:
(I) clean wounds. These are not inflamed or contaminated
and do not involve operating on an internal organ; the risk
for an SSI in this type of wound is less than 2 percent;
(IT) clean-contaminated wounds. These have no evidence
of infection at the time of surgery, but do involve operating
on an internal organ; the risk for SSI is less than 10 percent;
(III) contaminated wounds. These involve operating on
an internal organ with a spilling of contents from the
organ into the wound; the risk for SSI is 13 to 20 percent
and (IV) dirty wounds (6,7). These are wounds in which
a known infection is present at the time of the surgery;
the risk for SSI is about 40 percent (8,9). There are other
additional risk factors for SSIs which can be summarized as
follows: (I) commorbitities (diabetes, cancer, smoking habit,
overweight and elderly); (II) immunesupression and (III)
abdominal surgery (10). Prevention is of most importance
and therefore investigation for a prophylactic antibiotic
should be pursued. Until now cessation of smoking and
prevention of shaving the possible operating area has been
used proposed and followed by most patients. Diabetes
mellitus should be also properly regulated and in any case
the treating physician has to be quickly informed if the
previously signs of infection are observed. SSIs can be
treated with antibiotic medications (11-13). Sometimes
additional surgery or procedures may be required to treat
the SSI (14). In our study we investigated retrospectively
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which antibiotic efficiently prevented post surgery sterna
wound infection and based on our findings we make a
proposal.

Patients and methods

Five hundred and thirty five patients were enrolled from
June 2012 to August 2013. The study was approved by
our investigational review board (IRB) (“G. Papanikolaou”
General Hospital, Theesaloniki, Greece). The purpose
was to identify which one of the antibiotics administered
protected the patients against post sternal infection or
efficiently treated the post surgery infection (vancomycin,
sultamicilin, ciprofloxacin, daptomyecin, linezolide,
teicoplanine and oxacilline). The following data were
recorded from each patient: (I) days of hospitalization
in the intensive care unit (ICU); (II) commorditites
(underlying respiratory disease, diabetes etc.); (III) time
under extracorpolar oxygenation (ECMO); (IV) usage
of vacuum assisted closure; (V) body mass index (BMI);
(VI) smoking habit; (VII) euroscore II; (VIII) cardiologic
evaluation (NYHA score/heart ultrasound); (IX) usage of
Intra-aortic balloon pump (IABP); (X) blood transfusion;
(XI) renal failre and hemodialysis; (XII) multi-organ
failure; (XIII) port surgery respiratory infection or sepsis;
(XIV) days of hospitalization before surgery; (XV) place
of transferal after surgery; (XVI) time in surgery; (XVII) second
operation due to complications and (XVIII) record of
microorganism isolation of the sterna wound. Euroscore

has been previously published and validated (15,16).

Results

Chi-square analysis revealed a significant interaction
effect between infection type and antibiotic (P<0.001)
(Tables 1,2). In specific; it was observed that patients to
whom vancomycin was administered had less post surgery
infection than those to whom begalin was administered.
Based on this “condition”, the treatment variable
(vancomycin/sultamicilin) was regressed against all the
demographic medical history and laboratory results. Male
who were treated with vancomycin it was observed that they
had 1.67 chances to be treated properly than female. It can
be speculated that vancomycin can be used as a prophylactic
treatment. Moreover; it was observed that patients with an
ejection fraction of more than 30% had a rapid treatment
period. Patients which were hospitalized for more than
7 days before surgery had 62.6% higher chances for post
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Variable Count

BMI
Sex (N=535)
0 (female) 428
1 (male) 107
Day until surgery (N=535)
>7 days 133
<7 days 402
Code (N=533)
>35 51
<35 482

Table 1 (continued)
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Percent

80.00
20.00

24.86
75.14

9.57
90.43
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Variable Count Percent

BMI, body mass index; EVER, short smoking history; SMOK,
smoker; COPD, chronic obstructive pulmonary disease;
EF CAT, Ejection Fraction Cardiac Catheterization; CPB,
cardiopulmonary bypass; ICU, intensive care unit.

Bengalin Vancomycin All

Infected
niecte (n=226) (n=308) (n=534)

1 (yes) 24 6 30
Residual 3.1722 —2.7173

surgery infection. When cardiopulmonary bypass (CPB) was

<120 min then a higher chance for post surgery infection
was observed. Finally the two following observations were
made. First; when the pre-white blood count number was
>3,000 patients had a higher probability of post-surgery
infection and secondly; when the white blood was <6,000
patients had higher probability for rapid treatment when

post-surgery infection was observed.
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Figure 1 Comparison of effectiveness between vancomycin and

sultamicilin.

Discussion

Cardiothoracic surgeries are considered stressful operations
and special preparation is needed by the physicians. Sternal
incision also is an invasive trauma and caution has to taken
in order to avoid local infection. Based on our findings
we propose that vancomycin can be used as an antibiotic
prophylactic treatment. This statement comes in accordance
with a previous observation made in our hospital. In specific
we investigated the level of MRSA resistant staphylococcus
and it was observed that it was 50%. Therefore at least
for our hospital we will suggest vancomycin antibiotic as
a prophylactic treatment against infection of the sterna
wound (Figure I). Vancomycin belongs to the glycopeptide
antibiotic class and is effective mostly against Gram-
positive bacteria. The original indication for vancomycin
was for the treatment of penicillin-resistant Staphylococcus
aureus. Vancomycin is primarily used for the treatment of
serious infections caused by Gram-(+) bacteria known or
suspected to be resistant to other antibiotics. The Infectious
Disease Society of America recommends vancomycin
as a first-line treatment for complicated skin infections,
bloodstream infections, endocarditis, bone and joint
infections, and meningitis infections caused by methicillin-
resistant S. aureus (17). Orally administered vancomycin is
recommended as a treatment for intestinal infection with
Clostridium difficile, a common side effect of treatment with
broad-spectrum antibiotics (18). Vancomycin is indicated
for the treatment of serious, life-threatening infections
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by Gram-positive bacteria unresponsive to other less-
toxic antibiotics. In particular, vancomycin should not
be used to treat methicillin-sensitive Staphylococcus aureus
because it is inferior to penicillins such as nafcillin (19).
Although vancomycin levels are usually monitored, in an
effort to reduce adverse events, the value of this is not
beyond debate (20). Peak and trough levels are usually
monitored, and, for research purposes, the area under the
concentration curve is also sometimes used. Toxicity is
best monitored by looking at trough values (21). Common
adverse drug reactions (1% of patients) associated with
IV vancomycin include: local pain, which may be severe,
and thrombophlebitis. Damage to the kidneys and to the
hearing were a side effect of the early impure versions of
vancomycin, and these were prominent in the clinical trials
conducted in the mid-1950s (22,23). Later trials using
purer forms of vancomycin found nephrotoxicity is an
infrequent adverse effect (0.1-1% of patients), but this is
accentuated in the presence of aminoglycosides (24). Rare
adverse effects (<0.1% of patients) include: anaphylaxis,
toxic epidermal necrolysis, erythema multiforme, red man
syndrome, superinfection, thrombocytopenia, neutropenia,
leukopenia, tinnitus, and dizziness and/or ototoxicity (24).
Vancomycin can induce platelet-reactive antibodies in the
patient, leading to severe thrombocytopenia and bleeding
with florid petechial hemorrhages, ecchymoses, and wet
purpura (25). Vancomycin has traditionally been considered
a nephrotoxic and ototoxic drug, based on observations
by early investigators of elevated serum levels in renally
impaired patients who had experienced ototoxicity, and
subsequently through case reports in the medical literature.
However, as the use of vancomycin increased with the
spread of MRSA beginning in the 1970s, the previously
reported rates of toxicity were recognized as not being
observed. This was attributed to the removal of the
impurities present in the earlier formulation of the drug,
although those impurities were not specifically tested for
toxicity (23). Plasma level monitoring of vancomycin is
necessary due to the drug’s biexponential distribution,
intermediate hydrophilicity, and potential for ototoxicity
and nephrotoxicity, especially in populations with poor
renal function and/or increased propensity to bacterial
infection. Vancomycin activity is considered to be time-
dependent; that is, antimicrobial activity depends on the
duration that the serum drug concentration exceeds the
minimum inhibitory concentration of the target organism.
Thus, peak serum levels have not been shown to correlate
with efficacy or toxicity; indeed, concentration monitoring
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is unnecessary in most cases. Circumstances in which
therapeutic drug monitoring is warranted include: patients
receiving concomitant aminoglycoside therapy, patients
with (potentially) altered pharmacokinetic parameters,
patients on haemodialysis, patients administered high-
dose or prolonged treatment, and patients with impaired
renal function. In such cases, trough concentrations are
measured (26,27). Target ranges for serum vancomycin
concentrations have changed over the years. Early authors
suggested peak levels of 30-40 mg/L and trough levels of
5-10 mg/L, but current recommendations are that peak
levels need not be measured and that trough levels of
10-15 or 15-20 mg/L (28), depending on the nature of
the infection and the specific needs of the patient, may
be appropriate (29,30). A few Gram-positive bacteria
are intrinsically resistant to vancomycin: Leuconostoc and
Pediococcus species, but these organisms rarely cause diseases
in humans. Most Lactobacillus species are also intrinsically
resistant to vancomycin, with the exception of L. acidophilus
and L. delbruekii, which are sensitive. Other Gram-positive
bacteria with intrinsic resistance to vancomycin include
Erysipelothrix rhusiopathiae, Weissella confusa, and Clostridium
innocuum. Most Gram-negative bacteria are intrinsically
resistant to vancomycin because their outer membrane is
impermeable to large glycopeptide molecules (with the
exception of some non-gonococcal Neisseria species)
(31-35). Evolution of microbial resistance to vancomycin is
a growing problem, in particular, within healthcare facilities
such as hospitals. While newer alternatives to vancomycin
exist, such as linezolid [2000] and daptomycin [2003], the
widespread use of vancomycin makes resistance to the
drug a significant worry, especially for individual patients
if resistant infections are not quickly identified and the
patient continues the ineffective treatment. Vancomycin-
resistant Enterococcus emerged in 1987. Vancomycin
resistance evolved in more common pathogenic organisms
during the 1990s and 2000s, including vancomycin-
intermediate Staphylococcus aureus (VISA) and vancomycin-
resistant Staphylococcus aureus (VRSA). Agricultural use
of avoparcin, another similar glycopeptide antibiotic,
may have contributed to the evolution of vancomycin-
resistant organisms (36-40). Moreover; in our study it was
observed that patients that remained more than seven days
hospitilised prior to surgery had a higher rate of developing
sterna wound infection, we attribute this finding to the
high percentage or epidemiology of MRSA observed in our
hospital. The elevated ejection fraction was observed to
be positively associated with early treatment of infection,
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we attribute this finding to the more efficient circulation
of the antibiotics to the region of the surgery. Finally, the
white blood count level was an early indicator for infection.
The higher the level before surgery (>3,000) the higher
the chances were for developing infection). Finally, it was
observed that when the CPB time was less than 120 minutes,
there were less chances of developing infection, which we
attribute to the better circulation of blood. We suggest
based on our findings that an MRSA investigation should
be performed in each surgery department and after patient
data collection a case by case prophylactic antibiotic
treatment should be applied before each surgery with
sterna wound.
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