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Topical versus
Systemic Vancomycin
for Deep Sternal

Wound Infection

Caused by Methicillin-Resistant
Staphylococcus aureus in a Rodent
Experimental Model

In 37 Wistar albino rats, we investigated the effects of topical vancomycin on deep
sternal wound infection caused by methicillin-resistant Staphylococcus aureus.

Partial median sternotomy was performed under sterile conditions. Group | (n=6)
was the sham, and group Il (n=7) was the control. Group Il (n=8) received topical van-
comycin, group 1V (n=8) received systemic vancomycin, and group V (n=8) received
topical and systemic vancomycin (combined). Rats in groups Il through V were inoculat-
ed with 0.5 mL x 10° CFU/mL methicillin-resistant S. aureus in the mediastinum and
sternum. No medication was given to groups | and Il. Twenty-four hours after surgery,
40 mg/kg/day vancomycin was given topically in group ll; systemically in group IV, and
topically and systemically in group V. After 7 days, smear samples from the medias-
tinum and tissue cultures from the sternum were obtained.

We found 5.00 + 0 CFU/mL microorganisms in the mediastinum in group I, 1.90 +
1.70 in group Ill, 3.33 + 0.48 in group I\, and 1.70 + 1.08 in group V. The quantity of mi-
croorganisms per gram of tissue in the sternum was 736 + 0.23 in group I, 6.01 + 0.33
in group Ill, 5.81 + 0.81 in group IV, and 3.99 + 2.47 in group V. The quantity of microor-
ganisms was less in the 3 treatment groups than in the control group (P <0.05).

We conclude that topical plus systemic vancomycin treatment might be more effec-
tive in patients with deep sternal wound infections caused by methicillin-resistant S.
aureus. (Tex Heart Inst J 2006;33:107-10)

eep sternal wound infection (DSWI) is a rare but serious complication of

cardiac procedures that require sternotomy, with reported incidences rang-

ing from 0.15% to 8%." Despite medical and surgical therapeutic inter-
ventions, DSWI can recur and lead to sepsis, increasing the cost and the length of
stay in the hospital. Moreover, the presence of DSWI is also associated with in-
creased mortality, with reported rates from 0.5% up to 47%."* Agents that cause
DSWT include staphylococci, streptococci, enterobacteria, and clostridia. However,
the morbidity and mortality rates are notably highest in cases of DSW1I caused by
methicillin-resistant Staphylococcus aureus (MRSA).

Effective surgical treatments of DSWTI include wound débridement and washing
the omental, pectoral, or rectus abdominis muscle flaps of the mediastinum.*”
These methods of treatment for DSWI are difficult and lead to an increased risk of
complications. Despite these efforts, DSW1I still results in high costs and prolonged
hospital stays.

Appropriate medical treatment of DSWTI usually involves the systemic adminis-
tration of vancomycin. The systemic use of vancomycin, however, increases the
risk of resistance to the drug, as well as the possibility of renal failure as a side ef-
fect. Because of these deleterious outcomes, there is a definite need to find alterna-
tive treatments for patients with mediastinitis. Vander Salm and colleagues® have
shown that the prophylactic use of topical vancomycin on sternal edges decreased
the incidence of DSWI from 3.6% to 0.5% in patients undergoing cardiac opera-
tions. This study inspired us to create experimental DSWI models in order to re-
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search the effects of topical, systemic, and combined
topical-systemic vancomycin on the treatment of

DSWI caused by MRSA.

Materials and Methods

The study was approved by our Institutional Ethics
Committee. We used 37 Winstar albino male rats (av-
erage weight, 300 grams). The rats were divided into 5
groups. Group I (n=6) was the sham group, group II
(n=7) was the control group, group III (n=8) was the
topical vancomycin group, group IV (n=8) was the sys-
temic vancomycin group, and group V (n= 8) was the
combined topical-systemic vancomycin group. Each
rat was anesthetized with 30 mg/kg ketamine HCI
(Ketalar®, Eczacibasi Drug Co.; Istanbul, Turkey) and
2 mg/kg xylazine HCI (Rompun®, Bayer HealthCare;
Monheim, Germany). The chest areas of the rats were
shaved. The operation site was cleaned with 70% iso-
propyl alcohol and 2% iodine, and a sterile towel was
used to cover the sternum. The skin and presternal lay-
ers were incised. A partial upper median sternotomy
was performed on all the rats.

The MRSA strains used in this study were isolated
from wound samples in our laboratory. The sham
group was not given MRSA or medication. The other
4 groups were inoculated in the mediastinal and ster-
nal layers with 0.5 mL x 10* colony-forming units
(CFU)/mL MRSA. The sternal and presternal layers
were closed with a single 3-0 Prolene® suture. During
the treatment period, no medication was given to the
rats in groups I and II. Postoperatively, groups I1I, IV,
and V were treated with vancomycin HCI (Vankomi-
sin®, Abbott France S.A.; Rungis Cedex, France) for 7
days, twice daily under ether anesthesia, starting 24
hours after the end of the procedure.® In group III,
the sternotomy was cleaned with 2% iodine, and 40
mg/kg/day vancomycin was administered topically
from the fossa jugularis to the substernal area with an
insulin syringe. In group IV, 40 mg/kg/day vancomy-
cin was administered intramuscularly into the thigh.
A combination of 10 mg/kg/day topical vancomycin
and 30 mg/kg/day systemic vancomycin was adminis-
tered to the rats in group V. After 7 days, tissue sam-
ples from the upper ends of the sternum and swab
specimens from the upper mediastinum were ob-
tained. Mediastinal swab specimens were mixed with
1 mL of sterile phosphate-buffered saline, and 0.01
mL of the solution was inoculated onto blood agar
with a calibrated loop and incubated at 37 °C. The
number of bacteria was counted as CFU/mL. Tissue
samples were weighed and homogenized under sterile
conditions in 1 mL of sterile, phosphate-buffered sa-
line. The serial diluted homogenates were inoculated
(0.01 mL) onto blood agar and incubated at 37 °C.
After 24 hours, the number of growing of bacteria was
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determined as CFU/g tissue. The number of bacteria
was converted to logy,.

Statistical Analysis

Statistical analysis was performed with SPSS 8.0 for
Windows (SPSS Inc.; Chicago, Ill). In order to ana-
lyze statistical differences between the 5 groups, 1-way
ANOVA was used and presented as mean + standard
deviation of log,, CFU. A Bonferroni correction was
performed for multiple comparisons. A P value less
than 0.05 was considered statistically significant.

Results

The rats were examined for infection. Seven days after
inoculation, the mediastina of the rats in group 1II
were full of pus. No pus was observed in groups I, I1I,
IV, and V. Cultures were evaluated microbiologically.
The average growth of the microorganisms in the ster-
num and mediastinum were compared logarithmical-
ly (Fig. 1) There was no growth in the sham group. In
the mediastinum, bacterial growth was measured as
CFU/mL in all groups: 5.00 £ 0 in group II, 1.90 +
1.70 in group III, 3.33 £ 0.48 in group IV, and 1.70
* 1.08 in group V. In the sternum, bacterial growth
was measured as the number of microorganisms per
gram of tissue, and was found to be 7.36 £ 0.23 in
group II, 6.01 £ 0.33 in group III, 5.81 £ 0.81 in
group IV, and 3.99 £ 2.47 in group V.

The quantities of growing microorganisms in the
sternum and mediastinum were significantly smaller
in all 3 treatment groups than in the control group (7
<0.05). In group V, the quantity of growing microor-
ganisms in the sternum was significantly less than in

group III (P=0.026). The quantity of growing micro-

*P=0.026

*P=0.02
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Fig. 1 The average logarithmic growth of microorganisms in
the mediastinum (log,, CFU/mL) and in the sternum (log,,
CFU/g).

CFU = colony-forming units
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organisms in the mediastinum was also less in group
V than in group IV (P=0.02). There was no statistical-
ly significant difference between group III and group
IV (P >0.05).

Discussion

Although DSWT is uncommon during the postopera-
tive period, it is associated with high morbidity, pro-
longed hospitalization, increased cost, and increased
mortality after open-heart surgery. When cardiac sur-
gery patients are treated prophylactically with systemic
antibiotics, DSW1I is observed in 0.3% to 5% of cases.>*
Risk factors for DSWI are obesity, diabetes mellitus,
chronic obstructive pulmonary diseases, suboptimal clo-
sure of the sternum, blood loss during operation, and
prolonged surgery, mechanical ventilation, or hospital-
ization.*” The usual cause of DSWT after periopera-
tive contamination of the mediastinal space is S. aureus.
Gram-negative rods have also caused DSWI during
the postoperative period.” The causal factors of DSWI
and effective techniques for prevention, early diag-
nosis, and treatment are still debated. Glycopeptide
antibiotics such as vancomycin and teicoplanin are
currently being used in the treatment of MRSA."

According to the U.S. Centers for Disease Control
and Prevention definitions of surgical-site infection, a
final diagnosis of DSWTI involves positive bacterial
cultures from the surgical site and obvious clinical
signs of infection, such as abscess-like symptoms and
drainage with pus.” Minor criteria are high-grade fever
(>38 °C), leukocytosis, rising C-reactive protein level,
sternal dehiscence, and localized chest pain. After
open-heart surgery, the development of DSWT takes
approximately 7 days." In our study, the intensity of
infection was evaluated by the major infection criteria
listed above. After 7 days, the mediastina of the rats in
the control group were full of pus, but there was no
pus in the mediastina of the rats in the treatment
groups. In the sternal tissues of the topical vancomycin-
treated group, the higher quantity of microorganisms
can be attributed to low penetration of topical vanco-
mycin into bone tissue.

There have been few studies of the pharmacokinet-
ics of topical vancomycin. Desmond and coworkers"
found, after coronary artery bypass surgery on 14 pa-
tients, that significant systemic levels of vancomycin
were detected 6 hours after application of topical van-
comycin. Vancomycin was detected in the urine sam-
ples of the patients for 5 days. Desmond’s aim was to
decrease the high dose of systemic vancomycin by
using topical vancomycin, thereby avoiding the side
effects of high systemic doses: nephrotoxicity, ototox-
icity, reversible neutropenia, and the development of
vancomycin-resistant bacteria. Vander Salm and co-
authors® reported that the incidence of postoperative
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sternal infection was reduced from 3.6% to 0.5%
when vancomycin was applied topically to the sternal
edges. In our study, the combined treatment group
received a decreased systemic dose of vancomycin
from 40 mg/kg/day to 30 mg/kg/day and an added
10 mg/kg/day of topical vancomycin. Ikeda and asso-
ciates® reported better therapeutic success with 2.5%
vancomycin ointment than with systemic vancomy-
cin, in treating cranioplasty sites in MRSA patients.
Moreover, topical vancomycin in various doses has
successfully treated conjunctivitis (31 mg/mL, oph-
thalmic solution), chronic suppurative otitis media
(25 mg/mL solution), and osteomyelitis (40 mg/kg/
day, intravenous) caused by MRSA."* These studies
inspired us to conduct this research on topical vanco-
mycin for the treatment of mediastinitis.

Shumacker and Mandelbaum'” introduced a wash-
ing system for patients with mediastinitis. Through a
previously inserted tube, they irrigated the medias-
tinum with a solution of 0.1% vancomycin and 5%
povidone—iodine, at the rate of 100 mL/h. The mor-
tality rate of irrigated patients, compared with a group
treated with systemic vancomycin, decreased from
31% to 1.6%. Merrill and colleagues™ studied 40 pa-
tients with mediastinitis and conducted mediastinal
irrigation for 7 days with vancomycin, cephalospor-
ins, and selective systemic antibiotics. Their study
showed decreased recurrence of mediastinitis, fewer
instances of prolonged hospital stay, and decreased
surgical cost.

Recently, the use of omental, pectoral, or rectus ab-
dominis muscle flaps has become a preferred surgical
treatment for DSWI, with a high success rate.*” How-
ever, omental transpositions have potential sequelae,
such as abdominal wall herniation, hematoma, sero-
ma, and ileus.® There are also risks of pectoral muscle
flaps that prove insufficient to close the sternotomy,
hernia in the rectus abdominis flap, bleeding under-
neath the flap, and dehiscence in the sutures of the
sternotomy.”

The therapeutic dose of vancomycin is 30 to 40 mg/
kg/day in patients with normal renal function." How-
ever, in an experimental model of rabbits with menin-
gitis, a high dose of vancomycin (80 mg/day) was
administered.” Similarly, in an experimental model of
S. aureus endocarditis, Entenza and coworkers® used a
dose of 23.2 mg/12 h vancomycin. It is believed that
resistance developed by S. aureus is caused by the accu-
mulation of vancomycin in components of the cellular
wall, which routes vancomycin intravenously from its
target to alternative pathways.” Therefore, vancomy-
cin resistance is a risk associated with prophylactic use
in cardiac surgery.”’ The reported minimum effective
serum concentration of the standard systemic vanco-
mycin dose (500 mg every 6 h) is 5 to 10 mg/L, and
the peak serum concentration ranges from 20 to 40
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mg/L.">* When Desmond’s group™ used 1 g topical
vancomycin powder for sternotomy, the blood level of
vancomycin 3 to 4 hours later was found to be 4.4
mg/L—which is lower than the therapeutic range and
could contribute to vancomycin resistance. Our results
suggest that combined systemic and topical use of the
drug can overcome vancomycin resistance.

Measurement of blood levels of vancomycin would
have buttressed our study, but our university’s labora-
tory does not have the technical support to make such
determinations.

Conclusion

Although there was no statistically significant differ-
ence between the effectiveness of topical and systemic
vancomycin, we suggest that systemic plus topical
vancomycin will be more effective in treating patients
with deep sternal wound infections caused by methi-
cillin-resistant S. aureus. Clinical trials are necessary to
clarify this topic. While we recommend combined
vancomycin for DSWI, we suggest avoiding the use
of topical vancomycin alone, due to the possibility of
the patient’s developing vancomycin resistance.
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