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Objective: Methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-resistant coagulase negative staphylococci (MRCNS) are major causes of neurosurgical infection. Nasal colonization of MRSA is the most important risk factor and MRSA screening can be a screening method to identify MRSA and MRCNS colonization. We retrospectively
evaluated prophylactic effect of vancomycin on MRSA or MRCNS surgical site infection (SSI) after cranioplasty following decompressive craniectomy (DC) after traumatic brain injury (TBI) in MRSA carriers.
Methods: The study included 21 patients who were positive in MRSA screening before cranioplasty. These patients underwent DC after TBI and subsequent cranioplasty with autologous bone. The patients were separated into SSI group and
no SSI group according to the development of SSI due to MRSA or MRCNS after cranioplasty. Mean follow-up period after cranioplasty was 23.5±22.8 months (range, 3 to 73 months). The rate of MRSA or MRCNS SSI and factors including
the prophylactic preoperative antibiotics were compared between groups.
Results: The rate of MRSA or MRCNS SSI was 23.8% (5/21 patients). Mean time from cranioplasty to confirm the SSI
was 19.6±10.9 days (6 to 63 days). The rate of MRSA or MRCNS SSI was significantly different from the use of preoperative prophylactic antibiotics (p=0.047). MRSA or MRCNS SSI developed in 1 of 13 patients (7.6%) who received vancomycin and in 4 of 8 patients (50%) who received 3rd generation cephalosporin.
Conclusion: Preoperative MRSA screening and administration of vancomycin as a preoperative prophylactic antibiotic
should be considered in MRSA carriers who are scheduled to cranioplasty to reduce MRSA or MRCNS SSI.
(Korean J Neurotrauma 2015;11(2):81-86)
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Introduction
Decompressive craniectomy (DC) can be a life-saving
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neurosurgical treatment and is performed in patients with
raised intracranial pressure resulting from traumatic brain
injury (TBI) and various cerebral lesions.18) After DC, cranioplasty to replace the bone defect is generally performed
for cosmesis, mechanical protection, and potential improvement in intracranial hemodynamics and cerebrospinal fluid
dynamics.15,25) Surgical site infection (SSI) is one of the complications associated with cranioplasty and the incidence of
SSI after cranioplasty is higher compared with other neurosurgical procedures.15,18,19,25) In addition, it can be a significant cause of morbidity and lead to the long-term use of antibiotics or removal of the graft material and repeated
cranioplasty at a later time.15,24) A systematic review of craCopyright © 2015 Korean Neurotraumatology Society
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nioplasty cited a rate of SSI ranging from 0 to 21.4% with
an average of 7.9%.24)
Recently, methicillin-resistant Staphylococcus aureus
(MRSA) and methicillin-resistant coagulase-negative staphylococci (MRCNS) are wide spread and continue to increase in prevalence particularly in health care setting including intensive care unit (ICU) care and surgery.8) MRSA
and MRCNS are major causes of neurosurgical infection,
including SSI after cranioplasty.3,15,18,19) In one study, MRSA
was identified in 9 of 11 patients with infection after cranioplasty.19) In another study, predominant pathogens of
infection in patients undergoing cranioplasty was MRSA
(42.9%) followed by MRCNS (21.4%).15) MRSA
������������������
is often carried asymptomatically in moist skin regions including the
anterior nares, perineum, axillae, pharynx, umbilicus, and
rectum.3) MRSA colonization increases the risk of MRSA
infection and particularly, nasal colonization is the most important independent risk factor for the development of a
SSI.3,10) Although controversy remains, some authors have
recommended universal screening of patients for MRSA on
admission to the hospital or ICU or have suggested preoperative MRSA screening and MRSA-specific prophylactic antibiotics before orthopaedic and cardiac surgery.4,10,16,23) In
terms of molecular biology, methicillin resistance of staphylococci is created when staphylococci acquires mecA gene
which encodes the protein penicillin binding protein 2A
(PBP2A). PBP2A has a low affinity for beta-lactam antibiotics and it allows a bacterium to be resistant to methicillin.8)
MRSA screening can also identify mecA gene of MRCNS
which has structural homology of MRSA. Therefore, MRSA
screening can be a screening method to identify MRCNS,
although specificity and sensitivity are low compared with
MRSA.8) In neurosurgery, literatures regarding the value of
preoperative MRSA screening and MRSA-specific preoperative prophylactic antibiotics are rare.3,11) ���������������������
Particularly, literatures on these issues focused on the cranioplasty are extremely rare.
We evaluated the prophylactic effect of vancomycin on
SSI due to MRSA or MRCNS after cranioplasty following
DC in MRSA carriers with TBI and discussed the value of
preoperative MRSA screening and the choice of preoperative prophylactic antibiotics in MRSA carriers.

Materials and Methods
Patients
The study included patients who underwent DC for
acute brain swelling due to TBI and subsequent cranioplasty with autologous bone between June 2008 and De-
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cember 2014 at our institution. Of them, 21 patients were
positive in MRSA screening before cranioplasty. MRSA
screening by the culture of nasal swab specimen was performed 3 or 4 days before cranioplasty. Those in whom cranioplasty was performed with prosthetic material were excluded.
Cranioplasty
During the study period, there was no specific protocol
for the timing of the cranioplasty and choice of preoperative
prophylactic antibiotics. All cranioplasty procedures were
performed in patients who were neurologically stable, whose
brain swelling or intracranial hypertension had resolved,
who had no local or systemic infection, and who had no coagulopathy. Preoperative prophylactic antibiotics were used
in all cases. The choice of preoperative prophylactic antibiotics was determined by the surgeon’s preference. Preoperative prophylactic antibiotics were given intravenously 1 hour
before the skin incision when using cephalosporin. When
using vancomycin as a preoperative prophylactic antibiotic,
it was given 2 hours before the skin incision. The bone flap,
which was preserved in a deep freezer at a temperature of
-71°C in the hospital bone bank, was retrieved from the
freezer, was moved to the operating room, was immersed in
povidone-iodine solution for 30 minutes, and then was
placed in sterile saline before replacement. The bone flap
was fixed to the craniectomy edge using mini-plates. Subgaleal drains were routinely placed. The temporal muscle, galea, and subcutaneous tissues were closed using vicryl in a
layer by layer fashion. The scalp was closed with staples.
Postoperative care and SSI
Antibiotics were given at least for 24 hour postoperatively
and the duration of postoperative antibiotics was determined
by the surgeon’s preference. Subgaleal drainage was placed
for 2 to 3 days postoperatively. SSI was defined as infection
confirmed with culture study resulting in surgical removal
of the implanted bone or antibiotics were administered longer than 2 weeks after cranioplasty.15,21)
Analysis of risk factors of SSI and prophylactic
effect of antibiotics on SSI
The following data were obtained retrospectively from the
patients’ electronic medical records: age, gender, previous
medical history, duration of admission to the hospital or
ICU, in-hospital infection before cranioplasty, number of
previous operation, ventriculoperitoneal shunt, interval from
DC to cranioplasty, operation time for cranioplasty, duration
of postoperative drainage, postoperative hemorrhage, use

(2명 경우 Sun-Ah Choi and Hae Ja Kim) Sun-Ah Choi?, et al.

Jin Hyuk Bang, et al.

and duration of preoperative prophylactic antibiotics. The
rate of total SSI and SSI due to MRSA or MRCNS and factors including the preoperative prophylactic antibiotics were
compared between patients with MRSA or MRCNS SSI after cranioplasty and without MRSA or MRCNS SSI after
cranioplasty.
Statistical analysis
To compare categorical variables, Fisher exact test was
used and Student’s t-test was used for continuous variables.
SPSS Statistics (version 20; IBM Corporation, Armonk,
NY, USA) was used for statistical analysis and p-value of
0.05 or less was considered statistically significant.

Results
During the study period, 21 MRSA-positive patients
(MRSA carrier) who were scheduled to cranioplasty after
DC due to TBI were identified. The characteristics of the
patients are summarized in Table 1. The patients were separated into SSI group and no SSI group according to the development of SSI due to MRSA or MRCNS after cranioplasty. Mean follow-up period after cranioplasty was 23.5±
22.8 months (range, 3 to 73). Immediate postoperative complications after cranioplasty were epidural hematoma in 3
patients, and surgery for hematoma evacuation was done.
The rate of SSI due to MRSA or MRCNS in MRSA carri-

TABLE 1. Characteristics of MRSA carriers
MRSA or MRCNS SSI (n=5)

No MRSA or MRCNS SSI (n=16)

p-value

53.8±20.3 (22-69)

57.8±17.3 (21-86)

0.66

Male:female

3:2

11:5

1.00

Hypertension

1

2

1.00

Diabetes

2

3

0.55

Smoking

3

5

0.32

7.8±5.2 (4-14)

6.8±3.7 (3-15)

0.66

129.2±90.3 (46-276)

134.6±90.0 (30-342)

0.92

23.4±3.9 (20-29)

28.6±16.4 (5-57)

0.25

2

7

1.00

Age (year)

GCS
Duration of hospital admission (day)
Duration of ICU admission (day)
Infection before cranioplasty
Numbers of operation before cranioplasty

3.4±1.9 (1-6)

VPS

0.39

0

2

1.00

43.6±27.8 (23-60)

45.0±19.6 (14-85)

0.89

149.6±57.7 (81-212)

178.4±88.7 (80-350)

0.50

Interval from DC to cranioplasty (day)
Operation time (min)

2.6±1.6 (1-6)

Duration of postoperative drainage (day)

1.8±0.4 (1-2)

Postoperative hematoma

2.3±1.2 (1-5)

1

2

1

12

1

4.0±3.0 (1-7)

4

4

0.38
0.50

Preoperative antibiotics

0.047*

Vancomycin
Duration (day)
3rd generation cephalosporin
Duration (day)

2.7±2.0 (1-5)

Follow-up (month)

0.32

5.0±0 (5)

28.4±34.2 (3-73)

0.11

22.0±19.3 (3-60)

0.71

*significantly lower rate of MRSA or MRCNS SSI was found in patients who received vancomycin compared to the patients
who received 3rd generation cephalosporin. MRSA: methicillin-resistant Staphylococcus aureus, MRCNS: methicillin-resistant
coagulase negative staphylococci, SSI: surgical site infection, GCS: Glasgow Coma Scale, ICU: intensive care unit, VPS: ventriculoperitoneal shunt, DC: decompressive craniectomy

TABLE 2. Surgical site infection after cranioplasty in MRSA carriers
Microorganism

Prophylactic antibiotics
Antibiotic

Duration (day)

Time to infection from
cranioplasty (day)

MRSA

Vancomycin

1

63

MRSA

3rd cephalosporin

4

14

MRSA

3rd cephalosporin

1

8

MRCNS

3rd cephalosporin

5

6

MRCNS

3rd cephalosporin

1

7

MRSA: methicillin-resistant Staphylococcus aureus, MRCNS: methicillin-resistant coagulase negative staphylococci, 3rd cephalosporin: third generation cephalosporin
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ers was 23.8% (5 of 21 patients). The pathogen was MRSA
in 3 patients and MRCNS in 2 patients (Table 2). No SSI due
to other pathogen except MRSA and MRCNS was found.
Mean time from cranioplasty to confirm the SSI was 19.6±
10.9 days (range, 6 to 63). Bone flap was removed in all patients. No statistically significant difference was found in
demographic and clinical parameters between two groups
except the selected prophylactic antibiotics (Table 1). MRSA
or MRCNS SSI developed in 1 of 13 patients (7.6%) who received vancomycin as a preoperative prophylactic antibiotic
and in 4 of 8 patients (50%) who received 3rd generation
cephalosporin. Significantly lower rate of MRSA or MRCNS
SSI was found in patients who received vancomycin compared to the patients who received 3rd generation cephalosporin (p=0.047).

Discussion
In the present retrospective analysis, vancomycin is effective in reducing the rate of SSI due to MRSA or MRCNS
after cranioplasty following DC after TBI in MRSA carrier. However, issues on the value of routine preoperative
MRSA screening, use of preoperative prophylactic antibiotics active against MRSA in MRSA carriers, and preoperative prophylactic antibiotics of choice for MRSA remain
controversial.
Controversy remains over the effect of vancomycin on
the reduction of the rate of SSI. In the neurosurgical fields,
Blomstedt and Kyttä5) reported bone flap infections after
craniotomy was significantly lower in patients with a single prophylactic dose of vancomycin compared to patients
to whom no antimicrobial agents were given in a randomized trial. Tacconelli et al.22) ����������������������������
suggested that use of vancomycin as preoperative prophylactic agent for cerebrospinal
shunt placement reduces the rate of shunt infections compared to cefazolin in a randomized prospective clinical trial. However, preoperative MRSA screening was not performed in these studies. Le et al.18) reported that perioperative
use of vancomycin reduced MRSA SSI after cranioplasty
compared the use of cefazolin. However, the choice of preoperative antibiotics was not performed based on MRSA
colonization status. Routine use of vancomycin as a preoperative prophylactic antibiotic regardless of MRSA colonization status of patients can cause another controversy,
considering the toxicity of vancomycin such as hypotension and so-called “red person syndrome” particularly during the initial infusion and the possibility of postoperative
conversion to MRSA carrier in initially MRSA-negative patients.2,3,11)
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In one review, the rate of MRSA positive in patients who
admitted to the hospital was from 1.4 to 16.1%.9) However,
Abad et al.1) noted that approximately 20% of the general
population is persistently colonized and about 30% is intermittently colonized. This means about 50% of general population can be positive in MRSA screening at a certain time
point. In addition, Honda et al.14) �������������������������
reported 47% of 5,161 patients were positive when MRSA screening was performed
in patients who admitted to ICU. And about 2% of patients
could be conversed from MRSA-negative preoperatively to
MRSA-positive postoperatively.2) In the present study,
MRSA or MRCNS SSI after cranioplasty occurred in approximately a quarter of MRSA carrier. We could not know
the exact cause of this relatively high rate of MRSA or
MRCNS SSI after cranioplasty. This might come from the
high rate of MRSA carrier on admission or from post-DC
conversion to MRSA carrier and resultant MRSA or MRSA
SSI. In the present study, we included only MRSA carrier
before cranioplasty. Therefore, we did not know the exact incidence of MRSA carrier who admitted to our hospital. It is
known that the possibility of MRSA positive on admission in
patients with previously unknown carriage of MRSA is high
in patients who have any of following risk factors: age >80
years, previous hospitalization within past 12 months, previous antibiotic use within past 6 months, and urinary catheter
present on admission.13) The patients included in the study
had at least 2 or 3 of 4 above mentioned risk factors for the
possibility of MRSA positive in patients with previously unknown carriage of MRSA.13) �������������������������������
The patients had history of recent admission to the ICU before cranioplasty, already used
antibiotics in the perioperative period of DC, and most patients had indwelling urinary catheters.13) To find the exact
cause of the high rate of MRSA or MRCNS SSI after cranioplasty in MRSA carrier in the present study, further
study is necessary to elucidate whether this came from high
rate on admission or from post-DC conversion to MRSA
carrier in preoperative MRSA-negative patients in the future.
There are also conflicting views over the value of preoperative MRSA screening. In a prospective, interventional
cohort study in patient who admitted to 8 different surgical
specialties including neurosurgery, Harbarth et al.12) reported
515 (5.1%) of 10,193 patients screened on admission were
MRSA-positive and the rate of MRSA SSI did not change
significantly after the period of starting MRSA screening on
admission. In their study, only 34% of patients with MRSA
SSI who could have benefited from antibiotic prophylaxis
and 59% had no evidence of MRSA prior to surgery.12) They
suggested postoperative transmission may play an important
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role in occurrence of MRSA SSI as well as preoperative carriage of MRSA.12) They concluded MRSA screening could
be targeted to surgical patients who undergo elective procedures with a high risk of MRSA infection to increase effectiveness.12) However, type of the surgery and rate of SSI in
an individual surgical department were not described. On
the contrary, given the possible consequences associated
with MRSA SSIs, many authors recommended MRSA
screening and eradication of MRSA carrier status in patients
undergoing elective orthopaedic, cardiac, vascular, colorectal, gynecologic, and neurosurgery.3,4,6,7,10,11,16,17,20,23) Tom et
al.23) noted
�������������������������������������������������������
active surveillance can be cost-effective by preventing at least two SSIs per year in cardiac surgery. Chen et
al.7) concluded preoperative screening and decolonization of
MRSA in orthopaedic patients is a cost-effective means to
reduce SSIs in the literature review.
The use of preoperative prophylactic antibiotics active
against MRSA and antibiotics of choice in MRSA carrier
are also debatable. Most authors recommended vancomycin
as preoperative prophylactic antibiotics in all MRSA carrier.3,4,6,17,23) Others recommended vancomycin as preoperative
prophylactic antibiotics if a previous history of MRSA infection is documented or if placement of artificial prosthesis
is scheduled rather than routine use in all MRSA carrier.10,20)
In the neurosurgical patients, these issues are also debatable.
In a retrospective analysis, Hammond et al.11) reported 15%
of the screened who were admitted as transfers from another
hospital were MRSA-positive on admission, and concluded
cefuroxime plus gentamicin can be used as antibiotic prophylaxis to prevent MRSA wound infection. They recommended vancomycin can be used as preoperative prophylactic antibiotics in case of colonization or infection detected
more than 48 hours after admission.11) Akins et al.3) found
that MRSA carriers were at a high risk for postoperative
neurosurgical wound infections, primarily from gram-positive organisms, and particularly from MRSA itself. This
high SSI rate in MRSA carrier can be significantly reduced
by the use of MRSA-specific preoperative prophylactic antibiotics such as vancomycin, compared with routinely used
preoperative prophylactic antibiotics such as cefazolin, from
32.1 to 7.4%.3) They
���������������������������������������������
suggested it is beneficial to ����������
sc��������
reen patients who are scheduled for neurosurgical and spinal procedures for MRSA colonization based on medical history and
also direct culture (nasal swab, for example) and advocated
that patients with MRSA-positive should receive vancomycin as the preoperative prophylactic antibiotic of choice
unless there are clinical contraindications.3) However, in
their study, numbers of SSI was too small for a meaningful
examination of variables such as procedure type. Of 27

postsurgical infections, only 3 cranioplasty cases were included.3) In the present study, significantly lower rate of SSI
due to MRSA or MRCNS was found in patients who received vancomycin as a prophylactic preoperative antibiotic
compared to the patients who received 3rd generation cephalosporin. Although, because 1st generation cephalosporin
was not used as a preoperative prophylactic antibiotic in
MRSA carrier, the comparison of prophylactic effect was
impossible between vancomycin and 1st generation cephalosporin or between 1st- and 3rd-generation cephalosporin.
However, as previously mentioned, it has been reported that
vancomycin is superior to 1st generation cephalosporin in
reducing MRSA infection in ventriculoperitoneal shunt and
cranioplasty regardless of MRSA colonization status.18,22)
The use of vancomycin as a preoperative prophylactic antibiotic did not increase the rate of SSI due to other microorganisms than MRSA and MRCNS in the MRSA carrier in
the present study. Therefore, we suggested vancomycin as a
preoperative prophylactic antibiotic before cranioplasty following DC after TBI in MRSA carriers.
This is a retrospective analysis. Accordingly, the study
has the anticipated deficiencies of a retrospective analysis
including loss of patient information. The unknown incidence of MRSA carrier on admission, small numbers of
MRSA or MRCNS SSI after cranioplasty, and excluding the
patients in whom MRSA colonization status was not identified made a statistically powerful examination of variables
such as difference in prophylactic effect of specific antibiotics on SSI impossible. However, in MRSA carriers, vancomycin was effective in reducing the rate of MRSA or
MRCNS SSI after cranioplasty following DC and this was
helpful in designing further studies to evaluate the value of
MRSA screening and the prophylactic effect of vancomycin
in MRSA carriers.

Conclusion
In the present study, significantly low rate of MRSA or
MRCNS SSI after cranioplasty following DC after TBI was
found in MRSA carriers who received vancomycin as a preoperative prophylactic antibiotic. Preoperative MRSA screening
and the administration of vancomycin should be considered
in MRSA carriers who are scheduled to cranioplasty after
DC due to TBI. Further study with large numbers of patients
is necessary to evaluate the value of preoperative MRSA
screening and the effect of MRSA-specific preoperative prophylactic antibiotics on MRSA or MRCNS SSI after neurosurgical procedures, including cranioplasty.

http://www.kjnt.org

85

??? 단축제목 보내주십시오 ???

Prophylactic Effect of Vancomycin in MRSA Carriers

■ The authors have no financial conflicts of interest.

REFERENCES
1)
2)

3)

4)
5)
6)
7)
8)

9)

10)
11)

12)

13)

86

Abad CL, Pulia MS, Safdar N. Does the nose know? An update on
MRSA decolonization strategies. Curr Infect Dis Rep 15:455-464,
2013
Abi-Haidar Y, Gupta K, Strymish J, Williams SA, Itani KM. Factors
associated with post-operative conversion to methicillin-resistant
Staphylococcus aureus positivity or infection in initially MRSAnegative patients. Surg Infect (Larchmt) 12:435-442, 2011
Akins PT, Belko J, Banerjee A, Guppy K, Herbert D, Slipchenko
T, et al. Perioperative management of neurosurgical patients with
methicillin-resistant Staphylococcus aureus. J Neurosurg 112:354361, 2010
American Academy of Orthopaedic Surgeons Patient Safety Committee, Evans RP. Surgical site infection prevention and control: an
emerging paradigm. J Bone Joint Surg Am 91 Suppl 6:2-9, 2009
Blomstedt GC, Kyttä J. Results of a randomized trial of vancomycin prophylaxis in craniotomy. J Neurosurg 69:216-220, 1988
Bratzler DW, Dellinger EP, Olsen KM, Perl TM, Auwaerter PG, Bolon MK, et al. Clinical practice guidelines for antimicrobial prophylaxis in surgery. Am J Health Syst Pharm 70:195-283, 2013
Chen AF, Wessel CB, Rao N. Staphylococcus aureus screening and
decolonization in orthopaedic surgery and reduction of surgical site
infections. Clin Orthop Relat Res 471:2383-2399, 2013
Ercis S, Sancak B, Hasçelik G. A comparison of PCR detection of
mecA with oxacillin disk susceptibility testing in different media
and sceptor automated system for both Staphylococcus aureus and
coagulase-negative staphylococci isolates. Indian J Med Microbiol 26:21-24, 2008
Forster AJ, Oake N, Roth V, Suh KN, Majewski J, Leeder C, et al.
Patient-level factors associated with methicillin-resistant Staphylococcus aureus carriage at hospital admission: a systematic review.
Am J Infect Control 41:214-220, 2013
Goyal N, Miller A, Tripathi M, Parvizi J. Methicillin-resistant
Staphylococcus aureus (MRSA): colonisation and pre-operative
screening. Bone Joint J 95-B:4-9, 2013
Hammond CJ, Gill J, Peto TE, Cadoux-Hudson TA, Bowler IC. Investigation of prevalence of MRSA in referrals to neurosurgery: implications for antibiotic prophylaxis. Br J Neurosurg 16:550-554,
2002
Harbarth S, Fankhauser C, Schrenzel J, Christenson J, Gervaz P,
Bandiera-Clerc C, et al. Universal screening for methicillin-resistant Staphylococcus aureus at hospital admission and nosocomial
infection in surgical patients. JAMA 299:1149-1157, 2008
Harbarth S, Sax H, Fankhauser-Rodriguez C, Schrenzel J, Agostinho A, Pittet D. Evaluating the probability of previously unknown
carriage of MRSA at hospital admission. Am J Med 119:275.e15275.e23, 2006

Korean J Neurotrauma 2015;11(2):81-86

14) Honda H, Krauss MJ, Coopersmith CM, Kollef MH, Richmond

AM, Fraser VJ, et al. Staphylococcus aureus nasal colonization and
subsequent infection in intensive care unit patients: does methicillin resistance matter? Infect Control Hosp Epidemiol 31:584-591,
2010
15) Im SH, Jang DK, Han YM, Kim JT, Chung DS, Park YS. Long-term
incidence and predicting factors of cranioplasty infection after decompressive craniectomy. J Korean Neurosurg Soc 52:396-403,
2012
16) Jog S, Cunningham R, Cooper S, Wallis M, Marchbank A, VascoKnight P, et al. Impact of preoperative screening for meticillin-resistant Staphylococcus aureus by real-time polymerase chain reaction
in patients undergoing cardiac surgery. J Hosp Infect 69:124-130,
2008
17) Kim DH, Spencer M, Davidson SM, Li L, Shaw JD, Gulczynski D,
et al. Institutional prescreening for detection and eradication of
methicillin-resistant Staphylococcus aureus in patients undergoing
elective orthopaedic surgery. J Bone Joint Surg Am 92:1820-1826,
2010
18) Le C, Guppy KH, Axelrod YV, Hawk MW, Silverthorn J, Inacio
MC, et al. Lower complication rates for cranioplasty with peri-operative bundle. Clin Neurol Neurosurg 120:41-44, 2014
19) Lee CH, Chung YS, Lee SH, Yang HJ, Son YJ. Analysis of the factors influencing bone graft infection after cranioplasty. J Trauma
Acute Care Surg 73:255-260, 2012
20) Pofahl WE, Ramsey KM, Nobles DL, Cochran MK, Goettler C. Importance of methicillin-resistant Staphylococcus aureus eradication
in carriers to prevent postoperative methicillin-resistant Staphylococcus aureus surgical site infection. Am Surg 77:27-31, 2011
21) Sundseth J, Sundseth A, Berg-Johnsen J, Sorteberg W, Lindegaard
KF. Cranioplasty with autologous cryopreserved bone after decompressive craniectomy: complications and risk factors for developing surgical site infection. Acta Neurochir (Wien) 156:805811; discussion 811, 2014
22) Tacconelli E, Cataldo MA, Albanese A, Tumbarello M, Arduini E,
Spanu T, et al. Vancomycin versus cefazolin prophylaxis for cerebrospinal shunt placement in a hospital with a high prevalence of
meticillin-resistant Staphylococcus aureus. J Hosp Infect 69:337344, 2008
23) Tom TS, Kruse MW, Reichman RT. Update: Methicillin-resistant
Staphylococcus aureus screening and decolonization in cardiac
surgery. Ann Thorac Surg 88:695-702, 2009
24) Yadla S, Campbell PG, Chitale R, Maltenfort MG, Jabbour P, Sharan
AD. Effect of early surgery, material, and method of flap preservation on cranioplasty infections: a systematic review. Neurosurgery
68:1124-1129; discussion 1130, 2011
25) Yang SM, Park HK, Cho SJ, Chang JC, Park SQ, Kim RS. The Current Analysis of the Risk Factors for Bone Graft Infection after
Cranioplasty. Korean J Neurotrauma 9:57-63, 2013

