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Abstract
Craniotomy surgical site infections are an inherent risk and dreaded complication for the elective brain tumor patient. Sequelae
can include delays in resumption in adjuvant treatments for multiple surgeries if staged cranioplasty is pursued. Here, the authors
review their experience in operative debridement of surgical site infections with single-stage reimplantation of the salvaged
craniotomy bone flap. A prospectively maintained database of a single surgeon’s neuro-oncology patients from 2009 to 2017
(JRF) was queried to identify 11 patients with surgical site infection after craniotomy for tumor resection. All patients underwent
a protocol of aggressive operative debridement including drilling the bone edges and intraoperative flap sterilization with single-
stage reimplantation, followed by tailored-antibiotic therapy. Ten of the 11 patients with frankly contaminated bone flaps from
surgical site infection were able to be salvaged in a single-stage procedure. Five of these patients underwent adjuvant chemo-
therapy and/or radiation without secondary complication. There was one treatment failure in a delayed fashion which required
additional surgery for craniectomy; however, this occurred after adjuvant treatment was administered. Surgical debridement and
bone flap salvage is safe and cost-effective in managing acute surgical site infections after craniotomy for tumors. Additionally,
this practice is likely beneficial in expediting the resumption of cancer therapy.
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Introduction

Craniotomy surgical site infections are an inherent risk and
dreaded complication for the neurosurgeon. Estimates of inci-
dence of infection in non-emergent craniotomies range from
2.4 to 8% [8, 16, 21]. Despite a significant decrease in surgical
site infections concurrent with surgical antibiotic prophylaxis,
there remain certain high-risk populations [16]. Risk factors
identified for craniotomy wound infection include radiation
therapy, re-operations, prolonged operative times, CSF leak,
and sinus contamination [8]. The neuro-oncological patient
usually satisfies one or more of these criteria.

In cases of post-craniotomy infection, the surgeon then must
decide what, if any, are options for salvage of the bone flap.
Historically, the standard of care for the post-craniotomy bone

flap infection was operative debridement and explantation of the
bone flap. Reasons for cranioplasty include protection against
trauma, restoration of appearance, and prevention of the syn-
drome of the trephined [2]. Options for cranioplasty include
reconstructions utilizing titanium mesh, polyetheetherketone
(PEEK), or complex autologous grafts [13, 17, 19].

Several authors have challenged this paradigm. Series have
demonstrated bone flap salvage with aggressive operative de-
bridement [4, 24]. Different iterations of irrigation systems
have shown adjuvant efficacy as well [1, 8, 11]. Published
salvage rates range from 40 to 100%, and if series from 1985
and earlier are excluded, preservation improves to 67–100%.

Here, the authors wish to share their procedure for decon-
tamination and single-stage reimplantation in high-risk pa-
tients, sometimes undergoing further oncological treatments.

Material and methods

Inclusion criteria

A single surgeon’s practice (JRF) was reviewed from
2009 to 2017. A practice database has been prospectively
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generated since 2009. This database is maintained in ac-
cordance with the ethical standards of our institution. The
database was queried for incision and drainage of post-
operative wound infection (CPT code 10180), debride-
ment (CPT codes 11043 and 11044), and exploratory cra-
niotomy (CPT codes 61304 and 61305). Forty-seven
unique patients were identified. Inclusion criteria into
the study included craniotomy for tumor excision and
acute bacterial infection. Eleven patients met the inclu-
sion criteria. Nine hundred sixty patients underwent cra-
niotomy for tumor excision during this time, generating
and having an infection rate of about 1.1%. Table 1 lists
the patients and demographics.

Bone flap sterilization protocol

Early operative intervention of cranial wound infection is crit-
ical with bone flap salvage procedures. At the first identifica-
tion of an erythematous or draining wound, the patient goes
for urgent surgical debridement (Fig. 1). Oral antibiotic trials
are avoided so as to prevent resistant species or sub-
therapeutic dosing. The wound is widely opened and aggres-
sively debrided of all necrotic and non-viable-appearing tissue
including superficial scalp, sub-dermal adipose tissue,
temporalis muscle, and early fibrinous scar tissue, which are
sent to microbiology for culture (Fig. 2). All foreign materials
such as synthetic dural grafts, cranial plates, and sealants are
removed and also sent to microbiology for culture. The bone
flap is removed and begins our sterilization protocol. During
this time, the wound is irrigated with at least 3 L of saline or
lactated ringers and soft tissue debridement continues. At this
point, empiric antibiotics are started.

Once the bone flap is removed, it is grossly debrided with
scrubbing and removal of fibrinous material. The cutting burr
is then used to drill out porous areas of bone circumferentially,
as well as on the superficial and deep side of the flap as this
can be a refuge for bacterial concealment (Fig. 3). The bone is

then soaked in peroxide followed by Betadine for 10 min each
and repeated for a total soak time of 40 min. During this time,
the native edges of the calvarial defect are carefully drilled
until healthy-appearing, bleeding cancellous bone is encoun-
tered. The bone flap is closely reapposed to the bleeding
calvarial edge with at least 25% of the flap in direct contact
with the healthy skull (Fig. 4). Titanium plates and mini
screws are used to secure the flap, attempting to minimize
the amount of hardware used. A single 10-F subgaleal drain
is left in the subgaleal space to prevent seroma, and typically
removed the morning after surgery. The patient is changed
from empiric antibiotics to culture-directed therapy as micro-
biological results return.

Antibiotic treatment

Empiric therapy begins after cultures are obtained intra-
operatively. In general, the regimen has included vanco-
mycin, cefepime, and metronidazole at meningitis-
treatment doses. Bacterial sensitivities are typically final-
ized by the third day after cultures are obtained, though
methicillin-resistant Staphylococcus aureus is detected
within 24 h based on PCR testing for all gram-positive
cocci at our institution. At this point, the inpatient infec-
tious disease service is consulted to establish culture-
directed therapy and duration. Patients also typically have
short-interval follow-up in infectious disease clinic to de-
termine if an oral suppressive regimen is indicated.

Results

All 11 patients had culture-positive acute bacterial infection
with at most two species susceptible to antibiotic therapy.
Notable risk factors for infection in this group included diabe-
tes in two patients, prior craniotomy, prior whole brain radia-
tion, obesity, and chronic steroid use related to rheumatoid

Table 1 Patient and demographic information for the ten cases reviewed in this series

N Age Gender Location Side Diagnosis Resection

1 57 M Frontal R WHO III anaplastic oligodendroglioma GTR

2 37 M Frontal R WHO II oligodendroglioma GTR

3 60 M Temporal L WHO IV glioblastoma STR

4 31 M Occipital L Non-seminomatous testicular cancer metastasis GTR

5 46 F Petrous R WHO I meningioma GTR

6 74 M Orbital L WHO I meningioma GTR

7 50 F Sphenoid L WHO I meningioma GTR

8 45 F Temporal L Endocervical adenocarcinoma metastasis GTR

9 61 M Anterior skull base R WHO I meningioma GTR

10 28 M Frontal L WHO II ependymoma GTR

11 39 F Parietal R WHO IV glioblastoma GTR
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arthritis. Six patients grew gram-positive bacterial species
consisting of Staphylococcus species in four cases and
Propionibacterium in three. The other four grew gram-
negative rods consisting of Enterobacter species in two cases,
Serratia marcescens, and Pseudomonas (see Table 2 for
culture and antibiotic therapy details). Antibiotics were tai-
lored once susceptibilities were established under the guid-
ance of infectious disease consultation. All 11 patients initially
received intravenous antibiotics (range 2–6 weeks). Five pa-
tients received an additional oral regimen after the completion
of intravenous therapy, dependent on the species and sensitiv-
ities of the infection.

Ten patients appropriately cleared their infection after com-
pletion of antibiotics. One patient suffered from acute colitis
fromClostridium difficile, attributed to the antibiotic use. This
patient required change of antibiotics as well as oral metroni-
dazole and vancomycin.

There was one treatment failure. This patient was a poorly
controlled diabetic who underwent washout and attempted
bone flap salvage 12 days after her initial surgery for glioblas-
toma multiforme. Because she had to obtain emergency insur-
ance coverage, her adjuvant therapy started nearly 4 months
after her washout. Rapid recurrence of the tumor was noted on
imaging. On planned re-resection 2 months after completing
adjuvant therapy, indolent infection of the incision and bone
flap was noted. The patient underwent craniectomy, and
restarted antibiotic therapy.

Mean follow-up in the series is 1126 days (range 87–
2928). Five patients required adjuvant oncologic therapies
and were able to receive such treatment. Upon disease
progression, three patients underwent subsequent

Fig. 2 A grossly contaminated bone flap, with purulence extending into
the epidural space

Fig. 1 Acute craniotomy site infection demonstrating purulent drainage

Fig. 4 The decontaminated bone flap is closely reapposed to the freshly
drilled native bone. Attention is paid tomaximizing apposition of the flap,
and minimizing the amount of hardware used

Fig. 3 A cutting burr is used to further debride the inner table of the bone,
eliminating potential sites for bacterial refuge
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craniotomies and two had additional chemotherapy (see
Table 3 for details of adjuvant therapy). One patient underwent
treatment for disease progression nearly 18 months later.

Discussion

Utility of single-stage reimplantation
in the neuro-oncological patient

Single-stage bone flap salvage is especially important to the
neuro-oncological patient for several reasons. By avoiding a
second operation, patients may proceed to planned adjuvant
and complimentary therapies more quickly, avoiding delays in
cancer treatment. Conversely, most oncological treatments are
significantly caustic to the healing wound. Radiation therapy
affects angiogenesis, fibroblast function, and other growth fac-
tors which can synergistically inhibit wound healing [9, 10, 23].

Newer chemotherapeutic agents have shown increased
efficacy in treating high-grade gliomas, but also have a
higher rate of wound-healing complications. Safety data
from 900 patients treated with temozolomide and radio-
therapy compared to that with bevacizumab, temozolo-
mide, and radiotherapy showed wound-healing complica-
tions in 4.7 and 6.9% of patients respectively [22]. These
risks were found to be even greater in one retrospective
review on repeat craniotomies, with patients who received
preoperative bevacizumab showing wound-healing com-
plication rates increasing to 35% after second craniotomy
and 33% after third [7]. This leads to the authors’ recom-
mendation of delaying repeat craniotomies for recurrent
glioblastoma to 28 days after the last administered dose
of bevacizumab whenever possible. These studies support
our hypothesis that avoiding a second cranioplasty opera-
tion after infection lowers the risk of further wound-
healing complications. In this series, six patients
underwent further treatment including radiation, temozo-
lomide, and bevacizumab with one wound complication.

Decontamination methods

Data to support reimplantation of contaminated autologous
bone flaps is accumulating. Bone flap decontamination tech-
niques described in the case of dropped bone flaps have in-
cluded soaking in Betadine and/or antibiotic solution, and
autoclaving [14]. One center in Japan routinely employed
bone flap autoclaving for autologous cranioplasty after deep-
freezing without culture data. This practice was utilized sim-
ilarly in a pediatric population with autoclaving before storage
[15]. The adult population reported a 1 in 27 infection rate,
while the pediatric population was of 3 in 14. This method has
waned in popularity because of undesirable bone reabsorption
in the process, and arguably low control rates.Ta
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The largest case series have been generated from autolo-
gous cranioplasty cases of positive intraoperative bone flap
cultures without evidence of infection [5, 20].With immediate
culture of explanted bone flaps, the University of Washington
and the University of Iowa groups found positive bacterial
culture of bone flaps in 20 to 50% of cases. Historically
discarded, both groups adopted a policy of reimplanting
culture-positive autologous bone flaps over their observed
time periods. Sterilization protocols included bacitracin
soaking upon explantation and/or bacitracin and Betadine
soaking of freezer-banked bone flaps before reimplantation.
The University of Iowa group observed similar infection rates
in culture-positive and culture-negative bone flaps—4.9 and
5.4% respectively. The University of Washington group ob-
served an infection rate of culture-positive bone flaps statisti-
cally similar to culture-negative and synthetic cranioplasties—
8, 7, and 5% respectively. While having invaluable contribu-
tions to their areas, the external validity to the frankly contam-
inated post-surgical bone flap is limited.

Bruce and Bruce published their series of 13 post-
craniotomy wound infections [4]. Relying on aggressive
debridement, removal of foreign material, and soaking of
the bone flap in Betadine solution, they were able to dem-
onstrate good results. Bone flaps were preserved in 11 of
13 patients (85%). Four patients required additional de-
bridement (31%). Both patients requiring bone flap re-
moval were anterior skull base cases with communication
to the nasal sinuses. Their method does not include bone
flap drilling, nor the use of drains.

A pediatric group in Denver published their experience of
pus and free bone flaps in 14 patients in 2009 [24]. With
aggressive debridement, they were able to preserve all bone
flaps. However, only 2 of their 14 cases were tumor patients,
and only 5 were postoperative infections. Half were related to
primary bacterial infections (empyema and abscess).
Additionally, three patients required additional minor proce-
dures for wound debridement.

Irrigation systems have been employed in a variety of
methods [1, 6, 8, 11]. Chou and colleagues demonstrated a
60% salvage rate in their series of 25 patients. The technique
required 5 days of daily antibiotic suction-irrigation through
subgaleal drains. Their case failures may have been due to
lack of elevation nor debridement of the bone flaps. Auguste
refined the method with operative debridement followed by a
wash-in, wash-out antibiotic irrigation system. The clever sys-
tem utilizes a total of four drains above and below the bone
flap, and continually instills vancomycin solution typically for
5 days. Their method describes nursing evaluations every 2 h.
Salvage was achieved in 11 of 12 patients, with the one failure
being a patient undergoing adjuvant radiation. Delgado-Lopez
and authors similarly reviewed a modest series of five patients
with postoperative infections in a mixed population. Utilizing
debridement, bone flap sterilization, and non-continuousTa
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wash-in, wash-out antibiotic irrigation, they were able to sal-
vage all bone flaps. Their non-continuous irrigation system
instilled smaller amounts of antibiotic solution and avoided
the necessity of ICU observation for continuous irrigation.

Hyperbaric treatment has also shown promise treatment of
cranial wounds [18]. Even in complicated neuro-oncologic
patients, three of four bone flaps were able to be salvaged as
opposed to three of six acrylic cranioplasties.

Our results combined with other recent, modern case series
demonstrate that similar debridement methods without the
utilization of the drainage system can show salvage rates that
are non-inferior, without the associated costs of a prolonged
ICU course as mentioned in the two studies conducted in the
USA. It would be of interest to compare length of hospitali-
zation in future investigations.

Causative organisms

Early recognition of surgical site infection with early debride-
ment is most likely to yield culture data. Additionally, by
minimizing the duration of empiric antibiotic therapy, the like-
lihood of antibiotic-resistant organisms should decrease [12].
Seven of our 11 patients had infections with typical skin flora,
and none of the patients were infected with bacteria which
demonstrated antibiotic resistance necessitating change to
second-line or alternate antibiotic course.

Organisms found in culture vary by population. Bruce
found Staphylococcus species in 5 of 13, and P. acnes in 4
of 13. Staphylococcus was isolated in all patients in Brazil.
Common causative organisms in the Denver group were
methicillin-sensitive S. aureus in 36% (including both tu-
mor patients), and Streptococcus species in 29%. In series
with duration-to-revision data, P. acnes was the most indo-
lent infection: Bruce ranging 33–102 days and Auguste
ranging 14–98 days. In a review of cranioplasty infections
in a trauma population in Australia, they noted their de-
layed infections occurred with P. acnes—an average of
308 days to diagnosis in their three cases [3]. Similarly,
the three P. acnes infections in this series had the three
longest durations to presentation of average of 47 days.

Antibiotic therapy

Antibiotic treatment also lacks standardization in the lit-
erature. Auguste and McDermott instilled vancomycin so-
lution via their drainage system concomitant with inpa-
tient IV antibiotic treatment for 1 week, followed by
2 weeks of outpatient culture-directed IV antibiotic treat-
ment, then 3 months of oral suppressive therapy [1]. The
Delgado-Lopez group instilled vancomycin and cefotax-
ime via their irrigation and drainage system in addition to
2 weeks of broad-spectrum IV antibiotics followed by 4–
8 weeks of culture-directed oral therapy [8]. Their oral

antibiotic treatment endpoint was based on clinical
healing. Widdel and Winston in their pediatric practice
prescribe 6 weeks of culture-directed IV antibiotics [24].
Bruce and Bruce utilize culture-directed therapy as pre-
scribed by infectious disease colleagues, typically 1 week
of IV antibiotics followed by 2–4 weeks of oral therapy
[4]. Use of broad-spectrum antibiotics in drainage systems
and prolonged empiric treatment regimens may increase
bacterial antibiotic resistance and increase risk of adverse
medication effects though none were reported in these
earlier series among small numbers. The variability in
bacterial species and evolving resistance, variability of
tissues involved, and practice differences within our col-
laborating infectious disease group make rote recommen-
dations difficult. However, we guide our practice with
avoidance of prolonged broad-spectrum antibiotic usage
and early utilization of culture-directed therapy, along
with the expertise of infectious disease specialists.

Limitations

This series is limited by its small sample size and lack of
control. Just over half of the patients in this series required
adjuvant therapy.

Conclusions

Surgical debridement and bone flap salvage is safe and
cost-effective in managing acute surgical site infections
after craniotomy for tumors. Additionally, this practice is
likely beneficial in expediting the resumption of cancer
therapy. Our method shortens ICU and hospital stays by
avoiding the prolonged use of drains and avoids unneces-
sary broad-spectrum antibiotic treatment. Further prospec-
tive study will be important to demonstrate the long-term
safety of the practice of bone flap salvage and identify
patients at risk for treatment failure.
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