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INTRODUCTION

Infection after a craniotomy is an uncommon but highly morbid complication that creates a 
predicament: what to do with the bone flap? Fortunately, postcraniotomy infection rates are low, 
with ranges between 1% and 11%.[4,16] Nevertheless, they pose substantial health-care costs; on 
average, a single craniotomy infection may cost $12,139 through operating room time, extended 
antibiotic therapy, and prolonged hospitalization.[16]

Management of a surgical site infection (SSI) typically involves operative debridement, wound 
culture, and subsequent antibiotics.[22] The issue facing the surgeon is the management of the 
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explanted bone flap; options include craniectomy with staged 
cranioplasty, washing/replacing the native bone flap at the 
time of the debridement surgery, or synthetic cranioplasty at 
the time of the debridement.[3,4,14]

Historically, craniectomy has been the favored technique for 
debridement of an infection. However, there is significant 
morbidity associated with explanting the bone flap. Aside 
from the inherent risks of a skull defect, there is significant 
risk associated with a staged cranioplasty, including: infection: 
3.1–26.4%,[5,7,9,12,13,15,17-20,23] hydrocephalus: 1.6–13.5%, 
[12,15,17,18,20,23] bone resorption: 2.1–20.9%,[9,12,13,15,17,18] seizure: 
1.6–15.6%,[12,15,18-20,23] hematoma: 0.7–7.4%,[5,7,9,12,15,17-20,23] and 
mortality: 0–3.2%.[5,9,15,19,20,23]

Conventionally, cranioplasty is delayed until refractory 
intracranial hypertension has resolved, the skin is well healed 
and vascularized, and systemic/cranial infections are treated; 
typically 3  months after a hemicraniectomy.[22] Recently, 
it has been shown that early cranioplasty (5–6  weeks) after 
initial craniectomy resulted in improved recovery.[22]

However, another study found that patients who had a 
cranioplasty within 14  days of the initial craniectomy had 
increased risk of infection and that 15–30  days were ideal 
due to lower infection, seizure, and bone resorption rates. 
The only benefit identified in waiting more than 90  days 
was a reduced rate of hydrocephalus.[15] Unfortunately, this 
timeline may be implausible in patients with a skull defect 
after SSI due to prolonged period of therapeutic antibiotics.

Finally, studies have shown that up to 50% of bone 
flaps cultured at time of elective, “sterile” craniotomy 
before replacement in the same surgery had positive 
cultures.[6] Despite the high positivity rate, subsequent SSI in 
these situations is rare: 6%.[6] Thus, decision-making during 
an SSI debridement based on intraoperative Gram stain is 
uncertain.

Our aim is to retrospectively evaluate our institutional 
outcomes with infected craniotomy bone flaps, spanning the 
aforementioned management strategies.

MATERIALS AND METHODS

Institutional Review Board approval was obtained to identify 
patients who had undergone a craniotomy and subsequently, 
a cranial wound debridement surgery with the Neurosurgery 
Department between 2008 and 2020. Included patients 
were those who underwent an initial craniotomy for any 
reason and then had a subsequent debridement surgery. 
To be included, the wound cultures from the debridement 
had to be positive or infectious disease had to determine 
that an infection warranting treatment was present despite 
negative wound cultures. Retrospective chart review 
was performed to identify multiple patient and surgical 

characteristics. Patient information was recorded including 
age, gender, weight, and diabetes mellitus diagnosis. 
The all-encompassing list of craniotomies between July 
2008 and July 2020 included 1730 surgeries. Thirty-five 
patients were included in the final analysis, after the total 
craniotomy list was cross-matched with the list of cranial 
wound debridement surgeries and patients without a true 
infection were eliminated. The nature of the index surgery 
was also investigated. These variables included indication 
for initial surgery, index surgery operative time, sinus 
involvement, largest craniotomy diameter, number of days 
of antibiotic prophylaxis, and use of implants. Subsequent 
patient treatment variables included radiation therapy and 
chemotherapy. Variables pertaining to the ensuing infection 
included the clinical presentation after infection, imaging 
features, gross appearance intraoperatively, bone flap 
management strategy, pathogen identified, and antibiotic 
management. The depth of infection was determined by 
both radiographic evidence and gross appearance during 
surgery. The four groups of infection depths were subgaleal, 
epidural, subdural, and intraparenchymal. “Frank purulence” 
was documented if empyema was observed in any of the 
aforementioned compartments. All bone flaps re-implanted 
at the time of debridement surgery were thoroughly irrigated 
with antibiotic-containing irrigation. All patients had a 
subgaleal drain placed at the time of surgery that was kept 
in place postoperatively until the drain output was zero. The 
outcomes that were investigated were infection recurrence 
and future wound breakdown, and future re-operation.

Intraoperative management strategies were of three types, so 
patients were grouped accordingly. Group  1: discarding of 
the bone flap without reconstruction (i.e. craniectomy) and 
delayed cranioplasty, Group  2: discarding of the bone flap 
with immediate titanium cranioplasty, and Group 3: washing 
the bone flap and immediate re-implantation. Re-implanted 
bone flaps were cleaned using a pulse irrigator with 3L of 
vancomycin in saline and then soaked in vancomycin-saline 
solution until re-implantation.

Statistical analysis

All statistical analysis was performed using SPSS (SPSS 
Inc., IBM, Chicago, IL). Chi-square tests were used to 
compare infection recurrence with bone flap management, 
future wound breakdown with bone flap management 
strategy, diabetes status, and index surgery indication with 
infection recurrence. When the minimum expected counts 
were <5, Fisher’s exact test was used for a 2 × 2 table and 
Likelihood ratio was used for any table larger than 2 × 2. 
One-way ANOVA was used compare length of hospital 
stay among bone flap management groups. Independent 
samples t-tests were used to compare index surgery 
operative time, therapeutic antibiotic duration, craniotomy 
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diameter, prophylactic antibiotic duration, and age with 
infection recurrence. We divided Gram stain results into 
Gram positive, Gram negative, mixed, and no growth and 
performed a binary logistic regression to correlate Gram 
stain results with infection recurrence.

RESULTS

Our institution’s craniotomy infection rate has been 2.0% 
over the study period. The mean age of the included patients 
was 48 years with the youngest being 5 and the oldest being 
76. There were 22  males (63%) and 13  females (37%). The 
mean follow-up time was 25.5  months with the minimum 
being 2  months and the maximum being 111  months. The 
indications for the index surgery were distributed as follows: 
meningioma 31%, glioma 20%, metastasis 23%, trauma 6%, 
cranioplasty 6%, hemorrhage 3%, inflammatory 3%, and 
other 9%. Twenty-two patients (63%) had a craniectomy 
during the debridement surgery, seven patients (20%) had 
the bone flap washed and replaced, and six patients (17%) 
had titanium implanted. There were four patients who 
had recurrent infection after initial debridement. There 
were 14 different pathogens identified from debridement 
cultures, with some patients growing multiple species 
of pathogen. The most common species identified were 
coagulase-negative Staphylococcus, which was identified in 
ten cultures, methicillin-sensitive Staphylococcus aureus, 
which was identified in nine cultures, and Propionibacterium 
acnes, found in seven cultures [Table  1]. The pathogens 
that appeared on final cultures were then grouped by the 
appearance of the initial gram stain, which is information 
known to the surgeons at the time of debridement surgery. 
The four groups were Gram positive, Gram negative, 
mixed, and no growth. There was no significant association 
between Gram stain results and infection recurrence after 
debridement in binary logistic regression [Figure 1].

Four total patients had persistent or recurrent infection after 
initial treatment. Two of these patients had a craniectomy 
at the time of the initial debridement and two had the 
bone flap washed and replaced [Figure  2]. There was no 
significant difference observed in frequency of infection 
recurrence among the three bone flap management groups 
(P = 0.21). In addition, no significant difference in delayed 
wound breakdown or need for reoperation was observed 
among bone flap management groups (P = 0.25 and 
P = 0.37, respectively). Length of hospital stay was also found 
to be equivocal among the three groups (P = 0.88). There 
was no significant difference in the infection recurrence 
group and nonrecurrence group in age (P = 0.57), 
duration of index surgery (P = 0.72), diabetes mellitus 
diagnosis (P = 0.09), prior radiation therapy (P = 1.00), 
prior chemotherapy (P = 1.00), index surgery indication 
(P = 0.12), largest craniotomy diameter (P = 0.48), maximum 

depth of infection (P = 0.57), index surgery prophylactic 
antibiotic duration (P = 0.76), and duration of therapeutic 
antibiotics after debridement (P = 0.21). We examined the 
relation of infection recurrence to sinus involvement during 
the index surgery and found no significant association in 
the entire cohort (P = 0.48), or in the craniectomy and bone 
replacement groups individually. We also looked at the MRI 
of each patient before debridement and found that there was 
no association between the presence of diffusion restriction 
on MRI and infection recurrence (P = 0.08).

We also considered intra-operative gross appearance in 
relation to infection recurrence. When dividing the patients 
who had a debridement surgery by the presence of frank 
purulence, we found no difference in infection recurrence 
(P = 0.62) when all bone flap management strategies were 
included in the study. However, when we only included 
patients who had the bone flap washed and replaced, there 
was a significant association between the presence of frank 
purulence and infection recurrence (P = 0.048). Of the seven 
patients who had the bone flap washed and replaced, both 
who had frank purulence developed infection recurrence, 
while none of the five patients who did not show frank 
purulence had infection recurrence. A  summary of the 
variables considered, statistical test and P-values are shown 
in Table 2.

Table  1: Summary of the variety of pathogens identified on 
operative cultures, the number of times that each pathogen 
appeared on cultures, and infection recurrences associated with 
each pathogen.

Bacteria Gram stain Number 
of cultures

Treatment 
failures

CoNS Gram+cocci 10 2
MSSA Gram+cocci 9 0
Propionibacterium 
acnes

Gram+rod 7 0

Pseudomonas 
aeruginosa

Gram−rod 3 1

MRSA Gram+cocci 2 0
Enterobacter cloacae Gram−rod 2 0
No growth 2 0
Enterobacter aerogenes Gram−rod 2 1
Haemophilus 
influenzae

Gram−
coccobacilli

1 0

Escherichia coli Gram−rod 1 0
Candida albicans Gram+yeast 1 1
Klebsiella pneumoniae Gram−rod 1 0
Klebsiella oxytoca Gram−rod 1 0
Propionibacterium 
granulosum

Gram+rod 1 0

Staphylococcus capitis Gram+cocci 1 0
MSSA: Methicillin-sensitive Staphylococcus aureus, CoNS: Coagulase-
negative staphylococci, MRSA: Methicillin-resistant Staphylococcus 
aureus
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DISCUSSION

The results of our study were similar to the results 
of prior investigators in that there was no significant 
difference between the traditional standard of care after a 
postcraniotomy infection, craniectomy, and other bone flap 
management strategies such as washing and replacing the 
bone and immediate titanium cranioplasty. There was no 
difference in rates of reinfection or future wound breakdown 
amongst the three groups in our analysis. Interestingly, the 
only significant relationship to recurrent infection identified 
was in subgroup analysis of patients who had the bone flap 
washed and replaced. Patients who had gross purulence 

noted during the debridement surgery and then had the bone 
flap washed and replaced had significantly higher infection 
recurrence rates than those who did not have evidence of 
purulent material. This same association was not noted in 
the group who underwent craniectomy at the time of the 
debridement. No patients in the group who had titanium 
implanted at the time of the debridement had evidence 
of gross purulence. In addition, none of the patients who 
underwent immediate titanium cranioplasty developed 
recurrent infection.

The established paradigm for the management of 
postcraniotomy SSI is to debride the surgical bed, obtain 

Figure 2: Histogram demonstrating frequency of infection recurrence grouped by bone flap management strategy.

Figure 1: Histogram demonstrating frequency of infection recurrence grouped by intraoperative gram stain results.
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cultures, discard the infected bone flap, treat with targeted 
antibiotics, and eventually perform a cranioplasty.[11] 
Beginning in the 1970’s, surgeons attempted to challenge 
the established order by preserving the bone flap in cases of 
postcraniotomy SSI. In 1976, Chou and Erickson had a series 
of 25 patients with postcraniotomy infection who were treated 
with debridement with washing and replacement of the bone 
flap and placement of an antibiotic suction-irrigation system 
that would remain for 5–7 days postoperatively. 15 of these 
patients healed completely, six had a re-operation with the 
bone flap removed, and four had slight wound drainage 
that did not require operative intervention. They identified 
postoperative radiation, index surgery involving nasal 
sinuses, and prior cranioplasty as risk factors for failure of 
bone replacement at the time of debridement surgery.[8] Two 
other subsequent studies have used a postoperative antibiotic 
inflow-outflow drainage system in the setting of replacing 
the bone flap during debridement surgery with good 
results. Bruce and Bruce 2003 report 100% wound healing 
by 2–3  weeks and Auguste and McDermott 2006 only had 

one re-operation in a series of 12 patients.[2,4] Other studies 
have managed patients with postcraniotomy SSI with bone 
replacement without the addition of an antibiotic irrigation 
system postoperatively. In Delgado-López et al. 2009, four 
out of 13 patients required a second wound revision surgery 
with only two of the patients requiring bone flap removal.[10]

Many of these other studies did not comment on the 
presence of gross purulence at the time of debridement; 
however, Wallace et al., 2018, reported that all patients in 
an 11-patient series where the bone flap was washed and 
replaced had “frankly contaminated” bone flaps. One out 
of 11 of these patients had an indolent infection that was 
incidentally noted at the time of re-operation for rapid 
tumor recurrence.[21] In our study, 29% of the patients who 
had bone flap replacement had persistent infection and both 
of them had frank purulence present. Hence, our results are 
in disagreement with Wallace et al. as the presence of frank 
purulence did not allow for safe bone flap replacement.

Only six patients in the current study had an immediate 
titanium cranioplasty and none of those patients had 
gross purulence present during the debridement. Kshettry 
et  al., 2012, showed in a prospective study of 24  patients 
who all underwent immediate titanium cranioplasty that 
there were zero persistent infections and higher patient 
satisfaction.[14] Our study also supports the use immediate 
titanium cranioplasty at the time of debridement surgery, 
but we cannot comment on the safety of this management 
strategy in the presence of a grossly contaminated wound.

Each of the studies mentioned above had treatment failures 
and cited the risk factors that they felt led to recurrent 
infection. The more commonly cited risk factors include 
prior radiation and chemotherapy, index surgery involving 
the nasal sinuses or mastoids, prior cranioplasty, and CSF 
leak.[2,8,10] We did not identify prior cranioplasty, radiation 
therapy, chemotherapy, or sinus involvement as increasing 
the risk of recurrent infection.

Prior research at our institution demonstrated that 50% 
of patients undergoing a craniotomy or craniectomy had 
positive bacterial cultures from swabs taken of the bone 
flap intraoperatively. Despite the positive cultures, there 
was no significant difference found in infection rate after 
reimplanting those bone flaps either during the craniotomy 
or during staged cranioplasty.[6] As none of the patients in 
this prior study had clinical symptoms of infection, it follows 
that there was no frank purulence at the time of replacing the 
bone flap. This result further supports the current findings 
that replacing a bone flap is safe despite the presence of 
positive bacterial cultures without apparent gross purulence.

The limitations of this study primarily pertain to the number 
of patients included. Although 35 total patients are large for 
a study of a rare entity such as postoperative craniotomy 

Table 2: Summary of variables investigated and results.

Variables Test P-value

Infection recurrence × bone flap 
management

Likelihood ratio 0.21

Wound breakdown × bone flap 
management

Likelihood ratio 0.25

Length of hospital stay × bone flap 
management

ANOVA 0.88

Diffusion restriction on MRI × 
infection recurrence

Likelihood ratio 0.08

Age × infection recurrence T test 0.57
Duration of index surgery × 
infection recurrence

T test 0.72

Index surgery Indication × infection 
recurrence

Likelihood ratio 0.12

Therapeutic antibiotic duration × 
infection recurrence

T test 0.21

Sinus involvement at index surgery 
× infection recurrence

Fisher’s exact 0.48

Intraoperative frank purulence × 
infection recurrence

Fisher’s exact 0.62

Index surgery implants × infection 
recurrence

Likelihood ratio 0.36

Index surgery antibiotic prophylaxis 
× infection recurrence

T test 0.76

Radiation therapy × infection 
recurrence

Fisher’s exact 1.00

Chemotherapy × infection 
recurrence

Fisher’s exact 1.00

Deepest infection × infection 
recurrence

Likelihood ratio 0.57

Largest craniotomy diameter × 
infection recurrence

T test 0.48



Gold, et al.: Craniotomy infection bone flap management

Surgical Neurology International • 2021 • 12(341)  |  6

SSI, the number of patients in the bone flap replacement 
group (seven patients) and titanium cranioplasty group (six 
patients) is small. The only variable found to significantly 
associate with infection recurrence was presence of frank 
purulence in the bone flap replacement subgroup. While it 
may be difficult to draw conclusions from subgroup analysis 
with only seven patients, all of the patients who had gross 
purulence in this group developed recurrent infection, while 
none of the patients without frank purulence had infection 
recurrence. One potential method to work around small 
patient numbers for a rare disease entity is to do a multi-
center study in the future.

Besides conducting larger studies, another future avenue of 
inquiry is the investigation of the utility of adjuvant therapies 
alongside the management strategies discussed above. One 
example is hyperbaric O2, a treatment modality has been 
shown to stimulate microbial killing by phagocytes, as well 
as enhancing wound-healing. While hyperbaric O2 is not 
currently in widespread use, it may work synergistically with 
one of the above SSI treatment options and improve patient 
outcomes beyond what is currently feasible.[1]

CONCLUSION

Postoperative SSI after a craniotomy is a dreaded complication 
that has traditionally been managed by operative debridement 
with bone flap removal. This treatment strategy involves 
performing a delayed cranioplasty, an operation that carries 
significant morbidity. Our study demonstrates that there is 
no difference in infection recurrence rate when the bone flap 
is discarded, washed, and replaced, or an immediate titanium 
cranioplasty is performed. However, clinicians should use 
caution in choosing to replace the bone flap when there is 
frank purulence present. Our study showed a significant 
increase in infection recurrence when the bone flap was 
replaced in the face of gross purulence.
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