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Abstract
Background Infection may complicate the outcome of cranial repair with significant additional morbidity, related to hospitali-
zation, surgery and long antibiotic therapy, that may become even dramatic in case ofmulti-resistant germs and in particular in the
paediatric population. Additionally, the economic costs for the health system are obvious. Moreover, surgical decisions
concerning the timing of cranioplasty and choice of the material may be strongly affected by the risk of infection. Despite,
management and prevention of cranioplasty infections are not systematically treated through the literature so far.
Methods We reviewed pertinent literature dealing with cranioplasty infection starting from the diagnosis to treatment options,
namely conservative versus surgical ones. Our institutional bundle, specific to the paediatric population, is also presented. This
approach aims to significantly reduce the risk of infection in first-line cranioplasty and redo cranioplasty after previous
infection.
Conclusions A thorough knowledge and understanding of risk factors may lead to surgical strategies and bundles, aiming to
reduce infectious complications of cranioplasty. Finally, innovation inmaterials used for cranial repair should also aim to enhance
the antimicrobial properties of these inert materials.
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Introduction

Cranioplasty may be burdened by significant morbidity, with
rate of major complications between 10.9 and 40.4% and in-
fectious ones ranging from 5 to 33% [9, 10, 12, 16, 32, 37].
Some risk factors for infection of cranioplasty are analyzed
through the literature. However, the impact of other factors,
such as skin contamination by multi-resistant germs in long-
hospitalization patients, on the strategy and outcome of cranial
repair is neglected so far. This may, instead, also affect the
timing of cranioplasty.

Furthermore, the management of cranioplasty infection is
somehow borrowed from the experience with other prosthesis
and is not standardized. Examples of this come from the lack
of consensus on the management of cranioplasty infection,
with removal versus retention of the prosthesis, and the timing
of redo cranioplasty after previous infection.

The present paper focuses on infection of cranioplasty,
in particular prevention and management options. The
pertinent literature is reviewed, and an institutional bundle
is presented.

Infection of cranioplasty

Infections may be classified according to their localization
into superficial, bone flap osteitis, epidural infection and organ
one [10]. Incidence widely varies in the literature ranging
from 5 up to 33% [5, 9, 10, 12, 16, 20, 32, 37]. Time of
presentation ranges from a few days to some months from
surgery. Accordingly, infections may be classified as early or
late, if occurs before or after 4 weeks from the cranioplasty
implantation, respectively [15]. The most common symptoms

* Paolo Frassanito
paolo.frassanito@gmail.com

1 Pediatric Neurosurgery, Fondazione Policlinico Universitario A.
Gemelli IRCCS, Largo Agostino Gemelli, 8, 00168 Rome, Italy

2 Pediatric Neurosurgery, Fondazione Policlinico Universitario A.
Gemelli IRCCS, Università Cattolica del Sacro Cuore, Rome, Italy

3 Infectious Diseases Unit, Fondazione Policlinico Universitario A.
Gemelli IRCCS, Rome, Italy

Child's Nervous System (2019) 35:1499–1506
https://doi.org/10.1007/s00381-019-04251-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s00381-019-04251-8&domain=pdf
http://orcid.org/0000-0003-0071-3126
mailto:paolo.frassanito@gmail.com


are fever, local signs of inflammation (swelling and/or redness
at the operated site), wound drainage and/or dehiscence,
wound pain/headaches, seizures and focal neurological defi-
cits [5]. The diagnosis is completed by laboratory tests (white
blood count and C-reactive protein, CRP) and radiological
exams (contrast-enhanced CT scan and MRI scan), showing
contrast-enhancing lesions (Fig. 1). As this finding could be
unspecific, some authors suggest the superiority of the MRI
scan on the CT scan due to the possibility to use diffusion-
weighted images (DWI) that consent to clearly identify puru-
lent material and bone involvement, thus allowing differential
diagnosis with scarring tissue [43]. The pathogenesis of the
flap infection is most likely due to microbial contamination at
the time of surgery, especially in trauma setting and in cases of
bifrontal craniectomy. In the first case, the dynamic of the
trauma and the frequent presence of superficial wound may
favour the access to bacteria of the skin and to the ones present
onto the impact surface [38]. Furthermore, fractures involving
the paranasal sinuses or the mastoid air cells can create a
communication between the intracranial space and the outer
one. Similarly, the need for bifrontal craniotomy increases the
risk of infection due to the eventual violation of the frontal
sinus [17, 48]. On these grounds, the most common pathogens
are those of the skin and of the paranasal cavity such as
Staphylococcus epidermidis, Staphylococcus aureus and
Propionibacterium acnes, followed by anaerobic bacteria of
the nasal cavity [5, 12].

The pattern of pathogens may reflect differences in the
causing factors associated respectively to early and late infec-
tions. In fact, early infections are supposed to result from skin
flora bacteria introduced at the time of surgery whilst late
infections are unlikely connected with the surgery itself. The
latter may result from the hematogenous diffusion of bacteria,
which either stay dormant for months or diffuse from other
site of infection. Rosseto et al., in fact, report the existence of a
systemic infection as one of the risk factors for cranioplasty
infection [40]. Similarly, Rocque et al. consider the existence
of devices, such as tracheostomy or gastrostomy, that are

usually related to severe head injury and poor neurological
status, a risk factor for cranioplasty infection [39]. These pa-
tients peculiarly stay longtime in the hospital, and in particular
in the intensive care unit, and we may easily suppose that this
results in skin contamination by multi-resistant bacteria.

Finally, as for other neurosurgical and non-neurosurgical
devices, the possibility of colonization from transient bacter-
emia may represent a crucial factor in the development of a
late infection. In fact, the occurrence of transient and sponta-
neous S. epidermidis bacteremia in patients and in healthy
humans has been proven since longtime [52].

The impact of these infections is extremely high, since they
usually complicate a long clinical history with additional mor-
bidity, related to hospitalization, surgery and long antibiotic
therapy. Finally, the costs for the health system are easily
understood.

Management of cranioplasty infections

Literature focusing on the management of cranioplasty-
associated infections is scant, and there is no agreement on
how to treat it. For alloplastic materials, some general con-
cepts may be borrowed by the literature dealing with other
prosthesis. On the other hand, autologous bone cranioplasty
has specific features that should be evaluated.

Prompt diagnosis of infection of the cranioplasty is the first
step [5] to choose the adequate management. Evidence of
infections are immediate when clinical presentation is acute
with fever and local signs of inflammation (erythema, local
warmth or wound drainage), whilst late infections might be
silent or present with more subtle symptoms [15]. In general,
management options of infection of cranioplasty vary from
conservative ones with retention of the cranioplasty to more
aggressive one based on its removal along with long antibiotic
therapy.

Regardless of the chosen approach, when bone flap–
associated infections are suspected, prior to germ

Fig. 1 Left cranial decompression for head injury, followed by
autologous cranioplasty complicated by infection by Pseudomonas
aeruginosa, treated with removal of the bone flap and 6-week antibiotic
therapy. Three months after resolution of the infection, CT scan without
contrast administration acquired for manufacturing the customized

prosthesis ruling out any residual collection (a). After contrast medium
administration, a focally enhancing lesion was evident under the frontal
portion of the skin flap (b and c, arrows). Since the patient did not show
any signs of infection, surgical toilette was performed along with
microbiological samplings before planning cranioplasty
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identification, empiric antimicrobial treatment covering
Gram-positive and Gram-negative germs has to be started.
Thereafter, conservative or aggressive treatment is chosen de-
pending on the identified bacteria. In both types of strategy,
the appropriate response to therapy must be ascertained and
followed over time, monitoring systemic and local clinical
signs and biochemical markers, although the last ones may
show low specificity [5, 19].

Concerning conservative treatment, some authors proposed
a wash-in wash-out indwelling antibiotic irrigation system
associated with scrubbing of the bone flaps with povidone-
iodine solution and soaking in 1.5% hydrogen peroxide, asso-
ciated with wound debridement [3].

Conservative treatment has been proposed not only for
autologous bone flaps but also in some cases of infected
alloplastic cranioplasty. Biomimetic materials claim the op-
portunity to manage conservatively the infection with antibi-
otic therapy. Iaccarino et al. presented four cases of severe
septic complication following cranioplasty with porous hy-
droxyapatite (HA) conservatively treated without flap remov-
al [23]. The authors assert that such a result has been obtained
thanks to the combination of a targeted antibiotic therapy,
good anatomical area revascularization (resulting in local in-
take of antibiotics) and the biomimetism of HA prosthesis.
Also, Johnson et al. reported a case of infection of HA cement
cranioplasty successfully salvaged without removal of the im-
plant, and Zanotti et al. described a case of a conservative
treatment of infection of a custom-made porous HA
cranioplasty implant, with no problems to the implant at a
follow-up of 6 years [25, 50]. Quite surprisingly, the conser-
vative option was also recently exploited for titanium
cranioplasty [22], though metal has no biomimetic properties.

Although conservative treatment aims to the salvage of
the cranioplasty, recent awareness on the biofilm forma-
tion should be kept in mind. The biofilm is an organized
community of bacteria attached to surfaces, including im-
planted medical devices and host mucosal tissues, embed-
ded in a slime-like matrix composed of polysaccharides,
nucleic acids and proteins known as extracellular poly-
meric substances developmental. Formation of biofilm in-
cludes five stages: reversible attachment, irreversible ad-
hesion, aggregation, growth and maturation and detach-
ment. Potentially, all species of bacteria may form bio-
film. It would be responsible for recurrent infections or
chronic inflammation in the absence of patent infection,
due to the immune response of the host. This is particu-
larly interesting since this immune response could be also
partly responsible of the resorption of autologous bone
flap, as biofilm has been identified in cryopreserved au-
tologous bone in spite of negative microbiological cul-
tures at the time of implantation [8].

Moreover, to optimize the management of biofilm-
associated infections, a prompt and correct diagnosis should

be made. Thus, sonication of removed implant components
and prolonged incubation of cultures is recommended [15].

On these grounds, Conen et al. proposed to manage
cranioplasty infections by subdividing the cases in early and
delayed/late ones, according to the onset of infection before or
after 4 weeks from the cranioplasty implantation. This results
in the presence, respectively, of an “immature” or “mature”
biofilm. Further data to drive the treatment come from the
availability of anti-biofilm therapy.

If the microorganism is known and susceptible to anti-
biofilm therapy, salvage of the prosthesis may be attempted
in early infections. Surgery is followed by a 12-week anti-
biofilm therapy. If the microorganism is not susceptible to
anti-biofilm therapy, implant removal is required and reinser-
tion is possible usually after 6 weeks of postoperative antibi-
otic treatment [15].

In the decision-making process, clinical findings may play
a crucial role, as well as radiological features (lytic areas and
bony changes, intra-parenchymal or enhancing epi- or subdur-
al collection of fluid, subgaleal collections and/or soft tissue
swelling) [5]. An isolated soft tissue involvement may moti-
vate to begin a more conservative treatment, although some
authors argue that it is not possible to distinguish between
superficial and deep wound infections, due to their contiguity
after surgery [15].

However, although there is relatively scant literature de-
scribing the role of biofilm in neurosurgical infections, it is
becoming increasingly fair that biofilm plays an important
role in postoperative infections involving neurosurgical
devices.

This evidence would be in favour of more aggressive treat-
ment of cranioplasty-associated infection, based on the re-
moval of cranioplasty itself. This approach warrants more
reliable and faster cure of the infection, but it opens other
questions, in particular concerning the timing of redo
cranioplasty. On these grounds, most surgeons tend to consid-
er an implant-free interval of at least 6–12 months, in order to
reduce the risk of re-infection [4, 11, 13, 37], though there is
no agreement on timing for redo cranioplasty which is often
dictated by clinical and radiological evidence of infection res-
olution. This is extremely important, considering the need to
balance the risk of functional consequences of craniectomy
(CSF dynamics alteration, lack of protection of the cerebral
parenchyma and trephined syndrome) [15] and the necessity
to wait for reducing the risk of recurrent infection.

Only a few studies partially address such a topic [26, 36],
though paper dealing with this issue in paediatric population
lacks in the literature so far. The necessity of complete anti-
microbial treatment along with clinical and laboratory assess-
ments that rule out persisting infection of the wound and soft
tissues is generally accepted. After complete resolution of the
infection, some authors prefer a more conservative approach
waiting at least 6 months for redo cranioplasty [26] whilst
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others suggest a more aggressive behaviour reducing the
aforementioned time to 3–4 months [36], without significant
differences in complications compared to late-stage implant-
based cranioplasty reconstruction.

Finally, the material selection in redo cranioplasty deserves
further attention. Available materials include acrylics
(polymethylmethacrylate, PMMA), metals (titanium), plastic
polymers (porous polyethylene and polyetheretherketone,
PEEK) and ceramics (hydroxyapatite, HA) [18]. No materials
are free of complications, and in particular infections. Some
studies have shown the higher risk of infections for PMMA
than titanium mesh and HA [33, 46, 49, 50]. The effort of
future research should aim to enhance the antimicrobial effect
of inert materials [2, 36, 44]. One paper suggests the use of
vancomycin and tobramycin-impregnated PMMA.
Tobramycin is a bactericidal aminoglycoside antibiotic with
broad Gram-negative and Gram-positive coverage whilst
Vancomycin is a glycopeptide antibiotic with both bactericidal
and bacteriostatic activity. Such a choice is intriguing being
those antibiotics quite effective against the more common
pathogens of cranioplasty infection [21]. Nonetheless,
PMMA has several drawbacks in paediatric population [18].
Other authors suggest the use of vancomycin powder topically
instilled during surgery but no evidence of a clear reduction in
infection risk are reported [1, 6].

Prevention

Taking into account the morbidity and costs of cranioplasty
infection, every effort must be taken in preventing it.
Prevention starts from a clear understanding of the risk factors
for cranioplasty infection.

As for the previously discussed paragraph, several potential
risk factors are reported throughout the literature even though,
for some of them, there is no consensus.

Most of the risk factors are non-modifiable and are con-
nected either with the dynamic of the prior cerebral insult that
requires craniectomy either with patient clinical condition. In
fact, risk factors are considered history of preoperative radia-
tion, previous infection, frontal location with sinus involve-
ment [1, 37, 38, 42], motor deficits, GCS < 4, lower
heamoglobin levels, hydrocephalus, recent systemic infection
[27, 40], hemorrhagic stroke, older age [30, 37, 48], patient
morbidity and evidence of preoperative subgaleal collection
[24, 26, 29, 37].

On the other hand, some conditions may benefit from care-
ful planning of the craniectomy and of the subsequent
cranioplasty. Among them, there are the need for large
craniectomy and subsequent large cranioplasty [30, 37, 48],
the overuse of coagulation during cranioplasty procedure
impairing healing of the wound [51], the length of the opera-
tive time, the choice to resect temporalis muscle and wound

breakdown [24, 26, 29, 37]. Lastly, some literature reports
suggest that performing cranioplasty in a different hospitali-
zation than the one in which craniectomy was performed can
reduce the risk of infection. These evidences are supposedly
linked to the resolution with time of the local inflammation
offering a safer surgical bed [27, 40]. However, the recovery
of general conditions with more efficient immune response
and the resolution or reduction of microbiological skin con-
tamination after hospital discharge should be also considered.

Similarly, some authors stated that late cranioplasty may
reduce the risk of infection [29–31]. However, the relationship
between the timing of cranioplasty and the risk of infection
remains debated. Indeed, other authors failed to find signifi-
cant difference in infection rates between early and late
cranioplasty [32]. On the other hand, early cranioplasty, per-
formed as the brain edema has normalized, may contribute to a
better neurological outcome [33], also reducing the risk of
CSF-related complications with the need for additional hospi-
tal admissions and subsequent risk of perioperative infections
[34]. Another argument in favour of early cranioplasty is the
easier dissection plane during the operative procedure. This
reduces the operative time and the risk of postoperative com-
plications such as subgaleal collections that may favour infec-
tion of the cranioplasty [35]. Moreover, in young children, an
early cranioplasty has the advantage of restoring the symmet-
rical skull growth, especially in the first years of life [17], thus
reducing the risk of failure and the need for redo cranioplasty.

Another controversial risk factor for cranioplasty infection
regards the management of hydrocephalus, if present at the
time of cranioplasty. Most of the papers suggest an increased
infection risk whenever the two procedures are carried on at
the same time [35, 39, 45, 47]. Possibly, such a data are con-
nected with the longer surgical time and the use of multiple
non-biological hardware. On the other hand, other authors
failed to confirm differences in infection rates [34, 41].

Finally, it is widely accepted that prevention of complications
passes through the careful standardization of the surgical proce-
dure, in order to avoid any possible contamination. The role of
bundle in reducing the risk of infection when implanting neuro-
surgical devices has been already proven through the literature
[14]. Similarly, operative bundles for cranioplasty have been pro-
posed [28, 31]. In particular, Le et al. suggested the use of peri-
operative Vancomycin (4 doses), a barrier dressing through post-
operative day, and decolonization of the surgical incision using
topical chlorhexidine after surgery [28]. The bundle proposed by
Liu et al. consists of depilatory agents for skin preparation before
the operative procedure instead of razor shaving; preoperative
prophylaxis with Cefuroxime (1.5 g); Vancomycin for patients
with previous staphylococcal infection; use of alcohol-based
hand rub instead of conventional surgical scrub before surgery;
and custom-made titanium mesh to reconstruct cranial defect.
After the operation, physicians wore gloves to change the wound
dressing and patients received a dressing for 3 days after the
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surgery and then had daily topical chlorhexidine wound decolo-
nization for 3 days or until hospital discharge [31]. A bundle
specific for paediatric population, with its peculiar features, is
still lacking so far.

Additionally, literature data on the management of patients
contaminated by multi-resistant germs undergoing
cranioplasty are completely lacking, although there is great
concern about this topic. Indeed, neurosurgeons have to face
more and more frequently with this condition resulting from
the ever-growing capability to treat complex patients after
catastrophic head injury and the increasing issue of multi-
resistant germ infection and colonization in medical setting.

Institutional bundle

In patients undergoing cranioplasty, we still prefer complete
hair shaving with clippers, differently from all the other neu-
rosurgical procedures that are routinely performed without
shaving. This allows to identify areas of skin dehiscence or
breakdown that may negatively affect the outcome of cranial
repair. Each patient with history of systemic infection during
the hospital stay or skin contamination bymulti-resistant germ
receives infectious disease counselling before cranial repair.
Chlorhexidine shower the night before surgery is performed.
This measure is started several days before surgery in case of
skin contamination by multi-resistant microorganisms.

Standard antibiotic prophylaxis is done with Cefazolin
30 mg/kg, before skin incision, eventually repeated if surgery
is prolonged over 4 h, in accordance with the American
Society of Health-System Pharmacists (ASHP) guidelines,
except for patients with beta-lactam antibiotic allergy or with
known colonization or high risk of colonization by
Methicillin-resistant Staphylococcus aureus (MRSA) [7]. In
these cases, Vancomycin 20 mg/kg is started 2 h before sur-
gery, with infusion lasting 90 min.

In case of colonization by extensively drug-resistant micro-
organism (XDR), an antibiotic chosen according to the
antibiogram is administered before surgery in addition to
Vancomycin. Antibiotic therapy is prolonged 24 h after sur-
gery, though this approach is not evidence-based but empirical.
Intraoperative disinfection is carried on with 2% w/v chlorhex-
idine gluconate (CHG) in 70% v/v isopropyl alcohol (IPA)
solution. The existing surgical wound is reopened, minimizing
the use of coagulation. Implant is soaked in antibiotic solution
(Gentamicin) if recommended by the manufacturer, since also
this measure is empirical. The new implant is secured to the
bone with sutures in younger children and with titanium plates
in the elder. The wound is then closed with monofilament non-
resorbable sutures. External subcutaneous or subgaleal drain-
age is avoided, whenever feasible. If hydrocephalus coexists,
perioperative external ventricular antibiotic-impregnated cath-
eter is placed and the implantation of internal shunt is

Fig. 2 Severe head injury with massive brain swelling (a), requiring
bifrontal craniectomy (b) with resolution of brain oedema (c) and
subsequent autologous cranioplasty that was complicated by multi-
resistant Acinetobacter baumannii infection (d, arrow). After removal of
the bone flap and surgical toilette, antibiotic therapy with intravenous

colistin and tygeciclin was administered for 6 weeks. Patient developed
severe sinking flap syndrome (e). Thus, redo cranioplasty with PEEK
implant was performed 2 months after the end of the antibiotic therapy
(f and g) with good neurological recovery
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postponed. Attention is paid to place the external ventricular
drainage contralateral to the cranioplasty site, or at least as
distant as possible. Sutures are removed after 15 days.

Cranioplasty infection is ascertained with clinical, labora-
tory and radiological evaluation. White blood count, CRP and
procalcitonin are evaluated together with contrast-enhanced
CT scan in most cases. MRI with DWI sequences may further
investigate doubtful cases. In case of cranioplasty infection,
the infected flap is removed along with all the synthetic ma-
terials present in the surgical bed (e.g. sutures, dural graft…).
Several samplings are performed for microbiological cultures
and antibiogram. Broad-spectrum antibiotics, active against
both Gram-positive and Gram-negative bacteria, are promptly
started. Thereafter, it is simplified or modified according to
microbiological results and prolonged for 6–8 weeks, until
normalization of the laboratory and radiological exams. If
radiological exams show sign of osteomyelitis, antibiotic ther-
apy continues up to 12 weeks.

After infection resolution, at least 3-month interval is
waited for redo cranioplasty. This interval is sufficient for
ruling out persisting or recurrent local infection. Then, CT
scan with contrast administration is performed. This exam
allows us to exclude subtle persisting infectious collections
and to manufacture the customized implant. Material for redo
cranioplasty is chosen according to several features. In gener-
al, whenever feasible, osteo-integrative solutions, as
macroporous HA, are preferred. If the complex geometry of
the defect or the young age of the patient, namely under
2 years, contraindicate, this solution PEEK is preferred.
Timing for redo cranioplasty is usually decided according to
systemic, local and neurological conditions of the patient.
Exceptionally, redo cranioplasty has been performed before
3 months in case of severe sunken flap syndrome (Fig. 2). In
redo cranioplasty, perioperative measures are similar to first-
line cranioplasty.

Conclusions

Infectious complications of cranioplasty may have a
high economical and clinical burden, in particular, in
children. A thorough knowledge and understanding of
risk factors for infection may lead to surgical strategies
and bundles, aiming to reduce this kind of complication.
The timing of cranioplasty and choice of the material
obviously affect and are affected by the risk of infec-
tion. Thus, innovation in materials used for cranial re-
pair should also aim to enhance the antimicrobial prop-
erties of these inert materials.
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