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Introduction

Decompressive craniectomy (DC) is a
potentially life-saving procedure and it remains
the treatment of choice for medically refractory
intracranial hypertension, most commonly in the
setting of severe traumatic brain injury with large
vessel infarction, and less frequently in cases
of intra-operative brain swelling, aneurysmal
subarachnoid haemorrhage and encephalitis (1).
People who have survived the first intracranial

insult must undergo subsequent cranial
reconstructive surgery.
Cranioplasty is considered to be a

mandatory procedure, not only for cosmetic
reasons, but also to protect the underlying
brain to help ensure the potential for recovery
of the injured brain (2). Reimplantation of the
previously harvested autologous skull flap from
DC is economical, and it provides an excellent
anatomical fit (5). Complications of cranioplasty
include infection, bone flap resorption,
seizures and extra-axial haematoma (6). Post-
cranioplasty infection adds considerable burden
to patient recovery; it also has significant
economic implications, including prolonged anti-
microbial treatment, unscheduled returns to the
operation theatre for removal of the infected
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bone flaps and an additional cranioplasty
procedure using more costly synthetic material.

The two most common bone flap storage
methods are cryopreservation, which involves
storing the bone flaps in a bone freezer at a very
low temperature, and storing the bone flaps
in abdominal subcutaneous pockets. To date,
studies comparing the outcomes of cranioplasty
with cryopreserved and subcutaneously stored
bone flaps have produced variable results; a
significant deficiency in those studies is the
lack of standardisation among the described
techniques (7).

The current prospective study aims to
investigate surgical outcomes, specifically
surgical site infection (SSI), associated with
these two bone flap preservation methods,
frozen versus subcutaneous pockets, as well
as other risk factors, such as the timing of the
cranioplasty, the indication and types of DC
(unilateral versus bifrontal), the status of the
operating surgeon and the number of repeated
surgeries before cranioplasty.

Methodology

This was a prospective study on patients
subjected to autologous cranioplasty over a
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period of 18 months at two hospitals where one
neurosurgical unit used cryopreserved bone flaps
for cranioplasty and another unit used bone flaps
stored in the abdominal subcutaneous pocket.
The study subjects included all patients ranging
in age from 18 to 70 who had undergone DC
before and after June 2011 and who underwent
autologous cranioplasty between June 2011 and
November 2012 (18 months). Following the
cranioplasty, the subjects were followed up for
at least one year to evaluate for any SSI. Patients
who had penetrating traumatic brain injury and
those with documented fever before cranioplasty
or signs of inflammation at the craniectomy and
abdominal implant sites were excluded from the
study. Two different bone flap storage methods
(cryopreservation and subcutaneous pockets)
and their handling methods were used based on
the protocols available at the respective hospitals.

Cryopreservation Group

The steps and techniques wused for
packaging a bone flap for cryopreservation are
shown in Figure 1. The autologous bone flap
log was reviewed by appointed staff personnel
every six months to verify the appropriateness
of the method and the need for continued
specimen storage. The temperature of the bone
freezer was always kept between -20 °C and
-40 °C. Dedicated neurosurgical staff members
monitored the temperature of the bone bank
to ensure optimum temperature consistency in

order to maintain the viability of the bone flaps.
On the day of surgery, the bone flap was taken
from the bone freezer in the morning for thawing
at room temperature one to two hours prior to
cranioplasty. Once the cranioplasty operation
had commenced, the bone flap packaging was
removed and the bone flap was immersed in
gentamicin solution until the surgeon fixed the
bone flap onto the cranial defect for cranioplasty.

Subcutaneous Pocket Group

Following DC, the bone flap was cleaned by
stripping off the muscle fascia and pericranium
from its surface, and the sharp edges were
trimmed or rongeured to ensure smooth
surfaces. The bone flap was then stored in the
abdominal subcutaneous pocket between the
subcutaneous fat and muscular fascia. On the day
of cranioplasty, the bone flap was retrieved from
the abdomen, and then immersed in gentamicin
solution until it was placed on the craniectomy
site.

For both study groups, sterile dressing was
applied to the primarily closed incisional wound
as protection for at least 48 hours. A subgaleal
drain was left in-situ for less than 72 hours.

Data Collection and Statistical Analysis

The follow-ups occurred at different
intervals over a period of 18 months after the
date of the cranioplasty. Data were strictly
collected by a single investigator to minimise
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Figure 1. Steps to prepare bone flap for cryopreservation
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the risk of error in the evaluation of specific data
needed for the study. Data collection included
details of the bone flap storage methods,
indications of DC, types of DC, pre-existing
medical illness, status of the surgeon, timing of
the cranioplasty and any cranial surgery between
the DC and cranioplasty. The patients were
assessed for SSI using Centre for Disease Control
Criteria (8).

The study was submitted to the National
Medical Research Register for ethical approval
(NMRR-07-484-757). Data entry and analysis
were done using Statistical Package for Social
Sciences (SPSS) version 20.0. Descriptive
statistics are shown where appropriate.
Univariate and multivariate regressions were
conducted. Multiple logistic regression was used
to determine which variables were significantly
associated with the outcomes. Variables that
were significant at a 5% significance level were
retained in the final model. Adjusted odds ratios
(ORs) and 95% confidence intervals (CIs) were
calculated for these models.

Results

A total of 101 patients underwent
autologous cranioplasty between June 2011
and November 2012 from both of the hospitals
enrolled in the study based on the inclusion and
exclusion criteria. The youngest patient was 18
and the oldest patient was 66. The mean age was
27 (SD 14.70). More than half of the patients
(N = 52, 51.4%) were younger than 30. Four
elderly (> 60 years) patients were included in the
study. Eighty-three of the patients (82.2%) were
male and 18 (17.8%) were female.

Among the 101 cases, cryopreserved
bone flaps were used in 55 cases (54.5%);
the remaining 46 bone flaps (45.5%) were
stored in the subcutaneous pockets. Three
cases of infection (5.45%) were found in the
cryopreserved group and three cases of infection
(6.52%) were also found in the subcutaneous
pocket group. Eighteen (17.8%) patients had
underlying medical illness prior to cranioplasty.
The remaining 83 (82.2%) were healthy
individuals. The documented medical illnesses
included hypertension, diabetes mellitus,
bronchial asthma, hypercholestrolaemia and
coronary heart disease.

The most common indication of DC was
traumatic brain injury, which was found in 86
cases (85.1%); 15 cases (14.9%) were found
to have non-traumatic brain swelling, such
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as spontaneous intracerebral haemorrhage,
malignant middle cerebral artery infarction and
tumour surgery. Among the traumatic brain
injury cases, 50 patients (58.1%) had their bone
flap stored in the bone freezer and 36 (41.9%)
had their bone flaps stored in subcutaneous
pockets. Within the traumatic brain injury cases,
three cases of infection (6%) were seen in the
cryopreserved group and three cases of infection
(5.5%) were seen the subcutaneous pocket group.

Seventy-nine bone flaps (78.2%) were
unilateral (either right or left) and 22 (21.8%)
were bifrontal. Of the infected cases, half (three
cases) were bifrontal bone flaps and half (three
cases) were unilateral bone flaps. Cranioplasty
was performed by specialists in 58 cases (57.5%)
and by non-specialists in 43 cases (42.5%). All
six of the patients with cases of infection were
operated on by non-specialists.

The shortest interval from DC to
cranioplasty was 25 days. The longest interval
was 538 days. The mean interval was 168 days.
The timing of the cranioplasty was further
subdivided into early (< 90 days from DC to
cranioplasty) and late (> 90 days from DC to
cranioplasty). Only 12 patients (11.9%) had early
cranioplasty; 89 patients (88.1%) underwent late
cranioplasty. The majority of the cryopreserved
(96.4%) and subcutaneous pocket (78.3%) bone
flap cases had late cranioplasty. Among the 12
early cranioplasty cases, two (16.7%) were found
to have post-cranioplasty SSI. Of the 89 cases
in the late cranioplasty group, only four cases of
infection (4.5%) were found.

Seventy (69.3%) of the patients who
had DC did not have any further cranial
operations, and 31 patients (30.7%) had one
or more subsequent cranial operations prior to
cranioplasty. The subsequent cranial operations
were recraniotomy and evacuation of extra-
axial collection, recraniotomy and evacuation of
intracerebral haematoma, wound debridement
and desloughing of the craniotomy wound.

Fifty-eight cranioplasty operations (57.5%)
were performed by specialists with neurosurgical
qualifications and 43 (42.5%) were performed
by non-specialist neurosurgical medical officers
who were trained in cranioplasty. All six of
the patients with infections were operated on
by non-specialist surgeons. No SSI cases were
reported in the group in which the cranioplasty
was performed by a qualified neurosurgical
specialist.

In these two neurosurgical units, the overall
incidence of post-cranioplasty SSI from 1 June
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2011 to 30 Nov 2012 was found to be six cases
(5.9%). The simple logistic regression analysis
results showed that the type of bone flap storage
method (P = 0.572), type of bone flap (P = 0.116),
indication of DC (P = 0.629), pre-existing
medical illness (P = 0.588) and the timing of the
cranioplasty (early versus late) (P = 0.148) have
no significant association with post-cranioplasty
SSI. The significant factors associated with the
development SSI were repeat cranial operations
(P = 0.014) and the status of the operating
surgeon (P = 0.032) (Table 1).

A multiple logistic regression analysis was
conducted to predict the potential for post-
cranioplasty SSI using the status of the operating
surgeons and the number of repeat cranial
operations as predictors. The Wald criterion
demonstrated that only repeat cranial operations
had a significant impact on the potential for SSI
(P = 0.0010. The Exp(B) value indicates that if
patients undergo more than two repeat cranial
operations before undergoing cranioplasty
they are almost 11 times more likely to get SSI
(Table 2).

Table 1. Different variables and their p-values in association with post-cranioplasty surgical site

infection

Surgical Site Infection
n (%)

Variables

No

Odds Ratio

(95% Confidence Interval) P-value

Pre-existing Illness

Yes o (0) 18 (19) 0.93 (0.88-0.99) 0.588
No 6 (100) 77 (81)

Indication for DC
TBI 5(83.3) 81 (85.3) 0.82 (0.09-7.96) 0.629
Non-TBI 1(16.7) 14 (14.7)

Types of DC
Unilateral 3(50) 76 (80) 4.00 (0.75—21.41) 0.116
Bifrontal 3 (50) 19 (20)

Method of bone storage
Cryopreservation 3 (50) 52 (54.7) 1.2 (0.23-6.30) 0.572
Subcutaneous pocket 3 (50) 43 (45.3)

Repeat operation
Yes 5(83.3) 26 (27.4) 13 (1.48-119.03) 0.010
No 1(16.7) 69 (72.6)

Timing of cranioplasty
Early 2(33.3) 10 (10.5) 0.24 (0.04-1.45) 0.148
Late 4 (66.7) 85(89.5)

Operating Personnel
Specialist o (0) 43 (45.3) 1.1 (1.02-1.22) 0.032
Non-specialist 6 (100) 52 (54.7)

Table 2. Variables associated with autologous cranioplasty post-operative SSI in the last stage of
multivariate analysis using multiple logistic regression model

Risk Factors Adjusted OR (95% CI)
Operating personnel
Specialist 1

Non-specialist 1(0.77-15.85)

Repeat operation
Yes 10.46 (3.38—32.32)
No 1

Wald Statistic P-value
2.81 6.05 0.997
2.35 16.59 0.001
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Discussion

Bone flap infection following any
cranial surgery is a serious and burdensome
complication. This complication ranges from
simple superficial wound infections to deeper
infections, such as bone flap osteomyelitis,
meningitis or brain abscesses (9). Therefore, it is
important to identify the predictive parameters
for cranioplasty SSI in order to improve patient
outcomes.

This prospective study was conducted to
determine if there are any differences in SSI
following autologous cranioplasty based on the
mode of bone flap storage. The study found that
the incidence of SSI in cranioplasty using the
autologous bone flap method at the two studied
centres was 5.9% in 101 patients within a period
of 18 months. This finding is consistent with
previously reported rates of infection, ranging
between 7% and 22% (10—11). The rate of post-
cranioplasty SSI was 5.5% and 6.5% for the
cryopreserved bone flaps and the bone flaps
stored in the abdominal subcutaneous pocket,
respectively. However, the difference between
the two modes of bone flap storage was not
statistically significant. A literature review of
multiple retrospective studies revealed that the
rate of post-cranioplasty SSI with cryopreserved
bone flaps ranges between 0% and 25.9%;
for subcutaneous preserved bone flaps, the
rate ranges between 2.3% and 5.1% (12). In a
systematic review of non-prospective studies,
Yadla et al. (13) reported no significant difference
in infection rates between subcutaneous or
extracorporeal preservation of autologous bone
flaps.

A retrospective study by Inamasu et al.
(14) over 9 years with 70 patients at one centre
found that the SSI rate was 16.1% and 5.1%
in the cryopreservation and subcutaneous
pocket groups, respectively, with no significant
difference in the incidence of infection between
the two bone flap storage methods. However,
a subgroup analysis of traumatic brain injury
patients showed a significant rate of infection
with cryopreserved bone flaps. In the present
prospective study, the association between the
methods of storage and post-cranioplasty SSI
among the 86 traumatic brain injury cases was
not statistically significant.

Even though the outcome (infection) for
both groups did not differ significantly, the
cryopreservation method has many advantages
over the method that buries a bone flap in
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abdominal subcutaneous tissues. Storing bone
flaps in the bone freezer seems to be the simplest
and safest strategy because the surgeon does not
have to spend extra time creating subcutaneous
pockets and the patient does not experience
additional surgical scarring. However, if the
abdominal storage site becomes infected
additional surgery for wound debridement of the
abdomen and removal of the stored bone flap is
required. In this context, the patient and hospital
bear greater burdens including extra theatre
time, additional (patient) suffering, the need for
more antibiotics (increased costs), prolonged
hospital stay and the cost of an alloplastic
implant for future cranioplasty.

The abdominal subcutaneous
method may be more Dbeneficial than
cryopreservation because it is affordable
and it does not require the maintenance of
special expensive freezers. However, serious
consequences can occur with this method, and
these pose a higher danger and more harm
to patients than cryopreserved bone flaps.
The harmful consequences include the risk of
infection as well as dissatisfaction with a bone
flap stored in the abdomen. In the present study,
among the 293 DCs in which the bone flaps
were stored in the abdomen, 26 patients (8.9%)
reported abdominal pain and discomfort. The
phenomenon of the bone flap implantation
site giving rise to pain and discomfort is more
commonly seen in thin-built patients. Some
patients also complained of the bone flap
“bulging out”, and some reported having pain
only when they sat in an upright position when
the bone flap edges cause friction with the iliac
bone. This phenomenon is also reported by
Morina et al. (15).

Repeated cranial operations and evacuation
of extra-axial collections have contributed to
an increased incidence of SSI. In one study,
the rate of bone flap infection increased from
4.3% to 33% following more than three cranial
operations (16). Studies by Cheng et al. (17) and
Matsuno et al. (18) reported that multiple cranial
operations prior to cranioplasty increase the
risk of infection. Repetitive disruption to wound
healing from multiple cranial operations may
be related to post-cranioplasty SSI. The current
study found that patients who underwent repeat
cranial surgery more than two times after DC
and before cranioplasty had an almost 11 times
higher risk of developing post-cranioplasty SSI.
Attempts to minimise the total number of cranial
procedures prior to cranioplasty can prevent SSI

pocket
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Conclusion

The results of this prospective study
provide valuable information for predicting
outcomes following cranioplasty with autologous
bone flaps stored with cryopreservation or in
subcutaneous pockets. In conclusion, there is no
difference in the incidence of post-cranioplasty
SSI using autologous bone flaps stored either by
cryopreservation or in subcutaneous pockets.
However, undergoing multiple cranial operations
following craniectomy is a significant risk factor
for post-cranioplasty SSI. Attempts to reduce
cerebrospinal fluid leaks, subgaleal haematoma
and post-craniectomy haematoma are necessary
in order to reduce repeated cranial operations
before cranioplasty.
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