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Abstract
Objective: Ex-vivo preservation of autologous bone flap for Cranioplasty involves various techniques but there are 
no fixed guidelines as preservation time, temperature, technique differs. It was preserved submerging in the mixture 
of 10% betadine and 90 % ethyl alcohol solution in an airtight container in refrigerator at constant temperature of 
0 ْ C and was autoclaved 1 hour before reimplantation. The Primary objective of the study is to analyze surgical 
site infection, secondary its association with dependent variables age, sex, mode of injury, number of procedure 
performed.
Materials and methods: This is a retrospective study conducted in Nepal Mediciti hospital from September 2017 to 
November 2019.Data of all patients who underwent Cranioplasty was reviewed from medical record, U/L autologous 
bone Cranioplasty preserved with this technique were only included in the study. The primary outcome SSI was 
classified according to guidelines of the centers of disease control and established with organism isolated in the 
culture.
Results: Only 66 out of 78 Cranioplasty was included in this study.The majority was male 83.3%.The mean age was 
37.16(standard deviation [SD]±14.58).The SSI was 7.5% and was associated with number of procedures performed 
(p=0.02).RTA was major cause of Cranioplasty in 60.61%.
Conclusion: Ex-vivo preservation of autologous bone flap for Cranioplasty with this technique is safe to be applied 
in resource limited settings as it can produce similar results as other techniques.
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performed in minimal neurosurgical facility settings and 
remains the treatment of choice for medically refractory 
intracranial hypertension, most commonly in the severe 
traumatic brain injury, large vessel infarction and less 
frequently in cases of intra-operative brain swelling, 
aneurysmal subarachnoid hemorrhage and encephalitis.1 

The autologous bone flap (ABF) following DC can be 
preserved in vivo in subcutaneous pocket or Ex-vivo by 
maintaining complete asepsis by cryopreservation at very 
low temptrature.Cranioplasty commonly is required to 
protect the brain, restore aesthetics and relieve neurologic 
symptoms, as well as for psychosocial reason.2 Autologous 
bone is widely used for Cranioplasty as it is relatively 
inexpensive, easy to obtain, exhibits good fit and contour, 
presents no risk of disease transmission and is viable.3 
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 standardization among the 
described techniques.4 Surgical site infection (SSI) is 
the major Complication causing graft removal and may 
be associated with preservation technique also. Cheng-
HsinCheng et al, study over 10 years showed the SSIs rate 
18.2% in the subcutaneous pocket (SP) group and 11.1% 
in the Cryopreservation (CP) group.5 Other study Inamasu 

Introduction 

Decompressive Craniectomy (DC) is a potentially 
life-saving neurosurgical procedure that can be 
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et al,over 9 years period showed 5.1% in the SP group and 
16.1% in the CP group.6 Overall complication may range 
from 10.5% to 50%.7 One similar study from Nepal has 
shown overall complication rate of 9%.8After removal 
in DC, the cranial bone flap is most often preserved 
sterilely in a freezer.9 Preservation times and temperatures 
vary greatly and no standard regarding either has been 
established.10 Some advocate submerging the bone flap in 
antiseptics prior to preservation.11 In our study after DC, 
the autologous bone flap is preserved submerging in the 
mixture of 10% betadine and 90 % ethyl alcohol solution in 
an airtight container in refrigerator at constant temperature 
of 0 ْ C and autoclaved 1 hour before reimplantation. The 
primary outcome SSI, secondary outcome its association 
with dependent variables age, sex, mode of injury, number 
of procedure will be analyzed.

Materials and methods

Study design and patient population 
A retrospective study was designed after approval from 
the hospital to collect data, ethical approval was taken 
from the Institutional review committee of Nepal health 
research council (394/2020P). All patients who underwent 
U/L cranioplasty at Nepal Mediciti hospital, Kathmandu 
from September 2017 to November 2019 with ABF with 
this technique were included in this study. Cranioplasty 
performed with other technique were excluded from the 
study. 
•	 The primary outcome 
	 SSI will be classified according to the guideline of 

the centers of disease control (CDC) and also will be 
established by the culture.

Definition of surgical site infection 12-13

A.	 Superficial incisional infection

This is defined as a surgical site infection that occurs 
within 30 days of surgery, involves only the skin or 
subcutaneous tissue of the incision and meets at least one 
of the following criteria:
1. 	 The superficial incision causes purulent drainage.
2. 	 The superficial incision yields organisms from the 

culture of aseptically aspirated fluid or tissue or from 
a swab, and pus cells are present.

3. 	 At least two of the following symptoms and signs 
are present: pain or tenderness, localized swelling, 
redness or heat.

The superficial incision is deliberately opened by a 
surgeon to manage the infection unless the incision is 
culture-negative, or the clinician diagnoses a superficial 
incisional infection. Stitch abscesses are defined as 

minimal inflammation and discharge confined to the points 
of suture penetration and localized infection around a stab 
wound. They are not classified as surgical site infections.

B.	 Deep incisional infection

This is defined as a surgical site infection involving 
the deep tissues (i.e., fascial and muscle layers) that occurs 
within 30 days of surgery if no implant is in place or within 
a year if an implant is in place. The infection appears to be 
related to the surgical procedure and meets at least one of 
the following criteria:
1. 	 There is purulent drainage from the deep incision but 

not from the organ/space component of the surgical 
site.

2. 	 The deep incision yields organisms from the culture 
of aseptically aspirated fluid or tissue or from a swab, 
and pus cells are present.

3. 	 The deep incision spontaneously dehisces or is 
deliberately opened by a surgeon when the patient 
has at least one of the following symptoms or signs 
(unless the incision is culture-negative): fever (>38 
degree Celsius); localized pain or tenderness

4. 	 An abscess or other evidence of infection involving the 
deep incision is found by direct examination during 
re-operation or by histopathological or radiological 
examination.

5. 	 An attending clinician diagnoses a deep incisional 
surgical site infection.

Note: An infection involving both superficial and 
deep incision is classified as “deep incisional SSI” unless 
different organisms are present at each site.

C. 	 Organ/Space SSI

This must meet the following criteria
1.	 Infection occurs within 30 to 90 days after the 

operative procedure (where day 1 = the procedure 
date) and involves any part of the body excluding the 
skin incision, fascia, or muscle layers, that is opened 
or manipulated during the operative procedure.

•	 The secondary outcome 
The association of SSI (Dependent Variable) with 
independent variables age, sex, mode of injury, 
number of procedure.

Preservation of autologous bone flap after DC

The free Fronto-Tempo-Parietal bone flap after 
DC with size (L=12-13cm, B=8-9 cm) is cleared off of 
soft tissues, thoroughly irrigated with Normal saline, 
betadine solution and dried up using gauge piece. It was 
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submerged completely in the povidone-iodine solution IP 
10% and ethyl alcohol B.P 90 % in equal amount in an 
airtight sterile container.It was stored in refrigerator in our 
hospital‘s operation theatre at constant temperature of 0ْ
C. The commonly used refrigerator temperature can be 
set from 33ْF to 45ْF (0ْc to 7ْC), has adequate space and 
shelves for storage of container.The autologous bone flap 
was autoclaved 1 hours before surgery and re-implanted 
during Cranioplasty. The preservation technique is 
represented in Fig 1(1A, 1B, 1C).

Surgical Technique
There were total 66 patients who underwent 

autologous Cranioplasty in 3 to 6 weeks (mean 3.5 weeks) 
following DC. Repeat CT-scan brain with boney window 
was performed in all cases planned for Canioplasty.
The prophylactic antibiotics used was flucloxacillin and 
ceftriaxone which was continued for 7-10 days. The skin 
incision was through previous skin incision, dura was 
meticulously dissected from the skin flap. Temporalis 
muscle was dissected from the dura and elevated. 
Boney margins were secured, hemostasis was achieved. 
Autoclaved autologous bone flap was reimplanted, dural 
tenting was done and bone was fixed with titanium 
screw and plates. Thereafter, temporalis muscle was 
replaced, hemostasis maintained, wound was closed in the 
anatomical layers after establishing vacuum drain, stitches 
were removed in the 10th post-operative day. 

Study measures /statistics
In the study SSI will be the primary outcome 

dependent variables classified according to the guideline 
of the centers of disease control (CDC) and also will be 
established by the culture. The association of dependent 
variable with independent variables age,sex,mode of 
injury and number of surgical procedures performed 
will be analyzed using chi-squared test with statistical 
significance at p <0.05.The analysis will be performed by 
IBM SPSS Statistics version 23.

Results

66 out of 78 patient was included in the study with 
83.3% male.The mean age was 37.16(Standard deviation 
[SD] ±14.58).RTA was the major cause in 60.61% where 
cranioplasty was performed (pie chart.1).SSI was present 
in 5 (7.5%), Superficial incisional infection in 3 (4.5%) 
with superficial flap necrosis and wound gaping where 
MRSA, S.aureus was isolated in culture Organ/Space SSI 
in 2(3%) with bone flap infection where Propionibacterium 
and Enterobacter was isolated in culture.( Table.1 Surgical 
Site Infection (SSI) classified according to the guideline 
of the centers of disease control (CDC) with causative 
organisms). SSI was associated significantly with the 
number of surgery performed following cranioplasty 
(p=0.02). Table 2. Association of SSI (dependent variable) 
with independent variables. Some complication are 
presented in Fig. 2

Numbers Percentage Findings Isolated organism

1 Superficial incisional infection 3
4.5%

Superficial flap necrosis
Wound gap MRSA

S. aureus2 Deep incisional infection - -

3 Organ/Space SSI 2 3% Bone flap infection

Gram positive 
(Propionibacterium)
Gram negative
(Enterobacter)

SSI 5 7.5% -
-No SSI 63 92.5% Normal

Total 66 100% -
Table 1: Surgical Site Infection (SSI) classified according to the guideline of the centers of disease control (CDC) with 
causative organisms
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Figure 1: Preservation technique
Figure 1A: (bone flap measuring L=12-13cm, B=8-9 cm), Figure 1B: (povidone-iodine solution IP 10% and ethyl 
alcohol B.P 90 % in a sterile container with bone flap submerged), Figure 1C: (preservation in refrigerator with patient’s 
particulars).

Independent variables
Dependent Variables (SSI)

Total
P value

(Fischer’s exact 
test)No Yes

Age <40 32 2 34
1.00>40 31 1 32

Total 63 3 66

Sex Male 52 3 55
1.00Female 11 0 11

Total 63 3 66

Mode of injury RTA 38 2 40

1.00Non-RTA 25 1 26
Total 63 3 66
Number of 
procedure

1 61 1 62
0.02>1 2 2 4

Total 63 3 66
Table 2: Association of SSI (dependent variable) with independent variables

Figure 2: Complications
Figure 2A: Extradural collection post Cranioplasty, Figure 2B: Bone flap infection, Figure 2C: Superficial flap necrosis

A

A

B

B

C

C
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Pie chart 1: Showing common causes of Cranioplasty

Discussion

The decompressive Craniectomy (DC) is lifesaving 
neurosurgical procedure that can be performed even in 
settings of minimal neurosurgical facility and needs future 
cranioplasty which has higher rate of complications.
Majority of the patients undergoing DC results from 
traumatic brain injury which affects all ages; however 
majority of road traffic injuries (RTI) occurs in young 
adult of productive age group. As per report by the 
ministry of road transport, Government of India (2007) 
1.4 lakhs road accidents happened in 2007 with 40,612n 
people killed and 1.5 lakhs people injured.14 The majority 
(60%) cases are due to road traffic injuries (RTI), followed 
by falls (20-25%) and violence (10%).15 The majority of 
the patient 60.61% out of 71.22% with TBI in our series 
underwent CP due to RTA, followed by MCA infraction 
(18.18%), fall injury (9.09%), aneurysm surgery (4.55%), 
meningioma surgery (3.03%), AVM surgery (1.52%), 
glioma surgery (1.52%) and physical assault (1.52%).

Optimal bone flap size during DC taking into 
consideration of the head size is mandatory to effectively 
control ICP and prevent postoperative complications of 
DC.16 In our series the autologous bone flap size L=12-
13cm, B=8-9 cm approximately was taken during DC in 
most of the case.The autologous bone flap (ABF) is the 
gold standard for CP, therefore preservation technique 
for future cranioplasty is important due to its known 
complications. The ABF can be preserved following DC 
in vivo by creating subcutaneous pockets (SP) mostly 
in abdomen and ex-vivo which incorporates various 
techniques.In vivo preservation in SP fat pocket may 
increase the risk of complication as needs additional 
incision, produces scar, risk of surgical site infection (SSI) 

and sometimes difficult in case of children as they have less 
subcutaneous fat. Ex-vivo preservation techniques mostly 
adopted are cryopreservation where autologous bone flap 
are preserved at very low temperature ranging from –4 to 
–85°C, which may be not be feasible in resource limited 
settings.

The major complication following CP is the risk for 
development of SSI and it can be sometimes associated 
with the preservation techniques of the autologous bone 
flap.Soft tissues were cleared from the bone flap,irrigated 
with normal saline,dried with gauge and was preserved 
in commonly used antiseptics povidone-iodine solution 
IP 10% and ethyl alcohol B.P 90 % in a sterile air tight 
container in equal amount.The various antiseptics are used 
in different centers and these are most commonly used 
antiseptic with proven efficacy and easily available in any 
settings.

It is very important to keep the autologous bone flap 
in aspectic condition during storage in refrigerator and 
also to maintain its viability. At too low temperature there 
is risk of osteocytes loss and protein degeneration but less 
risk of infection but with higher temperature osteocytes 
are viable and chances of infection increases.Maintaining 
lower temperature by newer techniques such as 
cryopreservation may not be available in resource limited 
settings but refrigerator are easily available with minimal 
surgical settings.Therefore we used 0ْC and minimized 
the risk of infection by using antiseptics for preservation.

All patient in our study underwent early canioplasty 
within 3-6 weeks (<3 months).Although, several studies 
have reported that early CP produced a significantly 
higher complication rate compared with late CP, other 
studies have shown that early CP produced more favorable 
results than late CP.17 The studies comparing the outcomes 
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of Cranioplasty with cryopreserved and subcutaneously 
stored bone flaps have produced variable results and 
significant deficiency in those studies is the lack of 
standardization among the described techniques.18 One 
metanalysis comprising of total of 48 studies including 
5346 patients where 4096 underwent cranioplasty with an 
autologous bone flap showed no statistically significant 
differences in Cryopreserved vs subcutaneous storage 
of bone flaps with respect to percentage of patients 
developing infection (7.3% vs. 7.1%).19The Centers 
for Disease Control and Prevention (CDC) has defined 
SSI,which was used in our series to assess the SSI and 
established by culture. There was 3 superficial incisional 
infection (4.5%), 2 (3%) organ/space SSI involving ABF 
in our series.MRSA, S.aureus from superficial incisional 
infection and Propionibacterium/ enterobactor form organ/
space SSI were isolated in the culture. There were total 5 
(7.5%) SSI in our series which was comparable with the 
other studies.

CSF leak, pseudomeningocele, flap necrosis, poor 
cosmesis, infections, seizures, intracranial hematoma, 
rarely mortality are the complications often encountered 
following the cranioplasty. Excessive stretching of the 
edges of the wound due to low skin elasticity or scar 
deformity due to previous incision, compression of 
the edges of the wound with the application of a large 
number of sub cutaneous sutures, the initial direction of 
the incision, excessive tension on the tissue can disturb 
microcirculation resulting skin flap necrosis and wound 
gaping. Multiple neurosurgical revisions may be related 
to disrupted wound healing, cause repeated exposure to 
bacterial translocation during the surgical procedures and 
also associated with a higher risk of subgaleal collection, 
which leads to a higher risk of infection.20 Superficial 
incisional infection with wound gaping and superficial 
flap necrosis were present in 3 (4.5%) of the patient where 
swab culture isolated MRSA, S.aureus to establish SSI.
Organ/space SSI with gram positive organism. The one 
patient with superficial skin necrosis was managed with 
daily dressing and oral antibiotics. The remaining two 
patients with wound gaping had clear serosanguineous 
discharge, where resuturing was done and sensitive 
antibiotics was continued.The Propionibacterium and 
gram negative enterobactor with bone flap infection was 
established in 2 (3%) of the patient in our series. Amongst 
4 patients who underwent more than one surgery following 
Cranioplasty 3 had extra dural hematoma and in 1 where 
bone flap could not be replaced due to intraoperative 
brain swelling, 2(3%) developed bone flap infection.
There was significant association of SSI with number of 
cranial procedure performed in our series (pvalue0.02). 
Pseudomeningocele, CSF leak, poor cosmesis, wound 
gaping were other complication in patient in our series. 
Though majority of the cranioplasty was performed in 

young,adult,male in our series, no significant association 
was found with age (p=1.00), sex(p=1.00) and mode of 
injury (1.00). 

Conclusion

Cranioplasty is a common neurosurgical procedure 
that can be performed in a setting of minimal 
neurosurgical facility. This preservation technique of 
ABF is safe to be applied in resource limited settings.
SSI is significantly associated with the number of surgery 
following canioplasty. However, a prospective multicentre 
randomized controlled study is necessary to confirm our 
findings.
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