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A B S T R A C T   

Background: Surgical site infection (SSI) is common following cranioplasty after decompressive craniectomy 
(DC). The aim of this study was to assess the risk of SSI following cranioplasty in terms of the preservation 
method of autogenous bone graft (ABG), comparing preservation in 80% ethanol versus the standard method of 
subcutaneous ABG preservation. 
Material and methods: The patients who underwent cranioplasty using ABGs after DC between 2008 and 2019 
were retrospectively reviewed. SSIs were compared between patients whose ABG was preserved in 80% ethanol 
(group A) and those whose ABG was preserved subcutaneously (group B) using inverse probability of treatment 
weighting (IPTW) based on propensity scores to balance measurable confounders including elderly age, sex, 
expanded polytetrafluoroethylene, stroke, interval to cranioplasty, and diabetes mellitus. 
Results: Total number of 127 patients consisted of 56 in group A and 71 in group B. SSI after cranioplasty 
occurred in five patients each in groups A and B (8.9% vs. 7%, p = 0.748). IPTW analysis demonstrated that 
preservation in 80% ethanol was associated with a lower risk of SSI (odds ratio: 0.239, 95％ confidence interval: 
0.0615–0.927, p = 0.039). 
Conclusion: The simple and less-invasive method of preserving ABGs in 80% ethanol for cranioplasty after DC 
might be potentially safe from an SSI perspective.   

1. Introduction 

Decompressive craniectomy (DC) with duraplasty reportedly im-
proves the survival rate of acute cerebral edema due to malignant ce-
rebral infarction [1–3], traumatic brain injury [4–6], and subarachnoid 
hemorrhage (SAH) [7,8]. After the cerebral edema subsides, cranio-
plasty is necessary to prevent deformity of the head and the sinking skin 
flap syndrome [9]. Although artificial bone material can be used for 
cranioplasty, if needed, care should be taken to avoid infection in such 
cases. Furthermore, the artificial bone flap needs to be made to order 
using three-dimensional computed tomography and is expensive. On the 
other hand, an autogenous bone graft (ABG) is less expensive and is less 
likely to get infected [10]. When an ABG is used for cranioplasty, the 

bone flap that is removed at the time of DC is often preserved subcuta-
neously in the thigh or abdomen, or in a freezer, until cranioplasty. 
These methods of preservation of the ABG are associated with certain 
disadvantages, including the risk of surgical site infection (SSI) and bone 
graft resorption in the case of cryopreservation [11], and increased 
invasiveness due to the need for surgery at another site for placement of 
the graft when using subcutaneous preservation. 

Another simple method of preservation of ABGs in a solution of 80% 
ethanol has been reported [12]. However, there have been no reports 
about the risk of SSIs with this method. The aim of this study was to 
compare bone graft preservation using an 80% ethanol solution with 
subcutaneous preservation of the graft in the thigh with regards to the 
risk of SSI. 
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2. Methods 

2.1. Ethics statement 

All research protocols in this study were approved by the institu-
tional review board of Nara Medical University (approval number: 
3062), and the need for informed consent was waived. 

2.2. Study design and patient selection 

This retrospective, cohort study included patients who underwent 
cranioplasty following DC at Nara Medical University, Japan, between 
2008 and 2019. The patients’ characteristics, such as the original pa-
thology and their medical history, the material used as a dura substitute 
in DC, and the preservation method of the ABG during the period be-
tween DC and cranioplasty were evaluated. 

Patients who underwent cranioplasty using ABGs were divided into 
group A, in whom the ABG after DC was preserved in an 80% ethanol 
solution, and group B, in which the ABG was preserved subcutaneously 
in the thigh. 

To reduce selection bias and ensure reliably comparable cohorts, the 
propensity score for treatment was calculated by logistic regression 
analysis using inverse probability of treatment weighting (IPTW). Then, 
using synthetic cohorts, whether preservation in 80% ethanol was 
associated with SSIs was investigated (Fig. 1). 

2.3. Inclusion and exclusion criteria 

This study included patients who underwent cranioplasty using 
ABGs along with duraplasty after DC performed to reduce elevated 
intracranial pressure due to a variety of pathologies, including acute 
cerebral infarction, aneurysmal SAH (aSAH), traumatic brain injury, and 
other diseases. The following patients were excluded: 1. those who un-
derwent DC but died before cranioplasty; 2. patients who underwent DC 
of the posterior fossa, because subsequent cranioplasty is often unnec-
essary; 3. patients who underwent cranioplasty using an artificial bone 
graft, for example, when a free bone flap was abandoned because of an 
open head injury; and 4. patients who could not be followed for at least 
one year. 

2.4. Definition of SSI 

In this study, SSI was defined as apparent local inflammation due to 
infection at the surgical site that required surgical removal of the bone 

flap. 

2.5. Clinical outcome 

The primary endpoint was defined as the occurrence of SSI within 
one year after cranioplasty following DC. The secondary endpoint was 
the occurrence of autogenous bone resorption. 

2.6. Surgical technique 

DC was performed by removing a large frontotemporal-parietal bone 
flap. The dura was opened widely and was covered by expanded poly-
tetrafluoroethylene (ePTFE) or fascia lata, which was selected based on 
the surgeon’s judgement. 

After DC and until cranioplasty, the ABG was preserved either sub-
cutaneously or in an 80% ethanol solution, based on the surgeon’s 
judgement. 

When the ABG was preserved in 80% ethanol (Nipro Corporation, 
Osaka, Japan), the bone flap that was removed from the surgical field 
was first cleansed and irrigated with a saline solution. Then, it was 
soaked in the 80% ethanol solution and packed in a sterile transparent 
plastic container. Thereafter, the container was placed in a sterile plastic 
bag and sealed. The package was stored in the medical refrigerator at 
4 ◦C until cranioplasty. 

Cranioplasty was usually performed between 2 and 4 weeks after the 
cerebral edema had subsided and the patient’s general condition was 
confirmed to be stable. 

In both groups, antibiotic prophylaxis was routinely administered 
prior to incision within 30 min, and 3 h from the beginning of the 
operation the antibiotic was added. No antibiotic was given 
postoperatively. 

2.7. Comparison of risk of SSI 

To compare the risk of SSI after cranioplasty, the following factors 
were evaluated: age (dichotomously divided as ≤ 60 years and > 60 
years), sex, type of disease (classified as stroke, including malignant 
infarction and aSAH, and other pathologies, including trauma and brain 
tumor), use of ePTFE as the material for duraplasty, and a history of 
diabetes mellitus (DM). Since use of ePTFE and the pathology of stroke 
causing cerebral edema have been reported as risk factors related to SSI 
in cranioplasty after DC, they were included as confounding factors for 
adjustment [13,14]. 

Furthermore, the interval between DC and cranioplasty has been 
reported to be associated with the occurrence of SSI [10,15–17]. 
Therefore, the interval to cranioplasty was also included as a covariate 
in the propensity score analysis. 

2.8. Statistical analysis 

Continuous variables are presented as means ± standard deviation. 
All dichotomous variables are reported as percentages. Univariate 
analysis was performed using Fisher’s exact test to evaluate the risk of 
SSI. 

Multivariable analysis was performed using logistic regression to 
evaluate the risk of SSI for reference, even though the number of out-
comes was small. 

Propensity score analyses were used to balance measurable con-
founders between groups A and B. Multivariable logistic regression was 
used to predict treatment (preservation method of ABG in 80% ethanol) 
based on confounding covariates, including elderly age, sex, ePTFE, 
stroke, interval to cranioplasty, and DM. Each patient was then assigned 
an estimated propensity score, which was his/her predicted probability 
of receiving the preservation method of ABG in 80% ethanol based on 
his/her observed baseline characteristics. 

Logistic regression analyses were also performed by applying 
Fig. 1. Flow chart of the study population. DC； decompressive craniectomy, 
ABG; autogenous bone graft. 
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propensity scores to adjust for group differences in two alternative ways: 
(1) regression adjustment (i.e., inclusion of the propensity score as a 
linear predictor in the model); and (2) use of the propensity score to 
create stabilized weights, defined as the inverse probability of treatment 
weighting (IPTW) [18]. 

For reference, multivariable logistic regression for the risk of SSI was 
also analyzed, even though the number of patients who achieved the 
outcome was small. 

A p value of ≤0.05 was considered significant if the 95% confidence 
interval (CI) did not include 1. All statistical analyses were performed 
using EZR Ver.1.53 software (Saitama Medical Center, Jichi Medical 
University, Saitama, Japan), which is a graphical user interface for R 
(The R Foundation for Statistical Computing, Vienna, Austria). 

3. Results 

3.1. Baseline characteristics of patients undergoing cranioplasty 

A total of 172 patients who underwent DC during the study period 
were retrospectively reviewed; cranioplasty was performed in 149 pa-
tients, and artificial bone material was used in 22 patients. The 
remaining 127 patients who met the inclusion criteria were divided into 
group A (n = 56), in which the ABG was preserved in an 80% ethanol 
solution for cranioplasty, and group B (n = 71), in which the ABG was 
preserved subcutaneously. 

In group A, the average age of the patients was 51.6 ± 22.6 years. 
Twenty-two were female and 34 were male. The causative pathology of 
cerebral edema was stroke, including malignant brain infarction and 
aSAH in 18 patients, and other diseases, including traumatic brain injury 
and brain tumors in 38 patients. ePTFE was used for duraplasty 
following DC in 48 patients. Five of the 56 patients had DM. 

In group B, the average age of the patients was 56.0 ± 19 years. 
There were 27 females and 44 males. The pathology of the brain 
swelling was stroke in 43 and other disease in 28 patients. ePTFE was 
used for duraplasty in 10 patients, and nine patients had DM. 

The average follow-up period of group A was 2.25 ± 1.6 years, 
ranging from one to 6 years, whereas the follow-up period of group B 
was 5.7 ± 2.9 years, ranging from one to 12 years (Table 1). 

3.2. Clinical outcomes 

A total of 10 patients developed SSI. The timing of development of 
SSI after cranioplasty ranged from 4 to 240 days, with an average of 
44.1 ± 64.8 days. The mean day of SSI development was 20 days. 

SSI after cranioplasty occurred in five patients each in groups A and B 
(8.9% vs. 7%, p = 0.748). Multivariable logistic regression analysis 
demonstrated that 80% ethanol was not significantly associated with SSI 
(odds ratio [OR]: 0.274, 95% confidence interval [CI]: 0.049–1.53, p =
0.14). Furthermore, the regression model of the preservation method of 
ABG in 80% ethanol using the propensity score as a covariate demon-
strated a similar OR, with no significant difference (OR: 0.259, 95%CI: 
0.0516–1.3, p = 0.0975). On IPTW analyses, however, the occurrence of 
SSIs was significantly lower with preserving the ABG in 80% ethanol 
than with the standard subcutaneous preservation (OR: 0.239, 95％CI: 
0.0615–0.927, P = 0.039) (Tables 2 and 3). 

None of the patients in either group developed bone graft resorption. 

4. Discussion 

In this study, the risk of infection was shown to be potentially lower 
with ABG preserved in an 80% ethanol solution than with the standard 
method of subcutaneous preservation of the bone graft. 

In the present study, multivariable logistic regression analysis sug-
gested that the use of ePTFE was the strongest risk factor related to SSI. 
Use of ePTFE as the material in DC has been reported to be a potential 
source of infection [14]. Similarly, stroke pathology was also reported to 

be a risk for SSI after DC [13]. Thus, the effect of these potential con-
founders was eliminated by propensity score analyses to obtain the re-
sults of the study. Similar ORs on propensity score analyses were shown 
with both the regression model and the IPTW method. However, the p- 
value was significant in the IPTW method, but not in the regression 
model. The approach using regression analyses assumes that the rela-
tionship between the propensity score and the outcome is correctly 
modeled. However, this approach should be used carefully, because the 
bias might increase when the variances in the treatment and control 
groups are very different [19]. On the other hand, using stabilized IPTW 
preserves the sample size of the original data and produces an appro-
priate estimate of the variance of treatment effects [20]. 

Preservation of ABGs in an 80% ethanol solution eliminates the risk 
of infection during the storage period. Additionally, we hypothesized 
that the lower likelihood of SSI with ABGs preserved in 80% ethanol is 
due to the effect of the high concentration of ethanol. Ethanol, or ethyl 
alcohol, is strongly bactericidal rather than bacteriostatic against 
vegetative forms of bacteria; it is also tuberculocidal, fungicidal, and 
virucidal, although it does not destroy bacterial spores. The cidal ac-
tivity decreases sharply when it is diluted to below a 50% concentration, 
and the optimum bactericidal concentration is a 60%–90% solution in 
water (volume/volume) [21,22]. 

Cryopreservation of bone grafts in the freezer has been previously 
reported [23], and cryopreservation of ABGs has been reported to be 
safe [24]. On the other hand, bone resorption of moderate and severe 
grades occurred at a rate of 7.5% and 6.0%, respectively. In the present 
study, although the follow-up period was limited, bone graft resorption 
was not apparent in any of the cases. 

Future comparative studies are needed to elucidate the risk and 

Table 1 
Characteristics of the patients in both groups in which autogenous bone flap was 
preserved in 80% ethanol and the standard subcutaneous method.    

Total 
number 

80% 
ethanol 

Standard    

(n =
127) 

Group A 
(n = 56) 

Group B 
(n = 71) 

p value 

Average age 
(years old ±
SD)  

54.0 ±
20.6 

51.61 ±
22.6 

55.97 ±
19.0 

0.24 

Female sex  49 
(38.6%) 

22 
(39.3%) 

27 
(38.0%) 

1  

Pathology 
causing DC     

0.007  

cerebral 
infarction 

29 
(22.8%) 

9 
(16.1%) 

20 
(28.2％)   

SAH 32 
(25.2%) 

9 
(16.1%) 

23 
(32.4%)   

traumatic 
head injury 

60 
(47.2%) 

36 
(64.3%) 

24 
(33.8%)   

other 6(4.7%) 2 (3.6%) 4 (5.6%)   

Past history       
DM 14(11%) 5 (8.9%) 9 (12.7%) 0.578  
HT 49 

(38.6%) 
21 
(37.5%) 

28 
(39.4%) 

0.856  

cancer 5(3.9) 2 (3.6%) 3 (4.2%) 1  

Cranioplasty       
Duration 
after DC 
(days ± SD) 

40.0 ±
27.1 

37.64 ±
32.1 

41.65 ±
22.8 

0.412  

ePTFE 58 
(45.7%) 

48 (85.7) 10 
(14.1%) 

<0.001  

Surgical site 
infection 

10 
(7.9%) 

5(8.9%) 5(7%) 0.748  

Follow up 
period (yrs) 

4.2 ±
2.9 

2.3 ± 1.6 5.7 ± 2.9 <0.001 

DC; decompressive craniectomy, DM; diabetes mellitus, ePTFE; expanded pol-
ytetrafluoroethilene, HT; hypertension, SAH; subarachnoid hemorrhage, SD; 
standard deviation 
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benefit of each preservation method with a much larger sample size. 

5. Limitations 

The small number of patients, retrospective study design, and the 
single-center research are limitations of this study. 

In the present study, systemic infections, blood glucose level, bone 
defect size, hospitalization length, discharge to institutional care, and 
hospital bed size, which are potential contributors to the occurrence of 
SSI [25,26] could not be included as covariates in the propensity score 
analysis, because the detailed data were not available and the present 
study was not multi-center survey. 

Randomized studies are necessary to eliminate confounding factors 
and identify more reliable factors. 

6. Conclusion 

The risk of SSI related to cranioplasty after DC using ABGs preserved 
in an 80% ethanol solution did not increase in comparison with the 
subcutaneous preservation method. 

None of the patients experienced autogenous bone resorption after 
cranioplasty with ABGs preserved in 80% ethanol. Thus, preservation of 
ABGs in 80% ethanol might be simple, low-cost, and safe for cranio-
plasty after DC. 
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