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Cranioplasty with cryopreserved autologous bone in
craniectomized patients due to brain trauma, a current
and safe option: experience of 97 cases
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trauma craneal, una opcion vigente y segura: experiencia de 97 casos
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Abstract

Background: Cranioplasty is the used method in neurosurgery for repairing cranial bone defects. In our environment, the most
widely used material is cryopreserved autologous bone (ABCp). Objective: A retrospective observational study was proposed in
order to analyze complications in patients who underwent decompressive craniectomy for brain trauma, with subsequent cranio-
plasty with ABCp. Method: Patients who underwent cranioplasties with consecutive ABCp performed at our institution over a
four-year period (2016-2019) with subsequent follow-up were included, collecting multiple variables in relation to the appearance
of complications. Results: 113 cranioplasties were performed, of which 85.8% (n = 97) were performed with ABCp. Mainly with
frontotemporoparietal bone defect (94.84%) performed late (> 3 months) in 91.76%. The complication rate was 16.49%, the most
significant being the infection of the surgical site (n = 8, 8.24%), the presence of intracranial hematoma (n = 3, 3.09%) and the
reabsorption of the autologous bone (n = 2, 2.06%), meriting surgical management in nine of them (9.27%). Conclusions: ABCp
is a valid and safe option, which meets the basic characteristics to consider it the ideal material, with an acceptable rate of com-
plications, biocompatible, with osteogenic potential, adequate protection of the brain and decrease in surgery costs.
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Resumen

Antecedentes: La craneoplastia es el método utilizado en neurocirugia para reparar los defectos 6seos craneanos. En nuestro
medio, el material utilizado mayormente es el hueso autdlogo criopreservado (HACp). Objetivo: Realizamos un estudio retros-
pectivo observacional para analizar las complicaciones en pacientes sometidos a craniectomia descompresiva por trauma
craneoencefalico y realizacion de craneoplastia con HACp. Método: Se incluyeron pacientes que fueron sometidos a craneo-
plastias con HACp consecutivas realizadas en un periodo de 4 afios (2016-2019) con seguimiento posterior, recabando multiples
variables en relacién con la aparicion de complicaciones. Resultados: Se realizaron 113 craneoplastias, de las cuales el 85.8%
(n = 97) fueron realizadas con HACp, principalmente con defecto 6seo frontotemporoparietal (94.84%), realizadas de forma
tardia (> 3 meses) en el 91.76%. El indice de complicaciones fue del 16.49%, siendo las mas significativas la infeccion del
sitio quirargico (n = 8, 8.24%), la presencia de hematoma endocraneano (n = 3, 3.09%) y la reabsorcion del hueso autélogo
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(n = 2, 2.06%), ameritando manejo quirdrgico en nueve ocasiones (9.27%). Conclusiones: El HACp es una opcion valida y
segura, la cual cumple con las caracteristicas para considerarlo el material ideal, con un aceptable indice de complicaciones,
biocompatible, con potencial osteogénico, adecuada proteccion encefélica y disminucion de los costos de la cirugia.
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Introduction

Head trauma, brain tumors, hemorrhagic and ische-
mic vascular processes, as well as infections, are fre-
quent causes of intracranial disorders that can increase
intracranial pressure and in some cases require a de-
compressive craniectomy’. However, this leaves the
brain tissue unprotected, and also entails a significant
aesthetic defect, with multiple psychological repercus-
sions for the patient?.

Cranioplasty is the method used in neurosurgery to
repair bone defects®, being cryopreserved autologous
bone (HACp) the most widely used material in our envi-
ronment, since it better meets the basic characteristics
to be considered the ideal material (Table 1)*. On occa-
sions, autologous bone may not be available due to
fracture, contamination, and even due to lack of availa-
bility of a tissue bank; for this reason, different materials
have emerged, such as polymethylmethacrylate plate,
titanium mesh, and hydroxyapatite, among others?.

We carried out an observational and retrospective
study in order to analyze the complications that arose
in patients who underwent decompressive craniec-
tomy for cranial trauma and subsequent performance
of cranioplasty with HACp.

Method

In this study, we retrospectively examined all CAH
cranioplasties performed at our institution consecutively
over a 4-year period (2016-2019), in which decompres-
sive craniectomy was performed due to trauma. All in-
formation was collected from the hospital's electronic
system and completely anonymized prior to statistical
analysis. We include those cases with a complete file,
with a total of 97 procedures.

At our institution, the HACp is obtained at the time of
craniectomy, stripped of all adhering tissue and placed
in sterile bags. A culture is taken, and if it is reported
with bacterial presence it is discarded; if there is no
growth in the culture, radiation sterilization is perfor-
med. Itis kept at a temperature of =76 °C and is thawed
at room temperature the night before it is replaced.

The standard surgical procedure performed at our
institution consists in the reopening of the previous
incision by decompressive craniectomy with separa-
tion of the epicranial tissues of the dura mater and the
bone contour, and the subsequent repositioning of the
HACp fixed by means of miniplates.

The data of the variables analyzed were obtained
retrospectively from the electronic records: age, sex,
location of the bone defect, time between craniectomy
and cranioplasty, complications, time between cranio-
plasty and complication, surgery required, and culture
results in case of infectious complication. The time at
which the intervention was performed was classified as
early (between 1 and 3 months) or late (more than 3
months) cranioplasty, as has been done in previous
publications®.

Descriptive statistics were performed using IBMP
SPSS version 26. The variables were collected in a
Microsoft Excel spreadsheet (Office 2016, Microsoft),
expressing quantitative variables through measures of
central tendency and dispersion, and qualitative va-
riables through frequencies and proportions.

Results
Characteristics of the included patients

97 patients were included (Table 2), of which 73.19%
(n = 71) were men and 26.81% (n = 26) were women,
with a mean age of 34.33 + 14.03 years and 39 + 14.59
years, respectively, corresponding to a global average
of 35.54 + 14.15 years.

The vast majority of procedures were unilateral fron-
totemporoparietal, in 94 cases (94.84%), followed by
bilateral in 3 cases (3.09%) and bifrontal only in 2
(2.06%). Between 1 and 3 months (early cranioplasty)
8 skulls (8.24%) were reconstructed and more than
3 months later (late cranioplasty) 89 cases (91.76%)
were operated.

Complication rate

There was a complication rate of 16.49%. As seen in
table 3 and figure 1, of all the complications, infection of
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Table 1. Characteristics of an ideal material for cranioplasty

Characteristic Advantages

Availability - Widely available and inexpensive

Biocompatibility - Absence of inflammatory response
- Absence of systemic toxicity

- Minimum infectious potential

- Moldable

- Easy to contour

- No reabsorption

- Available in the necessary sizes

Reproduction of bone
contours

- Resistant to fractures and deformations
- Rigid fixing to the shell
- No thermal conduction

Brain protection

Osteogenic potential — Able to stimulate osteogenesis

- Ability to vascularize

Compatible with - Radiolucent

imaging studies

Table 3. Complications reported in the study, with their management
granted

Complication Total n  Management Total n
(%) granted (%)
Wound infection 8(8.24) Surgical cleaning 5(5.15)
Antibiotic 3(3.09)
Intracranial hematoma 3 (3.09) Hematoma 2 (2.06)
evacuation
Conservative 1(1.03)
Material resorption 2(2.06) Material removal 1(1.03)
Conservative 1(1.03)

Exposure of the material 1 (1.03) Surgical management (removal)

Wound dehiscence 1(1.03) Medical management and

suturing of the wound

Subcutaneous collection 1 (1.03) Medical management

(expectant)

Table 2. Characteristics of the patients included in the study
(n=97)

Sex n (%)
Female 26 (26.8)
Male 71(73.19)
Age (years) Mean = SD
Female 39 + 14.59
Male 34.33 + 14.03
Total 35.54 + 14.15
Bone defect location n (%)
Frontotemporoparietal (unilateral) 92 (94.84)
Bilateral 3(3.09)
Bifrontal 2(2.06)
Timing of cranioplasty n (%)
Early (1-3 months) 8(8.24)
Late (> 3 months) 89 (91.76)

SD: standard deviation

the wound or surgical site was the most predominant
(n = 8, 8.24%), for which 62.5% of the cases presented a
positive culture, Gram-positive cocci being more preva-
lent (n = 4) and one case with gram-negative bacilli.
After infection, in order of frequency, intracranial he-
matoma occurred in 3 cases (3.09%) and HACp reab-
sorption in 2 cases (2.06%) (Fig. 2); finally, with only 1

Subcutaneous collection .
Wound dehiscence .

Exposition of the material  I—_
Material resorption IE——
Intracranial hematoma  IEE———————

Wound infection

0 1 2 i 4 5 6 7 8 9

Figure 1. Complications reported in the study.

case (1.03%), material exposure occurred (Fig. 3),
wound dehiscence and uninfected subcutaneous collec-
tion. Regarding the requirement of surgery as manage-
ment of complications (Table 3), there were 9 (9.27%)
in total, 5 (5.15%) required surgical cleaning, 2 (2.06%)
required surgical evacuation of the hematoma and ano-
ther 2 (2.06%) required removal of the HACp. The ave-
rage time interval between surgery and the appearance
of the complication was 142.69 + 117 days.

Discussion

Numerous neurosurgical pathologies entail the need
to perform a decompressive craniectomy, which results
in neurological, psychological, mechanical and aesthe-
tic alterations. Cranioplasty is the ideal method to date
to repair bone tissue loss with various materials, such
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Figure 2. A: trans-surg/cal image of a 32-year-old patient with cryopreserved autologous bone resorption, showing the areas of exposed dura
mater around the bone graft. B: autologous bone is removed, observing areas of bone erosion compatible with resorption on the inner table irre-
gularly. There are no data on the infectious process, with a histopathological report of chronic granulomatosis without bacterial growth in cultures.

.

Figure 3. A 29-year-old male who presented autologous bone expo-
sure, for which the material was removed, with placement weeks later
of a polymethylmethacrylate plate.

as autologous and heterologous bone graft, polyme-
thylmethacrylate plate or titanium mesh, among others'.

Although cranioplasty is a technically simple proce-
dure, short- and long-term complications can occur.
The rate of complications reported in general in the
literature is highly variable, being 5% in some series

and up to as high as 60% in others®’. There are cha-
racteristic complications depending on the material
used: bone resorption for autologous and heterologous
bone, erosion and exposure for titanium mesh, infection
for all materials, etc. Our complication rate for HACp
(16.49%, n = 16) contrasts with what has been reported
in other studies; in a series of 286 patients” complica-
tions were reported in 33.3%, and also in about a third
of 136 patients treated with autologous bone flaps®.
Bone resorption is a well-known complication for auto-
logous bone grafting, which has been frequently reported
in some series. For example, Martin et al.® found a re-
sorption rate of 81.8% in a series of 27 young children
and 54.4% of patients required surgical revision, and Vin-
ce et al’, in a series of 286 adult patients, had only 8
patients (3.6%) who required surgical intervention.
Several studies have reported correlations between pa-
tient age, multiple fractures, bone flap location, ventricu-
loperitoneal shunt, and skull defect size with the
development of bone flap resorption™. Having multiple
fractures has previously been considered to be at high
risk for resorption. Bone flaps with multiple fragments are
thought to be the underlying pathologic mechanism'. The
application of synthetic skull implants is a valid method to
avoid the risk of resorption; however, the increased risk
of infection” and rejection, higher costs and implant im-
perfection do not justify the use of alloplastic materials™.
There is evidence that HACp can be maintained for
up to 19 months at temperatures below -20 °C and
still retain its revascularization capacity'®, since the
osteoblasts remain viable in the cryopreserved bone
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tissues allowing an adequate integration of the HACp
to the bone border.

The time elapsed between performing decompres-
sive surgery and cranioplasty with respect to the
appearance of complications is a controversial issue.
There are studies that do not demonstrate a signifi-
cant difference between performing an early or late
craniectomy', while in others a lower incidence of
complications was found with delayed cranioplasty'.

Cosmetic results after cranioplasty have been repor-
ted less frequently. A study carried out to identify factors
associated with the degree of aesthetic satisfaction
after cranioplasty with autologous bone in patients who
presented head trauma reported that 86.2% were sa-
tisfied with the procedure; the rest were not convinced
of the results, mainly in relation to the presence of
subsidence in the surgical site, also finding a negative
correlation between satisfaction and the presence of
postoperative infection'®.

Conclusions

Even though there are multiple materials to reconstruct
cranial defects on the market, they still represent an aes-
thetic and functional challenge. HACp is a valid and safe
option, which meets the basic characteristics to be con-
sidered the ideal material, with an acceptable rate of
complications, biocompatible, with osteogenic potential
and adequate protection for the brain. In addition, with it
it is possible to reduce the costs of surgery, an important
issue if we are in a hospital with limited resources.

Acknowledgments

The authors especially mention Dr. Gabriel Arturo
Ramos Martinez, author of this article, who unfortuna-
tely lost his life during the pandemic at the end of 2020.
The authors state that he was a dear friend, a brilliant
neurosurgeon in training, and an exceptional father. In
addition, they declare themselves lucky to coincide with
him in this life and will forever honor his memory.

Funding

The authors declare that they have not received any
sponsorship to carry out this article.

Conflicts of interest

The authors declare that they have no conflicts of
interest.

Ethical disclosures

Protection of people and animals. The authors de-
clare that no experiments were carried out on humans
or animals for this research.

Data confidentiality. The authors declare that they
have followed the protocols of their work center regar-
ding the publication of patient data.

Right to privacy and informed consent. The
authors have obtained the informed consent of the
patients and/or subjects referred to in the article. This
document is in the possession of the corresponding
author.

References

1. Zanotti B, Zingaretti N, Verlicchi A, Robiony M, Alfieri A, Parodi PC.
Cranioplasty. J Craniofac Surg. 2016;27:2061-72.

2. Lethaus B, Safi Y, ter Laak-Poort M, Kloss-Brandstatter A, Banki F,
Robbenmenke C, et al. Cranioplasty with customized titanium and PEEK
implants in a mechanical stress model. J Neurotrauma. 2012;29:1077-83.

3. Le&o RS, Maior JRS, Lemos CAA, Vasconcelos BCDE, Montes MAJR,
Pellizzer EP, et al. Complications with PMMA compared with other ma-
terials used in cranioplasty: a systematic review and meta-analysis. Braz
Oral Res. 2018;32:e31.

4. Toledo JA, Re MS, Canullo ML, Morel A, Garrote M, Nallino JC. Com-
plications in cranioplasty: cryopreserved autologous bone vs. polymethyl
methacrylate. Retrospective analysis of 63 patients. Rev Argent Neuro-
circ. 2015;29:80-3.

5. Lindner D, Schlothofer-Schumann K, Kern BC, Marx O, Muns A, Meixens-
berger J. Cranioplasty using custom-made hydroxyapatite versus tita-
nium: a randomized clinical trial. J Neurosurg. 2017;126:175-83.

6. Yeap MC, Tu PH, Liu ZH, Hsieh PC, Liu YT, Lee CY, et al. Long-term
complications of cranioplasty using stored autologous bone graft,
three-dimensional polymethyl methacrylate, or titanium mesh after de-
compressive craniectomy: a single-center experience after 596 procedu-
res. World Neurosurg. 2019;128:e841-50.

7. Vince GH, Kraschl J, Rauter H, Stein M, Grossauer S, Uhl E. Comparison
between autologous bone grafts and acrylic (PMMA) implants — a retrospec-
tive analysis of 286 cranioplasty procedures. J Clin Neurosci. 2019;61:205-9.

8. Wachter D, Reineke K, Behm T. Cranioplasty after decompressive he-
micraniectomy: underestimated surgery-associated complications? Clin
Neurol Neurosurg. 2013;115:1297.

9. Martin KD, Franz B, Kirsch M, Polanski W, von der Hagen M, Schackert G,
et al. Autologous bone flap cranioplasty following decompressive craniec-
tomy is combined with a high complication rate in pediatric traumatic
brain injury patients. Neurochir Act. 2014;156:813-24.

10. Mohamad SA, Mohd Haspani MS, Idris B. There are no differences
between factors determining graft infection in autologous bone flap re-
placement and acrylic cranioplasty: a prospective observational study at
Hospital Kuala Lumpur. Malays J Med Sci. 2016;23:83-90.

11. Ganau M, Cebula H, Fricia M, Zaed |, Todeschi J, Scibilia A, et al.
Surgical preference regarding different materials for custom-made allo-
graft cranioplasty in patients with calvarial defects: results from an inter-
nal audit covering the last 20 years. J Clin Neurosci. 2020;74:98-103.

12. Sable H, Patel MP, Shah KB. A prospective comparative study of different
methods of cranioplasty: our institutional experience. Indian J Neurosurg.
2020;1-7.

13. Prolo DJ, Burres KP, McLaughlin WT, Christensen AH. Autogenous
skull cranioplasty: fresh and preserved (frozen), with consideration of the
cellular response. Neurosurgery. 1979;4:18 AM-29.

14. Gooch MR, Gin GE, Kenning TJ, German JW. Complications of cranio-
plasty following decompressive craniectomy: analysis of 62 cases. Neu-
rosurg Focus. 2009;26:E9.

15. Schuss P, Vatter H, Marquardt G, Imohl L, Ulrich CT, Seifert V, et al.
Cranioplasty after decompressive craniectomy: the effect of timing on
postoperative complications. J Neurotrauma. 2012;29:1090-5.

16. Almendarez Sanchez CA, Reyna-Martinez E, Vara-Castillo A, Ruiz-Flo-
res M, AIvarez-Vézquez L, Solorio-Pineda S, et al. Cosmetic results of
autologous bone cranioplasty after decompressive craniectomy for trau-
matic brain injury based on a patient questionnaire. Interdisciplinary
Neurosurgery. 2021;26:101311.

525



	_GoBack

