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A B S T R A C T

Introduction: Cranioplasty, a surgical procedure to restore skull integrity and aesthetic contour following 
decompressive craniectomy, poses challenges in material selection and timing, driven by the lack of guidelines 
and ongoing regulatory changes.
Research question: This study aimed to provide an overview of current cranioplasty practices in Europe, explicitly 
addressing a potential shift towards alloplastic materials and the management of patients with concomitant 
hydrocephalus.
Material and methods: An online survey was conducted among European neurosurgical centers from January to 
March 2024, collecting data on material preferences, timing of procedures, and management strategies for 
cranioplasty. Descriptive and statistical analyses were performed on 110 complete responses.
Results: Respondents favored alloplastic materials over autologous bone for cranioplasty, citing regulatory 
constraints and reduced infection risk as primary reasons. Variability was observed in the timing of procedures 
and the management of patients with hydrocephalus, with most centers adopting staged approaches.
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Discussion and conclusion: The shift towards alloplastic materials in cranioplasty reflects regulatory pressures 
rather than material-specific considerations. Despite variability in practice, our findings underscore the need for 
standardized guidelines and further research to optimize patient outcomes. This study provides valuable insights 
into current practices and highlights areas for future investigation in cranioplasty.

1. Introduction

Decompressive craniectomy (DC) is often the last resort for intra-
cranial pressure increases that can otherwise not be controlled. Pathol-
ogies leading to decompression, such as severe traumatic brain injury 
(TBI)(van Essen et al., 2023), intracranial hemorrhage (Marinkovic 
et al., 2009), or extensive ischemic stroke (Zweckberger et al., 2014), are 
associated with high mortality rates. If patients survive the acute illness 
and subsequent intensive care treatment, cranioplasty is indicated to 
restore the osseous integrity of the skull and is associated with both 
neurological and quality-of-life improvement (Corallo et al., 2021; Giese 
et al., 2021a).

Autologous cranioplasty, the cranial restoration by reimplantation of 
the resected bone fragment, has traditionally been the method of choice 
for skull repair (Alkhaibary et al., 2020). To this end, bone fragments are 
stored either in freezers or in the patient’s abdominal subcutaneous fat 
until reimplantation (Alkhaibary et al., 2020). However, in recent years, 
novel materials have been developed that promise to stimulate osseous 
integration and may reduce the risk for cranioplasty-related complica-
tions such as aseptic osteolysis (Cerveau et al., 2023; Capitelli-McMahon 
et al., 2023). Although high-quality evidence in the form of 
randomized-controlled trials supporting the superiority of alloplastic 
cranioplasty is yet outstanding, regulatory developments complicating 
storing autografts in in-house freezers might have sparked a gradual 
shift towards alloplastic cranioplasty (Do et al., 2023).

Additionally, in recent years, there has been increased awareness 
regarding the legal status of a stored bone fragment assigned by Euro-
pean law (Missori et al., 2014). This has led to national regulations 
banning or complicating in-house bone storage, potentially encouraging 
the use of alloplastic implants.

Herein, we report on the results of an online survey of European 
neurosurgical centers conducted between January and March 2024 and 
review the current state of cranioplasty in Europe. Participants were 
tasked with reporting their current practice regarding cranioplasty and 
bone flap storage and the considerations associated with both.

2. Methods

From January to March 2024, we conducted an online survey using a 
web-hosted application (Crowdsignal API; Automattic Inc. San Fran-
cisco, CA, USA). The survey was accessible under http://www.cranio 
plasty.de and actively promoted through the European Association of 
Neurological Surgeons (EANS) mailing lists and social media channels, 
e.g., LinkedIn. The survey recorded answers anonymously; participants 
could voluntarily disclose their contact information. The 28-item survey 
is included in the supplementary text. In brief, it included general 
questions regarding the participants’ surgical specialty, professional 
setting, department preferences regarding cranioplasty, and the usual 
treatment course for patients undergoing cranioplasty. In total, 141 re-
sponses were counted. In cases where several responses were counted 
from the same clinic or the same respondent, only the survey with the 
most questions answered was evaluated. Of those, 110 surveys from 
unique hospitals were at least 66% complete and were included in the 
analysis. Descriptive and statistical analysis (chi-squared test and 
Fisher’s exact test for categorical and Student’s t-test for continuous 
variables with all variables being tested for normality using the Shapiro- 
Wilk test) was conducted using GraphPad Prism (Version 10.2.3) (p <
0.05 was considered significant), and figures were prepared using Adobe 
Illustrator (Version 28.5). For improved readability, percent values are 

rounded to the nearest integer in the main text.

3. Results

3.1. Participant demographics

Clinicians from 20 European nations participated in the survey, 
albeit with a non-homogenous distribution amongst countries (Fig. 1 B, 
Table 1). While the survey was open to all surgical specialties per-
forming cranioplasty surgeries, we only received responses from neu-
rosurgeons. Colleagues from Germany and Greece contributed the most 
completed surveys (Table 1). Over 60% (64/106) of responses were 
counted from attendings, executive attendings, or department heads, 
suggesting high data validity, as those groups putatively oversee the 
organizational and institutional rules and guidelines (Fig. 1 A). Most 
centers (42%, 45/107) reported performing between 10 and 25 
decompression craniectomies annually, with a minority of very low 
(<10/a, 11%, 12/107) and very high (>100/a, 1.9%, 2/107) volume 
centers also participating in the survey (Fig. 1 A). Similarly, most centers 
performed 1–2 naïve, i.e., non-revision cranioplasty operations per 
month. Revision cranioplasty operations were conducted less 
frequently, with most participants (62%%, 65/105) reporting less than 
ten annually. In the majority of centers (95%, 105/110), cranioplasty 
surgeries were conducted exclusively by neurosurgeons, whereas five 
centers reported receiving aid in complex cases, e.g., by maxillofacial or 
plastic surgeons.

3.1.1. Material preferences in cranioplasty
Two general types of materials are available when considering per-

forming a cranioplasty operation: autologous, i.e., using the patient’s 
own preserved bone flap, or alloplastic, i.e., using synthetic materials. 
Over half (52%, 57/109) of respondents reported primarily using allo-
plastic materials for cranioplasty (Fig. 2 A).

Among such materials, thermoplastic polymers such as poly(methyl 
methacrylate) (PMMA), polyether ether ketone (PEEK), and poly-
etherketoneketone (PEKK) were strongly favored, with 48% (27/56) of 
surgeons preferring either of those materials. Interestingly, 21 centers 
(37%) reported preferring mineralic (calcium phosphate) or compound 
materials, such as composite bioactive glass implant (e.g., GLACE™, 
Skulle Inc. Finland) or calcium phosphate/titanium (e.g. OssDsign, 
Sweden). Solid titanium was the material of choice in only six clinics 
(11%). Two centers (4%) used other materials, namely, in one case, a 
proprietary polyethylene/polypropylene mesh (Cobudix®) and sec-
ondly, titanium mesh, which is intraoperatively covered with 
gentamicin-treated bone cement (Fig. 2 B).

Alloplastic cranioplasty was favored more frequently in high-volume 
centers (>50 DHC/a) with 64% (49/90), compared to 54.4% (16/25) in 
low-volume centers (<50 DHC/a); however, this difference was not 
statistically significant (Fisher’s exact test, p = 0.5, Fig. 2 C).

Of those preferring autologous bone, the majority (81%, 42/52) cited 
biocompatibility, cost (67%, 35/52), and fit (38%, 20/52) as the main 
reasons for this preference (Fig. 1 D). Surgeons who preferred alloplastic 
materials interestingly favored this material for biocompatibility (53%, 
30/57) and fit (47%, 27/57). Another critical factor cited in favor of 
alloplastic cranioplasty materials was their perceived reduced risk of 
infection (46%, 26/57), compared to only 11/52 (21%) respondents 
who preferred autologous bone for that reason. Indeed, significant dif-
ferences regarding the reasons for choosing alloplastic versus autologous 
materials (p = 0.0002) could be observed (Fig. 2 D).
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3.1.2. Timing of cranioplasty
In clinics preferentially using autologous bone, cranioplasty tended 

to be conducted 8–12 weeks following DC (49%, 25/51), whereas half 
(50%, 28/56) of the clinics using alloplastic materials conducted cra-
nioplasty after more than 12 weeks (Fig. 2 E). This difference did, 
however, not reach statistical significance (p = 0.3).

Overall, only two clinics (2%) preferred ultra-early cranioplasty 
within four weeks following DC in adults. Most centers (84/%, 91/108) 
usually restored cranial integrity after over two months (Fig. 3 B).

3.1.3. Autologous bone storage
In cases of autologous cranioplasty, the removed bone fragment must 

be stored safely until reimplantation. A dedicated ultra-cold freezer 
(±− 80 ◦C) was used in most centers (68%, 44/65). Ten clinics (15%) 
exclusively stored the bone fragments abdominally, and seven clinics 
(11%) reported utilizing both methods, depending on the individual 
patient. Four clinics (6%) reported other storage methods. In three in-
stances (4%), those were dedicated, strongly regulated off-site tissue 
banks (Fig. 3 A, left). In one center (2%), the skull fragments were stored 
“enveloped in sterile gloves, in a box with formaldehyde pulver.”

Depending on the local jurisdiction, storing the bone fragments may 
require informed consent from patients or their legal guardians. In our 
survey, more than half of the centers (55%, 32/58) obtained informed 
consent from patients undergoing surgery for storing bone fragments, 
while 31% (18/58) did not. Additionally, eight respondents (14%) re-
ported being unsure if this practice was implemented at their center. In 
contrast, physicians did not typically inform patients or next of kin when 
a bone fragment was discarded in most of the centers (62%, 36/58, Fig. 3
A, middle).

The duration of bone fragment storage varied widely between cen-
ters. Whereas in 41% (22/54), the storage duration was not limited, 
most centers reported defined guidelines for when a bone fragment is 
discarded (Fig. 3 A, right).

Thirty-five clinics (32%) reported discontinuing the use of autolo-
gous bone entirely. Among these, 74% (26/35) cited logistical issues 
such as storage (54%, 19/35) and legal concerns, including informed 
consent and biobanking (20%, 7/35), as reasons for cessation. Addi-
tionally, 46% (16/35) of the centers stated to exclusively use alloplastic 

implants, attributing their choice to factors such as better outcomes after 
allogeneic cranioplasty, fewer reoperations, and reduced infection rates.

3.1.4. Pediatric cranioplasty practices
Children requiring cranioplasty are exceedingly rare. Reflecting that, 

only 64% (70/110) of participating clinics reported conducting these 
surgeries at all, 80% (56/70) of which were university hospitals. Con-
trary to adults, over half of the respondents (53%, 37/70) reported using 
autologous bone in children (Fig. 3 B), with 44% (31/70) favoring 
alloplastic materials and two respondents (3%) using both materials 
equally. Detailed reasons for the respective choices are given in Table 2. 
As with adults, a significant difference was found in those reported 
reasons (p = 0.03). Of note, a reason for using autologous bone reported 
twice was the possibility of bone growth, whereas one colleague re-
ported to use autologous bone “even if the risk for bone resorption is high”.

Highlighting the distinct approaches in pediatric cranioplasty, 41% 
of clinics (28/68) preferred to perform cranioplasty within the first two 
months after DC. Notably, 11.76% (8/68) of clinics typically operated 
within four weeks following DC. The variation in surgical timing be-
tween adult and pediatric patients was statistically significant (p =
0.0007).

3.1.5. Shunt and cranioplasty
When treating patients with hydrocephalus requiring cranioplasty, 

two fundamental decisions need to be made by the operating surgeon. 
First, whether to simultaneously place shunt and cranioplasty implants 
or stage them, i.e., in a separate surgery. Secondly, whether to place the 
ventricular catheter through the healthy, contralateral hemisphere or 
ipsilateral to the cranioplasty.

Our survey underscores the varied approaches in managing patients 
requiring cranioplasty with concomitant hydrocephalus practiced 
throughout Europe. While 39.2% (31/79) of centers performed cranio-
plasty and ventriculoperitoneal (VP)-shunt in a single session, the ma-
jority of 60.8% (48/79) opted for a staged approach (Fig. 3 C). 
Generally, the preferred method for shunt placement was through the 
contralateral, cranially intact hemisphere. Among centers conducting 
simultaneous procedures, 48% (15/31) inserted the ventricular catheter 
ipsilaterally during cranioplasty, while 52% (16/31) used the 

Fig. 1. Study participants. 
A: Demographic information of survey participants (top left). Caseloads of decompressive craniectomy (top right), naïve (bottom left), and revision cranioplasty 
(bottom right) differed between centers. B: Colored map illustrating the location of practice of participating neurosurgeons; numerical data on the number of 
participants for each country are provided in Table 1.
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contralateral hemisphere.
For those adopting a staged approach, 71% (34/48) conducted the 

cranioplasty first, and 22% (14/48) placed the shunt initially. One 
center used temporary external ventricular drains (EVDs) during cra-
nioplasty to avoid permanent shunting. All centers initiating with VP- 
shunting placed the catheter contralaterally. Of the centers starting 
with cranioplasty, only a minority (15%, 5/34) subsequently placed the 
shunt ipsilaterally, with the majority continuing to favor the contralat-
eral hemisphere.

3.1.6. Follow-up
Regarding follow-up after cranioplasty, 78% of participants (78/ 

100) routinely performed a postoperative computed tomography (CT) 
scan. In contrast, 12% (12/100) did not conduct any CT scans but 
instead followed up with a single outpatient visit. We did not ascertain 
the time frame in which a CT scan was conducted. Additionally, 5% of 
the centers (5/100) reported to adhere to a structured follow-up regimen 
involving multiple outpatient visits. Another 5% of respondents stated 
that they enroll their patients in prospective registries to monitor out-
comes over time.

4. Discussion

Cranioplasty is often considered a routine neurosurgical operation; 
however, with one of the largest wound surfaces among cranial pro-
cedures, it can be associated with high complication rates, including 
surgical site infections and implant failure (Alkhaibary et al., 2020; 
Sauvigny et al., 2021; Rocque et al., 2018; Giese et al., 2021b; Rashidi 
et al., 2020; Di Rienzo et al., 2024). These complications pose significant 
risks to patients who have already survived life-threatening conditions 
that initially required DC. Despite a notable reduction in complication 
and reoperation rates—from 15-40% and 25% a decade ago (Feroze 
et al., 2015) to markedly lower figures today (Sauvigny et al., 2021) — 
international best practices for cranioplasty have yet to be established. 
This scarcity of best practices is largely due to the lack of extensive, 
multicentric studies. Therefore, our study aimed to gather comprehen-
sive data on cranioplasty within the European Community, laying the 
groundwork for developing standardized guidelines and best practices.

4.1. Autologous vs. alloplastic cranioplasty

Since the widespread availability of ultra-cold storage freezers in the 
1970s and 1980s, storing patients’ autologous bone fragments after DC 
frozen was considered the gold standard and surpassed both split-rib 
autografts, a technique developed during wartime to treat cranial de-
fects and also the practice of abdominal storage (Alkhaibary et al., 2020; 
Do et al., 2023). However, a steady shift from autologous to alloplastic 
cranioplasty has been observed over the past several years (Do et al., 
2023). The participants in our survey, too, favored alloplastic over 
autologous cranioplasty in adult patients (Fig. 2 A). Reasons for this 
shift, however, were not the ever-present, steady infection rate of 
autologously transplanted bone fragments documented over decades but 
a regulatory shift. In the first decade of the century, the European 
Parliament (Directive, 2004/23/EC) and the European Council 
(2006/17/CE & 2006/86/CE) classified bone fragments as equivalent to 
human transplant organs, potentiating the regulatory burden for cryo-
preservation and making in-house cryopreservation, while still widely 
practiced, formally illegal within the European Union (Missori et al., 
2014). Our survey, too, reflects this, as several centers gave up autolo-
gous cranioplasty not for material-specific reasons but for the legal and 
logistical burden of storage. Despite these regulations, nearly half of the 
participating centers reportedly do not seek informed consent for 
in-house storage or discarding of autologous bone fragments, and more 
than 40% store bone fragments indefinitely, risking potential medico-
legal consequences.

Material-specific aspects, in turn, played a vital role in surgeons Ta
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preferring specific alloplastic materials over autologous grafts (Fig. 2 D). 
Several dozen different materials, ranging from bare titanium over 
thermoplastics to proprietary calcium phosphate/titanium amalgam-
ations promising stimulation of bone growth and near-natural cranial 
integration, are used globally (Siracusa et al., 2021). Our survey par-
ticipants revealed no clear preference for one material while naming 
over 20 different manufacturers available in the EU alone (Fig. 2 B).

The current consensus is that alloplastic and autologous cranioplasty 
materials are largely comparable regarding postoperative complication 
rates (Cerveau et al., 2023; Do et al., 2023), with a small number of 
studies even suggesting a superiority of alloplastic materials 
(Capitelli-McMahon et al., 2023). A definite advantage of such materials 
lies in their inability to succumb to osteolysis, a risk exceptionally high 
in patients with concomitant hydrocephalus, young age, and smokers 
(Sauvigny et al., 2021; Rashidi et al., 2020; Di Rienzo et al., 2024; Ernst 
et al., 2018; Korhonen et al., 2018). To date, objectively, no single 
material has emerged superior to others in sufficiently powered trials 
(Alkhaibary et al., 2020), and surgeons should be aware of the economic 
incentive for medical suppliers in this potentially lucrative market when 
choosing a material for cranioplasty.

4.2. Timing for cranioplasty

Determining the optimal timing for cranioplasty is complex, 
requiring a careful balance of considerations that favor both earlier and 
later surgical interventions. During the acute phase, factors such as 
persistent brain swelling and incomplete wound healing must be 
considered, complicating the decision-making process. Traditionally, it 

has been a common practice to delay cranioplasty for 3–6 months 
following decompression (Malcolm et al., 2018). However, recent 
studies indicate that cranioplasty plays an essential role in restoring both 
CSF dynamics and normalizing cerebral blood flow (Panwar et al., 2019; 
Parichay et al., 2017; Mah and Kass, 2016), suggesting that patients may 
benefit from cranioplasty in the early stages of neurological rehabilita-
tion (Malcolm et al., 2018; Morton et al., 2018; Patel et al., 2023). 
Another practical factor for early cranioplasty is to restore cranial 
integrity to enable patients to take full advantage of rehabilitative 
measures without restrictions imposed by overly cautious neuro-
rehabilitationalists (LA Porta et al., 2023).

In our collective, surgeons were hesitant to perform ultra-early cra-
nioplasty within one month following DC, but nearly two-thirds favored 
an operation within the first three months. Centers primarily using 
autologous bone did show a trend towards earlier cranioplasty, which 
could potentially be attributed to the immediate availability of in-house 
stored fragments in contrast to specifically produced patient-specific 
implants.

4.3. Pediatric patients

Pediatric patients requiring cranioplasty are exceedingly rare and are 
virtually always treated at large (academic) centers. This, too, was re-
flected in our analysis as only a small subset of participants reported 
performing pediatric cranioplasty. In pediatric patients, the incompa-
rably larger capacity for osseous and neurological regeneration needs to 
be taken into account. Contrary to adult cases, we found that partici-
pating surgeons particularly preferred using autologous bone over 

Fig. 2. Preferences in material selection for cranioplasty. 
A: Pie-chart illustrating the distributions of surgeons preferring alloplastic (red) materials or autologous bone (grey) for cranioplasty. B: Pie-chart illustrating the distributions of 
alloplastic materials used as first-line material in cranioplasty. C: Material preferences were not significantly different between high and low-volume centers (for definition, see 
text (Fisher’s exact test, p = 0.5). D: The reasons for choosing autologous and alloplastic materials were differed between alloplastic materials and autologous CP. Bar graphs 
denoting the number of responses. Note that participants could provide multiple reasons for each material. E: No significant difference was detected between the preferred time- 
point for cranioplasty when comparing surgeons preferring alloplastic and autologous bone (Fisher’s exact test, p=0.3).
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alloplastic materials in pediatric patients. Commonly cited reasons 
included the potential for osseous regeneration and the ability of the 
bone fragment to grow during the child’s later development. However, 
despite these percieved advantages, a recent study indicated that bone 
flaps stored for more than four months contain no viable osteoblasts. 
(Chan et al., 2017). Notably, in a child requiring an alloplastic graft with 
a bioglass implant, the contour of the reconstructed area followed skull 
anatomic development, and imaging showed considerably large areas of 
bone growth (Piitulainen et al., 2019), underscoring the immense po-
tential for osseous regeneration in this collective, which may likewise 
occur in cryopreserved autografts (Posti et al., 2016). Using partial, split 
grafts of the removed craniectomy has further been demonstrated to 
yield promising results (Fekry Elshirbiny et al., 2023). In our survey, 

44% of participants favored alloplastic grafts, whereas various materials 
were reportedly used. Mimicking the inconclusive studies from adults, a 
recent meta-analysis conducted explicitly on children failed to identify a 
single superior material (Salam et al., 2018).

In our data, we found a highly significant difference in the surgical 
timing of cranioplasty in children, with surgeons favoring earlier cra-
nioplasty, even within the first four weeks (Fig. 3 B). Supporting this, 
Piedra and colleagues found a significant reduction in bone-flap 
resorption rates following early (<6 weeks) cranioplasty in 61 chil-
dren, up to 82% of which may have been at risk of developing this 
complication otherwise (Piedra et al., 2012; Martin et al., 2014). 
Interestingly, while supporting early cranioplasty as a beneficial factor 
against bone flap resorption, other studies found that the cranial defect’s 
size did not significantly influence its occurrence (Rocque et al., 2018; 
Primalani et al., 2022).

4.4. Management of patients with hydrocephalus requiring cranioplasty

One of the most heatedly debated topics in recent years has been the 
question of treating patients with hydrocephalus after DC. Numerous 
studies found these patients to inherently carry a high risk of developing 
maladaptive CSF dynamics (Panwar et al., 2019; Wu et al., 2022; Fat-
tahian et al., 2018), which have at times been found to be reverted after 
cranioplasty (Panwar et al., 2019). From the surgical perspective, 
however, prior shunt placement can enable the intraoperative CSF tap to 
decompress the situs in cases of prolapsing brain tissue. Conversely, 

Fig. 3. Practices of bone-fragment storage, pediatric cranioplasty, and management of hydrocephalus 
A: Management of bone fragment storage. Pie-chart illustrating the practices of bone fragment storage (left). More than half of centers seek informed consent from patients 
(resp. next of kin) when storing bone fragments (middle, top), but more than 60% do not notify next of kin when bone fragments are discarded (middle, bottom). Maximal 
storage time was limited by institutional guidelines in most centers (right). B: Management of cranioplasty in children. Survey participants favored an earlier cranioplasty 
compared to adults (X2, p=0.0007). In pediatric patients, most respondents favored autologous bone cranioplasty (right, top). When alloplastic cranioplasty was conducted, 
materials similar to those used in adults were used (right, bottom). C + D: Management of patients with hydrocephalus requiring cranioplasty. Most respondents 
preferred placing a ventriculoperitoneal (VP)-shunt via the contralateral hemisphere (C) when necessary. Additionally, a staged approach was predominantly favored, where 
cranioplasty (CP) is performed first, followed by VP-shunt placement if required (D).

Table 2 
Reasons reported for preferring autologous and alloplastic cranioplasty mate-
rials in pediatric patients.

primarily autologous primarily alloplastic

Durability n = 6 n = 4
Logistical reasons n = 6 n = 11
Cost n = 16 n = 7
Ease of handling during surgery n = 3 n = 8
Biocompatibility n = 33 n = 12
Fit n = 17 n = 14
Risk of infection n = 10 n = 8
Other reasons n = 4 
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when shunt settings are not closely monitored, a collapsed skin flap as a 
result of sunken brain tissue can occur, potentially increasing CP com-
plications (Chen et al., 2023). Combining both operations in one session 
thirdly might offer logistical advantages, as the patients, often requiring 
intensive or intermediate care settings, need only to be admitted once 
(Rosinski et al., 2020).

Mirroring such controversies, participating centers reported signifi-
cant differences in managing these cases. The majority (≈60%) favored 
staged surgery, with two-thirds restoring cranial integrity before eval-
uating shunt necessity. A small subset of neurosurgeons reported placing 
a shunt first, followed by cranioplasty surgery later. The remaining 
39.3% reported shunt and cranioplasty implantation in one surgical 
session. Conflicting evidence has been brought forward regarding the 
simultaneous shunt implantation, with some studies finding no differ-
ences in complication rates (Yang et al., 2017; Wang et al., 2023) and 
others finding marked increases when conducted simultaneously (Yang 
et al., 2017; Zhou et al., 2022). Building on the established drastic 
changes in hydrodynamics following cranioplasty (Panwar et al., 2019; 
Parichay et al., 2017; Mah and Kass, 2016; Fodstad et al., 1984; Dujovny 
et al., 1997a, 1997b), several studies suggest that prior cranioplasty may 
restore CSF dynamics enough to render shunt placement obsolete (Qiu 
et al., 2023). In the absence of large randomized controlled trials, a 
European expert panel recently addressed the management of hydro-
cephalus after severe trauma and decompression in a comprehensive 
consensus paper (Iaccarino et al., 2024). Their guidelines heavily favor 
dynamic monitoring of CSF dynamics and, if possible, conducting cra-
nioplasty first to evaluate whether, after cranial restoration, shunt 
insertion is still necessary (Iaccarino et al., 2024). Only further pro-
spective multicentric studies can elucidate whether these guidelines 
apply to atraumatic cases, e.g., DC following a malignant stroke or SAH.

Interestingly, no consensus was observed even when considering the 
preferred hemisphere for shunt placement, with 60.8% primarily fa-
voring the hemisphere contralateral to the cranioplasty. While most 
surgeons would be hesitant to reoperate the ipsilateral hemisphere in a 
staged procedure due to the risk of surgical site infection, a small 
retrospective analysis showed that when simultaneous shunt/cranio-
plasty was conducted, the side did not adversely influence complication 
rates (Yan et al., 2022).

5. Limitations

The current study has several limitations, primarily due to the nature 
of data acquisition. Namely, selection, sampling, and reporting bias 
cannot be ruled out. Additionally, this survey did not aim to adequately 
answer the often-multifaceted questions faced by neurosurgeons in 
treatment decisions using multiple-choice questions. Furthermore, 
preferred neurosurgical practice may significantly differ from how sur-
geons are able to treat patients given non-medical constraints, such as 
insurance policies, implant availability, etc.

With the majority of responses from Germany and Greece, the sur-
vey’s implications may not broadly apply to countries with fewer re-
sponses. As this online survey was conducted openly, no verification of 
professional status was performed, potentially making this survey sus-
ceptible to varying levels of experience and competence amongst re-
spondents. Further, although the over 100 responses counted here 
represent the most extensive published survey regarding cranioplasty, 
with several thousand neurosurgeons practicing in Europe (Ringel et al., 
2023), the data analyzed here are not representative but should invite 
the interested reader to reflect on their practices in light of recent in-
ternational developments.

6. Conclusions

In this study, we explored current cranioplasty practices across Eu-
ropean neurosurgical centers via an online survey. Traditionally, cra-
nioplasty after decompressive craniectomy was performed using the 

patient’s autologous bone fragment. Although our study is, to our 
knowledge, the first survey attempting to document the real-life practice 
of cranioplasty, with a significant number of centers reportedly using 
primarily alloplastic materials, our findings indicate a shift towards 
preferring alloplastic materials over autologous bone. Regulatory 
changes and the individual materials’ characteristics supposedly drive 
this trend. We noted significant variability in the timing of cranioplasty 
procedures and in managing patients with hydrocephalus, underscoring 
the urgent need to develop standardized guidelines. Despite limitations 
such as reliance on self-reported data and a possible sampling bias, our 
research provides critical insights into the evolving dynamics of cra-
nioplasty practices. These insights highlight the necessity for ongoing 
research and enhanced collaboration to optimize patient outcomes in 
this field.
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