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Introduction: and Research Question: Invasive growth of meningiomas into CNS tissue is rare but of prognostic
significance. While it has entered the WHO classification as a stand-alone criterion for atypia, its true prognostic
impact remains controversial. Retrospective analyses, on which the current evidence is based, show conflicting
results. Discordant findings might be explained by different intraoperative sampling methodologies.
Material and methods: To assess the applied sampling methods in the light of the novel prognostic impact of CNS
invasion, an anonymous survey was designed and distributed via the EANS website and newsletter. The survey
was open from June 5th until July 15th, 2022.
Results: After exclusion of 13 incomplete responses, 142 (91.6%) datasets were used for statistical analysis. Only
47.2% of participants’ institutions utilize a standardized sampling method, and 54.9% pursue a complete sam-
pling of the area of contact between the meningioma surface and CNS tissue. Most respondents (77.5%) did not
change their sampling practice after introduction of the new grading criteria to the WHO classification of 2016.
Intraoperative suspicion of CNS invasion changes the sampling for half of the participants (49.3%). Additional
sampling of suspicious areas of interest is reported in 53.5%. Dural attachment and adjacent bone are more
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readily sampled separately if tumor invasion is suspected (72.5% and 74.6%, respectively), compared to me-
ningioma tissue with signs of CNS invasion (59.9%).
Discussion and conclusions: Intraoperative sampling methods during meningioma resection vary among neuro-
surgical departments. There is need for a structured sampling to optimize the diagnostic yield of CNS invasion.
1. Introduction

Meningiomas arise from arachnoid cap cells and represent the most
common primary brain tumor, making up approximately one third of all
encountered intracranial tumor entities (Ostrom et al., 2022). Micro-
surgical resection is the treatment of choice for the majority of menin-
giomas, while radiation can be an effective method to achieve tumor
control in selected cases (Goldbrunner et al., 2016). However, despite our
best efforts, tumor recurrences are quite common and have even been
reported to be as high as 40% in a series with prolonged follow-up of 25
years (Pettersson-Segerlind et al., 2011). Great efforts have been made to
detect tumor prone to recurrence as early as possible and improve the risk
stratification in order to decide on the need of adjuvant care. Several
immunohistochemical and molecular markers have been identified thus
far and include tumor characteristics such as the loss of the trimethyla-
tion H3K27me3, the homozygous deletion of CDKN2A/B and the
detection of the TERT promotor mutation, which are all associated with a
higher risk of tumor recurrence (Behling et al., 2020a; Sahm et al., 2016;
Sievers et al., 2020; Katz et al., 2018). The histopathological detection of
invasive growth of meningioma cells into adjacent CNS tissue has been
integrated into the WHO Classification of CNS Tumors since 2016 (Louis
et al., 2016, 2021). However, its prognostic significance is frequently
questioned due to conflicting data from retrospective studies (Baum-
garten et al., 2016; Behling et al., 2020b, 2021a; Biczok et al., 2019;
Banan et al., 2021; Ryba et al., 2022). One source of uncertainty that is
frequently discussed is the absence of a standardized intraoperative
tumor sampling method, which is believed to influence the diagnostic
accuracy of histopathologically detecting CNS invasion (Behling et al.,
2021b; Pizem et al., 2014). This may be one of the main reasons for the
conflicting data in the literature regarding the prognostic impact of
invasive growth in meningioma.

To shed light on this issue, we report the results of an EANS-wide
survey that assessed differences in intraoperative sampling methods
during meningioma resection as well as the perception of the current role
of CNS invasion.

2. Methods

A web-based survey was constructed using the online platform
“SurveyMonkey” (SurveyMonkey Inc., San Mateo, California, USA). The
survey consisted of 18 questions that evaluated the intraoperative sam-
pling method during meningioma surgery. Furthermore, the responder-
specific clinical and scientific experience with the surgical treatment of
meningiomas was assessed. Emphasis was placed on any possible sam-
pling adjustments made for certain intraoperative scenarios and the
survey inquired about the opinions concerning characteristics of CNS
invasion. If applicable, a 5-tiered Likert scale was applied to score the
level of agreement of participants with specific statements. The complete
set of questions of the survey is provided in Supplementary Table 1. A
link to the survey was distributed via the mailing list of the European
Association of Neurosurgical Societies (EANS) on June 5th, 2022, and it
was additionally posted on the EANS website. The survey was closed on
July 15th, 2022. Overall, 155 responses were collected, and after
exclusion of 13 incomplete responses, 142 (91.6%) datasets were used
for further statistical analysis.

Participation in the survey was voluntary. No personal data was
collected for the analysis of this study. The survey is part of the Invader-
Study of the first and last author's institution. Approval by the local Ethics
Committee was obtained (project number: 191/2021BO).
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Data processing was done with the JMP® Statistical Discovery Soft-
ware (Version 15.1.0, SAS Institute, Cary, North Carolina, US) and
Microsoft® Excel (Version 16.66.1, Microsoft, Redmond, Washington,
US).

3. Results

Respondent's position, institution and exposure to meningioma surgery

Most respondents were currently practicing at a university hospital
(76.8%) or a non-academic maximum-care hospital (16.1%), while a
limited number worked in a regional general hospital or in private
practice (3.5% each). The majority (82.4%) were experienced surgeons
practicing well after initial neurosurgical training (33.8% chair/vice-
chair and 48.6% attending/consultant). A smaller portion of re-
sponders was still in training (15.5%) or in the middle of fellowship
(2.1%) at the time of the survey.

The case load of the participants’ institutions was mostly considered
high, with 71.1% of participating respondents practicing in centers
treating 50–100 or more meningiomas per year. Two-third of individual
respondents stated to operate on 10–20 cases or more personally per year
(66.9%) (see Fig. 1).

3.1. Current sampling methods
Overall, only 47.2% of the participants’ institutions utilize a stan-

dardized sampling during meningioma surgery, but the majority usually
attempts to provide as much tissue as possible for histopathology
(92.3%). Almost half of the respondents stated that complete sampling of
the area of contact between the meningioma surface and adjacent CNS
tissue is not attempted (45.1%). Thirty-two replied that the sampling
method has been changed after the update of the WHO classification of
CNS tumors of 2016 (22.5%), while the majority did not adjust their
intraoperative sampling procedures (77.5%) (see Fig. 2).

Regarding the detectability of CNS invasion, 58.5% agreed with the
statement of the questionnaire that this was possible based on preoper-
ative MR-imaging, while 20.4% were undecided and 21.1% disagreed.
Stronger agreement was expressed when asked whether CNS invasion
could be detected intraoperatively (82.4%), while only 10.6% were un-
decided and 7.0% disagreed on the matter (no respondent was in strong
disagreement, see Fig. 3).

Half of the respondents answered that the intraoperative suspicion of
CNS invasion influences their sampling method (49.3%) and that they
are taking a separate sample from the suspicious area in this setting
(53.5%). For comparison, the following areas are usually sampled sepa-
rately in case of suspicious intraoperative findings: Dural attachment
(72.5%), Bone infiltration (74.6%), meningioma adhesion/infiltration of
CNS (59.9%), meningioma adhesion/infiltration of cranial nerves
(12.0%), meningioma adhesion/infiltration of spinal nerve root (14.1%),
meningioma adhesion/infiltration of vessels (14.8%) or none of the
above (12.0%).

If CNS invasion is suspected intraoperatively in an eloquent area,
59.9% of respondents will not opt for a radical resection, while 28.2% do
and 12.0% base their decision on intraoperative neuromonitoring, tumor
location as well as age and comorbidities (see Fig. 3).

3.2. Tissue sampling for scientific use
Approximately half of the neurosurgeons participating in the survey

stated that they were scientifically involved in meningioma research
(51.4%) and one third stated that a tumor tissue sample is frequently
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taken for scientific use and not sent for histopathological assessment
(37.3%). Measures to ensure that scientific sampling does not impede
with a comprehensive histopathological evaluation were further evalu-
ated. Eighty-one percent of study participants try to provide enough
tissue for histopathological assessment and 39.6% choose areas for sci-
entific sampling that are assumed to be non-critical for histopathological
evaluation. Only 15.1% of respondents stated to take the scientific
sample from the center of the meningioma and provide the complete
outer surface for histopathology, whereas merely 11.3% take the scien-
tific sample from areas that have no contact to the CNS surface (see
Fig. 4). A few comments expressed a sequential algorithm permitting the
use of remaining tumor tissue for scientific purposes, only after histo-
pathological assessment has been finalized.

4. Discussion

The prognostic impact of CNS invasion in meningioma has led to its
integration into the WHO classification of CNS tumors since 2016 as a
stand-alone criterion for atypia (Louis et al., 2016, 2021). However, the
published data from few retrospective analyses show conflicting results
(Baumgarten et al., 2016; Behling et al., 2020b, 2021a; Biczok et al.,
2019; Banan et al., 2021). It is quite clear, that a complete sampling of the
contact surface of the meningioma with the adjacent CNS parenchyma
would be necessary to allow for a maximum detection rate of CNS in-
vasion during histopathological assessment (Behling et al., 2021b).
Fig. 1. Bar graph showing the responses to questions regarding the participants'
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Differences in sampling methodology may have influenced retrospective
studies on which the current discussion is based. Therefore, it is of great
relevance to assess the current practice of tumor sampling during me-
ningioma resection. This study addresses this issue and is the only one of
its kind so far in the field of meningioma research.

Overall, the results of this questionnaire-based survey show a lack of
awareness of the implications of CNS invasion for the intraoperative
sampling during meningioma resection. For example, less than half of the
study participants state to perform a standardized sampling during me-
ningioma resection in their institution and less than a quarter of
responding surgeons have changed their practice after the update of the
WHO classification in 2016. Furthermore, 45% do not routinely attempt
sampling of the complete contact area of the meningioma with the
adjacent CNS parenchyma and only half do so if infiltration is suspected
intraoperatively. These conceptions suggest that the diagnostic yield of
CNS invasion in meningiomas is possibly significantly underestimated. A
standardized sampling could improve the validity of future studies
(Brokinkel et al., 2017). A difference in the detection rate of brain in-
vasion among different neurosurgical centers has recently been described
and varying surgical nuances were proposed as possible influential factor
(Timme et al., 2020). Our data now confirms this suspicion and allows for
a more detailed view of this issue.

A striking result of our survey was the finding regarding the customs
of sampling adjacent structures in the setting of intraoperative suspicion
of tumor invasion. While more than 70% of participants sample
institution (A), position (B) and exposure to meningioma surgery (C and D).
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suspicious areas of dura and bone, meningioma tissue with features of
possible infiltrative growth into CNS tissue is only sampled separately by
60% of respondents. The latest WHO guidelines do not consider dural or
bone invasion as relevant for tumor grading, despite one study associ-
ating bone invasion in atypical meningioma (Gabeau-Lacet et al., 2009).
However, CNS invasion in itself is currently relevant for tumor grading.
This finding underlines the need to raise awareness of the necessity to
provide not just a complete sample, but in particular separate samples of
meningioma areas which are suspicious of invasive growth. Regarding
the intraoperative assessment, the majority of study participants agreed
with the statement that CNS invasion can be detected during resection.
So far, no convincing data is available to confirm this perception (Bru-
nasso et al., 2022). One retrospective study suggests a large discordance
between intraoperative signs of invasion and true histopathological in-
vasion (Behling et al., 2020b). This issue should be addressed with future
studies focusing on a comparative analysis with structured intraoperative
Fig. 2. Bar graph depicting the answers to questions focusin
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and histopathological assessment criteria. On the other hand, detecting
invasive growth on preoperative imaging is supported by some retro-
spective studies (Adeli et al., 2018; Zhang et al., 2022) though fewer
respondents seem to agree with this statement when compared to the
predictive power of intraoperative assessment (70 vs. 82%, respectively).

Undoubtedly, complete sampling of the meningioma surface is not
always feasible. Especially in surgery of skull base meningiomas, the
technical difficulty of a radical resection whilst preserving the neuro-
vascular structures at risk must have the top priority and extended
sampling should not put these goals at risk. However, increasing the
awareness of the importance of a complete sampling for histopatholog-
ical assessment of CNS invasion is necessary, to give the neuropathologist
the highest chance of grading the tumor correctly.

It is therefore necessary to gain further insight into the factors that
hinder complete sampling and to identify tumor subgroups that are at a
higher risk of undergrading. Another important factor influencing the
g on characteristics of current sampling methodologies.
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tumor grading via detection of CNS invasion is the fact that especially in
large meningiomas often only presumed representative tissue samples
are embedded for histology. With a close collaboration of neurosurgeons
and neuropathologists marked areas of interest with sutures or dye can
facilitate a targeted tissue analysis in such cases (Picart et al., 2022). The
alternative to this targeted analysis would be a more complete embed-
ding of the complete tissue that was resected for comprehensive neuro-
pathologic evaluation to improve diagnostic yield. Therefore, the
meningioma samples provided for histopathology as well as the appli-
cation of the most recent criteria relevant to diagnose CNS invasion need
to be considered in the analysis as well.

With the advent of CNS invasion as a stand-alone criterion for atypia
in the WHO classification since 2016, an unusual increase in cases with
histopathological CNS invasion was observed, presumably based on a
tendency of some pathologists to assign a higher grade when in doubt
(Perry, 2021). On the other hand, a larger retrospective study of 814
meningiomas showed only a slight non-significant increase of WHO 2
Fig. 3. Bar graphs showing the perception of the value of intraoperative findings and
B) and participants' responses regarding intraoperative proceedings in the case of su
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meningiomas after the inclusion of CNS invasion in the WHO classifi-
cation (Rebchuk et al., 2022). Therefore, a varying adherence to the
criteria of CNS invasion proclaimed by the recent WHO classification can
be suspected, although they have been defined quite clearly, with pial
breach and protrusion of meningioma tissue into GFAP-positive tissue as
proof of invasive growth. Infiltration of Virchow-Robin spaces on the
other hand is not considered as clear invasion (Louis et al., 2016, 2021)
but may still be used by some to diagnose CNS invasion, causing cases
with a false higher grading. This may have caused some clinicians to
question the prognostic value of the detection of CNS invasion, when
they see an unremarkable long follow-up in cases with alleged CNS
invasive meningiomas. Furthermore, there is a risk of unnecessary
overtreatment if adjuvant radiation is applied due to a higherWHO grade
based on unsure CNS invasion. Therefore, strict adherence to the histo-
pathological criteria as well as a complete sampling is necessary to pro-
duce a larger number of well documented meningioma cases with
definite CNS invasion. This will raise the opportunity to conduct
preoperative MR-imaging characteristics regarding CNS invasive growth (A and
spicious invasive growth (C, D, E and F).



Fig. 4. Bar graphs presenting the scientific activity of participants regarding meningioma research and methodology of scientific tissue sampling during meningi-
oma resection.
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high-quality studies regarding the underlying mechanisms for the
development of invasive growth, subsequent potential therapeutic tar-
geting and identification of possible biomarkers.

With this study, we have demonstrated the differences of current
practice as well as concepts of intraoperative sampling techniques among
neurosurgeons and the potential limitation of the detection of CNS in-
vasion in meningiomas. Our results emphasize the need to develop a
standardized sampling algorithm, in order to allow for a maximum ac-
curacy of histopathological detection of CNS invasion of meningiomas
and to move forward in the understanding of its underlying mechanisms.

5. Conclusions

Current intraoperative sampling methods during meningioma resec-
tion vary among neurosurgical departments. Despite the integration of
CNS invasion into the WHO classification there is insufficient awareness
of the need for a structured and complete sampling to optimize the
diagnostic detection of CNS invasion. A standardized sampling recom-
mendation is needed.
6
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