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Abstract
Sphenoid wing meningiomas are generally considered as skull base meningiomas (SBMs). However, given their surgical
similarities with non-skull base meningiomas (NSBMs), we hypothesized that lateral sphenoid wing meningiomas (LSWMs)
without bone invasion (BI) should be considered as NSBMs. N = 65 LSWMs without BI operated between 1990 to 2010 at a
single-center were compared to N = 352 NSBMs, represented by convexity meningiomas (CMs), and to N = 23 SBMs, repre-
sented by spheno-orbital meningiomas (SOMs), with respect to baseline demographics, clinical presentations, Simpson grades,
complications, adjuvant therapies, as well as overall survival (OS) and progression-free survival (PFS). Only WHO grade I
meningiomas were included. No significant differences in baseline demographics, clinical presentation, or pre-operative KPS
were found between the three groups. Simpson grade 1–3 was achieved in 90.1% of LSWMs, 97.1% in CMs (p = 0.05), and
82.6% in SOMs (p = 0.23). There were no significant differences in postoperative infection, hematoma, neurological worsening,
30-day mortality, or OS between the three groups. Lower re-treatment rates were observed in LSWMs and CMs compared to
SOMs (p = 0.06). With respect to PFS, there was no significant difference between LSWMs and CMs (89.1% and 88.5% at
5 years, respectively), whereas PFS was significantly higher in LSWMs than in SOMs (79% at 5 years) (p = 0.05). LSWMs
without BI should be considered as an intermediate entity between NSBMs and SBMs. LSWMs are similar to SOMswith respect
to extent of resection, but more similar to CMs with respect to re-treatment rates and PFS.
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Introduction

Intracranial meningiomas are mostly benign lesions,
representing 30 to 40% of all operated primary intracranial
tumors [17, 23, 32]. In patients with growing and/or symptom-
atic intracranial meningiomas, surgical excision of the tumor
and its dural attachment is often recommended [7, 13, 20].

Sphenoid wing meningiomas (SWMs) are the most fre-
quent tumors of the sphenoid ridge and constitute 15–20%
of all intracranial meningiomas, representing the third most
common group of intracranial meningiomas [1, 12, 24]. A
classification scheme that divided the sphenoid wing into
thirds along the medio-lateral axis was developed by
Cushing and Eisenhardt [5], and SWMs were categorized into
medial, middle, and lateral. Lastly, lateral sphenoid wing me-
ningiomas (LSWMs) with hyperostosis, bone infiltration (BI),
and extension to the orbit are called spheno-orbital meningio-
mas (SOMs) [22, 25, 29]. These sub-classes may have differ-
ent clinical presentations, risks of surgery, as well as prognosis
[4, 31].

In the anatomical sub-division of meningiomas provided
by Al-Mefty et al. [8], SWMs are considered as middle skull
base meningiomas (SBM) (Table 1). However, LSWMs with-
out BI are technically more straightforward and less demand-
ing than SOMs [9, 27] and could be considered as non-skull
base meningioma (NSBM). To test this hypothesis, we com-
pared LSWMs without BI to NSBMs, represented by
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convexity meningiomas (CMs), and SBMs, represented by
spheno-orbital meningiomas (SOMs), with respect to their
baseline characteristics, clinical presentation, Simpson grades,
complications, adjuvant therapies, as well as overall survival
(OS) and progression-free survival (PFS).

Materials and methods

Patient cohort

From a database including a total of N = 1469 intracranial
meningiomas operated between 1990 and 2010 at Oslo
University Hospital (OUH), all LSWMs, CMs, and SOMs
were identified. Data were acquired retrospectively from
1990 to 2002 and prospectively from 2003 to 2010.
Meningioma locations were defined according to Al-Mefty
classification [8]. LSWMs with BI, hyperostosis, and exten-
sion to the orbit were classified as SOMs [3, 22, 25, 27, 29].
WHO grade II and III lesions were excluded from the analysis
as they would distort the overall analysis of PFS and OS
because of uneven distributions between the three groups.

A sub-cohort of n = 65 LSWMs without BI (4.4% of the
total cohort), n = 23 (1.6%) SOMs, and n = 352 (24%) CMs
was identified (Table 2). Preoperative imaging studies (or re-
ports for older cases) were reviewed to confirm tumor loca-
tion, contrast enhancement, and bone invasion.

Baseline demographic data, pre-operative Karnofsky
Performance Status (KPS), presenting symptoms (seizures,
raised intracranial pressure (ICP), onset of new neurological
deficit or no symptoms), Simpson grades, post-operative com-
plications (hematoma, infection, neurological worsening), 30-
day mortality, and adjuvant therapies (second surgery, conven-
tional radiotherapy, stereotactic radiosurgery) were retrieved.

The extent of resection (EOR) was assessed using the
Simpson grading system [30], based on the surgical report in
conjunction with postoperative imaging. Gross total resection
(GTR) was defined as Simpson grade I, II, or III resections,
according to the criteria of the European Association of
Neuro-Oncology [10].

The post-operative image surveillance was left open to the
treating physician’s discretion and has not followed a rigorous
scheme. Tumor progression was defined as any retreatment for
tumor recurrence by means of surgery, conventional fraction-
ated radiotherapy, or stereotactic radio-surgery. PFS was cal-
culated from time of surgery to time of retreatment or censor-
ing. OS was defined as the period between index surgery and
all-cause mortality, or otherwise, date of the last follow-up.

Ethics

The study was regulated by the Personal Data Act/Personal
Health Data Filing System Act and approved by the Data
Protection Official at OUH (2017/5204). Informed consent
was not required according to the Personal Data Act/
Personal Health Data Filing System Act.

Statement of human and animal rights

All the procedures followed were in accordance with ethical
standards on human experimentation.

Statistical analysis

Statistical analysis was performed using R v3.5.1 (https://
www.r-project.org). The significant p value was defined at 0.
05. For the three groups, mean age and KPS upon admission
were calculated (mean and standard deviation). The
comparisons of the populations’ characteristics were
performed using the Kruskal-Wallis test, a non-parametric
equivalent of the ANOVA, and the post-hoc analysis was per-
formed using the Mann-Whitney U test. A pairwise compar-
ison was also performed between the three groups to compare
OS and PFS using the log-rank test.

Table 1 Categorization of skull base meningiomas, according to Al
Mefty’s classification, into anterior cranial base, middle cranial base,
and posterior cranial base meningiomas. Meningiomas of the lateral and
middle sphenoid wing are considered as a whole entity, irrespective to
their infiltrative pattern of the bone. CP angle: cerebello-pontine angle

Meningiomas of the anterior cranial base

A. Tuberculum sellae meningiomas

B. Olfactory groove meningiomas

C. Meningiomas of the orbital roof

Meningiomas of the middle cranial base

A. Meningiomas of the lateral and middle sphenoid wing

B. Meningiomas of the anterior clinoid

C. Meningiomas of the cavernous sinus

D. Meningiomas of the optic canal and orbit

E. Meningiomas of the Meckel’s cave

F. Cranio-orbital meningiomas

G. Meningiomas of the posterior clinoid and upper clivus

Meningiomas of the posterior cranial base

A. Clival meningiomas

B. Petroclival meningiomas

C. Spheno-petroclival meningiomas

D. Petrosal meningiomas

E. Anterior petrous meningiomas (petrous apex)

F. Posterior petrous meningiomas (CP angle)

G. Jugular foramen meningiomas

H. Tentorial meningiomas

I. Meningiomas of the temporal bone

J. Foramen magnum meningiomas
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Results

Patients demographic data

Baseline demographics and symptoms upon admission are
summarized in Table 2. With respect to mean age at surgery,
female-to-male ratio, and pre-operative KPS, patients with
LSWMs without BI were similar to patients with CMs and
SOMs: mean age upon admission was 56.7 ± 12.9 years, and
the female-to-male ratio was 2.8.

Presenting symptoms upon admission

Regarding the presenting symptoms of patients with LSWMs
without BI, n = 26 patients (40%) presented with neurological
deficit upon admission; n = 22 patients (33.8%) had seizures
prior to admission, n = 20 (30.8%) patients presented with
symptoms of raised intracranial pressure, and 9 (13.8%) were
asymptomatic. With respect to the neurological deficit upon
admission, the presence of raised intracranial pressure, and the
number of asymptomatic patients, no statistically significant
difference was found between the three groups. The incidence
of seizure was significantly higher in patients with CMs
(Kruskal-Wallis; p < 0.01); it was similar in LSWMs and
CMs (33.8% and 43.2%, respectively), whereas a non-

significant trend towards an increased rate of seizures in the
LSWM group was found (p = 0.08) when compared to the
SOMs group (8.7%). Finally, CMs had significantly more
seizures than SOMs (p < 0.01; Table 2).

Tumor characteristics and EOR

Rates of GTR are summarized in Table 2. GTR was achieved
in n = 59 (90.1%) of patients with LSWMs without BI and
was significantly less frequent than in CMs (97.1%; p =
0.05). Rates of GTR were similar between LSWMs without
BI and SOMs (82.6%).

Post-operative complications

Post-operative complications and their distributions are listed
in Table 2. Results concerning post-operative complications
were similar between LSWMs without BI, CMs, and SOMs,
pertaining to post-operative infection, hematoma, neurologi-
cal worsening, and 30-day mortality (Table 2).

Adjuvant therapy

A summary of adjuvant therapies is provided in Table 2. In the
LSWMs without BI group, 4.6% of the patients had second

Table 2 Baseline demographics, symptoms upon admission, surgical
outcomes, complications, re-operation, and adjuvant therapies of patients
with LSWMs, CMs, and SOMs. LSWMs: lateral sphenoid wing
meningiomas; CM: convexity meningiomas; SOMs: spheno-orbital

meningiomas; Preop. KPS: preoperative Karnofsky performance status;
Neuro. deficit: neurological deficit; GTR: gross total resection; 30-day ┼:
30-day mortality; Conventional RT: conventional radiotherapy; SRS: ste-
reotactic radiosurgery

LSWMs CMs SOMs Kruskal-

Wallis

Post-hoc

(n= 65) 15% (n=352 ) 80% (n= 23) 5%

n % n % n % LSWM/CM LSWM/SOM CM/SOM
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Age 56.7 12.9 - 58.4 13.3 - 52.3 11.8 - 0.08 - - -

Sex 48F / 17M - 248 F / 104 M - 16F / 7M - 0.85 - - -

Preop. KPS 85 35 - 90  25 - 85 35 - 0.14 - - -

Asymptomatic 9 13.8 32 9.1 2 8.7 0.49 - - -

Seizures 22 33.8 152 43.2 2 8.7 0.002 0.33 0.08 0.002

Raised ICP 20 30.8 96 27.3 7 30.4 0.82 - - -

Neuro. de�icit 26 40 170 48.3 9 39.1 0.36 - - -
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e Simpson grade < 0.001 < 0.001 0.77 0.005

I 19 29.3 288 81.8 13 56.5 - - - -

II 39 60 39 11.1 6 26.1 - - - -

III 1 1.5 15 4.3 0 0 - - - -

IV 6 9.2 9 2.5 4 17.4 - - - -

V 0 0 1 0.3 0 0 - - - -

GTR 59 90.1 342 97.1 19 82.6 < 0.001 0.05 0.23 0.003
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s Hematoma 3 4.6 6 1.7 0 0 0.24 - - -

Infection 4 6.1 7 2 0 0 0.1 - - -
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30-day 0 0 10 2.8 1 4.6 0.34 - - -
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Second surgery 3 3.1 21 3.4 4 13 0.06 - - -

Conventional      

RT

0 0 6 1.7 1 4.3 0.34 - - -

SRS 1 1.5 4 1.1 1 4.3 0.43 - - -
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operation and 1.5% had post-operative radiosurgery. No pa-
tient had conventional radiotherapy. In the CM group, 6% of
patients had a second surgery, 1.7% had conventional radio-
therapy, and 1.1% had radiosurgery. In the SOM group, 17%
of the patients had second surgery, 4.3% had conventional
radiotherapy, and 4.3% underwent radiosurgery. Trends to-
wards increased rate of re-operation and post-operative radio-
surgery were observed in patients with SOMs, but the differ-
ences did not reach statistical significance.

OS and PFS

The OS and PFS curves are shown in Figs. 1 and 2. LSWMs
without BI showed similar OS to CMs and SOMs. In pairwise
Kaplan-Meier analysis, the 5-year PFS was significantly
higher in LSWMs without BI when compared to SOMs
(89.1% versus 79%, p = 0.05). CMs (88.5%) had also superior
PFS compared to SOMs (p = 0.03). With respect to the 10-
year PFS, similar results were found: there was no significant
difference between LSWMs without BI and CMs (89.1% and
85.7%, respectively), whereas PFS was significantly higher in
LSWMs without BI than in SOMs (64.6%, p = 0.05; Fig. 2).

Discussion

LSWMs: At the interface between SBMs and NSBMs

According to Al-Mefty’s original definition, LSWMs without
BI are considered as SBMs (Table 1) [8]. In contrast to SOMs,
which generally require extensive surgical exposure and often
have sub-total resections [9, 27], surgery of LSWMs without
BI is more similar to a CM and often straightforward due to
the absence of critical neurovascular structure around the lat-
eral third of the sphenoid wing. We therefore hypothesized
that LSWMs BI invasion should be considered as NSBMs
rather than SBMs. In order to test this hypothesis, a
monocentric cohort of n = 65 patients with WHO grade I
LSWMs without BI was compared to NSBMs (represented
by n = 352 WHO grade 1 CMs) and to SBMs (represented
by n = 23 WHO grade 1 SOMs).

With respect to the extent of resection, GTR was achieved
in 90.1% of patients with LSWMs, which was significantly
less frequent than in CMs (97.1%; p = 0.05). Overall, the rates
of GTR were similar between LSWMs without BI and SOMs
(82.6%; see Table 2). Despite slightly inferior rates of GTR,
patients with LSWMs had similar PFS rates to patients with
CMs, but higher PFS than the SOMs (Fig. 1). LSWMswithout
BI and CMs had similar re-treatment rates (3.4% and 3.1%,
respectively), whereas patients with SOMs showed a trend
towards higher re-treatment rates. Although the difference
did not reach statistical significance (p = 0.06), it should be
kept in mind that this trend was observed on a limited number

of patients and should be studied in a larger cohort. Altogether,
LSWMs were similar to SOMs in terms of surgery but were
similar to CMs in terms of short- and long-term outcomes.
Consequently, we can consider LSWMs without BI as an in-
termediate entity between SBMs and NSBMs, as their current
classification into SBMs does not reflect the reality in terms of
outcomes, which is of paramount importance in term of patient
care and prognosis, when confronted to LSWMs without BI.
Our findings are in line with Guduk et al. [12], who recently
reported their surgical outcomes in a series of 141 SWMs and
concluded that SWM constitute a heterogeneous group of le-
sions, with characteristics of both SBMs and CMs.

LSWMs without BI and SOMs: differences in terms
of PFS and re-treatment rates

In addition to their particular clinical presentation, surgical
management and outcomes when compared to NSBMS [4, 6,
7, 11, 14–16, 18, 19], SBMs have higher re-treatment rates and
shorter PFS [19]. The need for an accurate classification of
meningiomas into SBMs and NSBMs appears therefore of par-
amount importance. Our data show that in terms of re-treatment
rates and PFS, LSWMs without BI have the characteristics of
NSBMs, despite showing rates of GTR similar to SOMs. This
is interesting because while the mainstay of treatment of
LSWMs without BI is tumor resection through a pterional cra-
niotomy [12], the resection of SOMs often requires a larger
fronto-temporal craniotomy, followed by an extra-dural remov-
al of the tumor-infiltrated bone [9, 27]. The degree of surgical
difficulty may vary according to the consistency and the adhe-
siveness to neurovascular structure, which may prevent aggres-
sive and radical surgery, whereas in the case of LSWMs, espe-
cially if the arachnoid plane is preserved and the lesion is soft,
none of the principles of skull base surgery apply.

In their surgical series of 63 patients with SOMs, Ringel
et al. report that 76% of patients had tumor remnants, of which
39% were progressive. Freeman et al. reported similar results
in 25 cases [9]. In their series on SWMs, Guduk et al. report
tumor recurrence in 27% (38/141) of cases, of which 40% (15/
38) were SOMs and 18% (7/38) were LSWMs. Altogether,
these series show that SOMs are more difficult to control
despite accurate surgery, unlike LSWMs without BI. In our
series, rates of GTR were surprisingly high in SOMs, and
similar to those achieved in LSWMs (Table 2).

From a surgical point of view, the radical resection of
LSWMs without BI is safe and feasible, as our results show
a high GTR and very low complications and re-treatment
rates. Guduk et al. [12] achieved GTR in 100% of LSWMs
without BI; in their report, GTR was considered as Simpson 1
and 2, contrary to the current guidelines of EANO [10]. In our
cohort, Simpson 1 and 2 resections were achieved in 89.3% of
LSWMs (Table 2). This may be due to a higher proportion of
orbital invasion of the LSWMs without BI in our series.

1550 Neurosurg Rev (2020) 43:1547–1553



With respect to SOMs, Guduk et al. [12] achieved
GTR in only 12.9% of SOMs, whereas in our cohort,
Simpson 1 and 2 resections were achieved in 56.5% and

26.1% of cases, respectively. Our results contrast those
previously reported in the literature [9, 12, 27], testify-
ing of a certain heterogeneity among SOMs. Overall, it

P

P
F

S

LSWMs/CMs 0.64

LSWMs /SOMs 0.05

CMs / SOMs 0.03

Fig. 2 Progression-free survival curves of patients with lateral sphenoid
wing meningiomas, convexity meningiomas, and spheno-orbital menin-
giomas. Lateral sphenoid wingmeningiomas had similar progression-free
survival rates than convexity meningiomas and significantly higher
progression-free survival than spheno-orbital meningiomas. There is a

significant difference in progression-free survival rates between spheno-
orbital meningiomas and the two other groups. LSWMs lateral sphenoid
wing meningiomas, CMs convexity meningiomas, SOMs spheno-orbital
meningiomas

P

O
S

LSWMs/CMs 0.15

LSWMs /SOMs 0.96

CMs / SOMs 0.3

Fig. 1 Overall survival of patients with lateral sphenoid wing
meningiomas, convexity meningiomas and spheno-orbital meningiomas.
The overall survival is similar in the three groups. OS overall survival,

LSWMs lateral sphenoid wing meningiomas, CMs convexity meningio-
mas, SOMs spheno-orbital meningiomas
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appears that SOMs have less favorable outcomes when
it comes to PFS, despite rather more favorable surgical
results than previously reported in the literature. Despite
not being significant, the higher re-treatment rate in
SOMs has to be considered, since previously reported
data corroborate this finding [19].

The role of an accurate classification

Some authors question the pertinence of the classical three-tier
classification of SWMs, advocating for more straightforward
dichotomization into middle SWMs and LSWMs, since this
would reflect the clinical reality more accurately [21, 31]. On
the basis of our data and in the perspective with previously
reported series [9, 12, 27], we believe that a simplification of
the current classification is misleading. The location of the
lesion is only one of multiple variables in meningioma sur-
gery: the presence of BI, the clinical presentation, as well as
genetic alterations and inherent biology [26, 28] are to be
considered. Altogether, this may favor a more detailed classi-
fication of SWMs [21]. Moreover, our findings allow to pre-
emptively decide whether or not tumors in the sphenoid wing
could be allocated to a skull base team or not.

Limitations

The retrospective data collection before 2003 is a limitation.
Also, due to the long period of data collecting starting in 1990,
tumor size and molecular biomarkers such as Mib-1 or Ki67
were not available for all patients, despite being known factors
influencing OS/PFS [2]. Furthermore, surgical and monitoring
techniques evolved dramatically during the study period.
Regardingmortality, no disease-specificmortalitywas registered.

Conclusion

LSWMs without BI should be considered as a mixed entity
between NSBMs and SBMs. Their surgical outcome,
pertaining to the EOR, is similar to SBMs, whereas their re-
treatment rates and PFS are more in line with NSBMs.
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