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Study Design: This is a cross-sectional nationwide descriptive observational and analytic retrospective study.

Purpose: This study aims to describe and assess survival after spinal meningioma (SM) surgery.

Overview of Literature: A few studies report a reduced survival after SM surgery.

Methods: The current study processed the Systéme National des Données de Santé (SNDS), the French national administrative medi-
cal database, to retrieve appropriate cases.

Results: This study identified 2,844 patients (79.1% females) between 2008 and 2017. The median age at surgery was 66 years
(interquartile range [IQR], 5675 years). Moreover, 95.9% of SMs were removed through posterior or posterolateral approaches, and
6.9% were epidural and 0.7% needed an associated spine stabilization. Benign meningioma represented 92.9%, with 5% and 2.1%
atypical and malignant, respectively. The median follow-up was 3.3 years (IQR, 3.1-3.5 years). Of the patients, 0.25% and 1.2% ex-
pired within a month and a year of surgery, respectively. At data collection, 225 patients (7.9%) expired. The 5-year overall survival
(OS) probability was 90.1% (95% Cl, 88.6%—91.7%). However, absolute excess risk of mortality after SM surgery was null, and the
related standardized mortality ratio was 1(95% ClI, 0.9-1.2; p=0.565). In the adjusted regression, age at surgery (hazard ratio [HR], 1.06;
95% Cl, 1.04-1.07; p<0.001), level of comorbidities (HR, 1.44; 95% Cl, 1.34—1.54; p<0.001), neurofibromatosis type 2 (NF2; HR, 3.65;
95% Cl, 1.28-10.39; p=0.0152), epidural SM (HR, 1.73; 95% CI, 1.09-2.75; p=0.0206), and malignant meningioma (HR, 2.64; 95% Cl,
1.51-4.61; p<0.001) remained significantly associated to a reduced OS.

Conclusions: The SNDS is of great value in assessing SM incidence, associated mortality, and its predictors. OS after meningioma
surgery is favorable but may be impaired for NF2 or older patients with a high level of comorbidities, epidural tumor, and malignant
histopathology. SM surgery is not associated with an increased absolute excess mortality risk despite being performed on even more
senior patients compared with intracranial meningioma.
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Introduction

Meningiomas, thought to arise from the meningothelial
cells of the arachnoid, are the most common primary
intracranial extracerebral tumors, accounting for 36.8%-
37.6% according to the Central Brain Tumor Registry of
the United States [1]. Those developed in the spine are less
frequent compared with those encountered intracranially,
representing about 5%-10% of all meningiomas [2,3].
Nonetheless, spinal meningioma (SM) is the most com-
mon intradural spine tumor with 30.7% with the main
differential diagnosis of schwannoma [3]. SMs are usually
sporadic, but few genetic diseases (e.g., neurofibromatosis
type 2 [NF2]) are identified risk factors [4].

The 2016 World Health Organization (WHO) classifica-
tion of tumors affecting the central nervous system recog-
nizes three grades of meningiomas. The WHO grade I or
benign meningiomas are the most common and have usu-
ally a good outcome [2,5,6]. The WHO grade III or ma-
lignant meningiomas are rare and aggressive neoplasms
with a poor prognosis [7,8]. The behavior and outcome of
atypical WHO grade II are intermediate [9,10].

Management options include regular monitoring es-
pecially for incidental tumors, symptom control, surgical
excision, external beam radiation therapy (EBRT), and
occasional chemotherapy. However, tailored maximal
resection is the treatment of choice for symptomatic SM.
Further optimal management is difficult to establish, and
the role of postoperative EBRT as standard adjuvant treat-
ment remains controversial apart from the rare malignant
forms [8-10].

SMs are slow-growing tumors and may cause various
symptoms once they have reached a significant volume
causing cord and roots compression depending on their
localization (i.e., pain, sensory and sphincter disturbance,
and motor weakness up to paraplegia). SMs are generally
benign. Moreover, complete excision should be the goal of
surgery, thus providing usually a cure to the patient and
its symptoms improvement.

Administrative medical databases (AMDB) are mas-
sive repositories of collected healthcare data for various
purposes. AMDB provide a variety of already stored data
with a constant and often increasing ongoing collection
process. They encompass a very large population and fre-
quently the whole nation, ensuring high statistical power
without biases related to the sample representativity. They
can be used to conduct epidemiological studies and evalu-
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ate medical practices [11]. Around 3,000 patients are op-
erated on for a meningioma each year in France, but only
a fraction for SM.

This study aims to describe the epidemiology, assess the
survival after SM surgery, and search for associated prog-
nostic factors.

Materials and Methods

1. Clinical material

A cross-sectional nationwide descriptive observational
and analytic retrospective study was performed using Sys-
téme National des Données de Santé (SNDS). Incidental
SM that was never operated on is not considered in this
study, and only surgically treated SMs were considered.
Data were extracted from the SNDS, the national French
medico-administrative database. Patients who underwent
the surgical resection of a meningioma between January 1,
2008, and December 31, 2017, were included. Cases were
selected using an algorithm combining two variables as
previously described: the type of the surgical procedure
identified by the Common Classification of Medical Acts
(CCAM) and the primary diagnosis following the 10th
revision of the International Classification of Diseases
(ICD-10) [2,4,12]. Benign meningiomas were considered
as corresponding to the D32 ICD-10 codes, atypical to
D42, and malignant to C70. The first recorded date of
SM surgery was defined as the index date. Patients <18
years were excluded (n=22). Progression was defined as
any new treatment for meningioma recurrence, e.g., redo
surgery, radiotherapy, or stereotactic radiosurgery. The
Mortality-Related Morbidity Index (MRMI), predictive of
all-cause mortality, and the Expenditure-Related Morbid-
ity Index (ERMI), predictive of healthcare expenditure,
were used to assess the global health-state severity [13].

2. Statistical methods

For cohort description, continuous variables are reported
as medians and interquartile ranges (IQRs), and categori-
cal variables are reported as frequencies and proportions.
Survival was measured from the first date at meningioma
surgery to the date of expiry or censored at the last follow-
up. Follow-up time was calculated using the reverse
Kaplan-Meier estimator method. In essence, no patient
in the SNDS was lost to follow-up because those who
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expired were automatically registered as such in the da-
tabase. To account for the lack of cause-specific survival,
survival analysis of the SM patients cohort relative to the
expected age- and gender-matched French general popu-
lation was performed. The life table methodology was
used to obtain estimates of relative survival (RS). All tests
were two-sided, and statistical significance was defined
with an alpha level of 0.05 (p<0.05). Analysis was per-
formed using the SAS Enterprise Guide ver. 7.15 HF8 (SAS
Institute Inc., Cary, NC, USA) and the R programming
language and software environment for statistical comput-
ing and graphics (ver. 4.1.0, 2021-5-18; The R Foundation
for Statistical Computing, Vienna, Austria) [14]. Analyses
were implemented using the packages relsurv and survexp.
fr among others. Multiplicative regression models were
achieved using the Andersen’s multiplicative regression
model, which is an extension of the Cox regression model
using RS. The statistical program and workflow were writ-
ten in R Markdown ver. 2 with RStudio (RStudio, Boston,
MA, USA) for dynamic and reproducible research.

3. Compliance with ethical standards

This study was conducted following the ethical guidelines
for epidemiological research under the ethical standards
of the Helsinki Declaration (2008); the French data
protection authority (CNIL; Commission Nationale de
I'Informatique et des Libertés), an independent national
ethical committee (authorization no., 2008538); and the
RECORD (Reporting of studies Conducted using Obser-
vational Routinely-collected Data) guidelines for studies
conducted using routinely collected health data and ac-
cording to the SAMPL Guidelines [15,16]. Informed con-
sent was not required because of the retrospective nature
of the study. The SNDS encrypts patient personal infor-
mation to protect patients’ privacy and provides research-
ers with anonymous identification numbers.

Results

1. Population description

Within the SNDS, 2,844 patients who had SM surgery
were identified between 2008 and 2017. Of the patients,
79.1% were females, and the median age at surgery was 66
years (IQR, 56-75 years). According to the MRMI, males
had significantly more comorbidities compared with fe-

males (p<0.001). The level of comorbidity also increased
with age (p<0.001). In addition, 95.9% of the SM were re-
moved through a posterior or posterior-lateral approach,
and 6.9% were epidural and 0.7% need an associated spine
stabilization.

Benign meningioma represented 92.9% with 5% and 2%
atypical and malignant, respectively (Table 1). The median
hospital stay was 8 days (IQR, 7-13 years). Of the pa-
tients, 59.1% and 24.8% were discharged at home and a in
rehabilitation unit, respectively. In addition, others were
discharged to another hospital department. Unsurpris-
ingly, the patients’ hospital stay was longer for those need-
ing rehabilitation (7 days versus 12 days, p<0.001) and for
those with a higher level of comorbidities (8 days versus
11 days, p<0.001). The patients discharged home were
significantly younger compared with those transferred to
a rehabilitation unit (62 years versus 72 years, p<0.001)
and had significantly fewer comorbidities (p<0.001). The
median follow-up was 3.3 years (IQR, 3.1-3.5 years).

2. Survival

At data collection, 225 patients (7.9%) expired. The me-
dian age at expiry was 80.2 years (IQR, 70.8-85.8 years).
Seven (0.25%), 15 (0.53%), and 35 (1.23%) patients
expired within the first year, the third year, and a year,
respectively. The 5-year OS was 90.1% (95% confidence
interval [CI], 88.6%-91.7%) (Fig. 1A).

For benign, atypical, and malignant meningiomas,
the 5-year OS rates were 91.3% (95% CI, 89.7%-92.8%),
86.6% (95% CI, 79.1%-94.7%), and 54.4% (95% CI, 40%-
74.1%), respectively (p<0.001) (Fig. 1C).

In univariable Cox modeling, age at surgery (hazard
ratio [HR], 1.07; 95% CI, 1.05-1.08; p<0.001), MRMI (HR,
1.56; 95% CI, 1.46-1.66; p<0.001), ERMI (HR, 1.11; 95%
CIL, 1.09-1.13; p<0.001), anterior or anterior-lateral ap-
proaches (HR, 1.63; 95% CI, 0.99-2.67; p=0.0526), epidur-
al SM (HR, 1.9; 95% CI, 1.27-2.83; p=0.00175), malignant
meningioma (HR, 5.44; 95% CI, 3.43-8.62; p<0.001), the
need for EBRT (HR, 2.38; 95% CI, 1.22-4.63; p=0.011),
a prolonged hospital stay (HR, 1.02; 95% CI, 1.01-1.02;
p<0.001), and the need of a rehabilitation center (HR,
1.69; 95% CI, 1.29-2.21; p<0.001) were associated with a
shorter OS (Table 2).

In the adjusted regression, age at surgery (HR, 1.06;
95% CI, 1.04-1.07; p<0.001), level of comorbidities (HR,
1.44; 95% CI, 1.34-1.54; p<0.001), NF2 (HR, 3.65; 95%
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Fig. 1. Plots of Kaplan-Meier overall survival (0S) curves comparison. (A) 0S and relative survival (RS). (B) OS by categories of age. (C) OS by grade. (D) 0S by Mor-
tality-Related Morbidity Index. (E) OS by neurofibromatosis type 2 (NF2). (F) OS by surgical technique and location.
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Table 1. Characteristics of the 28,778 patients

Characteristic Value

Gender (female) 2.251(79.1)
Median age at surgery (yr) 66 (56-75)
Age at surgery (yr)
<50 455(16.0)
>50—~<59 539(19.0)
>60—<69 765(26.9)
>70 1,085(38.2)
Neurofibromatosis type 2 25(0.9)
Mortality-Related Morbidity Index” 1(0-2)
Expenditure-Related Morbidity Index” 2(0-9)
Surgical technique
Posterior or posterior lateral approach 2,530(89.0)
Anterior or anterior lateral approach 108(3.8)
Epidural meningioma, posterior approach 186 (6.5)
Epidural meningioma posterior approach with spinal fusion 10(0.4)
Anterior or anterior lateral approach with spinal fusion 10(0.4)
Posterior approach 2,726(95.9)
Anterior approach 118(4.1)
Epidural meningioma 196 (6.9)
Spinal fixation 20(0.7)
Tumor grading
Benign 2,642(92.9)
Atypical 142 (5.0)
Malignant 60(2.1)
Aggressive meningioma 202(7.1)
Redo surgery for recurrence 100(3.5)
Radiotherapy or stereotactic radiosurgery 30(1.1)
Hospital stay (day) 8(7-13)
Transfer to rehabilitation after spinal meningioma surgery 705 (24.8)
Death
Within the postoperative month 7(02)
Within the 3 postoperative months 15(0.5)
At last follow-up 225(7.9)

Values are presented as number (%) or median (interquartile range).
“Indices computed using exclusively condition-related weights.

CI, 1.28-10.39; p=0.0152), epidural SM (HR, 1.73; 95%
CI, 1.09-2.75; p=0.0206), and malignant meningioma
(HR, 2.64; 95% CI, 1.51-4.61; p<0.001) remained signifi-
cantly associated with reduced OS (Table 3).

The 5-year survival relative to the expected survival of
age- and gender-matched French standard population

Table 2. Univariable Cox regression for spinal meningioma overall survival

Overall survival
Variable
HR (95% CI)

p-value

Gender (female) 0.79(0.59-1.06) 0.12

Age at surgery 1.07(1.05-1.08)  <0.001
Age at surgery (yr)
<50 Reference
>50—~60 0.93(0.46-1.87) 083
>60—~<70 1.87(1.03-339)  0.04

>70 557(3.28-9.45)  <0.001
1.1(0.41-2.97) 0.85

1.56(1.46-1.66)  <0.001

1.11(1.09-1.13)  <0.001

Neurofibromatosis type 2
Mortality-Related Morbidity Index
Expenditure-Related Morbidity Index (continuous)
Surgical technique
Reference
1.83(1.1-3.05) 0.02
19(1.25-2.88)  <0.001
3.3(0.82-13.3) 0.09

Posterior or posterior lateral approach
Anterior or anterior lateral approach
Epidural meningioma, posterior approach

Epidural meningioma posterior approach with
spinal fusion

Anterior or anterior lateral approach with spinal 092 (0.13-6.58) 0.94
fusion

Surgical technique
Reference

1.73(1.05-2.84)  0.03
1.96(1.31-2.94)  <0.001
0.61(0.37-1.01)  0.05
1.63(0.99-2.67)  0.05

1.9(1.27-2.83)  <0.001
1.63(0.52-5.1) 04

Posterior or posterior lateral approach
Anterior or anterior lateral approach fusion
Epidural SM fusion
Posterior approach
Anterior approach
Epidural meningioma
Spinal fixation
Tumor grading
Benign Reference
1.33(0.8-2.22) 0.27
544 (3.43-862) <0.001
0.79(043-145) 045
238(1.22-463)  0.01
1.02(1.01-1.02)  <0.001
1.69(1.29-2.21)  <0.001

p-values displayed in bold reached the statistical significance.
HR, hazard ratio; Cl, confidence interval; SM, spinal meningioma.

Atypical

Malignant
Redo surgery for recurrence
Radiotherapy or stereotactic radiosurgery
Length of hospital stay

Transfer to rehabilitation after SM surgery

was 100.6% (95% CI, 98.6-102.5), suggesting that me-
ningioma did not contribute to the overall mortality (Fig.
1F). Absolute excess risk of mortality after SM surgery
was null, and the related standardized mortality ratio was
1 (95% CI, 0.9-1.2; p=0.565).
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Table 3. Multivariable Cox regression for spinal meningioma overall survival

Overall survival
Variable
HR (95% ClI)

p-value

1.06 (1.04-1.07) <0.001
3.65(1.28-10.39) 0.02
1.44(1.34-1.54) <0.001

Age at surgery
Neurofibromatosis type 2
Mortality-Related Morbidity Index

Surgical technique

Posterior or posterior lateral approach Reference

Epidural spinal meningioma fusion 1.73(1.09-2.75) 0.02
Tumor grading

Grade | (benign) Reference

Grade Il (malignant) 2.64(1.51-4.61) <0.001

p-values displayed in bold reached the statistical significance.
HR, hazard ratio; Cl, confidence interval.

Discussion

This work presents a unique modern population-based
analysis of SM patients, which represent 9.8% of all the
meningiomas of the current database versus 7.7%, 7.9%,
and solely 4.25% of Brodbelt et al. [17], Westwick and
Shamiji [3], and Cao et al. [18], respectively. Compared to
their intracranial counterparts, SM occurred even more
frequently in women (79.1% versus 74.6%, p<0.001) at
a much older age (66 years [IQR, 56-75] versus 58 years
[IQR, 48-67], p<0.001). However, no satisfactory reason
has been provided to explain these contrasts even if differ-
ences in hormone responsiveness and genomic makeup
have been suggested [3,17]. The current findings are simi-
lar to those of Cao et al. [18], who analyzed the Surveil-
lance, Epidemiology, and End Results (SEER) database.
An age-adjusted incidence rate of 0.37 cases per 1,000,000
person-years, the greatest incidence in the 60- to 69-year
group, and also a female preponderance with a gender ra-
tio of 4 versus 3.8 in the current study were found among
4,204 SM patients diagnosed between 2004 and 2016, of
which 0.8% were removed (3,396) [18]. With the SEER,
Westwick and Shamji [3] found an age-adjusted incidence
0f 0.193 per 100,000 population (95% CI, 0.183-0.202).
Using a different database (Central Brain Tumor Reg-
istry of the United States [CBTRUS]), Kshettry et al. [19]
found 7,148 newly diagnosed SM between 2004 and 2010,
resulting in an overall age-adjusted incidence of 0.33 per
100,000 population, which was relatively stable over the
study period. They noticed the highest incidence in the

Table 4. Literature review on studies on spinal meningioma using database

Significant factors

5-year 0S
5-year RS

RT

grade IlI

grade Il

grade |

=

=
@
=3
<

% of
female

No. of
follow-up  patients

Median

Period
considered

Database

Country

Author (year)

Age; comorbidities; grade; epidural

90.1%

1.1%

2.1 NA

5.0

66 929

791

33yr 2,844

20082017

SNDS

Present study

location; neurofibromatosis type 2

(2021)
Caoetal.[19]

Age at diagnosis; gender; marital

206%  85.3%

96.7 735 265 80.8%

80.1 64

NA 4,207

2004-2016

SEER

USA

status; grade

(2021)
Dibas etal. [21]

Gender; age; marital status; surgery
vs. RT

None

NA

1.7%

3,502 81.0 52-63 NA NA NA 96%
(27.4%)

NA

2000-2016

Saudi Arabia SEER

(2020)
Wrightetal. [30] USA

NA

NA NA

265

735

56.4

70.0

287

NA

2004-2015

NCDB

(2019)
Brodbelt et al.

None

NA

NA

1,390 NA NA NA NA NA 1,188

NA

NCRAS+HES 1999-2013

UK

[18](2019)
Wrightetal. [30] Canada

Age; gender

NA NA

64/59 96.0 NA NA

80.3

NA 1,709

2000-2010

SEER

(2015)
Kshettry et al.

NA Age; gender

NA NA

NA

NA

96.0

80.3 75-84

7,48

US Cancer Registry ~ 2004-2010 NA

USA

[20](2015)
GTR, gross total resection; RT, radiotherapy including stereotactic radiosurgery; OS, overall survival; RS, relative survival; SNDS, Systéme National des Données de Santé; NA, not available or not applicable; SEER, Surveillance,

Epidemiology, and End Results; NCDB, National Cancer Database

NCRAS, National Cancer Registration and Analysis Service; HES, Hospital Episode Statistics.
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75- to 84-year-old age group and a slightly lower gender
ratio of 3.37 [19]. However, only 85.5% of the SM were
removed (n=6,112) and microscopically confirmed with
96.1% of benign WHO I meningioma, 2.5% of grade II,
and 1.4 % of malignant meningioma. These rates corre-
spond somewhat to the findings of 92.9%, 5%, and 2.1%,
respectively, of the current study. However, a significant
difference still exists (p<0.001). In addition, psammoma-
tous meningioma is the most frequent histopathological
subtype [18].

The strengths of the SNDS reside both in the high num-
ber of patients and in the exhaustive data available from
both private and public hospitals in France. The SNDS in-
cludes much information (e.g., demographic data, medi-
cal and surgical procedures with linked and associated
diagnoses, and date of expiry). The database represen-
tativeness is nearly perfect because it includes the whole
country’s population of nearly 68 million inhabitants con-
stituting one of the largest AMDB in the world [11].

Only a handful of studies reporting on SM use AMDB,
which all exploit American databases (e.g., SEER and/or
CBTRUS) [3,18-20]. Compiled from a number of institu-
tions, SNDS accuracy is nonetheless limited by inconstan-
cies in data collection and recording. Despite some limita-
tions, the SNDS is an invaluable tool to assess meningioma
outcomes. It offers an incomparable means to explore as-
sociations with other pathology, medication, or combined
surgical treatment that has and could not be previously
assessed. The retrospective nature of this study, together
with the lack of clarity regarding treatment rationales and
nonhomogeneous management strategies without random
assignment, needs to be considered when evaluating the
results. Moreover, important variables such as the quality
of resection are not recorded in the SNDS [21].

The primary goal of surgery is to achieve complete
tumor removal with or without dural excision while
avoiding additional neurological damage. Radiotherapy
or stereotactic radiosurgery may be given for residual or
recurrent disease or higher-grade tumors. SM resection
is usually a relatively simple neurosurgical intervention
with reported rates of complete resection (Simpson grade
I or II) often >90% [22,23]. Such a procedure is associ-
ated with low morbidity and rare mortality. Compared to
intracranial meningioma, aggressive SMs are infrequent.
Moreover, recurrence is uncommon once removed.
Brodbelt et al. [17] noted that OS after surgery is better
in women, younger adults, and people with SM and that

patients with SM did better in all grades, gender, and ages.

Few studies analyzed the survival of SM patients [18].
Cao et al. [18]’s reported 5- and 10-year rates of 85.3%
and 70.9%, respectively, are surprisingly quite low for a
generally benign tumor not supposed to threaten the life
of the affected patients. Throughout the studies, patients
with SM were even more likely to be older than those with
intracranial meningioma with reported age at surgery of-
ten >65 years and thus reaching life expectancy. Derived
from an unselected sample, the result of the current study
indicates that SM is not a cause of mortality with a 5-year
survival relative to the expected survival of the age- and
gender-matched French standard population of 100.6%
(95% CI, 98.6%-102.5%). Brodbelt et al. [17] also found a
5-year net survival of 98%, asserting that SM surgery in-
significantly contributes to the overall mortality. In stan-
dard survival analysis, subjects are supposed to experience
only one type of event, commonly recurrence or expiry.
In reality, several types may occur. In these cases, other
events—so-called competing events—may preclude the
occurrence of the event of interest or modify the risk that
occurs in the primary endpoint. The traditional methods
of survival analysis (e.g., the Kaplan-Meier method and
the Cox proportional hazards model) are not designed to
accommodate the competing nature of multiple events
assuming the absence of competing risks. Net survival
describes the probability of surviving a tumor diagnosis
in the absence of competing causes of mortality and is
defined as the survival that may occur if all risks of ex-
piry from other causes rather than the disease of interest,
meningioma in this study, were removed. Net survival is
now a major epidemiological indicator, already routinely
estimated for many neoplasms by either cause-specific
or RS. The first one requires knowing the cause of expiry.
However, when causes of expiry are unavailable or unreli-
able, net survival may be assessed by a measure of the RS,
which uses the all-cause mortality of the study group and
the expected mortality of a disease-free group having the
same demographic characteristics. RS is thus calculated as
the observed OS in the meningioma cohort relative to that
expected in the general population [24]. Derived from an
unselected sample, this study indicates that SM is a not a
cause of mortality in the affected patient population. If in-
dicated, SM surgery should thus be performed regardless
of the age of the patient. The results of the survival analy-
sis also confirmed that the patients had better outcomes if
surgery was performed [18].
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Several factors are associated with SM survival (e.g., age,
gender, size, and gross total resection) [3,18,19,21,23,25]
(Table 4). For Cao et al. [18], younger patients with be-
nign meningiomas have a longer survival. Likewise, in the
current study, malignant meningioma were associated to
a reduced survival (HR, 2.64; 95% CI, 1.51-4.61; p<0.001)
(Fig. 1D). However, females were not found to have a bet-
ter prognosis compared with males [3,18]. Unsurprisingly,
the level of comorbidities did influence OS (HR, 1.44;
95% CI, 1.34-1.54; p<0.001). Meningiomas are the sec-
ond most frequent tumor type in NF2 with a prevalence
between 53% and 66% [26]. The cumulative incidence of
meningiomas was shown to be close to 80% by 70 years
old in a cohort of 411 patients with proven NF2 mutation
[27]. In a previous report, the median age of expiry of
NF2 patients was found to be 41.7 years (IQR, 32.7-50.4
years), and 15.2% had SM surgery [4]. The current study
confirms the shorter survival of such patients (HR, 3.65;
95% CI, 1.28-10.39; p=0.0152).

One of the advantages of the SNDS, which uses the
CCAM classification, is to provide the precise location
of meningioma dural insertion, which is an invaluable
feature. Most SMs are removed by a posterior or pos-
terolateral approach without the need for fixation, which
was only necessary for 0.7% in the current series [28]. A
hemilaminectomy approach, which was quick and safe
with minimal morbidity and spinal instability, was usually
performed to remove SM [29]. Approximately, an extra-
dural component is seen but an exclusively extradural SM
is quite uncommon in 10% of cases [30]. Epidural SM was
found solely in 6.9% within the current cohort. However,
they are associated with a worse prognosis (HR, 1.73; 95%
CIL, 1.09-2.75; p=0.0206). Medical literature on epidural
SM is scarce, and any satisfactory reason to explain this
impaired OS was not found.

This work highlights the great value of this unique
database to evaluate outcomes after SM surgery. Further
inclusion and prolonged follow-up are required to assess
other predictors (e.g., gender, EBRT, or histopathological
subtypes) best after SNDS and the French Brain Tumour
Database merging [6].

Conclusions

The SNDS is of great value to assess SM incidence, associ-
ated mortality, and its predictors. OS after meningioma
surgery is favorable but may be impaired for NF2 or

Asian Spine ] 2022;16(6):865-873

older patients with a high level of comorbidities, epidural
tumor, and malignant histopathology. Performing SM
surgery on even more senior patients compared with in-
tracranial meningioma is not associated with an increased
absolute excess risk of expiry.
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