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Abstract

Background: The aim of this study was to assess the cognitive function of patients over 60 years old with
meningioma using a domain-specific neuropsychological test and to investigate the relevant factors affecting pre-
operative cognitive decline in different subdomains.

Methods: We retrospectively investigated 46 intracranial meningioma patients between the ages of 60 and 85
years. All patients underwent brain MRI and neuropsychological test. Tumor size, location, peritumoral edema, and
medial temporal atrophy (MTA) were examined to determine the association with cognitive impairment. We
performed a logistic regression analysis to examine the odds ratios (ORs) for cognitive decline of four subdomains:
verbal memory, language, visuospatial, and executive functions.

Results: Tumor size and age were associated with executive dysfunction (OR 1.083, 95% confidence interval (CI)
1.006–1.166, and OR 1.209, 95% CI 1.018–1.436, respectively). There was no statistically significant association in
other cognitive domains (language, verbal memory, and visuospatial function) with variables in regression analysis.

Conclusions: We conclude that tumor size and age are positively related with executive function in pre-operative
meningioma patients over 60 years old.
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Background
Meningioma is a frequently observed brain tumor in eld-
erly patients [1]. It has been shown to be associated with
alterations in cognitive function, often masquerading de-
mentia [2]. To strategize the best treatment approach, a
prediction of cognitive function with relevant factors is

crucial. However, cognitive deficits are largely variable
and cannot be explained by the localization of tumor
alone [3]. There have been previous efforts to investigate
the relevance of tumor variables, but the results were in-
consistent [4].
A significant portion of elderly patients may undergo

neurodegeneration, which is the process of neuronal in-
jury [5]. Alzheimer’s disease is the most common neuro-
degenerative disease that causes cognitive alteration [6],
and medial temporal atrophy (MTA) observed on struc-
tural magnetic resonance imaging (MRI) is widely used
as a biomarker [7]. Not only the tumor variables, but the
underlying conditions, such as neurodegeneration, may
influence the extent of cognitive functioning that may
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lead to the inter-individual variation of cognitive
impairments.
In this study, we retrospectively examined the pre-

operative cognitive function of patients with meningi-
oma over 60 years old using domain-specific neuro-
psychological test and investigated the tumor variables,
including tumor location, size, and peritumoral edema,
affecting cognitive decline in various subdomains. More-
over, we also examined the severity of MTA, which is
the biomarker of Alzheimer’s disease, and whether they
are a relevant factor influencing cognitive function in
meningioma.

Methods
Between December 2013 and November 2017, patients
previously diagnosed with intracranial meningioma were
recruited from Seoul National University Bundang
Hospital. Patients aged between 60 and 85 years and
with history of neuropsychological tests were included.
Those without brain MRI and with history of intracra-
nial surgery or radiotherapy prior to receiving neuro-
psychological tests were excluded.

Cognitive assessments
Demographic data and clinical information were ob-
tained from the retrospective medical record reviews.
The Mini-Mental State Examination (MMSE) was used
to evaluate global cognitive impairment. We obtained
extensive neuropsychological assessments of various do-
mains, including tests for language, verbal memory,
visuospatial, and executive function. We assessed each
cognitive domain using the following tests: the Korean
short version of Boston Naming Test [8] for language;
the Rey Complex Figure Test [9]- copy for visuospatial
function; the Seoul Verbal Learning Test [10]-delayed
recall for verbal memory; and color reading which was
number of correctly answered color of the ink (instead
of reading the word) within 60 s of Stroop Test [11] for
executive function. In this study, scores below 1 stand-
ard deviation of the age, gender, and education specific
norm were classified as abnormal.

MRI
Tumor size and peritumoral edema were determined by
MRI. The time interval between brain MRI and neuro-
psychological tests was restricted to less than 1 month.
The median time interval between the two tests was 4
days (Interquartile range 2–17 days). Tumor size was
identified as the largest diameter which was measured
from contrast-enhanced tumor on the postgadolinium
T1-weighted axial and/or coronal image of the tumor.
The extent of peritumoral edema was identified as high
signal intensity on a T2-weighted MRI; the extent of
peritumoral edema was graded from 0 to 2, where grade

0 represented either absence of edema or the presence
of a small halo around the tumor; grade 1 represented
edema extending variably along the tracts of the white
matter but without involvement of the whole hemi-
sphere; and grade 2 represented holohemispheric or near
holohemispheric edema [12]. MTA was visually assessed
using a standardized scale, previously developed by
Scheltens et al. [7]. Atrophy was rated on a 5-point scale
(0 = absent, 1 =minimal, 2 = mild, 3 =moderate, 4 = se-
vere) – based on the height of hippocampal formation,
width of the choroidal fissure, and temporal horn at the
coronal plane image. All MRI images were assessed in-
dependently by three experienced neurologists, who
were blinded to clinical information. Three raters mea-
sured the tumor size, peritumoral edema, and atrophy
scales for the left and right hemispheres, respectively.
For the analysis of MTA, higher atrophy score between
the left and right hemisphere were used. If MTA could
not be analyzed due to the extent to tumor size, score
from one hemisphere was used. MTA score was dichot-
omized into normal (0–1) and abnormal (2 or higher),
and peritumoral edema grade was dichotomized into
mild (0–1) and severe [2] peritumoral edema for further
analysis. In the case of discrepancy between the raters,
the final score was determined via consensus among the
raters. Intra-rater reliability was assessed by the re-rating
of MRI scans of all participants at a separate sitting,
blinded to prior rating. Inter-, and intra-rater reliabilities
were measured by calculating the interclass correlation
coefficient.

Statistical analysis
The comparison of baseline characteristics between
study subjects and excluded ones was performed using
the Student t-test for continuous variables and Pearson’s
chi-square test for categorical variables. To determine
inter and intra-rater reliability of visual rating scale, all
the raters measured the tumor size, peritumoral edema,
and MTA.
To examine the association of cognitive impairment,

univariate logistic regression analysis was performed in
four domains: verbal memory, language, visuospatial,
and executive domains. For further analysis, multivariate
logistic regression analysis was conducted to determine
the independent predictors associated with cognitive de-
cline of various domains. We performed multivariate lo-
gistic regressions with backward stepwise analysis using
an entry probability of 0.05 and a removal probability of
0.10. As the hypothesis was tested separately in four in-
dependent domains, the alpha level of 0.0125 was ap-
plied after Bonferroni correction. Variance inflation
factors (VIFs) were calculated among the included vari-
ables to check for multicollinearity. All statistical ana-
lyses were performed using SPSS version 22 (SPSS Inc.,
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Chicago, Illinois). The study protocol was approved by
the Institutional Review Board of Seoul National Univer-
sity Bundang Hospital (B-1809/493–112).

Results
A total of 51 patients were identified as having intracra-
nial meningioma and met the inclusion criteria. Two pa-
tients were excluded because they did not have brain
MRI scans, and three patients excluded due to history of
intracranial surgery or radiotherapy prior to receiving
the neuropsychological test. Thus, our study population
consisted of 46 patients. Subject demographics and
tumor characteristics are summarized in Table 1. The
mean age was 69 years, and there was female promin-
ence (60%). Ten patients (21.7%) showed abnormal score
of MTA, and 16 patients (34.8%) showed severe peritu-
moral edema. In a significant portion of patients (26%,
12 patients), MTA was measured unilaterally due to the
extent of tumors. The interrater reliability study showed
good agreement between raters for MTA (Fleiss kappa
values of 0.731), peritumoral edema (Fleiss kappa values
of 0.724) and tumor size (Intraclass Correlation Coeffi-
cient of 0.935). The intrarater reliability values also
showed good reliability among all three raters (Cohen’s
kappa values of 0.763, 0.934 and 0.827 for raters 1, 2,
and 3, respectively, for MTA; weighted Kappa value of
0.723, 0.95 and 0.73 for raters 1, 2 and 3, respectively,
for peritumoral edema; Intraclass Correlation Coefficient
value of 0.968, 0.995 and 0.969 foe rater 1, 2 and 3, re-
spectively, for tumor size). The VIFs were less than
1.719 for all variables, indicating a low degree of
collinearity.
In the univariate logistic regression analysis, the age

and tumor size showed significantly deteriorated per-
formance in executive function with an odds ratio [OR]
of 1.153, 95% confidence interval [CI] of 1.014–1.312,
and OR (95% CI) of 1.090 (1.022–1.162) (Table 2).
Multivariate logistic regression in backward stepwise
analysis included clinical variables (age, sex, education),
tumor size, tumor localization, MTA, and peritumoral
edema. The adjusted covariates did not alter the signifi-
cance of tumor size (OR 1.083; 95% CI 1.006–1.166; p =
0.01) and age (OR 1.209; 95% CI 1.018–1.436; p = 0.01)
in association with executive dysfunction (Table 2). In
contrast, there was no statistically significant association
in other cognitive domains (language, verbal memory,
and visuospatial function) with variables in regression
analysis.

Discussion
The present study demonstrated that the executive func-
tion was positively correlated with age and tumor size.
Tumor size reflects the degree of injury in nerve tissues
due to mechanical damage and secondary ischemia. In

high-grade tumors, it is well known that the severity of
neuropsychological deficits is positively associated with
lesion size [13]. However, tumor histology itself does not
influence the type of cognitive impairment [14], and
even less invasive, low-grade tumors has also been
shown to disrupt the neural network [15]. Executive
function is integrated into frontal cortical and subcor-
tical connection (fronto-subcortical systems) [16], and

Table 1 Demographics and clinical characteristics

Female 30 (65.22)

Age in years, mean (SD) 69.59 (5.89)

Years of education, median (IQR) 12.00 (8–16)

Tumor size in mm, mean (SD) 45.12 (14.58)

Peritumoral edema

0 9 (19.56)

1 21 (45.65)

2 16 (34.78)

MTA

0 26 (56.52)

1 10 (21.74)

2 8 (17.39)

3 2 (4.35)

Supratentorial/infratentorial 45/1

Site of origin of meningiomas

Skull base 12 (26.09)

Convexity 26 (56.52)

Falx 2 (4.35)

Convexity/falx 3 (6.52)

Intraventricular 3 (6.52)

Location of meningiomasa

Frontal 22 (34.78)

Temporal 6 (13.04)

Parietal 4 (8.70)

Occipital 2 (2.17)

Lateralization

Left 24 (52.17)

Right 20 (43.48)

Bilateral 2 (4.35)

Impaired cognitive domain

Verbal memory 27 (58.70)

Language 28 (60.87)

Visuospatial function 31 (67.39)

Executive function 28 (60.87)

Data are presented as number (%) unless otherwise specified
Impaired cognitive domain was defined as scores below 1 standard deviation
of the age, gender, and education specific norm
IQR interquartile range, MTA medial temporal atrophy, SD standard deviation
aData for 12 cases were excluded since the tumor was not extended to
cerebrum (3 intraventricular, 8 skull base, 1 infratentorial)
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lesions located in this connection may result in the execu-
tive function deficits. With tumor growth, there is greater
pressure on the adjacent nerve tissue, resulting in execu-
tive dysfunction. According to the present study, this asso-
ciation may exist with meningioma. Previous study about
meningioma also demonstrated that patients with a large
tumor (bigger than 4 cm in maximum diameter) had
poorer performance with respect to language, fine motor,
controlled oral word association test, and trail making test
part B performance [17]. Meningioma growth, although
slow, may be associated with cognitive impairment.
This study also demonstrated that age was positively

correlated with executive dysfunction. Cognitive reserve
–individual’s resistance to cognitive impairment that
arises as a consequence of brain pathology – decreases
as part of the normal aging process [18]. Similarly,
Krupp et al. reported a rapid decline of all measured
cognitive parameters in post-operative meningioma pa-
tients after the age of 55 years [19].
Moreover, the pathologic process of neurodegenera-

tion also has a significant effect on cognitive reserve or

plasticity [20]. MTA is a result of nerve cell loss and
gliosis in the hippocampus, which is the most severely
affected structure in Alzheimer’s disease in early stage. A
significant portion (21.7%) of patients demonstrated
MTA; however, a logistic regression analysis showed no
relationship between MTA with cognitive function, sug-
gesting that MTA alone might not be an important risk
factor for cognitive dysfunction.
Peritumoral edema is detected in 40–75% of meningi-

oma patients, and its presence is related to severe neuro-
logic deficit [21]. Cerebral blood flow and cerebral blood
volume are also significantly low in the peritumoral
edema [22]. Previous study has reported that the apathy
is much severe in patients with brain edema of medial
frontal meningioma [23], and preoperative cerebral
edema in WHO grade I meningioma patients is corre-
lated with post operative cognitive dysfunction [24]. In
contrast, Tucha et al. showed preoperative edema was
not associated with cognitive function after surgery [25].
Both tumor and peritumoral edema exert mechanical ef-
fects on the cerebrum, and the combination may have
negative effects on cognitive outcome. In this study, lo-
gistic regression analysis showed no relationship be-
tween peritumoral edema and cognitive function. Tumor
size may have a stronger association with poor executive
cognitive function when compared with preoperative
peritumoral edema.
In this study, we did not find any differences in cognitive

functions by location of the meningioma. Specifically, no
cognitive function relationships were identified between
the frontal and non-frontal meningiomas, as well as be-
tween convexity, non-convexity, and lateralization. Al-
though the study design and classification of location
varied, number of previous studies reported no differences
in preoperative cognitive functioning based on meningi-
oma locations [26–29], and lateralization [25–28]. In con-
trast, Tucha et al. showed different post-operative
cognitive improvement outcomes between localization
groups for various cognitive domains [25]. Meskal et al.
reported better performance for complex attention in the
infratentorial group than the supratentorial group in post-
operative states [26], and Koizumi and Dijkstra reported
that patients with right-sided meningioma showed more
favorable postoperative outcomes than left-sided meningi-
oma [27, 30]. Despite these mixed findings, meningioma
location may affect post-operative cognitive outcomes.
The impact of meningioma location on cognitive function
should not be overlooked, and further investigation may
be needed.
This study has potential limitations. First, this is con-

sidered to be a preliminary study due to the small sam-
ple size. Future study with greater number of
participants is required. Second, only the presence MTA
was measured as a marker of neurodegeneration.

Table 2 Odds ratios (95% CI) for associations with executive
dysfunction in univariate and multivariate logistic regression
analysis

Variables Univariate model Multivariate modela

Men 0.442 (0.084–2.950) Removed

Age 1.123 (0.962–1.310) 1.209 (1.018–1.436)

Education 1.176 (0.870–1.591) Removed

MTA

Normal (0–1) Reference

Abnormal (> 2) 2.889 (0.242–34.488) Removed

Size 1.065 (0.998–1.135) 1.083 (1.006–1.166)

Peritumoral edema

Mild (0–1) Reference

Severe (2) 2.171 (0.242–34.488) Removed

Localization-Location

Non-convexity Reference

Convexity 1.754 (0.302–10.072) Removed

Localization-lobeb

Non-frontal Reference Removed

Frontal 1.437 (0.171–12.046)

Localization-lateralizationc

Right Reference Removed

Left 0.367 (0.43–3.159)

CI confidence interval, MTA medial temporal atrophy, SD standard deviation
aThe odds ratios were obtained by multivariate logistic regression with
backward stepwise analysis. Gender, MTA, year of education, peritumoral
edema, localization were entered into the model but were removed through
the stepwise regression process
bData for 12 cases were excluded since the tumor was not extended to
cerebrum (3 intraventricular, 8 skull base, 1 infratentorial)
cData for 2 were excluded since the tumor was located bilaterally
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Additional study using other markers, such as 18-
Fluoro-deoxyglucose positron emission tomography or
amyloid positron emission tomography, may be needed.

Conclusions
We conclude that tumor size and age are positively related
with executive dysfunction in pre-operative meningioma
patients over 60 years old. Based on our findings, clini-
cians may consider testing the executive function in these
patients to better detect cognitive dysfunction.

Abbreviations
CI: Confidential intervals; MTA: Medial temporal atrophy; MMSE: Mini-mental
status examination; ORs: Odds ratios; VIFs: Variance inflation factors

Acknowledgements
This work was supported by the National Research Foundation of Korea
(Ministry of Science and ICT) (No. 2020R1C1C1013718).

Disclosures
Min Ju Kang, MD, Jung-Min Pyun, MD, Min Jae Baek, PhD, Kihwan Hwang,
MD, Jung Ho Han, MD, Young Ho Park, MD, PhD, Chae-Yong Kim, MD, PhD,
SangYun Kim, MD, PhD reports no disclosures.

Authors’ contributions
CYK facilitated patient recruitment and data collection, coordination of the
study. JMP and MJB contributed to data acquisition. JHH, KH facilitated
patient recruitment and data collection. MJK drafted the manuscript and its
revisions, acquired the data and statistical analyses.SK contributed to revising
the manuscript and directed the neuropsychological data acquisition. YHP
helped to draft the manuscript, designed and coordinated the study. All
authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The Institutional Review Board of Seoul National University Bundang Hospital
approved the study protocol and granted a waiver of informed consent due
to the retrospective nature of the study and minimal risk to participants (B-
1809/493-112).

Consent for publication
Patient’s permission was not required as the data were de-identified using
existing records. The article does not include any figure or video of a
recognizable patient.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Neurology, Veterans Medical Research Institute, Veterans
Health Service Medical Center, Seoul, Republic of Korea. 2Department of
Neurology, Seoul National University Bundang Hospital, 82, Gumi-ro 173
Beon-gil, Bundang-gu, Seongnam-si, Gyeonggi-do 13620, Republic of Korea.
3Department of Neurology, Seoul National University College of Medicine,
Seoul, Republic of Korea. 4Department of Neurosurgery, Seoul National
University Bundang Hospital, 82, Gumi-ro 173 Beon-gil, Bundang-gu,
Seongnam-si, Gyeonggi-do 13620, Republic of Korea. 5Department of
Neurosurgery, Seoul National University College of Medicine, Seoul, Republic
of Korea.

Received: 1 January 2020 Accepted: 26 May 2020

References
1. Fuller GN. The WHO Classification of Tumours of the Central Nervous

System, 4th edition. Arch Pathol Lab Med. 2008;132(6):906. https://doi.org/
10.1043/1543-2165(2008)132[906,TWCOTO]2.0.CO;2. Epub 2008/06/04,
PubMed PMID: 18517270.

2. Armstrong CL, Morrow L. Handbook of medical neuropsychology:
applications of cognitive neuroscience. New York: Springer; 2010. p. xxi, 564.

3. Derks J, Reijneveld JC, Douw L. Neural network alterations underlie
cognitive deficits in brain tumor patients. Curr Opin Oncol. 2014;26(6):627–
33. https://doi.org/10.1097/cco.0000000000000126. PubMed PMID:
00001622-201411000-00015.

4. Meskal I, Gehring K, Rutten GJ, Sitskoorn MM. Cognitive functioning in
meningioma patients: a systematic review. J Neurooncol. 2016;128(2):195–
205. https://doi.org/10.1007/s11060-016-2115-z. Epub 2016/04/07, PubMed
PMID: 27048208; PubMed Central PMCID: PMCPMC4882357.

5. Elahi FM, Miller BL. A clinicopathological approach to the diagnosis of
dementia. Nat Rev Neurol. 2017;13:457. https://doi.org/10.1038/nrneurol.
2017.96 https://www.nature.com/articles/nrneurol.2017.96#supplementary-
information.

6. Jack CR Jr, Bennett DA, Blennow K, Carrillo MC, Dunn B, Haeberlein SB, et al.
NIA-AA Research Framework: Toward a biological definition of Alzheimer's
disease. Alzheimers Dement. 2018;14(4):535–62. https://doi.org/10.1016/j.jalz.
2018.02.018. Epub 2018/04/15, PubMed PMID: 29653606; PubMed Central
PMCID: PMCPMC5958625.

7. Scheltens P, Leys D, Barkhof F, Huglo D, Weinstein HC, Vermersch P, et al.
Atrophy of medial temporal lobes on MRI in “probable” Alzheimer's disease
and normal ageing: diagnostic value and neuropsychological correlates. J
Neurol Neurosurg Psychiatry. 1992;55(10):967–72. https://doi.org/10.1136/
jnnp.55.10.967.

8. Kim H, Na DL. Normative data on the Korean version of the Boston naming
test. J Clin Exp Neuropsychol. 1999;21(1):127–33. https://doi.org/10.1076/
jcen.21.1.127.942. Epub 1999/07/27. PubMed PMID: 10421007.

9. Shin M-S, Park S-Y, Park S-R, Seol S-H, Kwon JS. Clinical and empirical
applications of the Rey–Osterrieth complex figure test. Nat Protoc. 2006;1:
892. https://doi.org/10.1038/nprot.2006.115.

10. Kang Y, Na DL. Seoul Neuropsychological Screening Battery (SNSB). Seoul:
Human Brain Research & Consulting Co; 2003.

11. Jung Hee L, Yeon Wook K, Duk LN. Efficiencies of Stroop interference
indexes in healthy older adults and dementia patients. Korean J Clin
Psychol. 2000;19(4):807–18.

12. Ide M, Jimbo M, Yamamoto M, Umebara Y, Hagiwara S, Kubo O. MIB-1
staining index and peritumoral brain edema of meningiomas. Cancer. 1996;
78(1):133–43. https://doi.org/10.1002/(SICI)1097-0142(19960701)78:1<133::
AID-CNCR19>3.0.CO;2-0. Epub 1996/07/01, PubMed PMID: 8646709.

13. Russell SM, Elliott R, Forshaw D, Kelly PJ, Golfinos JG. Resection of parietal
lobe gliomas: incidence and evolution of neurological deficits in 28
consecutive patients correlated to the location and morphological
characteristics of the tumor. J Neurosurg. 2005;103(6):1010–7. https://doi.
org/10.3171/jns.2005.103.6.1010. PubMed PMID: 16381187.

14. Kayl AE, Meyers CA. Does brain tumor histology influence cognitive
function? Neuro-Oncol. 2003;5(4):255–60. https://doi.org/10.1215/
S1152851703000012. PubMed PMID: PMC1920680.

15. Bosma I, Douw L, Bartolomei F, Heimans JJ, van Dijk BW, Postma TJ, et al.
Synchronized brain activity and neurocognitive function in patients with
low-grade glioma: a magnetoencephalography study. Neuro-Oncology.
2008;10(5):734–44. https://doi.org/10.1215/15228517-2008-034.

16. Chayer C, Freedman M. Frontal lobe functions. Curr Neurol Neurosci Rep.
2001;1(6):547–52 Epub 2002/03/20. PubMed PMID: 11898568.

17. Liouta E, Koutsarnakis C, Liakos F, Stranjalis G. Effects of intracranial
meningioma location, size, and surgery on neurocognitive functions: a 3-
year prospective study. J Neurosurg. 2016;124(6):1578–84. https://doi.org/10.
3171/2015.6.JNS1549. Epub 2015/12/05, PubMed PMID: 26636380.

18. Stern Y. Cognitive reserve. Neuropsychologia. 2009;47(10):2015–28. https://
doi.org/10.1016/j.neuropsychologia.2009.03.004. Epub 2009/05/27, PubMed
PMID: 19467352; PubMed Central PMCID: PMCPMC2739591.

19. Krupp W, Klein C, Koschny R, Holland H, Seifert V, Meixensberger J.
Assessment of neuropsychological parameters and quality of life to evaluate
outcome in patients with surgically treated supratentorial meningiomas.

Kang et al. BMC Neurology          (2020) 20:225 Page 5 of 6

https://doi.org/10.1043/1543-2165(2008)132[906,TWCOTO]2.0.CO;2
https://doi.org/10.1043/1543-2165(2008)132[906,TWCOTO]2.0.CO;2
https://doi.org/10.1097/cco.0000000000000126
https://doi.org/10.1007/s11060-016-2115-z
https://doi.org/10.1038/nrneurol.2017.96
https://doi.org/10.1038/nrneurol.2017.96
https://www.nature.com/articles/nrneurol.2017.96#supplementary-information
https://www.nature.com/articles/nrneurol.2017.96#supplementary-information
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1136/jnnp.55.10.967
https://doi.org/10.1136/jnnp.55.10.967
https://doi.org/10.1076/jcen.21.1.127.942
https://doi.org/10.1076/jcen.21.1.127.942
https://doi.org/10.1038/nprot.2006.115
https://doi.org/10.1002/(SICI)1097-0142(19960701)78:1<133::AID-CNCR19>3.0.CO;2-0
https://doi.org/10.1002/(SICI)1097-0142(19960701)78:1<133::AID-CNCR19>3.0.CO;2-0
https://doi.org/10.3171/jns.2005.103.6.1010
https://doi.org/10.3171/jns.2005.103.6.1010
https://doi.org/10.1215/S1152851703000012
https://doi.org/10.1215/S1152851703000012
https://doi.org/10.1215/15228517-2008-034
https://doi.org/10.3171/2015.6.JNS1549
https://doi.org/10.3171/2015.6.JNS1549
https://doi.org/10.1016/j.neuropsychologia.2009.03.004
https://doi.org/10.1016/j.neuropsychologia.2009.03.004


Neurosurgery. 2009;64(1):40–7. https://doi.org/10.1227/01.NEU.0000336330.
75381.39. discussion 7. Epub 2009/01/16, PubMed PMID: 19145155.

20. Soldan A, Pettigrew C, Cai Q, Wang J, Wang MC, Moghekar A, et al.
Cognitive reserve and long-term change in cognition in aging and
preclinical Alzheimer's disease. Neurobiol Aging. 2017;60:164–72. https://doi.
org/10.1016/j.neurobiolaging.2017.09.002. Epub 2017/10/03, PubMed PMID:
28968586; PubMed Central PMCID: PMCPMC5679465.

21. Hiroyuki Y, Seiji H, Eiji T, Kazuhiko S, Kazunori A, Kaoru K. Peritumoral brain
edema associated with meningioma. Cancer. 1999;85(4):936–44. https://doi.
org/10.1002/(SICI)1097-0142(19990215)85:4<936::AID-CNCR23>3.0.CO;2-J.

22. Sergides I, Hussain Z, Naik S, Good C, Miles K, Critchley G. Utilization of
dynamic CT perfusion in the study of intracranial meningiomas and their
surrounding tissue. Neurol Res. 2009;31(1):84–9. https://doi.org/10.1179/
174313208X331563.

23. Peng Y, Shao C, Gong Y, Wu X, Tang W, Shi S. Relationship between apathy
and tumor location, size, and brain edema in patients with intracranial
meningioma. Neuropsychiatric Dis Treat. 2015;11:1685–93. https://doi.org/
10.2147/NDT.S85288. PubMed PMID: PMC4508073.

24. van Nieuwenhuizen D, Slot KM, Klein M, Verbaan D, Aliaga ES, Heimans JJ,
et al. The association between preoperative edema and postoperative
cognitive functioning and health-related quality of life in WHO grade I
meningioma patients. Acta Neurochir. 2019;161(3):579–88. https://doi.org/
10.1007/s00701-019-03819-2.

25. Tucha O, Smely C, Preier M, Becker G, Paul GM, Lange KW. Preoperative and
postoperative cognitive functioning in patients with frontal meningiomas
2003;98(1):21. https://doi.org/10.3171/jns.2003.98.1.0021.

26. Meskal I, Gehring K, van der Linden SD, Rutten G-JM, Sitskoorn MM.
Cognitive improvement in meningioma patients after surgery: clinical
relevance of computerized testing. J Neuro-Oncol. 2015;121(3):617–25.
https://doi.org/10.1007/s11060-014-1679-8.

27. Koizumi H, Ideguchi M, Iwanaga H, Shirao S, Sadahiro H, Oka F, et al.
Cognitive dysfunction might be improved in association with recovered
neuronal viability after intracranial meningioma resection. Brain Res. 2014;
1574:50–9. https://doi.org/10.1016/j.brainres.2014.05.047.

28. Bette S, Ruhland JM, Wiestler B, Barz M, Meyer B, Zimmer C, et al. Risk
factors for neurocognitive impairment in patients with benign intracranial
lesions. Sci Rep. 2019;9(1):8400. https://doi.org/10.1038/s41598-019-44466-y.
Epub 2019/06/12, PubMed PMID: 31182758; PubMed Central PMCID:
PMCPMC6557851.

29. Steinvorth S, Welzel G, Fuss M, Debus J, Wildermuth S, Wannenmacher M,
et al. Neuropsychological outcome after fractionated stereotactic
radiotherapy (FSRT) for base of skull meningiomas: a prospective 1-year
follow-up. Radiother Oncol. 2003;69(2):177–82. https://doi.org/10.1016/
S0167-8140(03)00204-4.

30. Dijkstra M, van Nieuwenhuizen D, Stalpers LJA, Wumkes M, Waagemans M,
Vandertop WP, et al. Late neurocognitive sequelae in patients with WHO
grade I meningioma. J Neurol Neurosurg Psychiatry. 2009;80(8):910. https://
doi.org/10.1136/jnnp.2007.138925.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Kang et al. BMC Neurology          (2020) 20:225 Page 6 of 6

https://doi.org/10.1227/01.NEU.0000336330.75381.39
https://doi.org/10.1227/01.NEU.0000336330.75381.39
https://doi.org/10.1016/j.neurobiolaging.2017.09.002
https://doi.org/10.1016/j.neurobiolaging.2017.09.002
https://doi.org/10.1002/(SICI)1097-0142(19990215)85:4<936::AID-CNCR23>3.0.CO;2-J
https://doi.org/10.1002/(SICI)1097-0142(19990215)85:4<936::AID-CNCR23>3.0.CO;2-J
https://doi.org/10.1179/174313208X331563
https://doi.org/10.1179/174313208X331563
https://doi.org/10.2147/NDT.S85288
https://doi.org/10.2147/NDT.S85288
https://doi.org/10.1007/s00701-019-03819-2
https://doi.org/10.1007/s00701-019-03819-2
https://doi.org/10.3171/jns.2003.98.1.0021
https://doi.org/10.1007/s11060-014-1679-8
https://doi.org/10.1016/j.brainres.2014.05.047
https://doi.org/10.1038/s41598-019-44466-y
https://doi.org/10.1016/S0167-8140(03)00204-4
https://doi.org/10.1016/S0167-8140(03)00204-4
https://doi.org/10.1136/jnnp.2007.138925
https://doi.org/10.1136/jnnp.2007.138925

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Cognitive assessments
	MRI
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Disclosures
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

