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INTRODUCTION

Meningiomas arise from the arachnoid cap cells of the arachnoid villi in the meninges and 
typically attach to the dural broad base. They make up 13–26% of all primary intracranial tumors, 
and 90% of them are benign tumors.[17,31] It is observed that females are affected more commonly 
than males.[33] Various studies show that meningiomas happen most often in the fourth decade 
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Background: Meningioma is the most common primary intracranial tumor. This single-center study aimed to 
analyze the clinicopathological, radiological profile, and outcomes of patients with intracranial meningiomas in 
terms of functional status, morbidity, mortality, and recurrence-free survival (RFS).

Methods: Patients of intracranial meningioma treated between January 01, 2010, and December 31, 2019, at the 
Department of Neurosurgery, King George’s Medical University, India, were included in this study. Retrospective 
data analysis of 172 patients with intracranial meningioma was done.

Results: The majority of the patients, that is, 94 (54.65%), presented in the 4th and 5th decade. The mean size of 
the meningioma was 36.4 ± 4 mm (range: 26–68 mm). Of the 172 patients, 128 (74.41%) were diagnosed as non-
skull base meningiomas, and in 44 patients (25.59%), meningioma originated from the skull base. Recurrence 
was observed on follow-up imaging in 11  patients after a mean postoperative interval of 55.2 ± 5.8  months. 
Radiological meningioma recurrence paralleled with clinical deterioration in seven patients. Three of these 
patients were subjected to the second surgery, followed by radiotherapy, and in the remaining four patients, 
Gamma knife or fractionated radiotherapy was given.

Conclusion: The majority of patients had good functional outcomes (KPS >70) at discharge. Morbidity and 
mortality was 18.60% and 3.49%, respectively. Meningioma size ≥4 cm, age >45 years, World Health Organization 
Grade (II, III), non-skull base location, and Simpson grade III, IV of resection showed significantly shorter RFS.
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of life.[6,13] Monitoring at regular intervals, surgical excision, 
external beam radiotherapy, and stereotactic radiosurgery 
are the management options.[21] Gamma knife radiosurgery 
(GKRS) is a good way to treat small meningioma with a tumor 
control rate of 97.9% at 5  years post-GKRS.[11] Complete 
surgical removal (Simpson Grade  I–III) is still the best way 
to treat a meningioma.[27] Various clinicopathological and 
radiological factors associated with recurrence may aid in the 
management of patients, particularly in the use of adjuvant 
radiotherapy. In recurrent tumors, these factors may support 
in selecting the treatments including resection with or 
without radiotherapy, radiotherapy alone, or pharmacological 
intervention.

The majority of the studies and literature available pertaining 
to this entity are from developed countries, while this study 
is an effort to analyze the outcome of meningioma in relation 
to the Indian population and has done a comparative analysis 
with other relevant studies. This single-center retrospective 
study aimed to analyze the clinicopathological, radiological 
profile, and outcomes of patients with intracranial 
meningiomas in terms of functional status, morbidity, 
mortality, and recurrence-free survival (RFS).

MATERIALS AND METHODS

The study was done at the Department of Neurosurgery, 
King George’s Medical University (KGMU), Lucknow. 
This was a single-center retrospective observational study. 
Inclusion criteria of the study – Histologically proven 
patients of intracranial meningioma who were treated at the 
Department of Neurosurgery between January 01, 2010, and 
December 31, 2019. Exclusion criteria of the study – Patients 
who had been operated for intracranial meningioma 
before January 2010 presenting with recurrence in the 
duration mentioned above and patients with multiple 
meningioma. The data relevant to the study was extracted 
from digital records of patients from the record section of 
the Department of Neurosurgery, Department of Pathology, 
and Department of Radiotherapy. Epidemiological, clinical, 
and radiological data and details of surgery/radiation 
treatment were noted, and complications, histopathological 
examination, and follow-up records were analyzed with 
descriptive biostatistics analysis. In house software (Neuro-
Patient Management System) was used for data retrieval and 
follow-up details. 

Gross total resection (GTR) and subtotal resection (STR) of 
meningioma comprise Simpson grade I, II, III resection and 
Simpson grade  IV resection, respectively, as per Response 
Assessment in Neuro-Oncology working group.[24]

P-value was calculated for each comparison using two-tailed 
analysis with significance assumed at P < 0.05. Further, the 
use of software such as Excel and Statistical package for the 

Social Sciences Version 16 was used. Univariate analysis was 
done with the fisher exact test. Kaplan evaluated survival 
functions–Meier survival analysis.

The study was approved by the Institutional Ethical 
Committee (Registration no.  -  ECR/262/Inst/
UP/2013/RR-19) vide letter no 772/Ethics/2020 dated August 
13, 2020.

RESULTS

A total of 172  patients treated over 10  years with proven 
histopathological examination report meningioma were 
included in this study. Patients ranged in age from 18 to 72 years. 
The mean age was 40.6 ± 4.1 years, with a median of 42 years. 
The majority of the patients that is, 94 (54.65%), presented in 
the 4th and 5th decade. Sixty-five were male (37.79%), and 107 
were female (62.21%). The female-to-male ratio was 1.64:1. The 
most common symptoms were headache (77.90%) and motor 
deficit (59.30%) followed by seizure (55.81%).

Pre-operative magnetic resonance imaging (MRI) imaging 
was available in 154  patients, while 18  patients were 
operated on the basis of computed tomography imaging 
in emergency. The largest diameter in either the anterior-
posterior, transverse, or craniocaudal dimension was used as 
an overall surrogate for meningioma size. The mean size of 
the meningioma was 36.4 ± 4 mm (range: 26–68 mm).

The meningiomas exhibited radiological heterogeneity 
and appeared hypointense in 104  (67.53%), isointense in 
47 (30.52%), and hyperintense in 3 (1.95%) on T1-weighted 
MRI. On T2-weighted MRI, the lesion was hypointense 
in 2  (1.3%), isointense in 99(64.29%), and hyperintense 
in 53  (34.42%). Homogeneous contrast enhancement was 
seen in 136  patients (88.31%), whereas heterogeneous 
contrast enhancement was identified in 18 patients (11.69%). 
Peritumoral edema was categorized into mild (presence of 
small halo around the tumor), moderate (edema extending 
to surrounding white matter tracts), and severe (edema 
extending to hemisphere or causing midline shift ≥5  mm. 
Severe peritumoral edema was observed in 53  patients 
(34.42%) [Figure  1]. Magnetic resonance angiography 
demonstrated meningioma blush and encasement of the 
internal carotid artery in 5 patients (3.25%) of clinoidal and 
medial sphenoid wing meningioma. A  single lesion was 
present in 149  (96.75%) patients. Five patients (3.25%) had 
multiple meningiomas, three of whom had a diagnosis of 
neurofibromatosis.

Of the 172  patients, 128  (74.41%) were diagnosed as non-
skull base meningioma, including cerebral convexity (n = 79; 
45.93%), falx (n = 22; 12.79%), parasagittal (n = 23; 13.37%), 
and cerebellar convexity (n = 4; 2.32%) meningioma. In the 
remaining 44  patients (25.58%), meningioma originated 
from the skull base [Figure 2].
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Figure 1: Imaging characteristics of meningioma on magnetic resonance imaging scan.

According to the World Health Organization (WHO), Grade I 
meningioma was present in 150 patients (87.21%), Grade II in 
17 patients (9.88%), and Grade III meningioma in 5 patients 
(2.91%). Of the WHO Grade  I patients, the most common 
was the meningothelial subtype (n = 74; 43.02%) [Figure 3].

We rated the quality of life as good when the Karnofsky 
Performance Scale(KPS) score was >70. In contrast, the 
quality of life was rated poor if the KPS score was ≤70. 
After surgical treatment, the number of patients with a KPS 
score >70 at discharge was 99  (59.7%) [Table 1]. The mean 
KPS score at admission was 74.2 ± 8.6, and at discharge was 
79.4 ± 10.3. There was a significant difference between the 
mean preoperative and discharge KPS scores (P = 0.04) that 
indicate increased survival and functional status following 
meningioma resection.

We explored the predictive factors for postoperative 
decrement of KPS score by 20 points or more. Among the 
172  patients, 9  (5.23%) of the patients had KPS scores that 
were lowered by 20 points or more at the time of discharge 
after surgery. Lowering of KPS score was more frequently 
observed in patients aged more than 60  years (P = 0.04), 
those with tumors of WHO grade  II/III (P = 0.01), those 
with tumors located at the skull base (P = 0.02), those with 
a tumor size ≥4 cm. (P = 0.005), and those for whom extent 
of resection was STR (P < 0.001). There was no significant 
correlation between the lowering of KPS score and gender 
(P = 0.26) [Table 2].

Out of 172 patients, 166 (96.51%) were discharged from the 
hospital, while six patients died during hospital stay after 
surgery. Out of the 166 patients, only 134 followed up later. 
During a mean follow-up period of 58.3 months (range: 3.2–

122 months), 127 patients remained alive, and seven patients 
succumbed after discharge. In the 127 living patients, the last 
follow-up mean KPS score was 83.4 ± 15.0 (range: 30–90), 
which was significantly different from the mean preoperative 
KPS score (P = 0.005). We also compared the mean discharge 
and the last follow-up KPS scores, and there was no significant 
difference between the two groups (P = 0.07) [Table 3].

Recurrence was observed on follow-up imaging in 11 patients 
after a mean post-operative interval of 55.2 ± 5.8  months. 
Radiological meningioma recurrence paralleled with clinical 
deterioration in seven patients. Three patients were subjected 
to a second surgery followed by radiotherapy, and the rest 
four were directly given GKRS or fractionated radiotherapy. 
Of these 11  patients, four had stable meningioma size 
at a mean follow-up of 32  months without any clinical 
deterioration [Figure 4].

Radiological illustration of few follow up cases have been 
depicted [Figures 5-7]. The histopathological examination of 
these 11 patients with recurrence was WHO Grade I in five 
patients, Grade II in five patients, and Grade III in one patient. 
The recurrence rate for histological WHO Grade I was 4.27%, 
WHO Grade II was 35.71%, and WHO Grade III was 33.33%, 
and the recurrence rate statistically correlates with higher 
grades, that is, WHO Grade  II and III of meningioma (P = 
0.04). The recurrence rate for Simpson grade  I excision was 
4.34%; for Simpson grade II was 8.47%; for Simpson grade III 
was 15%; and for Simpson grade  IV excision was 50%. The 
correlation between Simpson grade excision and recurrence 
was statistically significant (P = 0.012).

It was observed in our study that the correlation of recurrence 
with higher age group patients (age >45  years), large tumor 
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Figure 2: Representation of location-wise distribution of 
meningioma.
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Figure 3: Histological types of meningioma.

Table 1: Comparison of KPS at admission and discharge.

KPS score % of patients at 
admission (n=172)

% of patients at 
discharge (n=166)

90 24/14.0 32/19.3
80 58/33.7 67/40.4
70 44/25.6 46/27.7
60 25/14.5 14/8.4
≤50 21/12.2 7/4.2
KPS: Karnofsky performance scale score

Table 2: Univariate analysis of factors linked to a drop in KPS by 
20 or more.

KPS score decreased 
by 20 or more

P‑value

Overall 5.23% (9/172 patients)
Age

≤60 years 4.03% (6/149 patients) 0.04
>60 years 13.04% (3/23 patients)

Gender
Male 6.15% (4/65 patients) 0.26
Female 4.67% (5/107 patients)

WHO grade
Grade I 6.67% (7/150 patients) 0.01
Grade II/III 9.09% (2/22 patients)

Location
Skull base 6.82% (3/44 patients) 0.02

Non‑skull base 4.69% (6/128 patients)
Tumor size

<4 cm 8.57% (3/35 patients) 0.005
≥4 cm 4.37% (6/137 patients)

Extent of resection
GTR 3.61% (6/166 patients) <0.001
STR 50% (3/6 patients)

GTR: Gross total resection, STR: Subtotal resection, KPS: Karnofsky 
performance scale score

Table 3: Mean KPS scores of the patients at admission, discharge, 
and the last follow‑up and their statistical significance.

Mean KPS score P‑value

At admission 74.2±8.6 0.04
At discharge 79.4±10.3
Mean KPS score P‑value

At admission 74.2±8.6 0.005
At last follow‑up 83.4±15
Mean KPS score P‑value

At discharge 79.4±10.3 0.07
At last follow‑up 83.4±15
KPS: Karnofsky performance scale score

size group (>4  cm), and skull base meningioma group was 
statistically significant, while the correlation of recurrence with 

gender, tumor calcification, cerebral edema, bony changes, and 
dural tail was not statistically significant [Table 4].

Figure 4: Recurrence and management flow chart.
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Table  4: Correlation of clinico‑radiological parameters with 
recurrence of meningiomas.

Parameters and groups Incidence of recurrence P‑value

Age
≤45 years 6 of 78 0.012
>45 years 5 of 56

Gender
Male 4 of 46 0.23
Female 7 of 88

Size
<4 cm 0 of 22 0.003
4–6 cm 3 of 95
>6 cm 8 of 17

Location
Skull base 3 of 40 0.014
Non‑skull base 8 of 92

Tumor calcification
None 8 of 107 0.34
Focal or diffuse 3 of 27

Peritumoral edema 
Mild/moderate 3 of 102 0.10
Severe 8 of 32

Bony change
Hyperostosis 2 of 21 0.12
Osteolysis 5 of 8
None 4 of 105

Dural tail
Absent 3 of 33 0.10
Present 8 of 101

Various clinical and histologic factors were analyzed for their 
influence on RFS. Univariate analysis was performed to identify 
predictors of RFS for patients with intracranial meningiomas. 
The following variants were included in the models: sex (male, 
female), age (>45, ≤45  years), location (skull base, non-skull 
base), Simpson Grades (I, II, III, and IV), WHO Grades (I, II, 
III), and meningioma size (<4, 4–6, >6  cm). The mean RFS 
period among 134 patients was 55.2 ± 5.8 months.

The more aggressive pathology group (WHO Grade  II/III) 
manifested a shorter RFS than the benign group (WHO 
Grade I) (P = 0.04). Meningioma location was an influential 
factor for RFS, skull base meningioma showed longer RFS 
than non-skull base meningioma (P = 0.014). The size of 
the meningioma and the patient’s age were also important 
variables in predicting RFS time. No recurrence was noted in 
meningioma size <4 cm (P = 0.003), and RFS was shorter in 
patients of age >45 years (P = 0.012) [Figure 8].

DISCUSSION

Surgical resection of accessible symptomatic lesions has been 
the mainstay of primary treatment. This study was an honest 
attempt to review the clinicopathological and radiological 
profile of patients at a tertiary care center in an Indian 

scenario, functional status in terms of KPS score, outcome 
based on RFS, and their management with an aim to shed 
light on the difficulties faced.

In our study, the age of the patients ranged from 18  years 
to 72  years, with the majority of patients, that is, 54.65%, 
presented in the 4th  and 5th  decade. The mean age of the 
patients was 40.6 ± 4.1  years, and this was in accordance 
with a study done by Goyal, Gupta, and Lakshmi, where 
meningiomas occurred commonly in the fourth decade of 
life.[6,13] The overall female-to-male (F: M) ratio in our study 
was 1.6:1, which was compliant with findings in various 
studies with ratios ranging from 1.5:1 to 3:1.[6,9,28] Rohringer 
et al. reported that the F: M ratio was 2:1, while in the study 
by Howng and Kwan et al., the ratio was 1.94:1.[2,10,25]

Our study concluded that the mean size of the 
meningioma was 36.4 ± 4  mm. Kong et al. reported the 
mean size of the meningioma as 47.6 ± 11.7  mm, while 
Magill et al. reported the mean size of the meningioma as 
38 ± 18  mm.[12,14] Tumor size is an important prognostic 
factor as larger tumor size may associated with a greater 
likelihood of a higher grade of meningioma.[14,22] In 
the present study, homogeneous and heterogeneous 
contrast enhancement was identified in 88.31% and 
11.69%, respectively, whereas Gasparetto et al. reported 
homogenous contrast enhancement in 83% of cases.[2,4]

We rated the quality of life as good when the last follow-up 
KPS score was >70, while it was rated poor if the last follow-
up KPS score was ≤70. We found that 81.10% of patients 
had good outcomes, whereas 18.90% of patients had poor 
outcomes based on the last follow-up KPS score. Chen et al. 
rated 82.3% of patients as good (i.e., KPS score >70), whereas 
17.7% of patients were rated as poor (i.e., KPS ≤70) in their 
study.[1]

Clinicopathological factors affecting recurrence

Our study found that 8.21% of patients had radiological 
evidence of recurrence (median follow-up period 55.2 
± 5.8  months; range 48–84  months). Most of the patients 
presented in the 5th  and 6th  decade. Out of 11  patients, 
7 (63.64%) were female and 4 (36.36%) were male. Mubeen 
et al. observed that the elderly population (>60  years) 
constituted the majority of recurrent meningiomas in their 
study; however, they did not notice any role of gender in 
the recurrence pattern.[2,19] Gupta et al. reported higher 
recurrence rates for males than for females, while Mahmood 
et al. and Nakasu et al. found no association between 
meningioma in young patients (<40  years) and a high 
likelihood of recurrence.[7,15,20] In our study, the majority of 
recurrent meningiomas were seen in the 5th and 6th decade 
of life and there was no statistically significant difference 
noted between gender and meningioma recurrence.
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Figure 5: Illustrative case (a-c): Pre-operative contrast-enhanced magnetic resonance imaging (MRI) 
axial, sagittal, and coronal images of left frontal meningioma in a 20 year old male with seizure, 
headache, and right hemiparesis. The patient was operated on, and a near-total excision of the tumor 
was done. The histology report was suggestive of atypical meningioma. The patient received linear 
accelerator-based radiotherapy (60 Gy in 30 cycles) 3 months after surgery. (d-f): Follow Follow-up 
contrast MRI axial, sagittal, and coronal images obtained 8 months after surgery, showing few areas of 
ring enhancement noted in the right high frontal region – post-radiotherapy changes. (g-i): Follow-up 
contrast MRI axial, sagittal, and coronal images obtained 5 years after surgery showed a cystic lesion 
in the left frontal region with perilesional sclerosis associated with thinning of the overlying cortex 
suggestive of encephalomalacia and no evidence of residual or recurrent lesion noted.

In the present study, eight non-skull base meningiomas 
recurred, out of which three were parasagittal meningiomas 
(27.27%), three were convexity meningiomas (18.19%), 
and two were falx meningioma (18.19%). The other three 
recurrences were seen at the skull base location, one each 
at the sphenoid ridge (9.09%) and tuberculum sellae and 
dorsum sellae (9.09%). The factor that may explain higher 
recurrence in skull base meningiomas is that aggressive 
resection is not possible in many cases due to the surrounding 
vital neurovascular structures. Sun et al. observed that 
recurrent meningiomas were more frequently found at the 
occipital convexity, tentorium, sellar regions, parasagittal 
sinus, and left sphenoid wing, whereas Yang et al. observed 

in their study that location was not found to influence 
meningioma recurrence.[29,32]

In our study, the recurrence rate for Simpson grade I excision 
was 4.34%; for Simpson grade II, it was 8.47%; for Simpson 
grade  III was 15%; and for Simpson grade  IV excision was 
50%. The correlation between Simpson grade excision 
and recurrence was statistically significant (P = 0.012). 
Nanda et al. reported overall meningioma recurrence rates 
for Simpson resection Grades I, II, III, and IV were 5%, 
22%, 31%, and 35%, respectively, while in a study done by 
Ehresman et al.[3] observed that even after GTR is achieved, 
the risk of recurrence in their study is highest in WHO 
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Grade  I & II meningiomas and those with preoperative 
neurological deficits.[2,4,21] Vob et al. observed that the risk 
of recurrence was similar after Simpson grade  I and II 
resections, tended to increase after grade III, and was higher 
after grade IV resections.[30]

Our study reported that the recurrence rate for histological 
WHO Grade  I was 4.27%, for WHO Grade  II was 35.71%, 

and for WHO Grade  III was 33.33%, and the recurrence 
rate was statistically correlated with higher grades, that is, 
WHO grade  II and III of meningioma (P = 0.04). Moon 
et al. reported that atypical and malignant meningiomas have 
been reported to exhibit a higher recurrence rate compared 
with that of benign meningioma (WHO Grade  I).[18] Perry 
et al. reported benign meningiomas have recurrence rates 

Figure 6: Illustrative case (a-c): Pre-operative contrast enhanced magnetic resonance imaging (MRI) 
axial, sagittal, and coronal images showed left fronto-temporal meningioma in a 45-year female 
with symptoms of headache, vomiting, and altered sensorium. The patient had undergone Simpson 
grade II excision of the tumor. The histology report was suggestive of transitional meningioma 
(WHO grades I). The patient improved symptomatically. After 4 years of follow-up, the patient 
came back with complaints of right hemiparesis, generalized seizure, and dysarthria. (d-f): Follow-
up MRI axial, sagittal, and coronal images showed a well-defined extra-axial solid cystic lesion with 
a solid component showing homogeneous contrast enhancement. Another well-defined extra-axial 
solid lesion with homogenous contrast enhancement is noted along the left parietal lobe without 
perilesional edema, suggestive of – recurrent meningioma. The patient was operated on the second 
time, and Simpson grade II excision of the tumor was done. After surgery, external beam radiotherapy 
was given (54 Gy in 30 cycles). (g-i): Post-radiotherapy non-contrast computed tomography head was 
done, suggestive of small to moderate sized hypodensities in the left frontal, temporal, and parietal 
regions with ex-vacuo dilatation of ipsilateral ventricle and adjoining sulcal spaces suggestive of 
gliotic changes.
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of about 7–25%, atypical meningiomas recur in 29–52% 
of cases, and anaplastic meningiomas at rates of 50–94%, 
whereas Ehresman et al. reported that WHO Grade  2 and 
3 meningiomas had 3.6  times more recurrences than their 
WHO Grade I counterparts [Table 5].[3,23]

Radiological factors affecting recurrence

Mantle et al. observed that the presence of brain edema was 
a predictive factor of recurrence after complete resection; 
36% of meningiomas with edema recurred, and 1% of 

Figure 7: Illustrative case (a-c): Pre-operative contrast enhanced magnetic resonance imaging 
(MRI) axial, sagittal, and coronal images of the left middle 1/3rd parasagittal meningioma in 35 
years female with complex partial seizure, headache, right hemiparesis and slurring of speech. The 
patient underwent Simpson grade II excision of the tumor. The histology report was suggestive of 
secretory meningioma (WHO grades I). Seven years after surgery, the Patient came with complaints 
of right hemiparesis, seizure, and aphasia. (d-f): MRI axial, sagittal, and coronal images showed well 
defined extra-axial solid cystic lesion with septal enhancement in cystic lesion and homogeneous 
contrast enhancement in solid component along the left parasagittal region with surrounding mild 
intraparenchymal edema suggestive of recurrent meningioma. As the patient had poor pre-treatment 
factors for surgery, external beam radiotherapy was given (54 Gy in 30 cycles). (g-i): Post-radiotherapy 
non-contrast computed tomography head was suggestive of hypodensities in the left frontal and 
parietal regions with ex-vacuo dilatation of ipsilateral lateral ventricle and adjoining sulcal spaces 
suggestive of gliotic changes.
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Table 5: Various studies on clinicopathological factors affecting meningioma recurrence.

Factor Study (year) Patients (n) Outcome

Gender Gupta et al.[7] (1989) 123 Higher recurrence for male
Mahmood et al.[15] (1994) 276 No role of gender on recurrence pattern
Mubeen et al.[19] (2019) 254 No role of gender on recurrence pattern
Present study 172 No role of gender in recurrence pattern

Age Nakasu et al.[20] (1999) 101 No role of age on recurrence pattern
Mubeen et al.[19] (2019) 254 Higher recurrence for elderly patients
Present study 172 No role of age on recurrence pattern

Location Yang et al.[32] (2018) 138 Location was not found to influence the recurrence
Sun et al.[29] (2020) 1107 Location was not found to influence the recurrence
Present study 172 In skull base meningiomas, recurrence was statistically significant

Simpson grade of excision Vob et al.[30] (2017) 826 Highest recurrence in Simpson grade IV excision
Nanda et al.[21] (2017) 458 Highest recurrence in Simpson grade IV excision
Ehresman et al.[3] (2018) 572 Simpson grade of excision was not found to influence recurrence
Present study 172 Highest recurrence in Simpson grade IV excision

Histological grade Perry et al.[23] (1997) 581 Recurrence was higher in high grades i.e., WHO grades II and III
Moon et al.[18] (2012) 373 Recurrence was higher in high grade, that is, WHO grade II and III
Ehresman et al.[3] (2018) 572 Recurrence was higher in high grade, that is, WHO grade II and III
Present study 172 Recurrence was higher in high grade, that is, WHO grade II and III

meningiomas without edema recurred. The peritumoral 
edema grade correlated linearly with the chance of brain 
invasion and recurrence.[16] In another study by Souto 
et al.[28] and Hirashima et al.[8] suggest that peritumoral 
edema is one of the factors for recurrence. In the present 
study, there was no significant correlation between 
recurrence and peritumoral edema (P = 0.10). We believe 

that the cause of peritumoral edema was a long-term 
compression of the tumor in the veins, which obstructed 
normal venous drainage or due to brain parenchymal 
invasion.

Nakasu et al. observed that there was no recurrence in 
meningioma with either focal or diffuse calcification.[20] 

Figure 8: Kaplan–Meier analysis for recurrence free survival as stratified by (a) WHO classification of 
meningioma, (b) location, (c) size, and (d) patient’s age.
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Table 6: Various studies on radiological factors affecting meningioma recurrence.

Factor Study (year) Patients (n) Outcome

Peritumoral edema Hirashima et al.[8] (1998) 31 Peritumoral edema is a factor for recurrence.
Mantle et al.[16] (1999) 135 Peritumoral edema correlated linearly with the chance of brain 

invasion and recurrence.
Souto et al.[28] (2002) 51 Peritumoral edema is a factor for recurrence.
Present study 172 No significant correlation between recurrence and cerebral edema

Tumor calcification Nakasu et al.[20] (1999) 101 The correlation between recurrence and calcification was statistically 
non‑significant

Present study 172 The correlation between recurrence and calcification was statistically 
non‑significant

Bony changes Nakasu et al.[20] (1999) 101 More recurrence in osteolytic bony changes as compared to hyperostosis
Goyal et al.[5] (2012) 40 No significant correlation between recurrence and bony changes
Present study 172 No significant correlation between recurrence and bony changes

Tumor size Magill et al.[14] (2018) 113 Larger meningioma (size>6 cm) associated with recurrence
Yang et al.[32] (2018) 138 No influence of size on the recurrence
Present study 172 The correlation of recurrence with large tumor size group (>4 cm) was 

statistically significant.
Dural tail Nakasu et al.[20] (1999) 101 No role of dural tail on recurrence pattern

Rokni‑Yazdi et al.[26] (2009) 129 No role of dural tail on recurrence pattern
Present study 172 No role of dural tail on recurrence pattern

In the present study, the correlation between recurrence 
and tumor calcification was statistically non-significant 
(P = 0.34). Nakasu et al. observed more recurrence in 
osteolytic meningioma as compared to meningiomas 
associated with hyperostosis, as the hyperostotic bone 
was removed completely in a higher percentage of 
cases[20], whereas Goyal et al. reported a significant 
number of patients with radiological hyperostosis have 
meningioma invasion of the bone.[5] In our study, there 
was no significant correlation between recurrence and 
bony changes (P = 0.12). A study by Magill et al. reported 
larger meningioma (size >6  cm) is associated with a 
greater likelihood of a recurrence,[14] whereas Yang et al. 
reported that meningioma size was found not to influence 
meningioma recurrence.[32] It was observed in our study 
that the correlation of recurrence with a large tumor size 
group (>4  cm) was statistically significant (P = 0.003). 
Nakasu et al. could not find a significant relationship 
between meningioma recurrence and the existence of 
dural tails on MR images, as there was a policy to remove 
the area of dural enhancement[20], whereas Rokni-Yazdi et 
al. observed that MRI findings failed to predict tumoral 
invasion of the dural tail in histologic samples.[26] In our 
study, we found that there was no significant correlation 
between recurrence and dural tail on radiology (P = 0.1) 
[Table 6].

Limitations of the study

First, it is a retrospective study which has its inherent 
disadvantages. Second, the 2016 WHO classification of 
tumors of the central nervous system had changes in 

the grading of meningioma, whereas the present study 
patient’s histopathological examination is based on pre 2016 
classification, which might cause an impact on recurrence. 
Finally, this is a monocentric study.

CONCLUSION

This current study is one of the largest series containing 
datasets for factors related to recurrence. The large 
meningioma (size ≥4  cm), old age (age >45  years), high 
histological grade (WHO Grade  II, III), non-skull base 
location, and Simpson grade  III, IV of resection showed 
significantly shorter RFS while gender, tumor calcification, 
peritumoral edema, and dural tail sign have no association 
with recurrence. The study suggests that surgical resection 
is safe for meningioma and has a low rate of surgical 
complications and mortality.
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