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A B S T R A C T 

Background: The incidence and clinicopathological features of meningioma in Manitoba were last reported 

over three decades ago. The purpose of our study was to assess the incidence and outcomes of surgically 

resected, pathologically proven meningiomas in the province of Manitoba, including features associated 

with recurrence. 

Methods: A single-centre retrospective study was conducted to assess the incidence of surgically resected, 

pathologically proven meningiomas between 2011 to 2021. Eligible patients for the study were identified 

using the neuropathology database and other clinical, radiologic, and demographic details were obtained 

from clinical chart review.  

Results: The total number of patients included in the study period was 521 with the calculated incidence 

rate of 0.038 (95% CI 0.035-0.041) cases per 1000-person year for pathologically proven meningiomas in 

Manitoba. Tumour features significantly associated with recurrence included spontaneous necrosis (p < 

0.001), ≥4 mitoses per 10 high-power fields (p < 0.001), brain invasion (p = 0.007), and sheeting (p = 0.009).  

Conclusion: This study provides valuable insights into the recent incidence rate of meningiomas in our 

province as well as pathological features associated with recurrence. These results emphasize the need for 

ongoing surveillance and characterization of meningiomas in our province and beyond, including those 

managed non-operatively. 

 

 

1. Introduction 

 

Meningiomas are the most common primary central nervous system 

(CNS) and intracranial tumour in adults [1-3]. Meningiomas are more 

common with older age and in females at an approximate 2:1 ratio [1, 4-

15]. Among those aged 20 and older, meningiomas represent the most 

common spinal cord tumour [4]. Most patients with meningiomas are 

asymptomatic and can be managed conservatively with observation [1, 

14, 16]. However, common symptoms include headache, focal cranial 

nerve deficits, seizures, cognitive change, weakness, and vertigo or 

dizziness which may warrant intervention such as surgery or 

radiotherapy based on the clinical context [5, 8]. The presenting 

symptoms are influenced by the location of the meningioma [1]. Other 

indications for intervention include patient preference and radiological 

progression [14]. 

The mainstay of meningioma grading is pathological evaluation. The 

CNS World Health Organization (WHO) classification system is used to 

designate grade 1, 2, or 3, the most recent iteration of which is WHO 

CNS-5 2021 [3, 16, 17]. The majority of meningiomas, approximately 

80%, fall under CNS WHO Grade 1 [2, 3]. Up to 18% of meningiomas 

are CNS WHO Grade 2, also known as atypical meningiomas, with the 

remaining < 2% meeting the criteria for CNS WHO Grade 3, also known 

as anaplastic or malignant meningiomas [2, 3]. As per the WHO CNS-5 

2021 criteria, meningiomas are considered CNS WHO Grade 2 if the 

tumour exhibits 4-19 mitoses per 10 high-power fields (HPF), brain 

invasion, chordoid or clear cell histological subtype, and/or the presence 

of three or more of five specific histologic features [2, 3, 17]. These 

histologic features include sheeted architecture, small cell change with 

high nuclear-to-cytoplasmic ratio, prominent nucleoli, hypercellularity, 

or spontaneous necrosis [2, 3, 17]. CNS WHO Grade 3 meningiomas are 
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characterized by ≥ 20 mitoses per 10 HPF, TERT promoter (pTERT) 

mutation, CDKN2A/B homozygous deletion, and/or frank histological 

anaplasia with sarcoma, carcinoma, or melanoma-like appearance [2, 3, 

17]. Pediatric meningiomas are very rare, making up 0.4-2.5% of all 

diagnosed meningiomas, as well as having more aggressive features and 

presentations [18, 19]. 

 

Alongside CNS WHO Grade, the extent of surgical resection is an 

important prognostication factor for meningiomas; together these factors 

drive management decisions and predict outcomes [2, 15]. Residual 

tumour is commonly assessed using postoperative imaging, typically 

magnetic resonance imaging (MRI), though surgeons may also utilize 

the Simpson Grade system to provide an intraoperative evaluation. 

However, due to the subjectivity and reliance on visual assessment 

inherent to the Simpson Grade, its usage is considered controversial [15, 

20]. As a result, postoperative imaging may provide a more accurate 

assessment by also factoring in residual tumour volume, which is then 

reported as gross total resection (GTR) if there is no residual tumour or 

subtotal resection (STR) if there is residual tumour [20]. Preoperative 

embolization, at the discretion of the treating team, is rarely performed 

as an adjunct for highly vascular or large meningiomas [21-23].  

 

In addition to surgical intervention, radiotherapy (RT) may be used as an 

adjunct or even stand-alone therapy [15, 18]. This includes external 

beam radiotherapy (EBRT) and stereotactic radiosurgery (SRS), of 

which gamma knife (GK) is a common modality that is used in Manitoba 

[18]. Deciding between the modalities is based on the CNS WHO Grade, 

size, and location of the tumour. SRS is favoured for meningiomas that 

are low-risk and small (1-3 cm), while EBRT tends to be preferred for 

tumours that are recurrent, close to organs at risk such as the optic 

pathway, and involve multiple lesions [24, 25]. RT is strongly 

recommended as adjunct treatment following resection of CNS WHO 

Grade 2 and 3 meningiomas to improve progression-free survival and 

overall survival rates [1, 26-32]. On the other hand, the benefits of RT 

as an adjunct to surgical resection in CNS WHO Grade 1 and grossly-

resected CNS WHO Grade 2 meningiomas continues to be investigated 

with mixed evidence [33]. When feasible, gross-total resection is the 

management of choice for CNS WHO Grade 1 meningiomas, though 

studies have suggested favourable outcomes with stereotactic 

radiosurgery alone [34-37]. In our centre, GK-based therapies are 

offered to patients when local progression of disease or a new recurrent 

lesion was identified. These cases were reviewed in SRS/GK rounds 

with the neurosurgeon and radiation oncologist. 

 

The last studies to broadly characterize meningiomas in Manitoba were 

published by Sutherland et al. (1987) and Rohringer et al. (1989) 

reviewing patients from 1980-1985 and 1980-1987, respectively, and 

reporting a crude incidence rate of 2.3 cases per 100,000 for all 

meningiomas [5, 38] This identifies a gap in research on the incidence 

of meningiomas, especially focused on those that were surgically-

resected, despite being the most common CNS tumour. Our study aims 

to build a more recent database on meningiomas in Manitoba, allowing 

for the characterization of their burden on the province including 

incidence rates, clinical presentations, tumour features, course of 

treatment, and outcomes. This information can then inform the 

appropriate allocation of resources to their diagnosis and management. 

 

2. Methods 

 

The study was approved by the University of Manitoba Research Ethics 

Board (HS24731 (H2021:099)) and Provincial Health Research Privacy 

Committee. Data collection from the CancerCare Manitoba database had 

ethics approval from the Research Review Impact Committee (RRIC). 

 

A retrospective analysis was performed on consecutive patients with 

surgically resected, pathologically proven meningiomas diagnosed at 

Health Sciences Centre (HSC) in Winnipeg, Manitoba between January 

1, 2011, and June 30, 2021. HSC is the only neurosurgical centre in 

Manitoba, and all meningiomas in the province were surgically treated 

and pathologically diagnosed at HSC. Patients were identified from 

neuropathology database during the study period. Consecutive patients 

of any age group with neuropathological diagnosis of meningioma were 

included in the study. Patients were excluded if their clinical charts 

containing their operative notes were not available for review, and no 

patients were excluded based on incomplete imaging. Meningiomas 

were re-evaluated using the WHO CNS-5 2021 classification and re-

graded if applicable [17]. This meant that papillary or rhabdoid 

morphology alone was not used as sufficient criteria to be CNS WHO 

Grade 3 [39].  

 

Detailed clinical chart reviews were performed to collect data on the 

demographics, clinical presentations, neuropathology, surgeries, 

radiation treatments, and patient follow-up for recurrence. The locations 

of meningiomas were determined based on neuropathology, 

neuroradiology, and operative reports. These were categorized as 

convexity and parasagittal; skull base subdivided into frontobasal 

(planum sphenoidale, olfactory groove, tuberculum sellae, anterior 

clinoid, cribriform plate) and middle fossa (sphenoid ridge, cavernous 

sinus, petroclival); posterior fossa (subdivided into tentorium, cerebellar 

convexity, cerebellopontine angle, foramen magnum, and clivus); lateral 

ventricle; intraorbital; spinal subdivided into cervical, thoracic, and 

lumbar; and others which included third ventricle, pineal, and ectopic 

meningiomas that involved the lung and extracranial regions. A 

neuropathologist (NS) conducted the review of the results. 

 

Operative reports were reviewed to collect information on the Simpson 

Grade, GTR vs. STR, and whether preoperative embolization was 

performed. If a range of Simpson Grades were provided, the grade 

associated with a less degree of resection was used to consider the worst-

case scenario. For example, if Simpson Grade I-II was recorded, we 

considered it as Simpson Grade II for the sake of analysis. Postoperative 

imaging reports were used to evaluate whether a complete vs. partial 

resection was performed based on assessment for residual tumour. In 

cases where the interpreting radiologist could not confidently distinguish 

whether the enhancement around the resection cavity represented 

residual tumour or expected post-surgical change, the extent of resection 

was based on the Simpson Grade, if available. Simpson Grades I-III were 

considered GTR and Simpson Grade IV was considered STR. Residual 

tumour volume was inconsistently reported, especially in the presence 

of post-surgical change, and thus could not be reliably quantified and 

included in recurrence analyses. The CancerCare Manitoba database was 

accessed to collect information on radiation treatments received by 

patients pre- and postoperatively, including the modality and dose of 

radiation. 
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2.1. Statistics 

 

The descriptive variables were summarized and analyzed using chi-

square or Fisher’s exact test for categorical variables, and t-tests or 

Mann-Whitney U tests for continuous variables, as appropriate. The 

incidence rates were calculated using the mid-period population of 

Manitoba in 2016, of 1,314,140 people (655,415 men, 658,725 women) 

[40]. The incidence rates used this value uniformly in Poisson analysis 

to find the 95% confidence intervals. 

 

3. Results 

 

In our single-centre retrospective review of patients with surgically 

resected, pathologically proven meningiomas, significant associations 

were found between higher CNS WHO Grade meningiomas and tumour 

location, larger tumour size, and receiving postoperative RT. Tumour 

features independently associated with recurrence were also identified, 

including spontaneous necrosis, ≥4 mitoses per 10 HPF, brain invasion, 

and sheeting. No significant associations were observed between 

recurrence and sex, age group, presenting symptoms, or preoperative 

tumour size. 

 

3.1. Patient Characteristics 

 

Over the 10.5-year study period, there were 525 patients (female: male 

ratio 2.4:1 [367:154]; mean age 59.14 [±1.117] years based on t-

distribution, and median age 61 [20-92] years) with pathologically 

proven meningiomas at our institution (Table 1). Of these, 4 patients 

were excluded from the study as their charts could not be located for 

review. Using the mid-period (2016) population estimate, the calculated 

incidence was 50.0 patients per year and the incidence rate was 0.038 

(95% CI 0.035-0.041) cases per 1000-person year for pathologically 

proven meningiomas in Manitoba. This can be further divided into an 

incidence rate of 0.023 (95% CI 0.019-0.026) cases per 1000-person year 

for men and 0.054 (95% CI 0.048-0.059) for women. There was no 

significant association between male sex and CNS WHO Grade 2/3 

meningiomas (p = 0.292; Table 2). The distribution of CNS WHO Grade 

significantly varied across age groups (p = 0.023), with patients over 70 

years of age having the highest proportion of CNS WHO Grade 2/3 

meningiomas (42/120, 35%). Most meningiomas were CNS WHO 

Grade 1 (358/521, 68.7%), followed by CNS WHO Grade 2 (133/521, 

25.5%) and CNS WHO Grade 3 (6/521, 1.2%) (Table 1). 33 patients 

(33/133, 24.8%) met CNS WHO Grade 2 criteria based on brain invasion 

alone. 

 

Table. 1. Patient baseline characteristics (N = 521). 

Demographics Value 

Age, median (range) 61 (20-92) 

Age, mean (95% CI) 59.14 ±1.117 

Age (%)  

20-29 13 (2.5%) 

30-39 31 (6.0%) 

40-49 74 (14.2%) 

50-59 126 (24.2%) 

60-69 139 (26.7%) 

70-79 104 (20.0%) 

80-89 31 (6.0%) 

90-99 3 (0.6%) 

Sex (%)  

Male 154 (29.6%) 

Female 367 (70.4%) 

CNS WHO Grade (%)  

1 358 (68.7%) 

2 133 (25.5%) 

3 6 (1.2%) 

None (ungraded) 24 (4.6%) 

Laterality (%), n = 445  

Left 229 (51.5%) 

Right 183 (41.1%) 

Midline 33 (7.4%) 

Location (%)  

Convexity, Parasagittal 161 (30.9%) 

Skull base 230 (44.1%) 

Frontobasal* 140 (26.9%) 

Middle cranial fossa** 89 (17.1%) 

Posterior fossa*** 69 (13.2%) 

Lateral ventricle 4 (0.8%) 

Intraorbital 5 (1.0%) 
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Other 6 (1.2%) 

Spinal cord 46 (8.7%) 

Cervical 10 (2.0%) 

Thoracic 33 (6.3%) 

Lumbar 2 (0.4%) 

*Frontobasal includes planum sphenoidale, olfactory groove, tuberculum sellae, anterior clinoid, and cribriform plate. 

**Middle fossa includes sphenoid ridge, cavernous sinus, and petroclival. 

***Posterior fossa includes tentorium, cerebellar convexity, cerebellopontine angle, foramen magnum, and clivus. 

 

A CNS WHO Grade was not assigned for 24 patients (24/521, 4.6%). 

These cases were excluded from grade-based comparative analyses but 

included in incidence calculations. A reason for not assigning a grade 

included radiologically suspected brain invasion that was unconfirmed 

pathologically because of insufficient brain tissue specimen. Another 

reason was the presence of worrisome features suggestive of a higher 

grade, despite the tumour overall meeting only the criteria of CNS WHO 

Grade 1. Examples of worrisome features included focal areas with 

increased Ki-67 proliferation rate, focal areas meeting subjective 

criteria, local growth from a CNS WHO Grade 2 meningioma but CNS 

WHO Grade 1 based strictly on the specimen provided, and 

measurements of aggressive growth behavior such as elevated Ki-67 

labeling index in the absence of elevated mitoses. 

 

3.2. Tumour Characteristics 

 

In our study, meningiomas were most commonly located in the skull 

base (230/521, 44.1%), including frontobasal (140/521, 26.9%) and 

middle fossa (89/521, 17.1%); convexity and parasagittal (161/521, 

30.9%); and posterior fossa (69/521, 13.2%) regions (Table 1). There 

was a significant association between higher CNS WHO Grade and 

location (p < 0.001; Table 2). Meningiomas resected from the posterior 

fossa and spine tend to be CNS WHO Grade 1, compared to skull base 

and convexity/parasagittal tumours often presenting with CNS WHO 

Grade 2/3. 

 

Five patients underwent resection of multiple meningiomas, all of whom 

were female patients with CNS WHO Grade 1 meningiomas. Of note, 

one of these patients had two spinal meningiomas at different levels of 

the thoracic spine. Of the 46 (46/521, 8.8%) spinally located 

meningiomas, thoracic was the most common with 33 (33/46, 71.7%) 

identified. The median tumour size for CNS WHO Grade 2/3 

meningiomas was 4.70 cm [3.45-6.30], which was significantly larger (p 

< 0.001) than CNS WHO Grade 1 meningiomas which were 3.70 cm 

[2.30-4.90] (Table 2). 

 

 

Table. 2. Comparison of Patient Characteristics and Tumour Features Between WHO Grade 1 and Grade 2/3 Meningiomas. 
 Tumour Grade 1 Tumour Grade 2/3 p-value 

Sex     

Female 256 92 0.292 

Male 102 47  

Age Group     

<50 77 37 0.023 

50-70 203 60  

>70 78 42  

Headache (N = 496)    

Yes 136 55 0.841 

No 221 84  

Brain Invasion (N = 226)    

Yes 0 (0) 58 (61) - 

No 131 37  

Spontaneous Necrosis (N = 492)    

Yes 37 72 < 0.001 

No 316 67  

Mitoses ≥4/10 HPF     

Yes 0 83 - 

No 358 56  

Prominent Nucleoli (N = 496)    

Yes 18 34 < 0.001 

No 339 105  

Hypercellularity     
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Yes 89 64 < 0.001 

No 269 75  

Small-Cell Changes     

Yes 45 48 < 0.001 

No 313 91  

Sheeting     

Yes 13 27 < 0.001 

No 345 112  

Postoperative Radiation     

Yes 56 42 < 0.001 

No 302 97  

Radiation Modality     

EBRT 13 18 < 0.001 

GK 39 15  

Both 5 9  

None 301 97  

Location     

Convexity, Parasagittal 101 48 < 0.001 

Skull Base 148 75  

Posterior Fossa 62 6  

Spine 40 6  

Other 7 4  

Tumour Size (N = 496)    

median [IQR] 3.70 [2.30-4.90] 4.70 [3.45-6.30] < 0.001 

 

3.3. Surgical Characteristics 

 

The Simpson Grade was not consistently denoted in the surgical 

operative reports. The Simpson Grade was reported in 115 patients 

(115/521, 22.1%), with a distribution as follows: Simpson Grade I 

(48/115, 41.7%), Grade II (47/115, 40.9%), Grade III (11/115, 9.6%), 

Grade IV (9/115, 7.8%), and Grade V (0/115, 0.0%). There were 337 

(337/521, 64.7%) patients with GTRs and 176 (176/521, 33.8%) with 

STRs, evaluated using postoperative imaging and further informed by 

the operative report and Simpson Grade, when provided. Preoperative 

embolization was performed for 10 patients (10/521, 1.9%). Peri-

operative complications of any type were reported for 176 patients 

(176/521, 33.8%). 

 

Table. 3. Comparison of Patient Characteristics and Tumour Features by Tumour Recurrence Status. 

 Recurrence No Recurrence p-value 

Sex (N = 268)    

Female 26 164 0.661 

Male 13 65  

Age Group (N = 268)    

<50 8 50 0.951 

50-70 22 131  

>70 9 48  

Headache (N = 268)    

Yes 15 83 0.932 

No 24 146  

Brain Invasion (N = 120)    

Yes 13 30 0.007 

No 8 69  

Spontaneous Necrosis (N = 267)    

Yes 14 45 < 0.001 
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No 25 183  

Mitoses ≥4/10 HPF (N = 268)    

Yes 17 42 < 0.001 

No 22 187  

Prominent Nucleoli (N = 268)    

Yes 6 30 0.894 

No 33 199  

Hypercellularity (N = 268)    

Yes 10 69 0.705 

No 29 160  

Small-Cell Changes (N = 268)    

Yes 6 56 0.300 

No 33 173  

Sheeting (N = 268)    

Yes 8 15 0.009 

No 31 214  

Tumour Size (N = 267)    

median [IQR] 4.00 [3.25-4.85] 3.90 [2.80-5.20] 0.670 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. 

 

3.4. Pathological Characteristics 

 

Tumour features on pathology that had a significant association with 

recurrence included spontaneous necrosis (p < 0.001), ≥ 4 mitoses per 

10 HPF (p < 0.001), brain invasion (p = 0.007), and sheeting (p = 0.009) 

(Table 3). Histological subtypes were reported in a minority of 

neuropathological reports. There were 2 meningothelial, 4 angiomatous, 

3 microcystic, 4 mixed angiomatous/microcystic, 4 fibrous, 5 chordoid, 

and 4 of clear cell subtype meningiomas identified on the 

neuropathology reports. As a result, histological subtypes were not used 

for further analysis. 

 

3.5. Radiation Therapy 

 

There was a significant association between higher CNS WHO Grade 

meningiomas and the administration of postoperative RT (p < 0.001; 
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Table 2). CNS WHO Grade 2/3 meningiomas were more likely to 

receive postoperative RT, including 30.2% (42/139) of CNS WHO 

Grade 2/3 compared to 15.6% (56/358) of CNS WHO Grade 1. 

Meningiomas that received RT at any point, including any length of time 

prior to or after surgical resection, included 17.6% (63/358) of CNS 

WHO Grade 1 meningiomas and 35.3% (49/139) of CNS WHO Grade 

2/3 meningiomas. 

 

RT modality significantly differed between the groups as well (p < 

0.001; Table 2). CNS WHO Grade 2/3 meningiomas had a relatively 

higher use of EBRT (18/139, 12.9% of all CNS WHO Grade 2/3; 13/358, 

3.6% of all CNS WHO Grade 1) and combination therapies (9/139, 6.5% 

of all CNS WHO Grade 2/3; 5/358, 1.4% of all CNS WHO Grade 1). In 

terms of RT modalities among patients of each CNS WHO Grade 

receiving RT, 44 (44/358, 12.3%) CNS WHO Grade 1 meningiomas 

received GK and 18 (18/358, 5.0%) received EBRT. In comparison, of 

the CNS WHO Grade 2/3 meningiomas receiving RT, 24 (24/139, 

17.3%) received GK and 27 (27/139, 19.4%) received EBRT. 

 

4. Discussion 

 

The incidence rate from our study was greater than that of Rohringer et 

al. [5] This was despite the Rohringer et al. study including several 

meningiomas that did not undergo surgical biopsy nor resection [5]. One 

potential explanation for this is the aging population [1, 7, 14, 15]. An 

important contributing factor is the general trend of increasing 

accessibility and usage of modern imaging modalities such as computed 

tomography and magnetic resonance imaging, which may subsequently 

increase the rate of incidental meningioma findings [7, 15, 18]. Despite 

up to 20% of new diagnoses of meningiomas being incidentally-

discovered and asymptomatic, it can be distressing for patients [7]. The 

Manitoban incidence rate from our study was comparable to that of other 

study centres in New Zealand and Germany, although both studies 

included patients from earlier time periods of 2000 to the early-mid 

2010s [41, 42].  

 

The distribution of sex (female: male ratio 2.4:1) and mean age of 

patients in our study (59.14 years), with most patients being aged 60-69 

years, resembled that of other studies on surgically resected 

meningiomas [8-12]. Interestingly, no pediatric patients were identified, 

with the youngest patient being 20 years of age at the time of surgery. 

This is despite our study capturing all meningiomas surgically resected 

and pathologically evaluated for diagnosis in Manitoba. 

 

The proportions of CNS WHO Grade 1, 2, and 3 surgically resected 

meningiomas were similar to that of other studies [13, 41, 42]. Despite 

the introduction of the CNS WHO 2016 criteria during the study period, 

this has been shown to have minimal impact on the distribution of 

meningioma grades [39]. However, the cIMPACT-NOW update 8 

provides new evidence that the meningiomas with solely brain invasion 

should no longer be classified as CNS WHO Grade 2 [43]. If 

incorporated into updated grading criteria, this would reassign 33 

(33/133, 24.8%) CNS WHO Grade 2 meningiomas as CNS WHO Grade 

1, further increasing the proportion of benign meningiomas resected in 

the study period. 

 

There was a greater proportion of skull base meningiomas among our 

population and decreased proportion of convexity and parasagittal 

meningiomas as compared to other studies [8, 10, 11, 13]. Left-sided 

meningiomas were also more common than right-sided meningiomas in 

other studies, though right sided meningiomas being more common has 

also been observed [11-13]. Spinal meningiomas most commonly 

presented in the thoracic region, in line with the literature [44]. 

 

Our study identified tumour features significantly associated with 

recurrence including spontaneous necrosis (p < 0.001), ≥4 mitoses per 

10 HPF (p < 0.001), brain invasion (p = 0.007), and sheeting (p = 0.009) 

(Table 3). Despite the individual histologic criteria holding equal weight 

in grading meningiomas, spontaneous necrosis and sheeting 

demonstrated significant associations with recurrence in our study. 

However, there is mixed evidence in the literature to support our 

findings, possibly attributed to the interobserver and sampling variability 

inherent to the histologic minor criteria [45-48]. 

 

Patients in our study with higher grade meningiomas were more likely 

to undergo adjuvant radiotherapy and be treated with EBRT than those 

with lower grade meningiomas. However, of the 139 patients with higher 

grade meningiomas, only 42 patients received radiotherapy because 

observation is offered as an option to those with CNS WHO Grade 2 

meningiomas. These cases integrated patient preference and goals of 

care alongside the clinical recommendations of the neurosurgeon and 

radiation oncologist in SRS/GK rounds. 

 

4.1. Limitations 

 

Our study was limited by its retrospective single-centre design, selection 

bias towards surgically resected meningiomas, and lack of molecular 

profiling data. Only including meningiomas that underwent surgical 

resection and subsequent pathological evaluation may significantly 

underestimate the incidence rate of all meningiomas in the province, 

especially considering that most meningiomas are managed 

conservatively [1, 7, 14]. Furthermore, recurrence may be 

underestimated due to the exclusion of patients with missing charts or 

incomplete postoperative imaging and follow-up. 

 

Inconsistencies of reporting symptoms, location, histological subtypes, 

and Simpson Grade limited our ability to perform robust data collection 

and analysis of these variables. Missing and incomplete data such as 

ungraded meningiomas and lack of reported residual tumour volume 

may lead to the underestimation of recurrence risk in patients with 

higher-grade features or incomplete resections. Furthermore, the lack of 

standardized location classification poses a conflict in comparing the 

locations of cranial meningiomas to other studies [8, 10, 11, 13]. For the 

purposes of future studies into meningiomas in Manitoba and other 

institutions, establishing consistent reporting guidelines for these 

features would strengthen future studies as well as the ease of data 

collection. 

 

Lastly, our study did not include the molecular profiles of meningiomas, 

including pTERT and CDKN2A/B [2, 3, 17]. This may affect the 

distribution of lower-grade meningiomas in our study. 
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5. Conclusion 

 

The incidence rate from our study of 0.038 (95% CI 0.035-0.041) cases 

per 1000-person year for pathologically proven meningiomas 

demonstrates an interval increase. The CNS WHO Grade of meningioma 

was associated with several tumour features as well as recurrence. These 

findings will help optimize the appropriate population-based allocation 

of resources for the diagnosis, treatment, and follow-up of meningiomas 

and emphasizes the need for ongoing surveillance and characterization 

of meningiomas in our province and beyond. 
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