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Abstract

Background: Epidemiological research shows that meningiomas occur at a rate of 6 cases per 100,000 people,
with women twice as likely as men to develop them. These tumors, which originate from arachnoid membrane
cells, represent 13—26% of all brain tumors. This retrospective single-center study evaluated the importance
of short-term post-operative imaging in patients with intracranial meningiomas, considering the extent of
surgical removal (Simpson grade) and histological classification (World Health Organization [WHO] grade).
Methods: The medical records of 283 patients who underwent surgical removal of intracranial meningiomas
between 2016 and 2024 were reviewed. Logistic regression analysis identified WHO grade and post-operative
radiation therapy as the most significant predictors of recurrence. Results: The risk of recurrence increased with
higher WHO grades, with odds ratios of 3.18 and 6.59 for Grade II and Grade III meningiomas, respectively,
compared with Grade 1. The extent of resection within Simpson Grades I and II did not significantly affect early
recurrence rates. The WHO grade I meningiomas with complete or nearly complete resection have a very low
recurrence risk, suggesting that routine high-frequency post-operative imaging may have limited value in the
absence of new neurological symptoms. In contrast, WHO grade II and III meningiomas showed significantly
higher recurrence risks, warranting closer post-operative monitoring, especially in the early post-surgery period.
Conclusion: These findings support a risk-adapted surveillance strategy based on the WHO tumor grade and
clinical presentation, which could optimize resource utilization while maintaining oncological safety of the
patients. Further prospective multicenter studies are required to refine evidence-based follow-up protocols for
patients with intracranial meningiomas.
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INTRODUCTION of cases and show increased cell division or three or more

specific traits: High cellularity, small cells with a high

pidemiological research shows that  nuclear-to-cytoplasmic ratio, large nucleoli, a uniform growth
Emeningiomas occur at a rate of 6 cases  pattern, and areas of necrosis. Anaplastic meningiomas
per 100,000 people, with women twice (WHO grade III) exhibit significant malignant characteristics

as likely as men to develop them. These  exceeding those of atypical types, including malignant
tumors, which originate from arachnoid  cell structures similar to sarcomas or carcinomas and high
membrane cells, represent 13-26% of all brain  mitotic activity. Their occurrence is 1-3%. The outlook for

tumors. Autopsy studies have shown that the  meningiomas is positive: Population-based cancer registries
incidence of meningiomas is 1.4%, including

asymptomatic cases. Intracranial meningiomas
are commonly diagnosed in individuals between
40 and 60 years old, and multiple tumors occur
in fewer than 10% of patients.[']
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Most meningiomas are benign and classified LETRIB G e e T

as Grade I by the World Health Organization
(WHO) histopathological standards, with
well-defined edges and slow growth. Atypical
meningiomas (WHO grade II) comprise 5-7%
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show relative 5-year survival rates over 80%, 10-year survival
at 74-79%, and 15-year survival at approximately 70%.-!

Grade [ meningiomas are benign, with a low mitotic rate
(<4/10 high-power field) and no brain invasion. Grade II
meningiomas show a mitotic rate of 4—19/10 high-power field,
brain invasion, or three of five histological features (necrosis,
prominent nucleoli, high cellularity, small cells with a high
nucleus-to-cytoplasm ratio, and sheet-like growth). Grade III
meningiomas have mitotic rates exceeding 20/10 high-power
field or a malignant appearance, with high recurrence and
poor survival rates. The distribution of meningiomas is 80%
Grade I, 18% Grade 11, and 2% Grade IIL.!

Most of the individuals diagnosed with meningioma undergo
surgery to remove the tumor and alleviate the neurological
issues. Identifying a tumor through neuroimaging or
observing an enlarged residual tumor node does not warrant
surgery. Complete removal often results in a cure. Radiation
therapy is mainly used for partially removed, recurrent, or
malignant meningiomas.%-12

Despite advancements in neurosurgical technology, the
ability to fully resect tumors remains constrained by the
skull’s intricate anatomical structures. The extent of surgical
resection was assessed using the Simpson scale, which
categorizes operations from Gradel to V. This system,
introduced by Simpson in 1957, outlines the recurrence rate of
intracranial meningiomas after surgery. Although conducted
retrospectively and before the advent of microsurgical
techniques, computed tomography (CT), and magnetic
resonance imaging (MRI), later publications have validated
its clinical relevance. The Simpson scale is widely accepted
for evaluating the extent of resection.[!>!%!

After surgery and/or radiation therapy, patients undergo
regular CT or MRI follow-up examinations to identify tumor
recurrence or progression of the remaining tissue. However,
limited evidence supports this practice; a literature search of
the Cochrane Library and Medline found no studies assessing
the effectiveness of post-operative imaging in meningiomas.
The frequency and timing of follow-up examinations are
determined individually by physicians based on each patient’s
follow-up care arrangements.['!17]

This study aimed to evaluate the importance of short-term
post-operative imaging studies in patients with intracranial
meningiomas, considering the varying degrees of surgical
removal and histological classification according to the
WHO.

MATERIALS AND METHODS

This was a single-center retrospective observational study.
Medical records of all patients with intracranial meningiomas
surgically removed at the Neurosurgical Clinic of the National
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Hospital, Ministry of Health of the Kyrgyz Republic, between
2016 and 2024 were reviewed. The collected data included
patient age at surgery, extent of tumor resection (Simpson
scale), tumor location, WHO histological classification, post-
operative radiation therapy status, recurrence detection date,
and dates of follow-up CT and MRI scans.

A search of the Cochrane and Medline databases from 1980
to the present using pertinent keywords found no studies
examining post-operative imaging following meningioma
resection.

When the Simpson grade of resection was not explicitly
mentioned in the surgical protocols, it was retrospectively
assigned based on the surgical procedure description,
following the criteria of the classification. The analysis
included 283 cases, with the only eligibility requirement being
the confirmed surgical removal of intracranial meningiomas
between 2016 and 2024. Recurrence was identified as the
emergence of new changes or the progression of existing
changes on CT or MRI, compared to previous studies,
including an increase in remaining tumor tissue. Typically,
initial post-operative imaging was not conducted according
to a single standardized protocol, regardless of the WHO
histological tumor grade or Simpson resection category.
Treatment strategies for recurrence were based on the
tumor location and histological features; in most instances,
a combination of repeat surgery and radiation therapy was
employed.

Statistical analysis was performed using Statistical Package
for the Social Sciences version 21, including descriptive
statistics of patient demographics, tumor characteristics,
resection extent, and recurrence rates. Multivariable logistic
regression identified recurrence predictors, with stepwise
inclusion guided by the Akaike Information Criterion. Odds
ratios quantified the associations between the predictors and
recurrence. Graphical analyses were performed to determine
the recurrence incidence, follow-up imaging timing, and
recurrence detection at 6-month intervals. A P < 0.05 was
considered statically significant.

The Bioethics Committee of I.K. Akhunbaev Kyrgyz State
Medical Academy approved this study (Approval no. 01/24,
dated September 01, 2024). Given the anonymized data and
the absence of patient intervention, formal consent was not
required.

RESULTS

This study included 118 male and 165 female participants,
with a mean age of 59 years (range, 22—89 years) [Table 1].
Figure 1 illustrates the patient distribution according to
the WHO histological grade (I, II, and III), while Figure 2
depicts the distribution based on the Simpson resection grade
(I-1V).
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Figure 1: Distribution of patients according to World Health
Organization classification of meningiomas
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Figure 2: Distribution of patients due to Simpson grade of
meningioma removal

Logistic regression analysis identified the WHO histological
classification and post-operative radiation therapy as the
most significant predictors of recurrence. The calculated
coefficients suggest that the probability of recurrence
increases with higher tumor grades; the odds ratio was 3.18
for WHO Grade I and 6.59 for Grade III meningiomas
compared with Grade I. Importantly, the findings also showed
a higher recurrence rate among patients who underwent
radiation therapy [Table 2].

Meningiomas are among the most prevalent central nervous
system tumors and are the most common benign central
nervous system tumors. Surgical excision is typically curative,
especially for WHO Grade I meningiomas, which are the
most frequent histological variants. Although prognostic
factors for meningioma recurrence have been studied, neither
patient age nor sex has shown significant predictive value.
The prognostic significance of these histological features
remains debatable.

Owing to the lack of defined risk factors for recurrence, no
established guidelines exist for the optimal frequency and
timing of post-operative imaging in patients after meningioma
removal. A literature review indicates that few published
studies have assessed the effectiveness of follow-up imaging
in this patient group. Our clinic does not have a standardized
protocol for post-operative monitoring.

Table 1: Baseline demographic characteristics of the

study population

Characteristic n (%)
Total patients 283 (100%)
Age, mean (range), years 59 (22-89)
Sex, n (%)
Male 118 (41.7%)
Female 165 (58.3%)

Data presented as n (%), n: Number of patients, %: Percentage of
patients

Table 2: Logistic regression analysis of predictors of

meningioma recurrence

Variable OR Interpretation

WHO Grade |l 3.18 Increased risk of
versus | recurrence

WHO Grade Il 6.59 Markedly increased risk
versus | of recurrence

Post-operative 1 recurrence  Shows high baseline
radiotherapy observed tumor aggressiveness
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WHO: World Health Organization, OR: Odds ratio

In practice, routine CT or MRI scans are commonly performed
after surgery, regardless of the WHO meningioma grade or
Simpson resection extent. New clinical symptoms indicating
tumor recurrence necessitate imaging, regardless of the
completeness of resection. However, in our sample, most post-
operative scans were conducted without clinical symptoms,
and recurrences were identified through imaging before the
appearance of clinical signs. Discussions with neurosurgeons
from other departments confirmed this widespread practice.

Figure 2 illustrates the patient distribution based on the
degree of meningioma resection according to the Simpson
classification.

Logistic regression analysis revealed that the histological
grade of meningioma, as classified by the WHO, was the
most significant indicator of recurrence. Descriptive analysis
indicated that the current post-operative imaging frequency
is largely unwarranted for most patients. WHO Grade I
meningiomas that are completely or nearly completely
resected (Simpson grades I or II) have a very low likelihood
of recurrence.

Routine follow-up imaging in these patients seldom detects
recurrence signs. The low recurrence rate in this group was
associated with specific clinical factors. Two recurrences
within 2 years after the removal of a WHO Gradel
meningioma during a Simpson Gradel resection were
found in the same patient who had previously undergone
multiple surgeries for falx and parasagittal meningiomas. In
such cases, more frequent monitoring is justified by clinical
necessity.




Patients with WHO Grade II and III meningiomas comprised
a smaller portion of the sample but showed a significantly
higher relapse rate, aligning with the accepted notion of more
aggressive progression of these tumors.

In many patients with radiologically detected recurrences,
surgery or radiation therapy was not immediately performed;
instead, monitoring with repeated imaging was performed.
The decision for surgery and/or radiation therapy was based
on the tumor location, histological features, progression rate,
resectability, and patient preference.

The Simpson resection grade was determined from the
surgeon’s notes or reconstructed from the surgical procedure
description. Data suggest that early post-operative imaging
to verify the resection grade is unnecessary. No significant
differences in early recurrence rates were observed between
tumors resected at Simpson grades I and II. Therefore, early
imaging frequency should not depend on whether the resection
was Simpson Grade I or II. Analysis showed no instances of
surgeons misdiagnosing the degree of macroscopic resection.

Repeated follow-up imaging involves considerable costs,
including financial, time, and organizational resources,
and may increase the stress of patients. The psychological
aspects warrant investigation: Regular imaging might reduce
anxiety by fostering a sense of control; however, frequent
examinations can prolong stress from anticipating relapse.
Financial costs are pertinent in rationalizing medical care,
and cost-effectiveness is crucial for evaluating clinical
approaches. A cost analysis at one center highlighted the
high expense of existing post-operative imaging strategies.
This calculation excludes additional economic consequences,
such as lost work capacity and psychological costs incurred
by patients undergoing regular examinations.

DISCUSSION

This retrospective single-institution study showed that the
WHO histological grade of meningioma is the most reliable
predictor of post-operative recurrence. The extent of resection
within Simpson grades I and II did not affect early recurrence
rates. These results suggest that tumor biology should guide
post-operative monitoring strategies.

Our findings show that WHO Grade I meningiomas, when
fully or nearly fully resected, have a low recurrence risk,
aligning with population-based studies. Registry analyses
have shown that WHO Gradel tumors have 5-year
recurrence-free survival rates exceeding 90% after gross total
resection, irrespective of patient age or sex.['*2% This suggests
that routine high-frequency imaging may have limited value
unless new neurological symptoms arise.

WHO Grade II and III meningiomas showed significantly
higher recurrence risks, with odds ratios increasing with
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histological grade. This aligns with data showing that atypical
and anaplastic meningiomas have higher proliferative
indices, greater invasive potential, and earlier recurrence,
even after complete resection.?!) Recent WHO updates
have highlighted the prognostic significance of histological
and molecular characteristics over anatomical factors.¥

The role of resection remains debatable. While historical
studies have shown clear recurrence risk gradients across
Simpson grades, modern studies suggest minimal differences
between Simpson grades I and II resections, especially for
WHO Grade I tumors.?27 Our findings support this view,
as no significant difference in recurrence was observed
between Simpson grades I and II, and post-operative imaging
matched the surgical assessments of resection completeness.
The link between post-operative radiotherapy and recurrence
likely indicates confounding by indication, as radiation is
used for aggressive tumors or incomplete resection. Studies
have shown that while radiotherapy enhances local control in
high-risk meningiomas, it is not an independent predictor of
a positive prognosis.?43%

A key finding was the limited benefit of routine short-interval
post-operative imaging in asymptomatic patients with low-
risk tumors. Most recurrences were identified through
imaging before the appearance of symptoms; however,
significant findings in WHO Grade I patients after Simpson
Grade I-II resection were very low. Recent studies have
questioned the value of frequent imaging in patients with
low-risk meningioma.t*3!32

The economic and psychological effects of intensive imaging
surveillance warrant further consideration. Repeated scans
increase healthcare costs and may cause stress to patients.
Recent literature emphasizes the need to balance early
recurrence detection with patient-centered outcomes and
resource use, especially in resource-limited systems.

These findings support a risk-based surveillance approach in
which imaging frequency is determined by the WHO tumor
grade and clinical status. For WHO Grade I meningiomas
resected to Simpson grades I or 11, longer imaging intervals
seem justified. More frequent imaging is suitable for WHO
Grade II and III tumors, especially in the early post-operative
years, when the recurrence risk is highest.

CONCLUSION

This retrospective single-center study showed that the WHO
histological tumor grade is the most reliable predictor of
post-operative recurrence in intracranial meningiomas. The
distinction between Simpson grades I and II resections does
not significantly affect the early recurrence risk, highlighting
the importance of tumor biology over minor differences in
surgical extent.




in meningioma recurrence

The risk of recurrence is very low for WHO Grade I
meningiomas with complete or nearly complete resection.
Routine post-operative imaging at short intervals provides
minimal clinical benefit and may be unnecessary in
the absence of new neurological symptoms. Extending
surveillance intervals or selectively discontinuing routine
imaging after stable follow-up may be suitable for carefully
selected patients.

Patients with WHO Grade II and III meningiomas have
a higher recurrence risk, requiring closer post-operative
monitoring in the initial post-surgery years. Surveillance
should be individualized, with more frequent imaging and
additional therapies based on tumorbehavior and patient
factors.

These findings support a risk-adapted surveillance strategy
based on histological grade and clinical presentation. This
approach could reduce unnecessary imaging and patient
burden and optimize resources while maintaining oncological
safety. Multicenter prospective studies are required to refine
evidence-based follow-up protocols across a broader patient
population.
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