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Abstract

As the global population ages, the incidence of meningiomas rises, and the demand for clinical management of elderly patients also rises.
Meningiomas are common intracranial tumors, and their incidence increases with age. Elderly patients with meningiomas are prone
to comorbidities, reduced reserve function, atypical manifestations, increased perioperative risks, and impaired functional recovery,
making management more difficult. The application of neuroimaging leads to more elderly patients with asymptomatic or incidentally
discovered meningiomas. Choosing the best strategy among monitoring, surgery, radiotherapy, and other strategies is therefore key to
clinical decision-making. For asymptomatic, small, and radiologically low-risk meningiomas in elderly patients, active surveillance
is generally the preferred initial strategy. Surgery is more appropriate for symptomatic tumors, lesions with mass effect, documented
growth, progressive peritumoral edema, neurological deterioration, or other high-risk clinical and radiological features. However, the
treatment goal for elderly patients should emphasize symptom relief, preservation of neurological function, and quality of life more
than pursuing gross total resection as routine. Stereotactic radiosurgery and fractionated radiotherapy provide important supplementary
treatments for very elderly patients, high surgical risk patients, and postoperative residual lesions. This article reviews recent advances in
understanding meningiomas in elderly and very elderly patients, focuses on epidemiology, clinical characteristics, prognostic factors, and
treatment strategies, and also discusses the core principles of individualized management for this population to guide clinical practice.
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1. Introduction
In recent decades, improvements in public health,

chronic disease management, and social welfare systems
have prolonged global life expectancy and contributed to
an aging population [1]. According to the United Nations,
the population aged 65 years and older is projected to in-
crease substantially by 2050, with the population aged 80
years and older reaching 426 million [2,3]. Consequently,
the incidence and medical burden of age-related neurolog-
ical diseases are rising, with meningioma being one of the
most relevant conditions.

Meningiomas arise from arachnoid cap cells and are
among the most common primary intracranial tumors, ac-
counting for approximately one-third of all central ner-
vous system tumors [4,5]. Although most meningiomas
are World Health Organization (WHO) grade I lesions,
they exhibit substantial heterogeneity in growth rate, bio-
logical behavior, recurrence risk, and clinical presentation

[6,7]. Meningiomas can occur at any age, but their inci-
dence increases significantly with age, especially inmiddle-
aged and elderly people [8,9]. With the widespread use of
magnetic resonance imaging (MRI) and other neuroimag-
ing modalities, an increasing number of elderly patients are
now diagnosed with incidental meningiomas in the absence
of overt neurological symptoms [10].

However, the management of elderly patients with
meningiomas cannot be directly applied to young adults.
Elderly patients have conditions such as hypertension, coro-
nary heart disease, diabetes, cerebrovascular disease and
chronic lung disease. They may also be accompanied by
weakness, malnutrition, cognitive impairment, functional
dependence and other conditions [11,12,13]. These fac-
tors will affect perioperative risks, treatment tolerance, and
long-term functional recovery and require careful balancing
among tumor control, complication avoidance, and quality-
of-life assurance. Especially for asymptomatic lesions,
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skull base tumors, and elderly patients, there is no univer-
sally accepted standard for selecting between observation,
surgery, and radiotherapy [6,14]. Therefore, a compre-
hensive understanding of the epidemiology, clinical man-
ifestations, prognostic factors, and treatment strategies for
meningiomas in elderly patients is essential for improving
individualized management in this growing population.

2. Epidemiological Characteristics
Meningioma accounts for a substantial proportion of

adult intracranial tumors and is the most common nonglial
primary brain tumor [14,15]. Epidemiological studies have
consistently shown that both incidence and prevalence in-
crease with age, peaking in individuals aged 55–89 years
[7,16,17]. In the general population, the incidence of
meningioma is approximately 1 in 12,500, whereas in in-
dividuals older than 80 years, it may increase to around 1 in
2000 [17]. This pattern underscores advanced age as a ma-
jor epidemiological context for meningioma development.

A study by Kuratsu et al. [18] on intracranial tu-
mors found that meningiomas accounted for 32.2% (504
cases), of which 38.9% (196 cases) were incidental find-
ings; patients aged 70 and older accounted for 31.7% of all
meningioma cases, of which 49.3% (79 cases) were inci-
dental findings. Bateman et al. [19] used the US Inpatient
Database, including 8861 patients who underwent menin-
gioma resection, and reported that approximately 26%were
over 70 years old. Vernooij et al. [20] conducted a
population-basedMRI survey of 2000 volunteers and found
that the prevalence of meningiomas was 0.5% among those
aged 45–59, 1% among those aged 60–74, and 1.6% among
those aged 75–97. With the increasing use of neuroimaging
and the aging population, the proportion of elderly menin-
giomas in neurosurgery’s workload has become increas-
ingly significant.

Recent studies indicate that this trend is intensifying.
Amoo et al. [21] conducted a review noting that the inci-
dence of meningiomas in the 65–69 age group is approxi-
mately 25–30 cases per 100,000 people, and that with in-
creasing age, the incidence among those aged 85 and older
may reach 50 cases per 100,000. Approximately 80%–90%
of meningiomas are benign (WHO I), 15%–20% are atyp-
ical (WHO II), and less than 5% are malignant/anaplastic
(WHO III). The incidence of atypical or malignant menin-
giomas appears to be higher in the elderly, and menin-
giomas in the elderly should not all be considered low-risk
benign tumors [22,23,24].

There are significant gender differences in the inci-
dence of meningioma, which may be related to hormonal
mechanisms. Previous studies have found that the over-
all incidence of meningioma in women is approximately
twice that in men, and this ratio appears to increase with
age. Withrow et al. [25] analyzed the overall trend level of
nonmalignantmeningiomas using Surveillance, Epidemiol-
ogy, and End Results (SEER) data from 2004 to 2017, and

found that radiologically confirmed diagnoses were more
common in elderly patients and patients with smaller tu-
mors, and the incidence rate increased with age. But this
pattern is not so obvious in malignant meningiomas. In ad-
dition, many asymptomatic small meningiomas in the el-
derly are treated non-surgically, and pathologically based
epidemiological estimates may underestimate the true dis-
ease burden. With imaging and clinical diagnosis being
more integrated into routine practice, the actual detection
rate of meningiomas in older people may continue to rise.

3. Clinical Characteristics
Elderly patients with meningiomas have an insidious

onset and a relatively long course, and are more likely to
have atypical manifestations than young adults [26]. Older
adults often have brain atrophy, and the intracranial com-
pensatory space is relatively large. Even slowly growing
large tumorsmay have no clinical symptoms for a long time,
and obvious increased intracranial pressure or focal neuro-
logical deficits will appear only in the late stage. Therefore,
some elderly patients are diagnosed only when the tumor is
large, and present with mild headache, memory loss, be-
havioral changes or cognitive impairment [26,27]. These
manifestations are easily mistaken for cerebrovascular dis-
eases, neurodegenerative diseases, depression or dementia.

Symptoms of increased intracranial pressure in elderly
patients often appear relatively late. When nausea, vom-
iting, or papilledema occurs, the tumor often already has
an occupying effect [27]. Focal neurological deficits corre-
late with the tumor’s location. Lesions in important brain
function areas may cause hemiplegia, sensory disturbances,
aphasia, or visual field defects; due to differences in com-
pensation and slow tumor growth, these symptoms in older
peoplemay be hidden in the early stage [26]. Frontal lobe or
parasagittal sinus meningiomas often present initially with
behavioral/personality changes, and it is necessary to rec-
ognize cognitive/psychiatric symptoms in this population.

Cognitive dysfunction in patients with meningiomas
has gradually become a major clinical problem [6,28].
Studies have shown that these patients may have impair-
ments in executive function, processing speed, and lan-
guage fluency [29]. This situation is more complex in older
adults, because aging itself is a major risk factor for cogni-
tive decline. Epidemiological studies indicate that the back-
ground prevalence of mild cognitive impairment is 6.7%
among patients aged 60–64, and rises to 25.2% among pa-
tients aged 80–84 [30]. The multiple factors of cognitive
impairment in elderly patients with meningioma may not
only reflect the tumor location and volume, but also be ac-
companied by neurodegeneration or cerebrovascular dis-
ease. It should be noted that small incidental meningiomas
generally do not cause measurable cognitive impairment
[31].

Seizures are relatively common, about 30% of patients
have this condition, especially among patients with con-
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vexity meningiomas [32]. Seizures in older people may
be atypical, such as transient confusion, falls, abnormal be-
havior, or non-convulsive or subtle seizure manifestations;
these conditions may be mistaken for transient ischemic
attack (TIA), delirium or cognitive impairment [6]. Tu-
mors in the dominant cerebral hemisphere can cause lan-
guage disorders; meningiomas at the cerebellopontine an-
gle may cause hearing loss, tinnitus, or an unsteady gait,
but prior degenerative changes or pre-existing neurologi-
cal diseases often mask these symptoms in the elderly [33].
Therefore, for elderly patients with meningiomas, clinical
evaluation should combine detailed neurological examina-
tion with high-quality imaging.

4. Prognostic and Recurrence-Related
Factors

The prognosis for elderly patients with meningiomas
is influenced by several interconnected factors, including
the tumor’s pathological or radiological characteristics, the
patient’s overall health status, and their ability to tolerate
treatment [7,10,34,35,36,37]. Previous studies have shown
that several factors are associated with poorer outcomes,
including advanced age, male sex, larger tumor size, sig-
nificant peritumoral edema, lower preoperative Karnofsky
Performance Status (KPS), skull base tumor location,WHO
II–III histology, incomplete surgical resection, and periop-
erative complications [7,10,34,35,36,37].

Although postoperative survival rates are generally
lower in elderly meningioma patients in certain cohorts,
chronological age alone should not be considered a poor
prognostic factor [7,34,35]. Current evidence suggests that
the poorer outcomes observed in elderly patients are more
likely to reflect age-related biological changes, reduced
physiological and organ reserve, increased frailty, and a
higher burden of comorbidities—all of which may affect
postoperative recovery and treatment tolerance [12]. No-
tably, previous studies have shown that among appropri-
ately selected elderly patients, long-term survival rates fol-
lowing meningioma surgery may be comparable to those
of an age- and sex-matched general population, and that
functional status, comorbidity, tumor biology, and extent
of resection are more relevant prognostic determinants than
chronological age alone. Therefore, prognostic assessment
for meningiomas should go beyond age as an isolated vari-
able and instead incorporate a more comprehensive eval-
uation of functional capacity, general health, frailty, and
tumor-related characteristics.

Li et al. [38] conducted a comprehensive analysis of
the prognosis of elderly patients who underwent menin-
gioma resection. The study included 478 elderly partici-
pants, of whom 47 (10.0%) died during follow-up. Analysis
revealed that the 3-, 5-, and 10-year overall survival (OS)
rates were 94.1%, 90.7%, and 87.5%, respectively [38]. In
multivariate analysis, male sex, older age at surgery, recur-
rent meningioma, skull base location, peritumoral edema,

WHO II–III, perioperative medical or surgical complica-
tions, and a low postoperative KPS score were independent
risk factors for increased patient mortality [38]. Regarding
recurrence, 62 patients (13.0%) recurred during follow-up,
and the 3-year, 5-year, and 10-year recurrence-free survival
rates were 93.1%, 89.4% and 79.1%, respectively. Older
age, higher age-adjusted Charlson comorbidity index, dis-
ease recurrence, involvement of the motor cortex, WHO II–
III pathology, and subtotal resection are independent pre-
dictors of recurrence [38].

In elderly patients, a recent review and meta-analysis
showed that microsurgical resection can achieve a higher
proportion of total resection in patients over 80 years old,
but the perioperative mortality rate is about 5%, and the
surgical risk is relatively high in this population [39]. The
study also pointed out that preoperative KPS and Ameri-
can Society of Anesthesiologists (ASA) scores are closely
related to postoperative outcomes, and poor function and
high anesthesia risk predict higher complications and mor-
tality rates [39]. These findings indicate that perioperative
risk control is relatively important for the management of
meningiomas in elderly individuals, especially in older pa-
tients.

Recently, frailty has been an important prognostic fac-
tor in elderly patients with meningioma. Frailty is not age,
but a multidimensional state, characterised by low physical
resources, reduced stress tolerance, and increased vulner-
ability. Tariciotti et al.’s [12] frailty-adjusted risk stratifi-
cation model shows that frailty is closely related to long-
term postoperative functional outcomes, quality of life, and
complication risk. Therefore, the prognostic assessment of
elderly meningioma should shift from the traditional “age
+ pathology” model to a more comprehensive framework
that encompasses age, function, frailty, tumor biology, and
treatment methods.

5. Management Strategies
5.1 Conservative Management

Among elderly patients with meningiomas, conser-
vative treatment is not passive in some cases, but an ac-
tive strategy [6,21]. Neuroimaging has become more com-
mon, and more asymptomatic small meningiomas have
been found in the elderly; many studies have shown that
these lesions grow slowly or remain stable during follow-
up [40,41,42]. Immediate invasive intervention for such
patients may not confer significant benefit, but it will also
carry unnecessary risks that may affect quality of life.

Several studies have shown that radiological fea-
tures, such as maximum diameter ≤3 cm, calcification, fe-
male sex, low T2-weighted signal, no obvious peritumoral
edema, etc., are associated with a lower risk of progression
[41,42,43]. Active surveillance is often a reasonable initial
option for patients who are very elderly, have high comor-
bidities, or limited life expectancy. Especially for patients
over 80 years old, minor tumor growth may not have clin-
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ically meaningful consequences for their remaining lifes-
pan, so initial observation is often a pragmatic approach
[17,21,39].

However, conservative management does not mean
ignoring it. Some elderly patients’ meningiomas may grow
relatively rapidly, leading to increased peritumoral edema
or slowly progressive symptoms, especially in those with
atypical histology, irregular borders, or proximity to key
neurovascular structures [23,44]. If observation is chosen,
a structured follow-up needs to be established, including
regular MRI examinations, neurological assessments and
symptom monitoring. Dynamic assessment of growth rate,
anatomical location, potential functional risks and patient
preferences usually provides more information than just
measuring tumor diameter. Existing evidence also shows
that performing preventive surgery on asymptomatic el-
derly patients may increase the risk of neurological dete-
rioration and other adverse events [45,46], which further
supports monitoring as a preventive measure for low-risk
lesions.

To facilitate clinical application, we have compiled
the imaging features that can be used to guide management
stratification (Table 1, Ref. [47,48]). Findings supporting
active surveillance include: small maximum tumor diam-
eter (≤3 cm), the presence of calcifications, low T2 sig-
nal intensity, absence of peritumoral edema, no evidence
of definite growth on serial imaging follow-up, and a loca-
tion not adjacent to critical neurovascular structures. Indi-
cations supporting active intervention (such as surgical re-
section, stereotactic radiosurgery, or fractionated radiation
therapy) include: radiologically confirmed tumor growth,
peritumoral edema, T2 hyperintensity, absence of calcifi-
cation, large maximum tumor diameter (>3 cm), proximity
to functional cortical areas or major vascular structures, the
presence of significant mass effect, and progressive symp-
toms. It is important to emphasize that no single imaging
feature is decisive; the final management decision should be
based on a comprehensive evaluation of imaging findings,
clinical symptoms, the patient’s frailty, comorbidities, and
the patient’s explicit treatment preferences.

5.2 Surgical Treatment

Surgical resection is an important treatment for el-
derly patients with meningiomas, especially for those with
obvious symptoms, large masses, progressive neurological
deficits, or definite tumor growth during follow-up [6]. Tra-
ditionally, the goal of meningioma surgery is to maximize
tumor resection while preserving neurological function, re-
lieving the mass, improving symptoms, and reducing the
risk of recurrence [6]. However, whether gross total resec-
tion is the primary goal remains controversial in elderly pa-
tients.

Multiple studies have shown that the postoperative
mortality rate and complication rate of elderly patients after
meningioma surgery are higher than those of young patients

[23,24,36,49]. Meta-analysis evidence shows that older
people are more prone to neurological and systemic com-
plications, a higher ASA grade is a key precursor of neu-
rological complications, and advanced age is more closely
associated with systemic adverse events [23]. Bateman et
al. [19] reported that the postoperative mortality rate of pa-
tients over 70 years old is about 4%, nearly 4 times that of
young patients, and the risk of poor prognosis in patients
over 80 years old increases again. Diaz et al. [39] also
pointed out that even if 88% of patients ≥80 years old un-
derwent total resection, the perioperative mortality rate re-
mained about 5%. Overall, these research findings indicate
that older adults, especially those who are very elderly, are
more susceptible to the effects of surgical stress.

At the same time, when patients are carefully selected,
elderly individuals may still derive substantial benefit from
surgery. Several studies have shown that in patients with
relatively high preoperative KPS, no severe neurological
deficits, controllable comorbidities, and surgically accessi-
ble tumor locations, surgery can provide effective symptom
relief and acceptable long-term outcomes [37,50]. These
findings indicate that age alone should not be considered
an absolute contraindication to surgery. Rather, the key de-
terminant of surgical value is whether the patient is likely
to achieve net clinical benefit.

The surgical approach to elderly meningiomas has
changed from “maximum resection” to “maximum safety
benefit”. For some tumors located at the skull base, within
the paranasal sinuses, or close to neurovascular structures,
complete resection may increase the risk of complications
and functional decline. Elderly patients usually recover
poorly. For elderly patients, partial resection is more rea-
sonable. Partial resection can reduce operative duration,
blood loss, and anesthesia burden. The residual tumor may
not cause clinical problems during the patient’s remaining
life, and, if necessary, stereotactic radiosurgery (SRS) can
be used for control [6,51]. This concept conforms to the
“residual coexistence” concept, and a function-oriented el-
derly staging method has also been developed.

In addition, Preoperative risk stratification tools have
certain value for surgical decision-making in elderly pa-
tients with meningiomas. KPS, ASA, SKALE (Sex,
Karnofsky, ASA score, Location, Edema) scores and frailty
assessments can help identify patients who may benefit
from aggressive surgery [52,53,54,55]. Especially in pa-
tients aged ≥80 years, functional status and systemic risk
factors other than age may predict postoperative outcomes
better than age alone. Therefore, the extent of resection
in elderly patients should not be determined by age alone,
but by the anticipated balance between tumor control and
treatment-related morbidity. In fit older adults with good
baseline function and surgically accessible convexity or
non-eloquent lesions, gross total resection may still be an
appropriate goal when it can be achieved with acceptable
risk. In contrast, for skull base, petroclival, cavernous
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Table 1. Imaging and clinical features guiding management stratification in elderly meningioma patients.
Feature Favours active surveillance Favours active intervention

Maximum tumor diameter ≤3 cm >3 cm
Growth on serial imaging No documented growth Documented growth (tumor diameter increases >3

mm/year or tumor volume increases >15–20%/year) [47]
Calcification Present Absent
T2 signal Hypointense Hyperintense
Peritumoral edema Absent Present
Mass effect Absent Present
Location Non-eloquent, remote from critical struc-

tures
Adjacent to eloquent cortex, cranial nerves, or major ves-
sels

Clinical symptoms Asymptomatic, incidentally detected Progressive neurological/cognitive deficits, seizures, raised
ICP

WHO grade (pathology/suspicion) Grade I, classic imaging features Grade II–III features, irregular margins, brain invasion sus-
pected

Suggested management Active surveillance (6-month, then annual
MRI) [47]

Surgery/SRS/Fractionated RT/MDT discussion

Avoid aggressive intervention if — Age ≥85 years old and highly frail, unable to withstand in-
tervention treatment [48]

WHO, World Health Organization; MRI, magnetic resonance imaging; ICP, intracranial pressure; SRS, stereotactic radiosurgery; RT, radi-
ation therapy; MDT, multidisciplinary team.

sinus, or other neurovascularly complex meningiomas—
particularly in frail, very elderly, or functionally vulnerable
patients—planned subtotal resection for decompression and
symptom relief, followed by surveillance or stereotactic ra-
diosurgerywhen appropriate, may provide amore favorable
risk–benefit profile.

5.3 Radiotherapy
In the comprehensive treatment of elderly patients

with meningiomas, radiotherapy has become increasingly
important, especially in cases where craniotomy is not suit-
able, postoperative residual, recurrent or high-grade menin-
giomas [6,51]. The commonmethods are stereotactic radio-
surgery and fractionated radiotherapy. Generally speaking,
stereotactic radiosurgery is targeted at lesions with clear
borders, small volume, and far from key structures; frac-
tionated radiotherapy is targeted at larger tumors, obvious
peritumoral edema, and tumors close to nerves, the brain-
stem, or functional areas [56,57].

Current evidence indicates that radiation therapy (RT)
achieves a relatively high local control rate, with tumor con-
trol rates ranging from 90% to 95% [51,58,59]. For skull
base meningiomas, cavernous sinus lesions or elderly pa-
tients with high surgical risks, radiotherapy is particularly
attractive [57]. Some studies suggest that primary SRS
may improve the progression-free survival (PFS) of inci-
dental meningiomas, and the risk of secondary neurological
deficits is relatively low [60]. Therefore, among elderly pa-
tients, when their tumors show interval growth on imaging
but are not suitable for open surgery, SRS may provide a
less invasive alternative.

In the setting of adjuvant therapy, radiotherapy has
a more obvious effect on incompletely resected and high-
grade meningiomas. WHO I meningiomas usually do not
have routine adjuvant radiotherapy after gross total resec-
tion. Still, in cases of recurrence/residual tumors in com-
plex areas, adjuvant/salvage radiotherapy may be required
[61]. For WHO II meningiomas, adjuvant radiotherapy is
often recommended after subtotal resection, and the role of
adjuvant radiotherapy after gross total resection is contro-
versial; evidence suggests that it may improve local con-
trol and progression-free survival, but overall survival ben-
efits are not always evident [62,63,64]. WHO III menin-
giomas usually use adjuvant radiotherapy, but for elderly
patients, the degree of benefit needs to be individually ad-
justed according to the extent of resection, functional status,
and treatment goals [65,66,67].

It should also be acknowledged that radiotherapy in
elderly patients raises specific concerns, including cogni-
tive decline, radiation necrosis, and exacerbation of peri-
tumoral edema [68,69,70]. Although some evidence sug-
gests that the radiation doses commonly used for menin-
gioma may have a limited cognitive impact, careful evalu-
ation remains necessary in patients with preexisting cogni-
tive impairment, extensive white matter disease, or marked
frailty. Overall, Stereotactic radiosurgery should not be re-
garded as a universal alternative to surgery for elderly pa-
tients. It is most suitable for selected small tumors, resid-
ual or recurrent lesions, patients at high surgical risk, or
meningiomas located in anatomically complex regions. In
contrast, large tumors with marked mass effect, significant
peritumoral edema, progressive neurological impairment,
or those requiring decompression or histological diagnosis
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Table 2. Treatment selection in elderly patients with meningioma.
Clinical scenario Observation Surgery SRS Fractionated RT Combined strategy

Asymptomatic, small,
low-risk lesion, no
growth

Preferred Usually not first-line Consider only selected
cases

Rarely needed No

Symptomatic tumor with
mass effect

Usually not suf-
ficient

Preferred Usually unsuitable Usually unsuitable
as first-line

Possible after limited
surgery

Documented growth on
serial imaging

Consider if
frail and slow-
growing

Consider if accessible
and patient fit

Suitable in selected
small/moderate lesions

Suitable near critical
structures or larger
lesions

Consider

Skull base/cavernous si-
nus/petroclival lesion

Selected cases Often limited/debulking
rather than aggressive
GTR

Often useful for small
residual or primary se-
lected lesions

Often useful Frequently relevant

Large lesion with marked
edema

Not preferred Often required for de-
compression

Generally less suitable Selected only, de-
pending on goal

Often reasonable

Severe frailty, advanced
cognitive impairment,
high dependency, limited
life expectancy

Often preferred Usually limited benefit Case-by-case Case-by-case Usually not ap-
propriate unless
symptom palliation
expected

GTR, gross total resection.

are generally not suitable for SRS. They are better managed
through surgery or combined approaches.

Therefore, clinical decision-making for elderly pa-
tients with meningiomas should be driven by benefit rather
than by age thresholds. In practice, treatment options
should be determined by addressing several key questions:
(1) Is the tumor symptomatic or showing radiological pro-
gression? (2) Is there an associated mass effect or pro-
gressive edema? (3) Is a definitive diagnosis or decom-
pression required? (4) Is the lesion resectable, and are
the neurological and systemic risks acceptable? (5) Does
the patient have sufficient functional reserve, cognitive sta-
tus, and overall health to derive meaningful benefit from
the intervention? For asymptomatic, low-risk lesions with-
out obvious growth or mass effect, observation is generally
the preferred approach. Surgery is indicated when symp-
toms, growth, edema, mass effect, or the need for decom-
pression/histological diagnosis are present, and the surgical
risk is acceptable. SRS is indicated for small-volume tu-
mors, residual or recurrent lesions, anatomically complex
locations, or patients with increased surgical risk. When
tumor size or proximity to the optic nerve, cranial nerves,
or other critical structures makes a single SRS session un-
suitable, fractionated SRS is preferred. When curative
surgery is unlikely to improve functional outcomes, com-
bined strategies—such as SRS following limited resection
or fractionated SRS—may be particularly useful (Table 2).

6. Discussion
6.1 Increasing Disease Burden but Insufficient
High-Quality Evidence

Meningioma in older adults has become one of the
most common challenges in neuro-oncology and geriatric

neurosurgery, yet a substantial gap remains between clini-
cal demand and the available evidence base [6,71,72]. On
the one hand, the number of diagnosed cases—particularly
incidental lesions—continues to rise as a result of pop-
ulation aging and the widespread use of neuroimaging
[41,71,72,73,74]. On the other hand, high-quality prospec-
tive studies and standardized decision-making criteria re-
main limited, and most currently available evidence derives
from retrospective single-centre studies with considerable
heterogeneity in patient selection and outcome definitions
[6,17,23,71,75,76]. As a result, substantial variability per-
sists in the management of similar patients across institu-
tions.

Importantly, treatment goals in elderly patients dif-
fer from those in younger adults [6,12,38,71]. Whereas
management in younger patients often emphasises long-
term tumor control and minimisation of recurrence, elderly
patients are more likely to prioritise perioperative safety,
preservation of neurological function, cognitive stability,
and maintenance of independent living [12,38,71]. There-
fore, treatment paradigms derived from the general adult
meningioma population cannot be directly extrapolated to
older patients without modification. Future progress in
this field will depend on the development of an evidence
framework more closely aligned with geriatric principles
and function-oriented outcomes [6,12,71].

6.2 From an Age-Centered to a Benefit-Centered Model

Chronological age has long been regarded as a ma-
jor determinant of treatment intensity, particularly in pa-
tients aged 80 years and above [19,75,77,78]. However,
growing evidence suggests that age itself is neither the
sole nor the most decisive predictor of adverse outcomes
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[12,13,17,38,71,76]. Rather, outcomes are more strongly
influenced by clinical factors commonly associatedwith ad-
vanced age, including comorbidity burden, frailty, preoper-
ative KPS, cognitive status, nutritional condition, and func-
tional dependence [12,13,17,38,76]. Frailty and nutritional
status reflect a patient’s overall condition and physical fit-
ness, which can affect surgical tolerance and overall recov-
ery. The threshold for aggressive surgery should be signif-
icantly higher for such patients, as treatment-related mor-
bidity may outweigh the potential benefits of tumor control;
cognitive status determines a patient’s treatment prognosis;
such patients face a higher risk of poor functional recovery
and loss of independence, so aggressive treatment should
be approached with greater caution; postoperative delirium
has significant practical implications for elderly patients,
as it may lead to long-term cognitive and functional de-
cline, severely affecting treatment outcomes; this should
be a key consideration during preoperative risk-benefit dis-
cussions; social support and functional dependence influ-
ence a patient’s postoperative care; a lack of support after
surgery may prevent a return to independent living. There-
fore, treatment decisions regarding social support should
not be based solely on the tumor itself.

This distinction has important practical implications
[12,38]. Some very elderly patients may still derive
substantial benefit from active treatment if they have
good baseline function, clear tumor-related symptoms, rel-
atively superficial lesions, and acceptable surgical risk
[17,36,38,75,79]. Conversely, even patients who are not
extremely old may derive limited benefit if they already
have pronounced frailty, functional dependence, or severe
systemic disease [12,38,76]. Decision-making in elderly
meningioma should therefore move away from an age-
centered model and toward a benefit-centered one, focusing
on whether a given intervention is likely to provide mean-
ingful functional and survival benefits rather than relying
on age thresholds alone [12,38].

6.3 Incidental Meningioma in Older Adults Has Changed
the Logic of Management

The elderly should not be viewed as a homogeneous
population. Definitions of “the elderly” vary in the liter-
ature; some studies use 65 years as the cutoff, while oth-
ers use 70 or 80 years [17,71,75]. However, in clinical
practice, patients aged 65, 75, and 85 differ significantly in
terms of physiological reserve, life expectancy, burden of
comorbidity, and perioperative tolerance; therefore, group-
ing them together may obscure clinically significant differ-
ences [12,38,71]. For the purposes of this study, we fur-
ther divided older adults into two categories: the elderly
(ages 65–79) and very elderly (≥80). This stratification
is clinically meaningful because treatment goals differ sig-
nificantly between these groups. For patients aged 65–79,
long-term tumor control and minimizing recurrence remain
relevant goals alongside functional preservation. For pa-

tients aged ≥80 years, the primary goals are almost ex-
clusively symptom relief, maintenance of quality of life,
and avoidance of harm; aggressive intervention is rarely
justified unless the patient has exceptional baseline func-
tion, significant symptoms, and is a candidate for surgi-
cal resection [39,71,75,78]. This heterogeneity is particu-
larly important in the management of incidentally discov-
ered meningiomas.

In the era of modern neuroimaging, an increasing pro-
portion ofmeningiomas in older adults are detected inciden-
tally, fundamentally altering the logic of clinical decision-
making [41,73,74]. Historically, meningiomas were more
often diagnosed only after producing overt symptoms, mak-
ing the indication for treatment relatively straightforward.
By contrast, many contemporary patients are identified
while asymptomatic or only mildly symptomatic, requir-
ing a different management framework in which the central
question is no longer how to treat, but whether treatment is
needed at all [41,73,74].

Available evidence generally supports an observation-
first strategy for small lesions located outside critical func-
tional areas that are densely calcified, T2-hypointense, and
without peritumoral edema [41,71,74]. This approach re-
flects not only the typically indolent growth pattern of
such tumors but also that, in older adults, limited life ex-
pectancy, comorbidity burden, and treatment-related risks
mean that radiological detection alone does not necessar-
ily justify immediate intervention. Nevertheless, incidental
discovery should not be equated with uniformly low risk
[41,74]. Continued tumor growth, progressive edema near
eloquent structures, or the development of new focal symp-
toms should prompt reassessment of the timing of inter-
vention [6,41,71,74]. Thus, in older adults with incidental
meningioma, the key clinical issue is not simply whether to
observe or treat, but when observation should transition to
active management [41,74].

Therefore, in practical clinical practice, for small to
medium-sized, incidentally discovered, asymptomatic, and
low-risk meningiomas, it is recommended to adopt an ini-
tial strategy of active monitoring through regular MRI. The
monitoring interval should be personalized: MRI exam-
ination should be conducted every 6 months in the first
year, and if stable, once a year, and reevaluated based on
growth, new symptoms, or imaging changes. For menin-
giomas that are symptomatic or growing, accompanied by
space-occupying effects, edema, or progressive neurolog-
ical/cognitive symptoms, this situation requires a positive
risk-benefit balance. At present, microsurgical resection
may achieve ultimate control for elderly patients with fully
functional and surgically resectable lesions. For patients
with high surgical risk but substantial mass effects, staged
or palliative methods such as subtotal resection combined
with SRS can be considered. For residual, recurrent, or
WHO II–III meningiomas, clinical decision-making should
be guided by the speed of previous tumor recurrence, the de-
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gree of previous treatment, the presentation status, as well
as the values and nursing goals of the patient and family.

6.4 Reframing Surgical Goals and Integrating Surgery
With SRS

Conventional meningioma surgery has traditionally
emphasized Simpson grade I or II resection, when feasi-
ble, to reduce recurrence [6,17]. In elderly patients, espe-
cially the very elderly, this goal should be reconsidered in
light of overall patient benefit rather than extent of resec-
tion alone [12,17,71,75]. Whereas recurrence control is of-
ten the dominant endpoint in younger patients, outcomes
such as perioperative mortality, neurological deterioration,
cognitive decline, long-term dependence, and loss of inde-
pendent living may be of greater immediate clinical rele-
vance in older adults [12,38,75,78]. Accordingly, the sur-
gical objective in elderlymeningiomamay be better defined
as maximizing safe benefit rather than maximizing safe re-
section [12,17,71,75]. Treatment success should therefore
be judged not only by the extent of resection, but also by
symptom relief, preservation of function, recovery poten-
tial, and quality of life [12,38].

Within this framework, surgery and SRS should be
viewed not as competing options, but as complemen-
tary modalities along a therapeutic continuum [6,42,71].
Surgery provides rapid decompression, tissue diagnosis,
and symptomatic relief, whereas SRS offers a less inva-
sive means of controlling residual, recurrent, or surgically
high-risk lesions [42,71]. This combined approach is par-
ticularly relevant for skull base lesions, tumors invading
the paranasal sinuses, and lesions adjacent to major neu-
rovascular structures, where aggressive gross total resec-
tion may increase the risk of permanent neurological injury
and where oncological gains may not justify the functional
cost [6,17,42,71]. In such settings, limited decompression
or subtotal resection followed by SRS may provide a more
favorable balance between tumor control and treatment bur-
den, especially in very elderly or frail patients, and is con-
sistent with a function-first, low-burden management strat-
egy in geriatric neurosurgery [12,17,39,42].

6.5 Cognitive and Quality-of-Life Outcomes Should
Receive Greater Attention

Most current studies on meningioma in elderly pa-
tients continue to focus primarily on traditional endpoints
such as mortality, complication rates, length of hospi-
tal stay, and recurrence, while giving insufficient atten-
tion to the outcomes that matter most to older patients
[12,75,76,78]. For many very elderly individuals, the abil-
ity to walk, eat, use the toilet, communicate, and con-
tinue living at home independently after treatment may be
more important than achieving radiological gross total re-
section [12,38]. Similarly, postoperative cognitive trajecto-
ries, long-term delirium, and the need for institutional care

may better reflect the real value of treatment than local tu-
mor control alone [12,13].

Accordingly, future studies should place greater em-
phasis on functional independence, cognitive outcomes,
symptom relief, rehabilitation requirements, and patient-
reported outcomes [12,38]. Only when the study design is
aligned with the priorities of elderly patients can research
findings more effectively inform clinical practice.

6.6 Limitations of the Current Evidence Base
Although the literature on elderly meningioma has ex-

panded substantially in recent years, several important limi-
tations remain [17,23,71,75,76]. First, most available stud-
ies are retrospective and therefore susceptible to selection
bias, since patients selected for surgery are often healthier
at baseline, potentially leading to an overestimation of sur-
gical benefit [17,23,76]. Second, definitions of “elderly”
vary across studies, and there is considerable heterogene-
ity in tumor location, pathological grade, and perioperative
management, which complicates direct comparisons across
cohorts [23,71,75,76]. Third, many studies have limited
follow-up duration and may therefore underestimate long-
term cognitive decline, functional deterioration, and late
recurrence [12,38,76]. Finally, inconsistencies in the def-
initions of complications and functional outcomes reduce
cross-study comparability and limit the robustness of meta-
analytic conclusions [75,76].

Accordingly, two interpretive extremes should be
avoided: excessive conservatism based solely on the ele-
vated risk associated with advanced age, and indiscrimi-
nate expansion of surgical indications based on reports sug-
gesting that surgery is “acceptable” in selected elderly pa-
tients [12,17,71,75,78]. In the setting of an incomplete ev-
idence base, individualized, multidisciplinary, and patient-
centered decision-making remains essential [6,12,71].

7. Future Perspectives
In the future, we believe that research and clinical

practice focused on meningiomas in older people should
receive greater attention. For example, a risk stratifica-
tion model specifically designed for elderly patients should
be developed as soon as possible to assess patient progno-
sis and help clinicians make more accurate decisions. Al-
though traditional indicators such as age, KPS, and ASA
scores are useful, they are not sufficient to fully capture
treatment risks. Future models should incorporate the
above factors and combine frailty, nutritional status, cog-
nitive function, radiological features, and potential molec-
ular pathological markers. Secondly, strengthen interdisci-
plinary collaborativemanagement, diagnosis and treatment.
The diagnosis and treatment of elderly meningioma pa-
tients involve not only neurosurgeons but also anesthesiolo-
gists, geriatricians, rehabilitation specialists, neuroradiolo-
gists, radiation oncologists, and professional nursing teams.
Multidisciplinary discussions may contribute to more com-
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prehensive risk assessment and optimization of treatment
decisions. Thirdly, future research should place greater em-
phasis on endpoints such as functional prioritisation, cogni-
tive outcomes, and quality of life, rather than just focusing
on issues such as survival and recurrence. For elderly pa-
tients, maintaining acceptable daily functioning after diag-
nosis and treatment is usually more meaningful than pro-
longing survival alone. In addition, minimally invasive di-
agnosis and combined treatment strategies are worth further
research, including limited decompression, subtotal resec-
tion combined with SRS, and more refined perioperative
management. Finally, with the accumulation of research
evidence, standardized diagnosis and treatment recommen-
dations for specific age groups should be developed based
on existing guidelines for meningiomas to improve the con-
sistency of treatment concepts and clinical practices across
centres.

8. Conclusions
Global population aging has led to an upward trend in

the incidence, detection and management of meningiomas
in older people. Elderly patients with meningiomas differ
from younger patients in terms of tumor biology, clinical
manifestations, detection, and treatment tolerance, and re-
quire more individualized care. For asymptomatic, smaller
and radiologically low-risk lesions, active surveillance is
usually a reasonable and safe strategy. For tumors with
obvious symptoms, mass effect, or persistent radiologi-
cal progression, surgery is an important treatment option;
however, the treatment goal should focus more on reliev-
ing symptoms, preserving neurological function, and im-
proving quality of life, rather than pursuing complete re-
section. Radiotherapy, especially stereotactic radiosurgery,
has important comprehensive value in the management of
patients with high surgical risk, anatomically complex le-
sions and postoperative residual disease. Overall, decision-
making for elderly meningioma patients needs to shift from
age-centric to benefit-centric, integrating functional status,
frailty, comorbidities, tumor characteristics, and individual
treatment goals. More high-quality prospective studies fo-
cused on elderly and very elderly patients should be con-
ducted to clarify the benefits of treatment strategies and ad-
vance precise, standardized, patient-centered meningioma
management in this growing population.
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