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Background and Aim: Despite advancements in neuroimaging and surgical techniques, the 
management of meningioma in older patients remains challenging. In this study, we aimed to 
compare the impact of age on complications and outcomes of surgical resection of intracranial 
meningioma.

Methods and Materials/Patients: This retrospective cohort used medical records of 62 patients 
with confirmed intracranial meningioma who underwent surgical removal including 31 patients 
aged 18 to 65 (group 1) and 31 patients aged 65 and older (group 2). Demographic data along with 
discharge and six-month post-surgery Glasgow Outcome Scale (GOS) scores and complications 
were collected and compared between the two groups.

Results: Group 1 included 8(42.11%) males and 23(53.49%) females with a mean age of 44.39±6.44 
years. Group 2 had 11(57.89%) males and 20(46.51%) females with a mean age of 68.65±4.54 
years. The discharge and overall six-month mortality rate were 0% in group 1 and 6.45% in group 2. 
Unfavorable outcomes (GOS scores of 2 and 3) were seen in 1(3.23%) of the younger and 1(3.45%) 
of the older groups. The prevalence of the recorded postoperative complications was 9.68% 
(peritumoral edema), 8% (cerebral hemorrhage), and 4.84% (wound infection) of the participants. 
There was no statistical difference between the study groups concerning postoperative mortality 
rate, outcomes, or complications.

Conclusion: Our results suggest that age does not increase the incidence of mortality, unfavorable 
outcomes, or surgical complications following meningioma removal. Regardless of age, proper 
patient selection for meningioma surgery may lead to favorable outcomes.
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1. Introduction

eningioma arises from the arachnoid 
cells of the leptomeninges throughout 
the Central Nervous System (CNS) 

[1]. According to the latest report of the Central 
Brain Tumor Registry of the United States (CBTRUS) 
(CBTRUS: 2016-2020), meningioma, as the most 
commonly documented histopathology, comprised 
40.8% of all of CNS tumors and 56.2% of all non-
malignant CNS tumors [2]. Based on the United Nations 
2024 world population prospects report, by mid-2030, 
the global population of 80 years and older will 
surpass that of infants (one year or younger) [3]. 
CBTRUS 2016-2020 report showed that the annual 
incidence rate of meningioma rose as people age. In 
this report, no individuals in the age group of 0-14 were 
diagnosed with meningioma, while the incidence rate 
was 20.9 in the 40+ age group [2]. The prevalence of 
incidental findings of meningioma also increases with 
age, possibly related to increased imaging indications in 

the elderly. Based on a 2021 meta-analysis, the pooled 
prevalence of incidental meningioma from 36 studies 
was 0.52%; however, the prevalence increased with age 
which showed a 3% prevalence at 90 years of age [4]. 

Surgery is the primary standard treatment for 
most of the patients with symptomatic or enlarging 
tumors [5]; however, it is not without complications. 
Meningioma surgery can lead to complications such 
as cerebral hemorrhage, infection, neurological deficit 
[6], postoperative hydrocephalus [7], peritumoral 
edema [8], and seizure [9]. It was shown previously that 
advancing age has been reported to be an independent 
risk factor for worse outcomes after surgical procedures 
[10]. Regarding meningioma surgery, the mortality 
and morbidity rate of meningioma in elderly patients 
showed considerable variation among different studies 
[11]. One-year and five-year mortality rates after 
tumor resection range from 0 to 16.7% and 7 to 27% in 
elderly patients, respectively [12]. Although it has been 
evidenced in some studies that mortality or morbidity 
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Highlights 

● Outcomes and complications of meningioma surgery in younger and older patients were investigated.

● No differences in discharge and six-month mortality were found between the groups.

● No differences in unfavorable outcomes were found between the groups.

● No differences in postoperative complications were seen between the groups.

● Age alone did not correlate with increased mortality, unfavorable outcomes, or complications.

Plain Language Summary 

This study looked at whether a person’s age affects the risks and outcomes of surgery to remove intracranial 
meningiomas, which are usually benign brain tumors. Although most cases are asymptomatic, they can cause various 
symptoms by compressing the brain tissue. In this study, we compared two groups of patients, a group aged 18-
65 and another group 65 and older. Our goal was to understand whether older patients develop higher risks of 
complications, such as brain swelling, bleeding, or infection, and if they have different recovery outcomes after 
surgery. In analyzing the records of 62 patients who had undergone the surgical removal of meningiomas, we found 
that while older patients are often thought to be at higher risk, the rate of complications and recovery outcomes were 
very similar across both age groups. Both younger and older patients had overall good recoveries six months after 
surgery. Only a small number of patients, regardless of age, experienced significant post-surgery issues. Interestingly, 
there was no significant difference in the rates of serious complications or unfavorable outcomes between the two 
age groups. These findings are important because they suggest that, with careful patient evaluation before selecting 
a patient for surgery, age alone should not be a barrier to meningioma surgery. This information can help doctors and 
families make informed decisions about surgery for older patients with these tumors, providing reassurance that age 
may not lead to worse outcomes in appropriately selected cases. This could allow more elderly patients to benefit 
from surgery, potentially improving their quality of life.
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after meningioma surgery was significantly higher in 
older than younger patients [13-15], it was also argued 
there was no significant difference between older and 
younger age groups regarding the rate of mortality 
[13, 16, 17] or complications [17] after surgery. There 
has been a growing body of evidence to support that 
age should not be considered as a sole prognostic 
factor before choosing a patient for surgical removal of 
meningioma [12, 18-21]. Instead, individualized patient 
selection has been proposed [22]. Therefore, identifying 
the relevant prognostic indicators of meningioma is 
crucial for developing a standard preoperative predictive 
score for the outcome of surgery. Previous inconsistent 
findings regarding the role of age in mortality and 
morbidity following meningioma removal necessitated 
more investigations.

This study aimed to investigate whether age influences 
the rates of complications and outcomes of meningioma 
surgery. The main objectives were to compare the 
short- and long-term complications and outcomes of 
surgical treatment for intracranial meningioma in two 
age groups.

2. Materials and Methods

Participants

In this retrospective cohort study, medical records of 
62 patients with the diagnosis of meningioma who had 
undergone surgery at an educational hospital affiliated 
with the Guilan University of Medical Sciences, Rasht, 
Iran, involving 31 aged 18 to 65 (group 1) and 31 aged 65 
or older (group 2) were selected. The inclusion criteria 
were patients with confirmed World Health Organization 
(WHO) grade I or II intracranial meningioma who 
had the American Society of Anesthesiologists (ASA)
classification score of I or II [23]. The exclusion criteria 
were patients younger than 18 years of age, patients 
with debilitating comorbidities, such as advanced 
diabetes mellitus, stroke, neurofibromatosis, and 
other intracranial lesions, patients needing immediate 
radiotherapy after surgery, and patients with tumor 
location in the skull base (tuberculum sellae, cavernous 
sinus, sphenoid wing, and clinoid process) and motor 
cortex (precentral gyrus) on neuroimaging findings.

Baseline demographic data, complications of surgery 
until discharge, the discharge outcome of the patients, 
and long-term follow-up after six months outcome were 
collected via a checklist through their medical records.

Data collection

Baseline demographic and clinical data were collected from 
the medical records. Age at the time of surgery, gender, and 
tumor location (convexity, falx/tentorium, olfactory, 
parasagittal) were recorded for all patients. Also, 
information about the following complications of surgery 
was obtained; peritumoral edema, cerebral hemorrhage, 
surgical wound infection, seizure, hydrocephalus,
Cerebrospinal Fluid (CSF) leakage, surgical wound 
dehiscence, Deep Vein Thrombosis (DVT), and pressure 
ulcer. Peritumoral edema, cerebral hemorrhage, and 
hydrocephalus were evaluated using post-surgery 
neuroimaging. DVT was assessed using post-surgery 
Doppler ultrasound. The outcome of the surgery upon 
discharge and the long-term outcome six months after 
surgery was assessed using the Glasgow Outcome Scale 
(GOS). GOS is a five-point scale designed to evaluate 
disability outcomes. It comprises five descriptive 
categories (death, persistent vegetative state, severe 
disability, moderate disability, and good recovery) [24]. A 
favorable outcome was defined as a GOS score of 4 or 5 and 
an unfavorable outcome was met when a GOS score was 2 
or 3 [24]. The mortality rate was calculated as the number of 
deaths for each group at discharge and within 6 months 
following surgery. 

Sample size

Based on the study by Slot et al. [17] and the favorable 
GOS percentage of 93% in the young adults’ group and 
64% in the elderly group, α=0.05, β=0.02, and group 
ratio (r=1), at least 31 young adults and 31 elderly 
participants were required for our research.

Statistical methods

Statistical analyses were performed using SPSS 
software, version 26.0 (IBM Corp., Armonk, NY, USA). 
Age, the sole continuous quantitative variable, was 
reported as Mean and standard deviation (Mean±SD). All 
other variables, being categorical, were presented as 
frequencies and percentages. Comparisons between study 
groups were conducted using the chi-square test or Fisher’s 
exact test, as appropriate. A significant level of 0.05 was 
applied for all statistical tests.

3. Results

Baseline demographics of the study groups are 
presented in Table 1. Group 1 included the younger 
patients with a Mean±SD of 44.39±6.44 and group 2 
consisted of the older patients with a Mean±SD age 
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of 68.65±4.54. The table shows that the frequency 
of females was higher than males in both groups: 
23(74.19%) vs 8(25.8%) in group 1 and 20(64.51%) vs 
11(35.48%) in group 2. However, the gender distribution 
did not show any significant difference across study 
groups (P=0.409). The most frequent location of the 
tumor was convexity among all participants (64.52%) 
and both groups, but the olfactory tumor was only 
present in group 1. The tumor location was not 
statistically different between groups (P=0.082).

The outcomes and complications of study participants 
are represented in Table 2. The outcome frequency of 

postoperative complications and discharge and 6-month 
follow-up outcome were the same in both groups except 
for mortality. Mortality occurred in two participants of 
group 2 at discharge while none of the patients in group 
1 died; however, the mortality rate did not show any 
significant difference among groups (P=0.492). Most 
participants showed favorable GOS upon discharge 
and 6-month follow-up (96.67%). Of the 31 patients in 
group 1, 30 showed favorable outcomes, while in group 
2, 28 out of 29 patients showed favorable outcomes, 
with only one patient having unfavorable outcomes 
in both groups. There was no significant difference 
between study groups regarding discharge and 

Table 1. Baseline demographic characteristics

Characteristics Group 1 (n=31) Group 2 (n=31) Total (n=62) P

Age, 
Mean±SD (Min-Max) Year 44.39±6.44 (28-55) 68.65±4.54 (65-81) 56.52±13.42 (28-81) -

Gender,
No. (%)

Male

Female

8(25.8)

23(74.19)

11(35.48)

20(64.51)

19(30.65)

43(69.35)
0.409

Location of tumor,
No. (%)

Convexity

Parasagittal

Falx

Olfactory

18(58.06)

4(12.9)

4(12.9)

5(16.13)

22(70.97)

7(22.58)

2(6.45)

0(0)

40(64.52)

11(17.74)

6(9.68)

5(8.06)

0.082

SD: Standard deviation, P: P-value.�

Table 2. Comparison of discharge and 6-month follow-up outcome and postoperative complications of participants

Variables
No. (%)

P
Group 1 (n=31) Group 2 (n=31) Total (n=62)

Discharge GOS

1

2

3

4

5

0(0)

0(0)

1(3.23)

11(35.48)

19(61.29)

2(6.45)

1(3.23)

0(0)

15(48.39)

13(41.94)

2(3.23)

1(1.61)

1(1.61)

26(41.94)

32(51.61)

0.162

6-month F/U GOS

1

2

3

4

5

0(0)

0(0)

1(3.23)

11(35.48)

19(61.29)

2(6.45)

1(3.23)

0(0)

15(48.39)

13(41.94)

2(3.23)

1(1.61)

1(1.61)

26(41.94)

32(51.61)

0.162

Discharge outcome
Unfavorable

Favorable

1(3.23)

30(96.77)

1(3.45)

28(96.55)

2(3.33)

58(96.67)
0.999
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6-month follow-up GOS and outcome. Complications, 
including seizures, CSF leakage, hydrocephalus, surgical 
wound dehiscence, DVT, and pressure ulcers were not 
found among participants in the study groups. Other 
complications, including peritumoral edema, cerebral 
hemorrhage, and surgical wound infection were 
present in both groups without any statistical difference 
between groups. 

4. Discussion

In the present study, we found that the overall 
mortality rate within six months after surgical resection 
of meningioma was higher in older patients (6.4%) 
compared with the younger group (0%); however, 
it was not statistically significant. Also, there was no 
difference between the two age groups regarding 
unfavorable outcomes upon discharge, 6-month follow-
up, and postoperative complications in this study. These 
findings imply that elderly patients could benefit from 
surgical removal of meningioma.

The literature review revealed a varied mortality rate in 
the elderly (defined as age ≥60-70) ranging from 0% to 
27% within an interval from immediately after surgery 
until a 5-year follow-up [12, 16, 18, 25-27]. 

Consistent with our study, some of the previous 
studies reported that there was no significant difference 
between older and younger patients regarding mortality 
[13, 18, 28] or general surgical outcome [29, 30] and 
elderly patients benefit from surgery. 

There are also contradictory reports showing a higher 
probability for older patients to die or develop worse 
functional outcomes when compared to youngsters 
[16, 20, 31]. One fact that should be considered in the 
interpretation of these studies is that the elderly may 
need more time to regain functional dependence, so 
longer follow-ups may be needed. It was shown that at 
6-12-month follow-up, functional outcome was better 
in younger; however, there was no significant difference 
between groups among the remaining participants for 
12-18-month follow-up [17]. In addition, in the study 
by Brokinkel et al. [20] the three-month postoperative 
mortality was higher in the elderly, and their overall 
survival was much shorter. But when compared with 
the age- and sex-matched general population, the 
overall survival did not show any difference [20] which 
supports the surgical treatment of elderly patients with 
meningioma enabling them to live at their expected 
age. 

Pakseresht Mogharab M, et al. Age and Surgical Outcomes in Intracranial Meningioma. Iran J Neurosurg. 2024; 10:E30.

Variables
No. (%)

P
Group 1 (n=31) Group 2 (n=31) Total (n=62)

6-month F/U outcome
Unfavorable

Favorable

1(3.23)

30(96.77)

1(3.45)

28(96.55)

2(3.33)

58(96.67)
0.999

Mortality
No

Yes

31(100)

0(0)

29(93.55)

2(6.45)

60(96.77)

2(3.23)
0.492

Complications

Peritumoral edema 4(12.9) 2(6.45) 6(9.68) 0.671

Cerebral hemorrhage 3(9.68) 2(6.45) 5(8.06) 0.999

Wound infection 2(6.45) 1(3.23) 3(4.84) 0.999

Seizure 0(0) 0(0) 0(0) -

Hydrocephalus 0(0) 0(0) 0(0) -

CSF leakage 0(0) 0(0) 0(0) -

Wound dehiscence 0(0) 0(0) 0(0) -

DVT 0(0) 0(0) 0(0) -

Pressure ulcer 0(0) 0(0) 0(0) -

Abbreviations: GOS: Glasgow Outcome Scale; CSF: Cerebrospinal Fuid; DVT: Deep Vein Thrombosis; F/U: Follow up. 
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The same inconsistencies exist for surgical 
complications. Our results, showing no difference 
between age groups, are in agreement with the findings 
of the previous studies [22, 28, 29, 32, 33]; however, 
some studies reported a higher risk of complications 
in older patients [13, 16, 31, 34, 35]. Postoperative 
CNS complications, comprising peritumoral edema 
and cerebral hemorrhage were recorded for 4(12.9%) 
vs 2(6.45%) and 3 (9.68%) vs 2 (6.45%) in younger and 
older groups, respectively. In terms of general surgical 
complications, only surgical wound infection occurred 
in 2(6.45%) younger patients and 1(3.23%) in older 
patients. The overall prevalence of complications in this 
study was 17.7% CNS and 4.8% general complications. 
Other neurological complications were not reported 
in our patients. According to a review of 24 papers 
comprising elderly patients ≥60-80 a range of 2.7% to 
49.4% was seen for CNS complications, as was 2.7% to 
28.6% for the general complications [12], and based on 
another systematic review incorporating five studies, an 
overall complication rate of 2.7% to 29.8% was seen [30] 
and CNS complications ranged from 45.2% 15 to 100% 
reported by two studies [30]. 

Heterogenous patient populations in relatively small 
cohorts and the comparisons of groups that are not 
matched for preoperative health status and tumor 
characteristics might be causes of those inconsistent 
results. To give an example, Poon et al. [16] observed 
a higher perioperative complication in the elderly. 
Notably, those complications were minor and only 
observed in the subgroup of skull base tumors [16] 
which were excluded from our study. Therefore, their 
overall results are consistent with ours. Mastronardi 
et al. [22] conducted a study on two age groups (≥ and 
<70) following posterior cranial fossa meningiomas. 
They reported no difference regarding postoperative 
complications between groups. Consistent results with 
our study could be due to the exclusion of patients with 
ASA >3 [22]. Therefore, regardless of age, it seems that 
the preoperative health conditions of the patients are 
crucial in postoperative outcomes. Larger-scale studies 
with standardized patient selection are necessary for 
future studies which enable proper comparisons and 
recognition of relevant prognostic factors. 

5. Conclusion

This study suggests that, if selected wisely, postoperative 
complications from intracranial meningioma removal 
and outcomes of elderly patients could be comparable 
to younger patients. The definition of age, comorbidities, 
preoperative health status, surgical techniques, and 

different follow-up intervals were possible factors 
influencing the inconsistent outcomes observed 
between the two age groups in previous studies. Future 
studies should include a more homogenous patient 
population and increase the duration of follow-ups to 
delineate the appropriate prognostic factors helping the 
patient selection for surgical removal of meningioma.

Strength and limitations 

The present study conducted a comparison of 
homogenous groups in terms of gender, tumor location, 
and preoperative health status measured by ASA 
score including a broad range of complications. The 
other strength of our study is that we measured the 
postoperative outcome using the standard and reliable 
score of GOS. Using this approach, we shed light on a 
critical clinical challenge in meningioma surgery.

The present study also had certain limitations that 
should be acknowledged. First, similar to all other small 
cohorts, results from this study might have diminished 
statistical power. Second, we did not adjust the groups 
based on the surgical techniques or tumor volume, 
both of which could influence the results. Third, the 
retrospective data collection is subject to typical 
limitations such as missing or incomplete information 
and lack of control over data quality decreasing the 
accuracy of the results. Also, we did not select a specific 
age group over the age of 75 years, and using medical 
records prevented the authors from using a more 
detailed functional outcome scale to have a better 
understanding of postoperative recovery. 
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