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-OBJECTIVE: Meningiomas frequently occur in elderly
patients, and surgical treatment is hazardous owing to
multiple comorbidities. We report a series of elderly pa-
tients who were treated with surgical removal of menin-
giomas and compare them with a group of younger patients
with similar tumors.

-METHODS: A retrospective study of elderly patients with
symptomatic skull base meningiomas and a matched con-
trol group of younger patients was performed. Medical
records, operative reports, radiologic examinations, and
follow-up data were reviewed. Main outcome measures
were morbidity, mortality, and Simpson grade.

-RESULTS: The study included 46 patients (23 elderly [age
>65 years], 23 younger [age <65 years]). Average age was 71
years in elderly patients and 48 years in younger patients.
Mean follow-up period was 32 months and 49 months,
respectively. Radical removal (Simpson grades I and II) was
observed in 83% and 91%, respectively. Mortality was 8% and
4%, respectively. Definite cranial nerve lesions occurred in
8% and 26%, respectively; cerebrospinal fluid leaks occurred
in 12.5% and 4%, respectively; hemiparesis occurred in 4% of
patients in both groups. Glasgow Outcome Scale score of 5
was obtained in 87% and 65.2%, respectively.

-CONCLUSIONS: Elderly patients with symptomatic skull
base meningiomas should be considered for surgical treat-
ment owing to acceptable morbidity and mortality compared
with younger patients. Previous comorbidities and involve-
ment of neurovascular structures are important factors in the
decision regarding extent of surgical resection.

INTRODUCTION

Skull base meningiomas are difficult lesions to treat when
they insinuate among the cranial nerves and vital neuro-
vascular structures. In elderly patients, comorbidities and

age-related physiologic factors are additional concerns related to the
selection of treatment strategy. At the present time, different pro-
tocols are applied to deal with such tumors, including simple
observation, radiosurgery as the primary treatment, partial resection
with radiosurgery as an adjuvant therapy, and aggressive surgical
removal. Nevertheless, some skull base meningiomas with mass
effect and involvement of the brainstem, cranial nerves, dural si-
nuses, or vascular structures require surgical removal even in older
patients. We present our experience in the treatment of such
difficult tumors in elderly patients in a surgery-oriented center.

MATERIALS AND METHODS

This study was approved by the local research ethic committee at
Hospital Ernesto Dornelles (Comitê de Ética em Pesquisa No.
1.536.166). Patient information was de-identified before analysis. A
retrospective study that included patients who were operated on
between 2007 and 2015 was performed. In the elderly group,
inclusion criteria were patients �65 years of age with symptomatic
meningiomas of the anterior, middle, or posterior skull base
operated on by the first author (C.E.S.). In the control group,
patients �65 years of age who were operated on during the same
period and who presented with similar tumors and surgical
approaches were included. The data related to the surgical
interventions were reviewed, and special attention was given to the
Simpson grade and the site of the meningioma. We reviewed the
medical records, operative reports, radiologic examinations, and
follow-up information of the patients. All patients underwent
surgery with the intent of the most extensive safe removal,
including dural and bone invasions, considering the medical
conditions and comorbidities of the patients.
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Several skull base approaches were used according to the site of
the meningioma. Spheno-orbital meningiomas were removed via
the cranio-orbital and cranio-orbital zygomatic approaches; pet-
roclival meningiomas were removed through the posterior
petrosal approach; tentorial meningiomas were removed through
the transmastoid retrosigmoid and suboccipital approaches; ol-
factory groove, tuberculum sellae, and clinoidal meningiomas
were removed via the cranio-orbital approach; temporal floor
meningiomas were operated on through the subtemporal
approach; and cerebellopontine angle meningiomas were removed
through the transmastoid retrosigmoid approach.

Surgical Indications
All patients presented with �1 of the following features: docu-
mented growth on serial magnetic resonance imaging (MRI)
evaluation, cranial nerve disturbances, brainstem compression,
and arterial and venous invasion with clinical impairment.

Immediate Postoperative Protocol
In the immediate postoperative period, the patient is awakened in
the operating room, extubation is performed, and the patient then
stays in the intensive care unit for 24 hours. A computed to-
mography scan and MRI are performed during this period, and
rehabilitation protocols that include early mobilization and
intensive physiotherapy are implemented.

Statistical Analysis
Continuous data were described by mean and SD and compared
using Student t test for paired samples. Categorical data were
presented as counts and percentages and compared using
McNemar or marginal homogeneity nonparametric tests with
exact P values owing to the small counts involved. Significance
level was set at a ¼ 0.05. Data were analyzed with IBM SPSS
Version 22.0 (IBM Corp., Armonk, New York, USA).

RESULTS

Between 2007 and 2015, 23 skull base meningiomas in elderly
patients were operated on. This group included the following le-
sions: 4 spheno-orbital, 4 petroclival, 4 tentorial, 4 olfactory
groove, 2 clinoidal, 2 tuberculum sellae, 1 temporal floor, 1
sphenoid wing, and 1 cerebellopontine angle tumor. The group
comprised 18 women and 5 men with an average age of 71 years
(range, 65e87 years). The mean follow-up period was 32 months
(range, 3e96 months). Simpson grades I and II were obtained
after 83% of the surgeries; specifically, 29% of the lesions were
Simpson grade I, and 54% were Simpson grade II. Meningiomas
that had previously been irradiated accounted for 4% of cases.
Meningiomas were >3 cm in 75% of cases. The overall mortality
was 8%. Definite cranial nerve deficits also occurred in 8% of
cases. Cerebrospinal fluid (CSF) leaks occurred in 12.5% and
hemiparesis occurred in 4% of cases.
During the same period, 86 patients with skull base meningi-

omas were operated on, including multiple sites, sizes, and sur-
gical techniques. The younger matched group originated from this
sample and included 23 consecutive similar skull base meningi-
omas with similar sizes and topography distribution to the elderly
group. The group comprised 17 women and 6 men with an average

age of 48 years (range, 31e63 years). The mean follow-up period
was 49 months (range, 3e144 months). Simpson grades I and II
were obtained after 91% of the surgeries; specifically, 65% of the
lesions were Simpson grade I, and 26% were Simpson grade II.
Meningiomas that had previously been irradiated accounted for
8% of cases. Meningiomas were >3 cm in 86% of cases. The
overall mortality was 4%. Definite cranial nerve deficits also
occurred in 26% of the cases. CSF leaks occurred in 4% and
hemiparesis occurred in 4% of cases. Tables 1 and 2 present the
baseline findings of the groups and morbidity. During the
postoperative follow-up period, 87% of the elderly patients ob-
tained a Glasgow Outcome Scale score of 5 with return to normal
life compared with 65.2% of the younger group.

DISCUSSION

Surgical Considerations
Reasonable surgical management of meningiomas in elderly pa-
tients should consider the general clinical condition of the patient
and the morbidity of the treatment in this age group. Elderly pa-
tients with skull base meningiomas constitute a subgroup that is
even more challenging in terms of surgical removal. The first
aspect to be considered is the natural history of skull base me-
ningiomas, which tend to manifest with a slower growth rate than
noneskull base tumors; thus, in asymptomatic patients with
incidental diagnoses, observation is a good and safe option.1

During the same period in the present study, we followed 31
patients with asymptomatic meningiomas, including 20 patients
�65 years of age.
All cases included in the surgical groups presented with �1 of

the following features: documented growth on serial MRI evalu-
ation, cranial nerve disturbances, brainstem compression, and
arterial and venous invasion with clinical impairment. In asymp-
tomatic elderly patients with skull base meningiomas, we usually
follow the patients to clinically evaluate the evolution of the dis-
ease. Grading systems evaluating the risk of surgical treatment
have been described, including SKALE (sex, Karnofsky perfor-
mance scale, American Society of Anesthesiologists, location, and
edema), Clinical-Radiological Grading System, and Geriatric Score
System.2 A study evaluating the Clinical-Radiological Grading
System and SKALE system concluded that only concomitant dis-
ease and higher American Society of Anesthesiologists score
significantly predicted mortality in such patients.3 These authors
recommended making decisions on a case-by-case basis. Other
authors have described excellent results of meningioma surgery in
elderly patients compared with younger patients. The conclusions
of these authors suggest that very careful selection of patients and
surgical techniques and excellent preoperative and postoperative
care by all the staff are needed.4

In our series, the meningioma topography was an important
selection factor because skull base lesions are associated with a
higher morbidity than noneskull base tumors. Considering pa-
tients with symptomatic skull base meningiomas, we believe that
our results—8% mortality and a low rate of definite morbidity,
with Glasgow Outcome Scale score 5 obtained in 87% of cases—
were due not only to adequate surgical techniques but also to very
careful preoperative evaluation involving clinical and cardiologic
attention in addition to the preoperative preparation by the
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anesthesiologist. In the postoperative period, we also imple-
mented rehabilitation protocols that included early mobilization
and intensive physiotherapy. Such protocols reduce the risk of
long periods of bed rest and the associated dangerous effects in
elderly patients. The patients are discharged from the intensive
care unit in 24 hours, after the postoperative computed tomog-
raphy scan. During the hospitalization period, we stimulate
interaction with family members and begin multidisciplinary

support with physical therapists, social workers, psychologists and
dietitians to prepare patients for prompt discharge.
The follow-up period is very important for evaluating any

treatment modality for meningiomas. Short follow-up periods
(<10 years) tend to result in overestimations of any therapeutic
method.5-8 In elderly patients, the recurrence or progression of a
benign meningioma should be considered to reduce life expec-
tancy owing to comorbidities or natural aging. All surgical ma-
neuvers and postoperative protocols should consider these factors.
With the exception of a few references in the literature,9 the

consensus is that the most important contribution of surgery to
meningioma control is the Simpson grade resection.10-16 We
believe that true total removal (Simpson grade I) is difficult to
achieve for skull base meningiomas. Our center is
surgery-oriented in the treatment of meningiomas, although
radiosurgery and fractionated radiation are available; thus, total
removal is our initial goal, including for lesions located in the
skull base. In a recent study, we presented our results regarding
the treatment of large and giant meningiomas in which we ach-
ieved Simpson grade I resection in 45% of the cases.16 In the
subgroup of elderly patients, we achieved Simpson grade I
resection in 29% of the cases because we avoided aggressively
manipulating arterial encasements and cranial nerve involvement
of the tumors to maintain high quality of life and independence
of the patients. We obtained Simpson grade II resection in 54%
of the elderly patients. Even with such a conservative approach,
CSF leaks were more frequent in the elderly group owing to
dural fragility. Endoscopic endonasal and keyhole supraorbital
approaches are interesting alternatives for minimally invasive
management of skull base lesions. Nevertheless, for skull base
meningiomas, we prefer larger exposures to obtain a safer
dissection and a higher level of total removal around the optic
apparatus, cavernous sinus, and petroclival region. We use the
same routine for elderly patients without additional morbidities.
Figures 1 and 2 illustrate 2 cases from the elderly group. In the

control group of younger patients, we obtained Simpson grade I in
65% and grade II in 26%. Such efforts to obtain total removal
explain the higher incidence of cranial nerve deficits (26%) in
the younger group.
The 8% mortality in the elderly group was related to a patient

who presented with a large olfactory groove meningioma. This
patient underwent the cranio-orbital approach and total tumor
resection, which resulted in a fatal pulmonary thromboembolism
during the postoperative period. A second patient with a large

Table 1. Characteristics of Elderly and Younger Groups with
Skull Base Meningiomas

Characteristic
Age ‡65
(n [ 23)

Age <65
(n [ 23) P Value

Age, years, mean � SD 71.9 � 5.9 48.0 � 10.1 <0.001

Female sex, number (%) 18 (78.3) 17 (73.9) >0.99

Site, number (%) —

TEN 4 (17.4) 4 (17.4)

SO 4 (17.4) 4 (17.4)

PC 4 (17.4) 4 (17.4)

OG 4 (17.4) 4 (17.4)

TS 2 (8.7) 2 (8.7)

CLIN 2 (8.7) 2 (8.7)

TF 1 (4.3) 1 (4.3)

SW 1 (4.3) 1 (4.3)

CPA 1 (4.3) 1 (4.3)

Approach, number (%) —

CO 8 (34.8) 8 (34.8)

COZ 5 (21.7) 5 (21.7)

PP 4 (17.4) 4 (17.4)

TMRS 4 (17.4) 4 (17.4)

SOC 1 (4.3) 1 (4.3)

ST 1 (4.3) 1 (4.3)

Size, number (%) 0.063

<3 cm 6 (26.1) 3 (13.0)

3e4 cm 16 (69.6) 13 (56.5)

>4 cm 1 (4.3) 7 (30.4)

Simpson grade, number (%) 0.031

I 7 (30.4) 15 (65.2)

III 13 (56.5) 6 (26.1)

�III 3 (13.0) 2 (8.6)

Previous surgical treatment, number (%) 4 (17.4) 3 (13.0) >0.99

Previous radiotherapy, number (%) 1 (4.3) 1 (4.3) —

TEN, tentorial; SO, spheno-orbital; PC, petroclival; OG, olfactory groove; TS, tuberculum
sellae; CLIN, clinoidal; TF, temporal floor; SW, sphenoid wing; CPA, cerebellopontine
angle; CO, cranio-orbital; COZ, cranio-orbital zygomatic; PP, posterior petrosal; TMRS,
transmastoid retrosigmoid; SOC, suboccipital; ST, subtemporal.

Table 2. Comparative Results Between 2 Groups

Characteristic Age ‡65 (n [ 23) Age <65 (n [ 23) P Value

Cranial nerve deficit 2 (8.7) 6 (26.1) 0.125

Hemiparesis 1 (4.3) 1 (4.3) >0.99

CSF fistula 3 (13.0) 1 (4.3) 0.625

Death 2 (8.6) 1 (4.3) >0.99

Data are presented as number (%).
CSF, cerebrospinal fluid.
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clinoidal meningioma died as a result of clinical and pulmonary
disturbances during the postoperative period. Morbidities were
related to definite unilateral olfactory nerve deficits in 2 olfactory
groove meningiomas. CSF leakage occurred in 3 cases, including 1
tentorial lesion, 1 petroclival lesion, and 1 foramen magnum
meningioma. Hemiparesis occurred in 1 case with a petroclival
meningioma. The more conservative surgical removal approach in
the older group leads to a lower morbidity and a better overall
outcome, as presented in Tables 2 and 3.
In the younger group, the mortality was 4% owing to a pul-

monary infection and sepsis in 1 case with a giant petroclival
meningioma. Owing to the small number of cases, there was no
statistical relevance in the difference observed between the 2
groups except in age, which reflects the selection criteria, and the
Simpson grade I resection for younger patients. The Simpson
grade was related to the more aggressive removal employed to
obtain a higher local control, considering the expectation of a
longer follow-up period for this group. There was no statistical
difference between the groups considering Glasgow Outcome

Scale scores 4 and 5. Table 3 summarizes the Glasgow Outcome
Scale scores of both groups.
During the same period of the present study, 86 patients with

skull base meningiomas were operated on. Cases excluded from
the control group were lesions with distinct topography, size,
surgical approaches, previous surgical treatment, and such aspects
that would lead to serious statistical bias. We operated on 6 pa-
tients in the elderly group with meningiomas of <3 cm. One case
was a clinoidal meningioma invading the optic canal with pro-
gressive visual disturbance. A second patient presented with a
tuberculum sellae meningioma with chiasmatic compression. A
third case was a foramen magnum meningioma compressing the
medulla. In these 3 cases, we avoided any modality of radiation
owing to the neural structures involved in the tumors. The other 3
cases were patients who presented with documented growth of
petroclival meningiomas.
Radiosurgery is also a reasonable alternative for such locations

according to the results observed in the literature.17 Nevertheless,
our first choice is surgical removal to obtain definite control of

Figure 1. Tentorial meningioma. (A and B) Sagittal and coronal magnetic
resonance imaging demonstrating a tentorial lesion. (C and D) Computed
tomography angiography and digital subtraction angiography showing

patency of the sinuses. (E) Intraoperative photo of the suboccipital
approach. (F) Immediate postoperative computed tomography presenting
total removal.
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such small meningiomas and to assess the cytogenetic and
molecular profile of the tumors. We discussed the alternatives
with the patients, and surgery was performed according to the
patient’s preference.

Postoperative Considerations
Our current protocol for managing meningiomas after surgical
removal considers the Simpson grade, World Health Organiza-
tion (WHO) grade, and molecular cytogenetics in the prediction
of recurrence.14-16,18-20 We follow patients with benign menin-
giomas (WHO grade I); depending on the diagnosis of recur-
rence, we consider surgical removal as the first treatment
option. We consider radiosurgery when surgical removal is not
possible, the cytogenetic profile is unfavorable, and growth of
the meningioma is documented. In elderly patients, medical

conditions and comorbidities are also considered. When these
aspects exclude patients as candidates for surgery, radiosurgery
is performed in cases of documented growth or recurrence. In
our department, radiosurgery is avoided as the first option for
benign meningiomas and as an immediate adjuvant therapy
even in cases of less radical surgeries. Exceptions for primary
radiosurgery include asymptomatic elderly patients with docu-
mented growth of a cavernous sinus meningioma. If the optic
nerve exhibits normal function and is a safe distance from the
tumor, we recommend radiosurgery to control the disease. If
the optic nerve or any other cranial nerves are disturbed, we
recommend surgical decompression of the optic canal and
peeling of the lateral wall of the cavernous sinus in an attempt
to improve the cranial nerve function followed by complemen-
tary radiosurgery.

Figure 2. Giant olfactory groove meningioma. (AeC) Axial and coronal
magnetic resonance imaging presenting a large olfactory groove tumor.

(DeF) Axial computed tomography scan and magnetic resonance imaging
showing complete removal of the tumor.
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Depending on the molecular findings and the proliferation in-
dex, residual tumors remain stable and without recurrence over
long periods in favorable cases.5,7,20-23 In cases that have under-
gone radical removal, local control is even better, which justifies
the avoidance of submitting patients to irradiation and following
the cases over many years.5,7,10,11,18-22 We consider these aspects

very important in the follow-up of elderly patients after surgical
removal. In atypical meningiomas (WHO grade II), if a Simpson
grade I or II resection is achieved, close follow-up with MRI every 3
months for 2 years and every 6 months in the third year is rec-
ommended. If there is evidence of recurrence, surgical removal
whenever possible followed by radiosurgery is the first-choice
approach in our department. In malignant meningiomas, the
most radical resection possible is followed by radiosurgery. A
more recent study presented a similar algorithm for the treatment
of WHO grade II and III meningiomas.20,24-26

CONCLUSIONS

The present study suggests that elderly patients with symptomatic
skull base meningiomas should be considered for surgical treat-
ment owing to the acceptable morbidity of such procedures.
Previous comorbidities, clinical and cardiologic evaluations,
involvement of major venous sinuses, and arterial encasement are
important factors that should be considered in the decision
regarding the extent of the surgical resection.
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