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Elderly Patients with Frontobasal and Suprasellar Meningiomas: Safety and Efficacy of
Tumor Removal via Frontolateral Approach

Q10Q11

Q8 Shunyu Guo, Venelin Gerganov, Mario Giordano, Amir Samii, Madjid Samii

-OBJECTIVE: Many neurosurgeons prefer conservative
treatments in the elderly because of higher rates of mortality
and morbidity after surgery. We aim to evaluate safety and
efficacy of surgery in elderly patients with frontobasal and
suprasellar meningiomas with a simple operative procedure,
the frontolateral approach.

-

expectancy.2,3 In 2011, a large population-based study of menin-

giomas with 122,284 patients revealed that up to 45% occurred in

patients over 60 years old, and the 1-year mortality rates after tu-

mor removal was claimed to be 16.7%.4 Therefore, some

neurosurgeons are in favor of radiotherapy or follow-up with

dampened enthusiasm about surgery.5,6 Radiotherapy, in

particular radiosurgery, is also an effective and safe alternative

but is restricted to tumors smaller than 3 cm and related to

certain morbidity.7,8 Few studies have evaluated the outcome of

surgery for meningiomas in elderly patients and the reported

mortality and morbidity rates were highly variable—from 1.8%

to 55.1% and from 11.3% to 69.6%, respectively.9-13 Furthermore,

most studies included all intracranial meningiomas, irrespective

of their origin, extension, and operative approach, which limit the

value of their results.

Elderly patients are prone to have approach-related compli-

cations, particularly in cases with time-consuming and complex
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- RESULTS: The study comprises 128 patients operated 

over a 19-year period, of which 35 patients were in the 

elderly group and 93 patients were in the young group. 
More elderly patients presented with American Society of 
Anesthesiology (ASA) class II and III (40% vs. 26.9%). Gross 
resection was achieved in 31 cases in the elderly and 

85 cases in young group (88.6% vs. 90.3%, P [ 0.17). 
Postoperative KPS in both groups was improved (85.7% vs. 
91.4%, P [ 0.18). One death occurred in elderly group 

(1.1%, P [ 0.27). Approach-related and medical morbidity 
in the elderly group was slightly higher than in the young 

group without significant difference (respectively, 11.4% 

and 14.3% vs. 9.7% and 8.6%, P [ 0.18). Multivariate lo- 
gistic regression showed increasing age was not associ- 
ated with approach-related morbidity (odds ratio [OR]: 1.39, 
P [ 0.53), medical morbidity (OR: 1.94, P [ 0.88), and 

improvement of KPS (OR: 0.32, P [ 0.25).

        

       

          

           

       

      

        

           

          

        

          

           

          

         

          

        

           

      

           

        

        

           

       

          

                

       

        

       

          

        

       

    

           

          

      

      

       

       

       

       

         

       

       

     

  

       

       

          

           

       

      

          

           

       

      

    

     

    

      

     

ncreasing life expectancy and rising incidence of meningi-

omas has resulted in these tumors being diagnosed more

frequently in the elderly population. 1Their management is

controversial considering the potentially higher risks related to 

surgery with advancing age and the shorter remaining life
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-METHODS:� Retrospective� analysis� was� made� in� consec-�

utive� patients� with� meningiomas� operated� via� frontolateral�
approach.  They� were� divided� into� 2� groups:� elderly� group�
(age� ‡ � 65� years)� and� young� group� (age� < � 65� years).�
Multivariate� logistic� regression  analysis� was� performed� for�
postoperative� complications� and� Karnofsky� Performance�
Scale� score� (KPS).

         

          

          

        

         

          

            

         

91.4%, P [ 0.18). One death occurred in elderly group 

(1.1%, P [ 0.27). Approach-related and medical morbidity 
in the elderly group was slightly higher than in the 

young group without significant difference (respectively, 
11.4% and 14.3% vs. 9.7% and 8.6%, P [ 0.18). Multivariate 

lo- gistic regression showed increasing age was not 
associ- ated with approach-related morbidity (odds ratio 

[OR]: 1.39, P [ 0.53), medical morbidity (OR: 1.94, P 

[ 0.88), and improvement of KPS (OR: 0.32, P [ 0.25).

     

         

        

       

      

 RESULTS: The study comprises 128 patients operated over 
a 19-year period, of which 35 patients were in the 

elderly group and 93 patients were in the young group. 
More elderly patients presented with American Society of 
Anesthesiology (ASA) class II and III (40% vs. 26.9%). 
Gross resection was achieved in 31 cases in the elderly 
and 85 cases in young group (88.6% vs. 90.3%, P [ 0.17). 
Postoperative KPS in both groups was improved (85.7% vs.

     

         

        

       

      

CONCLUSIONS: Frontobasal and suprasellar meningi- 

omas in elderly patients can be treated surgically with 

acceptably low morbidity and mortality rates via the 

frontolateral approach. Preoperative KPS ≤60 and ASA 

status ≥III predict an unfavorable postoperative outcome.
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approaches. In our study, we focus on a simple and less

time-consuming approach to resect frontobasal and suprasellar

meningiomas in the elderly. By comparing the extent of

resection (EOR), approach-related morbidity, medical

morbidity, and Karnofsky Performance Scale (KPS) score after

surgery in elderly and young patient groups, we aimed to

evaluate the safety and efficacy of a frontolateral approach (FLA)

in such patients.

METHODS

Data Collection

Data were collected from the institutional database and the clin-

ical, operative, histologic, and follow-up records were reviewed.

Patients with meningiomas resected consecutively via FLA over a

19-year period (Jan 2000 to Sep 2019) were included in the study.

The baseline data included age at surgery, tumor site, tumor size,

sex, symptoms, KPS score, American Society of Anesthesiology

(ASA) classification status, previous treatment, postoperative

outcome, and complications. The EOR was classified by the

Simpson grading system,14 which was obtained from operative

reports and intraoperative or postoperative magnetic resonance

imaging. Simpson grades I, II, and III are considered as gross

removal of tumor. The postoperative outcome was evaluated

with complications and KPS. Statistical analysis was completed

by the STATA 15.0 (Stata Corp LLC, College Station, TX)

software. The comparisons were performed by mean and SD

using the t test for continuous data and counts and percentages

using paired or unpaired c
2 test for the categorical data.

Fisher’s test was calculated for the variable with a minimum

expected count less than 5. Based on age, site, size, preoperative

treatment, preoperative KPS, ASA classification, and EOR,

logistic regression analysis was performed to identify the factors

influencing surgical morbidity, medical morbidity, and KPS

score after tumor resection. The P value at the 0.05 level was

considered as statistical significance.

Surgical Procedures

All patients underwent operation in the supine position with 30!e

45! rotation of head toward the contralateral side. The right side

was generally preferred for craniotomy, but the size of frontal

Table 1. Demographic Characteristics and Preoperative Status

in Elderly and Young Groups

Characteristics

Elderly Group

(‡ 65 years)

Young Group

(< 65 years) P Value

Number of cases 35 93

Age (years) <0.001

Mean 70.2 " 3.9 46.5 " 12.9

Range 65e83 11e64

Sex 0.86

Female 23 (65.7) 58 (62.4)

Male 12 (34.3) 35 (37.6)

Site 0.001

Olfactory groove 9 (25.7) 22 (23.7)

Anterior clinoid process 5 (14.3) 11 (11.8)

Planum sphenoidale 6 (17.1) 18 (19.4)

Medial sphenoid wing 2 (5.7) 5 (5.4)

Tuberculum sellae 11 (31.4) 33 (35.5)

Diaphragma sellae 2 (5.7) 4 (4.3)

Optic canal invasion 9 (25.7) 25 (26.9) 0.42

Tumor size, cm 3.4 " 1.9 3.2 " 2.8 0.07

<4 cm 19 (54.2) 65 (69.8)

#4cm 16 (45.8) 28 (30.1)

Tumor grade (WHO) 0.18

I 33 (94.2) 84 (90.3)

II 2 (5.8) 9 (9.7)

Preoperative symptoms 0.001

Intracranial hypertension 13 (37.1) 20 (21.5)

Olfactory nerve deficit 10 (28.5) 25 (26.9)

Optic nerve deficit 14 (40) 42 (45.1)

Oculomotor nerve deficit 3 (8.6) 9 (9.8)

Mental disorder 4 (11.4) 6 (6.5)

Hemiparesis 4 (11.4) 4 (4.3)

Seizures 2 (5.7) 4 (4.3)

Asymptomatic 0 10 (10.8)

Previous treatment 0.14

Surgery 8 (22.9) 31 (33.3)

Radiosurgery 5 (14.2) 6 (6.5)

ASA classification 0.23

I 15 (42.9) 53 (57.0)

II 14 (40.0) 32 (34.4)

III 6 (17.1) 8 (8.6)

Continues

Table 1. Continued

Characteristics

Elderly Group

(‡ 65 years)

Young Group

(< 65 years) P Value

Preoperative KPS 0.66

>60 17 (48.6) 51 (54.8)

$60 18 (51.4) 42 (45.2)

Values are presented as mean " SD or n (%), unless otherwise marked.

KPS, Karnofsky Performance Scale; ASA, American Society of Anesthesiology; WHO,

World Health Organization.
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approaches. In our study, we focus on a simple and less time- 

consuming approach to resect frontobasal and suprasellar 

meningiomas in the elderly. By comparing the extent of resection 

(EOR), approach-related morbidity, medical morbidity, and 

Karnofsky Performance Scale (KPS) score after surgery in elderly and 

young patient groups, we aimed to evaluate the safety and efficacy 

of a frontolateral approach (FLA) in such patients.
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sinus, tumor growth pattern, and visual function were also taken

into consideration. The head was tilted back to take full advantage

of gravity retraction during the operation. A frontolateral crani-

otomy (1.5e3.5 cm % 2e3 cm) was performed after a hemicoronal

skin incision behind the hairline. Notably, the craniotomy should

reach the level of the orbital roof and supraorbital notch medially.

As needed, its extent should be modified according to the size and

variability of frontal sinus. An attempt should be made to avoid

opening of frontal sinus, unless it is very large. When the frontal

sinus was widely opened, its mucosa was removed completely in

order to reduce the risk of subsequent infection. Then it was

repaired with subcutaneous fascia before the cranioplasty. When

RESULTS

Patient Population and Preoperative Status

From January 2000 to September 2019, 128 patients with

intracranial meningiomas were operated via FLA at the Inter-

national Neuroscience Institute in Hannover. The demographic

characteristics and preoperative status are presented in Table 1.

There were 35 patients in the elderly group (age # 65 years;

mean age 70.2 years) and 93 patients in the young group (age

$

Surgical and Postoperative Outcome

The frontal sinus was opened only in 2 cases (5.7%) in the

elderly group and 6 cases (6.5%) in the young group, without

any related complications. Intraoperative magnetic resonance

imaging was performed in 19 cases (54.2%) and 32 cases

(34.4%), respectively, in elderly and young patients. Gross total

resection was achieved in 31 cases (88.6%) in the elderly group

and 86 cases (91.3%) in the young group (P ¼ 0.17) (Table 2). In

4 cases from the elderly group the tumor was removed subtotally

Table 2. Operative Outcome After Tumor Resection via FLA in

Elderly and Young Groups

Characteristic

Elderly Group

(n [ 35)

Young Group

(n [ 93) P Value

EOR (Simpson grade) 0.17

Gross resection 31 (88.6) 84 (90.3)

Subtotal resection 4 (11.4) 9 (9.7)

Change of postoperative KPS 0.18

Improved 30 (85.7) 85 (91.4)

Unchanged 4 (11.4) 8 (8.6)

Worsened 1 (2.9) 0 (0)

Values are presented as n (%).

KPS, Karnofsky Performance Scale.

Table 3. The Mortality and Morbidity in Both Groups after

Tumor Resection via FLA

Characteristic

Elderly Group

(n [ 35)

Young Group

(n [ 93) P Value

Death 1 (2.9) 0 (0) 0.27*

Approach-related

complications

4 (11.4) 9 (9.7) 0.18

CSF leak 2 (5.7) [1-OR, 1-LD] 5 (5.4) [3-OR, 2-LD]

Hemorrhage 1 (2.9) [LD] 3 (3.2) [1-OR, 2-LD]

Infarction 1 (2.9) 1 (1.1)

Medical complications 5 (14.3) 8 (8.6) 0.18

Pneumonia 3 (8.6) 5 (5.4)

Urinary tract infection 1 (2.9) 3 (3.2)

DVT 1 (2.9) 0

Values are presented as n (%).

FLA, frontolateral approach; EOR, extent of resection; CSF, cerebrospinal fluid; OR,

operation revision; LD, lumbar drainage; EVD, external ventricular drainage; DVT, deep

vein thrombosis.

*Fisher’s test.

www.journals.elsevier.com/world-neurosurgery
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< 65 years; mean age 46.5 years). We preferred to use FLA 

for meningiomas in frontobasal and suprasellar regions. Sites 

of tumors were speci�ed as olfactory groove, anterior clinoid 

process, planum sphenoidale, tuberculum sellae, and 

diaphragma sellae. Frontobasal and suprasellar meningiomas 

had 22 and 13 of the elderly patients and 56 and 37 of young 

patients, respectively. The histology showed 32 cases (91.4%) 

with WHO grade I and 3 cases (8.6%) with grade II in the 

elderly group, and 84 cases (90.3%) with grade I and 9 cases 

(9.7%) with grade II in the young group. Optic canal 

involvement was observed in about one quarter of cases in 

both groups. The mean size of tumor was similar in both 

groups. Most patients suffered from cranial nerve dysfunction, 

including visual de�cit, double vision, anosmia, and ptosis. 

None of the elderly patients was asymptomatic. Patients with 

ASA � IV or KPS score 40 were generally not proposed as 

surgical candidates in our experience. ASA II and III were 

57.1% of the elderly and 43% of the young patients, 

repectively. KPS score less than 70 represented 51.4% of the 

elderly and 45.2% of the young patients.

    

         

         

       

         

             

          

         

         

       

         

            

           

    

         

         

       

         

            

           

          

          

         

        

         

        

             

               

          

          

Patient Population and Preoperative Status

From January 2000 to September 2019, 128 patients with 

intracranial meningiomas were operated via FLA at the Inter- 

national Neuroscience Institute in Hannover. The demographic 

characteristics and preoperative status are presented in Table 1. 

There were 35 patients in the elderly group (age ≥ 65 years; 

mean age 70.2 years) and 93 patients in the young group (age

RESULTS

necessary, the craniotomy was performed with the assistance of 

intraoperative navigation.

 After the semicircular incision of dura, the cisterns were opened 

to relieve cerebrospinal �uid (CSF) fully. As needed, the medial 

sylvian cistern, carotid cistern, and lamina terminalis cistern were 

opened to allow drainage of CSF and facilitate brain retraction. It 

was not routinely necessary to open the sylvian �ssure widely, 

particularly in the resection of smaller tumors. FLA could offer 

suf�cient access to meningiomas in the anterior skull base and 

suprasellar and parasellar areas. After tumor removal, the basal 

attachment were coagulated. The hyperostosis or bony tumor 

involvement was removed carefully with a diamond drill, since 

hyperostosis at the tumor base usually represents intraosseous 

tumor. The dural defect is covered by a free pericranial graft, and if 

there is a wide opening, it is packed with a fat graft in addition to 

the pericranial graft. The watertight dural closure is obligatory. 

The lumbar drain is only used if CSF leak is observed 

postoperatively.
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Table 4. Multivariate Logistic Regression Analysis for Postoperative Complications and Improvement of KPS After Tumor Resection via

FLA

Variable

Approach-Related Morbidity Medical Morbidity Improvement of KPS

OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value

Age (#65 years vs. <65 years) 1.39 (0.06e6.04) 0.53 1.94 (0.18e7.51) 0.88 0.32 (0.04e2.26) 0.25

Site (Suprasellar vs. Frontobasal) 1.86 (0.27e12.85) 0.54 0.69 (0.10e4.98) 0.71 0.77 (0.13e4.54) 0.78

Size (#4 cm vs. <4 cm) 5.48 (1.11e34.5) 0.03 4.49 (0.74e27.09) 0.10 0.26 (0.04e1.85) 0.18

Preoperative treatment (Yes vs. No) 1.07 (0.11e9.75) 0.95 1.77 (0.16e19.11) 0.64 0.48 (0.07e3.37) 0.46

Preoperative KPS ($60 vs. >60) 7.47 (0.42e129.95) 0.17 4.63 (0.34e12.47) 0.03 0.55 (0.01e1.16) 0.04

ASA classification (vs. I)

II 2.59 (0.55e34.06) 0.12 2.17 (0.96e5.12) 0.04 0.61 (0.08e4.37) 0.61

III 6.52 (2.72e83.02) 0.01 8.32 (1.59e9.03) 0.009 0.50 (0.04e5.63) 0.03

EOR (GTR vs. STR) 1.21 (0.17e14.32) 0.24 0.90 (0.67e12.96) 0.07 1.87 (0.11e6.95) 0.06

KPS, Karnofsky Performance Scale; FLA, frontolateral approach; EOR, extent of resection; OR, odds ratio; CI, confidence interval; GVR, XXX; STR, XXX.

www.SCIENCEDIRECT.com WORLD NEUROSURGERY, https://doi.org/10.1016/j.wneu.2019.12.029
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(in  3  patients  with  suprasellar  meningiomas  with  tumor  extension 

into  cavernous  sinus  and  in  1  case  with  huge  tuberculum  sellae 

meningioma with infiltrative growth). In the young group, subtotal 

resection  was  performed  in  6  meningiomas  with  broad  base  and 

extracranial extension and 3 cases of tuberculum sellae meningiomas 

with huge size and infiltrative growth. The functional condition (KPS) 

improved in both groups, irrespective of age at surgeryein 85.7% of 

elderly patients and 91.4% of young patients (P ¼ 0.18).

      

         

         

          

          

             

            

            

          

         

              

           

        

            

           

         

         

          

        

          

           

          

        

           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

        

        

          

         

           

           

            

          

        

           

           

           

       

         

         

          

         

          

             

             

            

          

          

             

            

         

            

           

          

            

with huge planum meningioma with extension into sphenoid wing 

and dorsum sellae, due to malignant hemorrhage and brain edema 

after  tumor  total  resection  (P  ¼  0.27).  The  patient  was  previously 

operated  and  presented  with  bilateral  blindness,  ASA  III,  and  KPS 

score 50 before operation. In summary, no statistical significance was 

found in both morbidity and mortality in the 2 groups (Table 3).

     

      

        

         

based on age, site, size, preoperative treatment, preoperative KPS 

score, ASA classi�cation, and EOR (Table 4). It showed that 

preoperative KPS score and ASA are independent factors for 

approach-related morbidity, medical morbidity, and improve- 

ment of KPS after tumor resection via the FLA. Preoperative KPS 

score less than or equal to 60 was associated with higher risk of 

medical morbidity (odds ratio [OR]: 4.63, P ¼ 0.03) and less 

chance to improve the KPS score (hazard ratio: 0.55, P ¼ 0.04). 

ASA III had a negative effect on approach-related morbidity (OR: 

6.52, P ¼ 0.01), medical morbidity (OR: 8.32, P ¼ 0.009) and 

improvement of KPS (OR: 0.50, P ¼ 0.03). Tumor greater than or 

equal to 4 cm was associated with higher risk to develop 

approach-related morbidity (OR: 5.48, P ¼ 0.03). Increasing age 

had no statistically signi�cant difference on approach-related 

morbidity (OR: 1.39, P ¼ 0.53), medical morbidity (OR: 1.94, 

P ¼ 0.88), and improvement of KPS (OR: 0.32, P ¼ 0.25).

    

         

           

         

           

       

          

          

            

          

          

        

    

        

           

         

          

      

Multivariate Logistic Regression for Postoperative Outcome

The approach-related morbidity, medical morbidity, and 

improvement of postoperative KPS score were respectively de�ned 

as independent factors. The binary logistic regression analysis was

      

         

          

         

          

             

             

            

          

          

             

            

         

            

           

          

           

Morbidity and Mortality After Surgery via FLA
The approach-related and medical morbidity in elderly group were, 

respectively, 11.4% and 14.3%, which were slightly higher than young 

group (with 9.7% and 8.6%), but without reaching statistical 

significance (P ¼ 0.18). The most common complication was CSF 

fistula, ocurring in 2 cases (5.7%) in the elderly group and 5 cases 

(5.4%) in the younger group. Among them, only 1 case (2.8%) in the 

elderly group and 3 cases (3.2%) in the young group needed surgical 

revision, while the rest were successfully treated by lumbar drainage. 

Hemorrhage needing operation revision was detected in 1 case (2.9%) 

in the elderly group and in 1 case (1.1%) in the young group. 

Infarction occurred only in 1 case both in two groups. Regarding the 

medical morbidity, 3 patients (8.6%) developed pneumonia, 1 patient 

(2.9%) had a urinary tract infec- tion, and 1 patient (2.9%) suffered 

deep vein thrombosis in the elderly group; 5 patients (5.4%) had 

pneumonia and 3 patients (3.2%) developed urinary tract infection in 

the young group. Only 1 death (2.9%) occurred, in a 66-year-old man

DISCUSSION

Historical View of Surgical Outcome

Surgery and operative outcomes in elderly patients have been

re�ned decade by decade. In 1983, Papo et al.13primarily reported 

intracranial meningiomas operated after age 65 years with sharp 

rise up to 55% of postoperative mortality due to the brain

infarction, massive swelling pulmonary embolism, and heart

failure. In 1992, Williams et al.15presented a much lower 

mortality rate of 4.3% and poorer recovery in elderly patients, 

but the morbidity rate was still up to 30%. They declared that 

increasing age had a considerable effect on the outcome. In

2007, Roser et al.10presented a better outcome, with lower 

perioperative mortality based on 132 cases of skull base
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Outcome in Our Series

In our experience, the removal of suprasellar or frontobasal me-

ningiomas via the FLA in elderly patients was not associated with

significant differences in morbidity, mortality, and KPS score

outcome compared with those in younger patients. The radical

resection rate and postoperative recovery of neural functions were

similar. The mortality and approach-related morbidity rates were

2.9% and 11.4% in elderly group, which were much lower than in

the previous reports, as noted herein. The multivariate logistic

regression analysis revealed that increasing age did not affect

negatively the morbidity and improvement of KPS score. Hence,

elderly patients with frontobasal and suprasellar meningiomas

could be safely and effectively resected via FLA. Regardless of age,

FLA allows gross tumor resection with acceptably low morbidity

and mortality. The most essential factors for the satisfactory

outcome are also related to the safe approach and its low

approach-related morbidity. The radiosurgery and failed previous

surgery could make the tumor stickier with the neurovascular

structures and more surgically challenging, but in our experience

it was still possible to resect the tumor completely and preserve

the vital nerves and arteries.

Figure 1. Illustrative case. (AeC) A 73-year-old man with a large OGM

(appr. 6 cm) and severe peritumoral edema. On admission he presented

with bilateral anosmia and amaurosis on the right side. He was ASA III and

his Karnofsky Performance Scale score was 60. This patient underwent

frontolateral approach with a result of Simpson grade I resection with the

preservation of olfactory nerves. (DeF) The magnetic resonance imaging

scan after operation proved the gross resection of the tumor. The patient

was neurologically intact and without any complications postoperatively.

The vision on the right side improved and the anosmia was unchanged at

10-month follow-up.
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Figure 1. Illustrative case. (AeC) A 73-year-old man with a large OGM

(appr. 6 cm) and severe peritumoral edema. On admission he presented 

with bilateral anosmia and amaurosis on the right side. He was ASA III and 

his Karnofsky Performance Scale score was 60. This patient underwent 

frontolateral approach with a result of Simpson grade I resection with the

         

      

  

        

   

      

      

       

          

         

      

    

meningiomas� in� the� elderly.� In� 2010,� in� a� study� with� 1281 

patients� who� underwent� surgical� resection� of� intracranial 

meningioma,� elderly� patients� had� higher� 30-day� mortality 

(12%)� than� young� patients� (4.6%).� 9In� 2017,� Brokinkel� et� al. 

16compared� the� long-� term� survival� after� surgery� for 

meningiomas� and� came� to� the� conclusion� of� similar 

progression-free� interval� between� elderly� and� young� patients, 

and� longer� median� overall� survival� with� gross� total� resection 

than� subtotal� resection.� In� 2018,� Zhao� et� al.� 17reported� a 

series� of� 528� patients� with� a� mortality� rate� of� 5.2%� and� surgical 

morbidity� rate� of� 20.4%� in� elderly� patients� and� recommended 

conservative� treatment� strategies� as� a� higher� priority� for� the

elderly� patients.
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Decision-Making of Surgery in the Elderly

The preoperative KPS score and ASA classification are negative

independent factors for the outcome according to the multivariate

logistic regression analysis. Similar findings were revealed in

previous reports.18-20 ASA III was distinctly related to higher risk

of approach-related and medical morbidity and lower chance of

recovery. Conservative management is recommended in patients

in poor general somatic condition with contraindications for

surgery or with low performance level (ASA # IV or KPS

score $ 40). Most meningiomas are benign and slow-growing,

particularly in elderly patients.21 We recommend surgery for

elderly patients only in cases of progressive tumor growth or

neurological worsening related to the tumor. In cases of

incidentally found asymptomatic meningiomas in elderly

patients, close follow-up is recommended initially. Regardless of

age, in most symptomatic meningiomas tumor resection is the

best treatment option. Complete tumor resection should be the

goal, but the preservation of neurologic functions has a higher

priority, especially in the elderly. Even temporary neurologic dys-

functions may be poorly tolerated in this age group. In cases

where part of the tumor is strongly attached to vital structures or

extends into the cavernous sinus, it might be left and the remnant

followed. Hence, the treatment should be tailored individually on

the basis of tumor characteristics, neurologic state, and the wishes

of patients.

Operative Approaches for Frontobasal and Suprasellar

Meningiomas

Frontotemporal approach is the most commonly used procedure

with the exposure of sphenoid ridge, sylvian fissure, and frontal

and temporal lobes but is more time-consuming and related to

some approach-related morbidity.22 The unilaterally or bilaterally

sub-frontal approaches were also recommended in these tumors.

However, they are also related to some risks, in particular venous

complications, frontal lobe injury, and CSF leaks.23 In order to

achieve a lower view or less brain retraction, some additional

orbital osteotomy has been suggested, but it may be a more
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to  achieve� a� lower� view� or� less� brain� retraction,� some� additional�
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time-consuming process and associated with higher risks of he- 

matoma, recurrent CSF �stula, and poor cosmetic outcome.24,25

 FLA was primarily reported for approaching anterior circulation 

aneurysms in 1978. 26It was considered as small frontotemporal or 

subfrontal approach with almost the same exposure to the anterior 

skull base and suprasellar areas, 27,28with lower approach-related 

morbidity and mortality rates. Nakamura et al. presented various 

studies of FLA to resect the meningiomas in skull base, including 

medial sphenoid wing, 29tuberculum sellae, 22and olfactory 

groove. 23FLA was shown to be the safest approach, with lowest

risk of death, brain edema, and better visual outcome, when 

compared with the frontotemporal and bifrontal approaches. 22It 

has been proven that the FLA is less invasive approach with low 

risk for the postoperative olfactory de�cits. 30There are no risks 

of injury of upper branch of the facial nerve and atrophy of the 

temporal muscle, because the incision and retraction in 

temporal muscle not necessary. 31The small bone �ap can be 

performed without drilling the sphenoid ridge and can be 

repositioned within 10 minutes, which considerably shortens the 

duration of surgery and reduces the risk of complications.

Frontobasal and suprasellar meningiomas in elderly patients can 

be treated surgically with acceptably low morbidity and mortality 

rates via the FLA. Preoperative KPS score less than or equal to 60

and ASA status greater than or equal to III predict an unfavorable 

postoperative outcome.

CONCLUSIONS
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4. SUMMARY 

4.1. Introduction  

Meningiomas are diagnosed more frequently in the elderly population with increasing life 

expectancy and availability of advanced imaging modalities. Recently CBTRUS (Central Brain 

Tumor Registry in the United States) has shown that the overall meningioma incidence is 8/100 

000, 49% of which occurred in patients > 65 years (1). The surgical treatment for meningiomas in 

elderly patients has been reported in previous studies to be related to variable mortality and 

morbidity rates: from 1.8 to 55.1% and from 11.3 to 69.6%, respectively (2-6). In 2011, a large 

population-based study of meningiomas with 122 284 patients revealed that up to 45% occurred 

in patients over 60 years old, and the 1-year mortality rate after tumor removal was claimed to be 

16.7% (4). Therefore, many neurosurgeons are in favor of radiotherapy or follow-up with dampen 

enthusiasm about surgery(7, 8). However, radiotherapy, in particular radiosurgery, is restricted to 

tumors smaller than 3 cm and related to certain morbidity (9, 10). 

Most published studies, however, included all intracranial meningiomas, irrespective of their 

origin, extension and operative approach, which limit their value to evaluate the risk/benefit ratio 

for the surgery in elderly patients. Even though the rates of morbidity and mortality after surgery 

in recent studies tend to be lower, the optimal treatment of elderly patients is still controversial, 

considering the potential surgical benefit, higher related risks and shorter remaining life 

expectancy (11, 12).  

Meningiomas of the skull base such as those in the suprasellar area have higher risks of surgical 

complications, especially in case of invasion of cranial nerves and/or vessels. Approach-related 

complication is one of the most important factors to determining the morbidity and mortality rates. 

The surgical approach in itself should not expose the patient to high risks, especially for the elderly. 

A simple and less time-consuming approach, which could minimize the total operation duration 

and would be related to less risk of developing approach-related, anesthetic or medical 

complications, might be of especial benefit in the elderly. Compared with the most commonly used 

approach – the frontotemporal, the frontolateral approach (FLA) was proved to be a simple and 

effective approach to resect meningiomas in frontobasal and suprasellar regions in many previous 

studies (30).  In view of the foregoing, it is of essence to evaluate the safety and efficacy of 
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4.4   Methods and Patients 

 

Patients and Data Collection  

Data were collected from the institutional database and the clinical, operative, histologic, and 

follow-up records were reviewed. Patients with meningiomas resected consecutively via FLA over 

a 19-year period (Jan 2000 to Sep 2019) were included in the study. The inclusion criteria were as 

follows: 

1. Cases with diagnosis of frontobasal and suprasellar meningiomas, including OGMs, medial 

SWMs, ACMs, TSMs, DSMs. 

2. The patients who were operated via frontolateral approach. 

3. The cases which were available with complete preoperative and postoperative documents, 

including the clinical, operative, pathology and follow-up records. 

 

The baseline data included patient-based, tumor-based and surgery-based data. Patient-based data 

included age at surgery, gender, preoperative symptoms, KPS score, American Society of 

Anesthesiology (ASA) Classification, previous treatment (surgery or radiotherapy). Tumor-based 

data consisted of tumor location, tumor size and tuomr WHO Grade. Surgery-based data comprised 

extent of resection (EOR), opening of frontal sinus, mortality, approach-related and medical 

complications.  

 

In this study, patients older than 65 years were regarded as the elderly according to the definition 

of World Health Organization. The preoperative functional status in daily living and and physical 

status were respectively evaluated by Karnofsky and ASA scale (35, 36)  (Table 1 and table 2). 

Tumor origin and size were evaluated by preoperative CT and MRI. The OGMs, ACMs and medial 

SWMs were categorized as frontobasal meningiomas. The TSMs and DSMs were categorized as 

suprasellar meningiomas. Tumors were graded according to World Health Organization 

classification (WHO). The EOR was classified by the Simpson grading (37) on the basis of 

operative reports, video and intra- or post-operative MRIs. Simpson grade I, II and III were 

considered as gross total removal of tumor.  
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Table 1. Karnofsky performance status scale  

Score  Criteria General category 

100  Normal: no complaints, no evidence of disease Able to carry on normal activity and 

work. No special care is needed 90  Able to carry on normal activity: minor signs or symptoms 

80  Normal activity with effort: some signs or symptoms 

70  Cares for self: unable to carry on normal activity or to do active 

work 

Unable to work. Able to live at home, 

care for most personal needs. Variable 

assistance is required 

60  Requires occasional assistance: cares for most of needs 

50  Requires considerable assistance and frequent care 

40  Disabled: requires special care and assistance 

30  Severely disabled: hospitalized; death not imminent Unable to care for self. Requires 

equivalent of institutional or hospital 

care. 

20  Very sick: hospitalized; active supportive care needed 

10  Moribund: fatal processes are progressing rapidly 

0  Dead 

 

Table 2. The American Society of Anesthesiologists (ASA) for evaluation of physical status 

 
Status Definition 

ASA I A normal healthy patient (except the defined illness). 

ASA II 
A patient with mild systemic disease (includes yet not limited to mild lung disease, well-

controlled diabetes mellitus/hypertension, obesity (body mass index 30-40), social alcohol 

drinker, and current smoker). 

ASA III A patient with severe systemic disease with substantive functional limitations. 

ASA IV A patient with severe systemic disease with a constant threat to life. 

ASA V A patient who is not expected to survive without the operation. 

ASA VI A patient with brain death status of a patient whose organs are being removed for donor 

purposes. 

 

 

Data Analysis 

 

The following parameters were analyzed: 

1. Tumor characteristics and preoperative status in the elderly and young groups. 

2. The EOR via FLA in elderly and young groups. 

3. The effect of surgery on KPS in both groups. 

4. The mortality after tumor resection via FLA in the two groups. 
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5. Rates of approach-related, medical complication and morbidity after operation in the two 

groups. 

6. The effect of age on surgical morbidity, medical morbidity and KPS.  

7. The potential role of other factors on surgical morbidity, medical morbidity and 

improvement of KPS.  

 

Statistical analysis was performed by the STATA 15.0 (Stata Corp LLC, Texas, USA) software. 

Continuous variables were presented as means and standard deviations and categorical variables 

were expressed as numbers and percentages. The comparisons were performed by mean and SD 

using the t-test for continuous data and counts and percentages using paired or unpaired chi-square 

test for the categorical data. Fisher’s test was calculated for the variable with a minimum expected 

count <5. Approach-related morbidity, medical morbidity and improvement of postoperative KPS 

were respectively defined as independent factors. Based on the factors including age, tumor site, 

tumor size, preoperative treatments, preoperative KPS, ASA classification and EOR, multivariable 

logistic regression analysis was performed to identify the independent factors influencing surgical 

morbidity, medical morbidity and KPS after tumor resection. The p-value at the 0.05 level was 

considered as statistical significance.   

 

4.5  Surgery 

 

Surgery was proposed to elderly patients with either progressive tumor growth or neurological 

worsening related to the tumor. Those patients with KPS <40 and ASA> IV were not candidates 

for the surgery. 

All patients underwent operation in the supine position with 30°- 45° rotation of head toward the 

contralateral side. The right side was generally preferred for craniotomy, but the size of frontal 

sinus, tumor growth pattern and visual function were also into consideration. The head was tilted 

back to take full advantage of gravity retraction during the operation.  

A frontolateral craniotomy (1.5–3.5 cm × 2–3 cm) was performed after a hemicoronal skin incision 

behind hairline. Notably, the craniotomy should reach the level of the orbital roof and supraorbital 
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fissure widely, particularly in the resection of smaller tumor. FLA could offer sufficient access to 

meningiomas in the anterior skull base, supra- and parasellar areas (Fig 1 A, B). After tumor 

removal, the basal attachment was coagulated. The hyperostosis or bony tumor involvement were 

removed carefully with a diamond drill, since hyperostosis at the tumor base usually represents 

intraosseous tumor. The watertight dural closure is obligatory. The dura is covered usually with a 

free pericranial graft. In case there is a wider opening, fat graft was used in addition to the 

pericranial graft.  

 

4.6 Results 

 

From Jan 2000 to Sep 2019, a total of 236 patients who underwent operation via frontolateral 

approach in INI Hannover were reviewed. There were 128 patients diagnosed with meningiomas, 

58 patients with craniopharyngiomas and 22 patients with pituitary adenomas. Other pathological 

diagnosis consisted of optic pathway gliomas, skull base chordoma, aneurysms, suprasellar 

neurinomas, germinomas and epidermoid cyst. A total of 128 patients with both the diagnosis of 

meningiomas and operation via FLA were finally included in the study, 35 of which were elderly 

patients and 93 of which were young patients. 

 

Demographics 

1.  The elderly group included 35 patients (age ≥ 65 year, mean age 70.2 years), of which 

65.7% were female.  

2.  The young group included 93 patients (age < 65 years, mean age 46.5 years). of which 

62.4% were female. 

Table 3: The demographic characteristics in two groups. 

Characteristic 
Elderly Group 

  N=35, n (%) 

Young Group 

N=93, n (%) 
P value 

Age years     <0.001 

Mean  70.2±3.9 46.5±12.9  

Range 65-83 11-64  

Sex      0.86 

Female 23 (65.7) 58 (62.4)  

Male 12 (34.3) 35 (37.6)    
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Tumor characteristics   

1. The elderly group included 22 frontobasal meningiomas and 13 suprasellar meningiomas. 

In the young group, there were 56 frontobasal meningiomas and 37 suprasellar 

meningiomas.  The elderly and young groups had no statistical significance in terms of 

tumor origin (P=0.08).  

2. Mean tumor size was 3.5 cm in both groups. Tumors larger than 4cm were observed in 16 

cases (45.8%) in elderly group and 28 cases (30.1%) in young group (P=0.07). 

3. The histology showed 32 cases (91.4%) with WHO grade I and 3 case (8.6%) with grade 

II in elderly group, 84 cases (90.3%) with grade I and 9 cases (9.7%) with grade II in young 

group. No statistical significance was presented between the elder and young patients 

(P=0.18). 

 

          Table 4: The tumor characteristics in two groups. 

 
Characteristics Elderly Group          

≥ 65 years, n (%) 

Young Group 

< 65 years, n (%) 

P Value 

Cases 35 93  

Sites    0.001 

Olfactory groove 9    (25.7) 22    (23.7)  

Anterior clinoid process 5    (14.3) 11    (11.8)  

Planum sphenoidale 6    (17.1) 18    (19.4)  

Medial sphenoid wing 2    (5.7) 5      (5.4)  

Tuberculum sellae 11  (31.4) 33    (35.5)  

Diaphragma sellae 2    (5.7) 4      (4.3)  

Optic canal invasion 7    (28.6) 27    (27.9) 0.42 

Tumor size (cm) 3.4±1.9 3.2±2.8 0.07 

<4cm 19    (54.2) 65    (69.8)  

≥4cm 16    (45.8) 28    (30.2)  

Tumor WHO grade    0.18 

I 33   (94.2) 84   (90.3)  

II 2     (5.8) 9     (9.7)  
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Preoperative status   

1. Most patients suffered from cranial nerve dysfunction, including visual deficit, double 

vision, anosmia and ptosis both in the elderly and young. None of the elderly patients was 

asymptomatic.  

2. KPS less than 70 happened in 51.4% of the elderly and 45.2% of the young patients.  

3. ASA II and III happened in respectively 40% and 17.1% of the elderly patients, 34.4% and 

8.6% of the young patients, respectively.  

Table 5: Preoperative status of elderly and young groups. 

Characteristics Elderly Group          

≥ 65 years, n (%) 

Young Group 

< 65 years, n (%) 

P Value 

Cases 35 93  

Preoperative symptoms   0.001 

Intracranial hypertension 13   (37.1) 20    (21.5)  

Olfactory nerve deficit 10   (28.5) 25    (26.9)  

Optic nerve deficit 14   (40) 42    (45.1)  

Oculomotor nerve deficit 3    (8.6) 9      (9.8)  

Mental disorder 4    (11.4) 6      (6.5)  

Hemiparesis 4    (11.4) 4      (4.3)  

Seizures 2    (5.7) 4      (4.3)  

Asymptomatic 0 10    (10.8)  

Previous Treatment   0.14 

Surgery 8    (22.9) 31    (33.3)   

Radiosurgery 5    (14.2) 6      (6.5)   

ASA Classification   0.23 

I 15   (42.9) 53    (57.0)  

II 14   (40.0) 32    (34.4)  

III 6     (17.1) 8      (8.6)  

Preoperative KPS     0.66 

≥70 17 (48.6) 51 (54.8)  

<70 18 (51.4) 42 (45.2)  

 

Operative outcome and postoperative KPS   

1. The frontal sinus was opened in 2 cases (5.7%) in the elderly and 6 cases (6.5%) in young 

group without any related complications. 

2.  Intraoperative MRI was performed in 19 cases (54.2%) and 32 cases (34.4%) respectively 

in elderly and young patients.  



 24 

3. Gross total resection was achieved in 31 cases (88.6%) in elderly group and 86 cases 

(91.3%) in young group.  

4. In elderly group, 4 tumors were removed subtotally: in 3 patients with suprasellar 

meningiomas with tumor extension into cavernous sinus and in 1 case with huge 

tuberculum sellae meningioma with infiltrative growth.  

In the young group, subtotal resection was performed in 6 meningiomas with broad base 

and extracranial extension and 3 cases of tuberculum sellae meningiomas with huge size 

and infiltrative growth.  

5. The functional condition (KPS) improved in both groups, irrespective of age at surgery: in 

85.7% of elderly patients and 91.4% of young patients.  

 

Table 6. Operative outcome after tumor resection via FLA in two groups. 

Characteristic 
Elderly Group 

  N=35, n (%) 

Young Group 

N=93, n (%) 
P value 

EOR (Simpson Grade)    0.17 

Gross resection  31   (88.6) 84   (90.3)  

Subtotal resection  4     (11.4) 9    (9.7)  

Change of Postoperative KPS      0.18 

Improved 30  (85.7) 85  (91.4)  

Unchanged 4    (11.4) 8    (8.6)      

Worsened  1    (2.9)   0    (0)    

 

Postoperative complications   

1.  Approach-related morbidity: 

Elderly group:  two patients (5.7%) had CSF leak, of which 1 patient was treated with 

operation revision, 1 patient was treated with lumbar drainage. One patient (2.9%) had 

slight infarction in frontal lobe. No permanent complications were observed. 

Young group:  five patients (5.4%) had CSF leak, of which 3 patients were treated with 

operation revision, 2 patients were treated with lumbar drainage. Three patients (3.1%) had 

hemorrhage, of which only 1 patient received operation revision. One case (1.1%) had 

slight infarction in frontal lobe.  No permanent complications were observed. 
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         Table 7. The approach-related morbidity after tumor resection via FLA. 

 

 

 

 

* shows that the treatment for those patients with postoperative complications. CSF=Cerebrospinal Fluid. 

OR=operation revision. LD= lumbar drainage. 

2. Medical morbidity 

Elderly group: 3 patients (8.6%) developed pneumonia, 1 patient (2.9%) had urinary tract 

infection and 1 patient (2.9%) suffered DVT. 

Young group: 5 patients (5.4%) had pneumonia and 3 patients (3.2%) developed urinary 

tract infection in young group. 

Table 8. The mortality and morbidity in two groups after tumor resection via FLA. 

Medical  

Complications  

Elderly Group 

N=35, n (%) 

Young Group 

N=93, n (%) 

P  

value 

Pneumonia 3   (8.6) 5   (5.4)  

Urinary tract infection 1   (2.9) 3   (3.2)  

DVT 1   (2.9) 0  

Total 5   (14.3) 8   (8.6) 0.18 

DVT=Deep vein thrombosis. 

 

3. Mortality 

One death (2.9%) occurred in a 66-year-old male with huge planum meningioma with 

extension into sphenoid wing and dorsum sellae, due to malignant hemorrhage and brain 

edema after tumor total resection. The patient was previously operated and presented with 

bilateral blindness, ASA III and KPS 50 before operation. There was no statistical significance 

in mortality was presented in the elderly and young groups. 

 

Approach-related  

complications  

Elderly Group 

N=35, n (%) 

Young Group 

N=93, n (%) 

P  

value 

CSF leak 2   (5.7) 

(1-OR,1-LD)* 

5  (5.4) 

(3-OR,2-LD)* 

 

Hemorrhage 1   (2.9) 

(none)* 

3   (3.2) 

(1-OR)* 

 

Infarction 1   (2.9) 1   (1.1)  

Total 4   (11.4) 9   (9.7) 0.18 
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Multivariate logistic regression analysis  

The analysis was based on the multivariate model using the following variables: age, tumor origin, 

tumor size, preoperative treatments, preoperative KPS, ASA classification and EOR. The results 

were as follows: 

1. Increasing age was not associated with approach-related morbidity (OR 1.39, P=0.53), 

medical morbidity (OR 1.94, P=0.88) and postoperative KPS (OR 0.32, P=0.25). 

2. Preoperative KPS <70 was associated with higher risk of medical morbidity (OR 4.63, 

P=0.03) and less chance to improve the KPS (OR 0.55, P=0.04), but not related to 

approach-related morbidity (OR 7.47, P=0.17). 

3. Preoperative ASA III had a negative effect on approach-related morbidity (OR 6.52, 

P=0.01), medical morbidity (OR 8.32, P=0.009) and improvement of KPS (OR 0.50, 

P=0.03).  

4. Preoperative treatments, including surgery and radiotherapy, were not related to the rate of 

approach-related complications (OR 1.07, P=0.95), medical morbidity (OR 1.77, P=0.64) 

and improvement of KPS (OR 0.48, P=0.46).   

5. Tumor size ≥ 4cm was associated with higher risk for approach-related morbidity (OR 5.48, 

P=0.03), but was not related to medical morbidity (OR 4.49, P=0.10) and postoperative 

KPS (OR 0.26, P= 0.18).  

6. Tumor origin was not associated with approach-related complications (OR 1.86, P=0.54), 

medical morbidity (OR 0.69, P=0.71) and postoperative KPS (OR 0.77, P=0.78).   

7. EOR was not associated with postoperative KPS, approach-related and medical morbidities. 

Table 9. Multivariate logistic regression analysis for postoperative complications and 

improvement of KPS after tumor resection via FLA. 
 

   Variables 
Approach-related Morbidity Medical Morbidity       Improvement of KPS 

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value 

Age (≥65 years vs <65 years) 1.39 (0.06-6.04) 0.53 1.94 (0.18-7.51) 0.88 0.32 (0.04-2.26) 0.25 

Origin (Suprasellar vs Frontobasal) 1.86 (0.27-12.85) 0.54 0.69 (0.10-4.98) 0.71 0.77 (0.13-4.54) 0.78 

Size (≥4cm vs <4cm) 5.48 (1.11-34.5) 0.03 4.49 (0.74-27.09) 0.10 0.26 (0.04-1.85) 0.18 

Preoperative treatment (Yes vs No) 1.07 (0.11-9.75) 0.95 1.77 (0.16-19.11) 0.64 0.48 (0.07-3.37) 0.46 

Preoperative KPS (<70 vs ≥70)  7.47 (0.42-129.95) 0.17 4.63 (0.34-12.47) 0.03 0.55 (0.01-1.16) 0.04 

ASA classification (vs I)            

   II    2.59 (0.55-34.06) 0.12 2.17 (0.96-5.12) 0.04 0.61 (0.08-4.37) 0.61 

   III            6.52 (2.72-83.02) 0.01 8.32 (1.59-9.03) 0.009 0.50 (0.04-5.63) 0.03 

EOR (GTR vs STR) 1.21 (0.17-14.32) 0.24 0.90 (0.67-12.96) 0.07 1.87 (0.11-6.95) 0.06 
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4.7 DISCUSSIONS 

 

1. Tumor Characteristics in the Elderly and Effect of Tumor Size on Postoperative Outcome. 

Meningiomas in elderly patients tend to have large tumor at the diagnosis, compared with the 

young. In our study, large tumors (≥4cm) were observed in 46% of elderly patients, but only in 

30% of young patients. Some authors revealed that no correlation was found between tumor size 

and postoperative outcomes (38). In many studies, large tumor was shown to be related to higher  

mortality and morbidity (39-41). Cohen et al. shown that the larger was the tumor in the elderly, 

the higher mortality risk after operation (42).  In our multivariable analysis in this study, tumor 

size ≥ 4cm was found to have more risk of approach-related complication, but without other 

significant effect on medical morbidity and KPS after tumor removal. 

In our series, the single mortality happened in an elderly patient who had a very large tumor (size, 

6cm) in the suprasellar area and was previously operated. The patient was in a bad preoperative 

status, including ASA III and KPS 50.  Even though we found that in large tumor the risk of 

approach-related complications tends to be higher, all these complications proved to be temporary.  

In this study, 34.4% of patients harbored larger tumors (≥ 4cm) and most of them underwent GTR, 

without any complications.  Hence, large tumor was not a contraindication for surgery. GTR 

should be also be attempted. 

 

2.  General Functional and Physical Status before Surgery 

All operated elderly patients were symptomatic. In case of incidentally found asymptomatic 

meningiomas in elderly patients, conservative strategy with close follow-up was recommended 

initially. Several studies had investigated the behavior of untreated meningiomas. Most 

meningiomas were benign and slow-growing, particularly in elderly patients and some patients are 

not diagnosed until the symptoms occur (43). Nakamura and Samii et al (44) revealed that 

asymptomatic patients had the absolute mean annual growth rate of 0.796 cm3 /year,  mean tumor 

doubling time of 21.6 years (range from 1.27 to 143.5 years), most tumors (66%) of which 

exhibiting a rate of less than 1 cm3 /year in the monitored observation with serial imaging. In a 
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retrospective analysis of 603 asymptomatic meningiomas, it was concluded that approximately 63% 

of asymptomatic meningiomas did not present tumor growth, only 6% of which experienced 

symptoms for longer than 5 years (45). Therefore, we recommend surgery for elderly patients only 

in case of progressive tumor growth or neurological worsening related to the tumor. 

The rate of elderly groups with worse preoperative KPS and ASA status was higher.  ASA III was 

found to be distinctly related to higher risk of approach-related and medical morbidity and lower 

chance of recovery. The preoperative KPS and ASA were proved to be negative independent 

factors for the outcomes after tumor removal in multivariate logistic regression analysis. In our 

experience, surgery was not recommended in patients with low performance level (ASA ≥IV or 

KPS ≤40). Similar findings were revealed in previous reports. In some grading systems, the KPS 

and ASA were identified as vital factors to predict mortality in the elderly patients with 

meningiomas (38, 42, 46, 47). In the advanced elderly patients with meningiomas, it was 

emphasized to take good control of KPS and ASA before surgery (46). General functional and 

physical status were key risk factors for postoperative outcomes after surgery. 

 

3.  Surgical Morbidity and Mortality in Elderly Patients with Meningiomas 

The surgery and postoperative outcome of meningiomas in elderly patients has been generally 

refined decade by decade (Table 10). In 1983, Papo et al (6) primarily reported the intracranial 

meningiomas operated after 65 years old with sharp rise up to 55% of postoperative mortality due 

to the brain infarction, massive swelling pulmonary embolism and heart failure. In 1992, Williams 

et al (48) presented a much lower mortality rate of 4.3% and poorer recovery in elderly patients, 

but the morbidity rate was still up to 30%. In 2007, Roser et a l(3) presented a better outcome with 

lower perioperative mortality based on 132 cases of skull base meningiomas in the elderly. In 2010, 

in a study with 1281 patients who underwent surgical resection of intracranial meningioma, elderly 

patients had higher 30-day mortality (12%) than the young (4.6%) (2). In 2011, a large population-

based study of meningiomas with 122 284 patients revealed that up to 45% occurred in patients 

over 60 years old, and the 1-year mortality rates after tumor removal was claimed to be 16.7% 

(49). In 2018, Zhao et al (50) reported a series of 528 patients with a mortality rate of 5.2% and 

surgical morbidity rate of 20.4% in elderly patients and recommended conservative treatment 

strategies as a higher priority for the elderly patients. The discrepancy of operative outcomes was 
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attributed to different tumor origins, preoperative status, operative approaches and extent of tumor 

removal, which limit the value of these studies. In the present series, the mortality, approach-

related and medical morbidity rates in elderly patients were respectively 2.9%, 11.4% and 9.7%, 

which were much lower than in the previous reports.  

 

Table 10: The approach-related and medical morbidity and 30-day mortality in Elderly 

Patients with Intracranial Meningioma after tumor resection. 

Reference Cases Approach-related 

Complication (%) 

Medical 

Complication (%) 

30-day  

Mortality (%) 

Present study 35 11.4 9.7 2.9 

Eksi et al., 2019 (51) 228 22.8 17.1 N/A 

da Silva and de Freitas, 2018 (52) 23 26 8.6 N/A 

Zhao et al., 2018 (50) 115 24.4 N/A 3.9 

Konglund et al., 2013 (53) 54 33.5 11.2 5.6 

Schul et al., 2012 (41) 164 49.4 4.9 3.7 

Cohen-Inbar et al., 2011 (42) 120 47.2 4.4 N/A 

Roser et al., 2007 (3) 43 23.2 30.2 0 

Boviatsis et al., 2007 (54) 108 17.9 21.8 6.5 

Nakamura et al., 2005 (55) 21 23.8 28.6 0 

Sonoda et al., 2005 (56) 25 16 0 4 

Buhl et al., 2000 (57) 66 30.3 19.7 7.6 

Papo, 1983 (6) 54 24.2 14.8 55 

N/A=not available 

 

CSF leak and hemorrhage are the most commonly postoperative complications in skull base 

surgery and should be managed either conservatively with a lumbar drainage or surgically. One 

study shown that 17% of 257 skull-base tumor resections (mostly meningiomas) were complicated 

by CSF leak (58). In a study with surgery of supratentorial meningiomas, the incidence of 

postoperative hematoma was estimated to be 7.4% in elderly patients (54). In our study, the rate 

of CSF leak in the elderly was 5% which was similar with the young, only half of which treated 

by reoperation. The hemorrhage rate was 3% both in elderly and young patients and most patients 

were treated conservatively. The typical systematic complications were pneumonia and urinary 

tract infection. Most complications were temporal and resolved without lasting morbidity. The 
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complication rate in elderly patients after operation via FLA was generally lower than those studies 

with surgery via other approaches such as frontotemporal and bifrontal approach (Table 10). 

Compared with the outcomes from present and previous studies, surgery via FLA did not expose 

the elderly to higher risk to develop complications.  

 

4.  Effect of Increasing Age on Postoperative Outcomes.  

Some studies suggested increasing age as prognostic risk factor for patients after surgery (59-61). 

Other studies have shown that age does not increase the risk of negative outcome (8, 51, 62). A 

retrospective study evaluated 1372 patients with intracranial meningiomas who received operation 

and  showed that surgery in elderly patients is still a much more beneficial care than wait-and-see 

strategy, even though elderly patients had higher morbidity and mortality compared with younger 

patients (51). In this series, the surgical and medical morbidity in elderly group were respectively 

11.4% and 14.3%, which were slightly higher than young group with 9.7% and 8.6%. But no 

statistical difference was found between the elderly and young groups, despite the worse 

preoperative KPS and ASA statue in elderly group. Multivariate logistic regression analysis also 

revealed that increasing age was not significantly associated with the morbidities and postoperative 

KPS. Even though elderly patients had slightly higher morbidity risk than the young, they could 

be beneficial from tumor removal with acceptedly low morbidity, especially when the elderly were 

under good control of preoperative general status. Increasing age was not the independent factor 

influencing on the outcomes after tumor resection.  

 

5.  Relationships between Extent of Resection and Postoperative Complications. 

The radical resection rate in the elderly ranged from 60-86 % in the previous studies (6, 41, 50, 53, 

54, 56, 63).  In our cases, the radical resection rate in the elderly was 88.6%, which was higher 

than in many previous reports. In some studies, radical tumor resection and morbidity was reported 

to correlate statistically (46). Some showed that EOR mortality and morbidity did not differ 

statistically (41, 54). In present study, GTR was not related to higher risk of morbidity and 

mortality compared with STR even in older patients. Even the temporary neurological 
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dysfunctions may be poorly tolerated in this age group. Therefore, in case part of the tumor was 

strongly attached to vital structures or extends into the cavernous sinus, these should be left and 

the remnant followed up closely. Generally, the complete tumor resection should be the goal, but 

the preservation of neurologic functions has a higher priority, especially in the elderly. 

 

6.  Effect of Previously Failed Surgery and Radiosurgery on Postoperative Outcomes 

In a retrospective review of 2120 patients who underwent resection of meningiomas, reoperation 

in recurrent skull base meningiomas were associated with high morbidity and complication rates 

(64). In the present study, approximately 40% of all patients had previously failed surgery or 

radiosurgery. However, no statistical significance was found between previously failed treatments 

and postoperative outcome in multivariable logistic regression analysis. The previous treatments 

could make the tumor sticky with the neurovascular structures and more surgically challenging. 

But in our experience, it was still possible to resect tumor completely and preserve the vital nerves 

and arteries. Those patients with previously failed treatments could have similar postoperative 

outcomes to those without. Hence, surgery should be recommended even in case of failed previous 

treatment, provided that the previously described indications are available.  

 

7.  Frontolateral Approach for Tumor Removal in Frontobasal and Suprasellar Regions. 

Concerning the meningiomas in frontobasal and suprasellar areas, frontotemporal approach is the 

most commonly used procedure with the exposure of sphenoid ridge, sylvian fissure, frontal and 

temporal lobes but is more time-consuming and related to some approach-related morbidity (30). 

The unilaterally or bilaterally sub-frontal approaches were also recommended in these tumors. 

However, they are also related to some risks, in particular venous complications, frontal lobe injury 

and CSF leaks (65). In order to achieve a lower view or less brain retraction, some additional 

orbital osteotomy was suggested, but it was a more time-consuming process and associated with 

higher risks of hematoma, recurrent CSF fistula and poor cosmetic outcome (17, 66). The most 

essential factors for the satisfactory outcome are also related to the safe approach and its low 

approach-related morbidity. 
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FLA was primarily reported for surgery of anterior circulation aneurysms in 1978 (67). It was 

considered by some authors as small frontotemporal or subfrontal approach with almost the same 

exposure to the anterior skull base and suprasellar areas (68, 69), with lower approach-related 

morbidity and mortality rates. Samii, Nakamura et al presented several studies of FLA to resect 

the meningiomas in skull base, including medial sphenoid wing (63), tuberculum sellae (30), 

olfactory groove (65). FLA was shown to be the safest approach, with lowest risk of death, brain 

edema and better visual outcome when compared with the frontotemporal and bifrontal approaches 

(30).  Low risk of olfactory deficits was proven in suprasellar meningiomas after resection via 

FLA (70).   

The present study proved that the FLA was simple and effective approach to resect meningiomas 

in the frontobasal and suprasellar areas even in the elderly. There were no risk of injury of upper 

branch of the facial nerve and atrophy of the temporal muscle, because incision and retraction of 

the temporal muscle was not necessary (71). The small bone flap can be performed without drilling 

of sphenoid ridge and repositioned more rapidly, which considerably shortened the total duration 

of surgery and reduced the risk of complications. In summary, the FLA allowed radical resection 

of meningiomas in elderly patients with acceptably low morbidity and mortality and ideal 

postoperative recovery.   

 

4.8   Study Limitations  

 

The major limitation of this study is its retrospective character. Since the patients in our institute 

come from different countries, the long-term follow-up outcome in many cases are not available 

and we could not make further study regarding tumor recurrence. Our goal is to evaluate the 

efficacy and safety of a single approach for removal of meningiomas in one brain area in a specific 

group of patients which limited the case number. 
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4.9  CONCLUSIONS 

Elderly patients with meningiomas in frontobasal and suprasellar areas tend to have larger tumors 

and worse preoperative status. If a safe and simple surgical approach, such as the FLA, is utilized, 

increasing age does not have significant negative effect on postoperative outcome. The gross total 

tumor resection via the FLA does not lead to higher risk of complications or morbidity and is 

related to good postoperative functional recovery. It should be, therefore, the goal even in this age 

group.  

The independent factors for postoperative outcome are preoperative KPS and ASA status. 

Preoperative KPS ≤50 and ASA ≥ III predict a higher risk of developing complications. Tumor 

size ≥ 4cm had potentially higher risk of approach-related complications, which, however, were 

temporary and did not significantly affect general outcome. Previous failed surgery or radiotherapy 

did not negatively affect the outcome. Elderly patients with meningiomas, when they are under 

good control of KPS and ASA status, could be operated via FLA with acceptedly low complication 

rate and good functional recovery.  
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