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Abstract
Background: There is an evolving concern in the management of brain tumors in the elderly. The number of
elderly people (aged 65 years or more) increases progressively, and there is a considerable percent of brain tumors
affecting this age group. Elderly people may have one or more chronic illnesses that may render cranial surgery of
high risk for mortality and morbidity. This study was carried out to evaluate the short-term (30 days) outcome of
brain tumor surgery in elderly patients.
Results: This is a single-institution retrospective study of elderly patients harboring brain tumors who were
managed by surgery. The study included 31 patients between 2014 and 2019. Elective and emergency cases were
included. The mean age for the study population was 68.29 years. The mean functional status using the Karnofsky
Performance Scale (KPS) changed from 58.06 before surgery to 70 after surgery. Meningioma grade I and
glioblastoma multiforme (GBM) were the most common neoplasms, 41.9 and 29%, respectively. There was a
statistically significant relationship between the mortality and GBM (P value < 0.05) while there was no correlation
with concomitant diseases, KPS, or extent of resection (P value > 0.05). Preoperative concomitant diseases were
found in 16 patients. Mortality occurred in 11 cases (35.4%).
Conclusions: Old age by itself should not be a risk factor alone for increasing mortality or morbidity in cranial
surgery for patients with brain tumors. Glioblastoma in old patients with poor KPS carries a significant risk for
mortality. Further studies with a larger number of patients and inclusion of more variables are required.
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Background
The attitude regarding the management of brain tumors
in the elderly has become more aggressive. This occurs
due to the advances in molecular biology of brain tumors in the geriatric population. As the overall prognosis is still poor, more research and studies seeking more
effective management are ongoing [1].
Age-related mortality rates show that increasing mortality rates of primary brain tumors in the elderly are directly
proportional to the increase of this population size. Malignant gliomas, especially glioblastoma multiforme, are the
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most common primary brain tumors in the geriatric
population [2].
Many factors affect the management of brain tumors
in the elderly. Multiple comorbidities and poor overall
health status may represent a significant challenge in
managing elderly patients with brain tumors. Moreover,
old age is a well-known prognostic factor which is associated with worse survival because of tumor grade. Most
primary brain tumors in the geriatric population have no
available accepted standard treatment [3].
In this monocentric study, the aim is to present our
experience regarding the short-term clinical outcome
and older patients (≥ 65 years) with brain tumors treated
with surgical excision to evaluate the advantages and
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limitations of cranial surgery for this particular patient
group.

Methods
This was a retrospective study of elderly patients (≥ 65)
with brain tumors who were managed by surgery. The
study aim and design were approved by the medical and
ethical committee of the neurosurgery department at
our institute. The study aim was to assess the morbidity
and mortality of brain tumor surgery in patients over
age 65 and compare our results with the present literature on cranial surgery in the elderly.
Participants are patients more than 65 years old who
were diagnosed with brain tumors. All patients were operated upon by excision. This retrospective study was
performed on 31 patients aged 65 years or older, with
brain tumors, admitted to the neurosurgery department
or the intensive care unit of our hospital, between 2014
and 2019. An analysis was made on variables such as
age, sex, pathology, the admission Glasgow Coma Scale
(GCS) score, comorbidities, complications, and operative
data including blood loss, performance status, and
mortality.
Blood samples via venipuncture assess white blood cell
count, prothrombin time, international normalized ratio
(INR), random blood glucose, and liver and kidney functions to ensure all values were within normal limits. Informed consent was provided by all patients.
The archive of our institute of the neurosurgery department was reviewed for all cases diagnosed with brain
tumors and resected at our department between May
2014 and November 2019. The end of the inclusion
period was chosen to allow an interval of 1 month between the date of surgery and the date of data collection
(January 2020) to detect the perioperative mortality and
complications. In all cases, surgery was indicated for the
treatment of space-occupying and/or symptomatic lesions in the absence of contraindications against either
microsurgery or anesthesia. These contraindications included a life expectancy of only months due to another
malignant neoplasm or newly diagnosed life-threatening
cardiovascular events. The tumor histopathological type
and grading 2007 WHO criteria were determined from
neuropathological reports. Baseline medical data, including patients’ sex and age at the time of surgery, tumor
location, and extent of resection, were obtained from
medical and operative reports in each individual case.
Tumor location was classified as falx, convexity, sphenoid ridge, petroclival, and posterior fossa. Maximum
safely achievable tumor resection/reduction was performed in all patients. Unless contraindications were
present (low KPS or refusal by the patients), adjuvant radiation therapy was recommended in all cases of grade
III and subtotally resected.
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As is standard in our institute, routine postoperative
care included follow-up clinical examinations with CT
scan with contrast. Gadolinium-enhanced MRI was done
if further evaluation was needed. Images were analyzed
for tumor progression or residual by a team of at least 2
independent observers, including 1 neurosurgeon and 1
radiologist (or neuroradiologist).
Data were statistically described in terms of mean ±
standard deviation (± SD), median and range, or frequencies (number of cases) and percentages when appropriate. Comparison of mortality between the study
groups was done using the chi-square (χ2) test. The
exact test was used instead when the expected frequency
is less than 5. For comparing KPS pre versus post, the
McNemar test was performed. Two-sided P values less
than 0.05 were considered statistically significant. All
statistical calculations were done using the computer
program IBM SPSS (Statistical Package for the Social
Science; IBM Corp, Armonk, NY, USA) release 22 for
Microsoft Windows.
The functional impairment before and after surgery
was assessed by using the Karnofsky Performance Scale
Index. This can be used to compare the effectiveness of
different therapies and to assess the prognosis in individual patients. The lower the KPS, the worse the survival
for most serious illnesses.

Results
The mean age for the study population was 68.29, the
mean operative time was 4.26, the mean tumor volume
was 122.94, and the mean blood loss was 590.32 cc. A
summary of the clinical data is shown in Table 1. There
was a statistically significant relationship between mortality and GBM as the P value was less than 0.05. A
summary of the oncological patterns in our study is
shown in Table 2.
There was no statistically significant relationship between the mortality and KPS state pre as the P value was
more than 0.05 (Table 3). There was no statistically significant relationship between mortality and concomitant
disease as the P value was more than 0.05.
Although there was a clinically significant improvement in the KPS state, there was no statistically significant relationship between the KPS state post and KPS
state pre as the P value was more than 0.05. This may be
due to the small sample size (Table 4). There was no statistically significant relationship between mortality and
GTR as the P value was more than 0.05 (Table 5).
In our study, there were 12 females and 19 males. The
KPS state pre was 70 or more in 14 patients. Seventeen
patients have KPS state pre less than 70. There were 11
cases of convexity meningioma, 3 cases of parasagittal
meningioma, 2 cases of petroclival meningioma, 13 cases
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Table 1 The age, operative data, and the perioperative GCS and KPS
Age (years)

GCS

KPS pre

Operative time

Complaint duration

Blood loss

KPS post

Post GCS

Mean

68.29

13.81

58.06

4.26

10.81

590.32

70.00

14.03

N

31

31

31

31

31

31

31

31

SD

4.228

2.344

21.513

0.815

11.867

262.177

27.325

2.415

Median

68.00

15.00

60.00

4.00

5.00

600.00

80.00

15.00

Minimum

62

5

10

3

1

100

10

5

Maximum

85

15

90

6

40

1000

100

15

Values are expressed as mean ± SD
KPS Karnofsky Performance Scale, N number, SD standard deviation, GCS: Glasgow Coma Scale

of cases supratentorial intraaxial, one case of posterior
fossa mass, and one case of sphenoid wing meningioma.
Concerning the associated morbidity, 3 patients were
hypertensive, and 6 patients were diabetic. History of
hepatitis C virus was present in 5 patients. Ischemic
heart disease was present in one patient. One patient
was diabetic and hypertensive with ischemic heart
disease.
The KPS state post was 70 or more in 20 patients.
Eleven patients have KPS state pre less than 70. Gross
total resection was done in 27 cases, subtotal resection
was done in 3 cases, and debulking was done in one case
only. Concomitant disease was present in 16 cases, and
the mortality percent was 35.5% (11 patients).

Discussion
With the increasing age of the population and availability
of diagnostic tools, neurosurgeons are faced with an increasing number of brain tumors in old people. The incidence of brain tumors (whether primary or secondary)
increases with the advancement of age. Although there is
appreciable and ongoing improvement in the knowledge
and techniques in cranial surgery, neuro-anesthesia, and
perioperative intensive care, nevertheless, increasing age
deserves special care due to the frailty of patients and the
higher incidence of associated diseases that might increase
the risk of morbidity and mortality [1–3].
This is a single institution retrospective analysis of the
postoperative outcome (30 days) in relation to preoperative

risk factors (KPS and associated diseases) and postoperative
risk factors (extent of resection, tumor pathology, KPS, and
complications) in elderly patients who underwent cranial
surgery for brain tumors in the absence of advanced intraoperative equipment.
Our institution is a tertiary referral center serving a
district of more than 3 million mostly rural people. It is
a dedicated neurosurgical unit, started work since 2014.
All patients underwent microsurgical removal of their
brain tumors aiming at total excision whenever possible
without affecting surrounding neural structures. This
was in the absence of advanced equipment like intraoperative neuromonitoring, navigation, and ICP monitoring in the ICU.
The definition of elderly is not uniform in the literature, starting from 60 years old to 80 in some literatures
[1, 4–6]. We stick to the WHO definition of the elderly
as those who are 65 years and older [7, 8].
Elderly patients have poor fitness, take medications for
chronic diseases, and liable to depression when diagnosed to have brain tumors. There is a debate whether
advanced age is to be considered a poor risk factor by itself even in other subspecialties [1, 3, 5, 9, 10]. Some
studies denied the effect of age on the outcome of brain
tumor surgery [3, 4, 11–13]. Others favored avoiding
surgery above the age of 70 [3].
Several studies showed that the preoperative functional
status has a significant impact on the outcome more
than the effect of age [3, 13, 14]. The cutoff value of KPS

Table 2 The relationship between mortality and pathology
Pathology
Anaplastic astrocytoma
Death

No

Yes

Atypical
meningioma G2

GBM

Glioma G2

Gliosarcoma

Meningioma G1

Mets

Count

2

4

2

1

0

11

0

% within death

10.0%

20.0%

10.0%

5.0%

0.0%

55.0%

0.0%

% within pathology

100.0%

100.0%

22.2%

100.0%

0.0%

84.6%

0.0%

Count

0

0

7

0

1

2

1

% within death

0.0%

0.0%

63.6%

0.0%

9.1%

18.2%

9.1%

% within pathology

0.0%

0.0%

77.8%

0.0%

100.0%

15.4%

100.0%

G grade, GBM glioblastoma multiforme, Mets metastasis
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Table 3 The relationship between mortality and KPS state pre
KPS state pre
Death

No

Yes

70 or more

Count

11

9

20

% within death

55.0%

45.0%

100.0%

% within KPS state pre

64.7%

64.3%

64.5%

Count

6

5

11

% within death

54.5%

45.5%

100.0%

% within KPS state pre
Total

Total

< 70

35.3%

35.7%

35.5%

Count

17

14

31

% within death

54.8%

45.2%

100.0%

% within KPS state pre

100.0%

100.0%

100.0%

KPS Karnofsky Performance Scale

is 70 or 80 in some literature below which there will be
significant poor outcomes after surgery [14, 15].
On the contrary, there was no significant correlation
between preoperative KPS and the outcome. While there
was a clinical improvement in postoperative KPS, this
was not true statistically, possibly because of the small
number of patients included.
In this study, not all the cases were elective; some of
our patients were admitted on an emergency basis due
to intracranial pressure rise from the mass effect of the
tumor or the associated edema. Surgery was carried out
to decrease the ICP and obtain pathology. We think this
is an important point as many literatures that discussed
the subject of cranial surgery in the elderly included only
elective cases and came to conclude the safety of surgery
in selected elective cases [5, 15]. Other studies that involved emergency cases found increased poor outcomes
within these cases [15].
The associated medical comorbidity is reported in several studies to be associated with poor outcomes [3, 13,
14]. Although 16 of our patients (51.6%) had preoperative medical problems, this was not associated
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statistically with postoperative mortality. The severity of
those problems was not studied, and this could explain
the negative relationship.
Meningioma grade I then GBM accounted for most of
the lesions like the publications, although GBM is more
common in this age group in the literature [1, 16]. This
is possible because of the limited number of patients in
this series. To a lesser extent, there were fewer cases of
atypical meningioma, anaplastic astrocytoma, grade II
glioma, and metastasis.
The incidence of GBM is increasing as age advances,
and the overall survival is short, and it is even shorter in
the elderly. The relative risk is 3–4 times in old patients
compared to the young [6, 17, 18]. We are not discussing here the adjuvant therapy, but the short-term outcome of surgery which is considered the first line of
treatment for accessible lesions causing neurological deficit [6, 16].
The incidence of meningioma rises after the age of 65
also, and most of the cases are grade I [15, 19]. Surgery is
considered safe even in very old cases more than 80 years
old, so the long preoperative performance is good [20].
We tried to get out of the maximum tumor volume
without jeopardizing tumor tissue as all the lesions
had a significant size and/or edema causing compression on the surroundings. Gross total resection was
achieved in most of the cases. This was proved by intraoperative microscopic total excision in conjunction
with postoperative radiology. This agrees with studies
that favor maximum tumor resection as this is in
favor with better survival and lower risk for mortality
and morbidity [21–27].
There was a significant correlation between GBM
and mortality within 1 month. The mortality rate was
higher than the reported in the literature. We think
this is because not all cases were elective and so the
lower preoperative KPS of GBM patients (mean
around 50).

Table 4 The relationship between KPS state post and KPS state pre
KPS state pre
KPS state post

< 70

70 or more

KPS Karnofsky Performance Scale

< 70

70 or more

Count

7

4

% within KPS state post

63.6%

36.4%

% within KPS state pre

41.2%

28.6%

% of total

22.6%

12.9%

Count

10

10

% within KPS state post

50.0%

50.0%

% within KPS state pre

58.8%

71.4%

% of total

32.3%

32.3%
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Table 5 The relationship between mortality and GTR
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Consent to participate has been approved also by the same committee.

GTR
Death

No

Yes

Count

Debulking

Subtotal

Total

0

2

18

Consent for publication
Not applicable.

% within death

0.0%

10.0%

90.0%

% within GTR

0.0%

66.7%

66.7%

Competing interests
The authors declare that they have no competing interests.

Count

1

1

9

Received: 13 November 2020 Accepted: 2 July 2021

% within death

9.1%

9.1%

81.8%

% within GTR

100.0%

33.3%

33.3%

GTR gross total resection

Not all risk factors were covered in this study. The severity of the concomitant morbidity also was not detailed, although there was no relationship with mortality.
The retrospective nature and the limited number of patients also limited the assessment of a larger number of
variables. The inclusion of emergency cases prevented
the comparison with other studies focusing on elective
cases and resulted in a higher number of mortality compared to the literature.

Conclusions
Old age by itself should not be a risk factor alone for increasing mortality or morbidity in cranial surgery for patients with brain tumors. Glioblastoma in old patients
with poor KPS carries a significant risk for mortality.
Further prospective studies with a larger number of patients and inclusion of more variables are required.
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