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Abstract

Original Article

INTRODUCTION
Tumours of the brain and spine are rare. In Southeast Asia, 
the incidence rates of benign and malignant brain and spinal 
tumours were 6.97 and 3.29 per 100,000 person‑years, 
respectively.[1] Globally, the most common malignant type 
of brain and spinal tumours is astrocytic tumours, with an 
overall incidence rate of 2.98 per 100,000 person‑years.[2] 
Among adolescents and young adults, the 5‑year survival of 
low‑grade astrocytic tumours ranged from 71.4% to 93.4%, 
while the 5‑year survival of high‑grade astrocytic tumours 
ranged from 14.2% to 55.4%.[3] On the other hand, data on the 

incidence and outcomes of benign brain and spinal tumours 
globally are not as well reported, in part due to the different 
legislative requirements across countries on the reporting of 
benign brain and spinal tumours.[4]

Introduction: The most recent local study on the incidence of histological subtypes of all brain and spinal tumours treated surgically was 
published in 2000. In view of the outdated data, we investigated the presenting characteristics, histological subtypes and outcomes of adult 
patients who underwent surgery for brain or spinal tumours at our institution.

Methods: A single‑centre retrospective review of 501 patients who underwent surgery for brain or spinal tumours from 2016 to 2020 was 
conducted. The inclusion criteria were (a) patients who had a brain or spinal tumour that was histologically verified and (b) patients who were 
aged 18 years and above at the time of surgery.

Results: Four hundred and thirty‑five patients (86.8%) had brain tumours and 66 patients (13.2%) had spinal tumours. Patients with brain 
tumours frequently presented with cranial nerve palsy, headache and weakness, while patients with spinal tumours frequently presented with 
weakness, numbness and back pain. Overall, the most common histological types of brain and spinal tumours were metastases, meningiomas 
and tumours of the sellar region. The most common complications after surgery were cerebrospinal fluid leak, diabetes insipidus and urinary 
tract infection. In addition, 15.2% of the brain tumours and 13.6% of the spinal tumours recurred, while 25.7% of patients with brain tumours 
and 18.2% of patients with spinal tumours died. High‑grade gliomas and metastases had the poorest survival and highest recurrence rates.

Conclusion: This study serves as a comprehensive update of the epidemiology of brain and spinal tumours and could help guide further 
studies on brain and spinal tumours.
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The literature on brain and spinal tumours in Singapore is limited. 
Recent local studies on the epidemiological characteristics 
of brain and spinal tumours examined only malignant types 
and subtypes, including primary malignant brain tumours,[5] 
high‑grade gliomas[6] and glioblastoma.[7] The most recent study 
on the incidence of histological subtypes of all brain and spinal 
tumours treated surgically in Singapore was published in 2000.[8] 
Therefore, we aimed to summarise the presenting characteristics, 
histological subtypes, and surgical management and outcomes 
of brain and spinal tumours at our institution.

METHODS
This was a retrospective study of 501 consecutive adult patients 
who underwent surgery for brain or spinal tumours at our 
institution, a tertiary referral centre, from 2 January 2016 to 
2 January 2020.

The operating theatre records database was accessed to retrieve 
the National Registration Identity Card numbers  (NRICs; 
which act as the national identification number), operation 
date, provisional diagnosis, operation summaries and surgical 
codes of all patients who underwent surgery for a brain or 
spinal tumour. The medical records of 667  patients were 
retrieved and screened for inclusion in the study. The inclusion 
criteria were  (a) patients who had a brain or spinal tumour 
that was histologically verified and  (b) patients who were 
aged 18 years and above at the time of surgery. One hundred 
and twenty patients were excluded, as the histology report 
indicated that the lesion was not a tumour, and 46 patients 
were excluded as they were below the age of 18 at the time of 
surgery. Institutional ethics approval was obtained from the 
local institutional review board before the commencement of 
the study, and a waiver of informed consent was granted since 
this study posed no more than minimal risk to participants.

Clinical data were collected from the electronic medical records 
of all patients using a standardised data collection form. The 
variables collected included  (a) demographics  (including age 
at the time of surgery, sex, citizenship status and smoking 
history); (b) presenting signs and symptoms; (c) interventions 
administered (including resection, radiotherapy, chemotherapy, 
gamma knife radiosurgery, whole‑brain radiotherapy 
and stereotactic biopsy with no subsequent resection); 
(d) complications from surgery; (e) histological diagnosis of the 
tumour as stated in the pathology report; (f) outcomes (including 
all‑cause mortality and tumour recurrence as reported by the 
radiologist in the radiology reports of follow‑up scans), duration 
of hospitalisation; and (g) duration of follow‑up (defined as the 
duration in years between the date of admission for the first 
resection or stereotactic biopsy of the tumour, whichever was 
later, and the date of the most recent follow‑up clinic visit).

Baseline characteristics of the patients were reported using 
mean and standard deviation (SD) for continuous variables that 
followed a normal distribution and median and interquartile 

range  (IQR) for continuous variables that did not follow a 
normal distribution. Categorical variables were reported using 
count numbers and percentages. For selected histological types 
of brain and spinal tumours, time‑to‑event analysis of all‑cause 
mortality and radiological evidence of tumour recurrence was 
performed using the Kaplan–Meier method and hypothesis 
testing was performed using the log‑rank test. A P value ≤ 0.05 
was taken to be statistically significant. For patients who did not 
die or did not have radiological evidence of recurrence during 
the follow‑up period, the duration of follow‑up was recorded 
instead for time to all‑cause mortality and time to recurrence. 
The 11 patients (2.2%) who only had a stereotactic biopsy of 
the tumour with no subsequent resection were excluded from 
the analysis for time to recurrence. All data analyses were 
conducted using R Studio Version 1.2.5042 (RStudio, PBC, 
Boston, MA, USA).

RESULTS
Baseline demographics and patient characteristics
The demographics, past medical history, presenting signs and 
symptoms, and outcomes of patients with brain and spinal 
tumours are presented in Table 1. A total of 501 patients were 
included in the analysis. Of these, 435 (86.8%) patients had 
brain tumours and 66 (13.2%) patients had spinal tumours. 
The median (IQR) duration of follow‑up was 518 (175, 940) 
days. The mean (SD) age of the study population was 53.3 
(15.6) years, and 257 (51.3%) patients were female. Chinese 
patients made up 54.1% of the patients (271 patients). Most 
of the patients were never smokers (79.6%).  

The most common presenting signs or symptoms of patients with 
brain tumours were cranial nerve palsy (149 patients, 34.3%), 
headache  (141 patients, 32.4%) and weakness  (90 patients, 
20.7%). The median  (IQR) duration of hospitalisation was 
10 (6, 20) days. Brain tumour recurred in 66 (15.2%) patients 
and 112 (25.7%) patients died.

The most common presenting signs or symptoms of patients 
with spinal tumours were weakness  (30  patients, 45.5%), 
numbness  (29 patients, 43.9%) and back pain  (27 patients, 
40.9%). The median  (IQR) duration of hospitalisation was 
7 (5, 15) days. Nine (13.6%) patients had recurrence of spinal 
tumour and 12 (18.2%) patients died.

Characteristics of brain and spinal tumours
The histological types of brain and spinal tumours in our cohort 
are presented in Table S1 [see Supplemental Digital Appendix]. 
The 2016 World Health Organization Classification of Tumours 
of the Central Nervous System was used to classify the 
tumours.[9] A detailed breakdown of the histological subtypes 
can be found in Table S2 [see Supplemental Digital Appendix]. 
The five most common histological types of brain and spinal 
tumours overall were metastases, meningiomas, tumours of the 
sellar region, diffuse astrocytic and oligodendroglial tumours, 
and nerve sheath tumours.
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The most common histological types of brain tumours were 
metastases (100 patients, 23.0%), meningiomas (98 patients, 
22.5%) and tumours of the sellar region  (90  patients, 
20.7%). Brain tumours were mostly located at the 
cerebrum  (243  patients, 55.9%), sellar region  (98  patients, 
22.5%) and cerebellum (71 patients, 16.3%).

The most common histological types of spinal tumours 
were nerve sheath tumours  (31  patients,  47.0%), 
metastases (15 patients, 22.7%) and meningiomas (12 patients, 
18.2%). Spinal tumours were mostly located at the 
thoracic  (31 patients, 47.0%), lumbar  (16 patients, 24.2%) 
and cervical (11 patients, 16.7%) spinal levels. Spinal tumours 

were intradural in 46 (69.7%) patients and intramedullary in 
seven (10.6%) patients.

Demographics of patients with selected histological types 
of brain and spinal tumours
The demographics of patients with selected histological types 
of brain and spinal tumours are reported in Table S3 [see 
Supplemental Digital Appendix]. Patients with primary central 
nervous system (CNS) lymphoma formed the oldest age group 
of patients, with a mean (SD) age of 63.3 (12.8) years, while 
patients with other astrocytic tumours formed the youngest age 
group of patients, with a mean (SD) age of 29.0 (13.6) years. 
The histological type with the greatest proportion of females 

Table 1. Demographics, presenting characteristics and outcomes of patients who underwent surgery for central nervous 
system tumours. 

Variable n (%)

Brain tumour (n=435, 86.8%) Spinal tumour (n=66, 13.2%) Total (n=501)
Agea (yr) 53.2±15.7 53.5±14.8 53.3±15.6 

Female gender 222 (51.0) 35 (53.0) 257 (51.3) 

Ethnicity

Chinese 230 (52.9) 41 (62.1) 271 (54.1) 

Malay 42 (9.7) 7 (10.6) 49 (9.8) 

Indian 25 (5.7) 3 (4.5) 28 (5.6) 

Others 138 (31.7) 15 (22.7) 153 (30.5) 

Smoking status

Never smoker 350 (80.5) 49 (74.2) 399 (79.6) 

Previous smoker 45 (10.3) 9 (13.6) 54 (10.8) 

Current smoker 40 (9.2) 8 (12.1) 48 (9.6) 

Presenting signs and symptoms

Cranial nerve palsy 149 (34.3) 0 (0.0) 149 (29.7) 

Headache 141 (32.4) 1 (1.5) 142 (28.3) 

Weakness 90 (20.7) 30 (45.5) 120 (24.0) 

Gait abnormality 75 (17.2) 13 (19.7) 88 (17.6) 

Dizziness 77 (17.7) 1 (1.5) 78 (15.6) 

Nausea or vomiting 76 (17.5) 1 (1.5) 77 (15.4) 

Numbness 33 (7.6) 29 (43.9) 62 (12.4) 

Seizure 40 (9.2) 0 (0.0) 40 (8.0) 

Back pain 10 (2.3) 27 (40.9) 37 (7.4) 

Speech abnormality 34 (7.8) 1 (1.5) 35 (7.0) 

Memory loss 26 (6.0) 1 (1.5) 27 (5.4) 

Radiculopathy 6 (1.4) 20 (30.3) 26 (5.2) 

Behavioural abnormality 20 (4.6) 0 (0.0) 20 (4.0) 

Ataxia 16 (3.7) 1 (1.5) 17 (3.4) 

Bladder dysfunction 10 (2.3) 7 (10.6) 17 (3.4) 

Paraesthesia 11 (2.5) 3 (4.5) 14 (2.8) 

Bowel dysfunction 8 (1.8) 6 (9.1) 14 (2.8) 

Loss of consciousness 14 (3.2) 0 (0.0) 14 (2.8) 

Loss of nociception 2 (0.5) 1 (1.5) 3 (0.6) 

Duration of hospital stayb (day) 10 (6, 20) 7 (5, 15) 10 (6, 19) 

Recurrence 66 (15.2) 9 (13.6) 75 (15.0) 

Allcause death 112 (25.7) 12 (18.2) 124 (24.8) 

Duration of follow-upb (day) 524 (141, 985) 471 (212, 829) 518 (175, 940) 
aData presented as mean±standard deviation. bData presented as median (interquartile range).
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was meningiomas (73 patients, 66.4%), while that of males 
was mesenchymal, non-meningothelial  tumours (10 patients, 
71.4%). The most common histological type of brain and spinal 
tumours among Chinese and Malay patients was metastases, 
while the most common histological type of brain and spinal 
tumours among Indian patients and patients of other races 
was meningiomas.

Interventions and complications from surgery
The interventions administered and complications from 
surgery are presented in Table S4 [see Supplemental Digital 
Appendix]. It shows that 97.8%  (490  patients) of patients 
had their tumour(s) resected, while 2.2%  (11  patients) of 
patients received only stereotactic biopsy of the tumour 
with no subsequent resection. Among these 11  patients, 
three patients had glioblastoma, two patients had anaplastic 
astrocytoma and one patient each had diffuse midline glioma, 
low‑grade infiltrating glioma (undefined histological subtype), 
diffuse large B‑cell lymphoma (nongerminal centre subtype), 
metastatic bladder transitional cell carcinoma, metastatic breast 
carcinoma and metastatic prostate carcinoma. The reasons 
for not performing a resection after the initial stereotactic 
biopsy included difficult location of the tumour (6 patients), 
presence of too many lesions (3 patients), contralateral upper 
limb weakness after the initial stereotactic biopsy (1 patient) 
and increased perceived surgical risk due to the advanced age 
of the patient (1 patient).

Seventy‑six (15.2%) patients received adjuvant gamma 
knife radiosurgery, 75 (15.0%) patients received adjuvant 
radiotherapy, 72 (14.4%) patients received adjuvant 
chemotherapy and 27 (5.4%) patients received adjuvant 
whole‑brain radiotherapy. Among the 38  patients who had 
glioblastoma, 26 were treated with maximal safe resection 
followed by the Stupp protocol of concomitant radiotherapy 
and chemotherapy with temozolomide at our institution. 
Among the 12 patients with glioblastoma who were not treated 
according to the Stupp protocol at our institution, four patients 
declined treatment according to the Stupp protocol, three 
patients were not physically fit for radical radiotherapy, two 
patients were treated according to the Stupp protocol at another 
institution, and two patients who initially agreed to be treated 
according to the Stupp protocol were lost to follow‑up and, 
therefore, did not start or complete the treatment. One patient 
was not offered treatment according to the Stupp protocol, as 
the patient had already been treated according to the Stupp 
protocol at another institution. Instead, this patient was treated 
with maximal safe resection and adjuvant pembrolizumab at 
our institution.

The most common complications after surgery were cerebrospinal 
fluid (CSF) leak (30 patients, 6.0%), diabetes insipidus (26 patients, 
5.2%) and urinary tract infection  (26  patients, 5.2%). 
Complications were the most common after surgery for tumours 
of the sellar region, with CSF leak (20 patients, 20.2%), diabetes 

insipidus  (20 patients, 20.2%) and syndrome of inappropriate 
antidiuretic hormone (11 patients, 12.2%) being the three most 
common complications.

Time to all‑cause mortality and recurrence
The Kaplan–Meier curves for all‑cause mortality and 
recurrence of selected histological types of brain and spinal 
tumours are presented in Figures 1 and 2. High‑grade gliomas 
and metastases had the poorest survival rates, with 180‑day 
survival rates of 87.8% and 95.0%, respectively, and 1‑year 
survival rates of 75.5% and 78.3%, respectively. The median 
overall survival of high‑grade gliomas and metastases was 19.1 
and 12.7 months, respectively. Among the high‑grade gliomas, 
glioblastoma had the poorest prognosis, with a median overall 
survival of 16.5 months. High‑grade gliomas and metastases 
also had the highest rates of tumour recurrence, with 180‑day 
recurrence rates of 12.2% and 13.3%, respectively, and 1‑year 
recurrence rates of 20.4% and 25.0%, respectively.

DISCUSSION
In our retrospective surgical cohort of 501 consecutive patients 
with brain or spinal tumours, the most common histological 
types were metastases  (23.0%), meningiomas  (22.0%) and 

Figure 1: Kaplan–Meier curve for survival of selected histological types 
of central nervous system tumours. WHO: World Health Organization

Figure 2: Kaplan–Meier curve for recurrence of selected histological types 
of central nervous system tumours. WHO: World Health Organization
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tumours of the sellar region (18.0%). On the other hand, the 
most common histological types in the local study published in 
2000 were meningiomas (35.1%), pituitary adenomas (11.8%) 
and metastases (10.0%).[8] The higher incidence of metastases 
may be related to improvements in detection of small 
metastases by magnetic resonance imaging  (MRI) and 
improvements in cancer therapy since 2000.[10]

The incidence of metastases, meningiomas and tumours of the 
sellar region reported by other surgical cohorts internationally 
ranged from 4% to 12%, 21% to 26% and 1.8% to 22%, 
respectively.[11‑14] The incidence of meningiomas and tumours 
of the sellar region at our institution falls within the range of 
the incidences reported by other surgical cohorts. However, our 
institution had a considerably higher incidence of metastases. 
The wide‑ranging incidence of tumours of the sellar region 
reported in international surgical cohorts (1.8%–22%) is also 
worth noting.

Patients who had grade I or II gliomas tended to be younger, 
(mean age 29.0 and 40.5 years, respectively) compared to 
patients with other histological types of brain or spinal tumour 
(mean age 48.4–63.3 years). The mean age of patients with 
grade I or II gliomas in our cohort falls within that of other 
international surgical cohorts (21.9–39 years[15,16] and 33.6–47 
years,[15‑17] respectively). 

In our cohort, there were more male patients who had 
tumours of the sellar region, gliomas, and mesenchymal, 
non-meningothelial tumours, while patients who had 
metastases, meningiomas, nerve sheath tumours and primary 
CNS lymphoma were mostly female. There was an equal 
distribution of male and female patients among patients who 
had other astrocytic tumours. Among the Chinese and Malay 
patients, the most common histological type was metastases, 
while the most common histological type among the Indian 
patients and patients of other races was meningiomas. Tumours 
of the spine were mostly benign, with the most common 
histological type being nerve sheath tumours. However, there 
were also a significant number of patients who had malignant 
tumours of the spine, with metastases being the second most 
common histological type of spinal tumour.

Common complications after surgery for brain and spinal 
tumours included surgical site haematoma,[18,19] with 
complication rates ranging from 1.1% to 3.2%,[20‑22] and 
seizures,[18,19] with complication rates ranging from 4.6% to 
37.0%.[23‑26] In particular locations such as tumours of the 
sellar region, common surgical complications from resection 
of the sellar tumour included CSF leak, with complication 
rates ranging from 6% to 50%,[27‑30] and diabetes insipidus, 
with complication rates ranging from 8.7% to 26.0%.[31‑34] The 
incidence of postoperative surgical site haematoma, CSF leak 
and diabetes insipidus in our cohort fell within the international 
literature range, except for postoperative seizures, which was 
lower than that of the reported rates in the literature. This could 

be because at our institution, patients are routinely prescribed 
antiepileptics perioperatively.

With regards to survival outcomes, the median overall survival 
of glioblastoma in our cohort was 16.5 months. Other surgical 
cohorts reported median overall survival ranging from 11.0 to 
15.9 months for glioblastoma.[7,35]

In conclusion, we provided a comprehensive update of the 
epidemiology of brain and spinal tumours managed surgically, 
which could help guide further studies on brain and spinal 
tumours in the future. However, our study involved only 
one institution, and hence may not be representative of the 
epidemiology of brain and spinal tumours in our country. 
Overall, the most common histological types of tumours in our 
cohort were metastases, meningiomas, tumours of the sellar 
region, nerve sheath tumours and high‑grade gliomas. The most 
common histological types of brain and spine tumours were 
metastases and nerve sheath tumours, respectively. The most 
common presenting symptoms for brain tumours were cranial 
nerve palsy, headache and dizziness, while the most common 
presenting symptoms for spine tumours were weakness, 
numbness and back pain. The most common complications 
after surgery were CSF leak and diabetes insipidus, which 
were primarily from surgery for tumours of the sellar region. 
High‑grade gliomas and metastases had the poorest survival 
and highest recurrence rates, and may therefore benefit from 
more specialised attention, such as from palliative care 
physicians, where indicated.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

Supplemental digital content
Appendix at http://links.lww.com/SGMJ/A42

REFERENCES
1.	 Bell JS, Koffie RM, Rattani A, Dewan MC, Baticulon RE, Qureshi MM, 

et  al. Global incidence of brain and spinal tumors by geographic 
region and income level based on cancer registry data. J Clin Neurosci 
2019;66:121‑7.

2.	 Leece R, Xu J, Ostrom QT, Chen Y, Kruchko C, Barnholtz‑Sloan JS. 
Global incidence of malignant brain and other central nervous system 
tumors by histology, 2003‑2007. Neuro‑oncology 2017;19:1553‑64.

3.	 Girardi  F, Allemani  C, Coleman  MP. Global trends in survival from 
astrocytic tumors in adolescents and young adults: A systematic review. 
JNCI Cancer Spectr 2020;4:pkaa049‑pkaa049. doi: 10.1093/jncics/
pkaa049.

4.	 Girardi  F, Rous  B, Stiller  CA, Gatta  G, Fersht  N, Storm  HH, et  al. 
The histology of brain tumors for 67 331 children and 671 085 adults 
diagnosed in 60 countries during 2000‑2014: A global, population‑based 
study (CONCORD‑3). Neuro‑Oncology 2021;23:1765‑76.

5.	 Lee H, Ang PT, Chow KY. Trends in Cancer Incidence in Singapore, 
1968‑2007. Singapore Health Promotion Board. Singapore Cancer 
Registry report; 2008:143‑144.

6.	 Ang SYL, Lee L, See AAQ, Ang TY, Ang BT, King NKK. Incidence 
of biomarkers in high‑grade gliomas and their impact on survival in a 
diverse SouthEast Asian cohort‑A population‑based study. BMC Cancer 

D
ow

nloaded from
 http://journals.lw

w
.com

/sm
j by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
n

Y
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 09/12/2023



Lim, et al.: Surgery of adult central nervous system tumours in Singapore

Singapore Medical Journal  ¦  Volume XX  ¦  Issue  XX  ¦  Month 20236

2020;20:79.
7.	 Cheo  ST, Lim  GH, Lim  KH. Glioblastoma multiforme outcomes of 

107  patients treated in two Singapore institutions. Singapore Med J 
2017;58:41‑5.

8.	 Das A, Chapman CA, Yap WM. Histological subtypes of symptomatic 
central nervous system tumours in Singapore. J  Neurol Neurosurg 
Psychiatry 2000;68:372‑4.

9.	 Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella‑Branger D, 
Cavenee WK, et al. The 2016 World Health Organization classification 
of tumors of the central nervous system: A summary. Acta Neuropathol 
2016;131:803‑20.

10.	 Loeffler  JS. Epidemiology, clinical manifestations, and diagnosis 
of brain metastases. UpToDate. Available from: https://www.
uptodate.com/contents/epidemiology-clinical-manifestations-and-
diagnosis‑of‑brain‑metastases#:~:text=The%20incidence%20of%20
brain%20metastases, therapy%20%5B4%2D10%5D. [Last accessed on 
2022 May 24].

11.	 Eid R, Hage S, Antonios  I, Moussa R, Khoury M, Haddad FG, et al. 
Epidemiologic and histologic characteristics of CNS lesions: A 20‑year 
experience of a tertiary center in Lebanon. CNS Oncol 2020;9:CNS55. 
doi: 10.2217/cns‑2020‑0001.

12.	 Shrestha  A, Parajuli  S, Shrestha  P, Basnet  RB. Histopathological 
spectrum of central nervous system tumors: An experience at a hospital 
in Nepal. J Nepal Health Res Counc 2020;18:219‑23.

13.	 Werneck de Carvalho  LE, Sarraf  JS, Semblano  AAP, Moreira  MA, 
de Lemos  MN, de Mello  VJ, et  al. Central nervous system tumours 
profile at a referral center in the Brazilian Amazon region, 1997‑2014. 
PLoS One 2017;12:e0174439. doi: 10.1371/journal.pone. 0174439.

14.	 Aguirre‑Cruz  L, Rangel‑López E, Cruz‑Aguilera  DL, 
Rodríguez‑Pérez CE, Ruano  L, Velásquez‑Pérez L, et  al. Historical 
distribution of central nervous system tumors in the Mexican 
National Institute of Neurology and Neurosurgery. Salud Publica Mex 
2016;58:171‑8.

15.	 Lin Z, Yang R, Li K, Yi G, Li Z, Guo J, et al. Establishment of age group 
classification for risk stratification in glioma patients. BMC Neurol 
2020;20:310. doi: 10.1186/s12883‑020‑01888‑w.

16.	 Corell  A, Carstam  L, Smits  A, Henriksson  R, Jakola  AS. Age and 
surgical outcome of low‑grade glioma in Sweden. Acta Neurol Scand 
2018;138:359‑68.

17.	 Rasmussen  BK, Hansen  S, Laursen  RJ, Kosteljanetz  M, Schultz  H, 
Nørgård BM, et  al. Epidemiology of glioma: Clinical characteristics, 
symptoms, and predictors of glioma patients grade  I–IV in the the 
Danish Neuro‑Oncology Registry. JNeurooncol 2017;135:571‑9.

18.	 Greenberg MS. Handbook of Neurosurgery. Thieme; 2019.
19.	 Winn HR. Youmans and Winn Neurological Surgery. Elsevier; 2017.
20.	 Palmer JD, Sparrow OC, Iannotti F. Postoperative hematoma: A 5‑year 

survey and identification of avoidable risk factors. Neurosurgery. 
1994;35:1061‑5.

21.	 Seidel C, Hentschel B, Simon M, Schnell O, Heese O, Tatagiba M, et al. 

A  comprehensive analysis of vascular complications in 3,889 glioma 
patients from the German Glioma Network. J Neurol 2013;260:847‑55.

22.	 Wang C, Niu X, Ren Y, Lan Z, Zhang Y. Risk factors for postoperative 
intracranial hemorrhage after resection of intracranial tumor in 2259 
consecutive patients. World Neurosurg 2019;129:e663‑8.

23.	 Puri PR, Johannsson B, Seyedi  JF, Halle B, Schulz M, Pedersen CB, 
et al. The risk of developing seizures before and after surgery for brain 
metastases. Clin Neurol Neurosurg 2020;193:105779. doi: 10.1016/j.
clineuro. 2020.105779.

24.	 Oushy S, Sillau SH, Ney DE, Damek DM, Youssef AS, Lillehei KO, 
et al. New‑onset seizure during and after brain tumor excision: A risk 
assessment analysis. J Neurosurg 2018;128:1713‑8.

25.	 Chandra  V, Rock AK, Opalak  C, Stary  JM, Sima AP, Carr  M, et  al. 
A systematic review of perioperative seizure prophylaxis during brain 
tumor resection: The case for a multicenter randomized clinical trial. 
Neurosurg Focus 2017;43:E18. doi: 10.3171/2017.8.Focus17442.

26.	 Zetterling  M, Elf  K, Semnic  R, Latini  F, Engström ER. Time course 
of neurological deficits after surgery for primary brain tumours. Acta 
Neurochir (Wien) 2020;162:3005‑18.

27.	 Oskouian RJ, Kelly DF, Laws ERJ Jr. Vascular injury and transsphenoidal 
surgery. Front Horm Res2006;34:256‑78.

28.	 Ciric  I, Ragin  A, Baumgartner  C, Pierce  D. Complications of 
transsphenoidal surgery: Results of a national survey, review of the 
literature, and personal experience. Neurosurgery 1997;40:225‑36; 
discussion 236‑7.

29.	 Cappabianca P, Cavallo LM, Esposito F, Valente V, De Divitiis E. Sellar 
repair in endoscopic endonasal transsphenoidal surgery: Results of 
170 cases. Neurosurgery 2002;51:1365‑71; discussion 1371‑2.

30.	 Seiler  RW, Mariani  L. Sellar reconstruction with resorbable vicryl 
patches, gelatin foam, and fibrin glue in transsphenoidal surgery: 
A 10‑year experience with 376 patients. J Neurosurg 2000;93:762‑5.

31.	 Ajlan  AM, Abdulqader  SB, Achrol  AS, Aljamaan  Y, Feroze  AH, 
Katznelson  L, et  al. Diabetes insipidus following endoscopic 
transsphenoidal surgery for pituitary adenoma. J Neurol Surg B Skull 
Base 2018;79:117‑22.

32.	 Burke  WT, Cote  DJ, Penn  DL, Iuliano  S, McMillen  K, Laws  ER. 
Diabetes insipidus after endoscopic transsphenoidal surgery. 
Neurosurgery 2020;87:949‑55.

33.	 Castle‑Kirszbaum  M, Fuller  P, Wang  YY, King  J, Goldschlager  T. 
Diabetes insipidus after endoscopic transsphenoidal surgery: 
Multicenter experience and development of the SALT score. Pituitary 
2021;24:867‑77.

34.	 Schreckinger M, Walker B, Knepper J, Hornyak M, Hong D, Kim JM, 
et al. Post‑operative diabetes insipidus after endoscopic transsphenoidal 
surgery. Pituitary 2013;16:445‑51.

35.	 Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJ, 
et  al. Radiotherapy plus concomitant and adjuvant temozolomide for 
glioblastoma. N Engl J Med 2005;352:987‑96.

D
ow

nloaded from
 http://journals.lw

w
.com

/sm
j by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
n

Y
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 09/12/2023


