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ABSTRACT
Introduction: COVID-19 is a current medical breakthrough. It has led to significant pressure on 
health systems worldwide, with care and structure being directed primarily to disease control. 
However, other pathologies did not cease to exist. In the specific case of brain tumors, we deal with 
a pathology with a high potential for life-threaten, even in benign cases. Objective: The objective of 
this study is to evaluate a sample of patients with brain tumors undergoing neurosurgical procedure 
during the pandemic period to determine the impact of COVID-19 pandemic on brain tumor surgery 
in a single Brazilian tertiary institution. Methods: We consecutively evaluated our patients prior 
and after COVID-19 pandemics during hospital stay. We included in analysis patients diagnosed and 
submitted to neurosurgical treatment of all primary and secondary brain neoplasms. Most cases are 
symptomatic brain metastases and gliomas. We excluded from analysis patients with asymptomatic 
or olygosymptomatic slow-growing and benign tumors (including meningiomas and schwannomas). 
Results: There was a decrease of 54% in total number of surgeries and 30% of brain tumor surgeries 
during COVID-19 pandemics. There was an increase of mortality rate between pre-COVID era and post-
COVID era (4% versus 19%), however it was not statistically significant. Discussion: Neurooncological 
patients are facing a specially complex situation during COVID-19 pandemics. On one hand, they need 
to follow caution measures but on the other hand they need proper routine and emergency evaluation 
when necessary. They are more prone to complications in hospital or outward environments.
Keywords: COVID-19; public health; brain neoplasms; neuro-oncology.

RESUMO
Introdução: A COVID-19 é uma doença nova e levou a uma pressão significativa nos sistemas de saúde em 
todo o mundo, com atendimento e estrutura direcionados principalmente para o controle da doença. No 
entanto, outras patologias não deixaram de existir. No caso específico dos tumores cerebrais, tratamos 
de uma patologia com alto potencial de risco de vida, mesmo em casos benignos. Objetivo: O objetivo 
deste estudo é avaliar uma amostra de pacientes com tumores cerebrais submetidos a procedimento 
neurocirúrgico durante o período pandêmico para determinar o impacto da pandemia de COVID-19 
na cirurgia de tumor cerebral em uma única instituição terciária brasileira. Métodos: Avaliamos 
consecutivamente nossos pacientes antes e depois da pandemia de COVID-19 durante a internação 
hospitalar. Incluímos na análise, pacientes diagnosticados e submetidos a tratamento neurocirúrgico 
de todas as neoplasias cerebrais primárias e secundárias. A maioria dos casos são metástases cerebrais 
sintomáticas e gliomas. Excluímos da análise pacientes com tumores benignos e de crescimento lento 
assintomáticos ou oligossintomáticos (incluindo meningiomas e schwannomas). Resultados: Houve 
uma redução de 54% no número total de cirurgias e 30% nas cirurgias de tumor cerebral durante a 
pandemia de COVID-19. Houve aumento da taxa de mortalidade entre a era pré-COVID e a era pós-COVID 
(4% versus 19%), porém sem significância estatística. Discussão: Os pacientes neuro-oncológicos estão 
enfrentando uma situação especialmente complexa durante a pandemia de COVID-19. Por um lado, eles 
precisam seguir medidas de cautela, mas por outro lado, eles precisam de rotina adequada e avaliação 
de emergência quando necessário. Por serem mais vulneráveis, os equilíbrios entre medidas de cautela 
para o vírus e o tratamento da doença de base são igualmente importantes.
Descritores: COVID-19; saúde pública; neoplasias encefálicas; neuro-oncologia.

about:blank


   
29

Rev. Cient. Iamspe. 2023; 12 (2)

Rotta JM, Carvalo AL, Bertolini EF, Botelho RV, Paula MV, Ribeiro BD, Emerenciano DL, Júnior AA, Oliveira MF

INTRODUCTION

In November 2019 a new pneumonia 
caught the attention of health services in 
the city of Wuhan, Hubei province in China. 
Subsequently, it was identified as a subtype of 
coronavirus, being called SARS-CoV-2 (Severe 
Acute Respiratory Syndrome Coronavirus 
2)1. The disease spread rapidly across all 
continents, being declared by the World Health 
Organization (WHO) as a pandemic in March 
2020, showing itself to be highly infectious, 
with a high rate of complications 2-5.

The magnitude of the outbreak, and 
the need for advanced respiratory support, 
has led to significant pressure on health 
systems worldwide 4, with care and structure 
being directed primarily to disease control. 
Most countries have adopted social isolation 
measures to decrease social interaction and 
thus break the infection spreading. Although 
considered necessary, social isolation has 
brought several subsequent outcomes, such 
as economic impact, temporary stopping of 
education and outpatient medical care 6-17. The 
impact of such stopping in health care is yet to 
be determined. 

In Brazil, first confirmed COVID-19 case 
was in 26th February 2020, while first death 
was registered in 12th March 2020. The country 
reached its plateau phase in May-June 2020 and 
is facing an even worse second wave of infection 
while marching towards the mark of over 500 
thousand deaths18-19.

However, other pathologies did not 
cease to exist. Cases like oncological diseases 
and serious cardiovascular diseases continued 
to affect the system, bringing two important 
challenges for the entire community involved 
in health care, from managers to frontline 
professionals: treating these patients in a 
standard way, further pressing on a system of 
health already affected by Covid-19 and during 

treatment (hospitalization, surgery, outpatient, 
cancer treatment), exposing these patients to 
the risk of contracting COVID, increasing their 
risk morbidity.

In the specific case of brain tumors, we 
deal with a pathology with a high potential 
for life-threatening, even in benign cases. 
Gliomas and brain metastases may demand 
surgical treatment as soon as possible to 
control intracranial hypertension and allow 
proper treatment and  survival 20-36. Other 
tumors, even histologically benign, may 
demand prompt surgical treatment due to 
large size and/or associated focal neurological 
deficits. In addition, most patients have 
other comorbidities, use chemotherapy / 
immunosuppressive treatment, and are at high 
risk of complications in an eventual infection. 
In other words, patients harboring malignant 
intracranial tumors cannot wait for the 
quarantine and are of high risk.

OBJECTIVE

 The objective of this study is to evaluate 
a sample of patients with brain tumors 
undergoing neurosurgical procedure during 
the pandemic periodto determine the impact of 
COVID-19 pandemic on brain tumor surgery in a 
single Brazilian tertiary institution.

METHODS

We consecutively evaluated our patients 
in the period of three months prior to COVID-19 
in Brazil (from January 2020 to March 2020) 
and 3 months after beginning of social isolation 
measures proposed (from April 2020 to June 
2020) in a Brazilian tertiary hospital (Hospital 
do Servidor Público Estadual “Francisco Morato 
de Oliveira” HSPE-FMO, de São Paulo). We also 
included a similar analysis of a period in 2019 
to allow comparison to a baseline (April to 
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June 2019). Patients were users of the medical 
facility coming from emergency rooms or from 
Hospital wards. The project was approved by 
Ethics and Research Committee.

We included in analysis patients 
diagnosed and submitted to neurosurgical 
treatment of all primary and secondary brain 
neoplasms. Most cases are symptomatic 
brain metastases and gliomas. We excluded 
from analysis patients with asymptomatic 
or olygosymptomatic slow-growing and 
benign tumors (including meningiomas 
and schwannomas). During the pandemic 
quarantine, all non-malignant and slow-
growing tumors which were asymptomatic 
or olygosymptomatic had their treatment 
postponed, unless if presenting with acute 
neurological deterioration.

Relevant medical data were analysed. 
All patients underwent clinical evaluation, 
obtaining medical history, comorbidities, 
physical examination, neuroimage and deaths. 
We did not focus on surgical strategies and 
outcomes. We performed a brief quantitative 
analysis of brain tumor neurosurgery before 
and after COVID-19. Additionally we used the 
data from a previous year (2019) as a baseline 
to allow comparison.

STATISTICS	 	

In this study, numerical data are 
presented as mean ± standard deviation 
or median with range when appropriate. 
Categorical data are presented as percentages. 
When comparing groups the level of significance 
will be considered when p<0.05. 

RESULTS

Sample characterization

In 2019, from April to June there were 
153 neurosurgical procedures, being 24 of 

brain tumors. In 2020, from January to March 
this number decreased to 111 neurosurgical 
procedures, being 30 of brain tumors; from 
April to June we had a decrease to 70 surgeries 
and 21 of brain tumors. (Table 1 and Figure 1). 

April-June 2019

Among 24 operated patients there were 
12 men and 12 women. Mean age was 67.5 ± 9 
years old. There were 12 pituitary adenomas, 
4 glioblastomas and 8 metastases. There was 
one hospitalar death in the group (Table 1 and 
Figure 1).

January-March 2020

Among 30 operated patients there were 
12 men and 18 women. Mean age was 56.7 ± 11 
years old. No patient in this group presented 
COVID-19 during hospital stay. There were 3 
pituitary adenomas, 17 gliomas, 5 metastases, 
4 meningiomas and 1 lymphoma. There were 
2 deaths in the group (6.6% of patients). No 
patients in this group had COVID-19 infection. 
(Table 1 and Figure 1).

April-June 2020

Among 21 operated patients there 
were 9 men and 12 women. Mean age was 
64.6 ± 5.5 years old. There were 10 cases 
of gliomas, 3 meningiomas, 4 metastases, 2 
vestibular schwannomas, 1 lymphoma and 
1 hemangioblastoma. There were 4 deaths 
in the group (19% of patients) (Table 1 and 
Figure 1). Among deaths, 3 patients presented 
with COVID-19 infection, being 1 metastasis, 1 
vestibular schwannoma and 1 glioblastoma.

Comparison

Comparing the three above periods, 
there was a decrease of 54% in total number of 
surgeries. The number of brain tumor surgeries 
has decreased 12.5% when comparing Apr-
Jun 2019 period with Apr-Jun 2020 and also 
decreased 30% when comparing Jan-Mar 
period to Apr-Jun. Histology of operated tumors 
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had no significant change, being composed mainly by gliomas, metastasis or other tumors with 
neurological deteriotation. However, during the ascendant phase of pandemic there were no 
transsphenoidal surgeries to treat pituitary adenomas. There was an increase of mortality rate 
between pre-COVID era and post-COVID era (4% versus 19%), however it was not statistically 
significant.

Table 1 - Surgical data of patients operated due to brain tumors in three periods: April to June 2019, 
January to March 2020 and April to June 2020.

Apr-Jun 2019 Jan-Mar 2020 Apr-Jun 2020

Total number of neurosurgeries 153 111 70
Total number of brain tumor surgeries 24 30 21
Brain metastases 8 5 4
Malignant gliomas 4 17 10
Pituitary adenomas 12 3 0
Others 0 5 7
Deaths  (mortality in %) 1 (4%) 2 (6.6%) 4 (19%)

Figure 1 - The Figure displays a stability of number of brain tumors but a higher mortality in brain tumor surgery 

during COVID 19 pandemics. 

DISCUSSION

COVID-19 pandemic is a complex situation demanding changes in individual and collective 
management of health system. In Brazil, first confirmed COVID-19 case was in 26th February 2020, 
while first death was registered in 12th March. 

Nowadays the country is reaching the mark of 500 thousand deaths and is facing a second 
wave of infection while vaccine is implemented18-19. At the beginning of curve ascending phase, 
most states and cities adopted World Health Organization (WHO) recommendations, including 
social distancing and stopping of unessential services1-20. The only services kept working were 
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those related to transport, logistic, health care, 
pharmaceutics and food supply. Major social 
and health system reaction included social 
distance to decrease infection rate and thus 
avoid supramaximal hospital overload 1-20. 

In healthcare institutions there was an 
immediate impact, ceasing elective surgeries 
and outpatient evaluations. Full hospital 
capacity was driven to receive COVID-19 
patients. Although contingency plans tried 
to maintain main health assistance, adopted 
pandemic measures led to a large amount of 
patients hesitating and delaying to attend to 
hospital even in urgent situations. In Brazil, 
some institutions may have faced a decrease 
of up to 70% in their patient flow, including 
high risk patients such as cardiovascular and 
oncologic ones (unpublished data). The impact 
of current pandemic state on the occurrence of 
brain tumor surgery and health care support 
search is yet to be fully understood. In this 
study, we evaluated a consecutive sample of 
subjects in order to determine the impact of 
COVID-19 pandemic on brain tumor surgery.

Malignant brain neoplasms are life-
threatening conditions which may course 
with acute and subacute symptoms such 
as headache, vomiting, focal neurological 
deficits and impaired conciousness10-15. 
Gliomas and brain metastases may demand 
surgical treatment as soon as possible to 
control intracranial hypertension and allow 
proper treatment and survival10-15. Additionally, 
these patients are especially fragile, 
immunosuppressed and prone for surgical/
clinical complications, especially concerning to 
the risk of COVID-19 infection 25-36. 

Several institutions reacted to COVID-19 
performing special patient and treatment 
flows23-36. Modern health care systems had 
to change from a “patient-centered” care to 
a “community-centered” care perspective 

27. Main points in most cases is to separate 
positive and negative patients according to 
pre-hospitalization polymerase chain reaction 
(PCR) results, focusing on massive testing. 
Then, other cautions were adopted in wards 
and surgical centers. There were new protocols 
for anesthesiology26 and surgery, even in cases 
of endoscopic transnasal approach26,32. In some 
centers, surgery was postponed or substituted 
by radiosurgery when possible24. All these 
measures attenuated the impact of COVID-19 
and improved results after being implemented. 
However, implications and impact of COVID-19 
has still remained relevant27,33.

One of the points that should be 
highlighted is the marked reduction in the 
number of surgeries for pituitary tumors, 
performed via transphenoidal. The number 
of procedures dropped from 12 (April-June 
2019) to no procedure between April-June 
2020. Papers in Italy and China during the 
peak of the pandemic showed the increased 
risk of contagion in aerosol-generating 
procedures. Following these data, there has 
been strong recommendations to avoid the 
transphenoidal approach, due to the high risk of 
transmission26,32. 

Our institution is a tertiary university 
hospital with approximately one thousand 
beds, being approximately 100 intensive care 
units (ICU) while the other are nursery units. 
It is the reference health institution for over 
2 million people throughout São Paulo State, 
receiving patients from many cities. In this 
study, we evaluated consecutive samples of 
patients submitted to brain tumor surgery 
before and after COVID-19 pandemic.

There was a decrease in total number 
of surgeries and in number of brain surgeries. 
Most patients operated in our service come 
from the emergency service, which was kept 
working even during pandemics. Besides, it 
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seems that symptomatic patients due to large 
tumors or eloquent area locations continued 
to search for medical help despite pandemics. 
On the other hand, no elective surgeries of 
brain tumors were performed during this time. 
Additionally, there was an increase of mortality 
rate between pre-COVID era and post-COVID 
era (4% versus 19%), however it was not 
statistically significant.

COVID-19 infection impacted negatively 
in mortality of brain tumor patients. This 
was previously reported by other authors25-36. 

Neurooncological patients demand frequent 
and routine evaluations and faced severe 
impairments in treatment quality, survival and 
oncological screening during pandemics. The 
most important matter in neurooncological 
patients management is to emphasize social 
isolation measures and caution with COVID-19 
spread and allow proper routine and emergency 
evaluation when necessary. Especially defying 
is the hospital environment, which is necessary 
several times but may add dangerous risks to 
the patients.

REFERENCES

1.	 Flemming S, Hankir M , Ernestus RI, Seyfried 
F, Germer CT, Meybohm P,  et al. Surgery in times 
of COVID-19-recommendations for hospital and 
patient management. Langenbecks Arch Surg. 
2020;405(3):359-64.

2.	 Wilson MP,  Jack AS. Coronavirus disease 
2019 (COVID-19) in neurology and neurosur-
gery: a scoping review of the early literature. 
Clin Neurol Neurosurg. 2020;193:105866.

3.	 Gupta P, Muthukumar N, Rajshekhar V, Tripa-
thi M, Thomas S, Gupta SK, et al. Neurosurgery 
and Neurology Practices during the Novel CO-
VID-19 Pandemic: a Consensus Statement from 
India. Neurol India. 2020;68(2):246-54. 

4.	 Alhaj AK,  Al-Saadi T,  Mohammad F,  Alabri S. 
Neurosurgery Residents’ Perspective on COV-
ID-19: Knowledge, Readiness, and Impact of this 
Pandemic. World Neurosurg. 2020;139:e848-e858. 

5.	 Jean WC,  Ironside NT,  Sack KD,  Felbaum 
DR, Syed HR. The impact of COVID-19 on neuro-
surgeons and the strategy for triaging non-emer-
gent operations: a global neurosurgery study. 
Acta Neurochir (Wien). 2020;162(6):1229-40.

6.	 Venkataram T, Goyal N, Dash C, Chandra PP, 
Chaturvedi J, Raheja A, et al. Impact of the CO-
VID-19 Pandemic on Neurosurgical Practice in 

India: Results of an Anonymized National Sur-
vey. Neurol India. 2020;68(3):595-602.

7.	 Kessler  RA,  Zimering J,  Gilligan J, Rothrock 
R, McNeill I, Shrivastava RK, et al. Neurosurgi-
cal management of brain and spine tumors in 
the COVID-19 era: an institutional experience 
from the epicenter of the pandemic. J Neuroon-
col.  2020;148(2):211-19.

8.	 Zoia  C,  Bongetta  D,  Veiceschi P, Cenzato M, 
Di Meco F, Locatelli D, et al. Neurosurgery dur-
ing the COVID-19 pandemic: update from Lom-
bardy, northern Italy. Acta Neurochir (Wien). 
2020;162(6):1221-22.

9.	   Abboud  H,  Abboud  FZ,  Khar-
bouch  H,  Arkha  Y,  El Abbadi  N,  El Ouahabi A. 
COVID-19 and SARS-Cov-2 Infection: Patho-
physiology and Clinical Effects on the Nervous 
System. World Neurosurg. 2020;140:49-53.

10.	 Germanò  A, Raffa G , Angileri FF, Carda-
li  SM,  Tomasello  F. Coronavirus Disease 2019 
(COVID-19) and Neurosurgery: Literature and 
Neurosurgical Societies Recommendations Up-
date. World Neurosurg. 2020;139:e812-e817.

11.	 Khalafallah   AM,  Jimenez AE  ,  Lee RP, 
Weingart JD, Theodore N, Cohen AR, et al. Im-
pact of COVID-19 on an Academic Neurosurgery 

about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank


   
34

Rev. Cient. Iamspe. 2023; 12 (2)

Brain tumor neurosurgery in the COVID-19 era

Department: The Johns Hopkins Experience. 
World Neurosurg. 2020;139:e877-e884.

12.	 Amin-Hanjani S,  Bambakidis  NC, Barker 
FG, Carter BS, Cockroft KM, Du R, et al. Edito-
rial. COVID-19 and neurosurgical practice: an 
interim report. J Neurosurg.  2020;1-2.

13.	 Ahmad I, Rathore FA . Neurological mani-
festations and complications of COVID-19: a lit-
erature review. J Clin Neurosci. 2020;77:8-12.

14.	 Kwong KC, Mehta PR, Shukla G, Mehta AR. 
COVID-19, SARS and MERS: a neurological pers-
pective. J Clin Neurosci. 2020;77:13-16. 

15.	 Niazkar HR, Zibaee B, Nasimi A, Bahri N. 
The neurological manifestations of COVID-19: a 
review article. Neurol Sci. 2020;41(7):1667-71.

16.	 Ahmed MU, Hanif M, Ali MJ, Haider MA, 
Kherani D, Memon GM, et al. Neurological Mani-
festations of COVID-19 (SARS-CoV-2): a review. 
Front Neurol. 2020;11:518. 

17.	Ellul MA, Benjamin L, Singh B, Lant S, Michael 
BD, Easton E, et al. Neurological  associations 
of  COVID-19. Lancet Neurol. 2020;19(9):767-83.

18.	 Munhoz RP,  Pedroso JL,  Nascimento FA, 
Almeida SM, Bersoltini OG, Cardoso FE, Teive 
HA. Neurological complications in patients with 
SARS-CoV-2 infection: a systematic review. Arq 
Neuropsiquiatr. 2020;78(5):290-300.

19.	 Bastos LS, Niquini RP, Lana RM, Villela 
DA, Cruz OG, Coelho FC, et al. COVID-19 and hos-
pitalizations for SARI in Brazil: a comparison up 
to the 12th epidemiological week of 2020. Cad 
Saude Publica. 2020;36(4):e00070120. 

20.	 Marson FA, Ortega MM. COVID-19 in Bra-
zil. Pulmonology. 2020;26(4):241-44.

21.	 Voisin MR, Oliver K, Farrimond S, Chee 
T, Arzbaecher J, Kruchko C, et al. Brain tumors 
and COVID-19: the patient and caregiver experi-
ence. Neurooncol Adv. 2020;2(1):vdaa104. 

22.	 Van der Meulen M, Kleineberg NN, Schrei-
er DR, García-Azorin D, Di Lorenzo F. COVID-19 

and neurological training in Europe: from early 
challenges to future perspectives. Neurol Sci. 
2020;41(12):3377-79.

23.	 Price SJ, Joannides A, Plaha P, Afshari FT, 
Albanese E, Barua NU, et al.  Impact of COVID-19 
pandemic on surgical neuro-oncology multi-
disciplinary team decision making: a national 
survey (COVID-CNSMDT Study). BMJ Open. 
2020;10(8):e040898. 

24.	 Crisà FM, Leocata F, Arienti VM, Picano 
M, Berta L, Mainardi HS, et al. Gamma Knife 
Radiosurgery for Treatment of  Brain  Metasta-
ses during the  COVID-19 Outbreak. Stereotact 
Funct Neurosurg. 2020;98(5):319-23. 

25.	 Pressman E, Noureldine MH, Kumar JI, 
Krafft PR, Mantei B, Greenberg MS, et al. The 
return back to typical practice from the “Battle 
Plan” of the coronavirus disease 2019 (CO-
VID-19) pandemic: a comparative study. World 
Neurosurg. 2020;142:e481-e486. 

26.	 Santos CD, Lima Filho LM, Santos CA, 
Neill JS, Vale HF, Kurnutala LN. Pituitary  tu-
mor resection in a patient with SARS-CoV-2 (CO-
VID-19) infection. A case report and suggested 
airway management guidelines. Braz J Anesthe-
siol. 2020;70(2):165-70. 

27.	Giorgia S, Paola G, Antonio S.  
Letter to editor: the burden of  covid-19 in 
neuro-oncological patients. J Neurooncol. 
2020;148(2):399-400. 

28.	 Weller M, Preusser M. How we treat 
patients with  brain  tumour  during the  CO-
VID-19 pandemic. ESMO Open. 2020;4(Suppl 
2):e000789.

29.	 Jones D, Neal RD, Duffy SR, Scott SE, 
Whitaker KL, Brain K. Impact of the COVID-19 
pandemic on the symptomatic diagnosis of can-
cer: the view from primary care. Lancet Oncol. 
2020;21(6):748-50. 

30.	 Zacharia BE, Eichberg DG, Ivan ME, 
Hanft S, Boockvar JA, Isildak H, et al. Let-

about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank


   
35

Rev. Cient. Iamspe. 2023; 12 (2)

Rotta JM, Carvalo AL, Bertolini EF, Botelho RV, Paula MV, Ribeiro BD, Emerenciano DL, Júnior AA, Oliveira MF

ter: Surgical Management of  Brain  Tumor  Pa-
tients in the  COVID-19 Era. Neurosurgery. 
2020;87(2):E197-E200. 

31.	 Ramakrishna R, Zadeh G, Sheehan JP, Aghi 
MK. Inpatient and outpatient case prioritization 
for patients with neuro-oncologic disease amid 
the  COVID-19 pandemic: general guidance for 
neuro-oncology practitioners from the AANS/
CNS  Tumor  Section and Society for Neuro-On-
cology. J Neurooncol. 2020;147(3):525-29. 

32.	 Mitchell RA, King JA, Goldschlager T, 
Wang YY. Impact of COVID-19 on pituitary sur-
gery. ANZ J Surg. 2020;90(6):963-64. 

33.	 Aaroe AE, Majd N, Weathers SP, Groot 
JF. Potential neurologic and oncologic implica-

tions of the novel coronavirus. Neuro Oncol. 
2020;22(7):1050-51. 

34.	 Perin A, Servadei F, DiMeco F. May we de-
liver neuro-oncology in difficult times (e.g. CO-
VID-19)? J Neurooncol. 2020;148(1):203-05. 

35.	 Hu YJ, Zhang JM, Chen ZP. Experiences 
of practicing surgical neuro-oncology dur-
ing the  COVID-19 pandemic. J Neurooncol. 
2020;148(1):199-200. 

36.	 Mohile NA, Blakeley JO, Gatson NT, Hot-
tinger AF, Lassman AB, Ney DE, et al. Urgent Con-
siderations for the Neuro-oncologic Treatment of 
Patients with Gliomas During the COVID-19 Pan-
demic. Neuro Oncol. 2020;22(7):912-17. 

about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

	_gjdgxs
	__DdeLink__232_1535261507
	_Hlk115900509
	_Hlk115900536
	_Hlk115900546
	_Hlk115900562
	_Hlk115900586
	_Hlk115900630
	_Hlk115900663
	_Hlk115900679
	_Hlk115900693
	_Hlk115900704
	_Hlk54384546

