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AbSTrACT
background infection from the SARS- Cov-2 virus has 
led to the COviD-19 pandemic. Given the large number 
of patients affected, healthcare personnel and facility 
resources are stretched to the limit; however, the need 
for urgent and emergent neurosurgical care continues. 
This article describes best practices when performing 
neurosurgical procedures on patients with COviD-19 
based on multi- institutional experiences.
Methods we assembled neurosurgical practitioners 
from 13 different health systems from across the USA, 
including those in hot spots, to describe their practices 
in managing neurosurgical emergencies within the 
COviD-19 environment.
results Patients presenting with neurosurgical 
emergencies should be considered as persons under 
investigation (PUi) and thus maximal personal protective 
equipment (PPe) should be donned during interaction 
and transfer. intubations and extubations should be 
done with only anesthesia staff donning maximal PPe 
in a negative pressure environment. Operating room 
(OR) staff should enter the room once the air has 
been cleared of particulate matter. Certain OR suites 
should be designated as covid ORs, thus allowing for 
all neurosurgical cases on covid/PUi patients to be 
performed in these rooms, which will require a terminal 
clean post procedure. each COviD OR suite should be 
attached to an anteroom which is a negative pressure 
room with a HePA filter, thus allowing for donning and 
doffing of PPe without risking contamination of clean 
areas.
Conclusion Based on a multi- institutional collaborative 
effort, we describe best practices when providing 
neurosurgical treatment for patients with COviD-19 in 
order to optimize clinical care and minimize the exposure 
of patients and staff.

bACkgrOund
The coronavirus
The coronavirus species are a group of enveloped 
positive single- stranded RNA viruses belonging to 
the genus beta coronavirus.1 Four of these viruses 
cause common cold symptoms while two previ-
ously known strains of zoonotic origin, severe acute 
respiratory syndrome (SARS- CoV) and Middle East 

respiratory syndrome coronavirus (MERS- CoV), can 
cause fatal respiratory illnesses.1 The SARS- CoV-2 
virus, also known as 2019- nCoV, is a new corona-
virus species1 that started the COVID-19 pandemic 
as a cluster of viral pneumonia in December 2019 
in Wuhan, China, and which is currently spreading 
across the USA and the rest of the world.1 2

Transmission
There are two main routes of transmission for 
respiratory viruses: aerosolization with droplet 
transmission and direct contact modes of transmis-
sion, with the virus remaining viable for significant 
intervals of time between hours and days on most 
surfaces.3 Aerosolized transmission4 5 can be either 
droplet (SARS- CoV-2) or airborne (SARS), generally 
depending on the size of the expelled particle. Larger 
particles once expelled into the air tend to settle on 
surfaces or to the ground typically within 1 m of the 
source.4 The SARS- CoV-2, like other corona viruses, 
can be transmitted via droplets within close proximity 
during coughing or sneezing, and thus the recommen-
dation for individuals to remain 6 feet apart ( www. 
cdc. gov/ coronavirus/ 2019- ncov/ prevent- getting- 
sick/ social- distancing. html). The droplets can enter 
through the eyes, mouth, or nose of a nearby person. 
Person- to- person transmission via direct contact or 
contact with contaminated surfaces can also occur 
(https://www. cdc. gov/ coronavirus/ 2019- ncov/ infec-
tion- control/ control- recommendations. html). Close 
range aerosol transmission5 is most likely during 
high- risk aerosolization procedures such as endo-
tracheal intubation, extubation, suctioning, chest 
compressions, and endonasal and transoral proce-
dures. As per the WHO, airborne transmission—
aerosolized particles that travel through the air 
over longer distances—has so far not been shown 
to be a transmission mode for this novel corona-
virus (https://www. who. int/ publications- detail/ 
advice- on- the- use- of- masks- in- the- community- 
during- home- care- and- in- healthcare- settings- 
in- the- context- of- the- novel- coronavirus-( 
2019-  ncov)-  outbreak).

Covid-19 syndrome
Coronavirus disease 2019 (COVID-19) is a 
unique respiratory illness that can cause a range 
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box 1 Principles of minimizing exposure during 
neurosurgical care of patients with covid-19

 ► Only surgical on- call teams should be present within hospital 
settings

 ► Demonstrate appropriate donning and doffing techniques
 ► Maximal PPE for all PUIs and COVID- positive patients
 ► Reuse N95 masks by placing a face mask over the respirator 
and store the N95 in a new brown bag

 ► Consider designating 3 ORs as COVID ORs and divide each 
OR specific to particular surgical type (Neuro- OTO, General- 
Trauma, and Cardiothoracic and Vascular)

 ► Anteroom needs to be used for donning and doffing as well 
as intubating/extubating patients

 ► Consider anesthesia team using long extensions to 
endotracheal tubes and portable ventilators to prevent need 
for circuit disconnection

 ► Minimize personnel for intubations and extubations

of symptoms varying from asymptomatic to respiratory distress 
to multiorgan failure with ensuing death. Anosmia may be a 
unique early symptom with the COVID-19 syndrome based on 
anecdotal reports from around the world. Based on the Chinese 
reports, 81% of patients have mild symptoms, while 14% have 
moderate symptoms and 5% have critical illness with the need 
for mechanical ventilation. Others present with flu- like symp-
toms and muscle aches, or gastrointestinal symptoms.6 Elderly 
people and those with baseline cardiopulmonary disease appear 
to be at greatest risk for poor outcomes with COVID-19. At the 
time of this report, the US has the most infected documented 
cases in the world with a rising death toll.

Current shortage of personal protective equipment for 
covid-19
There is a nationwide shortage of personal protective equipment 
(PPE), and disruptions in global supply chains are aggravating 
this shortage. This protective equipment is needed most signifi-
cantly by healthcare providers in close, repeated, or continuous 
contact with the infected patients. The WHO’s interim guidance 
from February 27, 2020 advises a rational and appropriate use of 
PPE based on multiple factors such as the location of a patient, 
type of personnel involved, and type of procedures being 
performed. The document also highlights steps that can be taken 
to safely conserve PPE and improve their efficiency (https:// apps. 
who. int/ iris/ handle/ 10665/ 331215).

Given the novelty of this disease and the current scarcity of 
reliable clinical data, it is essential and responsible for us to share 
our collective efforts and experiences in our responsibility to our 
patient population requiring neurosurgical care while protecting 
the healthcare population. The following document is a summary 
of lessons learned across multiple regions (13 healthcare systems 
and affiliated experts) of the USA in optimizing conditions for 
the safety of our patients and neurosurgical providers, and their 
support staff (box 1).

MeThOdS
The current document was formulated with a mission of 
serving patients requiring surgical intervention while mini-
mizing SARS- CoV-2 exposure to non- infected patients and 
staff, understanding the significant shortages of personnel, 
facility, and PPE resources. We aim to describe a comprehensive 
approach to caring for a surgical patient during the COVID-19 

pandemic including a strategy of decreasing elective surgical 
volume to create capacity for a surge in COVID-19 patients. 
The authors of this manuscript represent 13 different health 
systems including centers in hot spots of New York, Pennsyl-
vania, Washington, and Michigan. They have shared their best 
practices being used at their centers, leading to a formulation 
of the best practices document. The process was conducted by 
creating an initial template for the manuscript led by the first 
author. This was iteratively revised by all authors. A thorough 
search of prior publications led to a very limited reference list. 
It was apparent that, while a lot is being rapidly published on 
COVID-19, the precise areas of critical interest for neurosur-
gical practice were severely limited. In light of the lack of data, 
we constructed the model where each author populated all the 
areas of the manuscript individually. These submissions were 
then collated and edited to optimize the subject matter by the 
first author and circulated for edits from the larger group to 
create a concise repository of best practices.

Given the tremendous challenges posed by the COVID-19 
pandemic, there is a lack of data to support each of these recom-
mendations and thus we present the best practices as options to 
adapt based on a health system’s resources and goals. We are 
presenting a consortium of practices based on pre- print publica-
tions, studies of previous viral illnesses, and emerging experience 
from major centers during a worldwide pandemic.

CATegOrizATiOn Of eMergenT And urgenT 
neurOSurgiCAl PrOCedureS
While a comprehensive definition of non- elective procedures is 
lacking and depends on individual presentations, the following 
list includes procedures that are commonly understood as emer-
gent or urgent:
1. Neurosurgical diagnoses

A. Cranial mass- occupying lesions causing acute neurologi-
cal deterioration

B. Intracerebral hemorrhage presenting with impending 
herniation

C. Symptomatic intracranial aneurysms that are not coilable 
or present with hematomas causing mass effect

D. Cranial traumatic injuries
E. Spinal cord compressions
F. Myelopathy
G. Spinal traumatic injuries
H. Cauda equina syndrome

generAl PlAnning
It is critical that all planning and preparation for emergent neuro-
surgical care be performed in conjunction with the institution’s 
central coordination committee.7 Isolated planning without 
proper communication will lead to confusion and poor compli-
ance. Additionally, this planning should be performed keeping 
in mind the institution’s resources and best available scientific 
data. Unilateral expectations unsupported by best evidence may 
stress an institution’s global response as adherence to extreme 
precautionary measures may not necessarily be safer and may 
deplete precious resources. It is also important to realize that 
new evidence may change practices in the future. The ultimate 
goal of general planning is to safeguard the operators and miti-
gate in- hospital transmission. The current environment demands 
creativity, up- to- date knowledge of emerging evidence, and 
a collaborative atmosphere. Thus, it is possible that multiple 
options could be equally safe and effective as long as sound 
scientific principles and emerging evidence are adopted.

https://apps.who.int/iris/handle/10665/331215
https://apps.who.int/iris/handle/10665/331215
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box 2 Procedure prioritization

A strategy to prioritize invasive procedures that are allowed to 
continue under conditions of pandemic surge. Level IIIb cases are 
the first to be cancelled or disallowed.
Level I – Delay in surgery >24 hours will result in adverse clinical 
outcome (urgent/emergency surgery)
Level II – Prolonged delay in surgery may result in adverse 
clinical outcome

Level IIa – System stress: surgery will use limited hospital 
resources that are needed for patients with higher levels of 
acuity
Level IIb – Patient stress: prolonged delay likely will place 
patient at clinical risk

i. Risk of disease progression within 1 month places 
patient at risk that is felt to outweigh risk of procedure in 
pandemic environment
ii. Risk of disease progression within 3 months places 
patient at risk that is felt to outweigh risk of procedure in 
pandemic environment

Level III – Prolonged delay in surgery will not result in adverse 
clinical outcome (truly elective surgery)

Level IIIa – Elective surgery that does not use significant 
system resources
Level IIIb – Elective surgery that does use significant system 
resources

Most patients who are in need of emergent/urgent neurosurgical 
care may be lacking appropriate COVID-19 risk factor history or 
covid testing and thus should be considered as persons under inves-
tigation (PUI) or COVID-19 positive.8 Taking this approach allows 
for creation of standardized protocols in managing such patients 
as well as enhances safety for all involved, given the necessity of 
maximal PPE when interacting with PUI/COVID-19 patients. 
Coordinated rehearsals of personnel responsibilities and processes 
for patients with covid needing neurosurgical care are essential, 
given that personnel within the OR suite should not move to clean 
areas. It is also ideal to have numerous posters/laminated sheets to 
outline the procedures for contacting personnel for PPE, personnel 
exposure, terminal clean, and hospital- based infection protection 
authority.9

Personnel
Across the USA there is a general trend to cancelling elective 
procedures to minimize the number of healthcare providers 
at risk of exposure within the hospital environment. Donning 
and doffing of maximal PPE should be demonstrated and hand 
hygiene during this process should be emphasized. Given the 
importance of proper PPE placement in preventing exposure to 
the SARS- Cov-2 virus, adherence should be monitored.

Members of the surgical, anesthesia, and neuromonitoring team 
should limit their movements within the OR and between rooms 
so as to not expose clean areas to SARS- CoV-2 particulate matter. 
This will require the placement of a team member outside the 
operative suite in case surgical equipment that is not present in the 
OR suite is necessary for continuing the operation. Donning and 
doffing should take place within the anteroom to prevent exposure 
of clean areas to infectious matter from the operating suite.

Operative suite
Given the multitude of OR suites within most hospital settings, 
it is ideal to concentrate all COVID and PUI cases within several 
COVID designated ORs. Such ORs should ideally be attached to an 
anteroom as a mechanism of preventing exposure of clean areas. In 
addition, the designated COVID-19 OR suites should be divided 
into rooms focusing on three surgical types: (1) neurosurgical, 
otolaryngology, and spinal procedures; (2) general surgery, trans-
plant, and trauma; and (3) cardiothoracic and vascular surgery. 
Such division will allow for surgical specialty specific equipment to 
be housed within the dedicated covid OR, thus preventing move-
ment of equipment from clean areas to covid designated areas and 
vice versa. Hybrid ORs deserve special consideration, and cross- 
specialty collaboration might be the only way to achieve economies 
of scale that allow focusing one or more hybrid ORs for patients 
with covid and others for non- COVID patients.

Given the positive pressure areas within the operative suite, it 
is essential to have a negative pressure area with HEPA filtration 
for doffing, donning, as well as intubation and extubation as both 
of these procedures will lead to significant aerosolization. Such 
an area is defined as the anteroom which needs to be attached to 
each COVID designated operative suite and serves an essential 
feature of preventing contamination of adjacent clean areas. Post 
procedure, the COVID OR should undergo a terminal clean of 
all exposed material from ceiling to floor including lighting.

inTrAOPerATive And PeriPrOCedurAl neurOSurgiCAl 
CAre
Direct communication should take place between the trans-
porting team to the OR personnel in the room to be certain 
that all individuals have appropriate PPE before transport. 

Transportation of non- intubated patients should be done with a 
face mask in place. Portable ventilators and extensions to endo-
tracheal tubes are important ways to prevent the need for discon-
necting the circuit. When a disconnection is necessary, clamping 
of the endotracheal tube is essential to prevent aerosolization.

Intubations and extubations are ideally performed within a 
negative pressure room and thus the anteroom is a suitable loca-
tion.10 Only the anesthesia team donning maximal PPE should 
be within the room when performing intubation and extuba-
tion in order to minimize exposure to other team members.11 12 
The surgical team should wait for a period of time post intu-
bation/extubation, ideally corresponding to twice the predicted 
time of air turnover in the room, to reduce the aerosolization 
content within the COVID OR environment before entering 
with maximal PPE including a N95 respirator. Given the rise 
in patients with COVID-19 and thus the demand for ICU beds 
and ventilators, extubation post procedure should be empha-
sized thus freeing up a ventilator and ICU room. Post extuba-
tion, efforts should be made to transport the patient to a final 
destination rather than intermediary locations such as the post 
anesthesia care unit. This will minimize the number of areas 
and personnel exposed to patients withCOVID-19. However, it 
may be more efficient to have the ability to turn an OR suite 
into a negative pressure environment where the patient can be 
transported for extubation. This will allow the COVID OR suite 
to be more efficiently used for surgical procedures rather than 
extended periods of time for recovery until extubation. Some 
may advocate extubating only outside of the OR, in particular to 
perform extubation in the critical care unit; however, this does 
not fully incorporate the flow of patients in the hospital, espe-
cially in busy centers, and may add a significant number of venti-
lator days during a time when ventilators are a scarce resource.

Neurosurgical procedures specifically involving the airways 
can lead to significant aerosolization and exposure of surgeons 
and others within the operative suite. In addition, high- speed 
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box 3 Prioritization of common cerebrovascular 
interventions

Level I – Urgent/emergency
Ruptured intracranial aneurysm/arteriovenous malformation/
arteriovenous fistula
Symptomatic intracranial aneurysm (crescendo headache, 
cranial neuropathy, visual deterioration, etc)
Acute ischemic stroke thrombectomy
Carotid blowout/bleeding head and neck tumor with airway 
compromise
Intracranial hemorrhage or mass with high risk for herniation
Refractory, severe epistaxis
Acute stroke meeting hemicraniectomy criteria
Symptomatic vasospasm
Cortical venous thrombosis with infarct or hemorrhage, high 
risk with medical treatment alone

Level II – Risk for adverse clinical outcome
Level IIa – System stress
Any Level IIb(i) procedure expected to require >5 days of ICU 
stay and/or >3 days of mechanical ventilation
Level IIb – Patient stress

i. Risk of disease progression within 1 month
Acutely symptomatic carotid stenosis, low risk for 
reperfusion injury
Recurrent, severe epistaxis under temporary control
Delayed angiography of atypical, angiogram- negative 
subarachnoid hemorrhage
Intervention for idiopathic intracranial hypertension with 
vision loss
ii. Risk of disease progression within 3 months
Surveillance angiography for ruptured aneurysm treated 
by endovascular occlusion first
Intracranial mass lesion, minimally symptomatic or 
asymptomatic

Level III – Limited risk in adverse clinical outcome (truly elective 
surgery)

Level IIIa – elective surgery that does not use significant 
system resources
Surveillance angiography of unruptured aneurysms or after 
1 year for ruptured aneurysm
Level IIIb – elective surgery that does use significant system 
resources

bone drilling has been shown to increase production of contam-
inant aerosolized particulate matter, as reported by Workman 
et al,13 and thus participants should be in full PPE. In the same 
manner, the use of electrocautery has also been shown to increase 
production of contaminated aerosolized particulate matter.14 
Thus, neurosurgical operative procedures involving endonasal 
approaches for tumor resection and pituitary surgeries as well 
as transoral approaches for spinal pathology should be avoided 
unless absolutely necessary. Such procedures should be some of 
the first cases delayed secondary to the substantial exposure of 
healthcare personnel to infectious particulate matter.

reSOurCe uTilizATiOn if PPe iS nOT AvAilAble
With the continual rise of COVID-19 cases it is plausible that there 
will be scarcity of appropriate PPEs. Specifically, N95 masks are 
integral to preventing exposure to COVID-19 particulate matter 
and appear to be in short supply. Ideally, N95 masks should be 
changed from patient to patient. There are ongoing discussions 

regarding the reuse or sterilization of used N95 masks. The FDA 
has recently approved the use of hydrogen peroxide vapors to 
decontaminate N95 masks, as this disinfects without compro-
mising the mechanical integrity of the mask (https://www. fda. gov/ 
media/ 136386/ download). Innovative mechanisms of sterilizing 
used N95 respirators have also included heat and ultraviolet light 
sources as well as hydrogen peroxide vapors. There is no evidence 
to support sterilization with ultraviolet light and heat without the 
possibility of reducing the effectiveness of the N95 respirator.

Reuse of N95s may be enhanced by wearing a surgical face-
mask over the N95, thus preventing its gross contamination. In 
addition, a replacement of the N95 mask could be the reusable 
elastomeric half- mask respirator (EHMR), which has the same 
ability to filter infected particulate matter and allows for a tight 
fit over the face. In addition, the face piece can be disinfected 
with alcohol or bleach and the cartridges can be replaced to 
allow for reuse. Pompeii et al15 recently reported that health-
care personnel can be rapidly fit tested and trained to use the 
EHMR. The utilization of other types of masks with the same 
functionality as the N95 has been discussed, including the use of 
anesthesia face masks attached to HEPA filter and straps. See the 
Occupational Safety and Health Administration (OSHA) video 
on the application of N95 and EHMRs at https://www. osha. gov/ 
video/ respiratory_ protection/ resptypes. html.

iMPrOving inPATienT CAPACiTy by MiniMizing 
SCheduled CASeS
During a heavy influx of patients affected with COVID-19, hospital 
bed availability and critical care resources may become severely 
limited. A typical approach has been to create capacity by limiting 
routine clinical work. However, other clinical needs continue and 
cannot be ignored as the delay in management of emergent or 
urgent patient care can increase morbidity and mortality. Disrupted 
supply chains leading to limited PPEs, medical devices, and critical 
care resources and limitations in inpatient capacity make it neces-
sary to identify patients whose care may be delayed without harm 
versus those whose health will be compromised by delay in care.

Procedure prioritization
A successful strategy for determining which invasive procedures 
should be allowed to proceed must take into consideration the 
medical urgency or risk to the patient, the resources required 
before, during and after the procedure, and the resources available 
within the local health system. One very reasonable approach was 
adopted by the TriHealth hospital system in Cincinnati, Ohio (M 
Delworth, MD; D Kirkpatrick, MD) and is offered here for consid-
eration. The tiers of care take each of the factors listed previously 
into consideration so that lower priority (higher level number) 
cases are the first to be cancelled in a ‘bottom up’ approach (box 2).

While this stratification of case priority is clearly logical, 
interpretation requires a nuanced understanding of the clinical 
conditions being considered. For example, a cerebrovascular or 
endovascular specialist may see cases of obviously high urgency, 
such as stroke or subarachnoid hemorrhage, and cases clearly 
considered elective, such as embolization of a low- grade dural 
fistula causing tinnitus. However, many other cases are in the 
grey zone—for example, large unruptured aneurysms with signif-
icant yearly risk of rupture, carotid endarterectomy or stent for 
symptomatic disease, which should be done sooner rather than 
later as benefit wanes the longer one waits.

Consideration should also be given to what kind of delay 
is reasonable in some situations when it comes to prioritizing 
patients on a future schedule on a way back towards normalcy. 

https://www.fda.gov/media/136386/download
https://www.fda.gov/media/136386/download
https://www.osha.gov/video/respiratory_protection/resptypes.html
https://www.osha.gov/video/respiratory_protection/resptypes.html
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Many disease states may allow for several months of delay 
without any evidence of expectation of harm to the patient in 
excess of the periprocedural risk in itself.

Clinical and resource criteria
Assignment of cases at priority levels II and III should consider 
the risk of progression or recurrence of disease, the likely rate of 
that progression, and the potential adverse effect on the patient’s 
outcome should progression or recurrence occur. It must also take 
into consideration the resources required to perform the procedure 
and to manage the patient before and after the procedure. One 
condition may have only a moderate concern for progression or 
recurrence, but its management may require few critical resources 
and only a brief stay in hospital, if any. Another may have a higher 
concern for progression or recurrence but require a lengthy stay in 
the ICU, possibly on a ventilator, and use of critical resources for 
many days. In this scenario, the first procedure may be allowed to 
move forward but the second may not. Guidance for appropriate 
prioritization of common neurovascular procedures based on these 
criteria is given in box 3.

COnCluSiOnS
Infection from the SARS- CoV-2 virus has led to the COVID-19 
pandemic. Given the large number of patients affected, healthcare 
personnel and facility resources are stretched to the limit; however, 
the need for urgent and emergent surgical and interventional care 
will continue. We describe best practice options when providing 
neurosurgical treatment of patients with COVID-19 in order 
to optimize clinical care and minimize the exposure of patients 
and staff. The described best practices may apply to a variety of 
operative and interventional procedures given that the goal of 
preventing SARS- CoV-2 exposure is of the utmost importance in 
all disciplines.

Author affiliations
1Department of Neurosurgery, University of Michigan, Ann Arbor, Michigan, USA
2Neurosurgery, Mayfield Clinic, University of Cincinnati, Cincinnati, Ohio, USA
3interventional Neuroradiology, west virginia University Hospital, Morgantown, west 
virginia, USA
4Department of Neurosurgery, Baylor College of Medicine, Houston, Texas, USA
5Neurological Surgery, Thomas Jefferson University, Philadelphia, Pennsylvania, USA
6Neurosurgery, University at Buffalo, Buffalo, New York, USA
7Neurosurgery and Radiology and Canon Stroke and vascular Research Center, 
Jacobs School of Medicine and Biomedical Sciences, University at Buffalo, Buffalo, 
New York, USA
8Neurosurgery, Gates vascular institute at Kaleida Health, Buffalo, New York, USA
9Neurosurgery and Neurology and Canon Stroke and vascular Research Center, 
Jacobs School of Medicine and Biomedical Sciences, University at Buffalo, Buffalo, 
New York, USA
10Department of Neurosurgery, New York University - Langone Medical Center, New 
York, New York, USA
11Neurological Surgery, Radiology and Mechanical engineering, University of 
washington, Seattle, washington, USA
12Department of Neurological Surgery, University of washington, Seattle, 
washington, USA
13Drexel Neuroscience institute and GNi, Philadelphia, Pennsylvania, USA
14Drexel Neurosciences institute, Philadelphia, Pennsylvania, USA
15Semmes- Murphey Neurologic and Spine institute, Memphis, Tennessee, USA
16Neurosurgery, University of Tennessee Health Science Center, Memphis, Tennessee, 
USA
17The Mount Sinai Health System, New York, New York, USA
18Department of Neurosurgery and Neuroscience institute, Geisinger Health System 
and Geisinger Commonwealth School of Medicine, wilkes- Barre, PA, USA
19Research institute of Neurointervention, Paracelsus Medical University, Salzburg, 
Austria
20Neurosurgery, Lenox Hill Hospital, New York, New York, USA

Twitter Ansaar T Rai @Ansaar_Rai, Pascal Jabbour @PascalJabbourMD and Adam S 
Arthur @AdamArthurMD

Collaborators endovascular Neurosurgery Research Group (eNRG) collaborators: 
Mark Bain; Bernard Bendock; Alan S. Boulos; webster Crowley; Richard Fessler; 
Andrew Grande; Lee Guterman; Ricardo Hanel; Daniel Hoit; L. Nelson Hopkins, iii; 
Jay Howington; Robert James; Brian Jankowitz; Alex A Khalessi; Giuseppe Lanzino; 
Demetrius Lopes; william Mack; Robert Mericle; Chris Ogilvy; Robert Replogle; 
Rafael Rodriguez; eric Saugaveau; Alex Spiotta; Ali Sultan; Rabih Tawk; Ajith Thomas; 
Raymond Turner; Babu welch; Jonathan white.

Contributors All authors contributed their best practices and also revised the 
article and reviewed the final draft. ASP drafted the article and constructed the final 
draft after the input of all authors.

funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests There are no competing interests for any author.

Patient consent for publication Not required.

ethics approval This study did not involve human participants, and institutional 
review board approval was not sought.

Provenance and peer review Not commissioned; externally peer reviewed.

This article is made freely available for use in accordance with BMJ’s website 
terms and conditions for the duration of the covid-19 pandemic or until otherwise 
determined by BMJ. You may use, download and print the article for any lawful, 
non- commercial purpose (including text and data mining) provided that all copyright 
notices and trade marks are retained.

OrCid ids
Aditya S Pandey http:// orcid. org/ 0000- 0003- 0789- 4273
Andrew J Ringer http:// orcid. org/ 0000- 0002- 2524- 3426
Ansaar T Rai http:// orcid. org/ 0000- 0001- 9864- 4805
Pascal Jabbour http:// orcid. org/ 0000- 0002- 1544- 4910
elad i Levy http:// orcid. org/ 0000- 0002- 6208- 3724
Michael R Levitt http:// orcid. org/ 0000- 0003- 3612- 3347
Adam S Arthur http:// orcid. org/ 0000- 0002- 1536- 1613
Clemens Schirmer http:// orcid. org/ 0000- 0003- 1743- 8781

RefeRences
 1 Zhu N, Zhang D, wang w, et al. A novel coronavirus from patients with pneumonia in 

China, 2019. N Engl J Med 2020;382:727–33.
 2 Coronaviridae Study Group of the international Committee on Taxonomy of viruses. 

The species Severe acute respiratory syndrome- related coronavirus: classifying 2019- 
nCov and naming it SARS- Cov-2. Nat Microbiol 2020;5:536–44.

 3 van Doremalen N, Bushmaker T, Morris DH, et al. Aerosol and surface stability of 
SARS- Cov-2 as compared with SARS- Cov-1. N Engl J Med 2020;382:1564–7.

 4 Gralton J, Tovey e, McLaws M- L, et al. The role of particle size in aerosolised pathogen 
transmission: a review. J Infect 2011;62:1–13.

 5 Tellier R, Li Y, Cowling BJ, et al. Recognition of aerosol transmission of infectious 
agents: a commentary. BMC Infect Dis 2019;19:101.

 6 wu Z, McGoogan JM. Characteristics of and important lessons from the coronavirus 
disease 2019 (COviD-19) outbreak in China: Summary of a report of 72314 
cases from the Chinese Center for Disease Control and Prevention. JAMA 2020. 
doi:10.1001/jama.2020.2648. [epub ahead of print: 24 Feb 2020].

 7 wong J, Goh QY, Tan Z, et al. Preparing for a COviD-19 pandemic: a review of 
operating room outbreak response measures in a large tertiary hospital in Singapore. 
Can J Anesth/J Can Anesth 2020;395.

 8 williams e, Bond K, Zhang B, et al. Saliva as a non- invasive specimen for detection 
of SARS- Cov-2. J Clin Microbiol 2020. doi:10.1128/JCM.00776-20. [epub ahead of 
print: 21 Apr 2020].

 9 Brindle M, Gawande A. Managing COviD-19 in surgical systems. Ann Surg 2020. 
doi:10.1097/SLA.0000000000003923. [epub ahead of print: 23 Mar 2020].

 10 Orser BA. Recommendations for endotracheal intubation of COviD-19 patients. 
Anesth Analg 2020;130:1109–10.

 11 wax RS, Christian MD. Practical recommendations for critical care and anesthesiology 
teams caring for novel coronavirus (2019- nCov) patients. Can J Anaesth 
2020;67:568–76.

 12 D’Silva DF, McCulloch TJ, Lim JS, et al. extubation of patients with COviD-19. Br J 
Anaesth 2020. doi:10.1016/j.bja.2020.03.016. [epub ahead of print: 09 Apr 2020].

 13 workman AD, welling DB, Carter BS, et al. endonasal instrumentation and 
aerosolization risk in the era of COviD-19: simulation, literature review, and proposed 
mitigation strategies. Int Forum Allergy Rhinol 2020. doi:10.1002/alr.22577. [epub 
ahead of print: 03 Apr 2020].

 14 Kwak HD, Kim S- H, Seo YS, et al. Detecting hepatitis B virus in surgical smoke emitted 
during laparoscopic surgery. Occup Environ Med 2016;73:oemed-2016-103724–63.

 15 Pompeii LA, Kraft CS, Brownsword eA, et al. Training and fit testing of health care 
personnel for reusable elastomeric half- mask respirators compared with disposable 
N95 respirators. JAMA 2020. doi:10.1001/jama.2020.4806. [epub ahead of print: 25 
Mar 2020].

https://twitter.com/Ansaar_Rai
https://twitter.com/PascalJabbourMD
https://twitter.com/AdamArthurMD
http://orcid.org/0000-0003-0789-4273
http://orcid.org/0000-0002-2524-3426
http://orcid.org/0000-0001-9864-4805
http://orcid.org/0000-0002-1544-4910
http://orcid.org/0000-0002-6208-3724
http://orcid.org/0000-0003-3612-3347
http://orcid.org/0000-0002-1536-1613
http://orcid.org/0000-0003-1743-8781
http://dx.doi.org/10.1056/NEJMoa2001017
http://dx.doi.org/10.1038/s41564-020-0695-z
http://dx.doi.org/10.1056/NEJMc2004973
http://dx.doi.org/10.1016/j.jinf.2010.11.010
http://dx.doi.org/10.1186/s12879-019-3707-y
http://dx.doi.org/10.1001/jama.2020.2648
http://dx.doi.org/10.1007/s12630-020-01620-9
http://dx.doi.org/10.1128/JCM.00776-20
http://dx.doi.org/10.1097/SLA.0000000000003923
http://dx.doi.org/10.1213/ANE.0000000000004803
http://dx.doi.org/10.1007/s12630-020-01591-x
http://dx.doi.org/10.1016/j.bja.2020.03.016
http://dx.doi.org/10.1016/j.bja.2020.03.016
http://dx.doi.org/10.1002/alr.22577
http://dx.doi.org/10.1136/oemed-2016-103724
http://dx.doi.org/10.1001/jama.2020.4806

	Minimizing SARS-CoV-2 exposure when performing surgical interventions during the COVID-19 pandemic
	Abstract
	Background
	The coronavirus
	Transmission
	Covid-19 syndrome
	Current shortage of personal protective equipment for covid-19

	Methods
	Categorization of emergent and urgent neurosurgical procedures
	General planning
	Personnel
	Operative suite

	Intraoperative and periprocedural neurosurgical care
	Resource utilization if PPE is not available
	Improving inpatient capacity by minimizing scheduled cases
	Procedure prioritization
	Clinical and resource criteria

	Conclusions
	References


