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Abstract: The pandemic of coronavirus disease 2019 (COVID-19)
has several implications relevant to neuroanesthesiologists, in-
cluding neurological manifestations of the disease, impact of an-
esthesia provision for specific neurosurgical procedures and
electroconvulsive therapy, and health care provider wellness. The
Society for Neuroscience in Anesthesiology and Critical Care
appointed a task force to provide timely, consensus-based expert
guidance for neuroanesthesiologists during the COVID-19 pan-
demic. The aim of this document is to provide a focused overview
of COVID-19 disease relevant to neuroanesthesia practice. This
consensus statement provides information on the neurological
manifestations of COVID-19, advice for neuroanesthesia clinical
practice during emergent neurosurgery, interventional radiology
(excluding endovascular treatment of acute ischemic stroke),
transnasal neurosurgery, awake craniotomy and electroconvulsive
therapy, as well as information about health care provider well-
ness. Institutions and health care providers are encouraged to
adapt these recommendations to best suit local needs, considering

existing practice standards and resource availability to ensure
safety of patients and providers.
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The novel coronavirus, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), first emerged in Wuhan,

China, in December 2019,1 and has since spread across the
globe. On February 11, 2020, the World Health Organization
named the disease caused by this virus COVID-19, and sub-
sequently declared a pandemic on March 11, 2020.2 COVID-
19 is characterized by fever (89%), cough (58%), dyspnea
(46%), myalgias (29%), lymphopenia,3 and typical chest
imaging features of bilateral ground glass opacities and
consolidation.4 Although symptoms can range from mild to
severe, 20% of infected patients overall require admission to
an intensive care unit.3 Risk factors for severe disease or death
include older age, smoking, chronic obstructive pulmonary
disease, diabetes, hypertension, immunocompromise, and
malignancy.5,6 COVID-19 has several implications relevant to
neuroanesthesiologists, including neurological manifestations
of the disease, impact of anesthesia provision for specific
neurosurgical procedures and electroconvulsive therapy
(ECT), and health care provider wellness.

AIM AND SCOPE
The aim of this document is to provide a focused

overview of the novel SARS-CoV-2 virus and COVID-19
disease relevant to neuroanesthesiologists. This statement
provides information on the neurological manifestations
of COVID-19, advice for neuroanesthesia clinical practice
during emergent neurosurgery, interventional radiology
(excluding endovascular treatment of acute ischemic
stroke), transnasal neurosurgery, awake craniotomy and
ECT, as well as information about health care provider
wellness. Guidelines for the anesthetic management of
endovascular therapy for acute ischemic stroke during the
COVID-19 pandemic are available in separate guidance
from the Society for Neuroscience in Anesthesiology and

Received for publication April 7, 2020; accepted April 13, 2020.
From the *Department of Anesthesiology and Perioperative Care,

Vancouver General Hospital, University of British Columbia, Van-
couver, BC, Canada; †Department of Anesthesiology and Perioper-
ative Medicine, Mayo Clinic, Rochester, NY; ‡Department of
General Anesthesiology, Cleveland Clinic, Cleveland, OH; §Depart-
ment of Anesthesiology, University Hospitals Leuven, Leuven, Bel-
gium; ∥Princess Alexandra Hospital, University of Queensland,
Woolloongabba, Australia; ¶Department of Anesthesia, Aarhus
University Hospital, Aarhus, Denmark; #Department of Anesthesi-
ology, Beijing Tian Tan Hospital, Capital Medical University, Bei-
jing, P.R. China; **Department of Anesthesiology, Yale University
School of Medicine, New Haven, CT; ††Department of Anesthesi-
ology, University of Illinois, Chicago, IL; ‡‡Department of Neuro-
anesthesiology and Critical Care, Neurosciences Centre, All India
Institute of Medical Sciences (AIIMS), New Delhi, India; and §§De-
partment of Anesthesiology and Pain Management, University of
Washington, Seattle, WA.

This Consensus Statement has been reviewed and approved by the So-
ciety for Neuroscience in Anesthesiology and Critical Care. It has not
undergone review by the Editorial Board of the Journal of Neuro-
surgical Anesthesiology.

The authors have no funding or conflicts of interest to disclose.
Address correspondence to: Alana M. Flexman, MD, FRCPC. E-mail:

alana.flexman@vch.ca.
Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.
DOI: 10.1097/ANA.0000000000000691

SNACC CLINICAL GUIDELINES AND CONSENSUS STATEMENT

202 | www.jnsa.com J Neurosurg Anesthesiol � Volume 32, Number 3, July 2020

Copyright r 2020 Wolters Kluwer Health, Inc. All rights reserved.

mailto:alana.flexman@vch.ca


Critical Care (SNACC).7 The information provided in this
document can be used to inform local and institutional
policies and procedures. Information about COVID-19
will evolve as our knowledge about this virus increases
over the coming months. The recommendations provided
herein reflect expert consensus opinion based on the in-
formation available at the time of writing (April 2020) and
are subject to change as knowledge increases. Finally, the
recommendations can be adapted to regional and institu-
tional resources and requirements, considering existing
practice standards and resource availability, to ensure the
safety of patients and providers.

WRITING GROUP
The authors of these consensus guidelines were ap-

pointed by SNACC, and chosen based on their clinical
expertise in various aspects of neuroanesthesia practice
and to represent a range of geographic locations (North
America, Australia, Europe, China, and India) and clin-
ical practice settings. The guidelines were made available
to SNACC members for review and were approved by the
Board of Directors of SNACC before publication.

NEUROLOGICAL MANIFESTATIONS
OF COVID-19

The neurological manifestations of COVID-19 have
only recently been described. Preliminary unpublished
evidence suggests that COVID-19-positive patients are at
increased risk of acute ischemic stroke. A recent report
from China suggests that neurological symptoms, such as
dizziness, headache, hypogeusia, and hyposma, are com-
mon (36%) in patients with COVID-19.8 Encephalopathy
and altered mental status have also been reported in pa-
tients infected with the SARS-CoV-2 virus.9 Cere-
brovascular disease is more common in severe COVID-19
disease; acute ischemic stroke has been reported in 5.7%
and impaired consciousness in 15% of patients with severe
disease.8 These results are consistent with another report
of 221 patients from Wuhan, China, which found a 5%
incidence of acute ischemic stroke and a 1% incidence of
cerebral hemorrhage.10 In this cohort, patients with cere-
brovascular complications were more likely to be older,
have severe COVID-19 disease, and demonstrate evidence
of hypercoagulability and inflammation. Ultimately, 38%
of patients with cerebrovascular complications died. To-
gether, these preliminary reports suggest that patients with
COVID-19 could present more frequently for endovas-
cular treatment of acute ischemic stroke and could also be
at elevated risk of perioperative stroke if they require
surgery during acute infection.

Other coronaviruses with close similarity to SARS-
CoV-2 have been shown to invade the central nervous
system. The SARS-CoV and Middle East Respiratory
Syndrome Coronavirus (MERS-CoV) viruses are closely
related to the SARS-CoV-2 virus in structure and infection
pathway, and both have been shown to infect the central
nervous system (CNS) in animal models; the brainstem
was found to be heavily infected by both SARS-CoV11 and

MERS-CoV.12 Furthermore, CNS infection was closely re-
lated to high mortality rate, possibly due to dysfunction of the
cardiorespiratory center in the brainstem. A predisposition to
neuroinvasion is considered to be a common feature of the
coronavirus family, and the SARS-CoV-2 virus should be
presumed to have similar features.13 The alterations in smell
observed with COVID-19, in particular, have been postulated
to reflect the access of the virus to the brain through the
transcribrial route as described in other pathogens14; although
this remains to be proven for SARS-CoV-2. Overall, direct
invasion of the CNS is plausible, and may account for some
of the neurological symptoms reported by COVID-19-positive
patients.13

URGENT NEUROSURGICAL PROCEDURES
The COVID-19 pandemic has necessitated a reduction in

elective surgeries to increase capacity and free up resources15–17;
this includes limitations on neurosurgical procedures. Never-
theless, some patients will continue to require emergent and
urgent neurosurgical intervention for life-threatening con-
ditions. The hard-hit region of Lombardy, Italy, described
creating a centralized network of 3 “hub” hospitals that ac-
cepted all urgent neurosurgical referrals, whereas 1 additional
center was designated for urgent oncological neurosurgery.18

Urgent neurosurgery will require specific considerations during
the pandemic (Fig. 1).

The diagnostic criteria for suspected or confirmed
COVID-19 cases include epidemiological history, clinical
manifestation, real-time quantitative fluorescence polymerase
chain reaction (RT-qPCR) test, and COVID-19-specific IgM
and IgG antibody test. RT-qPCR testing of respiratory
specimens,19 including nasopharyngeal swabs, bronchoalveo-
lar lavage fluid, sputum, or bronchial aspirates, for SARS-
CoV-2 RNA is currently widely used for case diagnosis.1,20

Owing to the possibility of false-negative RT-qPCR test
results,21 RT-qPCR testing on 2 consecutive respiratory
samples obtained at least 24 hours apart should be considered
when resources allow.22 Together, typical clinical symptoms,
chest imaging, and epidemiological history (travel or high-risk
exposure) can be used to assess the risk of COVID-19 in-
fection and indication for testing. The accepted criteria for the
diagnosis of COVID-19 include 1 of the following: (1) RT-
qPCR positive for COVID-19 nucleic acid; (2) the viral gene
identified by gene sequencing is highly homologous with
known COVID-19; or (3) presence of COVID-19-specified
IgM and IgG antibodies.

For patients requiring aerosol-generating procedures by
providers, protection against viral aerosolization should be used
for all patients using an N95 mask or powered, air-purifying
respirator.23 Anesthesiologists should refer to detailed published
recommendations for the perioperative management of COV-
ID-19 patients,24–27 which are summarized as follows:
(1) To conserve personal protective equipment (PPE) and

limit exposure, only essential personnel should be
present for aerosol-generating procedures that occur
during general anesthesia. Ideally, induction of anes-
thesia and intubation should be performed by an
experienced provider in a negative-pressure environment,
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and intubation performed using rapid sequence induction
with videolaryngoscopy while minimizing bag-mask
ventilation. Extubation following general anesthesia
should, if possible, also be performed in a negative-
pressure environment using airborne PPE. Coughing
should be avoided during extubation. The patient should
wear a surgical mask after extubation and high flow
oxygen (ie, <6L/min) avoided given the risk of
aerosolization.28 Finally, patient transportation also
requires attention to safety and minimization of contam-
ination. Extubated patients should receive oxygen via face
mask and, if possible, an additional surgical mask placed
on the patient underneath.24

TRANSNASAL NEUROSURGICAL PROCEDURES
Transnasal endoscopic neurosurgery facilitates ac-

cess to the sellar region and is most frequently employed
for transsphenoidal hypophysectomy for pituitary tumors.
The SARS-CoV-2 virus is believed to have a high degree
of viral shedding from the nasal mucosa,29 and early re-
ports fromWuhan, China, have highlighted the propensity
of nasal surgery, such as transsphenoidal hypo-
physectomy, to aerosolize virus with high potential for
transmission.30 Early in the pandemic in China, before
testing became widespread, emergency transsphenoidal
hypophysectomy resulted in viral transmission to multiple
health care workers within days of the surgery, even with

FIGURE 1. Summary of recommendations for the anesthetic management of urgent neurosurgical procedures during the COVID-
19 pandemic. PAPR indicates powered, air-purifying respirator; PPE, personal protective equipment; RT-qPCR, real-time quanti-
tative fluorescence polymerase chain reaction.
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appropriate PPE.30 As a result of widespread reports of
infected colleagues, concern has rapidly escalated among
otolaryngologists about the safety of nasal surgery.30

Despite these concerns, patients may still require urgent
or emergent transsphenoidal hypophysectomy, such as for
acute vision loss, severe pituitary apoplexy, or deteriorating
level of consciousness.31 Recent guidance has highlighted the
high risk of nasal surgery in patients infected with SARS-
CoV-2, making recommendations to defer nonurgent surgery,
to evaluate for SARS-CoV-2 via symptoms, radiologic
imaging, and 2 COVID RT-PCR tests separated by 24 hours,
and about the use of appropriate PPE.32,33 Preoperative nasal
decolonization could also be considered.34 If transsphenoidal
hypophysectomy is required urgently, and rapid SARS-CoV-2
testing is not available, then identifying infected patients be-
comes problematic due to the high proportion of asympto-
matic patients. As such, the minimum number of essential
staff should be in the operating room and use appropriate
PPE (Fig. 1). An alternative surgical approach may also be
considered when rapid SARS-CoV-2 testing is not available
or the patient is confirmed to have COVID-19, that is
craniotomy rather than the transnasal approach.30,35 These
options should be considered on a case-by-case basis.

AWAKE CRANIOTOMY
An awake craniotomy requires the patient to be fully

conscious in order to participate in neurocognitive testing
during surgery, although the patient can be awake, sedated, or
under general anesthesia before and after periods of intra-
operative testing.36 Awake craniotomy is typically used for
brain tumor and epilepsy surgery when the lesion is in close
proximity to eloquent areas of the brain, in order to facilitate
surgeon’s decision-making.37 During the COVID-19 pan-
demic, an awake craniotomy presents several challenges for
neuroanesthesiologists, with little specific evidence available to
guide practice. The following discussion primarily reflects the
expert opinion of task force members.

The role of awake craniotomy will be modified during
the COVID-19 pandemic (Fig. 1). First, in principle, an
awake craniotomy should not be performed emergently given
its relative complexity, although occasionally an urgent awake
(vs. asleep) craniotomy may be indicated for surgical reasons
and patient comorbidities.38 Secondly, awake craniotomy can
offer unique benefits to patients,39 and should still be
considered for selected patients during the pandemic. The
relative risks and benefits must be carefully considered, as well
as alternatives such as image-guided resection if available.
Several steps are required to adequately prepare for awake
craniotomy during the pandemic. Before the procedure,
patients should be carefully screened for the presence of the
SARS-CoV-2 virus through clinical assessment and RT-
qPCR testing. If the patient presents with respiratory symp-
toms or hypoxemia preoperatively, the etiology should be
investigated, and the patient tested for COVID-19. If the
patient is positive for COVID-19, or remains symptomatic, an
awake craniotomy is not recommended.

Different awake craniotomy anesthetic techniques have
been described: awake throughout without any sedation,

conscious sedation or monitored anesthesia care, asleep-
awake technique, and asleep-awake-asleep technique.40 The
specific technique chosen should be familiar, while also min-
imizing the risk for urgent airway intervention. Whatever
technique is chosen, during the COVID-19 pandemic cough-
ing during awake craniotomy should be avoided to minimize
the potential for contamination and aerosolization. This can
be mitigated through the use of intravenous medications such
as low dose lidocaine or remifentanil.41,42 In addition, we
advocate an approach that avoids airway instrumentation and
uses only light sedation (ie, drowsy but arousable) before
neurocognitive testing. Urgent airway intervention, including
nasal airway insertion, is particularly detrimental during this
pandemic. In addition, regional scalp blocks and/or local
anesthetic infiltration are essential to provide analgesia and
minimize sedation requirements. Given that individuals can
potentially be infected by SARS-CoV-19 and remain
asymptomatic,43 patients should wear a surgical mask when-
ever possible, including during the procedure; the mask can be
temporarily removed during neurocognitive testing. Supple-
mental oxygen (ie, face mask) can be placed over the surgical
mask if needed. A microphone may facilitate intraoperative
communication while using PPE, and maintain distance be-
tween the patient and the operating room team to lessen the
chance of cross infection.

NEUROINTERVENTIONAL RADIOLOGY
PROCEDURES

With the exception of endovascular therapy for acute
ischemic stroke, most neurointerventional radiology proce-
dures performed during the pandemic will be considered ur-
gent, rather than emergent (eg, embolization of intracranial
aneurysms, spine tumors). Therefore, any patients with
suspected COVID-19 should be tested before undertaking
the procedure (provided the results of testing is available in
<24 h), and appropriate PPE implemented according to in-
stitutional policies. For cases where testing is not possible due
to case urgency, the patient should be treated as presumed
COVID-19 positive. Only essential personnel should be
present during airway management and, ideally, intubation
should be performed in an airborne isolation room with
negative pressure relative to the surrounding area.44 However,
it is recognized that this may not be available near many
interventional radiology suites, and that intubation will then
need to occur in the radiology suite with only essential per-
sonnel present.

Anesthesia for neurointerventional radiology proce-
dures during the pandemic requires several other, unique,
considerations (Fig. 1). For example, anesthesia providers
must ensure that lead protection is donned before PPE, as the
anesthesia practitioner may be required to remain in the
interventional radiology suite rather than the control room.
Afterwards, the lead suits worn during the procedure require
rigorous decontamination with disinfection wipes containing a
quaternary ammonium compound and alcohol34; a top-down
cleaning sequence may reduce bioburden. Locations for
donning, doffing, and cleaning of lead will need to be
established in close proximity to the interventional suite, and
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appropriate PPE made available in that location. Finally,
given the remote location of many interventional radiology
suites, a plan for extubation is required. Transport to a
negative-pressure isolation room in another location for
extubation should be considered. After extubation, as a
minimum, caution must be taken to ensure that patients are
transported without risk of urgent airway intervention or
coughing during transit.

ECT
ECT is an effective treatment for a wide variety of

neurological and psychiatric disorders.45,46 During and
following the COVID-19 pandemic, we should prepare for
a potential increase in demand for ECT procedures.
Pandemics are likely to cause damaging effects on mental
health. These include increases in suicide rates, partic-
ularly in survivors of the disease, health care providers,
and previously healthy but isolated or quarantined pop-
ulations. Of particular concern are those affected by the
economic down fall; the suicide rate in the United States
rose dramatically during the Great Depression.47 A pre-
vious outbreak of a related virus, SARS-CoV-1, in 2003
significantly impacted the mental health of SARS survi-
vors and health care providers; 41% to 65% of SARS
survivors suffered persistent psychological and/or psychiatric
problems, predominantly posttraumatic stress disorder and
depression. These symptoms often last as long as 30 months
after recovery from SARS, including in health care providers
who were infected and recovered.48,49 Even healthy health
care providers who were not infected experienced substantial
psychological distress years after the outbreak.50 At the time
of writing (April 2020), the magnitude of the COVID-19
pandemic is at least 2 orders greater than that of SARS and a
recent survey suggests that health care providers taking care of
COVID-19 patients in China report high rates of distress,
depression, anxiety, and insomnia.51

During the COVID-19 pandemic, the risks and benefits
of ECT must be carefully assessed. ECT should be considered
as an urgent or semiurgent intervention for suicidal ideation,
severe depression, mania, and catatonia and should not be
delayed.45,52 However, when considering ECT, both the an-
esthesiologist and psychiatrist must ensure that all con-
servative interventions have been pursued and exhausted
before administration of ECT as a “last resort” therapy.45

The patient population commonly undergoing ECT
presents specific challenges during the COVID-19 pandemic.
As ECT patients tend to be older53 and with comorbidities,
they are at higher risk for both ECT-associated54 and COV-
ID-19-related morbidity and mortality.5,6 Only those asymp-
tomatic for COVID-19 disease should be considered for ECT,
and each patient should be tested for SARS-CoV-2 virus close
to the time of their procedure. SARS-CoV-2-positive patients
should not be allowed to proceed with ECT. If asymptomatic,
patients who test positive for SARS-CoV-2 but remain
asymptomatic should be allowed to proceed only if sub-
sequent testing 14 days later is negative, and ECT is consid-
ered a life-saving procedure.

The conduct of anesthesia for ECT during the COVID-
19 pandemic requires careful consideration (Fig. 2). The most
challenging aspect of anesthesia for ECT during the pandemic
is airway management. The commonly used technique of bag-
mask ventilation and hyperventilation without an airway
device represents significant risk of infection for health care
providers, including anesthesiologists.55 To minimize risk of
viral transmission, the following are recommended:
(1) Since anesthesia management for ECT inevitably involves

positive-pressure bag-mask ventilation with an unprotected
airway, it should ideally be performed in a negative-
pressure single airborne suite, utilizing full PPE, restricted
personnel, and careful disinfection (eg, minimum 75%
alcohol52) of the suite, allowing at least 30 minutes between
patients55,56 depending on institutional air exchange rate;

FIGURE 2. Summary of recommendations for the anesthetic management of ECT during the COVID-19 pandemic. ECT indicates
electroconvulsive therapy; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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(2) To minimize hypersalivation, glycopyrrolate 0.2 to 0.4
mg intravenously can be safely administered before
induction of anesthesia57;

(3) To reduce coughing on emergence, remifentanil can be
safely administered during the procedure and lidocaine
(1 to 1.5mg/kg of ideal body weight) can be administered
intravenously after the seizure is completed55,56;

(4) Although hyperventilation using bag-mask ventilation
can improve seizure quality, the evidence for this is
weak58 and aerosolization is increased. Therefore, this
strategy should be avoided during the COVID-19
pandemic unless adjustment to other measures to
improve seizure quality is unsuccessful. Induction
agents providing best possible quality of seizure should
be employed; these include ketamine, etomidate, and
methohexital59;

(5) Patients should be carefully preoxygenated before induc-
tion of anesthesia when bag-mask ventilation is minimized;
consider apneic oxygenation with nasal prongs55;

(6) In cases requiring hyperventilation, a laryngeal mask
airway allowing capnography55 should be considered
as an alternative to manual bag-mask ventilation;

(7) Patients should be recovered in designated areas
wearing surgical masks.52,55

WELLNESS FOR HEALTH CARE PROVIDERS
During a pandemic, the concept of “duty to treat” by

health care workers is a given, although many significant
changes are observed in health care delivery and risks to
health care providers.60 The notion of self-sacrifice is a grave
mistake; success in controlling and ultimately eradicating a
pandemic depends on availability of all resources, including
personnel.61 Physicians, nurses, and other health care workers
may not realize that during a pandemic the nature of “the
patient” changes from a single individual to a community.
Thus, we reinforce the utmost importance of safety to preserve
the human resources necessary to overcome the pandemic.
The wellness of health care workers should encompass both
physical and mental fitness (Table 1).

Physical wellness is a primary concern to maintain a
sustainable workforce during a pandemic. In addition to the
risks that general anesthesiologists face in becoming infected
with the virus, including during airway management, neuro-
anesthesiologists have additional exposure risk due to their
close proximity to patients and long surgical procedures.

Wearing PPE for a prolonged time may cause excessive heat,
pressure sores, and a need for frequent rehydration; neuro-
interventional procedures may be particularly uncomfortable
due to the addition of lead protection under the PPE. It is
essential that all steps of doffing should be thoroughly com-
pleted and meticulous hand washing performed before any
consumption, and that all food or drink is consumed outside
of any patient care area. Owing to these practice restrictions,
neuroanesthesiology departments should ensure additional
staffing is available to provide breaks and clinical support
during cases.

Psychological health is of critical importance. Anes-
thesiologists and intensivists are at the front line of the
management of the target organs that the COVID-19 virus
attacks and are faced with the task of rapidly reviewing and
implementing continually evolving guidelines. In addition to
the general anxieties felt during the pandemic, health care
practitioners face substantial stress due to the challenges of
remembering guideline recommendations and implementing
them with minimal time to practice. A change (increase) in
the number of work hours and assignments outside familiar
environments and skill sets may be difficult for some. Physi-
cians and other health care workers may also have concerns
about transmitting the virus to their home environment.62

High levels of anxiety can arise during deviation
from routine workflow and this anxiety, along with long
hours of work, can negatively affect the immune system of
health care workers. Healthy nourishment, adequate sleep,
and scheduled breaks are ways to cope with stress in
pandemic situations. Many hospitals have support systems
for all front-line health care professionals managing pa-
tients during a high mortality pandemic. There should be
counseling and designated areas for rest in accordance
with social distancing rules.63 The American Medical
Association has released resources for health care leader-
ship to guide them in supporting providers during the
COVID-19 pandemic, including sustaining physical and
mental well-being.64 Ultimately, a pandemic is a battle;
the well-being of the health care professionals who fight
the battle is essential in ensuring victory.

CONCLUSIONS
Since the novel SARS-CoV-2 virus first emerged in

late 2019 in China, the COVID-19 pandemic has spread
around the globe and caused massive disruptions to health
care provision. Neuroanesthesiologists should be aware of
several specific considerations related to anesthesia for
urgent neurosurgical and neurointerventional procedures,
as well as ECT. These recommendations will continue to
evolve as the pandemic progresses, particularly as we gain
further insights into the pathophysiology, clinical course,
and treatment options for COVID-19.

REFERENCES
1. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with

2019 novel coronavirus in Wuhan, China. Lancet. 2020;395:497–506.
2. World Health Organization. Coronavirus disease (COVID-19) Pandemic.

Available at: https://who.int/emergencies/diseases/novel-coronavirus-2019.
Accessed April 9, 2020.

TABLE 1. Wellness for Health Care Providers
During a pandemic, the physical and mental health of health care
professionals is essential for sustainability

Prolonged procedures, physical exhaustion, a high risk of contamination
and psychological stress are common in neuroanesthesia practice

Neuroanesthesiology departments should ensure additional staffing is
available to provide breaks and clinical support during long cases,
particularly when PPE is required

Multiple specialty societies provide resources on strategies to relieve stress
and improve wellness

PPE indicates personal protective equipment.

J Neurosurg Anesthesiol � Volume 32, Number 3, July 2020 SNACC COVID-19 Practice Recommendations

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved. www.jnsa.com | 207

Copyright r 2020 Wolters Kluwer Health, Inc. All rights reserved.

https://who.int/emergencies/diseases/novel-coronavirus-2019


3. Rodriguez-Morales AJ, Cardona-Ospina JA, Gutierrez-Ocampo E, et al.
Clinical, laboratory and imaging features of COVID-19: a systematic
review and meta-analysis. Travel Med Infect Dis. 2020. [Epub ahead of
print].

4. Zhao W, Zhong Z, Xie X, et al. Relation between chest CT findings
and clinical conditions of coronavirus disease (COVID-19) pneumo-
nia: a multicenter study. AJR Am J Roentgenol. 2020. [Epub ahead
of print].

5. Guan WJ, Liang WH, Zhao Y, et al. Comorbidity and its impact on
1590 patients with Covid-19 in China: a nationwide analysis. Eur
Respir J. 2020. [Epub ahead of print].

6. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet. 2020;395:1054–1062.

7. Sharma D, Rasmussen M, Han R, et al. Anesthetic management of
endovascular treatment of acute ischemic stroke during COVID-19
pandemic: consensus statement from Society for Neuroscience in
Anesthesiology & Critical Care (SNACC). J Neurosurg Anesthesiol. 2020.
[Epub ahead of print].

8. Mao L, Wang M, Chen S, et al. Neurological manifestations of
hospitalized patients with COVID-19 in Wuhan, China: a retro-
spective case series study. medRxiv. 2020. Available at: https://
medrxiv.org/content/10.1101/2020.02.22.20026500v1. Accessed April
9, 2020.

9. Filatov A, Sharma P, Hindi F, et al. Neurological complications of
coronavirus disease (COVID-19): encephalopathy. Cureus. 2020;12:
e7352.

10. Li Y, Wang M, Zhou Y, et al. Acute cerebrovascular disease
following COVID-19: a single center, retrospective, observational
study. 2020. Available at: https://ssrn.com/abstract=3550025 2020.
Accessed April 9, 2020.

11. Netland J, Meyerholz DK, Moore S, et al. Severe acute respiratory
syndrome coronavirus infection causes neuronal death in the absence
of encephalitis in mice transgenic for human ACE2. J Virol. 2008;
82:7264–7275.

12. Li K, Wohlford-Lenane C, Perlman S, et al. Middle East respiratory
syndrome coronavirus causes multiple organ damage and lethal
disease in mice transgenic for human dipeptidyl peptidase 4. J Infect
Dis. 2016;213:712–722.

13. Li YC, Bai WZ, Hashikawa T. The neuroinvasive potential of
SARS-CoV2 may play a role in the respiratory failure of COVID-19
patients. J Med Virol. 2020. [Epub ahead of print].

14. Baig AM, Khaleeq A, Ali U, et al. Evidence of the COVID-19 virus
targeting the CNS: tissue distribution, host-virus interaction, and proposed
neurotropic mechanisms. ACS Chem Neurosci. 2020;11:995–998.

15. American College of Surgeons. COVID-19: elective case triage
guidelines for surgical care. 2020. Available at: www.facs.org/covid-
19/clinical-guidance/elective-case. Accessed April 9, 2020.

16. Iacobucci G. Covid-19: all non-urgent elective surgery is suspended
for at least three months in England. BMJ. 2020;368:m1106.

17. New South Wales Government. COVID-19: interim guidance
for elective surgery and outpatient clinics. 2020. Available at: www.
health.nsw.gov.au/Infectious/diseases/Pages/coronavirus-elective-outpatient-
guidance.aspx. Accessed April 9, 2020.

18. Zoia C, Bongetta D, Veiceschi P, et al. Neurosurgery during the
COVID-19 pandemic: update from Lombardy, northern Italy.
Acta Neurochir (Wien). 2020. [Epub ahead of print].

19. Wang W, Xu Y, Gao R, et al. Detection of SARS-CoV-2 in different
types of clinical specimens. JAMA. 2020. [Epub ahead of print].

20. COVID-19 CSC. Chinese clinical guidance for COVID-19 pneumonia
diagnosis and treatment. 2020. Available at: http://kjfy.meetingchina.org/
msite/news/show/cn/3337.html. Accessed April 9, 2020.

21. Xie X, Zhong Z, Zhao W, et al. Chest CT for typical 2019-nCoV
pneumonia: relationship to negative RT-PCR testing. Radiology. 2020.
[Epub ahead of print].

22. Lan L, Xu D, Ye G, et al. Positive RT-PCR test results in patients
recovered from COVID-19. JAMA. 2020. [Epub ahead of print].

23. American Society of Anesthesiologists. The use of personal
protective equipment by anesthesia professionals during the
COVID-19 pandemic. 2020. Available at: https://asahq.org/abou
t-asa/newsroom/news-releases/2020/03/update-the-use-of-personal-

protective-equipment-by-anesthesia-professionals-during-the-covid-
19-pandemic. Accessed April 9, 2020.

24. Chen X, Liu Y, Gong Y, et al. Perioperative management of patients
infected with the novel coronavirus: recommendation from the Joint
Task Force of the Chinese Society of Anesthesiology and the Chinese
Association of Anesthesiologists. Anesthesiology. 2020. [Epub ahead
of print].

25. Orser BA. Recommendations for endotracheal intubation of COVID-
19 patients. Anesth Analg. 2020. [Epub ahead of print].

26. Zuo MZ, Huang YG, Ma WH, et al. Expert recommendations for
tracheal intubation in critically ill patients with noval coronavirus
disease 2019. Chin Med Sci J. 2020. [Epub ahead of print].

27. Cook TM, El-Boghdadly K, McGuire B, et al. Consensus guidelines
for managing the airway in patients with COVID-19: guidelines from
the Difficult Airway Society, the Association of Anaesthetists the
Intensive Care Society, the Faculty of Intensive Care Medicine and
the Royal College of Anaesthetists. Anaesthesia. 2020. [Epub ahead
of print].

28. Simonds AK, Hanak A, Chatwin M, et al. Evaluation of droplet
dispersion during non-invasive ventilation, oxygen therapy, nebuliser
treatment and chest physiotherapy in clinical practice: implications
for management of pandemic influenza and other airborne in-
fections. Health Technol Assess. 2010;14:131–172.

29. Zou L, Ruan F, Huang M, et al. SARS-CoV-2 viral load in upper
respiratory specimens of infected patients. N Engl J Med. 2020;382:
1177–1179.

30. Patel Z, Fernadex-Miranda J, Hwang P, et al. Precautions for
endoscopic transnasal skull base surgery during the COVID-19
Pandemic. Neurosurgery. 2020. Available at: https://entnet.org/sites/
default/files/uploads/covid-19_endosb_lettertoeditor_neurosurgery_
update3.23.20.pdf. Accessed April 9, 2020.

31. Rajasekaran S, VanderpumpM, Baldeweg S, et al. UK guidelines for
the management of pituitary apoplexy. Clin Endocrinol (Oxf). 2011;
74:9–20.

32. Givi B, Schiff BA, Chinn SB, et al. Safety recommendations for
evaluation and surgery of the head and neck during the COVID-19
pandemic. JAMA Otolaryngol Head Neck Surg. 2020. [Epub ahead
of print].

33. The Australian Society of Otolaryngology Head and Neck
Surgery. Guidance for ENT surgeons during the COVID-19
pandemic. 2020. Available at: http://www.asohns.org.au/about-us/
news-and-announcements/latest-news?article=78. Accessed April 9, 2020.

34. Dexter F, Parra MC, Brown JR, et al. Perioperative COVID-19
defense: an evidence-based approach for optimization of infection
control and operating room management. Anesth Analg. 2020. [Epub
ahead of print].

35. American Association of Neurological Surgeons. COVID-19 and
neurosurgery. 2020. Available at: https://www.aans.org/en/Patients/
Neurosurgical-Conditions-and-Treatments/COVID-19-and-Neurosurgery.
Accessed April 9, 2020.

36. Meng L, McDonagh DL, Berger MS, et al. Anesthesia for awake
craniotomy: a how-to guide for the occasional practitioner. Can J
Anaesth. 2017;64:517–529.

37. Hervey-Jumper SL, Li J, Lau D, et al. Awake craniotomy to
maximize glioma resection: methods and technical nuances over a
27-year period. J Neurosurg. 2015;123:325–339.

38. Meng L, Weston SD, Chang EF, et al. Awake craniotomy in a patient
with ejection fraction of 10%: considerations of cerebrovascular and
cardiovascular physiology. J Clin Anesth. 2015;27:256–261.

39. Meng L, Berger MS, Gelb AW. The potential benefits of awake
craniotomy for brain tumor resection: an anesthesiologist’s perspec-
tive. J Neurosurg Anesthesiol. 2015;27:310–317.

40. Hansen E, Seemann M, Zech N, et al. Awake craniotomies without
any sedation: the awake-awake-awake technique. Acta Neurochir
(Wien). 2013;155:1417–1424.

41. Shuying L, Ping L, Juan N, et al. Different interventions in
preventing opioid-induced cough: a meta-analysis. J Clin Anesth.
2016;34:440–447.

42. Meng L, Qiu H, Wan L, et al. Intubation and ventilation amid the
COVID-19 outbreak: Wuhan’s experience. Anesthesiology. 2020. [Epub
ahead of print].

Flexman et al J Neurosurg Anesthesiol � Volume 32, Number 3, July 2020

208 | www.jnsa.com Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

Copyright r 2020 Wolters Kluwer Health, Inc. All rights reserved.

https://medrxiv.org/content/10.1101/2020.02.22.20026500v1
https://medrxiv.org/content/10.1101/2020.02.22.20026500v1
https://ssrn.com/abstract=3550025 2020
http://www.facs.org/covid-19/clinical-guidance/elective-case
http://www.facs.org/covid-19/clinical-guidance/elective-case
http://www.health.nsw.gov.au/Infectious/diseases/Pages/coronavirus-elective-outpatient-guidance.aspx
http://www.health.nsw.gov.au/Infectious/diseases/Pages/coronavirus-elective-outpatient-guidance.aspx
http://www.health.nsw.gov.au/Infectious/diseases/Pages/coronavirus-elective-outpatient-guidance.aspx
http://kjfy.meetingchina.org/msite/news/show/cn/3337.html
http://kjfy.meetingchina.org/msite/news/show/cn/3337.html
https://asahq.org/about-asa/newsroom/news-releases/2020/03/update-the-use-of-personal-protective-equipment-by-anesthesia-professionals-during-the-covid-19-�pandemic
https://asahq.org/about-asa/newsroom/news-releases/2020/03/update-the-use-of-personal-protective-equipment-by-anesthesia-professionals-during-the-covid-19-�pandemic
https://asahq.org/about-asa/newsroom/news-releases/2020/03/update-the-use-of-personal-protective-equipment-by-anesthesia-professionals-during-the-covid-19-�pandemic
https://asahq.org/about-asa/newsroom/news-releases/2020/03/update-the-use-of-personal-protective-equipment-by-anesthesia-professionals-during-the-covid-19-�pandemic
https://entnet.org/sites/default/files/uploads/covid-19_endosb_lettertoeditor_neurosurgery_update3.23.20.pdf
https://entnet.org/sites/default/files/uploads/covid-19_endosb_lettertoeditor_neurosurgery_update3.23.20.pdf
https://entnet.org/sites/default/files/uploads/covid-19_endosb_lettertoeditor_neurosurgery_update3.23.20.pdf
http://www.asohns.org.au/about-us/news-and-announcements/latest-news?article=78
http://www.asohns.org.au/about-us/news-and-announcements/latest-news?article=78
https://www.aans.org/en/Patients/Neurosurgical-Conditions-and-Treatments/COVID-19-�and-Neurosurgery
https://www.aans.org/en/Patients/Neurosurgical-Conditions-and-Treatments/COVID-19-�and-Neurosurgery


43. Bai Y, Yao L, Wei T, et al. Presumed asymptomatic carrier transmission
of COVID-19. JAMA. 2020. [Epub ahead of print].

44. Bourouiba L. Turbulent gas clouds and respiratory pathogen emissions:
potential implications for reducing transmission of COVID-19. JAMA.
2020. [Epub ahead of print].

45. Jelovac A, Kolshus E, McLoughlin DM. Relapse following successful
electroconvulsive therapy for major depression: a meta-analysis. Neuro-
psychopharmacology. 2013;38:2467–2474.

46. Sanghani SN, Petrides G, Kellner CH. Electroconvulsive therapy
(ECT) in schizophrenia: a review of recent literature. Curr Opin
Psychiatry. 2018;31:213–222.

47. Tapia Granados JA, Diez Roux AV. Life and death during the Great
Depression. Proc Natl Acad Sci USA. 2009;106:17290–17295.

48. Lee AM, Wong JG, McAlonan GM, et al. Stress and psychological
distress among SARS survivors 1 year after the outbreak. Can J
Psychiatry. 2007;52:233–240.

49. Kwek SK, Chew WM, Ong KC, et al. Quality of life and psychological
status in survivors of severe acute respiratory syndrome at 3 months
postdischarge. J Psychosom Res. 2006;60:513–519.

50. Maunder RG, Lancee WJ, Balderson KE, et al. Long-term
psychological and occupational effects of providing hospital health-
care during SARS outbreak. Emerg Infect Dis. 2006;12:1924–1932.

51. Lai J, Ma S, Wang Y, et al. Factors associated with mental health
outcomes among health care workers exposed to coronavirus disease
2019. JAMA Netw Open. 2020;3:e203976.

52. Tor PC, Phu AHH, Koh DSH, et al. ECT in a time of COVID-19. J
ECT. 2020. [Epub ahead of print].

53. Slade EP, Jahn DR, Regenold WT, et al. Association of electro-
convulsive therapy with psychiatric readmissions in US hospitals.
JAMA Psychiatry. 2017;74:798–804.

54. Blumberger DM, Seitz DP, Herrmann N, et al. Low medical morbidity
and mortality after acute courses of electroconvulsive therapy in a
population-based sample. Acta Psychiatr Scand. 2017;136:583–593.

55. Wax RS, Christian MD. Practical recommendations for critical care
and anesthesiology teams caring for novel coronavirus (2019-nCoV)
patients. Can J Anaesth. 2020. [Epub ahead of print].

56. Greenland JR, Michelow MD, Wang L, et al. COVID-19 infection:
implications for perioperative and critical care physicians. Anesthesi-
ology. 2020. [Epub ahead of print].

57. Christensen STJ, Staalso JM, Jorgensen A, et al. Electro convulsive
therapy: modification of its effect on the autonomic nervous system
using anti-cholinergic drugs. Psychiatry Res. 2019;271:239–246.

58. Gomez-Arnau J, de Arriba-Arnau A, Correas-Lauffer J, et al.
Hyperventilation and electroconvulsive therapy: a literature review.
Gen Hosp Psychiatry. 2018;50:54–62.

59. Rozet I, Rozet M, Borisovskaya A. Anesthesia for electroconvulsive
therapy: an update. Curr Anesthesiol Rep. 2018;8:290–297.

60. Malm H, May T, Francis LP, et al. Ethics, pandemics, and the duty
to treat. Am J Bioeth. 2008;8:4–19.

61. Zhang Z, Yao W, Wang Y, et al. Wuhan and Hubei COVID-19
mortality analysis reveals the critical role of timely supply of medical
resources. J Infect. 2020. [Epub ahead of print].

62. Draper H, Wilson S, Ives J, et al. Healthcare workers’ attitudes
towards working during pandemic influenza: a multi method study.
BMC Public Health. 2008;8:192.

63. Adams JG, Walls RM. Supporting the health care workforce during
the COVID-19 global epidemic. JAMA. 2020. [Epub ahead of print].

64. American Medical Association. Caring for our caregivers during COVID-
19. 2020. Available at: https://ama-assn.org/delivering-care/public-health/
caring-our-caregivers-during-covid-19. Accessed April 9, 2020.

J Neurosurg Anesthesiol � Volume 32, Number 3, July 2020 SNACC COVID-19 Practice Recommendations

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved. www.jnsa.com | 209

Copyright r 2020 Wolters Kluwer Health, Inc. All rights reserved.

https://ama-assn.org/delivering-care/public-health/caring-our-caregivers-during-covid-19
https://ama-assn.org/delivering-care/public-health/caring-our-caregivers-during-covid-19

