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Letter: The Risk of COVID-19 Infection During
Neurosurgical Procedures: A Review of Severe
Acute Respiratory Distress Syndrome
Coronavirus 2 (SARS-CoV-2) Modes of
Transmission and Proposed
Neurosurgery-Specific Measures for Mitigation
To the Editor:
The novel coronavirus disease of 2019 (COVID-19) is a disease

caused by the severe acute respiratory distress syndrome coron-
avirus 2 (SARS-CoV-2). It was first reported inDecember 2019 as
a series of cases of pneumonia with an unknown etiology clustered
around a food market in Wuhan City, China.1 The infection
spread quickly and was declared a pandemic by the World Health
Organization (WHO) on March 11, 2019.2 By March 30, more
than 782 365 confirmed cases were reported and a third of the
world population were living in confinement to try to contain
the virus.3 While the disease itself is often mild, approximately
11% of cases require acute medical care, and this cohort quickly
overwhelmed healthcare systems around the world.4 In antici-
pation of such a demand, hospitals in many countries quickly
stopped all nonurgent visits, procedures, and surgeries, freeing up
beds, equipment, and workforce.5
While neurosurgeons are not on the frontline of COVID-19

management and treatment, they commonly care for critically ill
patients who will continue to present with subarachnoid hemor-
rhages, subdural hematomas, brain tumors, traumatic brain
injuries, spinal cord injuries, and compressive myelopathies while
the pandemic occurs. While public health measures such as
quarantine and social distancing are proving effective at slowing
the spread,6,7 surgeons remain in direct contact with their patients
throughout their operations. Protecting the surgical team from
contracting COVID-19 is of utmost importance as they are both
a potential vector for patient contamination and a scarce resource
that cannot be easily replaced.
The goal of this paper is to briefly review how SARS-CoV-2

is transmitted and propose measures that could be implemented
to minimize the risk of contaminating the operating room
(OR) personnel during the most common neurosurgical proce-
dures. Methods and ethical considerations are discussed in the
Supplemental Digital Content.

SARS-COV-2 TRANSMISSION

Sites of Entry
Phylogenetic analysis revealed that the SARS-CoV-2 virus

probably evolved from the bat SARS-like CoV (bat-SL-

Supplemental digital content is available for this article at www.neurosurgery-

online.com

CoVZC45, MG772933.1) virus.1,8,9 It falls into the genus
β-coronavirus, which includes SARS-CoV (80% sequence
homology) and Middle East respiratory syndrome coronavirus
(MERS-CoV), both responsible for previous outbreaks in 2003
and 2012, respectively. Human-to-human transmission was well
documented early on and contributed to the rapid spread of the
disease.9,10 The virus has been shown to exploit the angiotensin-
converting enzyme 2 (ACE2) as a receptor for cell entry, as was
the case for SARS-CoV, but unlike MERS-CoV.8,11-13 ACE2 is
expressed in the human airway epithelium, lung parenchyma,
vascular endothelium, kidney cells, small intestine cells, and, to a
lesser extent, central nervous system (CNS) cells.14,15 This pattern
of expression therefore supports the respiratory and gastroin-
testinal tracts as the primary sites of entry.

Biodistribution
Once infected, individuals can show varying tissue responses

and virus biodistribution. In a study of 1070 specimens from
205 inpatients with proven COVID-19, SARS-CoV-2 ribonu-
cleic acid (RNA) could be detected in 93% of bronchoalveolar
lavage fluid specimens, 72% of sputum, 63% of nasal swabs,
46% of fibrobronchoscope brush biopsies, 32% of pharyngeal
swabs, 29% of feces, and 1% of blood samples.16 Another study
using a different methodology and timing of specimen collection
showed viral RNA could be detected in blood samples (40% of
patients) and anal swabs (27% of patients) even after the oral
swabs became negative.17 Three other groups reported a rate of
positive blood detection of 10% to 17% of patients, including
in nonfebrile and asymptomatic carriers.9,18,19 In some studies,
the detection of viral RNA in blood was a strong indicator of
future clinical severity.18 So far, the virus has not been detected in
urine samples.16 Together, these results suggest there might be a
shift in virus distribution from the respiratory tract early on to the
gastrointestinal tract later on, with viremia possibly persisting for
some time after the resolution of the respiratory tract infection or
in asymptomatic carriers.17 This has significant implications for
COVID-19 diagnosis, as the sensitivity of tests will be influenced
by both the tissue sampled and the timing of the sampling.
A concerning finding for neurosurgeons is the hypothesis that

SARS-CoV-2 might have tropism for the CNS.20,21 There is
accumulating anecdotal evidence that anosmia and associated
dysgeusia could be symptoms of COVID-19 even in the absence
of other respiratory manifestations. Such an observation was also
made in a SARS patient,22 and transgenic mice models have
demonstrated that SARS-CoV could infect the olfactory bulb
neurons and reach the CNS through trans-synaptic spread.23
There is so far only one published report of SARS-CoV-2
detection in the cerebrospinal fluid (CSF) of a human patient24
and no study demonstrating complete virions in either the CSF
or the CNS. However, this possibility should be kept in mind and
has been proposed by some authors to explain the lack of central
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breathing drive observed in many intubated severe COVID-19
cases.21

Shedding and Transmission
Detection of viral RNA by polymerase chain reaction (PCR),

however, does not imply the existence of intact, infectious viral
particles. To be transmitted, the complete and assembled virus
needs to be shed by the contaminated host and transported to
an entry tissue in a new potential host. So far, the presence of
live virus shedding was confirmed from human airway epithelial
cells1 and feces specimens, occurring even in patients who did not
have diarrhea.16 There is no evidence yet that the fully assembled
virus can be detected in the blood, although a controversial study
during the 2003 SARS epidemic suggested that blood trans-
mission of SARS-CoV occurred inHong Kong25 andmany blood
transfusion agencies are refusing blood donations from COVID-
19 patients.26 Once outside of the contaminated host, SARS-
CoV-2 virions have a half-life of 1.1 h in aerosols, 3.5 h on
cardboard, 5.6 h on stainless steel, and 6.8 h on plastic.27 These
observations suggest SARS-CoV-2 infection can occur via direct
or indirect transmission. Direct transmission can occur through
contact (eg, kissing an infected individual) or droplets (eg,
inhaling virion-containing aerosols immediately after an infected
patient coughed, sneezed, or talked). Indirect transmission can
occur through fomites (such as touching a contaminated surface
and then touching one’s mouth or nose) or through airborne
transmission (such as aerosolization of virions during medical
procedures). The current consensus is that SARS-CoV-2 is trans-
mitted primarily through the respiratory and possibly fecal-oral
routes.1,28 There is no evidence so far for blood transmission26
and there are conflicting reports on vertical transmission from a
pregnant woman to her fetus.29,30

The magnitude of the pandemic highlights how infectious
SARS-CoV-2 is. Early estimates of the basic reproduction number
(R0) range from 2.2 to 6.49 people infected by every conta-
gious individual, compared to 1.28 for the common flu and 1.46
for the H1N1 2009 pandemic.31,32 This might be explained
by the existence of contagious asymptomatic carriers,33 which
might represent 17.9% of infected individuals, including a high
proportion of children.34

SARS-CoV-2 Virus and Immunity Testing
The current gold standard for COVID-19 diagnosis is through

the detection of SARS-CoV-2 RNA using reverse transcription
polymerase chain reaction (RT-PCR) on respiratory material
(typically a nasopharyngeal and/or oropharyngeal swab).35
The specific gene target, primers, and probes used are highly
variable across countries, as are the specimen analyzed (eg, upper
respiratory, lower respiratory, blood, stools) and the timing of
specimen collection. As such, no reliable data are currently
available on the sensitivity and specificity of COVID-19 testing.
While a South Korean study of 10 cases suggested a false-negative
rate of 20% for RT-PCR,36 larger studies will be required to
confirm this finding. Meanwhile, new point-of-care tests are
also in development and will use different technologies, such

as immunoassays and clustered regularly interspaced short
palindromic repeats (CRISPR), which will again require
validation.37 There is no test available yet to confirm the
immune status against SARS-CoV-2,37 although combined
IgG-IgM assays can now assess exposure.38

GENERALMEASURES TO PREVENT
PERIOPERATIVE NOSOCOMIAL SPREAD

In China, 3.8% (1716 of 44 672) COVID-19 cases occurred
in healthcare workers, with 14.5% of these (254) considered
severe and 5 leading to death.39 Later reports suggested the first
nosocomial spreading event occurred during a pituitary surgery
in which 14 people present in the case were infected.40 Infected
personnel can act as vectors for disease propagation before
becoming symptomatic, quarantined, and unable to deliver care.
General measures are being implemented in most hospitals to

prevent perioperative nosocomial spread of SARS-CoV-2. One
of the most detailed and impressive reports of such measures
comes from a large tertiary hospital in Singapore.5 This group
applied the “hierarchy of controls” framework41 to the COVID-
19 pandemic to reorganize their OR environment and workflows,
as detailed in Table 1. The framework suggests that the most
effective way to protect from a hazard is elimination (physically
remove the hazard). If impossible, fallback options are substi-
tution (replacing the hazard), followed by engineering controls
(isolating people from the hazard), followed by administrative
controls (changing the way people work), and, lastly, protecting
workers using personal protective equipment (PPE). Each insti-
tution will have its own protocol and it is critical that all personnel
be familiar with the local procedures.

NEUROSURGERY-SPECIFIC RISKS AND
MITIGATION STRATEGIES

In neurosurgical practice, we anticipate 3 settings where the risk
of SARS-CoV-2 transmission in the OR might be the highest:

(1) during endotracheal intubation and extubation;
(2) during surgeries exposing the respiratory or digestive tracts;
(3) during the use of instruments producing aerosolization of

virion-contaminated tissues.

Understanding these high-risk settings provides an opportunity to
optimize our procedures to minimize nosocomial transmission.

Risk Related to Endotracheal Intubation and Extubation
Airway manipulation represents a significant risk of respiratory

infection transmission among healthcare workers. In a 2012
systematic review, endotracheal intubation had a hazard ratio
(HR) of 6.6 (95%CI 4.1-10.6) for respiratory virus transmission,
over tracheotomy (HR = 4.2, 95% CI 1.5-11.5), noninvasive
ventilation (HR = 3.1, 95% CI 1.4-6.8), and manual ventilation
before intubation (HR = 2.8, 95% CI 1.3-6.4).42 Guidelines for
the management of airway in COVID-19 patients have just been
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TABLE 1. General Measures to Prevent Perioperative Nosocomial Spread as Implemented in Singapore5

• Hospital measures related to surgery and anesthesia:
◦ Reduce elective activities to increase capacity and accommodate infection prevention measures
◦Screening of patients, visitors, and staff for symptoms or travel history
◦ Setting up efficient communication channels with staff (COVID-19 website, helpline for anxiety and burnout)

• ORmanagement:
◦ Reserve a specific OR area for COVID-19:

� Independent, negative pressure ventilation
�Physically isolated from the main OR
�Control traffic by locking all but the scrub room door during surgery

◦ Assign an anesthetic team exclusively for COVID-19 patients
◦ Design and teach new workflows for COVID-19 patients

• Anesthesia staff training and management:
◦ Formal N95 fitting sessions
◦ Formal training sessions on PPE use
◦ Segregation of staff between hospitals to minimize the risk of nosocomial spread from one hospital to the other
◦ Attendance tracking on all face-to-face meeting to facilitate contact tracing in the event of an outbreak
◦ Postponement of all nonurgent preoperative visits
◦ Pregnant or immunocompromised staff did not care for COVID-19 patients

• Mandatory use of PPE:
◦ When caring for low-risk patients (asymptomatic and no history of travel or contact with COVID-19 patient): surgical masks and droplet precautions
◦ When caring for high-risk patients: N95 masks, eye protection, gown, and gloves
◦ When caring for COVID-19 patients: N95 masks, eye protection, gown, and double gloves
◦ When performing aerosol-generating procedures on COVID-19 patients: powered air-purifying respirator

• Specific measures when caring for COVID-19 patients
◦ Patients should wear a surgical mask during transport
◦ Patients are transported using a designated route minimizing the risk of encounter
◦ Keep the COVID-19 OR as empty as possible and only bring equipment and drugs as needed
◦ Use single-use equipment as much as possible
◦ Do not bring paper charts into the COVID-19 OR
◦ Cover all monitors, computers, and machines in plastic wrap
◦ Perform the patient review, induction, and recovery within the OR to limit contamination to a single room
◦ Limit the number of staff in the OR
◦ Limit the movement of staff in and out of the OR

• OR decontamination after COVID-19 surgery
◦ Discard the anesthetic breathing circuit and soda lime canister
◦ Clean all surfaces with quaternary ammonium chloride disinfectant wipes
◦ Clean OR with sodium hypochlorite 1000 ppm
◦ Treat OR with hydrogen peroxide vaporization or ultraviolet C irradiation
◦ All staff to shower and change into new scrubs after each COVID-19 case

• Perform a series of simulations and walkthroughs of the COVID-19 workflow

published43,44 and should help anesthesiologists mitigate this risk
as much as possible, especially given the higher contagiousness of
COVID-19.32
What neurosurgeons can do to help, however, is to reappraise

the necessity for general anesthesia (GA) and endotracheal
intubation in their patients. Many procedures routinely
performed under GA in most centers can easily and safely
be accomplished under conscious sedation, local anesthesia,
and/or spinal anesthesia with the patient wearing a face mask to
limit aerosolization in the OR. These include external ventricular
drain (EVD) placement, chronic subdural hematoma (CSDH)
evacuation,45 carotid endarterectomy,46 and lumbar discectomy
or laminectomy,47,48 among others. If GA is absolutely required,

all unnecessary personnel (including most neurosurgeons)
should not be in the room while intubation and extubation are
performed. Awake fiberoptic intubation should be avoided if
possible, as should any procedure that might induce coughing.49

Risk Related to Respiratory and Digestive Tract
Exposure
Given the biodistribution of SARS-CoV-2, procedures

involving the respiratory tract generate the highest risk of
nosocomial transmission. Anecdotal, unpublished reports from
China suggest that ENT surgeons might be the most affected
of all healthcare workers. For neurosurgeons, this risk arises
during trans-sphenoidal approaches, transmastoid approaches,
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transoral approaches, percutaneous trigeminal rhizotomies as well
as craniotomies involving the frontal sinuses, such as bicoronal,
bifrontal craniotomies or frontal skull fracture repair. In the
setting of a local outbreak or in COVID-19 positive patients,
surgeons should try to delay these procedures or use alternative
approaches, wherever possible. Most trans-sphenoidal surgeries,
for instance, are performed for benign lesions that can usually
be delayed until after the pandemic, or at least after the patient’s
COVID-19 status is negative. For procedures that cannot be
postponed (eg, pituitary apoplexy, craniopharyngioma with
obstructive hydrocephalus), serious consideration should be
given to a transcranial approach (eg, pterional) or an alter-
native strategy (eg, a cystic craniopharyngioma could be drained
through stereotactic implantation of an Omaya reservoir and
treated using intracavitary therapies rather than trans-sphenoidal
resection). The same applies for translabyrinthine approaches for
vestibular schwannomas, which can usually be substituted for a
retrosigmoid craniotomy. Whenever performing a craniotomy,
extra care should be placed in avoiding the frontal sinuses or
mastoid air cells, which can be facilitated by the use of neuron-
avigation. In frontal sinus fractures, conservative treatment or
lumbar drainage could be attempted until COVID-19 status
is negative. Patients with trigeminal neuralgia could be offered
radiosurgery over rhizotomy, if pain control cannot be achieved
pharmacologically. For spine tumors or trauma, dorsal approaches
should be favored over transthoracic surgeries to minimize the
risk to the lung parenchyma.
When exposure to the respiratory tract is unavoidable,

patient decolonization could be attempted in COVID-19-
positive patients. Along with standard chlorhexidine skin prepa-
ration, intranasal povidone iodine preparation (especially in
endonasal approaches) and chlorhexidine or hydrogen peroxide
mouth rinse have been used,50 although the efficacy of this
approach remains unproven.
The involvement of the gastrointestinal tract can also theoret-

ically increase the risk of SARS-CoV-2 infection if breached.
Although a rare instance in neurosurgery, this could happen if
the esophagus is lacerated during an anterior approach to the
cervical spine, if an anterior instrumentation is eroded through
the mucosa, or if the bowel is perforated during ventriculoperi-
toneal (VP) shunt placement. Surgeons should be careful, as
always, to avoid these complications and should escalate the PPE
requirements and OR decontamination protocol if they happen
during a case. For VP shunts, dissection under direct vision would
be advisable as opposed to blind trocar insertion of the abdominal
catheter. Consideration should also be given to endoscopic third
ventriculostomy (ETV) when deemed equally effective.

Risk Related to Aerosol-Generating Instruments on
Virion-Containing Tissues
A most prevalent, yet highly theoretical risk faced by neuro-

surgeons is an airborne transmission of the virus resulting
from the use of aerosol-generating instruments. These include
all powered drills,51-53 electrocautery,51,54 lasers,55 ultrasonic

aspirators56 as well as insufflators used for pneumoperitoneum
maintenance during laparoscopic surgery.57 To be infectious,
aerosolized particles need to contain virions. This is definitely the
case in the respiratory and digestive tracts. Conclusive studies are
lacking for CSF, CNS tissue, and bone, while the clinical signifi-
cance of aerosolized blood remains uncertain. As discussed above,
SARS-CoV-2 RNA can be detected in the blood of 10% to 40%
of COVID-19 patients.9,17-19 While RNA detection does not
imply the presence of complete viral particles, our understanding
in the case of SARS-CoV-2 is still limited.
It would therefore appear prudent to limit the use of aerosol-

generating instruments if surgically possible, (1) in the setting of
COVID-19-positive cases, (2) if a nosocomial spread of uncertain
origin is occurring locally, or (3) if the surgical approach requires
exposure or proximity to the sinuses or mastoid. In any of these
cases, rongeurs and curettes should be favored over drilling with
a burr. Burr holes can be performed using a Hudson brace or a
twist drill rather than a perforator, especially for EVD placement
or CSDH, where a single hole may be sufficient.58-60 In trans-
sphenoidal surgery, rongeurs and chisels can replace high-speed
drilling. In the setting of spinal decompression and stabilization,
bony removal can usually be achieved with various rongeurs,
and manual, tactile pedicle probes are suggested to facilitate
the placement of pedicle screws. In any case where drilling is
used, the drill could be used at lower speeds and should be
stopped when irrigating. Large suctions should be used to aspirate
as much particulate matter as possible and isolate the drilling
area using a transparent adhesive film (eg, OpsiteTM; Smith &
Nephew) “tent” or gauzes could be attempted. In spine surgery,
the use of navigation as well as minimally invasive techniques
such as endoscopic procedures and percutaneous screws should be
considered to lower the amount of drilling required. Smoke from
electrocautery should be immediately aspirated. The use of lasers
and ultrasonic aspirators should be limited. Finally, VP shunt
placement could be performed open rather than laparoscopically
to avoid the aerosolization created by the carbon dioxide insuf-
flator.57 Lastly, aerosol-generating instruments should bemanipu-
lated by proficient users rather than learners. Some of these intra-
operative precautions (including reducing the speed of drilling)
have been successfully taken by a group of neurosurgeons in
Wuhan city, where most of the focus, however, was on reducing
bleeding and shortening the time of surgeries.61

PREOPERATIVE SARS-COV-2 TESTING

When surgery is required and authorized, but not urgent,
systematic SARS-CoV-2 testing of low-risk and asymptomatic
patients should be considered based on the local epidemiology
and availability of testing resources. Given that 17.9% of infected
individuals might by asymptomatic carriers,34 this measure has
the potential to significantly reduce nosocomial spread while
preserving PPE supply in the context of global shortages62
(Table 1). This would be achieved by delaying procedures after
infected patients are cured and limiting the use of more stringent
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TABLE 2. General Organizational Measures of Particular Importance to Neurosurgery During the COVID-19 Pandemic

• Operate on as few patients as possible:
◦ Only perform surgeries that cannot be delayed
◦ When an alternative to surgery exists and is equally valid, favor the alternative
◦ If the healthcare system becomes overwhelmed, only offer surgery to patients who have a reasonable prognosis

• Involve as few people as possible in the surgical procedures:
◦ Keep the number of individuals in the OR to the minimum required for safe completion of the surgery
◦ Do not involve observers, students, and even residents who do not have an indispensable role
◦ Minimize personnel turnover by extending shifts and minimizing breaks
◦ Segregate surgeons in specific hospitals to minimize nosocomial transmission from one hospital to another
◦ If possible, assign all COVID-19 patients to a single team that will minimize contacts with other surgeons
◦ Once immune status testing becomes available and reliable, consider assigning contamination-prone tasks and COVID-19 patients to staff with
proven immunity.

• Depending on local epidemiology and resources, consider testing all surgical patients for SARS-CoV-2 or treating all patients (even asymptomatic) as
potentially infected

PPE in negative cases. The caveat, however, is that until COVID-
19 tests are standardized and their sensitivity and specificity
known at the local level, a negative test might provide a false sense
of security and paradoxically increase nosocomial transmission.
Some authors have recommended repeating the COVID-19 PCR
assay due to this relatively high possibility of false negatives.63
Additionally, patients with a high clinical suspicion of COVID-
19 infection with a negative test should be considered as infected.
Patients should also be asked to take additional precautions (ie,
self-quarantine) in the period between the screening and the
surgery.
Eventually, some healthcare workers will likely develop some

immunity against SARS-CoV-2, either because they contracted
and healed from the disease or, hopefully, because an effective
vaccine will become available. While immune testing is not yet
reliable,37,38 its development should allow us to further secure
the OR by assigning the care of COVID-19 patients to immune
personnel.

DISCUSSION

The COVID-19 pandemic is a crisis of unprecedented
proportion in modern healthcare. As we are fighting this battle,
it is striking to realize the amount of knowledge that has been
produced in the 3mo since the existence of the SARS-CoV-2 virus
was first reported. We already know the complete RNA sequence
as well as crystal structure of the virus. Studies are available on
mechanisms and sites of entry, virus biodistribution as well as
shedding and transmission. Using this understanding, diagnostic
tests are being refined, vaccine trials are being organized, and
procedures to stop the spread of the virus are being implemented.
While not on the frontline of any of these research areas, neuro-
surgeons can contribute by optimizing their practice to prevent
nosocomial infection of patients and healthcare workers. This can
be achieved by adapting some steps in neurosurgical procedures
to our current understanding of SARS-CoV-2 biology and trans-
mission.

Table 1 summarizes general perioperative measures successfully
implemented in Singapore,5 where the outbreak was exceptionally
well controlled.3 Other similar guidelines have been published
and might be of interest to OR managers.43,50,64
Table 2 summarizes general measures that are of particular

importance to neurosurgeons. These include limiting the number
of surgeries performed, limiting the number of individuals in the
OR, and performing preoperative testing whenever possible.
Table 3 suggests possible adaptations to standard neurosur-

gical procedures that have the potential to limit nosocomial
transmission. These are aimed at mitigating 3 high-risk settings
encountered in the neurosurgical OR: endotracheal intubation
and extubation, respiratory or digestive tract exposure, and
aerosolization of virion-containing particles.
Given the novelty of the virus, the measures identified above

have not been tested in formal trials. They do not constitute
binding guidelines and should be seen merely as suggestions
to be considered by neurosurgical teams as they navigate this
crisis. While they are all based on a biological rationale, their
clinical significance remains unproven. Most controversial is the
recommendation to limit the use of aerosol-generating instru-
ments, including drills and ultrasonic aspirators. Indeed, the idea
that a respiratory virus could be transmitted by inhaling lumbar
vertebrae bone dust can be counterintuitive. This would require
aerosolization of virion-contaminated blood or CSF with the
bone dust, which has never been proven, neither for SARS-CoV-2
nor for SARS-CoV. Definitely, a surgical protocol should not be
modified if it compromises patient safety or the intended surgical
outcome. Our contention, however, is that in many cases, aerosol-
generating instruments can be substituted by other techniques
without any negative patient consequences. In these cases, what
would be the rationale for not being prudent, given that our
understanding of COVID-19 is barely 4 mo old?
We believe that the small proposed changes in the protocols

of standard operations could have a significant impact on disease
transmission without affecting the surgical outcome of patients.
We might never know if they really work, given the numerous
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TABLE 3. Neurosurgical Procedure Optimization

• Consider alternatives to general anesthesia whenever possible to minimize the risk of aerosolization associated with endotracheal intubation and
extubation
◦ For awake surgeries, use a facemask
◦ If intubation is required, keep all unnecessary personnel outside of the room during the induction
◦ If intubation is required, use neuromuscular blockers to avoid cough

• Consider surgical approaches avoiding the sinuses and mastoids
◦ If exposing the nasal or oral mucosa, consider intranasal povidone iodine preparation (especially in endonasal approaches) and chlorhexidine or
hydrogen peroxide mouth rinse

◦ Avoid postoperative nasal endoscopy and nasal spays

• Given the current uncertainty on the potential of viral transmission through aerosolized blood or other particles such as bone, consider limiting the
use of aerosol-generating instruments:
◦ Avoid using drills whenever possible:

�Choose rongeurs, curettes, or chisels instead of burrs, especially when in the vicinity of sinuses or mastoid cells
�Perform burr holes using a Hudson brace or twist drill rather than a perforator
�For spinal decompression and stabilization, perform bony removal using rongeurs rather than a burr and use manual, tactile pedicle probes to
facilitate the placement of pedicle screws

�When drilling is required:

• Consider drilling at lower speed
• Stop the drill when irrigating
• Use large suctions to try and aspirate all airborne particles
• Try isolating the drilled area using a transparent adherent film (eg, OpsiteTM) “tent”or gauzes to limit the spread of airborne particles
• Try minimizing the amount of drilling required in spine procedures by using navigation and considering minimally invasive approaches, such as
endoscopic procedures and percutaneous instrumentation

◦ Avoid using unnecessary electrocautery
◦ Avoid using lasers
◦ Avoid using ultrasonic aspirators
◦ Consider performing VP shunts open rather than laparoscopically to minimize pneumoperitoneum-induced aerosolization
◦ Protect the surgical field with towels when hammering to minimize aerosolization
◦ Irrigate with large volumes at low pressure rather than low volumes at high pressure

factors in play in this pandemic. What we do know, however, is
that if we do not try and mitigate the spread in healthcare workers
right now, we will (and already have) lose patients and colleagues
in the battle.40

CONCLUSION

The SARS-CoV-2 virus has biological properties supporting
contact, droplet, and airborne transmission. In the neurosur-
gical OR, high-risk settings include endotracheal intubation and
extubation, procedures involving the respiratory or digestive
tracts, and the use of aerosol-generating instruments on
virion-contaminated tissues. In addition to supporting general
hospital-wide policies, neurosurgeons can contribute to the
reduction in the risk of nosocomial infection of healthcare
workers by adapting their protocols in COVID-19 patients,
high-risk settings, and during local nosocomial outbreaks.
Possible changes include postponing all nonurgent cases,
reappraising the necessity for GA, considering alternative
surgical approaches avoiding the respiratory tract, and limiting
the use of aerosol-generating instruments, including drills,
electrocautery, ultrasonic aspirators, lasers, and carbon dioxide
insufflators.

Disclosures
The authors have no personal, financial, or institutional interest in any of the

drugs, materials, or devices described in this article.

Christian Iorio-Morin, MD, PhD, FRCSC ∗‡
Mojgan Hodaie, MD, MSc, FRCSC ‡

Can Sarica, MD ‡

Nicolas Dea, MD, MSc, FRCSC §

Harrison J. Westwick, MD, MSc, FRCSC ¶

Sean D. Christie, MD, FRCSC ||

Patrick J. McDonald, MD, MHSc, FRCSC #

Moujahed Labidi, MD, FRCSC ∗∗
Jean-Pierre Farmer, MD, CM, FRCSC, DABPNS ‡‡

Simon Brisebois, MD, MSc, FRCSC §§

Frédérick D’Aragon, MD, MSc, FRCPC ¶¶

Alex Carignan, MD, MSc, FRCPC ||||

David Fortin, MD, MSc∗
∗Division of Neurosurgery

Department of Surgery
Université de Sherbrooke

Centre hospitalier universitaire de Sherbrooke
Sherbrooke, Québec, Canada

‡Division of Neurosurgery
Department of Surgery

6 | VOLUME 0 | NUMBER 0 | 2020 www.neurosurgery-online.com

http://orcid.org/0000-0003-2995-7255
http://orcid.org/0000-0001-6278-4929
http://orcid.org/0000-0001-8419-7426
http://orcid.org/0000-0002-3404-8059
http://orcid.org/0000-0003-1421-6235
http://orcid.org/0000-0002-3540-6022
http://orcid.org/0000-0002-7083-3927
http://orcid.org/0000-0002-7496-8327
http://orcid.org/0000-0003-2242-1984
http://orcid.org/0000-0003-3433-6082
http://orcid.org/0000-0003-1323-0449
http://orcid.org/0000-0001-6648-8203


CORRESPONDENCE

University of Toronto
University Health Network - TWH

Toronto, Ontario, Canada
§Division of Neurosurgery

Department of Surgery
University of British Columbia

Blusson Spinal Cord Center
Vancouver, British Columbia, Canada
¶CIUSSS du Nord de l’Ile de Montréal
Hôpital de Sacré-Coeur de Montréal

Montréal, Québec, Canada
||Division of Neurosurgery

Department of Surgery
Dalhousie University

Halifax, Nova Scotia, Canada
#Division of Neurosurgery

Department of Surgery
University of British Columbia

BC Children’s Hospital
Vancouver, British Columbia, Canada

∗∗Division of Neurosurgery
Department of Surgery

Centre hospitalier de l’Université de Montréal
Montréal, Québec, Canada
‡‡Division of Neurosurgery

Department of Pediatric Surgery
McGill University

The Montreal Children’s Hospital
Montréal, Québec, Canada

§§Division of Otolaryngology—Head & Neck Surgery
Department of Surgery

Université de Sherbrooke
Sherbrooke, Québec, Canada

¶¶Department of Anesthesiology
Université de Sherbrooke

Sherbrooke, Québec, Canada
||||Department of Microbiology and Infectious Diseases

Université de Sherbrooke
Sherbrooke, Québec, Canada

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(8):727-733.
2. World Health Organization. WHO Director-General’s Opening Remarks at the

Media Briefing on COVID-19—11 March 2020. World Health Organization.
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-
at-the-media-briefing- on-covid-19–11-march-2020. Accessed March 30, 2020.

3. Center for Systems Science and Engineering, Johns Hopkins Coron-
avirus Resource Center. COVID-19 Dashboard by the Center for Systems
Science and Engineering (CSSE) at Johns Hopkins University, March 2020.
https://coronavirus.jhu.edu/map.html. Accessed March 30, 2020

4. Remuzzi A, Remuzzi G. COVID-19 and Italy: what next? Lancet.
2020;395(10231):P1225-P1228.

5. Wong J, Goh QY, Tan Z, et al. Preparing for a COVID-19 pandemic: a review of
operating room outbreak responsemeasures in a large tertiary hospital in Singapore.
Can J Anaesth. 2020;395:497.

6. Chinazzi M, Davis JT, Ajelli M, et al. The effect of travel restrictions on the spread
of the 2019 novel coronavirus (COVID-19) outbreak. Science. published online:
March 6, 2020 (doi:10.1126/science.aba9757).

7. Wilder-Smith A, Chiew CJ, Lee VJ. Can we contain the COVID-19 outbreak with
the same measures as for SARS? Lancet Infect Dis. published online: March 5, 2020
(doi:10.1016/S1473-3099(20)30129-8).

8. Zhou P, Yang X-L, Wang X-G, et al. A pneumonia outbreak associated with a new
coronavirus of probable bat origin. Nature. 2020;579(7798):270-273.

9. Chan JF-W, Yuan S, Kok K-H, et al. A familial cluster of pneumonia associated
with the 2019 novel coronavirus indicating person-to-person transmission: a study
of a family cluster. Lancet. 2020;395(10223):514-523.

10. Li Q, Guan X,Wu P, et al. Early transmission dynamics inWuhan, China, of novel
coronavirus-infected pneumonia. N Engl J Med. 2020;382(13):1199-1207.

11. Letko M, Marzi A, Munster V. Functional assessment of cell entry and receptor
usage for SARS-CoV-2 and other lineage b betacoronaviruses. Nat Microbiol.
2020;5(4):562-569.

12. HoffmannM, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 cell entry depends
on ACE2 and TMPRSS2 and is blocked by a clinically proven protease inhibitor.
Cell. published online: March 4, 2020 (doi:10.1016/j.cell.2020.02.052).

13. Yan R, Zhang Y, Li Y, Xia L, Guo Y, ZhouQ. Structural basis for the recognition of
SARS-CoV-2 by full-length human ACE2. Science. 2020;367(6485):1444-1448.

14. Donoghue M, Hsieh F, Baronas E, et al. A novel angiotensin-converting enzyme-
related carboxypeptidase (ACE2) converts angiotensin I to angiotensin 1-9. Circ
Res. 2000;87(5):E1-E9.

15. Harmer D, Gilbert M, Borman R, Clark KL. Quantitative mRNA expression
profiling of ACE 2, a novel homologue of angiotensin converting enzyme. FEBS
Lett. 2002;532(1-2):107-110.

16. Wang W, Xu Y, Gao R, et al. Detection of SARS-CoV-2 in different
types of clinical specimens. JAMA. published online: March 11, 2020
(doi:10.1001/jama.2020.3786).

17. Zhang W, Du R-H, Li B, et al. Molecular and serological investigation of 2019-
nCoV infected patients: implication of multiple shedding routes. Emerg Microbes
Infect. 2020;9(1):386-389.

18. Chen W, Lan Y, Yuan X, et al. Detectable 2019-nCoV viral RNA in blood
is a strong indicator for the further clinical severity. Emerg Microbes Infect.
2020;9(1):469-473.

19. Huang C,Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet. 2020;395(10223):497-506.

20. Baig AM, Khaleeq A, Ali U, Syeda H. Evidence of the COVID-19 virus targeting
the CNS: tissue distribution, host-virus interaction, and proposed neurotropic
mechanisms. ACS Chem Neurosci. 2020;11(7):994-994.

21. Li Y-C, Bai W-Z, Hashikawa T. The neuroinvasive potential of SARS-CoV2
may play a role in the respiratory failure of COVID-19 patients. J Med Virol.
2020;33(2):297.

22. Hwang C-S. Olfactory neuropathy in acute respiratory syndrome: report of a case.
Acta Neurol Taiwan. 2006;15(1):26-28.

23. Netland J, Meyerholz DK, Moore S, Cassell M, Perlman S. Severe acute respi-
ratory syndrome coronavirus infection causes neuronal death in the absence
of encephalitis in mice transgenic for human ACE2. J Virol. 2008;82(15):
7264-7275.

24. Zhou L, Zhang M, Gao J, Wang J. SARS-CoV-2: underestimated damage
to nervous system. Travel Med Infect Dis. published online: March 24, 2020
(doi:10.1016/j.tmaid.2020.101642).

25. Woo PCY, Lau SKP, Tsoi H-W, et al. Relative rates of non-pneumonic
SARS coronavirus infection and SARS coronavirus pneumonia. Lancet.
2004;363(9412):841-845.

26. Chang L, Yan Y, Wang L. Coronavirus disease 2019: coronaviruses and
blood safety. Transfus Med Rev. published online: February 21, 2020
(doi:10.1016/j.tmrv.2020.02.003).

27. 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. published online:
March 17, 2020 (doi:10.1056/NEJMc2004973).

28. Gu J, Han B, Wang J. COVID-19: gastrointestinal manifestations and potential
fecal-oral transmission. Gastroenterology. published online: March 3, 2020
(doi:10.1053/j.gastro.2020.02.054).

29. Dong L, Tian J, He S, et al. Possible vertical transmission of SARS-CoV-2 from
an infected mother to her newborn. JAMA. published online: March 26, 2020
(doi:10.1001/jama.2020.4621).

NEUROSURGERY VOLUME 0 | NUMBER 0 | 2020 | 7

https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing- on-covid-19--11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing- on-covid-19--11-march-2020
https://coronavirus.jhu.edu/map.html


CORRESPONDENCE

30. Chen H, Guo J, Wang C, et al. Clinical characteristics and intrauterine vertical
transmission potential of COVID-19 infection in nine pregnant women: a retro-
spective review of medical records. Lancet. 2020;395(10226):809-815.

31. Liu Y, Gayle AA, Wilder-Smith A, Rocklöv J. The reproductive number
of COVID-19 is higher compared to SARS coronavirus. J Travel Med.
2020;27(2):taaa021.

32. Zhao S, Lin Q, Ran J, et al. Preliminary estimation of the basic reproduction
number of novel coronavirus (2019-nCoV) in China, from 2019 to 2020: a data-
driven analysis in the early phase of the outbreak. Int J Infect Dis. 2020;92:214-217.

33. Bai Y, Yao L,Wei T, et al. Presumed asymptomatic carrier transmission of COVID-
19. JAMA. published online: February 21, 2020 (doi:10.1001/jama.2020.2565).

34. Mizumoto K, Kagaya K, Zarebski A, Chowell G. Estimating the asymptomatic
proportion of coronavirus disease 2019 (COVID-19) cases on board the Diamond
Princess cruise ship, Yokohama, Japan, 2020. Euro Surveill. 2020;25(10):454.

35. World Health Organization. Laboratory Testing for Coronavirus Disease (COVID-
19) in Suspected Human Cases: Interim Guidance, March 2, 2020. World Health
Organization. https://www.who.int/publications-detail/laboratory-testing-for-
2019-novel-coronavirus-in-suspected-human-cases-20200117. Accessed March
30, 2020.

36. Li D,WangD, Dong J, et al. False-negative results of real-time reverse-transcriptase
polymerase chain reaction for severe acute respiratory syndrome coronavirus 2: role
of deep-learning-based CT diagnosis and insights from two cases. Korean J Radiol.
2020;21(4):505-508.

37. Sheridan C. Fast, portable tests come online to curb coronavirus pandemic.
Nat Biotechnol. published online: March 23, 2020 (doi:10.1038/d41587-020-
00010-2).

38. Li Z, Yi Y, Luo X, et al. Development and clinical application of a rapid IgM-
IgG combined antibody test for SARS-CoV-2 infection diagnosis. J Med Virol.
published online: February 27, 2020 (doi:10.1002/jmv.25727).

39. Wu Z, McGoogan JM. Characteristics of and important lessons from the coron-
avirus disease 2019 (COVID-19) outbreak in China: summary of a report of
72 314 cases from the Chinese Center for Disease Control and Prevention. JAMA.
published online: February 24, 2020 (doi:10.1001/jama.2020.2648).

40. Patel ZM, Fernandez-Miranda J, Hwang PH, et al. Precautions for endoscopic
transnasal skull base surgery during the COVID-19 pandemic. Neurosurgery. In
press.

41. National Institute for Occupational Safety and Health. Hierarchy of Controls,
January 13, 2015. https://www.cdc.gov/niosh/topics/hierarchy/default.html.
Accessed March 30, 2020.

42. Tran K, Cimon K, Severn M, Pessoa-Silva CL, Conly J. Aerosol generating proce-
dures and risk of transmission of acute respiratory infections to healthcare workers:
a systematic review. PLoS ONE. 2012;7(4):e35797.

43. Cook TM, El-Boghdadly K, McGuire B, McNarry AF, Patel A, Higgs A.
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. published online: March 27, 2020
(doi:10.1111/anae.15054).

44. Wax RS, Christian MD. Practical recommendations for critical care and anesthe-
siology teams caring for novel coronavirus (2019-nCoV) patients. Can J Anaesth.
published online: February 12, 2020 (doi:10.1007/s12630-020-01591-x).

45. Surve RM, Bansal S, Reddy M, Philip M. Use of dexmedetomidine along with
local infiltration versus general anesthesia for burr hole and evacuation of chronic
subdural hematoma (CSDH). J Neurosurg Anesthesiol. 2017;29(3):274-280.

46. Harky A, Chan JSK, Kot TKM, et al. General anesthesia versus local anesthesia in
carotid endarterectomy: a systematic review and meta-analysis. J Cardiothorac Vasc
Anesth. 2020;34(1):219-234.

47. Pierce JT, Kositratna G, Attiah MA, et al. Efficiency of spinal anesthesia versus
general anesthesia for lumbar spinal surgery: a retrospective analysis of 544 patients.
Local Reg Anesth. 2017;10:91-98.

48. Demirel CB, KalayciM,Ozkocak I, AltunkayaH,Ozer Y, Acikgoz B. A prospective
randomized study comparing perioperative outcome variables after epidural or
general anesthesia for lumbar disc surgery. J Neurosurg Anesthesiol. 2003;15(3):185-
192.

49. Peng PWH, Ho P-L, Hota SS. Outbreak of a new coronavirus: what anaes-
thetists should know. Br J Anaesth. published online: February 27, 2020
(doi:10.1016/j.bja.2020.02.008).

50. Dexter F, Parra MC, Brown JR, Loftus RW. Perioperative COVID-19
defense: an evidence-based approach for optimization of infection control and
operating room management. Anesth Analg. published online: March 26, 2020
(doi:10.1213/ANE.0000000000004829).

51. Jewett DL, Heinsohn P, Bennett C, Rosen A, Neuilly C. Blood-containing aerosols
generated by surgical techniques: a possible infectious hazard. Am Ind Hyg Assoc J.
1992;53(4):228-231.
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