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Coronavirus disease 2019 (COVID-19), caused by Severe Acute Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2),
was first reported in Wuhan, Hubei, China, and has spread to more than 200 other countries around the world.
COVID-19 is a highly contagious disease with continuous human-to-human transmission. The origin of the virus is
unknown. Airway manipulations and intubations, which are common during anesthesia procedures may increasingly
expose anesthesia providers and intensive care unit team members to SARS-CoV-2. Through a comprehensive review of
existing studies on COVID-19, this article presents the epidemiological and clinical characteristics of COVID-19, reviews
current medical management, and suggests ways to improve the safety of anesthetic procedures. Owing to the highly
contagious nature of the virus and the lack of therapeutic drugs or vaccines, precautions should be taken to prevent

medical staff from COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19) started as a clus-
ter of pneumonia in Wuhan, Hubei, China, and was inves-
tigated by the Chinese Centers for Disease Control and
Prevention (China CDC) at the end of 2019. A newly
identified coronavirus, SARS-CoV-2, was the causative
pathogen of COVID-19. Many of the initial patients had
visited Wuhan Huanan Seafood Market. By the end of
January 2020, China CDC described the epidemic charac-
teristics of SARS-CoV-2 and confirmed human-to-human
transmission; close contact with asymptomatic SARS-
CoV-2 carriers could also transmit the disease.' Because
of the “Spring Festival Rush” in China, this novel corona-
virus rapidly spread into other provinces of China and
subsequently into other countries around the world.>* The
World Health Organization (WHO) announced a Public
Health Emergency of International Concern following the
COVID-19 outbreak.’ On March 11, the WHO officially
recognized COVID-19 as a global pandemic, and the total
number of cases and deaths outside China has overtaken
the total number of cases in China.® On March 29, 2020,
according to several live-updated sources, including
Worldometer (https://www.worldometers.info/coronavi-
rus/, Accessed March 29, 2020) and HealthMap of the
Coronavirus Outbreak (healthmap.org/covid-19/,
Accessed March 29, 2020), there were a total of 686 032
COVID-19 cases in more than 200 countries around the

world and more than 32 200 deaths reported, posing a sig-
nificant global health threat.®” Besides China, countries
significantly affected by COVID-19 include the United
States, Italy, Iran, Spain, Germany, South Korea, and
France (Figure 1).%7 People who had close contact with
COVID-19 patients or traveled to the affected areas are at
high risk of infection.

Our knowledge of COVID-19 is inadequate and lim-
ited. According to the Chinese authorities, medical staff
are vulnerable to infection. Anesthesiologists, trainees,
and nurse anesthetists are exposed to infectious droplets
and aerosols when performing airway management on
COVID-19 patients, and this is the primary route of
infection.® Anesthesiologists, intensivists, trainees,
Certified Anesthesia Assistants, and Certified Nurse
Anesthetists should be up-to-date about the perioperative
and intensive care unit (ICU) approach and management
of these patients to ensure the safety of both patients and
health care providers. In this review, we outline the
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Figure |I. Cumulative number of COVID-19 cases worldwide and countries with the highest number of COVID-19 cases.”®

epidemiology of SARS-CoV-2 and clinical features of
COVID-19 to facilitate understanding of the disease and
outline management strategies for anesthesia providers
when taking care of patients with confirmed COVID-19
or persons undergoing investigation and how the risk of
SARS-CoV-2 transmission could be minimized.

Methods

Publication searching was conducted using PubMed with
“coronavirus,” “COVID-19,” “SARS-CoV-2,” and “anes-
thesia” and we reviewed the “Coronavirus Center” of the
New England Journal of Medicine, Elsevier, Wiley,
Springer Nature. We also followed Chinese CDC, US
CDC, and WHO. We collected articles linked to the novel
coronavirus available in preprint websites. Both studies in
English and Chinese were reviewed. This was a narrative
review given the novelty and the timely need to disclose
the findings of the study to the readership of the Seminars
in Cardiothoracic and Vascular Anesthesia.

Origin and Transmission of SARS-
CoV-2

SARS-CoV-2 is a positive-sense RNA virus belonging to
the coronavirus family. Its diameter varies from about 60 to
140 nm, and its surface is covered with spike glycoprotein,
a trimeric structure resembling a crown (Figure 2).!%!
SARS-CoV-2 was first discovered at Wuhan Huanan
Seafood Market where wild animals were sold.!!? The first
cluster of CDC-investigated patients in China mostly vis-
ited the market, and the virus was assumed to have spread
through animal-to-human transmission.! Zhou et al'® sug-
gested that bats were probably the natural reservoir host of
SARS-CoV-2 because it shares more than 85% identity
with a bat SARS-like CoV.!#!6 Researchers assumed that
intermediate hosts, including pangolins and snakes, played
a critical role in SARS-CoV-2 transmission and the subse-
quent COVID-19 outbreak.'”'® Haplotype analysis of the
whole genomic data suggested that the Huanan haplotype
was derived from somewhere else, leading to the
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Figure 2. The structure of Severe Acute Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2).!°

possibility that the SARS-CoV-2 source was imported. The
crowded market acted as the communication hub, which
boosted SARS-CoV-2 circulation and spread it to the whole
city by the end of 2019. Although Wuhan was the early epi-
center of the COVID-19 outbreak, the virus subsequently
spread around the world, with hot spots developing in Italy,
Spain, and the United States. '’

When more COVID-19 cases were investigated, human-
to-human transmission was confirmed and attributed to the
majority of the current COVID-19 cases.!">!2!420-25 Chinese
scientists revealed that only 1.18% of the patients had
direct contact with wild animals, and 71.80% of the patients
had contact with other Wuhan residents.?’ Basic reproduc-
tion number (R;)) of an infection can be thought of as the
expected number of cases directly generated by 1 case in a
population, where all individuals are susceptible to infec-
tion; the current R, for COVID-19 is estimated to be
between 1.4 to 3.9.26

Close contact with COVID-19 patients or absorbing
droplets via the respiratory tract are established transmis-
sion pathways of SARS-CoV-2.2 Chan et al*® described
that secretions of the respiratory tract contain the virus,
with the highest viral load detected in the lower respiratory
tract. Transmission through the ocular surface is still in
debate. Lu et al?’ asserted that SARS-CoV-2 can easily
contaminate the human conjunctival epithelium.
Researchers identified SARS-CoV-2 in tears and conjunc-
tival secretions of a few COVID-19 patients, suggesting
the possibility for ophthalmic transmission.”® However,
Zhou et al® claimed that it is unlikely that SARS-CoV-2
transmits aerosol contact with the conjunctiva. Of the 67
COVID-19 cases included and studied, who were mostly
health care workers and female nurses, only 1 patient had
conjunctivitis but without negative conjunctival sac
SARS-CoV-2 test. Three patients tested positive or proba-
ble positive for SARS-CoV-2.2° However, the absence of

repeated tests at different time points may contribute to
some of the observed false-negative results. Xia et al?®
found SARS-CoV-2 in 2 interval collection of tears and
conjunctival secretions in 1 common type patient out of 30
COVID-19 confirmed cases. As a result, it is plausible that
SARS-CoV-2 could cause infection through close eye con-
tact, but the chances for that is likely very low. Thus, eye
protection is needed for ophthalmologists and health care
providers such as anesthesia providers whose procedures
potentially involve aerosol generation.

The fecal-oral transmission route is also possible. In
the report of the first COVID-19 case in the United
States, both stool and respiratory specimens tested posi-
tive by real-time reverse transcriptase polymerase chain
reaction (rRT-PCR) for SARS-CoV-2.3° Moreover, Yong
et al’! and other research groups isolated SARS-CoV-2
from the stool samples of COVID-19 patients especially
those with digestive symptoms, confirming live virus in
the stool.30-34

Structural analysis revealed that SARS-CoV-2 possibly
transmits to humans via binding to the angiotensin-con-
verting enzyme 2 (ACE2) receptor, and its binding affinity
is higher than that of SARS-CoV.* Consequently, cells
expressing higher ACE2 are the primary targets for SARS-
CoV-2. Using single-cell transcriptomes, Zhang et al®?
showed that the upper esophageal mucosal cells, stratified
epithelial cells, and absorptive enterocytes from the ileum
and colon have been identified as cells with high ACE2
expression, making the digestive system a potential route
for SARS-CoV-2 infection. Recently, 8 children persis-
tently tested positive on rectal swabs even after nasopha-
ryngeal testing was negative, supporting the fecal-oral
transmission.>® However, gastrointestinal symptoms such
as diarrhea are uncommon in COVID-19 patients.!>2%-2237

Previously, a 30-hour-old infant was also diagnosed
with SARS-CoV-2, which was likely transmitted via the
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intrauterine vertical route.®® However, a retrospective

study of 9 COVID-19 infected pregnant women did not
support such a maternal-infant vertical transmission.>
More research is needed to reach a definite answer on
maternal-infant vertical transmission.

In addition to symptomatic patients being a source of
infection, asymptomatic patients may act as carriers of the
virus because people in close contact with asymptomatic
patients have acquired COVID-19, and virus isolated from
asymptomatic patients was similar to that in the symptom-
atic patients.?>?44041 Baj et al*? reported an asymptomatic
carrier who infected 5 other people with SARS-CoV-2
during a 19-day incubation period. Mizumoto et al* esti-
mated that 15.5% to 20.2% of the total cases are asymp-
tomatic carriers from observations of cases on the Diamond
Princess cruise ship. Having asymptomatic carriers may
result in underestimating the size of the infected popula-
tion because asymptomatic carriers or patients with mild
symptoms are typically excluded from being actual
COVID-19 positive patients. Qiu** suggested that at least
59% of the infected individuals had mild or no symptoms,
and they were not being tested and were potentially infect-
ing others. As such, asymptomatic carriers could pose a
significant potential risk for the anesthesia team when
such a patient is present for surgery; of note, members of
the surgical and anesthesia team could be asymptomatic
carriers too, exposing their team members and patients to
the virus.

Furthermore, China CDC reported that close contact
with people in the incubation period of COVID-19 can
result in infection.*> Moreover, some patients who recov-
ered from COVID-19 and had been discharged had posi-
tive RT-PCR test results, although they remained
asymptomatic and no close contacts were infected during
the follow-up period*®; this finding suggests that even
patients who recovered have the potential to be
infectious.

In conclusion, studies suggested that SARS-CoV-2 is
highly contagious, and consistent human-to-human trans-
mission is observed. Respiratory inhalation of airborne
droplets was the main transmission method.">!%20-23
Ocular surface and fecal-oral routes are possibly second-
ary transmission routes.?>?%30-32 In addition, we need to be
cautious of asymptomatic patients and patients during
their incubation period.

Clinical Features of COVID-19

COVID-19 is a highly contagious disease, and its clinical
symptoms include fever, cough, and shortness of
breath.??> The incubation period of COVID-19 ranges
from 1 to 14 days; it is typically between 3 and 7 days,
although few patients experienced longer incubation
periods.!?*?! The median age of COVID-19 patients in

Wuhan, Hubei, China, was around 50 to 60 years old, and
more male individuals tested positive than female
individuals.'-12:20-22:47

SARS-CoV-2 has 77% sequence identity with the Severe
Acute Respiratory Syndrome (SARS) coronavirus,* but it
is more contagious and initially induces milder symptoms.
The death toll of COVID-19 has surpassed the total mortal-
ity of SARS and Middle East Respiratory Syndrome. Of
those patients with COVID-19, 5% to 26% have required
admission to the ICU for respiratory care.’?! The overall
fatality is 1.36% to 4.3%, but it can vary by country.?>?! The
mortality rate was estimated to be 4% in China,>?" although
it was initially higher in Wuhan.'?>?! Currently, Italy has the
highest morality rate (9.5%), followed by Iran and Spain.*
According to the US CDC, 994 deaths were reported out of
68 440 cases, suggesting a 1.4% mortality rate.>

The severity of the disecase can vary between age
groups. Older adults with serious underlying medical
conditions such as diabetes mellitus or ischemic heart
disease are at the highest risk for more serious compli-
cations.>?*47 It has been estimated that between 31%
and 70% of the patients older than 85 years of age
required hospitalization, much higher than that for
younger adults.’! Older patients were most frequently
admitted to the ICU,2"?**7 more likely to develop acute
respiratory distress syndrome, and more likely to require
mechanical ventilation.>'>*” People with asthma, HIV,
or other immunodeficiencies are also at elevated risk for
respiratory complications.>! However, some more recent
data has indicated that 20% of patients between the ages
of 20 to 40 years required hospital admission and/or
intensive medical therapy.’! In addition, medical per-
sonnel are at a higher risk for a more severe form of the
disease.

A confirmed COVID-19 case is defined as one where
SARS-CoV-2 is detected in respiratory secretions, which
is the most reliable method for SARS-CoV-2
testing.21:23:33:34404147.52° A5 for symptoms of COVID-19,
fever (83%-98%) was the most common, followed by
cough (46%-82%), shortness of breath (31%), myalgia or
fatigue (38.1%), nausea or vomiting, and diar-
rhea.!>1520-2337.53 Regpiratory symptoms include rhinor-
rhea, sneezing, sore throat, and pneumonia.>* It is worth
noting that less than 50% of COVID-19 patients had fever
on admission but 88.7% of them subsequently developed
fever during hospitalization.?’ In the study by Chen et al®®
in China, the clinical progression of COVID-19 showed a
biphasic pattern. The first phase was characterized by fever,
cough, fatigue, and other systemic symptoms; the disease
progressed as evidenced by radiological worsening within
7 days after onset of symptoms.*> High viral loads in the
upper-respiratory tract samples suggests a high risk of
transmissibility during the first several days of symptoms.>
However, symptoms began to relieve in most of the
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patients as the disease progressed into week 2, in which
half of the patients restored normal body temperature and
became PCR negative, although most patients later devel-
oped bilateral pneumonia and respiratory insufficiency.>
With regard to diagnostic workup, chest computed tomog-
raphy (CT) imaging typically reveals ground-glass opacity
as the most common radiological finding.?>>’ As the
patient’s symptoms of pneumonia progressed within the
next 1 to 3 weeks, bilateral ground-glass opacities tended to
decrease, whereas consolidation and mixed patterns
became more common.’” However, chest CT abnormalities
were observed even in asymptomatic patients, or some-
times symptomatic patients were found without chest CT
abnormalities.'>?*3737 According to laboratory findings,
lymphocytopenia was present in most patients, followed by
thrombocytopenia and leukopenia.?’>? The combination of
hypoalbuminemia, lymphopenia, high concentrations of
C-reactive protein, and lactate dehydrogenase may predict
the severity and progression of the disease.*

Current Medical Management of
COVID-19

Because of its novelty, no specific medication is known to
treat COVID-19. Researchers are striving to repurpose cur-
rent antiviral medications, such as HIV drugs lopinavir/rito-
navir, and/or developing new ones. In addition, researchers
across the globe have been working on developing a vac-
cine. Of the known antiviral medications, remdesivir, which
is a broad-spectrum antiviral with properties of inhibiting
RNA-dependent polymerase, shows high promise.’® Wang
et al® found that remdesivir potently blocks SARS-CoV-2
infection at low micromolar concentrations in vitro.’
Similarly, Holshue et al*° reported encouraging results of
remdesivir in the treatment of a patient with COVID-19 in
the United States.*® Favipiravir, a drug developed for treat-
ing novel influenza in China, has also been studied. It is a
new type of RNA-dependent RNA polymerase inhibitor.®
Of the known nonantiviral medications, chloroquine phos-
phate, a widely used antimalarial medication, has been
shown to have apparent anti-SARS-CoV-2 properties with
efficacy for treating COVID-19. It blocks viral entry into
endosome, and it has successfully inhibited exacerbation of
pneumonia and improved lung imaging findings.*°' Other
potentially effective drugs include cepharanthine, selamec-
tin, and mefloquine hydrochloride.®? In the absence of effec-
tive vaccines or medications, nonpharmacological measures
such as social distancing and quarantine have become the
most important response strategies for slowing down the
spread of the virus. Quarantine is compulsory for symptom-
atic COVID-19 patients. In the United States, in the early
phase of the spread of the virus, self-quarantine for 14 days
was/is necessary after traveling to a CDC Level 3 Travel

Health Notice country or after being in close contact with a
COVID-19 patient.%3 According to the US CDC, it is recom-
mended to avoid close contact with sick people, practice
social distancing, clean and disinfect frequently touched
surfaces daily, and cover coughs and sneezes; these policies
are constantly being updated as the spread of the disease
progresses.® Special attention and efforts to protect or reduce
transmission should be given to susceptible populations like
health care providers and elderly people.® On March 16,
President Trump advised the public to avoid gathering in
groups of more than 10 people at a White House news con-
ference.®* This strategy is known as “flatten the curve” to
avoid dramatic increase in new cases, which will surpass the
US health care capacity and overwhelm US hospital sys-
tems as has already happened in other countries.5>%¢ As of
March 29, 27 states in the United States have enacted Stay
at Home laws, limiting travel and congregation of residents,
in an effort to mandate social distancing.

Recommendations for Anesthesia
Procedures

COVID-19 has brought serious threats to the safety of
health care workers in addition to the general public. At
the epicenters, the overburdened health care system and
shortage of personal protective equipment (PPE) have
magnified the risk of frontline medical staff to exposure. In
China, a total of 3.5% of health care workers were infected
with COVID-19, and their mortality rate was about
0.3%.22° Among health care workers, anesthesiologists are
at even higher risk for infection because of their close con-
tact with infected patients and the high potential exposure
to respiratory droplets or aerosol from infected patients
during airway manipulations.!" Current data suggest that
approximately 3.2% of patients with COVID-19 required
intubation and invasive ventilation at some point during
the course of the disease.’” Anesthesia team members
could encounter COVID-19 positive patients in emergency
settings, ICU to operating room (OR) transfer for ECMO
(extracorporeal membrane oxygenation), or getting reas-
signed to help with offsite emergency airway manage-
ment. We will discuss below what anesthesia personnel
should do to minimize their risk for infection; the recom-
mendations described below are a universal approach to
reducing transmission and may vary from institution to
institution according to the availability of the team mem-
bers, PPE, and local guidelines and could also change as
we gain more experience.

1. Preoperative preparations: Upon the arrival of a
COVID-19 patient, anesthesia personnel should
prepare the designated ORs only for patients with
COVID-19 with “infectious surgery” labeled on
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Components Recommendations

Oxygen Make sure an adequate supply of oxygen is available and
prepare a separate oxygen tank in the room

Machine Make sure an anesthesia machine or an ICU ventilator is
functional

Suction Make sure suction (with backup) is functional and available

Monitor Make sure pulse oximetry, electrocardiography and

noninvasive blood pressure monitors are functional

Drugs Have all drugs for sedation, anesthesia induction and muscle
relaxation available

Intravenous access

Flush and make sure intravenous access is functional

Airway Supplies

Make sure the video laryngoscope (with backup) is
functional and prepare a difficult airway cart

the door.!! It is recommended to turn off positive
pressure and turn on negative pressure if available.
The in-room anesthesia care team should inform
the OR charge nurse and other providers that the
patient with COVID-19 is to be transferred to the
designated OR.!! COVID-19 positive or suspect
patients in need of preoperative anesthesia assess-
ment should be visited by the primary anesthesia
attending.!! Adding to the routine preoperative
evaluations, anesthesiologists should assess the
patient’s respiratory status and cardiovascular
function. Before having any physical contact with
the patient, anesthesiologists should wear PPE,
including a fit-tested N95 or higher-level respira-
tor, such as a comprehensive respiratory protective
device with a powered air purifier and a positive-
pressure medical protective hood if available, dis-
posable work caps, goggles and full-face shield,
and fluid-resistant gown, gloves, and shoe
cover.”®87! The proper sequence of putting on PPE
is as follows: putting on scrubs and hair cover —
hand disinfection — putting on the mask — putting
on inner gloves — putting on the coverall — put-
ting on eye protection (goggles/face shield) — put-
ting on foot protection — putting on the isolation
gown — putting on outer gloves — test the fit of
the PPE components (Figure 3).!! Although most
PPEs are designed to be single use only, in periods
of critical shortage, gowns may be worn to see
multiple patients with the same infectious disease
diagnosis and may be worn for multiple surgeries

Figure 3. Flowcharts on how to properly don (top) and doff (bottom) before and after surgical operations.’®

where the surgical procedure has a low risk of con-
tamination.”” Surgical masks or N95 respirators
may be worn for extended periods during care for
multiple patients. Postponing elective procedures
that require the use of PPE and increasing the use
of washable PPE are recommended.”

Anesthesia: General anesthesia is recommended
to reduce airborne and droplet transmission
through the patient’s mouth and nose. (Spinal
anesthesia is still recommended as the primary
choice of anesthesia for cesarean delivery in a
mother with COVID-19, and the infected mother
must wear a surgical mask or N95 mask all the
time).!" Rapid sequence induction is recom-
mended because bag mask ventilation could
increase the risk for aerosolizing airway secre-
tions, with a higher likelihood for viral exposure
and transmission.®’” If possible, a “Negative
Pressure Airway Hood” is recommended (https://
www.youtube.com/watch?v=FYEqKPOAT44,
Accessed March 27, 2020) to prevent staff from
the droplets and aerosol exposure. After satisfac-
tory preoxygenation, apply the induction and
paralysis agent in short succession to each other;
1 to 2 mg intravenous midazolam may be consid-
ered for sedation for extremely anxious patients.
Intravenous lidocaine, 1.5 mg/kg, is effective in
suppressing airway reflexes during endotracheal
intubation. Tracheal intubation is a high-risk pro-
cedure that can cause the patient to spray secre-
tions or blood, or produce droplets or aerosols,
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Donning:

Putting on scrubs

6 Hand disinfection
and hair cover

Putting on the Putting on foot
isolation gown protection
Test the fit of the
Putting on outer personal protective
gloves equipment
components
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Remove outer

Remove shoe cover
ove shoe gloves

Hand disinfection

Remove mask

Remove hat

Hand disinfection
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Putting on mask gloves
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protection
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(goggles/face coverall
shield)

Take off protective

Hand disinfection clothing

Remove goggles
and protective face
screen

Hand disinfection

Remove inner
gloves & change to
personal clothing

Hand disinfection

Figure 4. Recommendations for intubation preparation for patients with confirmed or suspected COVID-|

increasing the exposure of medical staff to
COVID-19.%%8 Because of the shortage of PPE,
some medical centers have designated the most
experienced anesthesia professional as the pri-
mary intubator for a specific room and day, who
will wear N95, goggles, and other relevant PPE.”
Before the procedure, anesthesiologists should
confirm tight connections on standard breathing
circuit and use video laryngoscopy to maximize
distance between the intubator and the airway
(Figure 4).2%%87 During the procedure, it is rec-
ommended to use a long-acting muscle relaxant

9 67,79

to minimize coughing, inflate cuff prior to venti-
lation, confirm correct tube position with end
tidal CO,, and place a ventilator on standby
immediately prior to extubation.®’%7* Medical
personnel involved in the care of the patients
should first change gloves after airway manipula-
tion and then use other OR items, such as anes-
thesia computer or anesthesia cart, to reduce the
spread of SARS-CoV-2.7! The anesthesia cart can
be covered by a clear plastic sheet once the pre-
sumed supplies for the case are gathered, to limit
cross-contamination.
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Anesthesia recovery: After the operation, it is rec-
ommended to send the COVID-19 patient to an
isolated room in the ICU, bypassing the postanes-
thesia care unit. However, such policies are subject
to change when the health care system gets over-
whelmed, as in major epicenters such as New York.
Extubation can be performed in the original OR
when the patient’s condition is stable.®® Before
extubation, 2 layers of wet gauze can be used to
cover the patient’s nose and mouth to minimize
exposure to the patient’s secretions.!! In the ICU, if
the patient’s respiratory distress and/or hypoxemia
cannot be eased after receiving standard oxygen
therapy and their condition does not improve after
2 hours of high-flow nasal catheter oxygen therapy
or noninvasive ventilation (manifested as respira-
tory distress, breathing frequency >30 times/min,
and oxygenation index <150 mm Hg), tracheal
intubation should be performed in time.!!
Transporting patients: Nurses and anesthesiolo-
gists should wear PPE outside of the OR, and the
patient should be covered with disposable surgical
linen and transported in a special elevator. One per-
son should clear the transfer channel in advance to
reduce the exposure of unrelated personnel. The
patient must wear a surgical mask or N95 mask
during transfer; providers should wear medical
protective masks during transport whether the
patient is intubated or not.*

Postanesthesia equipment care and disposal of
PPE: Contaminated anesthesia equipment such as
the video laryngoscope blade or the reinforced
tubes should be single use and disposed properly.
Before being taken out of the contaminated area,
all medical waste should be double-bagged and
labeled “COVID-19,” along with the name of the
department, institute, date, time, and the category;
all the packing bags should be sealed and sprayed
with chlorinated disinfectant or covered with an
additional bag and sealed.!! All nondisposable
anesthesia equipment should be cleaned and disin-
fected with 2% to 3% hydrogen peroxide, 2 to 5
g/L chlorine disinfectant wipes, or 75% alcohol
wipes.!! All medical personnel involved in the
actual surgical case should take off and dispose
their PPE into designated biohazard disposal bags
or containers according to the local infection con-
trol policy. Protective clothing and other nondis-
posable items should be wrapped in medical waste
packaging bags and placed in designated areas for
special handling. The sequence of properly remov-
ing PPE is as follows: remove shoe cover —
remove outer gloves — hand disinfection — take
off protective clothing — hand disinfection —

remove goggles and protective face screen — hand
disinfection — remove mask — hand disinfection
— remove hat — hand disinfection — remove
inner gloves — change to personal clothing (Figure
3).%87 According to the American Society of
Anesthesiologists, extreme caution is needed when
removing and disposing PPE to minimize the risk
of self-contamination; adding an observer to
observe the provider while disposing PPE could
further minimize self-contamination. Hand hygiene
should be performed using alcohol-based hand
rubs with 60% to 95% alcohol or hand washing
with soap and water for at least 20 5.7

6. Management of medical staff when exposure
occurs: After an exposure, health care workers
should assess their COVID-19 exposure risk
according to the US CDC guidelines and report to
their supervisor or occupational health services
immediately.”® Health care workers at high risk for
infection should stop all health care interactions
with patients for 14 days after the last day of expo-
sure to a confirmed COVID-19 patient, be tested
for COVID-19, and quarantined for 14 days.?"-
224652 During the observation period, body tem-
perature and respiratory symptoms are monitored
daily. However, if critical shortage of medical staff
occurs and ways of improving staffing have been
exhausted, it is permitted for an asymptomatic
health care worker who has been exposed to work,
after consultation with occupational health
services.”” They should always wear a facemask
when being in the health care facility, avoid contact
with severely immunocompromised patients, and
adhere to hand hygiene and respiratory hygiene.”’
Health care workers at low risk for COVID-19
should self-monitor temperature and respiratory
symptoms daily for 14 days after the last day of
exposure to a COVID-19 patient, notify health care
facility immediately if they develop any symptoms
suggestive of COVID-19, and reinforce contact
and droplet precautions.”” Follow-ups are needed
in other medical procedures with no confirmed
COVID-19 patients as well because it is uncertain
whether patients who recovered from COVID-19
have the potential to transmit SARS-CoV-2.4°

Conclusion

In this review, we summarized the origin and potential
transmission routes of SARS-CoV-2 and also assessed the
clinical features and current medical management of
COVID-19. We provided recommendations for anesthesia
procedures to minimize anesthesia personnel and other
health care workers’ risk of infection. As the number of
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confirmed COVID-19 cases worldwide rises rapidly and
health care systems are getting overwhelmed, as mani-
fested by the shortage of PPE and medical staff, coordi-
nated effort is needed to slow down the spread of the virus;
it is particularly important for anesthesia personnel and
other health care workers to be cautious and adhere to
guidelines to protect the safety of their patients and col-
leagues. Future research and clinical studies are needed to
develop effective treatments for COVID-19.

In the meantime, developing and updating guidelines and
recommendations for the management of COVID-19 posi-
tive patients and patients under investigation (PUI) may help
reduce the risk for viral exposure and transmission in anesthe-
sia personnel and other health care workers, which can save
precious personnel resources in the time of a pandemic.
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