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Abstract: The outbreak of coronavirus disease 2019 (COVID-19) has increased the risk of infection among
medical staff. Anesthetists may have direct or indirect contact with COVID-19 patients’ saliva droplets,
blood, and other secretions in their daily work. If infection-prevention measures are not appropriate, it will
not only cause individual medical staff infection, but also cross-infection among patients and other medical
staff. Therefore, it is important to establish infection-control practices for COVID-19 patients during
anesthesia. The aim of the present study was to review the infection-prevention measures against COVID-19
during anesthesia. Previously published studies on severe acute respiratory syndrome (SARS) and Middle
East respiratory syndrome (MERS), as well as current studies on COVID-19, specifically in Wuhan, China,
were analyzed. In the present study, we discuss the etiology, epidemiology, pathology, clinical manifestations,
diagnosis, and treatment of SARS, MERS, and COVID-19 at first. And then we discuss preoperative
preparation which include the preparation of operating room, pre-operative assessment, hand hygiene and
staffing and psychological counseling. We also discuss the implementation of anesthesia, including anesthesia
types, induction of general anesthesia and endotracheal intubation, postoperative recovery and patient
transport. Finally, we consider the proper disposal procedure for anesthetic equipment and medical devices.
COVID-19 infection can be effectively reduced by infection-prevention measures during the perioperative

period.
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Introduction respiratory syndrome (MERS) (1). From December 2019 to
February 2020, more than 3,000 medical staff in China and

Since its outbreak in Wuhan in December 2019, 27 other countries have been infected (2). Therefore, it is

coronavirus disease 2019 (COVID-19) has become a particularly important to increase the protection measures
pandemic, with its rate of infection surpassing that of for medical staff. Anesthetists may have direct or indirect
severe acute respiratory syndrome (SARS) and Middle East contact with COVID-19 patients’ saliva droplets, blood,
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and other secretions in their daily work, and operating
rooms and surgical departments are also prone to cross-
infection. Therefore, in the present study, we summarize
the infection-prevention measures against COVID-19
during anesthesia. Previously published studies on SARS
and MERS, and current studies on COVID-19 in PubMed
database and database of scientific papers and citations in
China, specifically in Wuhan, China, were analyzed, as
well as our experiences in hospitals in Hubei Province, to
provide a reference for anesthetists of the importance of
infection-prevention measures. We present the following
article in accordance with the Narrative Review reporting
checklist (available at http://dx.doi.org/10.21037/apm-20-
2073).

COVID-19 etiology

Coronaviruses belong to the Coronaviridae family.
COVID-19 is a novel coronavirus, and is usually round
or oval in shape with a diameter of 60-140 nm (3); its
characteristics differ to those of SARS-related coronavirus
and MERS-related coronavirus (4). Its homology with
bat-SARS-like coronavirus isolate 45 is currently >85%.
COVID-19 can survive for 20-24 h in the air at room
temperature, but 1-2 days in feces and urine. It is sensitive
to ultraviolet rays and heat, only surviving for 30 min at
56 °C. It can be effectively inactivated by ether, 75%
ethanol, peracetic acid, or a chlorine containing disinfectant,
with the exception of chlorhexidine.

Epidemiology

The primary route of transmission is through respiratory
droplets or skin contact. Studies have shown that it can also
be transmitted by fecal or aerosol-borne routes, but the
clinical evidence is insufficient (5). It is easily transmissible
among humans, especially elderly people with pre-existing
diseases. The incidence rate of severe cases is about 20%,
and at April 19, 2020, the mortality rate was 2.5-12.8% (6).

Pathology

The pathological characteristics of COVID-19 are
very similar to those of SARS and MERS, including its
inflammatory response, which is characterized by deep
airway and alveolar injury (7). The early stages of the disease
include pulmonary edema, protein exudation, thickening of
the pulmonary interstitium, infiltration of multinucleated
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giant cells, and macrophages in the alveoli. In the late
stages of the disease, diffuse alveolar injury in both lungs is
accompanied by fibromyxoid exudate, epithelial cells of the
alveoli are exfoliated, and a hyaline membrane is formed (8).

Clinical manifestation and treatment

The incubation period of patients after COVID-19
infection is 3-7 days, and no more than 14 days. The main
manifestations are fever, fatigue, and dry cough. In severe
cases, dyspnea often develops after 1 week. Critical cases
can rapidly progress to ARDS, multiple organ failure, septic
shock, metabolic acidosis, and coagulation dysfunction,
which is difficult to correct (9). Imaging diagnosis is
characterized by multiple small spot shadows and interstitial
changes in the early stage, and multiple ground glass and
infiltrative shadows in the progressive stage. Pulmonary
consolidation can occur in severe cases, but pleural effusion
rarely occurs (3).

At present, there is no specific drug available to cure
COVID-19. Some clinical studies have shown that radcivir
may be an effective drug to treat the disease in vitro (10).
Recently, sample tests using chloroquine phosphate,
fabiravir, and remdesivir have been done for large clinical
trials in China to prove their safety and efficiency.
According to Health Emergency Office of National Health
Commission of the PRC for the diagnosis and treatment
of COVID-19, traditional Chinese medicine and plasma
therapy among convalescent patients have a positive effect,
but need to be confirmed in clinical trials (3). It has been
suggested that patients with mild infection should rest and
undergo anti-infection and anti-virus treatment; severe
cases should be treated in the intensive care unit (ICU) as
early as possible (11).

Diagnostic criteria

COVID-19 is a new coronavirus that can cause fever and
cough, and mild cases can rapidly develop into severe cases,
including systemic inflammatory response syndrome and
even multiple organ dysfunction syndrome. COVID-19
can be tested as soon as 15-30 min, if suspected. Therefore,
the Chinese Government suggests that all high-risk groups
should be screened. However, according to Chinese
National COVID-19 Diagnosis and Treatment Guidelines
(trial version 7), the following 2 conditions should be
regarded as suspected cases: (I) epidemic history +2
clinical manifestations; and (II) 3 clinical manifestations.
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Epidemic history includes travel to or living in Wuhan
and surrounding areas within 14 days and contact with
confirmed or suspected patients within 14 days. Clinical
manifestations are as follows: (I) fever, cough, and other
respiratory symptoms; (II) imaging manifestations of
pneumonia; and (III) normal/decreased total number of
leukocytes, and decreased percentage of lymph nodes.

"To exclude suspected patients, the following conditions
must be met: (I) novel coronavirus nucleic acids negative for
detection (interval of at least 24 h); (II) novel coronavirus-
specific antibodies, immunoglobulin (Ig)M and IgG, remain
negative after 7 days of onset. Therefore, suspected patients
can be completely excluded from being infected with
COVID-19 after at least 7 days.

If one of the following 3 points can be confirmed,
a suspected case becomes a confirmed case: (I) novel
coronavirus nucleic acids are positive for detection; (II) viral
gene sequencing is highly consistent with COVID-19; and
(III) novel coronavirus-specific antibodies, IgM and IgG,
are positive.

Curative criteria

The following conditions are required for discharge:
(I) body temperature remains normal for >3 days; (II)
symptoms and imaging manifestations improve significantly;
and (III) 2 novel coronavirus nucleic acids are negative for
detection (interval of at least 24 h).

Infection-prevention measures during anesthesia

Patients requiring emergency surgery should complete
primary triage prior to hospital admission. A secondary
triage before entering the operating room should be
performed by anesthetists. This triage should include
reviewing medical history, a brief physical examination,
and reviewing chest computed tomography or chest X-ray.
Body temperature should be retaken. Individuals who
are considered not to have COVID-19 should undergo
their surgical procedure as normal if it is an emergency
surgery (11). If urgent life-saving surgery is required and
there is no time to do the relevant examination, the patient
should be treated as a confirmed or suspected COVID-19
case. Only emergency surgeries can be performed, and
elective surgeries should be delayed until the patient no
longer has COVID-19. The following measures can be
applied to patients who are confirmed or suspected infection

of COVID-19.
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Preoperative preparation

Operating room

Staff procedural duties for COVID-19 should be fulfilled
in an expeditious and orderly fashion to minimize infection
risk. The doctor on duty should report to the infection
control officer of the hospital as soon as they are informed
of a COVID-19 patient. Next, the circulating nurse
should prepare the designated operating room(s) for those
infected with the virus. If necessary, inform the laminar
flow technician to check and replace the negative pressure
filter in the operating room. The filter must be negative;
it is not, it is recommended that the positive pressure or
air conditioning is switched off (to decrease circulation).
The buffer room should be closed before the operation.
Once the operation room has negative pressure (<5 Pa),
operations can commence (12,13). A designated operating
room for patients with COVID-19 must have a “Caution:
infectious surgery room” sign on the door. Only staff
involved in the surgery are allowed to enter this room. Staff
must also wear personal protective equipment, and facilities
should be disinfected in order to be thoroughly prepared to
prevent spread (14).

Preoperative assessment

Anesthetists need to pay particular attention to pulmonary
infection development and the general state of patients, in
addition to the routine diagnostics. Patients with a severe
infection should be moved to the ICU isolation ward prior
to surgery. Anesthetists should routinely prepare enough
drugs and supplies for anesthesia and the surgery, and
perform personal precautionary measures before patient
contact. Precautions include medical standard handwashing,
a medical protective mask, a disposable surgical cap and
goggles/protective screen, C-class protective clothing
outside, double latex gloves, and shoe covers (15). In their
study, Birnbach er 4l. stated that double latex gloves can
provide better protection than single latex gloves (16).
Please refer to Table 1 for specific steps of wearing and
removing sequence.

Hand hygiene

Anesthetists and other medical staff must ensure good
hand hygiene. Hand-mediated transmission is the major
contributing factor to infection associated with healthcare
professionals. Effective hand decontamination immediately
before every episode of direct patient contact will result in a
significant reduction in the transfer of potential pathogens
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Table 1 Infection-prevention measures for anesthetists before and after patient contact

Steps Before patient contact After patient contact

1 Hand disinfection Remove shoe covers

2 Surgical cap Remove double latex gloves

3 Medical protective mask Hand disinfection

4 Goggles/protective screen Remove goggles/protective screen
5 C-class protective clothing Hand disinfection

6 Shoe covers Remove medical protective mask
7 Double latex gloves Hand disinfection

8 Remove surgical cap

9 Hand disinfection

—_
o

Take a hot bath and change personal clothes

and a decrease in the cumulative incidence. At the start
of every session, and when visibly soiled or potentially
contaminated, hands must be washed with liquid soap and
water. It is vital to ensure that the whole hand, fingers, and
just above the wrists are thoroughly washed (17).

Staff counseling

It is highly recommended that staff with knowledge
of infectious diseases are selected and that only the
experienced anesthetists and nurses partake in surgeries
involving COVID-19-infected patients. Anesthetists who
have entered the contaminated operating room should not
leave, and anesthetists outside the room should not enter
and only transfer supplies in the buffer room with the one
inside (18). In addition, counseling should be provided
to anesthetists and nurses to overcome their fears in
advance (19). Particular attention should be paid to self-
protection and avoiding sharp instrument damage.

Anestbetic implementation

Anesthetic type

General anesthesia is recommended to reduce the spread of
air and droplets from the patient’s mouth and nose. Other
anesthetic types can be administered according to the
situation, as long as the airway is protected (11). Wearing a
protective mask around the patient in the operating room
is highly recommended if the patient is not intubated.
Intraspinal anesthesia is still recommended for cesarean
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section patients with COVID-19. Pregnant women should
wear a medical protective mask to reduce air transmission,
and precautionary measures should be considered for
infants (20).

General anesthesia and endotracheal intubation

This is a critical step with the highest probability of
infection transmission for anesthetists. In a retrospective
cohort study, 624 medical staff who had close contact with
45 SARS patients with tracheal intubation were analyzed.
The results showed that 7 SARS patients infected 26
medical staff, and 3 SARS patients infected 21 medical staff,
and the route of infection was most likely aerosol borne (21).
Therefore, personal protective measures must be carried
out before endotracheal intubation.

Reducing the cough response during endotracheal
intubation is important. Some studies have shown that
1.0-1.5 mg/kg lidocaine or 0.5 pg/kg dexmedetomidine
prior to induction could reduce the cough response during
endotracheal intubation. The speed of the opioid injection
should be slowed down to avoid a choking cough during
induction, and it is important to use a sufficient dose of
neuromuscular blockers (22).

Intravenous fast induction is encouraged, and the
corresponding intubation tools should be prepared prior
to surgery for patients with airway difficulties. A skilled
anesthetist with experience in airway management should
use the most appropriate tracheal intubation tools to
complete the operation. It is recommended that a visual
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laryngoscope with a disposable laryngoscope lens be used,
and that a protective sleeve to protect both the display and
lens handle is utilized (23). Oxygen can be given at a high-
flow rate for 5 min before sequential induction. An artificial
positive pressure mask for ventilation during induction
must not be used (unless absolutely necessary) to help
prevent aerosol diffusion. If positive pressure ventilation
is necessary then the patient’s nose and mouth should
be covered with 2 pieces of wet gauze (11). Appropriate
sedatives, analgesics, and sufficient neuromuscular blocking
agents should be administered, taking into consideration
the patient’s condition, to avoid a choking cough and
droplet diffusion during tracheal intubation. It is important
to utilize closed sputum aspirator. After endotracheal
intubation, all intubation supplies should be immediately
placed into double sealed bags and then decontaminated
or discarded (24,25). Artificial nose is recommended for
use during the operation to prevent the anesthetic machine
from being contaminated, and should be replaced every 3-
4 h (26). Based on SARS and MERS experience in
previously published studies, the pulmonary protective
ventilation strategy for intraoperative mechanical ventilation
is recommended for asymptomatic or mildly infected
patients, as it has a low tidal volume (5-6 mL/kg) and has a
suitable positive end-expiratory pressure (with a 0-5 PEEP)
(3,27). Individualized ventilation strategies should be
developed for critical patients based on the change in lung
function.

Anesthetic recovery

Patients should be sent to the ICU isolation ward after
the operation. The tracheal tube should be removed
when vital signs are stable and the anesthetic drugs are
fully metabolized. Before extubation, pieces of gauze
should be used to cover the patient’s mouth to reduce the
spatter caused by cough (11). Studies have shown that
an intravenous lidocaine injection (1.0-1.5 mg/kg) or
intratracheal spray (1 mg/kg) prior to tracheal extubation
can effectively prevent cough (22).

Patient transport

The patient should be covered with a single sheet
before transport, and then moved by a patient transport
elevator. The transfer channel should be evacuated in
advance to reduce exposure to others (28). Patients should
wear a medical protective mask if there is no tracheal
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intubation (29). Once transported, a comprehensive
handover should be completed at the new unit.

Disposal of medical supplies, and staff management after
operation

Medical waste

Material waste should be documented, labeled, and disposed
of quickly to ensure the safety of personnel and to reduce
the risk of infection (30). An additional disposal bag should
enclose the garbage bag, and the sharps box should be
separately secured in the hazards disposal. A COVID-19
label should be attached to each packaged waste item, along
with identification of the unit, department and date (11).
The packaging bag should be sealed before leaving the
contamination zone, and the surface should be sterilized by
spraying a disinfectant solution containing chlorine.

Disinfection of the operating room

The designated COVID-19 operating room should be fully
disinfected through a series of steps. It is recommended
that instruments are sterilized or placed in a proper
storage location before disinfection. At the very least, the
instruments in the operating room should be protected
with a protective sheath to avoid corrosion. Laminar flow
should be closed and the operating room should be sealed
during the disinfection process, which should take 1-2 h;
a peracetic acid spray sterilizer or dual-mode hydrogen
peroxide robot disinfector should be used for disinfection.
Open the laminar flow after completing the disinfection;
2,000-5,000 mg/L chlorine containing disinfectant should
be used on the ground or the surface of equipment that had
contact with blood and/or body fluid for at least 30 min,
and 1,000-2,000 mg/L chlorine containing disinfectant
should be used on the surface of equipment without blood
or body fluid for 10-30 min and then mopped with clean
water (31,32). Before cleaning, the janitor should receive
specialized training to ensure proper cleaning and safety for
all staff involved. The cleaning duties should be completed
by the hospital janitor and the medical staft.

Disinfection of transfer bed

The transfer bed should be cleaned, and the mattress should
be dismantled and erected. The transfer bed should be
transferred to the used operating room before disinfection,
and disinfected using the peracetic acid spray sterilizer or
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dual-mode hydrogen peroxide robot disinfector (3). The
surface of the transfer bed should be treated the same as the
surface of equipment in the operation room.

Staff management after operation

All medical staff involved in the operation need to be
observed for 2 weeks and should reduce direct contact with
others. Their temperature and other symptoms should
be recorded (3,11). If there are any abnormalities during
observations, pathogen detection should be implemented.

Disposal of anesthetic equipment

The purpose of disinfecting anesthetic equipment is to
reduce the spread of the virus among patients. Disposable
anesthetic supplies should be used as much as possible, such
as tracheal tubes, laryngoscopes, dental pads, suction tubes,
suction devices, masks, snails, and mosquito tubes (17).
The dismantled part of the laryngoscope and the anesthetic

machine should be removed for thorough disinfection.

Disposable anesthetic supplies

After the operation, disposable supplies should be placed
into bags identified as “medical waste” with special
COVID-19 labels and discarded. Reusing disposable
materials and equipment exponentially increases the spread
and infection risk for anyone who comes into contact with
the items.

Reusable anesthetic supplies

The non-disposable part of the laryngoscope or visual
laryngoscope should be covered with a disposable
protective cover prior to use, and the protective cover
should be discarded after use. Equipment, such as
fiberoptic bronchoscopes, rigid bronchoscopes, and nerve
stimulators, should be washed and sterilized according to
the disinfection standard for medical equipment by patients
with a special infection (33).

Anesthetic machine decontamination

Compound alcohol disinfector should be used to disinfect
the inner respiratory circuit after the operation. The
disinfectant used in the compound alcohol sterilizer is
ethanol, which is distributed in the breathing circuit of the
anesthetic machine by air pressure plasma atomization.
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The breathing circuit in the anesthetic machine is
connected to the disinfection machine circuit through the
threaded pipe, without dismantling the anesthetic machine
for atomization sterilization, for 10 min and analytical
drying for 20 min (34). The are several advantages of this
method, including corrosiveness reduction, convenience
during operation, and effective and concise disinfection.
It should be kept in mind when handling that it is a fire
hazard, and to refrain from using around fire or flames.
Upon initial use, it is highly recommended that personnel
handling the anesthetic machine are the first to use it and
then train others appropriately under strict guidance (35).

Conclusions

In the present study, we analyzed the etiology, epidemiology,
pathology, clinical manifestation, diagnosis, and treatment
of COVID-19, and discussed preoperative preparation, the
implementation of anesthesia, and postoperative recovery
and patient transport. We also discussed the disposal of
anesthetic equipment and medical devices. It is believed
that COVID-19 infection can be effectively reduced by a
series of infection-prevention measures in the perioperative
stage of treatment. However, because of the short time of
onset, many conclusions are based on the experiences of the
first-line medical staff observing the efficacy, and there is
still a lack of perfect design and research implementation to
support, and further studies are warranted.
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