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Background: The worldwide spread of SARS-CoV-2, the coro-
navirus that causes the syndrome designated COVID-19, pres-
ents a challenge for emergency operative management. The
transmission and virulence of this new pathogen has raised con-
cern for how best to protect operating room staff while effec-
tively providing care to the infected patient requiring urgent or
emergent surgery.

Observations: Establishment of a clear protocol that adheres
to rigorous infection control measures while providing a safe sys-
tem for interfacility transport and operative care is vital to a suc-
cessful surgical pandemic response. While emergency protocols
must be rapidly developed, they should be collaboratively im-
proved and incorporate new knowledge as and when it be-

comes available. These measures combined with practice drills
to keep operating room personnel ready and able should help
construct processes that are useful, easy to follow, and tailored
to the unique local environment of each health care setting.

Conclusions: After the initial apprehensions and struggles dur-
ing our confrontation with the COVID-19 crisis, it is our hope that
the experience we share will be helpful to surgical staff at other
institutions grappling with the challenges of operative care in the
pandemic environment. While this protocol focuses on the cur-
rent COVID-19 pandemic, these recommendations serve as a
template for surgical preparedness that can be readily adapted
to infectious disease crisis that unfortunately might emerge in
the future.
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he worldwide spread of SARS-CoV-2,

the coronavirus that causes the syn-

drome designated COVID-19 by the
World Health Organization (WHO), pres-
ents a challenge for emergency operative
care in a global pandemic setting that is
novel for modern surgical practice. The
virulence of this new pathogen has raised
concern for how to protect operating room
(OR) staff and their environs in the event
that an infected patient requires urgent
surgical care. Because coronaviridae spread
mainly through contact with contaminated
respiratory droplets or aerosolized virion-
containing particles, personal protective
equipment (PPE) is vital to personnel in-
volved in these cases, and proper utilization
of these scarce resources poses an addi-
tional challenge. Establishment of a clear
protocol that adheres to rigorous infection
control measures while providing a safe sys-
tem for intrafacility transport and operative
care is an essential component of a success-
ful surgical pandemic response.

The first case of COVID-19 disease iden-
tified in the US was diagnosed in Ever-
ett, Washington, on January 21, 2020.' In
the succeeding months, the Seattle region
became an early epicenter of the epidemic
in the US, with Washington State becom-
ing the first state to see in excess of 1,000
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cases by mid-March 2020. As hospitalizations
for COVID-19 increased, emergency surge
preparations were enacted at medical cen-
ters across the region. Recommendations for
how to manage infected patients evolved rap-
idly. Anticipating the need to provide surgi-
cal services during this pandemic, starting in
early March 2020, the perioperative services
staff at the US Department of Veterans Af-
fairs (VA) Puget Sound Health Care System
(PSHCS) convened to develop the protocol
described here through a process of litera-
ture review, multidisciplinary discussion, and
practical trial runs and drills. VAPSHCS is an
urban academic medical center affiliated with
the University of Washington, Seattle. The re-
sult of this collaboration is a detailed, step-
by-step protocol that establishes the roles and
responsibilities of the various personnel who
intersect in the OR and recruits their team-
work to prevent environmental contamina-
tion and health care worker transmission of
SARS-CoV-2.

The protocol is divided into discrete
practice recommendations for the preop-
erative, intraoperative, and postoperative
management of patients with confirmed or
suspected COVID-19 infection, with a focus
on maintaining Centers of Disease Control
and Prevention-defined respiratory drop-
let and airborne precautions throughout
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the period of patient contact and mitigating
infectious contamination of the operating
suite.? It is acknowledged that no written
protocol can encompass all the possible
considerations that attend the vast diversity
of surgical scenarios which can transpire in
the operative setting. Patient acuity must
sometimes mandate modifications to even
the most thoroughly laid plans; for instance,
the exsanguinating patient requiring emer-
gent surgery for hemorrhage control will
undoubtedly require an urgent appraisal
of the relative risks and benefits of certain
elements of the practices here described.
Nevertheless, we believe that this protocol
provides a useful framework for mitigating
the infection and contamination risks of op-
erative care in an epidemic environment,
and should be readily adaptable to any facil-
ity that may perform surgery in patients in-
fected with a high-risk contagious pathogen.

PREOPERATIVE MANAGEMENT
In addition to introducing the risk of viral
transmission, surgery in the patient with
COVID-19 also imposes a large consump-
tion of vital PPE, supplies and can become
dangerously low in health care centers cop-
ing with an influx of infected patients. Early
in the pandemic, to reduce exposure, con-
serve the medical workforce and lessen the
resource strain on the overall health care
infrastructure, the American College of
Surgeons (ACS), American College of Gas-
troenterology, and other professional societies
recommended cancellation of elective pro-
cedures, confining operations to urgent or
emergent procedures for high-acuity diseases
that would negatively impact morbidity or
mortality if delayed.>* In each case, physi-
cians from the surgical and anesthesia services
should discuss the rationale for the operation
and secure agreement to commit resources to
the endeavor prior to reserving the OR. These
considerations should be shared with the pa-
tient prior to obtaining informed consent.
Preoperatively, the surgical team, consist-
ing of surgeon, anesthesiologist, OR nurse,
surgical technician, and assistants to the sur-
geon, anesthesiologist and nurse, convene
for a preoperative “team huddle.” While as-
sistants will aid in patient transport and sup-
plying equipment to the team during the
procedure, they should not be in the OR dur-
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FIGURE 1 Personnel Protective
Equipment Donning Protocol

DONNING PPE WITH PAPR

For Procedures in the Operating Room with Anteroom

PPE PARTNER WILL READ INSTRUCTIONS BEFORE EACH STEP

o Perform hand hygiene
o PAPR machine check:

a Follow Posted Directions: Poster on Wall or print out in folder on PAPR cart
a Turn off the PAPR
o Put on PAPR hood and determine which ks a good fit for you. Then remove PAPR

hood

a Fit PAPR belt around your waist, with PAPR device resting behind you

o Adjust belt to ensure snug but comfortable fit

2 Attach PAPR hase to machine, then PAPR hood to hose, give hood to PPE

Partner to hold

a Tuck excess belt strap to your waist to leave none hanging

o Don disposable surgical hat, and disposable shoe covers

o Don surgical mask If you will be in the OR during surgery

o Turn on PAPR machine, then put on PAPR hood

a Put on gown

o Don gloves tucked under gown sleeves, then perform hand hygiene on gloves, then
don second layer of gloves over gown sleeves

a Inspect all PPE with PPE Partner’s help

o PPE Partner opens door, provider enters room through the hamiby
using an airlock technique (both doors never open at the same time)

ing the case, to minimize personnel exposure
and PPE consumption. All members of the
surgical team remove their personal effects,
including wallets, phones, badges, and jew-
elry; any pagers are handed to other mem-
bers of the care team for the duration of the
surgery. During this preoperative team hud-
dle, proper setup and accounting of the sur-
gical equipment is confirmed, as well as the
availability of all necessary anesthesia equip-
ment and medications.

A specific OR with versatile character-
istics was chosen to be the designated OR
for procedures in patients with confirmed
or suspected COVID-19. The COVID OR
is on standby when no such cases are ac-
tive, and it is not used for surgeries in non-
infected patients. This is in accord with
published recommendations of anesthesiol-
ogists who, throughout the COVID-19 epi-
demic in China, maintained designated ORs
and anesthesia machines for only infected pa-
tients.” Strong consideration should be given
to performing procedures for which endo-
tracheal intubation is not required in the pa-
tient’s own respiratory isolation room, rather
than the OR to avoid room contamination
and excessive use of PPE.>®

The availability of adequate PPE is con-
firmed during the preoperative team hud-
dle. At a minimum, powered air purifying
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FIGURE 3 Portable Filtration System
With Filtered Exhaust Directed Into

FIGURE 2 Portable Negative Pressure
Anteroom

respirator devices (PAPRs) with hoods must
be available for the anesthesia provider, sur-
geon and surgical technician, recognizing the
Anesthesia Patient Safety Foundation (APSF)
recommendation that these devices confer
superior protection for those with the high-
est risk and most proximate exposure to the
patient throughout the case.”® An N95 respi-
rator, at minimum, must be available for the
circulating OR nurse. Patient condition, need
for critical care transport, anesthetic plan
(monitored anesthesia care or general anes-
thesia), and availability of negative pressure
isolation rooms in the ward vs in the oper-
ating suite should help decide patient trans-
port strategies and help determine the most
suitable location to secure the airway. In case
of an inadvertent tube disconnection, trans-
porting intubated patients carries the risk of
disseminating virus laden aerosols into the
environment. Risks of pre-OR intubation
should be balanced with the potential benefit
of securing the airway prior to transport and
decreased gross OR contamination with intu-
bation in the operating suite. Airway manipu-
lation and intubation are among the highest
risk procedures for nosocomial transmission
and performance of these procedures should
utilize precautions described in current APSF
recommendations.>*'°

For patients not requiring critical care
transport, and when conditions favor intu-
bation in the OR, patients should be trans-
ported in a gurney while wearing a surgical
mask. Verification of the operative site, surgi-
cal plan, and other components of the WHO
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Ventilation Return Columns

1

universal surgical safety checklist or time out
are performed in the OR prior to induction of
anesthesia, and a conscious patient can be an
active participant.

If critical care transport is deemed neces-
sary and/or a decision is made to intubate the
patient outside the OR, preferably in a neg-
ative airflow respiratory isolation room, the
perioperative team will confirm the availabil-
ity of the following equipment needed for pa-
tient transport:

e Portable transport monitor;

¢ Video laryngoscope;

e Airway supplies and medications for in-
duction of general anesthesia;

¢ Self-inflating bag-mask apparatus at-
tached to an oxygen source;

e High-quality HMEF (heat and mois-
ture exchanging filter) rated to remove
at least 99.97% of airborne particles
> 0.3 microns to filter out viral particles
attached to the expiratory outlet; and

 PPE including impermeable disposable
gowns, gloves, and shoe covers.

While the surgical technician remains in
the OR, the rest of the team will proceed to
the patient’s location with these supplies,
along with the necessary number of PAPRs
and NO5 respirators.

Outside the patient room, the team con-
sisting of surgeon, anesthesia provider, OR
nurse, and the assistant to each of these
health care providers, gathers for the first
time out, confirming the patient’s identifi-
cation, intended procedure, surgical site,
laterality, and informed consent. If the patient
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is verbal and has decision-making capacity,
they confirm their identification, understand-
ing of the planned procedure, and consent
with the team over the phone from the con-
fines of their room. If a patient lacks deci-
sion making capacity standard organization
policies should be adhered to, most of which
do not require direct patient contact and do
not pose any unique infection control chal-
lenges. The anesthesia provider and surgeon
don their PPE including PAPR devices with
the aid of their assistants. Using a PPE check-
list, the surgical team member dons with the
assistance of a PPE partner, who is charged
with reading the instructions on the checklist
to the surgical team member step by step and
inspecting the adequacy of the full PPE at-
tire (Figure 1). A similar secondary check of
appropriate PPE by an assistant during high
risk encounters has also been advocated by
other authors.°

Consideration should be given to intubat-
ing the patient prior to transport to the OR
particularly if the patient originates in a respi-
ratory isolation room with negative pressure
airflow, being mindful that most operating
suites are ventilated with positive airflow that
could help disperse virus laden aerosols in
the procedure area. It may also be beneficial
to have a secure airway in a patient who is
actively coughing, sneezing, and dispersing
respiratory droplets to the surrounding en-
vironment prior to leaving respiratory isola-
tion. When intubation prior to OR transport
is chosen, the fully attired anesthesiologist
enters the patient room first, with a video
laryngoscope, medication, and other sup-
plies needed to successfully induce general
endotracheal tube anesthesia. The anesthe-
sia and surgery assistants don droplet pre-
caution PPE and remain outside the patient
room. Whenever possible, a rapid sequence
induction is performed with minimization
of bag-mask ventilation. Video laryngoscopy
is preferred over direct laryngoscopy in pa-
tients with COVID-19 as it enables a greater
distance between the health care provider
and the airway.>® The surgeon and OR nurse
then enter the room, wearing PPE includ-
ing PAPR, and assist with attaching the trans-
port monitor and moving the patient bed out
of the room. The OR nurse wipes the front
face shield and PAPR hood of the anesthesia
provider after intubation, to clean these pre-
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FIGURE 4 High Touch and Hard to Clean Equipment
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The infusion pump will be wrapped after being set up.i

sumably contaminated components prior to
exiting the room. A second, clean disposable
gown covers the one worn during intubation
to minimize environmental contamination
during transport.!!*2

The patient is intubated, anesthetized, and,
transported to the OR, with a self-inflating
bag mask apparatus attached to an oxygen
source and a second high-quality HMEF rated
to remove at least 99.97% of airborne par-
ticles > 0.3 microns is attached to the expi-
ratory outlet, or a transport ventilator with
HEPA filter attached to the expiratory limb. In
the OR, the anesthesia provider, surgical tech-
nician, and OR nurse assist with moving the
patient to the operating gurney and attach-
ing the monitor. The surgeon remains outside
the room in order to doff the gown and gloves
worn during transport, disinfect their hands
(preoperative scrubbing), and don sterile at-
tire, all while continuing to wear the same
PAPR and hood.

INTRAOPERATIVE MANAGEMENT

Advance planning can help to ensure a safer
intraoperative period when a COVID-19 pa-
tient is brought to the OR. Patient room air-
flow patterns and ventilation capacity should
be considered when developing measures
to prevent aerosol transmission of airborne
infectious agents. Although negative pres-
sure rooms are ideal for aerosol generating
procedures such as intubation, most ORs are
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FIGURE 5 Personal Protective
Equipment Doffing Protocol

DOFFING PPE WITH PAPR

For Procedures in the Operating Room with Anteroom
PPE PARTNER WILL READ INSTRUCTIONS BEFORE EACH STEP

o PPE Partner:
 Stand outside of antechamber in contact/ droplet PPE
a Read PPE Doffing steps
o Watch for breaks in technique

3 HEW: Enter antechamber and clase door (1 person at a time)

a Remaove in the following order
o Gown and outer layer of gloves
u Shoe covers
o Dispose shoe covers, gown and outer gloves into bag taped to wall in
anteroom
o Hand hyglene the under gloves
u Close bag

o PPE Partner:

o Open outer antechamber door

u Receive discarded PPE trash

2 Wipes front face shield, hood, hose, machine in order, using different Super-
Sani Wipes for each component

9 Detach hose from hood
a Hold PAPR machine in back while HOW unclasps belt
o Place PAPR machine in disposable bin with lining

o HOW:
@ Use last pair of gloves to remove PAPR hood pulling up and forward dropping
inte clean receptacle PPE partner provides
a Remaove gloves and perform hand hygiene
a Remove surgical mask

o PPE Partnar:

a Follow PAPR cleaning procedure posted while in Contact/ Droplet PPE
a PPE Partner: doff PPE after last HOW exits OR

a Remove scrubs and shower (not in the hall @)

generally maintained at a positive pressure
when compared with the surrounding areas.
The feasibility of rapidly converting ORs into
negative pressure rooms should be in facil-
ity planning for COVID-19; portable high-
efficiency particulate air (HEPA) machines,
for instance, can be set up to create negative
pressure areas around the OR."”> We estab-
lished a negative pressure anteroom outside
our OR to be used for doffing and as an air-
lock, for use by staff who need to enter mid-
case or pass supplies or specimens into and
out of the procedure room (Figure 2). By
adding 2 portable HEPA filters and directing
the HEPA-filtered exhaust into the OR ven-
tilation return columns, we were able to es-
tablish negative pressure airflow in the OR
(Figure 3).

The protocol was devised with the cur-
rent pandemic-associated shortage of PPE
taken into consideration. We decided to min-
imize staffing across disciplines by excluding
all nonessential personal from entering the
OR. This includes observers, researchers, and
medical students. Residents and fellows may
participate if their presence is deemed vital
to the patient’s intraoperative care. To further
prevent resource consumption, equipment
in the designated COVID OR was reduced to
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essential elements such as the anesthesia ma-
chine, a minimized anesthesia drug cart and
general supply cabinet, all of which were cov-
ered with disposable transparent covers (Fig-
ure 4).'* After transfer of the patient to the
OR table, the patient stretcher is kept in the
OR (space permitting) to minimize contam-
ination of areas immediately outside the OR.

Prior to incision a second time out is per-
formed to confirm the previously verified op-
erative site and plan. During the case, the
assistants to the OR nurse and anesthesia
provider act as facilitators or “runners” for
equipment retrieval and communication with
the outside OR staff. These roles are assigned
to personnel who are familiar with the lay-
out and day-to-day functioning of the ORs,
such as anesthesia technicians and OR cir-
culating nurses. All staff agreed on a strategy
of no breaks or alternations whenever possi-
ble to conserve PPEs.!” Near the conclusion
of the surgical procedure, the receiving inten-
sive care unit (ICU) is given a verbal report
on patient status over the phone.

POSTOPERATIVE MANAGEMENT
Similar to intubation, extubation poses a risk
of generating aerosolization of infectious air-
borne microbes.™ It is helpful for OR per-
sonnel to be aware of the airflow pattern in
their ORs, whether it is positive, negative,
or neutral. As the PSHCS ORs were origi-
nally engineered as positive pressure rooms,
we elected to have to postoperative patients
with COVID-19 transported intubated to a
reverse airflow or negative pressure room
in the ICU. Extubation is performed when
the intensive care team has determined the
patient meets extubation criteria and has
passed a spontaneous breathing trial. When
a negative pressure room in the ICU is not
available for recovery, extubation may be
performed in the OR.

In that circumstance, the patient remains
in the OR for 30 minutes after extubation to
allow for turnover of air in the room prior to
the doors opening for patient transport to the
ICU.* A surgical mask is placed over the pa-
tients oxygenating face mask to reduce drop-
let spread during transport. Patients who are
not intubated for the anesthetic may be first
recovered in the operating room or trans-
ported under droplet precautions directly
back to a negative pressure isolation room.
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FIGURE 6 Protocol Key Portions and Processes

. Preparation | Preoperative
/! n Control
Test/check adequacy PPE

/ auacy Induction

Place signage on doors

Minimize personnel
Don appropriate PPE

Communication
Identify transports
Identify transport route
Coordinate with ward/ICU
Preoperative team huddle
Assign facilitators

Transportation

Clear hallways

Wipe patient gurney
Maintain airborne/droplet
precautions

Prepare for surgery
Don surgical attire
Second “time out”

Set up designated OR
Surgical equipment/supplies
Anesthesiology set up

Nurse, Surgeon, Anesthesiologist proceed to

[Intraoperati\re] I: Postoperative :I

Communication

Agree on disposition
Coordinate with ward/ICU
Identify transport route
Postoperative team huddle

Minimize personnel

Minimize OR traffic

Extubation

Minimize personnel
Maintain airborne/droplet
precautions

Maintain appropriate PPE

Minimize breaks

Utilize facilitators for
supplies and specimens

Transportation
Maintain airborne/droplet
precautions

Wipe patient gurney
Maintain appropriate PPE
Standard monitoring

At the conclusion of the case

Discard all unused consumables, process instrument
Doff PPE

Environmental services to enter with appropriate PPE
Replenish OR and supplies

Maintain negative
pressure in ante room

Abbreviations: ICU, intensive care unit; PPE, personal protective equipment.

Prior to transport, the patient’s gurney is
thoroughly cleaned with Environmental Pro-
tection Agency-approved disinfectant wipes,
and a clean sheet is placed over the patient’s
body below the head.'” The front face shield
of the surgeon’s and anesthesiologist’s PAPR
hood should be wiped down with an alco-
hol-based disinfectant. Both health care pro-
viders don a clean disposable gown as an
outer layer to minimize contamination by
their used attire during transport. Once the
patient is transported out of the OR, all dis-
posable items are discarded. Reusable med-
ical equipment are cleaned and disinfected
according to a thorough application of local
environmental services standard operat-
ing procedures.’® The surgeon and anesthe-
sia providers aid in transporting the patient
to the ICU, along with their outside OR as-
sistants. All personnel remaining in the OR
exit and doff their PPE according to the doff-
ing protocol, which is similar to the donning
protocol, utilizes a PPE partner tasked with
providing instructions to the surgical team
member step by step (Figure 5).

After leaving the OR, terminal cleaning
must be performed by environmental ser-
vices (EVS) personnel, but they should delay
entry into the room until a sufficient amount
of time has elapsed after the last aerosol-
generating procedure in the OR. Time de-
termination will depend on the air change
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per hour (ACH) in the OR that will achieve
99.9% removal of airborne contaminates. For
example, ventilation in our operating rooms
operate at approximately 15 to 20 ACH,
which should attain that level of air clearance
in 21 to 28 minutes.’® Once the stipulated
time has elapsed EVS personnel may enter
the room but should wear a gown and gloves
when performing terminal cleaning. A face
mask and eye protection should be added if
splashes or sprays during cleaning and disin-
fection activities are anticipated, or otherwise
required based on the selected cleaning prod-
ucts. Anesthesia technicians can now also
enter the room to disinfect the anesthesia ma-
chines and set up all disposable supplies for
any potential following case.

CONCLUSIONS

The outbreak of COVID-19 has resulted in
an unprecedented modern health care crisis
across the globe. Perioperative management
of patients with COVID-19 pose unique chal-
lenges to all personnel working in the OR,
where the risk of nosocomial transmission
of infection is ever present. It is essential that
hospitals consider their local resources, infra-
structure and capabilities when devising poli-
cies to respond to the COVID-19 emergency.
In all perioperative situations, meticulous
attention should be given to both donning
and doffing of PPE, crucial for the safety of
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everyone involved in the care of patients with
COVID-19.

Our experience also highlighted the im-
portance of treating a new protocol as an
evolving document, which can be modi-
fied and improved through the conduct of
training and simulation exercises with pro-
viders across disciplines (Figure 6). In gath-
ering nurses, anesthesia staff, and surgeons to
perform drills and simulate their roles in an
imaginary scenario, we gained new insights,
and made corrections and additions that ulti-
mately generated the presently described pro-
cess. Modifications to any protocol may be
necessary depending on the unique circum-
stances of individual health care systems and
hospitals, the characteristics of the patient
population they cater to, and the resources
and expertise they have available. As the pan-
demic continues, we are bound to learn more
about the epidemiology and modes of trans-
mission of SARS-CoV-2, which may demand
further changes to our practice. It is crucial
to remember that while emergency policies
must be rapidly developed, they should be
collaboratively improved and incorporate
new knowledge when it becomes available.
This is essential to ensure the ultimate pro-
tocol is useful, up-to-date, easy to follow and
tailored to the unique local environment of
each health care setting.

After the initial apprehensions and struggles
that attended our confrontation with the cri-
sis, it is our hope that the experience we share
will be helpful to surgical staff at other institu-
tions grappling with the challenges of opera-
tive care in the pandemic environment. While
this protocol focuses on the current COVID-19
pandemic, these recommendations serve as a
template for surgical preparedness that can be
readily adapted to the next infectious disease
crisis that will inevitably emerge.
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