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INTRODUCTION

A global health emergency has been declared by the
World Health Organization (WHO) as the SARS-CoV-2
outbreak spread across the world. Patients infected with
SARS-CoV-2 are at risk for developing respiratory failu-
re and requiring admission to critical care units. While
providing optimal treatment for these patients, careful
execution of infection control measures is necessary
to prevent nosocomial transmission to other patients
and to health workers providing care.! In the operating
room, these preparations involve multiple stakeholders

and can present a significant challenge. Here we descri-
bed the measures for the outbreak adopted by the anes-
thesia department of a private tertiary care level hospi-
talin Porto. These include engineering controls such as:
identification and preparation of an isolation operating
rooms, administrative measures such as: modification
of workflow and processes, introduction of personal
protective equipment, and formulation of clinical guide-
lines for anaesthetic management. We discuss how the
hierarchy of controls should be a framework to plan, the
necessary measures during each phase of a pandemic,
and review the evidence of the procedures taken. The-
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se containment measures are necessary to optimize the
quality of care provided to SARS-CoV-2 patients and to
minimize the risk of viral transmission to other patients
or healthcare workers.”

EMERGENCE AND GLOBAL
SPREAD OF SARS-CoV-2

Coronaviruses are important human and animal pa-
thogens. At the end of 2019, a novel coronavirus was
identified as the cause of a cluster of pneumonia cases
in the city of Wuhan, in the Hubei Province of China. It
rapidly spread, resulting in an epidemic throughout Chi-
na, followed by an increasing number of cases in other
countries throughout the world. In February 2020,
the World Health Organization designated the disease
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COVID-19, which stands for coronavirus disease 2019
that can evolve to a severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2).2

Inlight of the worsening global situation, WHO declared
the COVID-19 a pandemic on March 11, 2020. Health-
care systems worldwide needed to adapt to respond to
Coronavirus Disease 2019 (COVID-19). Patients with
COVID-19 can progress from asymptomatic or mild
illness to hypoxemic respiratory failure or multisystem
organ failure, requiring intubation and intensive care
admission and management for a prolonged period.
Healthcare providers are at the frontline of this epide-
mic, and they need to be aware of the best available evi-
denceto guide therapeutic management of patients with
COVID-19 and to keep themselves safe while doing so.?

Given that these patients may, in hospital admission by
other clinical conditions or even in the evolution of their
disease, need to enter an operating room, the role of the
anaesthesiologist in optimizing the routes, measures
and protocolsis crucial.

The Anaesthesiology Department from CUF-Porto
Hospital (HCP) developed disease outbreak response
measures in coordination with surgical, nursing, and
other allied health staff. The two main goals of these
procedures were to favor the care of patients with kno-
wn or suspected COVID-19 who needed surgery, mi-
nimizing the risk of perioperative viral transmission to
health workers and other patients and to support every
patient with a need for an emergency surgery.!

This article aims to describe the measures taken to ad-
dress these goals, including identification and set-up of
an isolation operating rooms (OR), modification of wor-
kflow and processes, management of staff, and formu-
lation of clinical guidelines for the anaesthetic manage-
ment.

HOSPITAL MEASURES RELATED
TO SURGERY AND ANAESTHESIA
DURING THE COVID-19
OUTBREAK

INSTITUTIONAL GUIDELINES FOR
PERIOPERATIVE MANAGEMENT

1. Operating Room Management

Soon after the National Health Direction established
that every patient considered non urgent/nonpriority
should be postponed and discharged, CUF Porto hospi-
tal adapted their operating theatres in order to receive
COVID-19 patients and comply with the highest safety
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standards for patients and workers. In fact, elective sur-
geries were limited to interventions in oncologic and
obstetric surgery. Urgent operations continued, but
with additional concerns regarding the risk of disease
spread, namely implementing an increased turnaround
time between surgeries, in order to accommodate addi-
tional infection prevention measures.

CUF Porto hospital has an operating theatre with 7 ope-
rating rooms fully equipped and different contingency
plans were developed in accordance to distinct levels of
demands.

Plan A

The Fig. 1 represents the distribution plan for opera-
ting room in case of positive/suspicious COVID-19 pa-
tients with indication for urgent surgery and negative
COVID-19 patients with indication for urgent or prio-
rity surgery.

Plan B

This plan was ready to be implemented in the case of
mitigation and the need for extra intensive care beds
(Fig. 2), where 5 rooms were reserved for intensive care
and 2 rooms for surgeries in COVID-19 patients.

Plan C

The Plan C is nowadays in practice and defined two
groups of operating rooms; two rooms for positive or
suspicious COVID-19 patients with indication for ur-
gent surgery and five rooms for negative COVID-19
patients with indication for urgent or elective surgery.

In the different plans, separate circuits to go and return
from the operating theatre, were developed in order to
isolate COVID-19 positive/suspicious patients from ne-
gative.

At CUF Porto Hospital, all the OR were already equi-
pped with pressure systems able to create negative or
positive environments, which may contribute to redu-
cing aerosols contagion risk.

Once the emergency period was over, we assisted to
a gradually returning to the normalization of surgical
practice with the elective surgery restart. The operating
theatre had to be restructured in order to allow the coe-
xistence of positive and negative COVID-19 patients
complying with isolated circuits (Fig. 3).

The operating rooms used for positive COVID-19 pa-
tients or aerosol-generating surgeries, such as bron-
choscopy and dental treatments, were kept in negative
pressure environment and the remaining rooms worked
with positive pressure environment and 21 air exchan-
ges per hour.
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With this operating theatre contingency measures, it
was possible to ensure the correct and safe different
levels of demand created by the COVID-19 pandemic
and above all to ensure our patients and staff safety
contributing to the empowerment healthcare system as
awhole.

2. Staff Management, Training and communication

The use of a surgical mask was made obligatory in all
areas of the operating theatre as in all areas of the Hos-
pital, for all hospital workers. Staff elements were mo-
nitored for fever and respiratory symptoms, but there
was no record of any suspected/confirmed case in our
operating room team.

Anaesthesiology members were involved in research
and in the organization of cognitive tools such as proto-
cols for personal protective equipment usage (PPE) and
patient management.

Due to a reduced number of surgeries, nurses, anaes-
thesiologists and technical staff were able to attend in
situ simulation training on donning and doffing, in a spe-
cial area created for safe practice. These sessions were
always monitored by a third element that could confirm
the correct execution of the procedure. Everyday a new
personal protective equipment was suitable for all heal-
thcare teams in the operating room.

We established a straight communication channel bet-
ween all the staff involved in patient management, in-
cluding healthcare workers from the emergency depart-
ment, intensive care unit, wards, labs and outpatient
appointments. Before patient transference, a phone call
from the head nurse to her correspondent at the place
receiving the patient was done. In order to reduce the
risk and even avoid contamination, the transport was
done through the faster pathway with less care workers
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FIGURE 3. Discontent plan for operating theatre.



nearby. After each patient’s displacement a cleaning
team was contacted by phone to clean the pathway and
surfaces deeply.

3. Patient Management

Admission

All patients presenting to the hospital were screened
using a questionnaire for suspected SARS-CoV-2 infec-
tion, which included questions about travel to endemic
regions in the past 14 days, close contact with identi-
fied SARS-CoV-2 infected patients, fever or respiratory
symptoms. After this clinical screening, the patient was
tested with RT-PCR for SARS-CoV-2.

In cases of urgent surgical procedures, whenever pos-
sible, all patients were tested with RT-PCR for SARS-
-CoV-2. This procedure was also done with all pregnant
in labor or proposed for cesarean-section section. In all
women in labor that were positive/suspected or in the
cases with no time to obtain test results, the delivery
was done in an operative room with negative pressure
ventilation and with full protective equipment for all sta-
ff members involved (Fig. 3).

Anesthesia Care

CUF Porto Hospital adopted the same strategy as pre-
viously described by many authors, namely recommen-
dations concentrated in organization of the operating
theatre; airway management and ventilation and team-
work.*” The anaesthesia team was daily organized in
shifts of 24 hours per week. Each day two consultantsin
anaesthesiology were in physical presence and another
element was on-call.

Before the begin of anaesthesia care, a briefing was
done by anaesthesiologist and anaesthesia nurse in or-
der to discuss patient history and comorbidities; define
the anaesthesia intervention, including airway approa-
ch, complementary procedures (such as arterial line or
central venous access); and mainly to anticipate possible
difficulties and plan for the solutions.

The team of one consultant in Anaesthesiology and one
expertise anaesthesia nurse begin donning PPE under
the observation of a third element (usually another nur-
se). This element also observes the donning of a rescue
experienced nurse that will be adjacent to the operating
room and perceives all anaesthesia and surgery proce-
dures and helps if there is a need for new equipment or
special assistance.

All the anaesthesia drugs and airway devices are pre-
viously prepared and organized in trays. We adopted
the approach of a rapid induction with orotracheal in-
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tubation, using a videolaryngoscope with dischargeable
blades (McGraph™) with a clamped tube. For protection
of droplets and aerosolization a transparent plastic Co-
Vering the patient’s head, face and neck was used. This
protection only was removed when the patient was
completely awake and with his own face mask.

The reCoVery of anaesthesia was done inside the opera-
ting room and the patient was discharged toward. In the
case of a patient needing intensive care, after surgery,
the patient and the anaesthesia team will stay for appro-
ximately 30 minutes inside the OR before transferring.

A proper place for doffing the PPE was placed nearby
the corridor of the operating room and the procedure is
done under mirror and peer visualization.

4. Visitors

All visitors to the hospital needed to be tested with RT-
-PCR. In cesarean sections, HCP did not allow the pre-
sence of any companion to the pregnant women during
the surgery. In the case of children surgeries, the pa-
rents who wanted to enter with their relatives until the
induction of anaesthesia (one parent per child), needed
to be tested for COVID-19 in the previous 48 hours.

INSTITUTIONAL GUIDELINES FOR
ANESTHESIA PROCEDURES OUT OF THE
OPERATING ROOM

At CUF Porto hospital there are different areas whe-
re anaesthetic acts are performed outside the classic
operating room. It was necessary to create contingen-
cy plans and later discontent plans appropriate to each
area.

Special Exams Unit:

The procedures performed under anaesthesia in this
area are digestive endoscopic examinations, flexib-
le bronchoscopy, dental treatments, transesophageal
echocardiograms and auditory evoked potentials.

The contingency plan applied in this area at the beginning
of the pandemic in Portugal was:

o Cancellation of all elective exams, only urgent exams
were performed;

» Organization of positive COVID/suspicious circuit
and negative COVID circuit, from hospital admission
to exams area, reCoVery, hospitalization if necessary
and hospital discharge;

o In urgent procedures, the proposed patients should
preferably have a SARS-CoV-2 test performed 4-6
hours before the procedure;

« If it was not possible to wait for the test result due to
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the urgency of the procedure, the case was assumed
to be positive for SARS-CoV-2, following the defined
positive COVID circuit. In this situation, the exams
were performed in negative pressure rooms in the
classic surgery operating room;

Positive SARS-CoV-2 test patients were postponed if
possible;

Emergent and urgent positive COVID patients follo-
wed the established positive COVID circuit;

All elements involved in the procedures (doctors, nur-
ses, assistants) used appropriate PPE;

o Careful disinfection of the examination room and pa-
tient circuit were done.

The discontent plan applied in this area came later with the
aim of restarting the non-urgent exams:

o Urgent and elective exams performed;

« Positive COVID/suspicious and negative COVID cir-
cuits were maintained from hospital admission to
exams area, reCoVery room, hospitalization if neces-
sary and hospital discharge;

All patients proposed for elective procedures should
have a negative SARS-CoV-2 test performed in the
last 48 hours and should not have acute respiratory
symptoms;

In urgent procedures, the proposed patients should
have a SARS-CoV-2 test performed, preferably bet-
ween 4-6 before the procedure;

If it was not possible to wait for the test result due to
the urgency of the procedure, it is assumed to be a
positive case for SARS-CoV-2, following the defined
positive COVID circuit;

Patients with a positive test should be postponed if
possible;

All elements involved in the procedures (doctors, nur-
ses, assistants) use appropriate PPE;

o Careful disinfection of the examination room and pa-
tient circuit are done.

Obstetrics and Gynecology Unit

Contingency plan:

In the initial phase of the pandemic in Portugal, the con-
tingency plan in this area was essentially based on:

» Cancellation of all non-urgent gynecological procedu-
res;

» Only deliveries, cesarean sections and urgent oncolo-
gical gynecological surgery were performed;
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» Organization of positive COVID/suspicious and nega-
tive COVID circuits from hospital admission, hospita-
lization, operating room, reCoVery room, hospitaliza-
tion and hospital discharge;

o Conducting tests for SARS-CoV-2 research 48 hours
before elective surgery (deliveries, cesarean sections
and urgent gynecology surgery);

e In urgent procedures, the proposed patients should
have a SARS-CoV-2 test performed, preferably bet-
ween 4-6 hours before surgery;

o If emergent surgery with the impossibility of carrying
out the SARS-CoV-2 research test, the case was as-
sumed to be positive COVID and the patient should
follow the positive COVID circuit;

» Use of appropriate PPE by all elements involved in the
surgeries (doctors, nurses and assistants);

» Careful disinfection of the operating room and the cir-
cuit traveled by the patient.

Discontent plan arises when non-urgent surgeries were

restarted:

» Urgent and non-urgent gynecological surgery, delive-
ries and cesarean sections;

» Positive COVID/suspicious and negative COVID cir-
cuits were maintained, since hospital admission, hospi-
talization, operating theater, reCoVery room, hospita-
lization and hospital discharge;

o Conducting tests for SARS-CoV-2 research perfor-
med 48 hours before elective surgery;

o In urgent procedures, the proposed patients should
have a SARS-CoV-2 test performed, preferably bet-
ween 4-6 hours before surgery;

o If emergent surgery with the impossibility of carrying
out the SARS-CoV-2 research test in a timely manner,
the case was assumed to be positive and the patient
followed the positive COVID circuit;

o Use of appropriate PPE by all elements involved in the
surgeries (doctors, nurses and assistants);

» Careful disinfection of the operating room/delivery
room and circuit traveled by the patient.

Hemodynamics and Intervention Radiology Unit

Contingency plan:

o Cancellation of all non-urgent procedures;

o Organization of positive COVID +/suspicious and
negative COVID circuits from hospital admission, he-
modynamics room, reCoVery room, hospitalization if
necessary and hospital discharge;



In urgent procedures, the proposed patients should
have a SARS-CoV-2 test performed preferably bet-
ween 4-6 hours before surgery;

If it was not possible to wait for the test result due to
the urgency of the procedure, it was assumed that the
patient was positive for SARS-CoV-2, and the patient
must follow the defined positive COVID circuit;

Patients with a positive test were, if possible, postpo-
ned;

Emergent and urgent positive COVID patients follo-
wed the established positive COVID circuit;

Use of appropriate PPE by all elements involved in the
surgeries (doctors, nurses, and assistants);

Careful disinfection of the operating room/delivery
room and the circuit traveled by the patient.

Discontent plan emerges when non-urgent procedures
were restarted:

o Urgent and elective procedures;
o The positive COVID/suspicious and negative COVID
circuits were maintained, since hospital admission, he-

modynamics room, reCoVery room, hospitalization if
necessary and hospital discharge;

Conducting tests for SARS-CoV-2 research 48 hours
in advance for scheduled procedures;

In urgent procedures, the proposed patients should
have a SARS-CoV-2 test performed in a timely man-
ner, preferably between 4-6 hours before the proce-
dure;

o If an emergent procedure with the impossibility of
carrying out the SARS-CoV-2 research test in a timely
manner, the case was assumed to be positive and the
patient must follow the defined positive COVID cir-
cuit;

Use of appropriate PPE by all elements involved in the
surgeries (doctors, nurses and assistants);

» Careful disinfection of the hemodynamics room and
the circuit CoVered by the patient.

Nuclear Magnetic Resonance (NMR) and Computed
Tomography (CT)

Contingency plan:
o Cancellation of all elective exams;
» Organization of positive COVID/suspicious and nega-

tive COVID circuits from hospital admission, exams
room, reCoVery room and hospital discharge;
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» In urgent procedures, the proposed patients should
have a SARS-CoV-2 test performed in a timely man-
ner, preferably between 4-6 hours;

If it was not possible to wait for the test result due to
the urgency of the procedure, it was assumed that the
patient was suspected/positive for SARS-CoV-2, and
must follow the defined positive COVID circuit;

Patients with a positive test were, if possible, postpo-
ned;

Emerging and urgent positive COVID patients follo-
wed the established positive COVID circuit;

Use of appropriate PPE by all elements involved in the
surgeries (doctors, nurses and assistants);

o Careful disinfection of the exams room and the circuit
traveled by the patient.

Discontent plan emerges when non-urgent procedures
were restarted:

» Urgent and non-urgent procedures;
» The positive COVID/suspicious and negative COVID
circuits were maintained, circuits from hospital admis-

sion, exams room, reCoVery room and hospital dis-
charge;

Conducting tests for SARS-CoV-2 research 48 hours
in advance for scheduled procedures;

In urgent procedures, the proposed patients should
have a SARS-CoV-2 test performed in a timely man-
ner, preferably between 4-6 hours;

If an emerging procedure with the impossibility of car-
rying out the SARS-CoV-2 research test in a timely
manner, the case was assumed to be positive following
the positive COVID circuit;

Use of appropriate PPE by all elements involved in the
surgeries (doctors, nurses and assistants);

Careful disinfection of the examination room and the
circuit the patient travels.

DISCUSSION

The Anesthesiology Department of CUF Porto Hospital
formed clinical care, infection control and manpower al-
location workgroups at the beginning of the COVID-19
outbreak, in order to develop guidelines that were regu-
larly updated for the clinical management of suspected
or confirmed cases.® Teamwork, good communication
across all the departments and willingness to listen are
key components to maintaining good patient care, espe-
cially in these times of crisis.
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One of the highlights of our experience during the ou-
tbreak was the temporary set-up of a negative-pressu-
re operation room with an adequate pressure gradient
(>2.5 Pa). There is likely to be a very limited number of
hospitals that are prepared with negative-pressure ope-
rating rooms.2 Overall, although the risk of cross-conta-
mination from airborne infection is low, if staff are ade-
quately protected with appropriate personal protective
equipment, a negative pressure operating theatre can
offer optimal protection to personal working in adjacent
areas.

Almost all hospitals generally have positive-pressure
operating rooms and they may experience an outbreak
without the facilities for the perioperative management
of COVID-19 patients. Our hospital changed two ope-
rating rooms pressure according to the Centers for Di-
sease Control and Prevention (CDC) guidelines.? Con-
tinuous negative pressure was maintained in this two
operating rooms (-4.7 Pa) and reserved for procedures
of suspected or confirmed COVID-19 patients, for ae-
rosol-generating procedures such as bronchoscopy and
dental treatments in any patient. The other operating

TABLE 1. Summary of contingency plan.

rooms are maintained 21 air exchanges per hour, so we
managed a well-ventilated operating theatre.

Personal protective equipment has become an impor-
tant and sensitive subject during the current COVID-19
pandemic. However, is important to remember that PPE
is only one part of a system to prevent contamination of
those who are working near patients with COVID-19.
It is vital to perform other procedures of a system to
reduce cross-infection. In our hospital remains crucial
that all staff understand the purpose of PPE and its role
as one part of a complex system to reduce transmission
from patients to staff and other patients. The PPE’s
setting used must be the appropriate to the mode of in-
fection. Misuse of PPE depletes limited stocks, leads to
avoidable shortages and increases the risk of staff. The-
refore, when performing procedures that generate ae-
rosols, such as endotracheal intubation in patients with
COVID-19, health care workers must wear enhanced
PPE, including gloves, a gown, either a face-shield that
fully CoVers the front and sides of the face or goggles
and respiratory protection, at least as protective as an
N95 filtering face piece respirator.’® When removing

SPECIAL EXAMS OBSTETRICS AND HEMODYNAMICS AND NMR/ CT
UNIT GYNECOLOGY UNIT INTERVENTION RADIOLOGY UNIT UNIT

Exception for elective

ONLY URGENT PROCEDURES e
IF POSSIBLE, TEST BEFORE X X X X
URGENT, TEST IN 6H
BEFORE PROCEDURE X X X X
EMERGENT SUCH AS COVID + X X X X
PPE FORALL STAFF X X X X
DISINFECTION X X X X
FOLLOW HOSPITAL CIRCUIT +/- X X X X

TABLE 2. Summary of discontent plan.

SPECIAL EXAMS OBSTETRICS AND HEMODYNAMICS AND NMR/ CT
UNIT GYNECOLOGY UNIT INTERVENTION RADIOLOGY UNIT UNIT

URGENTAND ELECTIVE
PROCEDURES

TEST 48H BEFORE PROCEDURE X

URGENT, TEST IN 6H
BEFORE PROCEDURE X
EMERGENT SUCHAS COVID + X
PPEFORALL X
DISINFECTION X
FOLLOW HOSPITAL CIRCUIT +/- X
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PPE, care should also be taken not to contact contami-
nated materials.

Another highlight of our experience refers to the scree-
ning in all patient’s admission, using a questionnaire for
suspected SARS-CoV-2 infection and a RT- PCR test for
SARS-CoV-2 in all patients proposed for surgery or any
procedure with anaesthesia. Although the authors have
performed few surgeries on confirmed COVID-19 pa-
tients, potential cases in the near future are anticipated
if a potential second wave appears. The authors descri-
be some of the thought processes and difficulties they
experienced to potentially help others who may find
themselves in a similar situation.

CONCLUSION

Portugal had a high sense of alert and readiness to take
whatever measures to control COVID-19 spread. Por-
tugal has imposed a number of extreme measures on so-
cial movement, social and religious gathering, travel and
businesses, way before the number of cases reached
600 cases. It is expected that Portugal would have a
flatter curve than many other countries and may be able
to control the pandemic quicker than others. Hospitals
were forced to implement dynamic measures that inclu-
ded the modification of infrastructure and processes,
management of staff and patients, infection prevention
strategies and clinical recommendations. The anesthe-
siology “stage” is a complex environment with multiple
stakeholders including anaesthesiologists, surgeons,
nurses, operating room attendants and technicians.
Therefore, it can be a challenge to align the interests
and concerns of all parties. Nevertheless, we believe we
described measures to optimize the quality of care pro-
vided to COVID-19 patients and to reduce the risk of
viral transmission to other patients or healthcare wor-
kers. We hope that this report will help other hospitals
to prepare for future COVID-19 outbreaks and infec-
tion control in unexpected conditions.
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