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ARTICLE INFO ABSTRACT

Keywords: Background: The Coronavirus and the COVID-19 pandemic in 2020 have significantly impacted hospital care,
Coronavirus including surgery practice. Hospitals must balance patient care, staff safety, resource availability, and medical
COVID-19 ethics. Differences in community infection trends, national policies, availability of resources and technology, plus
E/[‘:s;gg:;:m local circumstances may make uniform management impossible globally. This paper described the practical
Operating room workflow of emergency COVID-19 surgery in a tertiary referral national hospital in Indonesia.

Pandemic Method: This study focused on the process of preparation for COVID-19 surgery from March 2020-March 2021.
Surgery We also described the available facilities in terms of equipment and human resources.

Results: Steps of COVID-19 surgery preparations were described, such as the setup of general and infectious
triage in the emergency department, development of preoperative screening protocol for COVID-19, designation
of a specialized COVID-19 operating room and surgical staff, changes in preoperative surgery and anesthesia
workflow, development of checklists and postoperative monitoring on staff health.

Conclusions: Changes in the workflow are essential during the pandemic for safe surgery. These changes require a
multidisciplinary approach, communication, and a continued willingness to adapt. We recommend local adap-

tation of our general workflow for emergency surgery during an epidemic or pandemic.

1. Background

WHO announced a severe acute respiratory syndrome pandemic
caused by the Coronavirus type 2 (SARS-CoV-2) virus and its known
disease, COVID-19, in March 2020. From January 4th, 2021, it was re-
ported that 83,910,386 confirmed cases of COVID-19, including
1839,660 deaths.’ During the same period, Indonesia reported 765,350
confirmed cases of COVID-19 with 22,734 deaths. During this time,
Indonesia has the highest caseload in South East Asia.” As more and
more people became infected in Indonesia, our hospital, a national
referral hospital situated in the most densely populated island, received
referrals and local patients suspected of having the disease, with some
requiring emergency surgery.

SARS-CoV-2 spreads via droplets and possibly aerosol, which is
produced frequently in medical procedures such as intubation, ventila-
tion, and suction. It is unavoidable that aerosol-generating medical
procedures mentioned earlier are done in the operating room.’>”
Another issue in the operating room is the possibility of air and surface
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contamination in the operating room. Studies reported that the
SARS-CoV-2 virus was viable in aerosols with a half-life of 1.1 to 1.2 h
and was still detected at the 3-hour mark of experiment time with a
reduction in an infectious titer. The same study found that the most
prolonged virus viability was stainless steel and plastic, with an esti-
mated median half-life of approximately 5.6 h on stainless steel and 6.8
h on plastic.® These findings were alarming for surgery since most sur-
faces in the operating room were made of plastic, and most instruments
have steel elements.

Since SARS-CoV-2 virus infection also depends strongly on in-
dividuals’ human traffic and closeness, the operating room becomes a
high-risk zone for transmission. A modern operating room is similar to a
mega airport that involves a high movement of people such as medical
and non-medical staff, patients, and family members. Hence, the oper-
ating room could quickly become the source of a hospital outbreak with
the possibility of infection for staff and the local community. Evidence
supports the relation between human traffic in the operating room,
airborne bacteria, and subsequent surgical site infection in surgical
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procedures.®”

Concise and clear steps for infection control, workflow adjustments,
and other technical guidance must be made to ensure the patients, staff,
and community’s safety. However, since political logistics, funding, and
community disease patterns may differ from hospital to hospital, a
uniform strategy may not apply to all scenarios.

Although WHO clearly outlined the required protocol to manage
hospitals during the pandemic, limitations in a developing country such
as ours may appear in different levels of management. Crucial to the
pandemic were problems in testing capability such as test availability,
capacity, and speed of result that significantly influence decisions in
surgery.>® There was also a limitation in the availability of standard
operating room for infectious surgery nationwide, and many cases had
to be referred to a referral hospital which adds a centralized burden
during the early period of the pandemic on the availability of personal
protection equipment (PPE), reduce the capacity of hospital beds and
risk of transmission to hospital staff. Both WHO and the Indonesian
Ministry of Health did not specify regulations for surgery during the
pandemic. More time was needed to adopt general health regulations for
surgery requirements.

When this paper was written, we had performed 152 suspected and
or confirmed COVID-19 surgeries from March 2020 to early March
2021. We aim to describe the policy, workflow, and practical execution
of COVID-19 surgery in a tertiary referral hospital in Indonesia.

2. Method

This study was done between May 2020 to May 2021 in a tertiary
referral and teaching hospital in Indonesia. Our hospital review board
considered this study a quality improvement project and not considered
human research, hence IRB waived consent requirements. The obser-
vations and data collected in this study are connected to our co-study
regarding surgical patients with COVID-19 that had been reviewed
and was given ethical clearance or institution’s review board (IRB)
number LB.02.01/X.6.5/161/2020. Data from our co-study is not pre-
sented in this paper since this paper focused solely on the quality

¢ No COVID-19 case

Scenario 0

e 1-30 COVID-19 cases
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improvement reports. The standards for quality reporting Excellence
(SQUIRE) was used as a general guideline on the writing of this report.

3. Results
3.1. Preoperative phase

3.1.1. General preparation

The Indonesian Ministry of Health reported the first case of COVID-
19 in Indonesia on March 2nd’ 2020, and as a result, our hospital
reduced elective surgery capacity to 20%, and only emergency surgery
continued in standard capacity.”” During this early time, a COVID-19
inpatient zone was prepared with advanced staging scenarios in
place4’S (Fig. 1). In March 2020, scenario two was initiated with more
isolation and ICU beds. Due to the high number of caseloads, scenario
three was commenced in December 2020, but our hospital has never had
to open maximum capacity with at 1000 beds with 45 ICU beds.

This designated restricted red zone ~known later as the Kemuning
COVID-19 Zone- was an enhanced on-site facility that was an extension
of our existing isolation unit, once designed to house previous emerging
and re-emerging disease patients such as Avian flu, Swine flu, SARS, and
currently the multi-drug resistant tuberculosis patients. Previously, the
second to sixth floors of the Kemuning isolation zone was our surgical
ward. By April 2020, we have transferred all surgical patients to other
wards in our hospital or our partner hospital in the city.

During the early months of the pandemic, testing equipment for
SARS-COV-2 was not yet available, and testing reagents were pooled in
several national laboratories; hence final antigen testing was impossible.
We had to send our laboratory samples for real-time reverse
transcription-polymerase chain reaction (RT PCR) of SARS-CoV-2 to the
West Java district laboratory. By late April 2020, our hospital was
equipped with on-site PCR testing as a gold standard of diagnosis and a
designated computed topography for COVID-19 for clinical analysis.*°
Although testing was available, we later learned that in the setting of
emergency surgery, only having a testing capacity was not enough since
result time was an essential determinant of decision making in surgery.

o All isolation unit to treat MDR Tuberculosis

¢ No in-patient MDR Tuberculosis case
e 24 |solation beds and 12 ICU to treat COVID-19

® 31-200 COVID-19 case

* No in-patient MDR Tuberculosis case
e 144 jsolation beds and 19 ICU to treat COVID-19

® >200 cases

Fig. 1. Summary of Hospital Preparation Scenarios for COVID-19 Preparedness

MDR : Multi Drug Resistant ; ICU : Intensive Care Unit ; HCU : High Care Unit.

e 278 beds isolation beds and 19 ICU to treat COVID-19
* Prepare to use all available beds (772 beds) and HCU/ICU (70 beds) for COVID-19
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Our hospital met logistic problems during the early month of the
pandemic with the low availability of PPE. PPE was crucial in the care of
COVID-19 patients and surgery in general during the pandemic. Since
our hospital was a national hospital, all of our logistics were supplied by
the Indonesian Ministry of Health. However, since the demand was
higher than supply, our hospital dynamically worked with the local
organization and the West Java people to resolve this problem. We
received multiple donations of PPE from the community, and by July
2020, the Indonesian Ministry of Health was able to maintain a stable
chain of PPE supply but community participation is still a part of our
day-to-day practice pandemic. As was also reported from the United
Kingdom and the United States, grassroots movements to PPE supply
with community involvement is a possible alternative during a health
crisis.®’

3.1.2. Staff preparation

During the early weeks of the pandemic, the hospital’s Human
Resource Department issued a performance health evaluation to all
department heads. The instruction was to classify which staff members
could not carry out direct care for patients with suspected or confirmed
COVID-19. According to the Indonesia Ministry of Health protocol, the
exclusion criteria included staff above 60 years old, pregnant, immu-
nocompromised, severely obese, and other criteria. Those who met the
exclusion criteria were redirected for support in routine health care
services.*®

The panitia pencegahan dan pengendalian infeksi rumah sakit (PPI) or
the hospital prevention and infection control team provided information
about PPE use in each unit, the flow of suspected or confirmed COVID-
19 patients, and the preparation strategies for facilities and infrastruc-
ture in case of a spike in cases. The information was comprehensively
provided to all staff through training posters, round checks, and
demonstration videos posted on the hospital’s YouTube channel called
“Kanal RSHS” (links provided at the end of the paper).

The PPE for staff working in the COVID-19 OR was a fitted N-95
mask, goggles, a face shield, a cap, a gown, shoe covers, boots, boot
covers, and a hazmat suit. Our hospital does not provide powered air-
purifying respirators (PAPR), so it was deemed crucial that an appro-
priate N95 mask size was tested utilizing a “fit test” carried out by the
hospital infection prevention and control team, and these tests were
carried out on our staff in the early days of the pandemic.

The anesthesia and intensive care department had three additional
work areas to cover: the COVID-OR, COVID-19 high care/intensive care,
and COVID-19 emergency room unit. During this period, anaesthesiol-
ogists play a significant role in the in-hospital COVID-19 management,
and policies adapted from the WHO or Kemenkes Indonesia guidelines
were set to maintain our staff’s general well-being. First, the general
policy was the cessation of all scientific teaching and administering
examinations where groups of people would gather - all of which were
moved to online platforms. All residents and consultants were given a
day off after COVID-19 care. A “bubble” system was created in which
one team would have zero to limited contact with other staff outside of
their bubble group. An internal surveillance team was set up to monitor
daily staff health and urgently seek and trace if a possible infection
occurred. All staff was discouraged from coming to work if they felt
feverish or had influenza-like syndromes, or were generally unwell,

By February 2021, all anesthesia and surgical team in our hospital
had received the second dose of the COVID-19 vaccine, and future ob-
servations on the effect of this vaccine on the infection rate among
health care workers would be an exciting topic to discuss in the future.

3.1.3. National referral procedure

Our operating room received referred and locally sourced emergency
surgical cases suspected or confirmed COVID-19 from our emergency
unit. The referred cases were consulted to our hospital via the Indone-
sian Ministry of Health national referral system known as the sistem
informasi rujukan terintegrasi (Sisrute) or translated as ‘The integrated
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referral information system,” accessed from the web address https://sisrut
e.kemkes.go.id/baru/index.php. The Sisrute system collected informa-
tion regarding the patient’s basic demography, symptoms, laboratory,
and imaging results, which would then be evaluated remotely by the
emerging and re-emerging infection team or better known as the Pinere
team.

The Pinere team would approve or reject a consultation based on the
availability of postoperative beds and the requirements. Among the
board of consultants in the Pinere team, an appointed surgeon, anaes-
thesiologist, and obstetrician were included in catering to the need for
surgical cases. Surgical patients from our emergency unit were consulted
to our operating room via the hospital information system after they had
been evaluated by the Pinere team.>"

Upon approval, the district hospitals transported their patients ac-
cording to the national standard of patient transport guidelines to our
hospital. Our isolation emergency unit received suspected and
confirmed cases in a separate wing from our regular emergency room
complex.

3.1.4. Preoperative phase

A uniform general screening for COVID-19 was conducted in the
emergency triage during the preoperative period using a standard
questionnaire. Patients who fulfilled the criteria for suspected COVID-19
or were a confirmed case with a positive PCR result were isolated in a
specified isolation wing of the emergency unit.® Regarding surgery,
two possible scenarios surfaced: whether the patient was a surgical pa-
tient who needed COVID-19 screening for surgery or the patient was a
medical case with a suspected/ confirmed COVID-19 case later requires
surgery. The latter scenario was found to be uncommon in our center.

The screening procedure did not change during the pandemic, but
the diagnostic options evolve quickly by the end of 2020. As anesthesia
and surgery involve high-risk aerosol procedure and principles of social
distancing, surgical mask use and ventilation were challenging to
maintain in the operating room; all surgical patient was required to be
consulted to the in-house Pinere team before surgery. Besides the stan-
dard questionnaire, a series of blood work, chest X-ray, rapid antibody
and or antigen test, PCR testing, and chest scan was required. The lab-
oratory and radiological examination to determine patients’ COVID-19
status evolved due to the innovations developed during the pandemic
and available new technologies in our center. (Fig. 2)

Since no testing was available on-site during the early months, the
screening for COVID-19 relies heavily on findings through anamnesis,
contact tracing, physical examination, blood work such as leucocyte,
total lymphocyte, and neutrophil-lymphocyte ratio, chest radiograph
image of bronchopneumonia, and rapid antibody testing. The findings
mentioned had only 40-60% sensitivity or specificity to diagnose
COVID-19 than PCR. A significant proportion of COVID-19 patients was
also asymptomatic during admission, and false-negative classification of
a patient’s COVID-19 status before surgery was and still is possible.'*'?
Limitations on working hours of the laboratory and time to result also
impacted surgical care. As a result, our hospital saw an increase in
surgical demand for PPE, increased use of negative pressure chamber
operating room, and requirements for postoperative isolation ward,
which resulted in inefficiency both in resources and general cost.

According to our policy, only two surgical cases did not require
preoperative COVID-19 screening, which was life-threatening hemor-
rhages and fetus distress in which surgery would proceed using the
required level 3 personnel protection equipment (PPE). The anesthetic
visit was done via video call for anamnesis to minimize exposure and
limit the use of valued PPE while laboratory and radiological exami-
nations are available online in the hospital information system (HIS).

3.2. COVID-19 operating room and team

3.2.1. COVID-19 operating room
Positive pressure is the typical approach in the operating room (OR)
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Stages Stage 1 Stage 2 Stage 3 Stage 4
(March —April 2020) (April 2020-August 2020) (September- December 2020) (January 2021-currently)
In-House PCR testing No Yes Yes Yes
available ?
Time to PCR Result 7 days 3 days 12-18 hours 1-2 hours
Timing of test Only working days Only working days Only working days 24 hours, 7 days a week

Only working hours Only working hours

Other Test Available RSHS COVID-19 score

Rapid antibody test

RSHS COVID-19 score
Rapid antibody test

Policy for Emergency Case No preop testing needed No preop testing needed

Only working hours

RSHS COVID-19 score Rapid antibody test
Rapid antibody test CT- Thorax
Thorax CT-Scan Rapid antigen testing

No preop testing needed Proceed with level 3 PPE, and

Policy for Urgent Case

Proceed with level 3 PPE, negative
pressure chamber and post op to
COVID-19 ward

Either a suspicious RSHS COVID-19
score OR positive rapid antibody test
OR high risk aerosol surgery AND
confirmed by Pinere then surgery
proceed with level 3 PPE, negative
pressure chamber and post op to

Proceed with level 3 PPE, negative
pressure chamber and post op to
COVID-19 ward

Either a suspicious RSHS COVID-
19 score OR positive rapid antibody
test OR high risk aerosol surgery
AND confirmed by Pinere then
surgery proceed with level 3 PPE,
negative pressure chamber and post

Proceed with level 3 PPE, negative pressure
chamber and post op to COVID-19 ward

If possible to delay, await PCR screening

results.

If not possible to delay, either a suspicious
RSHS COVID-19 score OR positive rapid
antibody test OR suspicious Thorax CT-Scan
OR high risk aerosol surgery AND confirmed

negative pressure chamber
Intraoperative swab is taken and wait
for results to determine post op unit

Preop PCR screening is needed for
all urgent surgery. If, PCR is positive
and surgery can not be delayed,
surgery proceed with level 3 PPE,
negative pressure chamber and post
op to COVID-19 ward

COVID-19 ward op to COVID-19 ward

Reschedule until PCR result is
negative

Policy for Elective Case
negative

Reschedule until PCR result is

by Pinere then surgery proceed with level 3
PPE, negative pressure chamber and post op to
COVID-19 ward.

Reschedule until PCR result is
negative

Reschedule until PCR result is negative

Fig. 2. Evolution of Preoperative COVID-19 Screening for Emergency Surgery.

RSHS : Dr Hasan Sadikin National Referral Hospital; PPE: personal protection equipment; CT-Scan : computerized topography; PCR: polymerase chain reaction;

Pinere : emerging and re-emerging infectious disease team.

to prevent the circulation of pathogens that could contaminate an open
wound. However, this protocol poses a risk to staff and other patients
during the pandemic since aerosol-generating procedures are conduct-
ed. In concordance with several recommendations, negative pressure
ORs could minimize infection risk. A high air exchange cycle rate
(> 25 cycles/h) is also maintained to reduce ORs’ viral load. This

negative chamber was concordant with many guidelines and was also
adapted during the SARS outbreak in Singapore, Taiwan, and
Canada.'®!>2°

The specialized COVID-19 operating room - 301 infectious wing —
consisted of 4 operating rooms, but only one room was equipped with
negative pressure and an anteroom. This wing was once used to host

1. Donning Hall

2

A
>

2A

4. Negative Pressure OperatiingRoom

4 rr‘

2. Donning Stations 3. Positive Pressure Anteroom

6. Doffing Room

Fig. 3. Diagram of COVID-19 infectious Surgical Operating Room.
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surgery for multi-resistant tuberculosis patients. The 301 was separated
into five areas: the patient admission, the surgical room, the anteroom,
the doffing room, and the dressing hall (Fig. 3). To further reduce
contamination, the patient entrance access was separated from the usual
route, and the hallway connecting the 301 to our central operating room
was sealed. Strict staff mobilization in and out of the area was ensured to
reduce footwork.®”'*1° As surgery for COVID-19 patients increased
during the last period of 2020, an emergency scenario was also set up for
if more than one operating room is needed simultaneously. As was done
in Hong Kong and Singapore during the SARS outbreak, the other three
operating rooms could be modified into a negative-pressure room by
attaching exhaust fans with high-efficiency particulate air filters to
windows leading to the outside.'*'8

Room 301 as the operating room was monitored using two CCTV
cameras connected to a nurses’ station’s control desk. CCTV and mobile
phones were an essential part of team communication in COVID-19
surgery. The room was also equipped with one landline phone and
one set of handy talkies for communication.

The central operating room created an activation protocol for
COVID-19 surgery that included team activation, surgical and anes-
thesia equipment setting, surgical donning and doffing procedures, and
patient transport. An additional anesthesiologist and surgical nurses
were called in for COVID-19 surgery during work hours, but the limi-
tation in human resources caused this system not to be available during
night and weekend shifts. Consequently, other emergency surgery had to
be postponed during COVID-19 surgery during the night and weekend.
Roles for COVID-19 surgery were the attending anesthesiologist, anes-
thesiology resident, anesthesia nurse, attending surgeon, surgery resi-
dents, scrub nurse, in-room circulating nurse, and two out-of-room
circulating nurses or “runners,” which consisted of one anesthetic nurse
and one surgical nurse.

Since more time is needed to prepare for COVID-19 surgery, espe-
cially on room settings and personal protection equipment donning, the
COVID-19 surgery was separated into several checklists (supplemen-
tary 1). The essential checklist was implemented daily regardless of
whether any COVID-19 surgery was planned for that day. The checklist
was divided into the surgical checklist, anesthesia checklist, and general
checklist. Some ideas for the checklist came from general guidelines
such as by the American Association of Anaesthesiologists (ASA), and
some details were developed from local needs and recently published
guidelines, 1626

3.3. COVID-19 or preparation

When a COVID-19 surgery is planned, the surgeon enters the central
operating room (COT) plan via the hospital information system (HIS).
Upon receiving the HIS request, the nurse-in-charge of the operating
room will notify the anesthesiologist on-site and the COVID-19 surgical
team. A neonatologist will be notified if a Cesarean section was the
planned surgery. The nurse-in-charge would also confirm a post-
operative care room’s availability in the red zone.

The pharmacy prepared drugs and disposable items needed for sur-
gery and anesthesia in ready-to-use packages using a checklist. The
pharmacy also prepared packages of disposable PPE and labeled each
package with the specific roles on the team. The drug package is
delivered to the 301 operating room, and the PPE packages are sent to
the donning hall to be paired with labeled face shields, goggles, and
boots in designated donning stations.

An anesthesia machine, monitors, surgical table accessories, and
video laryngoscope were covered with a pre-cut plastic wrap to reduce
surface contamination (Fig. 4). The wrapping was performed to reduce
surface contamination. Studies proved that droplets/ aerosols from
SARS-CoV-2 could be detected on all types of surfaces and in the air
within 4 m of the patient with 24-72 h of survival period on
surfaces.>'>!>20 Wrapping procedure allowed for easy disposal and
more surface protection.
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Fig. 4. Anesthesia Setup for OVID-19 Surgery.

Specifics for anesthesia were high efficacy performance air (HEPA)
filters on the patients’ end and machine entry port of the anesthesia
machine while the emergency trolley, defibrillator, and ultrasonography
(USG) equipment were set in the anteroom to reduce equipment
spoilage. Anesthesia drugs were prepared in stark-labeled syringes for
easy identification. The surgical nurse prepared sterile instruments,
gauze packs, sutures, an electrosurgical unit (ESU), and other equipment
and the circulating nurse will distribute labeled designated googles,
headshields, and boots to the donning stations with the pharmacy’s PPE
packs. The circulating team would also spray anti-fog sprays or soap
sprays to the goggles and face shields to reduce the fogging.

As the team has assembled, the time-out checklist was started. A
review of the patient’s data, the surgical site, potential complications,
and other essential information was laid out. The nurse in charge would
then read the safety protocol inside the room, donning and doffing
procedure, and the post-op staff observations procedure (Fig. 5).

The team will proceed with the donning routine, and the nurse in
charge will alert the emergency isolation room to begin patient trans-
port. The donning stations are equipped with a donning diagram, a
donning checklist with an assistant named “the buddy system” to monitor
the quality of the donning process. The runner would label each staff for
easy identification using a bold marker on their backs and fronts since
communication may hinder the operating room.

3.4. Patient transport

When the patient comes from the emergency unit, the patient would
be transported using the infectious elevator from the first floor to the
third floor where the 301 is situated, but if the patient were coming from
the Kemuning zone, then an ambulance would be needed since the 301
was on a separate complex from the Kemuning zone.
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Team Sign In Donning

COVID-19 Surgery

Fig. 5. COVID-19 Surgical Team Preoperative Preparations.

These steps are taken as our hospital policy dictates strong segre-
gation between clean and contaminated zones in our hospital. Suspected
or confirmed COVID-19 cases cannot travel in our hallways, and an
ambulance transportation protocol is chosen as the method to transport
our patients. The study has shown that zonation and maintaining sep-
aration between zones was critical in managing the SARS outbreak in
Taiwan, and the same principles have been applied here.'®

The patient is transported from the first floor to the third floor using a
particular unit inside a full body-aerosol box with a fully PPE-equipped
team from the emergency room, accompanied by decontamination
personnel with a sprayer. No family member was allowed to accompany
the patient to the operating room unless the patient was a child, whereby
a parent with a surgical mask and face shield is requested to assist.

3.5. Anesthesia and surgery for the COVID-19 patient

Upon arrival in 301, the patient changes into a surgical gown
attended by the anesthesiologist, anesthesia nurse and circulating nurse.
The patient would then gargle with povidone-iodine 1% solution inside
the aerosol box. Studies have shown that povidone-iodine gargle and
nasal spray may reduce SARS-CoV-2 colonization in the upper airway.>*
All paperwork, such as for sign-in and check-in procedures, are con-
ducted via telephone/handy talky to the nurse in charge, and no
paperwork or writing was allowed in 301.

The patient was then transferred to the surgical room using the “one
gate” system, where only one door was opened between each area to
maintain room pressure and zonation. The one-gate system was main-
tained during the entire anesthesia and surgical procedure. The anes-
thesia induction was performed with only the anesthesia team and a
circulating nurse in the operating room.

Standard anesthesia monitoring was used, such as saturation, elec-
trocardiography, blood pressure, temperature, and end-tidal
CO2(ETCOy3). An invasive monitoring device would be considered on a
case-by-case basis. Whenever possible, regional anesthesia or peripheral
nerve block was the chosen technique to avoid airway manipulation.
The patient continues to use a surgical mask, and if oxygenation is
needed via nasal canulae or masks, it would be inserted below the sur-
gical mask.'>1826

Several principles in general anesthesia were used primarily related

to aerosol production. Some of those principles were that the oxygen
flow should be turned off before any exchange to other oxygen delivery
systems was made, two-hand tight-mask seal technique for preoxyge-
nation or ventilation, preoxygenation with rapid sequence intubation
(RSI) or small tidal volume ventilation if RSI is not possible. We also
mandate the use of video laryngoscopy, endotracheal cuff ballooning
before ventilation, endotracheal tube use rather than laryngeal mask
airway, use of ETCO5 to confirm tube placement and closed system
suctioning.'>%°

The surgeon and surgical team entered the operating room after in-
duction of anesthesia, already in their sterile gowns over the level 3 PPE.
During surgery, two nurses, called runners, assist surgery with added
equipment needs and the guide team for disrobing and shower pro-
tocols. If additional instruments or drugs are needed, the runner placed
them on a trolley in the anteroom. The circulating nurse would come out
to the anteroom to take the item while maintaining the “one-gate” sys-
tem and no contact between the person inside and outside the COVID-
OR.

Since no post-anesthesia care unit is available for COVID-19 patients,
the anesthesia team evaluates the patient post-operatively using the
standard Aldrete score as a dismission criterion to the COVID-19 zone
while the patient is still in the operating room. The anesthesia team
handed over the patient to the inpatient team at the patient admission
area. Meanwhile, the team starts the disrobing procedure one by one in
the disrobing area guided by a runner utilizing a loudspeaker, a doffing
checklist and a guide picture (Figure 6; supplementary 2).

3.6. General cleaning

The cleaning staff entered the 301 wearing PPE suits with surgical
masks and long cleaning gloves at a minimum of 15 min after surgery to
allow possible aerosol to clear from the surrounding environment. The
procedure starts with the disposal of all plastic wraps from the various
equipment, disposal of all waste, and the management of dirty linen. The
anesthetic breathing circuit, airway apparatus, and soda-lime were all
disposed. All surfaces were then cleaned from spoilage using water and
disinfectant. The surface was also dried, and second disinfection with a
70% alcohol or 0.5% chlorine solution was performed. The last cleaning
stage was a dry mist procedure for 30-40 min using either an HyO2
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booster or chlorine dioxide % 151723

All waste from COVID-19 surgery was considered contagious and
was separated into a yellow marked plastic hazard bag with COVID-19
markings and taken via a “dirty” corridor to the disposal unit. The sur-
gical instruments are taken to the doffing area and a team from the
central sterilizing unit would seal them for relocation in a particular
travel lorry. The equipment was taken to the sterilizing unit where the
cleaning process was conducted, separated from other hospital in-
struments. After 30 min to 2 h of rest after the dry mist, the room is ready
to be used again. The entire cleaning procedure takes around 4 h.

Staff showered post-operatively in a designated shower area with
soap containing chlorhexidine solution, gargle with 1% povidone-iodine
and apply the nasal spray. The nurse in charge recorded staff data and
submitted the data to the infection prevention team in the hospital. All
team members must perform two temperature checks per day in an
online form and report immediately if any symptoms occur for further
evaluation in concordance with the WHO guideline.”

4.Discussion

Our hospital has conducted close to 150 suspected and confirmed
COVID-19 surgeries from March 2020 to March 2021. As seen with our
experience, many other centers worldwide had to use a multidisci-
plinary approach and changed their surgery workflow to cater to specific
needs during the pandemic. As Italy became an epicenter of the early
outbreak in Europe, an Italian hospital reported massive reorganization
efforts for emergency surgery similar to our experiences such as creating
an infectious triage in the emergency, designating a specific negative
pressure operating room COVID-19, and full PPE for surgery.?” Another
report from a Singaporean hospital reported the same rigorous prepa-
ration for COVID-19 surgery with several differences with our experi-
ence: PAPR, avoidance of staff cross contamination by dedicating
personnel only for COVID-19 surgery, and the ability to perform simu-
lations beforehand with all of their staff. These steps in theory, match
multiple guidelines but were not applicable in our center due to budget
and human resource constraints.'®

The critical issue for surgery on COVID-19 patients was the addi-
tional time needed for the patient to get the surgery. In our experience,
the significant delay was due to the screening and diagnostic procedure
for COVID-19. The availability and time-to-results of antigen testing
became critical in COVID-19 diagnosis. Since a more advanced
technological-based examination is needed - the PCR- then in devel-
oping countries where this technology may not be available readily,
delays were unavoidable (Fig. 1). In our center in the early weeks of the
pandemic, the surgical decision was so late due to screening protocols
that two patients died before getting their surgery.

CT-scan was the recommended tool for rapid SARS-CoV-2 diagnosis
as a metanalysis concluded that the detection of COVID-19 chest CT
imaging is very high among symptomatic individuals at high risk with
up to 80% sensitivity in asymptomatic patients to diagnose COVID-19.
However, it was unavailable in our center at the beginning of 2020. A
false negative on a CT- scan is also problematic since reports from the
Italian hospital above that mandate a preoperative screening chest CT
scan instead of the routine chest x-ray for surgery shows three percent of
the surgical candidates with non-respiratory symptoms which had a
negative chest CT scan finally had a positive nasopharyngeal swab.?”
The same problem in diagnosis COVID-19 compared to the timing of
surgery was also reported from ground zero in Wuhan.?®?° Similar to
our policy, level 3 protection and negative pressure operating rooms
were used religiously and although safe, may not be the most efficient
approach.

The effect level 3 PPE for emergency surgery had an unavoidable toll
on our team’s general health and clinical capability even for performing
simple and routine procedures. Since surgery was a meticulous process
and duration more often was longer than our standard 3-4 h PPE time
limit, staff reported dizziness, heat stress, and reduced concentration
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during surgery. The study has proven that after wearing PPE there is
considerable thermal stress ultimately affecting human performance,
which increases physical stress and may lead to a decrement in
concentration, >’

Two urgent innovation is needed regarding diagnostic tool and suits.
Research into suits that are lighter, cooler, have a separate oxygen
supply, and are at an affordable price is needed urgently as the pandemic
continues to be an issue for the immediate future.*>!

As for quick, sensitive, and specific antigen testing for SARS-CoV-2
which is critical for surgery, a possible approach is recommended by
our center. In 2021, our hospital used the already available GeneXpert
MTB/RIF molecular platform (Xpert; Cepheid, Sunnyvale, CA, USA) for
SARS-CoV-2 detection which provided results within 45 min. The opti-
mization of already owned technologies, such as the GeneXpert MTB/
RIF platform, requires a minimum number of trained staff and less
infrastructure and equipment when compared with classic real-time
PCR. Reports from our hospital and Madagascar show that optimizing
the GeneXpert MTB/RIF platform for the surveillance of SARS-CoV-2 in
low-income and middle-income countries is relevant and achievable
should be considered in settings with difficult access to laboratories and
an already existing GeneXpert MTB/RIF network.>?

Another delay was the availability of a postoperative room since our
hospital also manages nonsurgical COVID-19. At the highest peak of
COVID-19 in our province, December to January 2021, room avail-
ability was scarce even when our Kemuning zone capability was maxi-
mized at 100%. This issue became complicated when the patient
surgical COVID-19 patient required high care or intensive care post-
operatively since the availability was even lower.>*

Delays were also unavoidable as surgery preparation for COVID-19
was complex. It is crucial that during this pandemic, the operating
room develop checklists, perform simulation, do evaluation and ad-
justments routinely.'>?'?” The use of the checklist and workflows has
increased our capacity in curving this delay and we have been able to
shorten our preparation time to 40 min. At the highest peak of our
community infection rate, the potential of a second COVID-19 surgery
being planned while the first one was being conducted or the cleaning
procedure had not finished was highlighted. As this paper was being
written, our hospital prepared an emergency scenario including the
closure of an entire surgical wing or the renovation of a second
COVID-19 operating room.

Lastly, although there was no proven record of intra-operative
infection among our staff, reports of mental stress due to fear of being
infected remained high. Studies showed that health care workers are 23
times more at risk of getting COVID-19, which is the basis for rational
fear among health care workers. As mitigation steps, we perform the
post-surgery evaluation in an online setting on a case-by-case basis to
allow team members to communicate their fears and input to the system.
Our hospital has also taken significant safety steps such as guaranteeing
PPE availability, supporting routine tracing, and providing swabs for the
staff. It has also provided treatment for staff who have contracted
COVID-19 and guaranteed the income for staff with COVID-19 related
sick leave.

5. Conclusion

During an epidemic or pandemic, the execution of surgery requires
different protocol levels, which apply known guidelines to local capacity
and needs. The operating room must be ready to modify structures,
workflow, processes, and evaluation to manage infectious patients
safely. This approach requires a multidisciplinary approach such as
anesthesiologists, surgeons, nurses, infection specialists, infective pre-
vention team, pharmacy, and non-medical staff to develop meticulous
but effective surgical care. The core of the surgical protocol during the
COVID-19 pandemic is always and will be the safety of both our health
care workers and patients.>?
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Additional information

1 RSHS Bandung COVID-19 simulations
com/watch?v=i1U7MewL3uU&t=360s

2 RSHS Bandung COVID-19 airway management https://www.yout
ube.com/watch?v=2t1MW4CsVnE&t=503s

3 RSHS Bandung doffing protocol for infectious disease https://www.
youtube.com/watch?v=2xSzOhpNue4

4 RSHS Bandung donning protocol for infectious disease https://www.
youtube.com/watch?v=cdt2hxO0s0T4

https://www.youtube.
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