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The Coronavirus (COVID-19) pandemic has resulted in over 4.5 million confirmed cases and over 300,000
deaths. The impact of COVID-19 on surgical practice is widespread, ranging from workforce and staffing issues,
procedural prioritisation, viral transmission risk intraoperatively, changes to perioperative practice and ways of
working alongside the impact on surgical education and training. Whilst there has been a growing literature base

describing the early clinical course of COVID-19 and on aspects of critical care related to treating these patients,
there has been a dearth of evidence on how this pandemic will affect surgical practice.

This paper seeks to review the current evidence and offers recommendations for changes to surgical practice
to minimise the effect of the COVID-19 pandemic.

1. Introduction

Following a number of cases of pneumonia of unknown origin in
Hubei Province in China, Severe Acute Respiratory Syndrome
Coronavirus-type 2 (SARS-CoV-2) was identified as the RNA virus
causing ‘Coronavirus Disease 2019’ (COVID-19). This virus rapidly
spread throughout the world and was recently declared a pandemic by
the World Health Organisation (WHO) on March 11, 2020 [1-4], im-
pacting many sectors as well as leading to global socio-economic im-
plications [5].

The impact of COVID-19 on surgical practice is widespread ranging
from workforce and staffing issues, procedural prioritisation, viral
transmission risk intraoperatively as well as impact on surgical educa-
tion (Fig. 1).

Whilst there has been a growing literature base describing the early
clinical course of COVID-19 [7] and on aspects of critical care related to
treating these patients, there has been a dearth of evidence on how this
pandemic will affect surgical practice.

Both Brindle et al. [8] and the COVIDSurg Collaborative [9] have
identified key areas where practice should be altered during the COVID-

DOI of original article: https://doi.org/10.1016/j.ijsu.2020.05.002

19 pandemic for safe global surgical care. These include:

1. Preparing a surgical pandemic response plan for this rapidly evol-
ving situation to include postponing elective operations, re-
purposing operating rooms (OR) as critical care areas and operative
workflow

2. Develop a clear team-based plan for providing an essential emer-
gency surgical service during the pandemic

3. Staff education on personal protective equipment (PPE) and COVID-
19 management to deliver surgery safely during the pandemic

4. Recognising and managing COVID-19 infections whilst decreasing
exposure of health care staff

5. Develop a dedicated COVID-19 operating space as part of a wider
hospital response

This paper seeks to review the current evidence and offers re-
commendations for practice in the implementation of these areas.

There are different considerations for each speciality with regards to
the prioritisation of surgical services and delivery of surgical practice.
These have been outlined in part 2.
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Fig. 1. Impact on surgical practice. Reprinted by permission from Wolters Kluwer [6] Copyright (2020).

2. Changes to surgical systems
2.1. Usage of surgical facilities

The critical care bed capacity in the United Kingdom (UK) compares
poorly with other countries in Europe. For example, a comparison be-
tween the UK and Germany shows a difference in Intensive Care Unit
(ICU) bed numbers of 7.5 versus 31.8 per 100,000 population, respec-
tively [10]. Moreover, predictions made by the Imperial College
COVID-19 Response Team indicate a critical care bed demand of more
than 30 times the UK capacity [11].

Consequently, the UK National Health Service (NHS) hospitals have
been reconfigured in order to provide more space for critically-ill pa-
tients in anticipation of greater surges of COVID-19 cases. To date,
33,000 hospital beds have been freed up and 1,200 ventilators have
been provided by the private sector. Elective and other routine opera-
tions have been cancelled or postponed, allowing access to the OR and
the recovery rooms to be used as critical care units [12,13] with a
potential model being set up by a commercial team, COVIDvent [14].

2.2. Redeploying staff

Considering the large numbers of anticipated critically ill patients,
pressure has also been put on increasing the number of appropriately
trained medical staff to care for these patients. Guidelines have been
published by the NHS with recommendations on staffing frameworks
for critical care of patients and on the deployment of medical staff to
meet the critical care capacity surge [15].

Elective and non-urgent surgery cancellations mean that surgeons
can play a key role and contribute to the critical care of these patients.
Specifically, surgeons can carry out line insertions and proning of pa-
tients while ensuring safety of the airway and management of infusions
and lines [15]. Other healthcare staff with OR experience such as nurses
and allied healthcare workers can provide critical care nursing [16].

The Royal College of Surgeons of England (RCS) has set a number of
priorities for adapting the surgical workforce [17]. It is of primary
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importance to maintain other non-COVID emergency surgery pathways
with competent surgical staff and virtual support with teleconferencing
from specialists for the generic surgeon and virtual outpatient clinics to
minimise exposure. Secondary priority is to protect and preserve the
surgical workforce with the appropriate use of PPE, alongside adequate
rest and psychological support where necessary. A lower importance
has been set for fulfilling alternate surgical and non-surgical roles. The
adapting roles of individual surgeons can be divided into current
practice, “on the edge” practice, and “beyond the edge” practice
(Fig. 2).

For surgical staff who need to work beyond their competencies, the
RCS has recommended that their extended scope of practice should
depend on the specific local needs identified. The recommendations
emphasise the need for appropriate training, support and collaboration
with appropriately trained colleagues to allow best possible patient
care. The same recommendations apply for retired surgeons and trai-
nees who temporarily return to practice [18].

A strategy to minimise the risk of acquiring COVID-19 infection
while managing the critical care of patients is to reorganise the surgical
team into two groups. One that is active within hospitals, and one that
works remotely in isolation, both groups alternating with each other at
2-week intervals. This will ensure that any symptoms are identified
within the incubation period of COVID-19 [19].

An alternative strategy is to consolidate the surgical teams in each
day into two teams working long (e.g. 12 h) shifts using each available
operating room in turn (rather than to complete the whole day's list in a
single OR) to allow maximum time for deep cleaning of each OR and
minimise the amount of staff in a department who could be potentially
exposed [20].

2.3. Oncological work

During the COVID-19 pandemic elective operating services will be
greatly restricted, with the exception of cancer cases requiring surgical
management.

Stratification of patients into groups is crucial in order to prioritise
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Fig. 2. The adapting role of individual surgeons during the COVID-19 pandemic [17].

the workload and offer the best available treatment under the circum-
stances while simultaneously preserving resources to enable the battle
against the deadly virus. NHS England recommends patients be classi-
fied into priorities 1-3 based on clinical need [21]:

Priority 1 patients should be further divided into 1a and 1b.

la being patients requiring an emergency operation within 24 h in
order to preserve life; and 1b to include patients with acute conditions
secondary to their underlying issue which may cause irreversible harm
if not operated on urgently i.e. within 72 h. Situations included in the
1b classification may include gastrointestinal obstructions, bleeding or
spinal cord compression among others.

Priority 2 patients should include patients aimed to be operated on
within 4 weeks with the intention of cure and prevention of progression
of the disease to an inoperable stage. These patients should be stratified
based on clinical urgency, expected secondary complications and the
specific growth rate of the specific cancer. The NHS also recommends
that complications be controlled utilising interventional radiological or
gastroenterological procedures (e.g. stents) in cases where operative
intervention has been postponed.

Priority 3 patients are classified as those whose operations can be
deferred for 10-12 weeks without negative consequences.

The American College of Surgeons also stresses the importance of
cancer care coordination. It recommends the establishment of triage
criteria based on prevalence of the disease in the area as well as the
availability of non-surgical alternatives [22].

The College has classified the cancer workload into 3 phases based
on hospital COVID-19 status (Table 1).

2.4. Outpatient clinics and telemedicine

During the COVID-19 pandemic, face-to-face outpatient appoint-
ments should be avoided where possible. This is because it increases the
risk of infection for both the patient as well as the medical professional
conducting the clinic.

Where face-to-face appointments are still essential, the re-
commendation is to follow a one-patient one-room policy to minimise
risk of infection. However, telephone and video appointments are
preferred where possible. Virtual clinics have run successfully for many
years [23-25], but during the COVID-19 pandemic regulations have
been eased to allow greater usage [26].

There are a number of methods in use in the UK such as NHS Attend
Anywhere as well as those conforming to USA HIPAA regulations such
as Zoom, Microsoft Teams and Doxy. However where this is not
available, it is also acceptable to use video conferencing tools such as
Skype, WhatsApp, Viber and Apple FaceTime [27].

Conor et al. [26] suggest that the stages of setting up a telemedicine
clinic are:

Table 1
American College of Surgeons hospital phases.

Phase One: Semi-Urgent Setting (Preparation Phase)
Hospital status:
® Small number of COVID-19 patients
® Hospital resources still available
® [CU capacity not saturated
Aim:
Surgery to be prioritised for patients whose survival will be affected if they don't
receive an operation within 3 months.

Phase Two: Urgent Setting (Preparation Phase)
Hospital status:
® A large number of COVID-19 patients
® Hospital in rapidly escalating phase of COVID-19 spread
® Few ICU beds available
® Operating room resources limited
Aim:
® Surgery to be prioritised for patients whose survival will be affected if they don't
receive an operation within the next few days

Phase Three
Hospital status:
1. Overwhelming number of COVID-19 patients
2. Maximum ICU capacity reached
3. Operating room supplies depleted
Aim:
® Surgery to be prioritised for patients whose survival will be affected if they don't
receive an operation within a few hours.

1. Identifying patients who are suitable for a telemedicine clinic

. Informing patients and giving instructions on access. A locally
modified patient information sheet is recommended, such as the
sheet set up in Norwich and Norfolk University Hospitals in the UK
[28].

. Choosing an appropriate platform

. Documentation and coding for appropriate remuneration [29].

As many clinicians are uncomfortable with the use of telemedicine
clinics, some recommendations for setting up a service are outlined in
Table 2.

3. Procedural considerations

The COVID-19 outbreak has also necessitated global surgical
workforce repurposing and reconfiguration [36]. Alongside hospitals
being advised to urgently discharge all medically fit patients, authority
institutions such as NHS England have instructed the suspension of all
non-urgent elective surgeries for at least 3 months [37]. Similar mea-
sures have been invoked in other affected countries. These measures are
intended to maximise critical care capacity, in order to mitigate the
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Table 2
Recommendations for effective Telemedicine clinics [30-35].

Internal simulation of different platforms to find what works for your service. Have a
dedicated technology facilitator in the department to set up the service
Consent patients adequately and ensure telephone numbers are up to date as a
backup to video clinics
Create a personalised link to your ‘room’ rather a numbered ID or code
Set up a virtual waiting room that informs patients where they are in the queue
Physical room:
- Background - Set up a solid colour background behind you such as a Green Screen
or a collapsible backdrop
- Lighting - Ensure you are well-lit with light facing you. This can be achieved by a
lamp with a diffuse lampshade or a ring light
- Screens - If possible, have two screens so you can take and read notes on one screen
and talk to the patient on another
Load any documents or imaging prior to starting the consultation to avoid disruption
Set up a ‘Virtual Background’ such as an image of the hospital or of your usual clinic
room. This provides the patient with continuity and reassurance as well privacy
for your surroundings.
Starting a consultation:
® Ask the patient if they can hear or see you
- Reassure the patient that a video consultation is like a face-to-face one and that it is
confidential and secure
- Confirm their name and date of birth
- Confirm where the patient is, are they private and if there is anyone else in the room
During the consultation:
- Look at the screen, it is not required to look at the camera only
- If you look away from the screen or are quiet, reassure the patient: ‘If I've gone quiet,
it's because I'm writing’
- If there are technical difficulties, ask the patient the last information they heard
clearly and resume
- If exchanging safety-critical information (i.e medication dosages), ask them to
repeat it to confirm
After the consultation:
- Summarise the main points of the consultation using the text function, if available,
as well for the patient to refer back to.
- If the patient has no more questions, say ‘Goodbye’ and end the call
Complete documentation in the normal way and record that the consultation was
performed over a virtual platform

anticipated sharp increase of cases [38]. In England, this is predicted to
increase capacity of general and acute beds from 100,000 to 130,000
[12].

Indeed, modelling by the Imperial College COVID-19 Response
Team predicted an 8-fold overwhelmed critical care system notwith-
standing the most drastic protective measures (i.e. case isolation, home
quarantine, and social distancing of over 70s) [11]. Thus, the UK
government is taking further measures to increase capacity such as
acquiring up to 8,000 beds from independent hospitals and building
multiple field hospitals capable of housing up to 4,000 beds each
[39,40].

The first surgical priority of healthcare systems is the maintenance
of emergency capabilities, including major trauma [12]. As staffing
deficiencies are likely due to the self-isolation of clinicians, the pro-
tection and preservation of the surgical workforce is critical for up-
holding the provision of emergency services.

The considerations for optimal protection of the surgeon can be
compartmentalised into five domains: (1) the use of PPE, (2) pre-op-
erative risks such as during intubation, (3) specific operative risk issues,
(4) post-operative risks, and (5) keeping others safe.

3.1. Personal protective equipment

There are four identified modes of transmission for the COVID-19
virus: contact, droplet, airborne, and faeco-oral [18].

Thus, advisory bodies such as the United States of America (USA)
Centres for Disease Control (CDC) and Public Health England (PHE)
have recommended the utilisation of PPE for all procedures involving a
patient with confirmed or suspected COVID-19 infection [41]. For
procedures involving an aerosol-generating procedure (e.g. intubation
and extubation) a higher level of protection such as N95 respirators are
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advised with a paramount emphasis on fit testing (Fig. 3) [42]. This is
supported by a number of studies suggesting a relationship between
viral dose and severity of disease [43]. The specific method of dis-
carding disposable equipment should be in accordance with local
policy, followed by hand hygiene [44]. In order to minimise human
error, the CDC has advised a trained observer, with the sole responsi-
bility of ensuring adherence to correct procedure, to supervise the
donning process. This involves verbally walking through the procedural
checklist, concluded by visual confirmation and official documentation.

3.2. Pre-operative risks

The risk of COVID-19 transmission through aerolisation and droplets
are important considerations for surgical personnel. This was highlighted
during the 2003 SARS-CoV outbreak which resulted in a preponderance
of frontline healthcare workers demonstrating significantly increased risk
of contraction and thus illness and death [45]. Additionally, the COVID-
19 outbreak also has reported cases emerging in the medical staff po-
pulation with 29% of nosocomial infections in the Wuhan University
Central South Hospital being in staff [46]. Procedures which are believed
to generate aerosol include: bronchoscopy, endotracheal intubation,
tracheostomy procedures, cardiopulmonary resuscitation, and diagnostic
sputum induction [47,48]. Surgical personnel are at an increased risk
when conducting procedures which involve the aspiration of body fluids
[49] and this is highlighted in the algorithm developed by Forrester et al.
[50] for institutional protection of surgical staff.

The UK Royal Surgical Colleges advise that any patients for priori-
tised planned surgery must have been asymptomatic for 7 days, self-
isolated for 14 days and then have a negative swab within 48 h prior to
planned admission as well as to be assessed for COVID-19 (Fig. 4).
Furthermore, where the patient is likely to require level 2 or 3 critical
care post cancer surgery (High Dependency Unit or ICU), they should be
assessed with a CT chest [51].

Any patients presenting to hospital requiring urgent or emergency
surgery should be assessed for COVID-19 using history, RT-PCR COVID-
19 testing and chest x-ray. Any patient receiving an emergency ab-
dominal CT scan for acute pain, should also receive a High resolution
CT chest (unless a previous scan performed in the past 24 h) at the same
time to exclude COVID-19.

In order to minimise the risk of transmission, the CDC advises re-
moval of non-essential surgeons and personnel from the operating room
during aerosol generating procedures [53]. For example, when dealing
with a confirmed or suspected COVID-19 case, non-essential personnel
should wait outside the OR whilst anaesthesia induction and intubation
are completed. Additionally, even essential staff should be screened for
temperature before entry into the OR [54]. For quick and safe induction
of anaesthesia during Caesarean section, Chen et al. [55] used 5 min of
preoxygenation with 100% oxygen, rapid inhalation of sevoflurane (8%
in 100% oxygen) concurrent with cricoid pressure followed by 2-3 min
of ventilation and intravenous 2% lidocaine (1-1.5 mg/kg), re-
mifentanil (1-2 mg/kg) and succinylcholine (1-2 mg/kg).

Ergonomics are also crucial to infection control. Amongst other
evidence-based perioperative guidelines, Dexter et al. [20] suggesting
double gloving during induction and placing alcohol or chlorhexidine
hand rub on the IV pole to the left of the anaesthetist and a wire basket
lined with a zip closure plastic bag to the IV pole on their right as a
designated dirty area to place contaminated instruments such as lar-
yngoscopes. Moreover, they suggest using nasal povidone iodine and
oral chlorhexidine decolonisation [56].

It is also recommended that a COVID-19 modified version of the
WHO Safety Surgery Checklist should be used (Fig. 5) as well as in-
tubation checklists of which there is a multitude [57,58]. Furthermore,
the designation of dedicated PPE donning and doffing areas can reduce
cross-contamination and many editable templates are available for local
modification [59,60].

Furthermore, one recommendation is to produce pre-prepared bags
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Fig. 3. PHE guidance on appropriate use of PPE [42].

of equipment (Fig. 6) to avoid contaminating general equipment stores
[59]. These can include intubation sets (such as laryngoscopes and
airway devices), intravenous access sets, transportation monitoring sets
(such as blood pressure and ECG equipment) and regularly used drug
sets (such as muscle relaxants and sedatives).

Finally, Wong et al. [59] also wrapped all ‘high-touch’ equipment
such as monitors, nursing station and anaesthetic workstation to avoid
repeated contamination.

Furthemore, changes can be made to the OR ventilation system to
minimise risk. Advancements in computational fluid dynamics have
enabled evaluation of OR ventilation design and monitoring procedures
[63] and this in turn has established several principles relating to the
design of ORs.

Firstly, ventilation applies a dilution effect which minimises the
concentration of contaminants, including viruses and thus it is re-
commended that in patients with COVID-19, the OR is set to have a
high frequency of air flow changes (=25 per hour) to maximise this
effect on reduction of viral load [59].

Secondly, contaminant diffusion is further minimised by introdu-
cing low-velocity airflow directed towards the exhaust outlets.
Moreover, personnel in adjacent areas will benefit from negative
pressurisation in ORs as this functions as a filtration barrier and so
negative pressurisation ORs is now an official recommendation of the
CDC.

3.3. Intra-operative risks

There are a number of measures that must be undertaken to protect
essential members of the operating team during an operation.

Surgical teams managing the early wave of infection in China pro-
duced comprehensive guides to the intraoperative management of surgical
patients including the recommendation that if electrocautery is used, to
use on the lowest power setting with a smoke evacuator to minimise the
exposure to surgical smoke and any potential aerosolised virus particles
[54,64]. Furthermore, surgical practitioners should pay extra attention to

any needlestick injuries or damage to PPE during the procedure.

PHE [65] have also suggested using well-known protocols for in-
fectious patients undergoing surgical procedures and modifying for
those suspect of suffering from COVID-19 to include:

e Placing a surgical mask on the patient during transfer to and from
the OR

o The patient being anaesthetised and recovered in the OR rather than
an anaesthetic room. This should also be undertaken by staff
wearing FFP3 respirators and full gowns if this will involve aerosol-
generating procedures (AGPs) such as intubation

® Single-use instruments wherever possible

e Surgical instruments to be decontaminated in the normal method

e Staff to be reduced to only the minimum required with no un-
necessary visitors

e To place all operations on patients with confirmed or suspected
COVID-19 at the end of the list where possible

3.4. Laparoscopy/endoscopy

There is a theoretical risk of transmission of SARS-CoV-2 during
laparoscopy as it is an aerosol generating procedure and that other
viruses have been detected in surgical smoke [67,68]. Additionally, it
has been suggested by Tao et al. [69] that laparoscopy should be
avoided due to artificial pneumoperitoneum potentially causing in-
creased airway pressure, CO, retention, and decreased lung compliance
in patients with reduced lung volume, which is not conducive to post-
operative functional lung recovery however it is possible to mitigate the
risk from laparoscopy [70].

Zheng et al. [71] report their experiences of minimally invasive
surgery in China and Italy and recommend using minimally-feasible
insufflation pressures and liberal intraperitoneal suction usage as well
as to minimise use of the Trendelenburg position to further minimise
the risk of pulmonary complications of the pneumoperitoneum.

Furthermore, the Royal Surgical Colleges of Great Britain advise
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Fig. 4. Surgical pre-operative pathway adapted from Ref. [51,52].

that laparoscopy should only be performed in select cases where it can
be clinically justified considering the risk of viral transmission to sur-
gical staff [52].

The Society of American Gastrointestinal and Endoscopic Surgeons
recommend that incisions be made as small as possible to minimise
leakage, that insufflation pressures are kept to a minimum and that
smoke evacuation systems should be utilised [72], and that CO, in-
sufflation must be turned off and vented through a filter before the
removal of specimens, trocars or port closure [73,74]. Considerations
are similar during endoscopic procedures for the use of ‘clean’ ORs and
filtration devices as well as for only to be performed where urgent.
Additionally, in endourological surgeries, irrigation fluid should be
collected in a closed system.

3.5. Post-operative risks

Patients should be recovered in the OR as part of an alteration of the
usual patient flow, both to minimise risk of spread as well as due to the
repurposing of the usual surgical recovery area (Fig. 7). Patients should
also be given a single dose of 5-HT3 antagonist (such as ondansetron or
metoclopramide) to minimise postoperative nausea and vomiting which
could lead to further spread [75].

Surgical specimens must be labelled as suspected COVID-19 and
sealed in the OR in addition to all body fluids, disposable equipment,
tubing, gowns and PPE should be double-bagged, labelled with a sign
designating as from an OR with confirmed/suspected COVID-19 patient
and disposed of according to local infectious waste guidelines.

Following this, the OR must be disinfected according to local pro-
tocols which may include the disinfection of high-touch surfaces such as
the operating table and anaesthetic machine with a minimum of 75%
alcohol or chlorine-based disinfectant. Furthermore, other surfaces in
the OR are to be thoroughly cleaned after each operation with a neutral
detergent followed by a chlorine-based solution with a minimum
strength of no less than 1000 ppm of chlorine. This is especially

important as without proper decontamination, the virus can survive on
surfaces for a long time [76]. Conventionally ventilated ORs are not to
be used for 20 min post-procedure, or 5 min if ultraclean ventilation is
used [65,75]. This is due to the fact that one ventilation system air
exchange is thought to reduce viral load by 63% and after 5 air changes,
less than 1% of airborne contaminant remains [65].

Furthermore, personnel involved in the transportation of confirmed
or suspected COVID patients should be minimised to essentials as well
as the provision of a dedicated route for the transfer of suspected
COVID-19 patients. Then, all members of the transportation team
should wear different PPE to what was donned during the procedure as
well as for the patient to wear a respirator or surgical mask during
transfer, according to local protocols.

Patients should be monitored carefully in the post-operative phase
as there are indications that previously undiagnosed COVID-19 may
complicate post-operative recovery [77]. Postoperative pulmonary
complications are not uncommon and it is important to consider
COVID-19 as part of the differential diagnoses alongside aspiration
pneumonia or pulmonary emboli and to perform the appropriate di-
agnostic workup.

Additionally, it is common in many surgical systems for patients
after major surgery to be electively admitted to critical care routinely to
monitor for post-operative complications. Typically, these patients have
short lengths of stay, with one large study showing median length of
stay of 0.9 days (IQR 0.8-1.5) and low mortality [78] and there is some
evidence that additional critical care support may be harmful or futile
[79]. With severe strain on the capacity of critical care units, it would
be prudent to carefully rationalise elective planned ICU admissions and
whether it is required.

Finally, at the time of writing, large-scale cohort studies on post-
operative patients during the COVID-19 pandemic have not yet been
published, however Lei et al. [80] report on the clinical characteristics
and outcomes in 34 surgical patients in Wuhan City, Hubei Province,
China, who were operated on in the early incubation period of the
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COVID-19 Patient & Health Care Worker Safety Checklist

*To be used in conjunction with WHO Surgical Safety Checklist

International Journal of Surgery 79 (2020) 168-179

[ Before patient arrives in operating room H

Once patient in operating room

M

End of operation

To Nursing Team:

0 COVID or Infection Prevention team
notified?

o COVID Notification tags placed on door
o All non-essential equipment & supplies
removed from Operating Room

Communication plan to request materials
needed in OR?

o Mobile phone communication

o Extra staff assigned

o Other

Planned postoperative isolation prepared:
o Ward olCU

Assemble needed materials for operation:
o PPE available for OR
o Viricidal spray/wipes available?

(Once complete nurse can bring anticipated
supplies needed into OR)

To Anesthesia Provider:
Drugs and intubation equipment assembled

To Anesthetist: Pre-intubation*

o All non-essential personnel leave room
o Anesthetist dons N95 mask for
aerosolizing procedure

o Viral filter on anesthesia circuit

o If not intubated, patient wears mask
throughout case

To Nursing Team:

o External Runner designated to stay
outside OR

o If additional supplies needed, they are
called for by phone and delivered to door of
OR

o Patient trolley wiped with 0.5% chlorine or
70% alcohol solution

To Surgeon:

o Minimize duration of surgery

o Minimize aerosolization

o Only essential assistance — no trainees or
students if possible

o Perform WHO Surgical Safety Checklist

o Transport team activated
Specimen Handling:

o All specimens doubled bagged

o Porter wears gloves for transport

To Anesthetist:

o Patient extubated and recovers in OR
Final postoperative isolation

o Ward olCuU

After patient leaves operating room

Minimize aerosol generation by
anesthesia:

Preoxygenate, low flows, no BVM
Cuffed ETT preferred

Essential airway personnel only

Inline suction

HEPA filter between patient and circuit
elbow

Leave HEPA filter on ETT when
disconnecting

Consider TIVA

No CPAP/BIPAP

Simple oxygen mask with low flows
No reuse of masks between patients
without decontamination

Removal of PPE:

o In OR: Remove shoe cover, gowns, gloves
o Outside OR: Remove N95, googles, cap

0 Bag N95 for reprocessing if needed (70°C
dry heat for 30 minutes)

o Clean goggles/face shield with 70%
alcohol

o Perform hand hygiene, change scrubs

Waste Management:
o All unused materials from OR double

bagged in plastic bag for disposal
o Spray waste bags with viricidal

Aerosolizing procedures —
Intubation, NIPPV, high flow oxygen
administration, nebulized medications

" by
Possible aerosols generated by
- Venting CO2 in laparoscopy
- Smoke generated by cautery
- Excessing splashing of fluids

Safe Anesthesia Circuit:

HEPA filter placed between ETT and
plastic circuit tubing

When to change filter??
Reprocessing ETT —

and ready?
oYes o No

Is the pulse oximeter available and
functioning?

oYes o No

o Transport wears gloves to deliver trash to 1. Brush under soap & water, clean
waste receptacle or incinerator internal and exteral portions
thoroughly
R . N
Operating Room Disinfection 2. E:)r:’l)olr:‘nzo % alcohol solution or 0.5%
o Clean all surfaces (OR table, stools, 3. Dry completely before next use
equipment) — 0.5% chlorine or 70% alcohol OR

o Clean floor with 0.5% chlorine Glutaraldehyde soak for 8 hours

Fig. 5. COVID-19 patient and health care worker safety checklist [61].

COVID-19 pandemic in January 2020.

Of those, the majority were oncological cases as well as five cae-
sarean sections but none of the patients demonstrated COVID-19
symptoms prior to surgery.

The median time from surgery to first sign or symptom was 2.5 days
and seven days from surgery to dyspnoea, 32.4% later developed ARDS
and 2/34 patients developed an acute kidney injury. 7 patients later died
following admission to critical care units post surgery. Furthermore, the
authors demonstrated that the proportion of patients requiring critical
care support (44.1%) was higher than the general population of patients
hospitalised with COVID-19 (26.1%) indicated the possibility that sur-
gery may accelerate or exacerbate previously undiagnosed COVID-19.
This was a small study but does demonstrate the need for close mon-
itoring in the postoperative period of all patients during this pandemic.

3.6. Keeping others safe

Many workers on the frontline share their places of residence (e.g.
family or individuals residing within the same flat or apartment) thus
there exists an understandable anxiety about passing the infection on.
Exact policies regarding post-operative actions for personnel involved
in the surgical procedure differs from hospital to hospital. However, it is
generally advisable to seal your clothes in a bag upon arriving at the
hospital and having a shower before putting them back on to go home.

Although hospitals and healthcare institutions may offer accom-
modation to workers who live with vulnerable individuals (e.g. the
elderly and immunocompromised), this is not a feasible option for all.
Alongside the previous measures mentioned (i.e. hand hygiene, chan-
ging clothes) workers must be aware that they are exposed more fre-
quently to other possibly contaminated surfaces (e.g. ATM, petrol
pumps) compared to persons in self-isolation. It is thus important to
have a heightened sense of caution regarding hygiene methods. (e.g.
frequency of hand hygiene, wiping phones, minimising non-essential
travel). Furthermore, the absolute reduction of physical contact with
family and friends should be considered.

If healthcare workers are at all concerned about possible exposure
to SARS-CoV-2, they should contact their occupational health service as
well as to begin to log their temperature or any symptoms [81,82].

4. Impact on surgical education and training

The pandemic is expected to cause an unprecedented disruption to
the provision of surgical education. Undoubtedly undergraduate med-
ical education and the training of surgical residents will suffer with the
suspension of normal training rotations as highlighted in the UK,
Singapore and many other countries [83,84]. The Association of Sur-
geons in Training and the 15 surgical speciality associations in the UK
have specifically warned of a profound impact to surgical training. On
March 13, 2020, the Royal College of Surgeons of Edinburgh an-
nounced that all examinations, courses, and other educational events
would be postponed until further notice [85]. This was a move swiftly
seconded internationally across many healthcare institutions [86-88].

Many surgical educational conferences have also been cancelled or
delayed, decreasing the number of learning opportunities for surgical
trainees. The deceleration of training is expected to increase the capa-
city of emergency and critical care units by enabling the redeployment
of trainees and attendings to clinical areas not usually occupying their
daily practice or grade [89]. In the USA, hospitals have been enrolling
surgical residents into critical care nursing workshops enabling them to
support key allies [90]. There has been a strong emphasis on deployed
trainees receiving appropriate induction and supervision before they
begin unfamiliar roles, ensuring safe practise [18]. For those surgical
trainees in academic surgical training, a huge emphasis is on ensuring
an easy and safe transition to clinical surgical service delivery.

This experience has borne out in Italy where urological residents
have adapted and used smart learning technologies to replace tradi-
tional training methods [91]. These include a pre-recorded video li-
brary featuring taught classes and expert tips and tricks, live webinars
with expert commentary and discussion of clinical cases, social media
journal clubs, and ‘virtual’ rounds.

The four governing surgical bodies of the UK have assured their
trainees that COVID-19 will be taken into consideration during the
Annual Review of Competency Progression (ARCP), where their yearly
progress is reviewed [92]. For surgical trainees requiring revalidation
before September 2020, extensions have been granted. As an alter-
native option, funding for online and distance learning during COVID-
19 as described above is being considered. The Health Education
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Airway Doctor 1 Doctor 2

Most experienced intubator Anaesthetist/ITU/ED

INTUBATION LOCATION - Plan A: Intubation at destination Plan B: Intubate in theatre 8 & 11 Plan C: Intubate in situ (if no side room — 2 M perimeter)

INSIDE: Wall Oxygen, Wall Suction, Sink & Alcogel, Clin waste bin OUTSIDE: Sink & Alcogel, Clin waste bin

Skilled Assist Runner

ODP/ITU Nurse ODP/ITU/ED Nurse

Intubation

Drugs/Haemodyr

clear of head end)

(Stay Assist Intubation Support team/Provide Kit/Know

environment

Gloves X3

Hat/Visor/FFP3 p
(+/- shoe covers)

(+/- shoe covers)

PPE Grab Bag COVID Intubation Grab

Bags (M)(F)(M/F)

Transport Monitor

Hat/Visor/FFP3 Mask/Surg Gown/Apron/ Gloves X3

DRUGS & EQUIPMENT

Transport Ventilator

Hat/Visor/FFP3 Mask/Surg Gown/Apron/ Gloves X3
(+I- shoe covers)

Visor/FFP3 Mask/Apron/Gloves X1

Runner Equipment Drugs

Procedure Grab Bags

4t Floor Theatre 6 4% Floor Theatre 5 4t Floor Theatre 5 (Clean)

4 Floor Theatre 5

4! Floor Theatre 5 (Clean) 4™ Floor Theatre 5 4 Floor Theatre 5 (Clean)

Donning Instructions | + Bougie «  Sats Probe
5(M) 4(F) Face Mask - Capnography: water trap &
Will also need: « 5(M) 4(F) igel tubing
Gloves x3 + Orange (M)
Plastic apron Green (F) Guedel
* In-line suction catheter
mount
«+ Filter
+ 20ml Syringe
+ Mapleson C

+ Tube Tie

+ Tube clamp & gauze
+ NGT & tape

« Intubation SOP

+  Intubation Record

(Clean) (Clean) (Clean) (Clean)
Hat « Laryngoscope ECG Leads + Ventilator tubing - Silver trolley « Fentanyl 1-2 mcg/kg « Atline
Visor * 4 blade ECG Dots « 2n¢filter at ventilator end * 687 NPA *  Ketamine 1-2 mg/kg + Central line
FFP3 Mask - Size 8(M) 7(F) ETT NIBP Cable « Difficult airway trolley (200mg made up to « Peripheral cannula
Surgical Gown + Aquagel NIBP Cuff (CMAC/McGrath)(Front of 20mis w/ n. saline) + Urinary catheter

neck kit)

« IV Pumps X2

+  Further Medications

+ 50ml Propofol (syringe &
tubing)

* Rocuronium

+ 02 cyclinder X2

+ Consider crash trolley

« Propofol 1-2 mglkg

« Rocuronium 1.2 mglkg

«+ Metariminol 0.5mg
bolus to effect

May also need:
« Ultrasound

Post Procedure
Ensure intubation record complete. Paper copy to stay with patient. Take photo with the team secure iPad. Ensure PPE & COVID intubation bags restocked

Fig. 6. COVID-19 Surgical unit equipment list in the Royal London Hospital [62].

England will need to discuss strategies for the smooth transition of
surgeons to return to their surgical training for times past the pandemic
[93-95].

The American Board of Medical Specialities has also developed si-
milar guidelines for recertification as well as the American Board of
Surgery modifying certification requirements such as not including self-
isolation into the 6 weeks of allowed leave, reducing minimum case-
logs by 10% as well as recognising time spent treating COVID-19 pa-
tients as part of training time requirements [96,97].

5. Research

Surgical research, both laboratory and clinically based, has been
suspended due to the COVID-19 pandemic with many surgeons in
academia being re-deployed to the clinical setting to help treat patients
with COVID-19 [98]. Moreover, many clinical and scientific con-
ferences have been cancelled which are valuable sources of scientific
communication, with some transferring to a virtual model instead [99].

However, many academic institutions have realigned their research
goals to tackle COVID-19 and surgeons are no exception [100].

The University of Birmingham and the National Institute for Health
Research (NIHR) Global Surgery Unit are using real world collaborative
international data as part of a project called CovidSurg with the RCSEng
encouraging members to contribute to it [101]. This international,
multicentre, pan-speciality project will determine multiple end-points,
including 30 day mortality in patients with COVID-19, the impact on
safety in cancer surgery patients and impact of delayed pathways, as
well as the impact on the surgical workforce and on emergency surgical
services [102].

The United States are scaling back the work of many of the basic
science based laboratories to prioritise work on the COVID-19 pan-
demic and thus with many surgical researchers being away from their
laboratories, many researchers have been forced to postpone and
abandon experiments, leading to severe implications for the pace of
scientific discoveries [100,103].

6. Recovery of surgical services

The postponement of non-urgent surgical services will inevitably
lead to a significant backlog. This has a significant impact, both on the
capacity of the surgical system as well as at a personal level, causing
extreme stress and anxiety for patients. One study showed that 30% of
patients who had operations cancelled during winter pressures com-
plained of extreme stress and frustration as well as 59% reporting
moderate or severe concern about a deterioration in their condition
[104], in addition to the impact on a patient's family as well.

The Royal College of Ophthalmology have outlined a framework for
resumption of normal services to include: a preliminary period of gradual
resumption of operations whilst maintaining a surge capacity in case of
further COVID-19 peaks (Recovery phase 1 - ‘interim period’) and a longer
period (Recovery Phase 2 - ‘the new normal’) during the next 12-18 months
[105]. They stressed the need to consider repeated cycles of ‘switching on
and off’ peak COVID-19 demand as well as the need for adoption of clear
patient pathways during looser social distancing measures.

Furthermore, the importance of not returning to ‘business as usual’
and the benefits of embedding the transformative ways of working
developed during the pandemic such as increased efficiency, regional
workload sharing, and digital outpatient services.

Additionally, the RCS have developed nine key elements to the
short-term recovery of surgical services [106].

e Key considerations before resuming elective services
o Establishment of declining numbers, adequate testing capacity
and PPE
e Developing cohesive leadership and process of frequent commu-
nication
o Dedicated local recovery management team with daily clinical
input
® Assessing surgical workload and patient populations
o Assessment of baseline demand and patient prioritisation
e Ensuring adequate hospital capacity and facilities
o Temporary field hospitals and private sector facilities
o Clinician job planning to reduce administrative demands

175
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ent of COVID-19 Cases in OR

Manag

i ! Don full PPE and/or PAPR
Place infection control tags on doors'
and close corridor doors

For patients from
Isolation wards /ICU :
(To give 30 minutes
grace time for ward
nurses to send patient
to OR)
Ward/ICU nurse to
activate Security

Nurse In Charge

Activate team v
Prepare OR accordingly

v v
Place equipment on PPE trolley

v
Scrub nurse to scrub up and prepare trolley

'
1
1
i
1

Deploy staff & pass key to controlled

\
F'IIV" 256 !Circulating nurse to pass all additional consumables/
ill Virex (e :
instruments to Runner (before patient enters OR
PREPARATION | ' v ) ina bottle i ¢ P )
Phase Handover pouch to OR runner with i v
the following :- v ! Park patient’s trolley in Ante room after transfer

i
i
® Mobile phone
i® PPE cupboard key
1= Card access

Open and wait at the card access door
to receive the pre-op patient '
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Anesthesiologist &
Anesthesia nurse

Nurse ensures adequate PAPR
available and functioning

M
Don full PPE and PAPR

v
Obtain required consumables, drugs and !
new pen from injection and intubation trolley

(in induction room)

v
Place drug tray and airway adjuncts
on respective designated trolley

OR Technician

'

i

i

: Don full PPE and

: prepare OR accordingly

: v

: Assist in
patient positioning

1
1
1
i

**Refrain from entering the induction/ prep room unless absolutely necessary**

i
i
i
i
i
i
drugs '
i
i
i
i
i
i
i
i
]

INTRA-OPERATIVE 'Place any requested items on a trolley :

T
Unused consumables /drugs placed in;OR intra-op MUST be thrown away.

I Wipe patient’s trolley

Phase ; into Ante room ;

. 4

' (especially siderail
Contact OR runner if require any other items. Retrieve requested items from Ante Room

= Circulating nurse and runner to send patient back to Isolation ward ( Activate Security 30 mins prior to discharge )

Facilitate transfer of patient post-operatively via designated access door (Patient will be recovered in OR)

|
|
|
|

= Circulating nurse and Anaesthetist to send patient back to ICU (Activate Security 30 mins prior to transfer )

POST-OPERATIVE ; ! Specimen handling: i+ Balance all controlled drug entries before
Phase ! ! || = Specimen to be double bagged ! patient leaves OR i
: : /| + Send direct to Core Lab via cooler box ( placed Throw all pens used !
: : : on shelf below PC) : Replace new cling wrap for all anaesthetic
: - | * Porter to don only gloves during transport i monitors/laptops :
i
B u’de,’"ef: . . Removal of PPE and PAPR :
'| Chlor-Clean: Floor, all Furniture surfaces including, OR tables, stools, etc e
i Items to remove in Ante room: Gowns, gloves , cap & shoe cover
Virex 256: PAPR S 5
| mikrozid: ¢ t d Medical 4 t 5 Items to remove outside Ante room: N95, Goggles , cap and PAPR
i P OD ST SCERT AR A ECICS SOUIPICT **Airing of OR after case is NOT required ** Don new cap and gloves outside Ante room
;| Alcohol wipes: Goggles
FOLLOW UP i Receive pouch from OR runner ;' Return pouch to NM In Charge / i* Instrument sets send directly to Sterile Supply Unit | Place used PAPR on designated trolley for '
* Ensure completeness of items 2 On Call Charge Nurse = Return CD key to Nurse In Charge 1 proper disinfection. Charge PAPR batteries :
Phase : = Perform telephone handover with ward nurse
i

Replenish supplies and prepare OR in readiness. All personnel MUST SHOWER after case

Fig. 7. OR anaesthesiologist workflow for COVID-19 cases. Reprinted by permission from Springer [66], Copyright (2020).

o Adjustment of case list length to allow for longer operations
e Enhancing workforce capacity
o Maintenance of temporary redeployment
® Reconfiguring services
o ‘Cold’ COVID-19 free sites
o COVID-19 patient testing protocol
o Triaging protocols
o Use of virtual clinics and patient-initiated reviews
e Supporting the surgical workforce
o Adequate PPE and testing
o Monitoring surgical workforce burnout and wellbeing
e Patient communication
Supporting training
o Trainee development
o Cross-speciality learning from deployed staff

7. Conclusion

The impact of COVID-19 on a surgeon's daily practice and the
education of surgeons have been profound. Elective and non-urgent
surgery cancellations have enabled surgeons to become a critical staff
resource for the health systems to treat the COVID-19 pandemic.
Surgeons are considering safe non-surgical alternative options to treat
their patients during COVID-19.

This is a fast-moving pandemic with the academic literature base
growing exponentially on a daily basis. This paper is a comprehensive
general overview of the most current guidelines issued by speciality
bodies and learned societies as of date of publication. However, these
guidelines are responsive to emerging research and subject to change.

Additionally, whilst surgical services vary widely across the world
in response to local and regional variation in budgetary restraints,
healthcare system configurations and patient demographics, this leads
to differing and often contradictory guidelines issued by different

bodies. This paper does not seek to offer specialised local guidelines,
but instead points of principle that are generally applicable, with room
for local variation.

While COVID-19 continues to make its presence felt in healthcare all
over the world, surgeons will no doubt adapt to non-surgical roles in the
crucial fight against the COVID-19 pandemic.

Finally, it is imperative that in this time of crisis, as Yong et al.
[107] remind us:

‘All medical staff and patients [must] face this together to construct the
Great Wall of Epidemic Prevention’
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