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Introduction

Over the past year, the spread of the novel coronavirus
infection by severe acute respiratory coronavirus 2 (SARS-
CoV-2) has affected the global population. OnMarch 11, 2020,

the World Health Organization (WHO) officially declared
coronavirus disease 2019 (COVID-19) a pandemic, thereby
drastically changing our way of approaching patients in the
shadow of this disease. While the vast majority of infected
adults will present with respiratory symptoms such as fever,
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Abstract This is a narrative review during the ongoing coronavirus disease 2019 (COVID-19)
pandemic to streamline workflow of pediatric surgical patients in operating theaters
and for theater teams involved in their management. Pediatric patient anxiety in
theaters, aspects of communication, and optimizing vision during surgery during the
pandemic have also been addressed. The COVID-19 pandemic has led to the creation of
pathways in the surgical management of patients. As the pandemic progressed,
hospitals developed pathways to offer increased protection to staff during procedures.
This narrative review provides a clear perspective in the management of pediatric
patients in operating theaters. Guidelines received from National Health Authorities
and Societies affiliated with surgery, endoscopic surgery, anesthesiology, and endos-
copy were carefully reviewed regarding their recommendations and data emerging
from reports on COVID-19 were selected to compile the pathways specific for pediatric
patients and staff. The workflow pathways have been successfully implemented during
the pandemic and include a section on patients for endoscopy as well as approach to
endoscopic surgery and open procedures. Theater room ergonomics that were
successful during the pandemic have been outlined along with identification of areas
specific to the pediatric patient anxiety, interteam communication/identification, and
visor-related vision. The guidelines used successfully during the pandemic for pediatric
theater teams can be used or adapted for formulating local hospital guidelines in other
centers that could be valuable in patient management beyond the pandemic.
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cough, myalgia, or fatigue,1–3 a recent meta-analysis showed
that 17.6% of COVID-19positive pediatric patientswill present
with milder symptoms, including nausea, vomiting, diarrhea
and abdominal pain, leading to challenges when it comes to
their approach, management, and risk stratification.4

The American College of Surgeons published the “COVID-
19 Guidelines for Triage of Pediatric Patients” with the aim of
optimizing hospital resources and preserving the health of
providers.5

The guideline has divided the most common pathologies
into three categories:

(a) Emergency cases (life threatening—as per Royal Col-
lege of Surgeons [RCS] stratification)6

(b) Urgent cases (completed in days)
(c) Electives cases (minimal risk if delayed)

As most centers are in the midst of the pandemic, emer-
gency procedures in pediatric and neonatal surgery are
currently being performed using current Public Health Eng-
land (PHE) advice regarding personal protective equipment
(PPE).7 This has helped to risk stratify each patient encounter
and guide the use of this precious resource. The categories
describe appropriate PPE for reducing risk of infection from
contact, droplet, and airborne transmission.

Clinical manifestations of SARS-CoV-2 in the pediatric age
group have recently been reported to be less severe than
adults, but children of all ages are susceptible, with infants
in particular being more vulnerable to infections.8 The fecal–
oral transmission of SARS-CoV-2 suggests that asymptomatic
children and adults may be shedding infectious virus (al-
though the presence of viral particles may not directly result
in infection as few researchers commented on the fact that
they could not grow virus from the fecal samples suggested
that these were digested viral fragments).9 Of even greater
concern is the fact that children have persistently tested
positive on rectal swabs even after nasopharyngeal testing
was negative.10 This is important for the management of
children throughout the hospital, including the emergency
department (ED), radiology department, operating theaters,
andwards.During theearlyperiodsof thepandemic, therewas
a lag in receiving the results of the swab tests, and all pediatric
patients for emergency surgery were considered SARS-CoV-2
positive until test results are received. However, the availabili-
ty of newer and more reliable SARS-CoV-2 tests with rapid
turnaround (�1hour) has enormously assisted in stratified
pathways of care. With the pandemic continuing in the near
future, precautions including PPE for aerosol-generating pro-
cedures (AGPs) that are being undertaken during the peak of
the pandemic will need to continue.

The ideal operating room conditions have been recently
described to manage COVID-19 patients11; however, these
conditions cannot be achievedworldwide andwill have to be
adapted in the global context. This is further complicated by
the fact that in pediatric surgery extremely sick premature
neonates require surgery on the neonatal intensive care unit
(NICU) that is used as a makeshift operating room.

This narrative review outlines the approach for pediatric
surgical patients at Chelsea and Westminster Hospital and

clearly outlines (A) approach to pediatric surgical emergency
procedures, (B) ergonomics of anesthesia, (C) step-by-step
pathways of donning and doffing for the entire operating
room staff in (i) single room operating theaters and (ii) NICU
and (D) staff-communication and individual team chal-
lenges. Evenwhen the pandemic comes to an end, the timing
of which is an intense issue of debate, the procedural path-
ways will stay in place to protect the staff and to keep the
transmission in check.

The current approach during the pandemic is to manage
every pediatric patient as suspected COVID-19 positive from
time of presentation to a healthcare setting. A nasal swab is
performed as part of the admission process and the child is
admitted to a dedicated suspected COVID-19 ward. When
the child is ready for theater, only the primary caregiver is
allowed to accompany the child and is escorted by a nurse in
droplet precaution PPE (this includes: a surgicalmask, plastic
apron, gloves, hat and optional eye protection/ face shield).
During transfer from the ward to the theater, the caregiver
and child (if tolerated) wear a face mask. The caregiver also
wears a plastic apron/ gown during transfer and, prior to
entering theater, dons a theater hat and shoe covers.

Approach to Pediatric Surgical Emergency
Procedures

Endoscopy (Nonsurgical) Procedures
The knowledge acquired so far on the contagion of the virus
and how this is spread has pointed out how the aerosolizing
procedures are the most dangerous. It is also alarming that
70.3% of patients who had stool viral RNA positive were
negative on respiratory specimens.4 Because of the short
distance between patients and operator and because of the
prolonged contact with patient’s secretions, endoscopic
procedures represent a risk and need to be considered
carefully. Recommendations to perform endoscopic proce-
dures at the time of COVID-19, regardless of patient risk
stratification, should involve a negative pressure room with
the entire staff using contact and droplet precautions. Cur-
rent guidelines of North American Society for Pediatric
Gastroenterology, Hepatology & Nutrition recognize three
categories of risk12:

(1) Emergency procedures: Indications include
esophageal/gastric foreign bodies ingestion such as but-
ton batteries, magnets, sharp or toxic foreign bodies,
management of massive gastrointestinal bleeding, endo-
scopic vacuum therapy for perforations/leaks, acute chol-
angitis, jaundice, secondary tomalignant or benign biliary
obstruction, acute biliary pancreatitis and/or cholangitis
with stone and jaundice, infected pancreatic collections,
urgent inpatient nutrition support—percutaneous endo-
scopic gastrostomy/nasojejunal tube, gastrointestinal ob-
struction needing urgent decompression/stenting.
(2) Urgent procedures: Procedures in which the benefits
overweigh the risks (can be deferred for days or weeks).
(3) Elective procedures (defer until resumption of routine
practice): These include the rest of the procedures. Beyond
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the peak of the pandemic when routine procedures are
gradually phased in, more widespread access to testing
may allow scaling back the level of PPE required.

While negative pressure ventilation is recommended to
reduce the aerosol transmission of airborne agents,13 the
vast majority of hospitals in the United Kingdom have
positive pressure systems in their operating theaters, en-
abling regular air changes of between 20 and 25 per hour.
PHE14 advice until April 2020 suggested that 63% of circulat-
ing aerosol was cleared from an area of positive pressure
ventilation with every air change and >99% after 20minutes.
This 20-minute period is therefore thought to be a prudent
compromise between reducing cumulative viral exposure for
staff and working in positive pressure rooms. Since then, the
time a room should be left empty after an AGP has been
referred to as the “Aerosol Clearance Time” (ACT) to more
accurately reflect the time required for aerosol clearance that
is not only a function of the time but also the air exchange
rate,15

Endoscopic Surgery Procedures
Society of American Gastrointestinal Surgeons (SAGES) and
the RCS have highlighted concerns that SARS-CoV-2 virions

transmission could occur during endoscopic surgery posing a
risk to operating theater staff.16–19 The concerns were main-
ly raised as hepatitis B virus particles in a previous study
were identified in surgical smoke,20 although the scientific
evidence regarding SARS-CoV-2 transmission is not evidence
based.21 There is conflicting guidance in electrosurgery, the
use of which to date has not shown any evidence for an
increase in disease transmission over the pandemic.22

SAGES has advised that laparoscopy is considered to carry
some risk of aerosol-type formation and transmission of
infection; however, the level of risk has not been defined.23

Caution has been urgedmorewith the SARS-CoV-2 virus as it
can remain viable and infectious in aerosols for hours and on
surfaces up to days.24 Although it has been recommended if
the risks outweigh the benefits, endoscopic procedures can
be performed with the application of smoke filters to filter
the pneumoperitoneum after the procedure; however, re-
cent reports could not identify smoke filters and smoke
evacuators specifically tested for SARS-CoV-2 virus.25,26

Besides this, leaks from port sites can occur during endo-
scopic surgery and if endoscopic surgery is considered as an
urgent procedure, it would be alsoworth considering gasless
options.27 Risk stratification due to availability of rapid
detection kits has enabled restoration of endoscopic surgery

Fig. 1 Flow Chart: Theatre team Huddle and Time Out in COVID era. AGP, aerosol generating procedure; EFP, eye/face protection; FFF3, face
filter piece.
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at our center in low-risk cohorts for emergency and urgent
procedures. Elective endoscopic surgery procedures are still
not being performed as there is a large-scale reallocation of
staff away from theaters toward management of COVID-19
patients.

Open Surgery Procedures
All open surgical procedures are performed using airborne
precaution level PPE keeping the operating time as short as
possible to complete the procedures safely.

Theater Room Ergonomics for Suspected or
Confirmed SARS-CoV-2 Positive Child

Guidelines have been devised and implemented at Chelsea
and Westminster Hospital to maintain high standards of
patient safety and minimize cumulative viral exposure for
theater staff (►Fig. 1). Many elements of the normal practice
have been incorporated in this guidance to make it easier for
staff to follow.

In our experience, thorough preparation is key. A dedicat-
ed “suspected/ confirmed COVID-19 þve” operating theater
has been assigned. This theater is also easy to isolate from the
other theaters and routes commonly used by staff or patients
from non-COVID-19 wards. The chosen theater was also
closest to ED and easily accessed from the wards. It is vital
to meticulously check that all the necessary surgical and
anesthetic equipment required are present, as much of the
stock had beenmoved at the peakof the pandemic to support
critical care. All team members must be aware of the new
pathways in use for this group of children. This pathway is
described below.

Team Brief

1. Only the patient expected is discussed to avoid any
confusion (patients are discussed in the anesthetic rooms
that are used for the brief. No patients will access this
room; therefore, it can be used as a “clean” area).

2. All teammembers state their names and roles clearly. The
Surgical and Anesthetic Consultants must ensure that
their trainees understand and accept their roles. For
this group of children, it is advisable that the most senior
and experienced clinicians lead the procedure to mini-
mize the time taken to complete the procedure.

3. Minimize the number of people in theater to reduce the
viral exposure for each individual staff member.

4. A “clean runner” must be identified and remain in the
anesthetic room in case any further equipment or help is
required. This will most likely be a member of the nursing
team, so named personnel to call when help is required
should be agreed and discussed in advance.

5. Discuss level of PPE required for each member of the
theater team to ensure staff safety and reduce wastage.

6. Clear communication proved a challenge in PPE earlyon in
the pandemic and so the timing of the WHO Surgical
Safety Checklist (SSC) was adapted. The checklist is now
undertaken at the brief using a printed and laminated

checklist that is taken into theater once completed. Once
the child arrives in the operating theater and their identi-
ty, allergy status, and surgical consent are confirmed, the
information on the checklist is transcribed to their elec-
tronic notes by a member of the theater team. The
laminated sheet itself is wiped clean at the end of the
case using an alcohol-based wipe, once inside the operat-
ing theater and a second time when it is taken outside. It
can then be used again.

Entry into Operating Theater

1. Access for the child and carer is directly into the operating
theater through a set of doors that opens into theaters
from themain corridor. Both child and carer wear surgical
masks during transfer from theward. The carer alsowears
a plastic gown and gloves during transfer.

2. Before entering the operating theater, the carer is asked to
put on a hat and shoe covers. As the child is usually
transferred on a trolley, any porters or nursing staff
accompanying the child alsowear droplet precaution PPE.

3. Access for theater staff is through a single door that leads
into the operating theater past the washbasins used for
scrubbing.

4. Before entry, all staff don a hat, fit-tested filtering face-
piece class 3 (FFP3; or reusable) mask, and appropriate
eye protection. There is a donning station at the door with
all the above PPE.

5. Immediately on entering the scrub area, staff perform
hand hygiene and then don a long-sleeved gown (or
alternative coverall) and gloves.

6. The nursing scrub team enters first and scrub and com-
plete the donning process. They then enter the surgical
preparation area that has a door. This door will remain
shut while they check their equipment.

7. The anesthetic team enters next, complete the donning
process, and check their equipment. Equipment andmedi-
cation required for the procedure are brought in on trollies
or trays that can be wiped clean at the end of the case.

8. The surgical team only enters once the child is anesthe-
tized and 20minutes have passed after any AGPs have
been completed.

9. The clean runner will wait in the anesthetic room in case
any further help or equipment is required.

Process in Theater
1. The scrub team remains in the surgical preparation area

with the door shut until 20minutes after any AGP.
2. The child enters the operating theater directly from the

theater corridor along with the carer. The child’s identity,
allergy status, and consent for surgery are confirmed at
the door and the nurse remains outside theater.

3. The carer is allowed to remain during the induction of
anesthesia if they wish.

4. Once the child is anesthetized, the carer is asked to leave
through the same set of doors that they entered from.
They are escorted back to the ward by the ward nurse.

5. Only the anesthetic team (consultant, trainee and operat-
ing department practitioner) is present for the induction
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of anesthesia. A timer is started to accurately record 20-
minute periods after the last AGP and then allow the scrub
team and surgical team to enter.

6. The theater team again confirms the child’s identity,
allergy status, and consent for surgery before proceeding.
The WHO SSC can now be transcribed to the patient’s
electronic note record.

Process in Theater on Completion of
Procedure

1. Once the procedure is complete, the surgical and scrub
team follow the doffing process and leave theater. Only
the team members who are required to directly assist in
airway management during extubation remain.

2. Particular attention is paid to choosing a technique for
extubation that reduces the risk of coughing. Suctioning
should be performed prior to extubation.

3. Recovery staff enter in droplet precaution PPE 20minutes
after the last AGP. The child is recovered in theater to
reduce the risk of contamination of other clinical areas.

4. The anesthetic staff doff and leave theater once they have
handed over the care of the child to the recovery staff.

5. The clean runner must remain in the anesthetic room
until the child leaves theater.

6. The child’s parent/carer is allowed to stay with the child
during the recovery period and accompany the child back
to the ward.

Surgical Team Pathway

Single-Room Operating Theaters

1. Preprocedure: Before entry, all surgical staff must don a
hat, fit-tested FFP3 (or reusable) mask, plastic apron,
appropriate eye protection, and gloves after hand hygiene.
There is a donning station at the door with all the above
PPEs using a 360-degree buddy check system to ensure
proper donning.

2. The surgical team will again confirm the child’s identity,
allergy status, and consent for surgery before proceeding.

3. Following this the team proceeds to the scrub area and
removes the plastic apron and gloves. The staff then
scrubs and dons a long-sleeved gown and sterile double
gloves.

4. Postprocedure: Once the procedure is completed, the
surgical team will perform doffing in the theater room
close to the exit (removal of gown and one pair of gloves,
while retaining the FFP3 mask, face shield, and surgical
cap). The surgical gown and first pair of gloves are dis-
carded in the operating room.

5. After this, the surgical team leaves the operating theater
and removes the face shield using the head band only
without allowing the visor to touch the face, arms, or
scrubs. The face mask is now discarded and full hand
hygiene is undertaken.

Neonatal Intensive Care Unit
When a procedure is performed in NICU, there is a designat-
ed area within the NICU, large enough to admit a distance of

2m between the cots. Same principles of theater procedures
are applied.

Pediatric Patients and Individual Team
Challenges

The Pediatric Patient
The pediatric patient ranges from a newborn to the age of
16years. Thesurgicalprocedureson theNICUwill nothaveany
change in anxiety levels in theneonates vis-à-vis interaction to
the surgical team during the pandemic. But this may be
different in other age groups during the preoperative phase
in the theaters.28 Small children already have a high level of
anxiety as theyare unable to comprehend thepathologyor the
procedures in details; with the anxiety being even higher
during the pandemic as they meet staff in PPE while entering
theaters, thereby unable to see faces clearly and unable to
understand individual staff roles. While being comforted
during induction of anesthesia, what makes it even more
difficult for small children is the inability to observe theater
staff facial gestures behind themasks and face shields. Another
dimension tobeadded is the lackof speech clarity fromtheater
teammembers using FF3 or other fittedmasks. Older children
should also be givenmore information during preassessments
to alleviate anxiety before theyenter the operating theater.We
had considered, as a group of anesthesiologists, the possibility
of needing a lower threshold for premedication. However, we
have found that with thorough assessment of anxiety levels of
the child and parent, clear communication of what all theater
staff will look like, and limiting the number of staff present
during induction of anesthesia, we have not needed to pre-
medicate this group of children with any greater frequency
than before. During the present pandemic and beyond, special
attentionwill need to be paid to these aspects of perioperative
management. The pediatric patient interaction with theater
staff has gone rather unnoticed and underreported during the
present pandemic.

Individual Team Challenges

(i) Electronic Communication Devices
Ideally items such as mobile phones and on-call bleep are
kept out of theaters that are considered to be a potentially
contaminated area. If carried inside, they will be contained
within a plastic cover. The anesthetic room is the clean area
where mobile phones and bleeps can be kept for the clean
runner to attend to messages and communicate them ver-
bally to the operating surgeons.

(ii) Interteam Communication and Identification
Team communication has been an issue as it is always not
clear to understand speech through a fitted FF3 (or other
fitted) mask. To overcome this issue, it is important to limit
the number of personnel in the theater and also to speak
louder than usual so that the sentences can be compre-
hended. Personal identification of theater staff is another
issue during the pandemic as name tags/ID cards are con-
cealed with PPE. Name printed on self-sticking labels could
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either be attached to the top of the face shield at the time of
donning or names can be written directly onto the gown
using sterile marker pens.

(iii) Optimizing Vision through Face Shields
Another issue faced by the operating team is the extra glare
caused by the theater lights falling on the face shields. This
issue causes difficulties in visualization of the operative field
especially in neonates and other procedures where the
structures involved are of smaller dimensions. This issue
has been partially addressed by headmovement to dodge the
light angles and obtain a better view of the operating field.
Another issue with face shields during neonatal surgery is
the close proximity of the operating team to the patient,
which leads to frequent head clashing incidents among the
operating team members.

Conclusion

This is a narrative review during the ongoing COVID-19
pandemic to streamline workflow of pediatric surgical
patients in operating theaters and for theater teams involved
in their management. Pediatric patient anxiety in theaters,
aspects of communication, and optimizing vision during
surgery during the pandemic have also been addressed.
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