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The COVID-19 pandemic poses a critical global public health crisis. Operating room
(OR) best practice in this crisis is poorly defined. This systematic review was performed to identify
contemporary evidence relating to OR practice in the context of COVID-19.

MEDLINE was searched systematically using PubMed (search date 19 March 2020) for
relevant studies in accordance with PRISMA guidelines. Documented practices and guidance were
assessed to determine Oxford Centre for Evidence-Based Medicine (OCEBM) levels of evidence, and
recommendations for practice within five domains were extracted: physical OR, personnel, patient,
procedure, and other factors.

Thirty-five articles were identified, of which 11 met eligibility criteria. Nine articles constituted
expert opinion and two were retrospective studies. All articles originated from the Far East (China, 9;
Singapore, 2); eight of the articles concerned general surgery. Common themes were identified within
each domain, but all recommendations were based on low levels of evidence (median OCEBM level 5
(range 4-5)). The highest number of overlapping recommendations related to physical OR (8 articles)
and procedural factors (13). Although few recommendations related to personnel factors, consensus was
high in this domain, with all studies mandating the use of personal protective equipment.
There was little evidence to inform this systematic review, but there was consensus
regarding many aspects of OR practice. Within the context of a rapidly evolving pandemic, timely
amalgamation of global practice and experiences is needed to inform best practice.
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Coronavirus has killed thousands since emerging in China
in December 2019, and compelled many governments to
lock down populations’.

Preliminary data from China and Italy regarding the
spectrum of severity and fatality vary. China reported that
80 per cent of those infected reported no or mild, 15 per
cent severe, and 5 per cent critical symptoms, with a mor-
tality rate ranging from 0-25 to 3-0 per cent?, indicating
demand for intensive medical intervention for one in five
patients. Case fatality is much greater in the vulnerable:
patients aged 80 years or more (mortality rate above 14 per
cent) and those with coexisting conditions, such as cardio-
vascular disease (10 per cent) and diabetes (7 per cent)’.

© 2020 The Authors. BFS Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

From an acute surgical perspective, although some
patients may present with an acute abdomen secondary to
the viral infection, it is more likely that general surgeons
will encounter patients with common acute abdominal
pathology and undiagnosed COVID-19 infection, or those
who develop nosocomial COVID-19 infection while an
inpatient with a surgical diagnosis. Guidance on periop-
erative care of surgical patients with suspected or proven
coronavirus infection is slender, and operating room (OR)
best practice remains unknown.

The aim of this study was to perform a systematic review
of the literature to identify and collate global experience,
practice and recommendations relating to OR practice in

the context of the COVID-19 pandemic.
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Operating room practice during the COVID-19 pandemic

A rapid systematic review of published work was con-
ducted using standard rapid review methodology, as out-
lined by Schiinemann and Moja* and in accordance with
the PRISMA guidelines’.

MEDLINE was searched via PubMed on 19 March
2020 (no date restriction), for articles describing specific
practices, or providing recommendations or guidance
relating to OR practice, in the context of the COVID-19
pandemic. No limitation was placed on language or pub-
lication type, but non-English-language articles without
extractable data were excluded. Relevant articles were
identified using terms in any field relating to coronavirus
(for example, coronavirus, COVID-19, SARS-CoV-2) and
the OR (such as operating room, theatre, surgery), and
operating room practice (such as preparation, procedures,
guidance, advice, practice, recommendations). The full
search algorithm is shown in Appendix S1 (supporting infor-
mation). Further articles were identified by hand search of
references and using the PubMed related articles function.
Levels of evidence were determined as described by the
Oxford Centre for Evidence-Based Medicine (OCEBM)®.

Data extraction

Nine authors extracted data independently, and two veri-
fied a random subsample of seven articles. The following
details were extracted: first author, date of publication,
study design, country, region, and any description of spe-
cific practices, recommendations or guidance in relation
to OR practice in the context of the COVID-19 pandemic.
Five domains for data capture were identified # priori: the
physical OR factors, personnel factors, patient factors,
procedure factors, and other considerations.

Inclusion and exclusion criteria

Articles reporting specific practices, experience, recom-
mendations or guidance in relation to emergency OR prac-
tice, in the context of the COVID-19 pandemic, were
included.

Articles were excluded if they did not meet the inclusion
criteria, if the full-text article was unavailable, or if no
English version was extractable.

The MEDLINE search yielded a total of 35 articles.
Full manuscripts were obtained for all of these, of which
11 articles’~'7 met the eligibility criteria for inclusion.

© 2020 The Authors.
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Nine”?~1315-17 of these 11 articles constituted expert
opinion in the form of reviews or journal correspondence,
and two®!* were observational studies, median OCEBM
level 5 (range 4-5). All originated in the Far East (9 from
China, 2 from Singapore), with the majority related to
general surgery (8 articles). The inclusion pathway is
illustrated in the PRISMA diagram (Fig. I).

Table I gives an overview of the evidence grading, and
Table 2 outlines which of the five specified domains were
covered in each paper.

Physical operating room factors

All 11 papers contained recommendations relating to the
physical OR. Despite wide-ranging specialty coverage,
common themes for preparation of the OR were identified
as shown in Table 3.

Both of the case series reported data from patients
treated within a single centre. One study'* involved 17
pregnant women who tested positive for COVID-19
and had a caesarean section in Renmin University
Hospital, Wuhan, China. Recommendations for the
physical OR specified the use of a negative-pressure
OR, alongside strict separation of clean and contam-
inated areas, and a buffer system to ensure that clean

www.bjsopen.com B7S Open 2020; 4: 748-756
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Table 1 Characteristics of included studies

Reference Country Design

Tao etal.” China Expert opinion/experience

Gou etal.8 China Case report/series (retrospective)
Wong etal.® Singapore Expert opinion/experience
Tietal.’® Singapore Expert opinion/experience

Wu etal.!! China Expert opinion/experience
Lietal.’? China Expert opinion/experience

Luo and Zhong'® China Expert opinion/experience

Chen etal.' China Case report/series (retrospective)
Li etal.™ China Expert opinion/experience

Hu etal.’® China Expert opinion/experience

Chen and Peng'” China Expert opinion/experience

OCEBM level of

evidence Subspecialty Cohort size

General surgery -
HPB 4

HPB -
Upper GI -
Colorectal -
Obstetrics 17
HPB -
Colorectal -

o o o~ o o000 b~ o

Upper GI =

OCEBM, Oxford Centre for Evidence-Based Medicine; HPB, hepatopancreatobiliary; GI, gastrointestinal.

rooms remain as such, avoiding cross-contamination. The
other study®, from Tongji Medical College in Wuhan,
also acknowledged and discussed the theme of separa-
tion of patients with COVID-19 from those without
the disease.

The remaining nine papers made suggestions derived
from local operative experience during the pandemic.
Use of a negative-pressure OR, along with a num-
ber of other practices to minimize intraoperative viral

load, was recommended in six?~1* of these articles
(Table 3).
The wuse of single-use/disposable equipment for

COVID-19-positive patients was recommended in four
communications’1%12. Other units recommended use of
the same anaesthetic equipment for COVID-19-positive
patients only!®, or covering equipment with disposable
plastic wrapping when required for use in multiple

Table 2 Domains covered in each study
Domain

Reference 1 2 3 4 5
Tao etal.” v/ v/ v/ v/ v/
Gou etal.8 v/ v/ v/ v/

Wong etal.® v/ v/ v/ v/ v/
Tietal.’® v v v v v
Wu etal.” v v v v
Lietal.’? v v v v v
Luo and Zhong'® v v/ v/ v
Chen etal.'* v/ v/ v/ v/ v/
Lietal.’® v v v v
Hu etal.’® v/ v/ v/ v
Chen and Peng'” v/ v/ v/

© 2020 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

patients’. In two”? of these papers, the need for ade-
quate preoperative planning was highlighted, to ensure
availability of equipment that may be required, and
to minimize store cupboard visits and consequent
risks of cross-contamination and disturbance of the
pressure within the OR. One article!!, from Beijing
National Cancer Centre, referred to the use of suction
or filters to diffuse aerosols, but without offering specific
instruction.

Personnel factors

Of the 11 communications, eight’ ~1%12-1%17 specified mea-
sures directly related to staff members involved in the oper-
ative care of patients (Tible 4). One'* reported that all staff
involved in the operative care of COVID-19-positive preg-
nant patients undergoing caesarean delivery were swabbed
after surgery to establish their own COVID-19 status, and
had thoracic CT every 2 weeks. The number of postopera-
tive CT scans performed per member of staff and the level
of preoperative screening undertaken was not reported.
Appropriate personal protective equipment (PPE), includ-
ing N95 or powered air-purifying respirator (PAPR)
masks, was used for all staff. Of the 38 staff involved in the
care of these patients, none tested positive for the virus
subsequently!®.

Indications for the use of PAPR masks varied (1uble 4),
although full PPE, and formal training in its use, was rec-
ommended in all articles’~!7 for patients with suspected or
confirmed COVID-19 infection. An extra staff coordinator
in theatre, assigned to provide guidance in staff members’
new roles and aid with unfamiliarity in new infection
prevention procedures, was described at a tertiary centre

in Singapore’.

www.bjsopen.com B7S Open 2020; 4: 748-756
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Table 3 Domain 1: recommendations relating to physical operating room factors

Overlapping recommendations Reference Additional recommendations
Negative-pressure OR”9-14 7 Pressure below -5 Pa
Limited personnel in OR during procedure, OR equipped with thermometer for staff testing
with limited entry or exit during 8
procedure to maintain pressure and
reduce cross-contamination”-10:12.17 Plastic wrap over any equipment that must be reused
Single-use disposable equipment where 9 High-efficiency particulate air filter
possible”#12.13 25 air changes per h

Separate operating complex”-%10
Same equipment to be used for all patients with

Designated donning/doffing area®1%13 10
confirmed COVID-19 infection
Locked OR’® 11 Use of filters to reduce diffusion of aerosols
Buffer room?:10
Preoperative planning meeting to ensure 12
adequate/correct equipment and reduce 13
entry/exit to OR"® 14
15
16
17

OR, operating room.

Table 4 Domain 2: recommendations relating to personnel factors

Overlapping recommendations Reference Additional recommendations

Full PPE for all COVID-19 procedures’~'7 7

Full PPE training”914

Daily temperature checks for 9 Extra staff coordinator in theatre for infection control

staff’? PAPR for those failing N95 fit testing

Shower after procedure®1° 10 PAPR to those within 2 m of intubation/extubation and transfer
12
13
14 PAPR for all anaesthetists

2-weekly CT for all staff involved
17

PPE, personal protective equipment; PAPR, powered air-purifying respirator.

Table 5 Domain 3: recommendations relating to patient factors

Overlapping recommendations Reference Additional recommendations
Symptom and epidemiology screening and 7
questionnaires for all patients”~17
Infectious diseases input if screening 8
questionnaire positive®2:15.16
Nasal swab screening used’~9:12.14.16 9
Thoracic CT in all patients®12.13.15.16 10
Self-isolation before elective 11
admission811-13.16 12 Blood tests: influenza A/B, procalcitonin
Wrist band identification for COVID-19-positive Blood tests: influenza, serum respiratory virus 9
patients?-12:13.15.16 13 conjoint test, Mycoplasma pneumoniae Ab, LFT, CK, troponin,
Surgical masks for all patients'013.14,16 CRP, ESR, procalcitonin, o-dimer/FDP
14
15 Influenza antigen
16

Ab, antibodies; LFT, liver function tests; CK, creatinine kinase; ESR, erythrocyte sedimentation rate; FDP, fibrin degradation products.

© 2020 The Authors. www.bjsopen.com B7S Open 2020; 4: 748-756
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Table 6 Domain 4: recommendations relating to anaesthetic and surgical procedures (procedural factors)
Overlapping activities Reference Additional activities/specialty considerations
Anaesthesia
Rapid sequence induction”-%14 Saline gauze placed on nose
Cuffed ET tube preferable to supraglottic 7 Sufficient muscle relaxation to avoid coughing
airway”210 Frequent ventilation avoiding virus scattering
Extract secretions during intubation/ Video laryngoscope recommended because a PAPR
extubation”%14 may hamper vision
Gas flow off and ET tube clamped during switching of If bag—mask ventilation cannot be avoided, use small
ventilators”-%10 tidal volumes at low pressures
HEPA filter connected to patient end of the 9 All equipment in contact with patient secretions
breathing circuit”210 should be deposed carefully (suction device,
Prepare equipment to reduce circuit ET tube, NG tube)
disconnections” %10 Ensure full expiration into face mask before lifting off
patient’s face
Use same OR and same anaesthesia machine for
10 patients with COVID-19 for duration of epidemic
Epidural/spinal anaesthesia if possible and indicated
1 to avoid intubation
Surgery
Use ‘isolation OR/endoscopy/interventional 7
radiology areas’’~9.11.12 Pancreatic: Perform CVC, percutaneous thoracic/
Attention to aerosol generation and surgical abdominal puncture drainage in the ward, PTC in the
smoke created by electrosurgical equipment; use 8 IR department and try to avoid ERCP. Order of
lowest effective setting for energy device with or without preference for anaesthesia is LA, then epidural, then GA,
smoke extraction device” ! appreciating that most will require GA
MDT surgical decision-making”-'® Obstetrics: Neonates should be isolated and cared for
Consider less invasive techniques 9 by a dedicated neonatal team in a separate room
when possible (adjuvant treatment, from the mother
stents, stoma formation, endoscopic treatment) Hepatobiliary: In bile duct carcinoma with jaundice,
811121516 tube drainage can be considered to reduce jaundice
Lower threshold for prophylactic stoma'?16 and improve nutrition. In hilar cholangiocarcinoma,
Proactive proximal diversion should be use waiting time for portal vein embolization to
considered to avoid postoperative abdominal and pelvic increase residual liver volume and reduce risk of
infection'216 B subsequent surgery
During epidemic, chemotherapy is not recommended
for patients who can be observed closely. If high-risk
patient (recurrence or metastasis), consider
single-agent oral 5-FU
12
IR: Use to control bleeding and delay implementation
15 of high-risk and traumatic treatments
Colorectal: TNT mode should be considered in
this period. Neoadjuvant chemotherapy is
16 recommended for patients with locally advanced
colonic cancer with no bleeding, perforation
or obstruction
In obstructed colonic cancer, stoma formation/
stenting is recommended according to clinical features
and local guidance

ET, endotracheal; PAPR, powered air-purifying respirator; HEPA, high-efficiency particulate air; NG, nasogastric; OR, operating room; CVC, central
venous catheter; PTC, percutaneous transhepatic cholangiography; IR, interventional radiology; ERCP, endoscopic retrograde cholangiopancreatography;
LA, local anaesthesia; GA, general anaesthesia; MD'T, multidisciplinary team; 5-FU, 5-fluorouracil; TN, total neoadjuvant therapy.

© 2020 The Authors.
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Table 7 Domain 5: recommendations relating to other considerations
Overlapping recommendations Reference Additional recommendations
Limit visitors to all postoperative Appropriate acknowledgement of increased VTE risks
patients”~9.12-16 !
Limit face-to-face follow-up with video calls where 8
possible?9.11:13.15,16
Close monitoring of temperature in recovery 9
phase, with a low threshold for chest imaging in
febrile patients”1213.16 10
Optimizing nutrition highlighted as 11
key”:11:12,13 12 Blood tests: influenza A/B, procalcitonin
Additional psychological support for patients with
13 Early TPN, thymosin and interferon
cancer'!:12
14
15
16

VTE, venous thromboembolism; TPN, total parenteral nutrition.

Two articles”!0

mandated staff showering after an opera-
tion, and two hospital units undertook temperature checks

at least daily for all staff 79,

Patient factors

Ten articles’~'® highlighted patient-related considerations
(Table 5). In patients for whom surgery was advocated, the
importance of screening was a common theme; nine articles
described practices ranging from questionnaires and swabs
to thoracic CT7-%11-16 and recommended self-isolation
before any elective admission®!1-13:16,

A host of routine blood tests were recommended by Li
and colleagues'> and Luo and Zhong'? before hospital
admission, which included procalcitonin, and both type A
and type B influenza screening (Table 5).

Four articles!®!31%16 recommended surgical masks for
all patients, especially on transfer, with special routes and
elevators used for infected patients. The use of wrist bands,
issued to all patients testing positive for COVID-19, was
described in five articles”1213:15:16 a5 2 method to promote
ready identification.

Communication with patients and families was high-

lighted. Patients with cancer were described as needing
7,11-13

special consideration, with four articles recom-
mending nutritional support, and two!l!? additional
psychological support.
Procedural factors
Nine articles’"'%14-16  outlined OR  procedural
details. Of these, four””!%* focused on technical

adjustments to provide safer anaesthetic protocols. The

© 2020 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

remainder®®1L1215:16 - reported modifications made to

surgical planning or interventions.

Seven focused on individual subspecialty practice, includ-
ing preoperative considerations. Although each of these
concentrated on different surgical circumstances, over-
lapping themes were apparent, as described in Table 6.
A common theme was to avoid surgery where possible.
In the emergency setting, temporizing measures such as
stenting, endoscopic drainage or embolization were con-
sidered alternatives. Three articles’*!¢ recommended that
emergency patients testing negative for COVID-19 could
be treated as normal and undergo surgery if necessary.
No study had been published focusing solely on the
management of general surgical emergencies in the OR
during the COVID-19 crisis.

Other considerations

The main additional area considered was postoperative
management. Most described the importance of altered
postoperative practice, eight articles’~%12-16
ing limiting visitors, with any visitors regularly checked for
fever (Table 7). Six articles”1113:15.16 recommended limit-
ing in-person contact with physicians, replacing this with
video calls where possible.

Recognizing the risks of significant complications, four
articles”!?1316 describing practice in general surgery rec-
ommended that any postoperative pyrexia should be con-
sidered an indication for chest CT to look for possible
COVID-19 infection.

Nutrition was again highlighted in four articles
one of which advised early parenteral nutrition,

recommend-

7,11-13
b
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supplemented with thymosin and interferon'®. A sin-
gle communication” specifically raised the risk of venous
thromboembolism in the postoperative period, given the
increased risks associated with reduced mobility in patients
with COVID-19.

This systematic review identified and evaluated evidence of
OR best practice in the face of the COVID-19 pandemic.
The research question was deliberately kept broad, to opti-
mize the volume of clinical practice and consequent litera-
ture reports available. At the time of the review (19 March
2020), COVID-19 had been reported in 156 countries!®.

Although the epidemiology of COVID-19 has been well
reported!???, this systematic review found little robust
evidence regarding safe and best surgical practice. Nine
of the 11 papers provided OCEBM level 5 evidence,
generating grade D recommendations consistent with
very low quality and inconclusive evidencef. Consensus
regarding perioperative practice was apparent, from insti-
tutions exposed to high COVID-19 caseloads. Within
the operating suite, common recommendations focused
on room design, in particular geographic segregation of
COVID-19-positive areas and the use of negative-pressure
ventilation. Such practices were reported previously?!-*?
during the severe acute respiratory syndrome (SARS) and
Middle East respiratory syndrome (MERS) epidemics, in
an attempt to minimize the risk of cross-contamination
from areas of negative to normal air pressure. Evidence
regarding actions to minimize viral load was sparse, but
such general measures were pragmatic and achievable in
most, if not all, hospitals.

The importance of appropriate PPE, both before and
during surgery, to protect staff and minimize viral transmis-
sion was highlighted in all articles, supported by evidence in
reports from previous outbreaks of SARS and MERS?3-25,
Other studies have emphasized the importance of adequate
training in the correct use of PPE, where poor protocol
compliance has been shown to have a significant association
26,27 Tn the present review, guidance
regarding the use of PAPR and N95 masks was inconsis-
tent, with only two!®!* of the 11 articles mandating the
use of PAPR during high-risk procedures such as intuba-
tion. The filtering ability of PAPR masks is reported to be
marginally better than that of N95 masks (99 versus 95 per
cent respectively filtration of particles smaller than 5 pm in
diameter), but the clinical significance of this is unknown?®.

The level of screening necessary for surgical patients
differed between hospital units. All recommended health
questionnaires or nasopharyngeal swabs as a minimum

with viral transmission

© 2020 The Authors.
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requirement, with additional thoracic CT recommended
by almost half. Evidence-based consensus regarding
patient screening is therefore a priority, based on the
balance of risk and sensitivity of individual screening test
modalities.

The issue of a deliberate pause in elective surgical prac-
tice was a common theme, with the justification cited being
to minimize further viral transmission, strategically to
ration a stretched health resource threatened with an over-
whelming burden, and as a response to the risk of unknown
potential adverse clinical outcomes of patients develop-
ing COVID-19-related morbidity and complications after
surgery. To mitigate potential surgical and respiratory mor-
bidity, consideration of less invasive procedures such as
interventional radiology or endoscopy was recommended,
and in those requiring surgical resection the formation of
proximal diversion or end stomas to avoid the risk of oper-
ative sepsis associated with anastomotic leakage®!1:12:15:16,
Such recommendations seem reasonable and have subse-
quently been published in guidance documents produced
by international professional associations??~31.

Minimizing intraoperative aerosol generation and the
potential for dissemination of viral particles was addressed
in a number of the papers included in this review. The
use of rapid sequence induction with cuffed endotra-
cheal tubes and limiting energized dissection, as reported,
are recognized techniques in the literature; however,
high-quality evidence-based practices are lacking®?=3.

There are several limitations to this review. The num-
ber of publications available for review was modest.
Rapid evaluation of evidence, which has been essential in
informing early recommendations in an emerging pan-
demic, can result in false assumptions and conclusions.
The results are subject to the risk of significant bias.
The study relied on the inclusion of expert opinion and
low-quality observational studies, owing to the absence of
high-quality clinical trials. In exceptional circumstances,
such as the current coronavirus pandemic, a conventional
strong evidence-based approach to healthcare policy
development is neither feasible nor safe.

Within the constraints of time and resource, clini-
cal practice must be driven by a pragmatic approach to
developing evidence-based practice, and arguably a novel
scientific approach to collating global evidence when rig-
orous research evidence is not available. The widespread
professional use of social networking platforms represents
a powerful way of sharing such information internationally.

This review has highlighted the need for novel method-
ological approaches. There is a need to assimilate
‘real-time’ preliminary experiences and evidence, in
advance of publication, while recognizing the heightened

www.bjsopen.com
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potential for bias. An ability to transcend geographical
and language barriers is essential to facilitate international
knowledge-sharing. The encouragement of wide participa-
tion across a range of disciplines, not limited to healthcare
professionals, would help to capture the full spectrum of
viewpoints and potential solutions. Finally, the ability to
recruit a pool of engaged stakeholders, ready to assist,
would permit iterative development and re-evaluation as a
situation unfolds.
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