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Literature Review
Guidelines for Preoperative Testing for Neurosurgery in Coronavirus Disease 2019
(COVID-19) Era: Indian Viewpoint Amidst Global Practice

Nitish Agarwal, Amol Raheja, Ashish Suri
Preoperative testing and evaluation for coronavirus disease 2019 (COVID-19)
have been an enigmatic challenge for the neurosurgical community during the
pandemic. Since the beginning of the pandemic, laboratory diagnostic methods
have evolved substantially, and with them has been the necessity for readily
available, fast, and accurate preoperative testing methods. In this article, we
provide an overview of the various laboratory testing methods that are presently
available and a comprehensive literature review how various institutes and
neurosurgical communities across the globe are employing them to ensure safe
and effective delivery of surgical care to patients. Through this review, we
highlight the guiding principles for preoperative testing, which may serve as a
road map for other medical institutions to follow. In addition, we provide an
Indian perspective of preoperative testing and share our experience in this
regard.
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INTRODUCTION

As the coronavirus disease 2019 (COVID-
19) pandemic continues to affect lives
across the globe, one of the most
discussed issues in the management of the
pandemic remains safe and effective
delivery of surgical care. While the
exponentially rising toll of confirmed
COVID-19 cases has stretched the medical
resources to the brink, there has been a
mounting rise in the unmet need for
surgical care among patients. Sound pre-
paredness and planning is quintessential
to provide safe and robust surgical care in
these unprecedented times. Since the
inception of the pandemic in December
2019, neurosurgical societies, associa-
tions, and groups of prominent neuro-
surgeons around the world have put forth
guiding strategies for preoperative
evaluation and testing of patients in the

rights reserved.
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COVID-19 era. Through this manuscript,
we provide a comprehensive literature
review of these guidelines and also discuss
the Indian viewpoint pertaining to preop-
erative testing. We would first like to
discuss the various available testing
strategies, emphasizing their strengths,
weaknesses, and utility in the present
scenario (Table 1).

METHODS FOR LABORATORY DIAGNOSIS

Real-time Reverse Transcriptase
Polymerase Chain Reaction (RT-PCR)
Real-time RT-PCR tests are the most
widely used laboratory tests for detection
of RNA viruses.1,2 RT-PCR involves viral
RNA isolation and purification, RT to
complementary DNA, followed by
amplification of specific regions of com-
plementary DNA with RT-PCR equipment
and fluorescent signal detection using
specific probes.3,4 RT-PCR is currently
considered the gold standard for diag-
nosing severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection
because of its easy methodology, exten-
sively validated standard operating
procedure, and high sensitivity and
specificity.2,5,6 It is especially useful in
detecting the virus in the setting of an
acute illness.7,8 A positive test can
inform the individual of a current
FEBRUARY 2021 www.journals.el
infection with the virus so that they can
anticipate the course of illness and take
measures to prevent further
transmission.7 However, a negative test
does not rule out infection and needs to
be interpreted with caution, considering
clinical features, radiologic findings, and
even repeat testing in cases with strong
clinical suspicion of COVID-19.1,5,9

According to World Health Organiza-
tion and U.S. Centers for Disease Control
and Prevention, the recommended sample
for initial COVID-19 testing is an upper
respiratory specimen (nasopharyngeal
swab, oropharyngeal swab, or wash in
ambulatory patients) and/or lower respi-
ratory specimen in patients with more
severe respiratory disease (endotracheal
aspirate, bronchoalveolar lavage for pa-
tients on mechanical ventilation or
sputum, if produced).10,11 Wang et al.12 in
their paper investigating the
biodistribution of SARS-CoV-2 among
different tissues of inpatients with COVID-
19 recently reported that bronchoalveolar
lavage has the greatest positive viral
detection rates (93%), followed by sputum
(72%), nasal swabs (63%), bronchoscope
brush biopsy (46%), throat swabs (32%),
feces (29%), and blood (1%). Based on
these and similar findings, many other
authors have recommended collecting
preferably nasopharyngeal swabs with or
sevier.com/world-neurosurgery 103
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Table 1. Comparison of Methods of Laboratory Diagnosis of SARS-CoV-2

Testing
Method Preferred Specimen Sensitivity Specificity

Turnover
Time Utility Limitations

Laboratory-
based RT-PCR

Paired nasopharyngeal and
throat swab in ambulatory
patients; bronchoalveolar
lavage in patients on
mechanical ventilator

71%e98%* 98e100% 6e18
hours

Current infection with virus;
viral detection in acute illness;
gold standard diagnostic test

Sophisticated equipment;
longer turnaround time; need

for efficient cold-chain
transport system and storage

of specimen; trained
laboratory staff

CBNAAT Paired nasopharyngeal and
throat swab in ambulatory
patients; bronchoalveolar
lavage in patients on
mechanical ventilator

96%e100%
compared with

RT-PCRy

96%e100%
compared with

RT-PCRy

30e45
minutes

On-demand, rapid, easy-to-use
diagnostic test

Need for continuous power
supply; expensive in India;
cartridge waste disposal

required; trained laboratory
staff

TrueNAT Paired nasopharyngeal and
throat swab in ambulatory
patients; bronchoalveolar
lavage in patients on
mechanical ventilator

85%e92%
compared with
culture in studies
of tuberculosisz

98%e99%
compared with
culture in studies
of tuberculosisz

35e50
minutes

Point of care, portable, cost
effective rapid diagnostic test

Low throughput (tests a
maximum of 4 samples at a

time)

Rapid Antigen
Test

Nasopharyngeal swab 23.9%e93.9%
compared with

RT-PCR

~100% compared
with RT-PCR

15e30
minutes

Useful as a screening test in
health care settings in

conjunction with nucleic acid
tests (e.g., before emergency
surgery while nucleic acid test

results are awaited)

Cannot be used as a
standalone diagnostic or
screening test; limited

sensitivity

Antibody-
based test

Blood 40%e86% during
second week of

illnessx

78%e100% 1e12
hours

Serosurveys; past infection;
return-to-work decision;

plasma donation

Not useful as a diagnostic
test; potential for cross-

reactivity

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; RT-PCR, reverse transcription-polymerase chain reaction; CB-NAAT, cartridge-based nucleic acid amplification test.
*Performance depends on the type of specimen.
yData regarding performance of cartridge-based tests for detection of SARS-CoV-2 are still scarce.
zNo studies have been conducted regarding the performance of TrueNAT for SARS-CoV-2 detection.
xPerformance is time-dependent.
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without oropharyngeal swabs for upper
respiratory sampling.3-5,7,13-15 Standard
RT-PCR assays rely on sophisticated
equipment and consumable reagents,
which maybe unavailable in all resource-
limited settings. In addition, high-
throughput instruments use batched
testing to make it cost-effective, which
prolongs turnaround times.6,16 These
limitations can be addressed by
isothermal amplification methods and
other point-of-care (POC) tests, which
can be performed outside of centralized
facilities at the community level.2,4,16-18

Cartridge-Based Nucleic Acid
Amplification Test (CB-NAAT)
Many laboratories all over the world now
offer automated nucleic acid amplification
tests to reduce turnaround times and
overcome other shortcomings of
104 www.SCIENCEDIRECT.com
traditional RT-PCR tests.1,4,15,17 This has
been made possible by the use of self-
contained cartridge-based nucleic acid
testing platform—CB-NAAT. Various
cartridge-based testing systems have
received Emergency Use Authorization by
the U.S. Food and Drug Administration—
The True Sample-to-Answer Solution ePlex by
GenMark DX (Carlsbad, California, USA),
BioFire COVID-19 test (BioFire, Salt Lake
City, Utah, USA), Accula SARS-CoV-2 by
Mesa Biotech (San Diego, California,
USA), ID NOW by Abbott (Abbott Park,
Illinois, USA), and Xpert Xpress SARS-
CoV-2 test by Cepheid (Sunnyvale,
California, USA), to name a few.1

The CB-NAAT testing system used in
India, and authorized by the Indian
Council of Medical Research (ICMR), is
based on the Xpert Xpress SARS-CoV-2
test (Cepheid Inc.).19 CB-NAAT has been
WORLD NEUROSURGERY, http
widely employed as a rapid diagnostic test
for tuberculosis and for diagnosing
rifampin resistance in positive patients
using the Xpert MTB/RIF (Cepheid
Inc.).20-22 The test has proven especially
useful in initiation of treatment of tuber-
culosis in resource-limited, high-burden
Indian rural settings.23 Xpert Xpress
SARS-CoV-2 uses upper respiratory
specimens and involves transfer of the
transport medium harboring the sample/
swab into a testing cartridge, which is
loaded into a testing module within the
Gene-Xpert equipment. This is followed
by an automated purification, extraction,
and amplification of viral genetic material.
The test has a fast turnaround time of 30e
45 minutes.24 Literature pertaining to the
performance of cartridge-based tests is
still scarce. In 2 multi-institutional studies
that evaluated the performance of Cepheid
s://doi.org/10.1016/j.wneu.2020.10.086
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Xpert Xpress SARS-CoV-2 assay, the test
demonstrated concordance of 96%e100%
compared with RT-PCR tests.25,26 CB-
NAAT is an on-demand, rapid, easy-to-
use testing system that can test up to 80
samples at a time, depending on the
number of test modules available on the
machine. Limitations of this testing
system include need for continuous power
supply, waste disposal system for
cartridges, minimum biosafety 2 level
conditions, and trained laboratory staff.19

TrueNAT
TrueNAT is an improvement over the CB-
NAAT test as it overcomes the shortcom-
ings of Gene-Xpert, which limits its
decentralization to peripheral laboratories.
TrueNAT Beta CoV and SARS-CoV-2 (Mol-
bio Diagnostics/Bigtec Labs, Goa/Benga-
luru, India) are chip-based real-time PCR
tests for semiquantitative detection of beta
coronavirus (genus) and SARS-CoV-2 virus
(strain), respectively. The TrueNAT system
has been previously used as a rapid,
portable, POC, and cost-effective test for
the diagnosis of tuberculosis within pri-
mary health care facilities and has proven
more cost effective than smear microscopy
or Xpert.27-29 The ICMR recommends
TrueNAT test as a 2-step test: step 1 com-
prises an E gene (which helps build the
envelope) screening assay (TrueNAT Beta
CoV) for all suspected COVID-19 samples
followed by step 2 for the RdRp gene (RNA-
dependent RNA polymerase)-based
confirmatory test (TrueNAT SARS-CoV-2)
in all samples testing positive for E gene.
The samples testing negative from step 1
and those testing positive from step 2 are to
be considered as true negatives and true
positives respectively and no further RT-
PCR based confirmation is required in
such a scenario.19 No studies have been
conducted so far evaluating the
performance of TrueNAT test for
detection of SARS-CoV-2 virus. Lee
et al.,27 in their model-based analysis,
compared the performance of TrueNAT
test with other diagnostic tests for POC
diagnosis of tuberculosis. They reported a
sensitivity of 89% (85e92%) and a
specificity of about 99% (98e99%)
compared with culture.
This test involves the use of a battery-

operated TrueNAT system where the
RNA is first extracted from the specimen
(oropharyngeal/nasopharyngeal swab)
WORLD NEUROSURGERY 146: 103-112,
using Trueprep Auto sample prep device.
Purified RNA is subsequently mixed with
freeze dried PCR reagents and dispensed
into the reaction well of the TrueNAT Beta
CoV chip, which is inserted in the Truelab
real-time micro PCR analyzer, which
carries out automated amplification and
RNA detection.30 As the sample is
collected in a viral lysis medium,
requirements for biosafety are minimal.
The test has a fast turnaround time of
35e50 minutes for a single assay and can
test 1e4 samples at a time depending on
the module configuration of the
machine. Portability, no need for special
infrastructure, easy to use, rapid, and
minimal biosafety requirements are
features that make TrueNAT suitable for
use at the periphery level.

Rapid Antigen Test
The rapid antigen test further reduces
turnaround time by simplifying the test to
an immunochromatographic assay that
detects the SARS-CoV-2 antigen in the
sample. The preferred specimen for this
test is a nasopharyngeal swab. The test
involves insertion of the collected naso-
pharyngeal swab into an extraction buffer
followed by application of the extracted
solution to a specimen well on the test
device. Following this, the test result is
read in 15e30 minutes (not after 30
minutes, as it may give false results).31

This test has a very high specificity
(~100%) and it may have potential utility
as a rapid, POC test for early diagnosis
of COVID-19 in resource-limited set-
tings.32,33 Although scarce, literature
pertaining to use of this test for
detection of SARS-CoV-2 suggests that
the performance of rapid antigen tests is
limited by poor sensitivity. Overall sensi-
tivity ranges from 23.9% to 93.9% for the
use of rapid antigen tests.33-37 In the study
by Porte et al.33 reporting exceptionally
high 93.9% sensitivity (compared with
the rest of literature), the authors
observed that they collected majority of
samples (93.7%) from patients during the
first week of clinical disease. This could
have positively affected the reported
sensitivity in their experience, and hence
justifies further scientific exploration for
the temporal association of diagnostic
assay and disease progression, as an
important confounder. Concurrently, the
literature suggests the use of this test as
FEBRUARY 2021 www.journals.el
an adjunct and not as a standalone
frontline test for triage purposes.
The ICMR recommends the use of

Standard Q COVID-19 antigen kit (SD
Biosensor, based in South Korea) as a
rapid POC diagnostic test for use in health
care settings and containment zones in
combination with the gold standard RT-
PCR test.32 Hence, suspected patients
testing negative for COVID-19 by rapid
antigen test need to be tested using RT-
PCR and patients testing positive do not
require further testing.

Antibody-Based Tests
These tests evaluate the presence of IgM/
IgG antibodies against SARS-CoV-2 viral
antigen proteins. The specimen for testing
is serum, plasma, or whole blood.3 These
tests are extremely useful for
epidemiologic surveillance and indicate a
past exposure to the virus even in
asymptomatic individuals.15,16,32 The level
of seroprevalence in a population can
allow appropriate public health measures
to be instituted to contain disease spread.
In addition, in health care workers,
serologic tests can guide return to work
decisions and have a utility in risk
assessment.15,16 Antibody tests are also
being used to screen donors for
convalescent plasma donation, which is
currently under investigation as a possible
therapeutic option for COVID-19 in clin-
ical trials.38,39 Antibody production is host
dependent and generally begins 1 week
after the onset of clinical symptoms and
lasts for several weeks (IgM) or months
(IgG).7,8,40 Hence, these tests are not
useful for making an early diagnosis or
the diagnosis of an acute infection.1,2

Moreover, serologic tests have a potential
problem of cross reactivity with other
coronaviruses proteins leading to false
positive results.1,15 They should not be
employed for triage purposes in view of
their moderate, time-dependent sensitivity
(40%e86%) and specificity (78%e100%)
compared to RT-PCR based tests.1,6,41,42

ICMR recommends use of IgG antibody
test for conducting serosurveys and not
for diagnosis of COVID-19.32

Preoperative Testing for
COVID-19—Rationale and Significance
Research evidence regarding spread of
COVID-19 by asymptomatic carriers is still
limited. However, studies suggest that the
sevier.com/world-neurosurgery 105
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Table 2. Literature Review of Recommendations on Preoperative Testing: Institutional Protocols

No.
Country/
Region Institute

Confirmed
Cases54,55 (Region

or Country) Recommendation on Preoperative Testing

1 USA/
Connecticut

(CT)56

Yale 47,209 (CT) Patients tested for COVID-19 within 24 hours leading up to surgery. Screening
for symptoms and temperature measurement on the morning of surgery.

2 USA/New York
(NY)57

Mount Sinai
Hospital

404,997 (NY) Patients generally considered to be COVID-19 positive until proven otherwise
and multiple rounds of testing sent as soon as possible, when available.

3 USA/
Massachusetts

(MA)58

UMass Memorial
Health Care,
Worcester

110,897 (MA) All patients undergoing surgical procedure to be tested preoperatively.

4 USA/Florida
(FL)59

Jackson Memorial,
Miami

244,143 (FL) COVID-19 testing all surgical cases preoperatively. Fourteen-day delay imposed
for cases if testing not available.

5 USA/California
(CA)60

Stanford University
School of Medicine

304,558 (CA) All inpatients tested 48 hours before procedures. Patient undergoing emergent
and urgent cases received the same day test (without waiting for test results).

Patients undergoing high-risk aerosol-generating procedures (endonasal,
transsphenoidal procedures, FESS) received dual testing. (RT-PCR <72 hours

and rapid test on the day of surgery).

6 USA/Alabama
(AL)61

University of
Alabama at
Birmingham

50,508 (AL) All patients tested within 72 hours before using RT-PCR and emergency
procedures tested on the same day using Cepheid nucleic acid test.

7 Italy/
Lombardy62

University of
Insubria, Varese

94,905 (Lombardy) Mandatorily define the COVID-19 status of patients irrespective of symptoms:
Nasopharyngeal swabs complemented with chest imaging, immunologic

antibodies determination and saliva viral load quantification.

8 Italy/
Lombardy63,64

C. Besta
Neurological

Institute, Milan

94,905 (Lombardy) Deep screening of all admitted patients with body temperature, O2 saturation,
C-reactive protein, transaminases levels, complete cell blood count, chest

radiography, pharyngeal SARS-CoV-2 swab and a thorough history. Emphasis on
ensuring a “COVID-19efree” hospital following the “hub-and-spoke” policy.

9 Switzerland/
Geneva65

Geneva University
medical Centre

32,586 (Switzerland)
5229 (Geneva)

Emergent cases deemed as positive. Urgent cases taken for surgery after
COVID-19 testing.

10 China/Hubei66 Tongji Hospital,
Wuhan

68,135 (Hubei) Clinical screening in outpatient department. A pulmonary CT scan and nucleic
acid sequencing of throat swab recommended.

11 China/
Guangdong67

Sun Yat-Sen
University Cancer

Center

1645 (Guangdong) All patients admitted for surgery underwent “COVID-19 screening,” including
contact tracing, symptoms interrogation, novel coronavirus nucleic acid and

antibody test, and chest CT scan.

12 France/Alsace68 Strasbourg
University Hospital,

Alsace

1,70,752 (France) Emergency: no need for swab
Deferrable: management after swab; surgical intervention deferrable at least 48

hours, and expedited within 7e15 days.
Elective: management after swab; surgical intervention rescheduled within 2e4

months.

13 UK/Cambridge69 Addenbrooke
Hospital, Cambridge

2,87,621 (UK) Patient screened for symptoms 1 week prior and asked to self-isolate.
Two nasopharyngeal swabs are performed preoperatively (first on day 4e5

preoperatively and second on day 2 preoperatively).
Patients with 2 negative swabs are admitted on the day of surgery and are

screened again for any COVID-19 symptoms.

14 UK/London70 National Hospital
for Neurology and
Neurosurgery

2,87,621 (UK) All patients undergo RT-PCR based testing before non-emergency surgery.

15 Ireland/Dublin71 Beaumont Hospital,
Dublin

25,589 (Ireland) All elective surgical patients tested using RT-PCR 1 day prior.

Continues
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Table 2. Continued

No.
Country/
Region Institute

Confirmed
Cases54,55 (Region

or Country) Recommendation on Preoperative Testing

16 South Korea/
Seoul72

Yonsei University
College of Medicine

13,338 (South
Korea)

All patients screened for respiratory symptoms and tested for COVID-19 before
surgery.

17 Morocco,
Rabat73

WFNS Rabat
Reference Centre
ONO Hospital

14,771 (Morocco) Initial assessment by pulmonary CT scan reinforced by COVID-19 testing of
suspected cases.

18 Singapore74 Singapore General
Hospital

45,614 (Singapore) Clinical screening and exposure history questionnaire used for all preoperative
patients. Routine preoperative chest radiography for all patients.

Routine preoperative swab for all patients requiring elective high-risk surgery
(transgressing upper airways).

19 India/New Delhi All India Institute of
Medical Sciences,

New Delhi

1,07,051 (Delhi) Mandatory testing of all neurosurgical patients planned for diagnostic or
therapeutic procedures.

Hospitalized patients for semiemergent/elective surgery (Category I): RT-PCR.
Outpatients for diagnostic or therapeutic day care procedures (Category II):

Schedule procedure for 1week prior. Schedule RT-PCR for 72e96 hours before
procedure.

Emergent diagnostic or therapeutic procedures (Category III): CB-NAAT/TrueNAT
rapid assays.

CT of the chest: reserved for symptomatic patients.

COVID-19, coronavirus disease 2019; FESS, functional endoscopic sinus surgery; RT-PCR, reverse transcription-polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2; CT, computed tomography; CB-NAAT, cartridge-based nucleic acid amplification test.
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potential of asymptomatic and pre-
symptomatic individuals infected with
SARS-CoV-2 virus to further transmit
infection is significant.43-46 Arons et al.,44

in their study describing an outbreak of
COVID-19 in a skilled nursing facility,
evaluated the adequacy of symptom-based
screening amongst residents. They
observed that more than one half of the
residents (27/48, 56.2%) who had tested
positive during a facility-wide point-preva-
lence screening were asymptomatic at
testing. In addition, they identified large
quantities of viral RNA, and isolated viable
SARS-CoV-2 virus from specimens of
asymptomatic and pre-symptomatic
residents. The authors concluded that
these asymptomatic residents most likely
contributed to transmission and infection
control strategies focused entirely on
symptomatic residents were inadequate.44

This recommendation may be extended to
include individuals living in closed,
congregated facilities that are at high risk
of asymptomatic transmission, viz.
prisons, nursing homes, hospitals, etc.
Revision of protocols to include these
individuals under the umbrella of
laboratory screening is the need of the
hour.45
WORLD NEUROSURGERY 146: 103-112,
In addition to the risk of transmission
to contacts, mortality and morbidity
associated with perioperative COVID-19
infection can be pronounced. In an
international, multicenter cohort study
conducted at 235 hospitals across 24
countries, the authors assessed post-
operative mortality and the rate of pul-
monary complications in 1128 patients
with COVID-19. They observed an
alarming 30-day mortality of 23.8% and
pulmonary complications in 51.2% pa-
tients.47 In a similar matched-cohort
study involving 123 patients from a
hospital in Brescia, Italy, the authors
observed 30-day mortality and
postoperative complications significantly
greater in patients with SARS-CoV-2
infection than the control group.48

Similar findings were noted in some
other studies.49,50 Findings from all
these studies impress upon the
hazardous outcomes of surgery in
patients with COVID-19 and the need for
postponing non-urgent surgical proced-
ures in such patients. This also underlines
the importance of mandatory preoperative
testing for comprehensive risk
assessment, prognosis and decision
making in surgical patients.
FEBRUARY 2021 www.journals.el
COVID-19, which primarily spreads
through virus aerosolized from the upper
airway,51,52 places the health care provider
involved in aerosol-generating procedures
under tremendous risk. Thismeans that the
neurosurgeonmight be under an additional
risk of contracting infection during surgery
as this surgery routinely involves bone
drilling and use of other aerosol generating
instruments, exposure of mucosa in the
paranasal sinuses during craniotomy and
most importantly, transnasal procedures.53

This accentuates the need for preoperative
testing before neurosurgical procedures to
ensure safety and allay anxiety among
operating room staff.

Preoperative Testing for
COVID-19—Guidelines in Neurosurgery
A review of the articles on PubMed was
carried out using key words “COVID-19”
and “neurosurgery” on June 15, 2020. The
search yielded 351 articles, which were
reviewed for relevance. References from
relevant articles were reviewed to locate
other articles of interest. From these data,
we were able to compile a review of pre-
operative testing protocols of 19 different
institutes in 11 different countries around
the world (Table 2).54-74 In addition,
sevier.com/world-neurosurgery 107

www.journals.elsevier.com/world-neurosurgery


Table 3. Literature Review of Recommendations on Preoperative Testing: Professional Bodies

No. Society/Professional Body Recommendation on Preoperative Testing

1 Society of British Neurological Surgeons75 Preoperative COVID-19 testing should be employed when available.

2 AANS/CNS Tumour Section and Society for
Neuro-Oncology76

To the extent possible, patients should receive COVID-19 testing on the day of surgery.

3 Royal College of Surgeons of England77 COVID-19 should be sought in all patients before surgery either directly via testing or through proxy
indicators.

4 Hong Kong Neurosurgical Society78 Before surgery, it is prudent to ask for FTOCC (fever, travel, occupation, contact, clustering) histories
and upper respiratory and gastrointestinal symptoms. Body temperature checked and chest

radiograph should be done. SARS-CoV-2 status should be checked by nasopharyngeal and throat
swab, whenever possible.

5 American Society of Anesthesiologists and
Anesthesia Patient Safety Foundation79

All patients should be screened for symptoms before presenting to the health care facility. Patients
reporting symptoms should be referred for additional evaluation. All other patients should undergo
nucleic acid amplification testing (including PCR tests) before undergoing nonemergent surgery.

6 Professional Education Committee of the
Pituitary Society80

Screening for cough, fever, and other symptoms and, if suspected, swab for testing.
Consider (depending on local guidance):

Isolation up to 2 weeks before surgery; paired swabs for testing and/or serological tests; chest
radiograph and/or chest CT.

7 Italian Skull Base Society81 It is mandatory to test for COVID-19 in all patients who are candidates for surgery (except for
emergency procedures), with at least 2 tests, repeated at a distance of 2e4 days, to minimize the
possibility of false negatives. The last test must be performed within 48 hours before surgery.

8 International consensus guidelines for head and
neck oncology (39 societies and professional

bodies)82

Strong agreement for “COVID-19 status of a patient should be considered before surgery” and
“positive laboratory test would be sufficient as a minimum criterion for diagnosis.”

9 Consensus statement from India for practice of
Neurosurgery and Neurology83

Acute cases: Initial screening e Thermal screening and Rapid COVID-19 diagnostic Kit.
Subacute/Chronic Cases: Initial screening e Thermal screening and Rapid COVID-19 diagnostic Kit

followed by pulmonary CT scan (if available) and nucleic acid testing by RT-PCR.

10 Recommendations based on expert opinion of 4
worldwide-known neurosurgeons from 3
different continents (USA/Europe/Asia)84

Management based on preoperative COVID-19 testing, 2 times within 24 hours or CT of the chest.

11 Multicentre recommendation based on expert
opinion85

Emergent: Assume COVID-19 positive.
Urgent: Preoperative testing if available to be done as close as possible to surgery. Quarantine until

result negative. If testing unavailable assume COVID-19 positive.
Semi-urgent: test if available. If unavailable, self-quarantine for 14 days.

COVID-19, coronavirus disease; AANS/CNS, American Association or Neurological Surgeons/Congress of Neurological Surgeons; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;
CT, computed tomography; RT-PCR, reverse transcription-polymerase chain reaction.
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documents published on webpages of
various international neurosurgical
societies and consensus statements from
various neurosurgical institutes also were
noted (Table 3).75-85

All of the centers and most of the
prominent surgical societies around the
world that we reviewed recommend
mandatory preoperative testing in non-
emergent cases for COVID-19 (Tables 2 and
3). RT-PCR using a nasopharyngeal or a
throat swab was found to be the most
widely used method for preoperative
screening and diagnosis. As the testing
capacity increases around the world, there
is a mounting trend toward the routine use
108 www.SCIENCEDIRECT.com
of a rapid nucleic acid test (e.g., Cepheid
Xpert Xpress SARS-CoV-2 test) before
emergency cases.60,61 It is recommended to
have the diagnostic test performed as close
as possible to the surgery. Many centers in
the United States and around the world
follow a protocol of testing in less than 72
hours before surgery,56,60,61,71 with some
even recommend having 2 negative swab
results (especially in high-risk cases)
before proceeding for nonemergent
surgery.60,69,84 For instance, the Italian
Skull Base Society recommends that “it is
mandatory to test for COVID-19 in all
patients who are candidates for surgery
(except for emergency procedures), with at
WORLD NEUROSURGERY, http
least 2 tests, repeated with a temporal
separation of 2e4 days, in order to
minimize the possibility of false negatives.
The last test must be performed within 48
hours prior to surgery.”81 Neurosurgeons
from many countries have recommended
the inclusion of chest radiography (Italy
and Singapore) or pulmonary computed
tomography (CT) scan (China and
Morocco) in the armamentarium for
diagnosis of COVID-19.63,64,66,67,73,74 A
report from neurosurgery department at
ONO Hospital in Rabat, Morocco,
mentions the use of pulmonary CT scan
for initial assessment of COVID-19 status
in patients followed by confirmation using
s://doi.org/10.1016/j.wneu.2020.10.086
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Figure 1. Stacked-column chart showing percentages of
neurosurgical cases operated at our center that tested negative,
indeterminate, or positive for coronavirus disease 2019
(COVID-19) during various phases of nationwide lockdown. With

the gradual step-up of testing capacity, we were able to emplace
mandatory preoperative testing (green arrow) for COVID-19 by
Phase V.
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diagnostic laboratory testing.73

Neurosurgeons from China, Hong Kong,
and Singapore impress upon the use
of clinical screening and use of
questionnaires for interrogation of
exposure history and symptoms.66,67,74,78

Similarly, neurosurgeons from C. Besta
Institute in Milan, Italy recommend a
“deep” COVID-19 screening of all surgical
patients using ancillary tools like oxygen
saturation, C-reactive protein, and serum
transaminases in addition to clinical his-
tory and pharyngeal SARS-CoV-2 swab.63

Preoperative Testing for COVID-19 e The
Indian Viewpoint and Our Experience
ICMR, the apex medical research govern-
ing body in India, has periodically revised
the guidelines governing the strategy for
COVID-19 testing in India. While the first
version of guidelines impressed upon
testing of only symptomatic persons who
were contacts of laboratory-confirmed
cases or had a history of international
WORLD NEUROSURGERY 146: 103-112,
travel,32 the latest version recommended
the use of Standard Q COVID-19 Antigen
assay for screening of asymptomatic
patients undergoing aerosol generating
surgical or nonsurgical procedures.32 This
clause included patients undergoing
elective or emergency surgical procedures
like neurosurgery, earenoseethroat
surgery and dental procedures, and
other nonsurgical procedures viz.
bronchoscopy, upper gastrointestinal
endoscopy and dialysis. In a multi-
institutional consensus statement
published from India for the practice of
Neurology and Neurosurgery, Gupta
et al.83 recommend initial screening of
acute cases using body temperature
measurement and rapid COVID-19
diagnostic kits while for other cases this
initial screening should be followed by
nucleic acid testing using RT-PCR and
pulmonary CT, if available.
The pandemic has been an enigmatic

challenge for centers around the globe.
FEBRUARY 2021 www.journals.el
We have had our share of learnings from
managing the same. Figure 1 summarizes
our experience with preoperative testing
for COVID-19 as the pandemic pro-
gressed. For the purpose of illustration of
data, we have divided the COVID-19
period in our setting into 6 phases of
nationwide lockdown in India (Figure 1).86

We analyzed the neurosurgical cases
operated during this period to ascertain
the fraction of cases which were
negative, positive or indeterminate
(suspect) for COVID-19 before surgery.
During this period, all the patients that we
operated (248 patients) were either
negative or indeterminate prior to surgery.
A total of 3 cases tested positive after
surgery (2 of them were negative initially
and one was indeterminate/suspect before
surgery). During the initial phases of the
pandemic, we relied primarily on gold
standard RT-PCR tests (turnaround times
of up to 18 hours), with emergent
procedures taken for surgery as COVID-19
sevier.com/world-neurosurgery 109
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suspects unless proven otherwise. As the
pandemic progressed, we were able to
procure and use other rapid nucleic acid
tests with shorter turn-around times (CB-
NAAT and TrueNAT tests). As a result, we
were able to use these for emergent sur-
gery. More recently, we have also included
rapid antigen tests in our testing
armamentarium (turnaround times of less
than 30 minutes). Hence, with the gradual
step-up of testing capacity and periodic
revision of national testing guidelines by
ICMR, the fraction of cases with
indeterminate/suspect COVID-19 status
decreased. Eventually, we were able to
emplace mandatory testing of COVID-19
status before all (emergent/elective/semi-
emergent) surgical procedures by Phase V
of national lockdown (Figure 1).
Currently, we conduct mandatory

testing of all patients planned for
diagnostic procedures or neurosurgical
intervention at our center. For all in-
patients for semiemergent or elective
surgery (Category I), standard real-time
RT-PCR assay is employed with a turn-
around time of 6e18 hours depending on
when the specimen is collected. For all
outpatients requiring diagnostic or thera-
peutic day-care procedures (Category II),
the procedure is scheduled for at least 1
week later. The patient is then provided an
RT-PCR test appointment for 72e96 hours
before the scheduled procedure date.
Regardless of the symptom and clinical
history, for emergency diagnostic and
therapeutic procedures (Category III) we
employ CB-NAAT or TrueNAT nucleic acid
sequencing assays with a turnaround time
of less than 3 hours. In view of low
sensitivity of the rapid antigen test, we
reserve its use before emergency proced-
ures in suspected cases, while nucleic acid
test results are awaited. For all nucleic acid
tests, we employ use of paired (nasopha-
ryngeal and oropharyngeal) swabs for
specimen collection. Use of CT of the
chest is generally reserved for symptom-
atic cases, after consultation with an
infectious disease specialist.
CONCLUSIONS

The importance of preoperative testing for
COVID-19 in surgical patients cannot be
overemphasized. With the growing body
of evidence in favor of this clause,
rapid increase of asymptomatic and
110 www.SCIENCEDIRECT.com
presymptomatic COVID-19 patients in the
community, and possible hazardous
postoperative outcomes of unexpected
COVID-19 patients, mandatory preopera-
tive testing of surgical patients is the need
of the hour. However, it is also prudent to
take into consideration the logistics, cen-
tral and state governments’ co-operation,
merits, and demerits of the available
testing methods and local surge of cases
in the community before formulating
protocols to safeguard health care workers
and patients against further spread of this
menacing illness.
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