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-BACKGROUND: As the COVID-19 pandemic surpasses 1
year, it is prudent to reflect on the challenges faced and the
management strategies employed to tackle this over-
whelming health care crisis. We undertook this study to
validate our institutional protocols, which were formulated
to cater to the change in volume and pattern of neurosurgical
cases during the raging pandemic.

-METHODS: All admitted patients scheduled to undergo
major neurosurgical intervention during the lockdown
period (15 March 2020 to 15 September 2020) were included
in the study. The data involving surgery outcomes, disease
pattern, anesthesia techniques, patient demographics, as
well as COVID-19 status, were analyzed and compared
with similar retrospective data of neurosurgical patients
operated during the same time period in the previous year
(15 March 2019 to 15 September 2019).

-RESULTS: Barring significant increase in surgery for
stroke (P[ 0.008) and hydrocephalus (P <0.001), the overall
case load of neurosurgery during the study period in 2020
was 42.75% of that in 2019 (P < 0.001), attributable to a sig-
nificant reduction in elective spine surgeries (P < 0.001).
However, no significant difference was observed in the
overall incidence of emergency and essential surgeries
undertaken during the 2 time periods (P[ 0.482). There was
an increased incidence in the use of monitored anesthesia
care techniques during emergency and essential neurosur-
gical procedures by the anesthesia team in 2020 (P < 0.001).
COVID-19 patients had overall poor outcomes (P [ 0.003),
Key words
- COVID-19
- Monitored anesthesia care
- Neurosurgery protocols

Abbreviations and Acronyms
ELISA: Enzyme-linked immunosorbent assay
GA: General anesthesia
ICU: Intensive care unit
MAC: Monitored anesthesia care
PPE: Personal protection equipment
SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2

e34 www.SCIENCEDIRECT.com WORLD NE
with significant increase inmortality among those subjected
to general anesthesia vis-a-vis monitored anesthesia care
(P [ 0.014).

-CONCLUSIONS: Despite a significant decrease in
neurosurgical workload during the COVID-19 lockdown
period in 2020, the volume of emergency and essential
surgeries did not change much compared with the previous
year. Surgery in COVID-19 patients is best avoided, unless
critical, as the outcome in these patients is not favorable.
The employment of monitored anesthesia care techniques
like awake craniotomy and regional anesthesia facilitate a
better outcome in the ongoing COVID-19 era.
INTRODUCTION
he novel coronavirus disease (COVID-19) pandemic, which
was first reported in Wuhan, China, continues to affect
Tmillions of people across 216 countries and territories,

with the Mumbai metropolitan region emerging as one of the
worst affected cities in the world and contributing to nearly half a
million cases.1,2 The primarily modes of transmission of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
appears to be through droplet, contact, fomite, and airborne
transmission.3 Regions have been placed under various forms of
lockdown, with restriction in movement of people, in an
attempt to contain the spread of the disease. Neurosurgery
centers form a unique subset that must cater to unavoidable
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neurologic emergencies like tumors, strokes, infections, and
trauma. The pattern and volume of cases in neurosurgery
centers across the world have changed significantly in the
present scenario, leading to difficulties in resource planning and
logistic management.4-6 To prevent COVID-19 spread, various
neurosurgical societies and institutions have published broad
guidelines and recommendations, mostly based on third-party
data.7-11 These protocols remain to be validated, and surgical
outcomes need to be analyzed. The aim of this study is to validate
the COVID-19 protocols of our neurosurgery center and investigate
the surgical outcomes. Another objective is to analyze the change
in the disease pattern and neurosurgical volume, thereby
establishing a benchmark for COVID-19 resource planning.

METHODS

This study was carried out at a tertiary care COVID-19 hospital,
located in the Mumbai metropolitan region, one of world’s largest
COVID-19 hotspots. All patients who were admitted to the
neurosurgery department of the hospital for a major procedure, in
the lockdown period between 15 March 2020 and 15 September
2020, were included in the study. Outpatient procedures, diag-
nostic procedures, and minor surgeries were excluded from the
study. As part of this study, surgery outcomes, disease pattern,
anesthesia techniques, patient demographics, and COVID-19 sta-
tus were analyzed. Outcomes were measured using the modified
Rankin scale. They were compared with similar data, obtained
retrospectively, from hospital records of neurosurgical patients
operated between 15 March 2019 and 15 September 2019.

PROTOCOLS

All patients were triaged in priorities based on need for urgency of
intervention (Table 1). All patients were also stratified based on
COVID-19 status into 3 categories (i.e., COVID-19 positive, inde-
terminate and negative) and were managed in respective dedicated
zones as per hospital protocol.
Table 1. Stratification of Patients Into Priority Groups

Priority Urgency Representative Dis

P1 Emergency surgery Tumor causing significant
Brain abscess

Severe head inj
Stroke

Ruptured aneury
Acute hydroceph

Spine injury with neurologic
Cauda equina synd

P2 Essential surgery CNS tumor with decom
Brain aneurysm

Compressive myelo
Extruded or herniated intervertebral disk d

Chronic subdural hem

P3 Routine surgery Degenerative spinal d
Craniosynostos

CNS, central nervous system.
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COVID-19 Testing Protocols
COVID-19 reverse transcription polymerase chain reaction test
(COVID-19 RT-PCR) of nasopharyngeal and oropharyngeal swabs
were performed in all patients requiring neurosurgery. In Priority I
cases requiring immediate intervention, surgery was performed
with full COVID-19 precautions and personal protection equip-
ment (PPE), without waiting for results of COVID-19 reverse
transcription polymerase chain reaction test. Following surgery,
they were managed in a designated COVID-19 suspect intensive
care unit until the availability of the COVID-19 report. In Priority I
cases, those who could wait for a few hours before surgical
intervention, faster diagnostic tests like Chip-based Real Time
PCR Test (TrueNat SARS CoV-2), cartridge-based nucleic acid
amplification test (GeneXpert Xpert Xpress SARS-CoV-2), or
computed tomography of the chest with a COVID-19 Reporting
and Data System score was done in addition to COVID-19 reverse
transcription polymerase chain reaction test.12 Priority II cases,
who were diagnosed as having COVID-19, were closely moni-
tored in a high-dependency unit and surgery was performed once
they turned negative on COVID-19 RT-PCR. All operating
room personnel were subject to mandatory screening daily, and
the RT-PCR test was done per high-risk contact tracing protocols
of our institution. Serosurveillance using enzyme-linked immu-
nosorbent assay (ELISA IgG and IgM) was performed for all
neurosurgery staff.
Anesthesia and Operating Room Protocols
A dedicated operating room with isolated donning and doffing
areas, having separate entry and exit, was employed for confirmed
or suspected COVID-19 cases. Minimal staffing was maintained
during surgery. In the absence of a negative-pressure operating
room in our institute, we designated a separate room with 2 split
air conditioners of 2 tons of refrigeration capacity each, for con-
ducting positive and suspected cases. All operating room
personnel followed strict personal-protection measures including
eases Recommendation

mass effect
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sm
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rome

Immediate surgery/surgery within 24 hours
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isease with severe symptoms
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Surgery within 1 week
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PPE consisting of waterproof, hooded surgical gowns, N95 mask,
shoe cover, and face shield with visor (Figure 1).
In a bid to minimize aerosol-generating procedures, general

anesthesia (GA) and ventilation were avoided as much as possible
during the perioperative period. If unavoidable, intubation was
performed by the most experienced anesthesiologist in the oper-
ating room with the aid of a video laryngoscope. The plexiglass
aerosol prevention box was used during all tracheal intubations,
thus minimizing exposure of personnel to aerosolized virus. With
the sole aim to minimize aerosol spread in the operating room,
high-flow oxygen, nasal instrumentation, coughing, and bag-and-
mask ventilation were avoided. Monitored anesthesia care (MAC),
which included regional anesthesia, spinal anesthesia, and scalp
block, was preferred to general anesthesia wherever possible.
All disposable items such as surgical drapes, breathing circuit,

heat and moisture exchanger with viral filter, gas sampling line,
reservoir bag, face mask, tracheal tubes, airways, and soda lime
were discarded after every surgery per biomedical waste manage-
ment protocols. All exposed surfaces such as anesthesia work-
station, patient monitors, cabinets, and laptops were covered with
disposable plastic sheets. The sheets were disposed at the end of
surgery, and the surfaces were cleaned with disinfectant solution
(1% sodium hypochlorite).

Neurosurgery Protocols
The strategy was to resect most of the tumors using awake crani-
otomy techniques and perform lumbar spine surgeries under spinal
anesthesia. During cranial surgery, the patient was placed in a
barrier tent, exposing only the part to be operated (see Figure 1).
Monitoring of the surgical field was undertaken by incorporating
a slave monitor. The neurosurgical team functioned as a compact
and cohesive close-knit unit.
Figure 1. Neurosurgery
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Craniotomy placement was planned to avoid paranasal sinuses.
In cases of paranasal sinus breach, immediate containment was
done using bonewax. An attempt was made to avoid surgical
aerosol-generating procedures, such as bone drilling, Cavitron
ultrasonic surgical aspiration, and monopolar cauterization. When
their use was unavoidable, liberal irrigation and high-power
suction were held close to the surgical field.

Statistical Analysis
The statistical analysis was done using a statistical package (IBM
SPSS software V 25). The continuous variables (which were nor-
mally distributed) were summarized using mean and standard
deviation and compared using Student’s t-test. The categorical
variables were summarized using contingency table and compared
using the chi-square test. The 95% confidence interval was used to
assess the precision of sample estimates, and alpha error was set
to 0.05 for analyses.

RESULTS

A total of 67 patients were admitted for neurosurgical procedures
during this period. Eleven cases were found to have COVID-19.
Surgery was deferred in 5 cases who were COVID-19 positive
and hence excluded from the study.
Brain tumor was the commonest diagnosis (25.80%), followed

in incidence by spinal diseases (20.97%). Stroke constituted
12.90% of total cases (Table 2).
Of the 62 patients who were operated, 4 were diagnosed to have

COVID-19 before surgery. In 13 instances, the COVID-19 testing
was not done before surgery due to emergent nature of cases.
These cases were empirically labeled as COVID-19 indeterminate,
and surgery was performed with adequate COVID precautions and
PPE. Of these 13 patients who were taken up for emergency
operating room.

UROSURGERY, https://doi.org/10.1016/j.wneu.2021.07.082
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Table 2. Disease Pattern and Priority of Cases During Lockdown 2020 Versus 2019

Diagnosis

2020 2019

P ValueP1 P2 Total Incidence % P1 P2 P3 Total

Brain tumor 0 16 16 25.80 1 24 0 25 0.155

Stroke 8 0 8 12.90 6 0 0 6 0.021

Trauma 6 0 6 9.68 11 1 0 12 0.741

Vascular 3 3 6 9.68 9 7 13 29 0.070

Hydrocephalus 6 0 6 9.68 1 0 0 1 <0.001

Spine 3 10 13 20.97 2 12 56 70 <0.001

Miscellaneous 2 5 7 11.29 0 1 1 2 <0.001

Total 28 34 62 100% 30 45 70 145 <0.001
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surgery, an immediate postoperative RT PCR turned out to be
positive in 2 cases.
The overall caseload of surgeries in the study period in 2020 was

only 42.75% of that in 2019, and it reflected a statistically decrease in
the overall workload (P < 0.001) (Table 2). There was a significant
increase in surgery for stroke (P ¼ 0.008) and hydrocephalus
(P <0.001) in 2020 when compared with 2019. Most of the
decrease in workload in 2020 could be attributed to a significant
reduction in elective spine surgeries (P < 0.001). However, there
was no significant difference in emergency and essential (P1 and
P2) caseloads between 2019 and 2020 (P ¼ 0.482) (Table 3). The
patients of 2019 and 2020 groups were comparable with respect to
age (P ¼ 0.291) and sex (P ¼ 0.079).
There was a statistically significant increase in MAC techniques

among emergency and essential surgeries in the study period 2020
when compared with 2019 (P < 0.001). There was no significant
difference in overall outcomes in cases during the COVID-19 and
non-COVID period (P ¼ 0.237). Though there were 3 deaths
among the GA patients, there was no significant difference in
outcomes in patients subjected to general anesthesia and MAC in
2020 (P ¼ 0.250) (Table 4). However, patients who had COVID-19
disease had poorer outcomes when compared with those who
were COVID free (P ¼ 0.003). Further, there was a significant
increase in mortality among COVID-19 patients subjected to GA
when compared with MAC (P ¼ 0.014).
None of the neurosurgery operating room personnel showed

symptoms of COVID-19, and they tested negative on serologic
survey using ELISA IgG and IgM tests and COVID-19 RT-PCR.
DISCUSSION

Coronavirus disease (COVID-19), caused by SARS-COV2, is pri-
marily a respiratory disease that affects a myriad of organs and
body systems including the nervous system.13,14 COVID-19 disease
has rapidly affected more than 49 million persons globally and has
led to approximately 1.2 million deaths to date.2 It has already
crippled economies worldwide, and control of this pandemic
still remains elusive. It has changed the pattern of patients
reporting for various diseases and has led to reallocation of
WORLD NEUROSURGERY 155: e34-e40, NOVEMBER 2021
health care funds. Though there is an apparently growing
plethora of literature on COVID-19, there is still a paucity of reli-
able scientific data based on first-hand experiences.15-18

Our hospital is located in the Mumbai metropolitan region,
which has emerged as one of the largest conglomerations of
COVID-19 cases in the world. All private and most of the gov-
ernment hospitals in Mumbai were converted to designated
COVID hospitals with 80% of their beds allocated for care of
SARS-CoV-2�positive patients. Our is a tertiary care referral
hospital with 825 beds with 70 beds allotted for neurosurgery, of
which neurosurgery intensive care unit (ICU) has 10 beds. During
the comparison period (i.e., 15 March 2019 to 15 September 2019),
the average bed occupancy rate was 78.3%. During the study
period 15 March 2020 to 15 September 2020, the hospital added
another 100 crisis expansion beds, of which 40 were COVID ICU
beds. Being a designated COVID-19 hospital, 400 beds were ear-
marked for COVID-19 patients. The rest of the beds were reserved
for emergency and acute cases, which included patients with post
COVID-19 complications. The neurosurgery center was allotted 20
beds including 4 ICU beds. The hospital was overwhelmed with
both COVID-19 and non-COVID patients, and the average bed
occupancy rate was 95.8% during this period.
Being a dedicated service hospital, our clientele consists of

serving armed forces personnel and their dependents, as well as
veterans. However, per the government directive, the hospital
services were extended to the entire community during the
ongoing pandemic. Stringent protocols were ensured in the pri-
oritization, segregation, and management of patients. These
protocols were initially derived from guidelines of reputed orga-
nizations and societies, which we adapted to suit our re-
quirements and subsequently modified based on our
experience.9,10,15,17,19-22

The neurosurgical operation suite is a potential high-risk envi-
ronment for the transmission of SARS-CoV-2 virus due to the
requirement of undertaking aerosol-generating procedures like
endotracheal intubation, mechanical ventilation, high-speed dril-
ling, ultrasonic aspiration, and cauterization. Furthermore, the
risk is enhanced by the proximity of oral and nasal orifices to the
operative field and long duration of surgery in a contained
www.journals.elsevier.com/world-neurosurgery e37
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Table 3. Comparison of Demographics, Priority, Anesthesia,
Ventilation, and Outcome Parameters Between Lockdown 2020
and 2019

Parameters 2020 (n [ 62) 2019 (n [ 145) P Value

Priority

P1 cases 28 29 <0.001

P2 cases 34 45

P3 cases 0 71

P1þ P2 cases 62 74 0.482

Demographics

Age 0.291

Sex M:F 3.69:1 (48:13) 2.02:1 (97:48) 0.079

Anesthesia

MAC 29 53 0.168

GA 33 92

Anesthesia P1 þ P2 cases

MAC 29 9 <0.001

GA 33 65

Postoperative ventilation

Overall 10 22 0.862

P1 þ P2 10 22 0.063

Overall outcome

Improved 57 137 0.553

Worsened 2 5

Death 3 3

Outcome P1 þ P2 cases

Improved 57 68 0.676

Worsened 2 4

Death 3 2

MAC, monitored anesthesia care; GA, general anesthesia.

Table 4. Outcomes in Patients in Lockdown 2020

Improved Worsened Death Total P Value

COVID status

Negative 53 2 1 56 0.003

Positive 4 0 2 6

Anesthesia

GA 29 1 3 33

MAC 28 1 0 29 0.250

Anesthesia in COVID patients

GA 0 0 2 2

MAC 4 0 0 4 0.014

GA, general anesthesia; MAC, monitored anesthesia care.
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environment. Certain neurosurgical approaches like the transnasal
transsphenoidal route for pituitary tumors, retromastoid surgery
for cerebellopontine tumors, and supraorbital corridors for skull
base pathologies are inherently more hazardous as they involve
breech of paranasal sinuses.23-26 The risk is enhanced by the
requirement to discard some components of PPE like face shields
while using an operating microscope and fiberoptic broncho-
scope. In our study, none of the neurosurgery operating room
personnel contracted COVID-19, as confirmed by RT PCR and
serosurveillance with ELISA IgG and IgM, thereby validating the
efficacy of our protocols. However, 2 personnel employed in the
neurosurgical ward (a paramedical staff and a sanitation worker)
tested positive for SARS-CoV-2.
There seems to be an absence of consensus regarding the safer

type of anesthesia for COVID-19 patients. Some guidelines
e38 www.SCIENCEDIRECT.com WORLD NE
recommend regional and MAC, whereas others advocate general
anesthesia.21,22 Proponents of general anesthesia argue that
intraoperative coughing during regional anesthesia may lead to
aerosol generation and brain bulge.22 However, we found that
MAC techniques like awake craniotomy, regional anesthesia, and
field blocks were safe, to both patients and the neurosurgical
team in the current scenario. Because of the possibility of
respiratory trauma caused by increased lung pressures during
ventilation, a voluntary effort was made to perform the cases
without a ventilator.27 Almost half (46.77%; n ¼ 29 of 62) of
surgeries in priority 1 and 2 categories were performed using
MAC in this lockdown period when compared with 12.16% (n ¼ 9
out of 74) in the similar time in the previous year (P ¼ 0.001). In
our study, the outcomes of COVID-19 patients undergoing neuro-
surgery under MACwere significantly superior to those subjected to
GA (P ¼ 0.014). A weakness in our study is the small number of
COVID-19 patients.
More evidence is emerging with each passing day regarding the

optimal timing of surgery following SARS-CoV-2 infection. The
recently published GlobalSurg-COVIDSurg Week multicenter
prospective cohort study enrolled 140,727 patients undergoing
surgery from 1674 hospitals in 116 countries. The researchers
observed that risks of postoperative morbidity and mortality are
greatest if patients are operated within 6 weeks of diagnosis of
SARS-CoV-2 infection. The authors inferred that surgery should be
delayed for at least 7 weeks following SARS-CoV-2 infection.
COVID-19 patients who remain symptomatic for �7 weeks after
infection may benefit from further delay.28

There was a statistical increase in the number of surgeries for
stroke in this study period when compared with 2019 (P ¼ 0.021).
A myriad of nonspecific neurologic symptoms has been reported
in COVID-19 patients in recently published literature. The various
proposed mechanism of spread of SARS-CoV-2 virus to the brain
included involvement of the olfactory bulb through the cribriform
plate, leading to further dissemination, and blood-borne spread of
virus leading to involvement of glial cells, neurons, and cerebral
capillary endothelium through the ACE2 receptor pathway, indi-
cating probable neurotropism.14,29 Indirect mechanisms of brain
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.07.082
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injury include secondary damage due to hypoxia, coagulopathy,
and immune-meditated neurologic injury.14,29 Frequent
neurologic symptoms include anosmia, altered sensorium,
headache, and giddiness.14,30 Some authors have reported an
increased incidence of intracerebral hemorrhage, ischemic
stroke, and cerebral venous thrombosis in patients suffering
from COVID-19.14,29,31 Rare cases of acute necrotizing
encephalopathy, meningitis, and encephalitis have also been
documents in these patients.14,29,31

In a study by Doglietto et al,32 postoperative mortality,
pulmonary complications, and thrombotic events were
significantly higher in those with COVID-19 compared with con-
trol patients. In our protocol, as antibody testing for SARS-CoV-2
virus was not included, we were not aware if the patient had
suffered from COVID-19 in the recent past. Though RT PCR re-
mains the gold standard for diagnosis, it has a substantial false-
negative rate, especially in the early phase of the disease.33

Hence the exact incidence of patients who had suffered from
COVID-19 in the past or those in the early stage of the disease
remains speculative in our study. In our study there was no sig-
nificant difference in surgical outcomes when compared with a
matched control of patients in a similar time frame in the previous
year. However, there was a statistically significant incidence of
morbidity and mortality in the subgroup patients who were
positive for COVID-19 (P ¼ 0.003).
Many neurosurgery centers have reported a significant decrease

in the number of cases undergoing surgery.4-6,34-36 Appropriate
resource allocation remains a challenge due to nonavailability of
data regarding the volume and patterns of disease among neuro-
surgery patients on one hand and shortage of funds, as these have
been diverted to manage this pandemic, on the other.20,37,38 In our
center, there was an z57% decrease in the total number of
cases during this lockdown when compared with a similar
WORLD NEUROSURGERY 155: e34-e40, NOVEMBER 2021
timeframe in the previous year. However, there was no statistical
decrease in the number of priority 1 and 2 cases. Cranial cases,
especially brain tumors and strokes, accounted for majority of
cases (79.03%). Much of the reduction in workload was due to a
lesser number of elective spine surgeries. We attempt to set a
guideline to aid centers in planning neurosurgical resource
management, equipment, and logistic requirements.
Neurosurgery centers must accordingly orient their resources and
funds toward these essential procedures, as the load of these
surgeries have not decreased significantly.

CONCLUSION

There was a significant decrease in neurosurgical workload in the
COVID-19 lockdown period in 2020; however, the volume of
emergency and essential surgeries remained the same as
compared with the previous year. Hence resources must be
appropriated accordingly to cater to these emergencies. Surgery in
COVID-19 patients should be postponed, unless critical, as the
outcomes in these patients are worse. Monitored anesthesia care
techniques like awake craniotomy and regional and spinal anes-
thesia should be employed, wherever possible, to attain a better
outcome in the COVID-19 era.

CRediT AUTHORSHIP CONTRIBUTION STATEMENT

Manoharan Dwark Sudhan: Methodology, Formal analysis,
Investigation, Writing e original draft. Rupesh Kumar Singh:
Validation, Data curation. Rahul Yadav: Visualization, Writing e
review & editing. Rajeev Sivasankar: Investigation, Data curation.
Sheila Samanta Mathai: Supervision. Ramakrishnan Shankaran:
Conceptualization. Sachin Narayan Kulkarni: Project administra-
tion. Cherukuri Prakash Shanthanu: Resources. Lingappa Moolya
Sandhya: Software. Azimuddin Shaikh: Resources.
REFERENCES

1. Zhu N, Zhang D, Wang W, et al. A novel coro-
navirus from patients with pneumonia in China,
2019. N Engl J Med. 2020;382:727-733.

2. WorldHealthOrganization.Weekly epidemiological
update—10 November 2020. Available at: https://
www.who.int/publications/m/item/weekly-epidem
iological-update—10-november-2020. Accessed
November 17, 2020.

3. World Health Organization. Transmission of SARS-
CoV-2: implications for infection prevention pre-
cautions. Sci Brief; 2020:1-10. Available at: https://
apps.who.int/iris/handle/10665/333114. Accessed
August 24, 2021.

4. Jean WC, Ironside NT, Sack KD, Felbaum DR,
Syed HR. The impact of COVID-19 on neurosur-
geons and the strategy for triaging non-emergent
operations: a global neurosurgery study. Acta
Neurochir (Wien). 2020;162:1229-1240.

5. Lubansu A, Assamadi M, Barrit S, et al. COVID-19
impact on neurosurgical practice: lockdown attitude
and experience of a European academic center
[e-pub ahead of print]. World Neurosurg. https://doi.
org/10.1016/j.wneu.2020.08.168, accessed
September 3, 2020.
6. Patel PD, Kelly KA, Reynolds RA, et al. Tracking
the volume of neurosurgical care during the
coronavirus disease 2019 pandemic. World
Neurosurg. 2020;142:e183-e194.

7. Al-Balas M, Al-Balas HI, Al-Balas H. Surgery
during the COVID-19 pandemic: a comprehensive
overview and perioperative care. Am J Surg. 2020;
219:903-906.

8. Bartlett DL, Howe JR, Chang G, et al. Manage-
ment of cancer surgery cases during the COVID-19
pandemic: considerations. Ann Surg Oncol. 2020;
27:1717-1720.

9. Coimbra R, Edwards S, Kurihara H, et al. European
Society of Trauma and Emergency Surgery (ESTES)
recommendations for trauma and emergency
surgery preparation during times of COVID-19
infection. Eur J Trauma Emerg Surg. 2020;46:505-510.

10. Gupta P, Muthukumar N, Rajshekhar V, et al.
Neurosurgery and neurology practices during the
novel COVID-19 pandemic: a consensus statement
from India. Neurol India. 2020;68:246-254.

11. Germanò A, Raffa G, Angileri FF, Cardali SM,
Tomasello F. Coronavirus disease 2019 (COVID-19)
and neurosurgery: literature and neurosurgical
www.journals.el
societies recommendations update. World Neuro-
surg. 2020;139:e812-e817.

12. Prokop M, Van Everdingen W, Van Rees
Vellinga T, et al. CO-RADS: a categorical CT
assessment scheme for patients suspected of
having COVID-19-definition and evaluation. Radi-
ology. 2020;296:E97-E104.

13. Rothan HA, Byrareddy SN. The epidemiology and
pathogenesis of coronavirus disease (COVID-19)
outbreak. J Autoimmun. 2020;109:102433.

14. Abboud H, Abboud FZ, Kharbouch H, Arkha Y, El
Abbadi N, El Ouahabi A. COVID-19 and SARS-
Cov-2 infection: pathophysiology and clinical ef-
fects on the nervous system.World Neurosurg. 2020;
140:49-53.

15. Coccolini F, Perrone G, Chiarugi M, et al. Surgery
in COVID-19 patients: operational directives.World
J Emerg Surg. 2020;15:25.

16. Kessler RA, Zimering J, Gilligan J, et al. Neuro-
surgical management of brain and spine tumors
in the COVID-19 era: an institutional experience
from the epicenter of the pandemic. J Neurooncol.
2020;148:211-219.
sevier.com/world-neurosurgery e39

http://refhub.elsevier.com/S1878-8750(21)01091-3/sref1
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref1
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref1
https://www.who.int/publications/m/item/weekly-epidemiological-update---10-november-2020
https://www.who.int/publications/m/item/weekly-epidemiological-update---10-november-2020
https://www.who.int/publications/m/item/weekly-epidemiological-update---10-november-2020
https://apps.who.int/iris/handle/10665/333114
https://apps.who.int/iris/handle/10665/333114
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref4
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref4
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref4
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref4
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref4
https://doi.org/10.1016/j.wneu.2020.08.168
https://doi.org/10.1016/j.wneu.2020.08.168
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref6
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref6
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref6
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref6
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref7
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref7
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref7
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref7
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref8
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref8
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref8
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref8
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref9
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref9
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref9
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref9
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref9
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref10
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref10
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref10
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref10
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref11
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref11
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref11
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref11
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref11
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref12
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref12
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref12
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref12
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref12
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref13
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref13
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref13
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref14
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref14
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref14
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref14
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref14
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref15
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref15
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref15
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref16
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref16
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref16
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref16
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref16
www.journals.elsevier.com/world-neurosurgery


ORIGINAL ARTICLE

MANOHARAN DWARK SUDHAN ET AL. NEUROSURGICAL OUTCOMES DURING COVID-19
17. Yu-Tang T, Jun-Wen W, Zhao K, et al. Preliminary
recommendations for surgical practice of neurosur-
gery department in the central epidemic area of 2019
coronavirus infection. Curr Med Sci. 2020;40:281-284.

18. Zoia C, Bongetta D, Veiceschi P, et al. Neurosur-
gery during the COVID-19 pandemic: update from
Lombardy, northern Italy. Acta Neurochir (Wien).
2020;162:1221-1222.

19. Simpson S, Kay FU, Abbara S, et al. Radiological
Society of North America Expert Consensus
Statement on Reporting Chest; CT findings
related to COVID-19. Endorsed by the Society of
Thoracic Radiology, the American College of
Radiology, and RSNA. J Thorac Imaging. 2020;2:
e200152.

20. Al-Shamsi HO, Alhazzani W, Alhuraiji A, et al. A
practical approach to the management of cancer
patients during the novel coronavirus disease 2019
(COVID-19) pandemic: an international collabo-
rative group. Oncologist. 2020;25:e936-e945.

21. Malhotra N, Bajwa S, Joshi M, Mehdiratta L,
Trikha A. COVID operation theatre advisory and
position statement of Indian Society of Anaesthesi-
ologists (ISA National). Indian J Anaesth. 2020;64:
355-362.

22. Jangra K, Manohar N, Bidkar P, et al. Indian So-
ciety of Neuroanaesthesiology and Critical Care
(ISNACC) position statement and advisory for the
practice of neuroanesthesia during COVID-19
pandemic endorsed by Indian Society of
Anaesthesiologists (ISA) [e-pub ahead of print]. J
Neuroanaesth Crit Care. https://doi.org/10.1055/s-
0040-1714186, accessed July 6, 2020.

23. Iorio-Morin C, Hodaie M, Sarica C, et al. Letter: the
risk of COVID-19 infection during neurosurgical
procedures: a review of severe acute respiratory
distress syndrome coronavirus 2 (SARS-CoV-2)
modes of transmission and proposed neurosurgery-
specific measures for mitigation. Neurosurgery. 2020;
87:E178-E185.

24. Workman AD, Jafari A, Welling DB, et al.
Airborne aerosol generation during endonasal
procedures in the era of COVID-19: risks and
e40 www.SCIENCEDIRECT.com
recommendations. Otolaryngol Head Neck Surg.
2020;163:465-470.

25. Tran K, Cimon K, Severn M, Pessoa-Silva CL,
Conly J. Aerosol generating procedures and risk of
transmission of acute respiratory infections to
healthcare workers: a systematic review. PLoS One.
2012;7:e35797.

26. O’Neil CA, Li J, Leavey A, et al. Characterization
of aerosols generated during patient care activ-
ities. Clin Infect Dis. 2017;65:1335-1341.

27. Neto AS, Hemmes SNT, Barbas CSV, et al. Asso-
ciation between driving pressure and development
of postoperative pulmonary complications in pa-
tients undergoing mechanical ventilation for
general anaesthesia: a meta-analysis of individual
patient data [published correction appears in
Lancet Respir Med. 2016 Jun;4(6):e34]. Lancet
Respir Med. 2016;4:272-280.

28. COVIDSurg Collaborative, & GlobalSurg Collabo-
rative. Timing of surgery following SARS-CoV-2
infection: an international prospective cohort
study. Anaesthesia. 2021;76:748-758.

29. Whittaker A, Anson M, Harky A. Neurological
manifestations ofCOVID-19: a systematic reviewand
current update. Acta Neurol Scand. 2020;142:14-22.

30. Wilson MP, Jack AS. Coronavirus disease 2019
(COVID-19) in neurology and neurosurgery: a
scoping review of the early literature. Clin Neurol
Neurosurg. 2020;193:105866.

31. Li Y, Li M, Wang M, et al. Acute cerebrovascular
disease following COVID-19: a single center,
retrospective, observational study [e-pub ahead of
print]. Stroke Vasc Neurol. https://doi.org/10.1136/
svn-2020-000431, accessed July 2, 2020,

32. Doglietto F, Vezzoli M, Gheza F, et al. Factors
associated with surgical mortality and complica-
tions among patients with and without coronavi-
rus disease 2019 (COVID-19) in Italy. JAMA Surg.
2020;155:691-702.

33. Axell-House DB, Lavingia R, Rafferty M, Clark E,
Amirian ES, Chiao EY. The estimation of diagnostic
WORLD NEUROSURGERY, http
accuracy of tests for COVID-19: a scoping review
[e-pub ahead of print]. J Infect. https://doi.org/10.
1016/j.jinf.2020.08.043, accessed August 31, 2020.

34. Antony J, James WT, Neriamparambil AJ,
Barot DD, Withers T. An Australian response to
the COVID-19 pandemic and its implications on
the practice of neurosurgery. World Neurosurg.
2020;139:e864-e871.

35. Fontanella MM, De Maria L, Zanin L, et al.
Neurosurgical practice during the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
pandemic: a worldwide survey. World Neurosurg.
2020;139:e818-e826.

36. Khalafallah AM, Jimenez AE, Lee RP, et al. Impact
of COVID-19 on an academic neurosurgery
department: the Johns Hopkins experience. World
Neurosurg. 2020;139:e877-e884.

37. Mathiesen T, Arraez M, Asser T, et al. A snapshot of
European neurosurgery December 2019 vs. March
2020: just before and during the COVID-19
pandemic. Acta Neurochir. 2020;162:2221-2233.

38. Tsermoulas G, Zisakis A, Flint G, Belli A. Chal-
lenges to neurosurgery during the coronavirus
disease 2019 (COVID-19) pandemic. World Neuro-
surg. 2020;139:519-525.
Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 23 February 2021; accepted 19 July 2021

Citation: World Neurosurg. (2021) 155:e34-e40.
https://doi.org/10.1016/j.wneu.2021.07.082

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2021 Elsevier Inc. All
rights reserved.
s://doi.org/10.1016/j.wneu.2021.07.082

http://refhub.elsevier.com/S1878-8750(21)01091-3/sref17
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref17
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref17
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref17
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref18
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref18
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref18
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref18
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref19
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref19
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref19
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref19
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref19
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref19
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref19
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref20
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref20
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref20
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref20
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref20
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref21
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref21
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref21
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref21
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref21
https://doi.org/10.1055/s-0040-1714186
https://doi.org/10.1055/s-0040-1714186
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref23
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref23
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref23
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref23
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref23
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref23
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref23
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref24
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref24
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref24
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref24
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref24
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref25
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref25
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref25
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref25
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref25
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref26
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref26
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref26
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref27
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref27
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref27
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref27
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref27
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref27
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref27
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref27
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref28
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref28
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref28
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref28
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref29
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref29
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref29
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref30
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref30
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref30
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref30
https://doi.org/10.1136/svn-2020-000431
https://doi.org/10.1136/svn-2020-000431
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref32
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref32
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref32
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref32
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref32
https://doi.org/10.1016/j.jinf.2020.08.043
https://doi.org/10.1016/j.jinf.2020.08.043
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref34
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref34
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref34
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref34
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref34
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref35
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref35
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref35
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref35
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref35
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref36
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref36
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref36
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref36
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref37
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref37
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref37
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref37
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref38
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref38
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref38
http://refhub.elsevier.com/S1878-8750(21)01091-3/sref38
https://doi.org/10.1016/j.wneu.2021.07.082
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2021.07.082

