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Abstract

Background and Objective: The SARS-CoV-2 pandemic has consistently changeticalepractice
throughout specialties, regardless of their coatrdm in facing the disease itself. We surveyed
neurosurgeons worldwide to investigate the situati@y are experiencing.

Design and participants. A 17-question, web-based survey was administeredet@rosurgeons
worldwide through the WFNS and the Neurosurgeryktkcfrom March 28 to April 5, 2020 by
web link or e-mail invitation. Questions were diedlinto three subgroups: general information,
health system organization, and institutional pleorsthe SARS-CoV-2 outbreak. Collected data
was initially elaborated using Survey MonKesoftware. Country specific data were extractechfro
the WHO website. Statistical analysis was perfornmgdg R version 3.6.3.

Results: Of the 446 respondents, most were from lItaly (20Mlja (19%), and Pakistan (5%).
Surgical activity was significantly reduced in masinters (79%) and dedicated in-hospital routes
were created for SARS-CoV-2 patients (58%). Patsnéening was performed only when there
were symptoms (57%) and not routinely before syr@&8%). The preferred methods included a
nasopharyngeal swab and chest x-ray. Health piofeds were rarely screened (20%) and
sometimes, even if SARS-CoV-2 positive, were agkadlork if asymptomatic (26%).

Surgical planning was changed in most instituti(@296), while indications were modified for non-
urgent procedures (59%) and remained unchangesdibarachnoid hemorrhages (85%).
Conclusions. Most neurosurgeons worldwide reported work reommtion and practices that
respond to current international guidelines. D#feres in practice might be related to the
perception of the pandemic and significant diffeesin the health systems. Sharing data and
experiences will be of paramount importance to esklthe present moment and challenges in the

near future.

Keywords: COVID-19, neurosurgery, survey.
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Introduction

We are in the midst of a pandemic caused by a nomeinavirus, SARS-CoV-2, first detected in
Wuhan (China) in December 2019. Since then, COWDhas spread quickly, with more than
2,000,000 confirmed cases and more than 100,000lea April 19, with 213 countries involved
worldwide! Given the serious public health risk, medicalkfice has consistently changed during
SARS-CoV-2 pandemic. The impact of the COVID-19boeiak might change in relation to the
diffusion of the virus, as well as the health systef the individual country; furthermore, this
pandemic is influencing different medical specistiin a variety of ways. Most surgical
subspecialties are not primarily involved in figigithe disease itself, but they must still change
their organization, as most national and intermati¢ocieties suggest stopping all elective agtivit
maintaining only emergent and urgent proced@ifes.

Neurosurgeons might feel fairly useless duringSA&RS-CoV-2 pandemic. However, international
guidelines have been introduced calling for a tato triage according to the degree of
emergency;”'° and we believe that sharing information about dhganization of neurosurgical
activity throughout the world might be helpful ats time. Furthermore, it might be interesting to
investigate whether there is any association betvilee level of infection and consequent country
reorganization of the neurosurgical system, as aslihe neurosurgeons’ practice. We, therefore,
conducted an online survey that was submitted twaseirgeons worldwide between March 28 and
April 5, 2020 through the World Federation of Nestrmical Societies (WFN$) and the

Neurosurgery Cocktatf*

Materials and M ethods

Sudy Design and group of Responders
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A 17-question, web-based survey was administereg@toosurgeons worldwide through the WFNS
and the Neurosurgery Cocktail from March 28 to Apri2020 by web link or e-mail invitation
(Supplementary Material).

The questions were divided into three subgroups:

1. Information on the country and its involvemegt@OVID-19: neurosurgeons were asked about
their country of practice, its involvement by thengdemic, and duration of the emergency;

2. Health system organization and screening forltthearofessionals: national and regional
measures adopted to face the outbreak were quasedell as the screening rate and precautions
undertaken for SARS-CoV-2 positive health profesais;

3. Institutional plans for the SARS-CoV-2 outbreaky special measures adopted for SARS-CoV-
2 positive neurosurgical patients were investigategl their screening rate and method, any
changes in surgical indications, planning and #agtifor oncologic procedures, non-emergency
surgeries, and subarachnoid hemorrhages (SAHS).

Most question were closed-ended, multiple choiSeme allowed also an open answer (Q7,15 and
17 — see Supplementary Material).

The primary goal was to collect data on neurosurgeperceptions of the health emergency, the
national/regional measures undertaken for healtbfepsionals and throughout neurosurgical
departments, and the changes in neurosurgicalatdlics, planning, and activity.

The secondary aim was to investigate correlatioeswéen the data collected and the
epidemiological scenario in each country.

The third aim was to look into differences amongioas, nations and territories along with

possible causes and consequences of diversities.

Data collection and Satistical analyses
Data were initially elaborated using Survey Morkespftware online; country specific historical

data were extracted from the WHO web3itd=or open answers, the most recurring terms were
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rendered as a “word cloud”, in which a populatidnwmrds is represented with different sizes
according to their frequency. Survey’s responee®3 were first converted into estimates in days
(<1 week: 3 days; >1 week to <1 month: 15 daysgrrehth to <3 month: 45 days; >3 months: 100
days).

Pearson’s correlation was used to estimate thesletion between the number of answers in the
surveys with the number of new cases in each cpamid the duration of the pandemic. The latter
was calculated as the difference in days from itts¢ ¢onfirmed case to the last day of the survey.
A linear regression model was fit to the data. €ach country (i), a Deviation from Expected
Valued () was calculated as the difference between thereddenumber of answers and the
expected number of answers, @stimated from the linear regression model, shahld = A — E,
where A is the observed number of answers registereddiontcy i. For each country, the median
of the differences between each survey’s entry dateperception date was calculated. Statistical

analysis was performed using R version 3'8.3.

Results
On April 5, 2020 the survey was closed and 446aeses had been collected. The skipping rate
for each question ranged from 0% (Q1) to 89% (QMOst responses (85%) were filled during

only 3 days in March (Saturday 28, Sunday 29, ames@ay 31).

General information on COVID-19 invol vement

A total of 66 countries worldwide responded to shwevey (Fig. 1). Most respondents were from
Italy (20%), followed by India (19%) and Pakistabf4). Statistical analysis did not reveal a
significant correlation between the incidence afedise and number of responses by country (Fig.

2).
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For the majority of respondents (97%), the natiomswacing a SARS-CoV-2 outbreak. The
duration of the health emergency was between 1 waeekl month for most respondents (63%),
between 1 month and 3 months for 32% respondemstes than 1 week for 3% respondents, and
longer than 3 months for 2% respondents. Figushd@wvs correlations between disease activity

during the survey and time-length perception opoesients from some countries.

Health system organization

Regarding the special measures adopted in neurcgaudgpartments to face the SARS-CoV-2
outbreak, in most cases there was a reduction mgficgll activity without centralization (79%),
while there was a centralization of surgery in higume centers in 9% cases and full closure of
neurosurgical departments in 5%. No special measarface the outbreak were reported in 7% of
centers. Figure 4B shows the categorizations eftigp measures undertaken by countries in
relation to the incidence of disease.

The overall reported screening rate of health pfmals for SARS-CoV-2 was 20%; 26%
respondents reported that SARS-CoV-2 positive hgalbfessionals were asked to keep working if

asymptomatic.

Institution plans for SARS-CoV-2 outbreak

With respect to the precautions adopted worldwide $ARS-CoV-2 positive neurosurgical
patients, in most cases hospitals reserved dedicatges for them (58%), in 27% cases specific
operating rooms were dedicated to SARS-CoV-2 ptjeand in 21% cases neurosurgical units
were reserved for SARS-CoV-2 patients. Other redpots (21%) replied with open answers and
among them, no special measures were usually akeert

The overall screening rate for SARS-CoV-2 was 5o¥siymptomatic patients and only 18% for
patients undergoing surgery. The preferred methodsscreening was nasopharyngeal swab

(86%), followed by chest CT scan (26%) and chesaX{25%).
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Surgical planning was globally changed in mostitasbns (92%): only urgent or emergency
procedures were performed in 49% cases; urgengiesgencies and procedures that could not be
postponed were performed in 45% cases. Oncolagiedures were preserved in 71% cases. The
resulting reduction rate in number of surgical gahares was >70% for almost half of respondents
(47%). Surgical indications for SARS-CoV-2 patemtere modified in 59% cases for pathologies
such as chronic subdural hematomas (CSHs) and sumnile the modus operandi in treating

aneurysmal SAHSs did not change in 85% of centers.

Discussion

This survey, dedicated to neurosurgery and SARS-Zavbrldwide, demonstrated a number of
interesting findings. A high number of responses4@d6) was received, suggesting a relevant
global impact of COVID-19 on the neurosurgical coonmity, even though it is a surgical specialty

that is not primarily involved in fighting the dizge™®

General information on COVID-19 invol vement

Italy and India were the countries with the mosprndents (Fig. 1). This finding is independent

of the incidence of disease, as shown in Figure&Canversely, the US was the country with least
number of respondents in relation to the incidesicdisease during the study period. Although it

might be tempting to relate the number of answeetception of the health emergency, we should
point out that the survey circulated widely amoreunmosurgeons, but we cannot state that the
percentage of respondents (i.e. respondents/n@ondsnts) was the same among the different
nations. The same correlation was found with @g#o the medical perception of disease activity
(Q2) in different countries, and only few responsdi3%) claimed their country was not facing the

outbreak during the time period studied: among thaeearosurgeons from Germany were probably

the most “wrong”, since their country had betweéfhtd 10 SARS-CoV2 patients during the study
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period (Fig. 4A). Notably, reactions and percemiof COVID-19 impact on a country may be
consistently driven by government actions, as haggean India and Pakistan, where most strict
lockdown measures were undertaken with respedtier avorld countries!*® possibly influencing
general and health professional awareness of thithhemergency. Nonetheless, the differences in
number of responses might be due to a heterogeokitye survey distributions among different
countries. Furthermore, the perception of the geray might be related to the health system, with
Germany having the highest rate of ICU beds/pojmriaf Regarding the time-length perception
of COVID-19, Italian and Iranian respondents peredithe start of the health emergencies much
earlier than the actual one (Fig. 3); Chinese maugeons, instead, located the start of the health
emergency almost at the inflection point of deceess incidence rate, when the SARS-CoV-2
pandemic was about to reach the plateau phase fFig.The perception corresponded well to
reality among the other respondents. It is tengptminterpret these data as the consequence of the
strain that physicians are experiencing in coustiéth the longest disease involvement at the
moment of the study: some might perceive that timergency is longer than reality due to the
continuous stress, or because of media pressuret atber countries (i.e. China and Iran)
experiencing the outbreak. On the other hand, raatating evidence shows that SARS-CoV-2
might have been circulating in Italy well beforebRgary 21st, thus explaining the significant
outbreak that took place in Lombardy in northemiylt® Others may perceive that the emergency
is shorter than reality due to epidemiology for gbem reasons: Chinese people outside Wuhan
experienced the outbreak at a later stage of titeric and individuals emigrating from Wuhan
was the main infection source for other provinaemjsing a rapid increase in case load when
Wuhan was already in the plateau phase; the gemperakeption in China about the national

involvement might have been in reality delayéd.

Health system organization

With respect to health system organization, the tnfiequent action undertaken globally was
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reduction of surgical activity without centralizai (79%, yellow bars on Fig. 4B). Significant high
rates were registered in India (81%) and Pakis3afo). Centralization of surgery to high-volume
centers was reported in only 9% cases and Italythesountry with the highest number of positive
respondents (23%), followed by Germany (6%) andalg%). Only 7% of respondents report that
their country did not undertake any special measureese data show how most countries acted
according to international guidelines in the mamaget of elective procedurésindia and Pakistan
have been reported to be the world’s best respasdenthe SARS-COV-2 pandenfic?* thus
reflecting high rates of neurosurgical activity ngenizations. Neurosurgical centers should
undertake national and regional measures to mdetnpE needs with logistical capabilities, as
reported by guidelines. Interestingly, health reorganization may varynfiicantly even within the
same country. More than 100,000 positive caseg wenfirmed in Italy by April 19 with more
than 30,000 in Lombardy alofi&.In this region, which is still at the center béthealth emergency
in ltaly, neurosurgical departments were urgerglyrganized and centralization of surgery in high-
volume centers was decid®&d. Other Italian regions are still facing the heathergency, but at
lower levels with incidences that tend to decrdesm the north to the souffi. The same incidence
disproportion between regions within a countryleady visible in even smaller european countries
such as Switzerland, where the Cantons of VaudGenkva account for more than 4,000 cases
each, while the Canton of Schaffhausen has notrgethed 100 casé%. These significant
variations in a single country justify the diffeteagional reorganizations.

Guidelines for risk assessment and managementpafsexxe of healthcare workers vary according
to the risk of SARS-CoV-2 infection (categorized lagh or low) and recommend COVID-19
testing only for workers at a high risk of infectitf In this sense, the global attitude did not
deviate significantly from recommendatiot’$, as only 21% of respondents reported ongoing
screening for health professionals, mainly fromzZBrgb0%), Mexico (42%), and Germany (28%).

A minority of respondents (26%) declared that SARS/-2 positive health professionals kept

working if asymptomatic and a large portion of #gnesspondents were from lItaly (36%). Indeed,

Downloaded for Anonymous User (n/a) at Regional Health Care and Social Agency Civil Hospitals of Bresciafrom ClinicalKey.com by Elsevier on May 05, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



no clear national guidelines are available for SARS/-2 positive health professionalstesulting

in heterogeneity of recommendations throughoutdhentry. COVID-19 positive Italian health
professionals have reached more than 13,000, witte than 100 deaths of physicians (most of
them are general practitioners) and almost 30 safseit Spedali Civili Hospital, in Brescia in
northern Italy, SARS-CoV-2 positive health professils are not allowed to work and daily
temperature screening procedures are undertaketheathospital entrance for both health
professionals and visitofS. Nonetheless, there is a general perception tealtth professionals

might have been asymptomatic carriers of the dis®as

Institution plans for SARS-CoV-2 outbreak

Regarding precautions adopted worldwide for SARS-Qopositive neurosurgical patients, the
most widely undertaken measure globally was torvesdedicated routes to SARS-CoV-2 patients
(58%), while specific operating room and entire nesurgical units were created in a minority of
cases. Some respondents (21%, mainly from Ausk@mmany, and UK) reported not taking any
special measures for SARS-CoV-2 patients. Howeyeidelines clearly state that SARS-CoV-2
positive patients should be cohorted in a sepdoatdion from SARS-CoV-2 negative patients and
specific hospital policy for management of knownsospected SARS-CoV-2 positive patients in
the operating room should be develop&tf. Concerning the screening of neurosurgical patent
facilities should use portable radiography whensth€-Rays are considered necessary, thus
avoiding the need to bring patients into radioggagbpartments; chest CT scan has been recently
reported to have a high sensitivity (97%) for COVID screening, but lower specificity and
accuracy >3

A recently published paper in JAMA analyzed thessenty of different RT-PCR screening
sources demonstrating that bronchoalveolar lavagd fs the most sensitive specimen (93%),
followed by sputum (72%), nasal swab (63%), fiboytmhoscope brush biopsy (46%), pharyngeal

swabs (32%), feces (29%), and blood (1%); the asthumderline that multiple testing from
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different sites improve sensitivity and reducesdategative resulfS. Most guidelines at present
recommend a single upper respiratory nasopharymsges for suspect casedn this survey, most
respondents referred that nasopharyngeal swab keapreferred method for screening (86%),
followed by CT scan (26%), and chest X-ray (25%)0me respondents indicated more than one
screening method, especially those from ltaly (5&#) India (19%), where the most common
combination was the nasopharyngeal swab with cKweat.

The COVID-19 outbreak had a relevant impact on isaftgplanning, with most respondents
reporting a significant change in surgical activitytheir institutions (92%). The majority (94%)
performed only procedures that could not be pogtigd¢ne. tumors with evident mass effect) and/or
urgent/emergency procedures, while in a few ca8#®g (he entire neurosurgical department was
closed. This obviously resulted in a significaetuction of the overall number of surgical
procedures: most respondents claimed more than 7@daction of surgical interventions.
Procrastinating elective procedures has been onehef crucial indications delivered by
international societi€s with many important aims: a. to contain the sprea@ARS-CoV-2, by
reducing visits to hospitals by people with no ugmedical issue; b. to reduce the patient load on
Intensive Care Units with non-COVID-19 patients; to. reduce the possibility of treating
asymptomatic SARS-CoV-2 patients, who would beigih hisk of deteriorating due to the surgical
stress and would increase the risk of infectingthgaofessionals.

Surgical indications for SARS-CoV-2 non-emergeneyignts (i.e. CSHs and tumors) have been
modified in only 59% cases, while 41% neurosurgeenddwide referred that their institutions
continued operating on elective neurosurgical p&ien the same way as the pre-outbreak era;
international guidelines clearly state that non-egeecy procedures should be delajiédStudying
correlations between incidence of disease andrectimdertaken by various countries (Fig. 4C),
Middle-Eastern nations (i.e. Turkey, Egypt, Saudhlfia, etc.) were the most reactive to the health
emergency, followed by European countries (i.dy lt&pain, Austria, etc.), and the Americas (i.e.

US, Mexico, Brazil, etc.).
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As for aneurysmal SAHs, most respondents (85%)ndidchange their indications and treatment
(Fig. 4D). Even if some of these findings mighémseagainst guidelines, the word cloud resulting
from the open answers puts “patient” at the ceatel sums up what international societies have
been suggesting: “Postpone surgery and be conservas much as possible, delay elective
procedures, but, as for emergency symptomatic miatid@ry to operate with all recommended
precautions” (Fig. 5). We must indeed stress @allahedical efforts, institutional plans, and hbalt
system organization would be useless without th@agiate and recommended use of personal
protective equipment (PPEY3*3" Although India is the world’s second most popslacountry, the
incidence rate of SARS-COV-2 infections has risesslthan other countries since the beginning of
the outbreak® The reason might be found in the earlier govemtragtions that India undertook

while the virus was spreading out from Chthd®*°

Limits of the study

Our study has many limits. First, it is not andgmiological study and does not allow drawing
conclusions about the actual prevalence and incelehthe variables investigated. It does allow,
though, to draw conclusions regarding the percaptioneurosurgeons about the COVID-19 health
emergency with respect to the actual epidemiolagipa.d Second, although this survey spread out
widely among neurosurgeons, respondents were mivstly Italy, India and Pakistan, while the
rest of the world was represented with lesser nusabEeterogeneity of the survey’s percentage of
respondents (i.e. respondents/non-respondents)adiffarent countries might have biased some
responses.

Notwithstanding, this is the first survey conductedthe impact of COVID-19 on the neurosurgical
community and we believe that data from this stedp help neurosurgeons and global health

organizations to tackle this health emergency.
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Conclusions

SARS-CoV-2 pandemic has consistently changed miepliaatice, with an enormous impact on all

specialties, regardless of their contribution ioirig the disease itself. Neurosurgeons worldwide
have changed their surgical planning and actiutynost cases following national and international
guidelines.

Dedicated routes were put in place for SARS-CoVaflemts in most cases and surgical activity
was limited to procedures that could not be postdonesulting in an overall reduction of surgeries
by more than 70%.

The lockdown will be soon followed by the rebuildiphase, when delayed elective procedures will
need to be performed, thus opening a new chall¢hgeto be addressed, possibly by sharing

current knowledge and experience worldwide.
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Figures

Fig. 1. Square pie chart with global number of respobgesountry.

Fig. 2. Correlation between number of answers to theesuand incidence of COVID-19 by
country. (A). Dot plot of number of answers to the survey andhiper of total SARS-CoV-2
infections during the period in which the surveyswapen. Each dot represents a country.
Scattered dots indicate no correlation betweerderage of disease and number of respon§Bs.
Deviation for each country of registered numbeadwers to the survey from the expected value.
Blue bars indicate an excess of answers; red bdrsaite a lack of answers.

Fig. 3. The survey window includes different stages of CD\Y9 epidemics in different countries.
Cumulative incidence curves of COVID-19 epidemimsdach country, showing the epidemic stage
in which the survey was compiled. Red and blues depresent beginning and end of the survey
window. Green dots represent the estimated baggnaf health emergency based on individual
answers to the survey. The start of the outbrbakld be considered to be located at a time-point
overlaying the upward flection of the incidencewvau(inflection point incidence growth).

Fig. 4. Distribution of each country’s response to the tieamergency.(A). Bar chart of total
number of new COVID-19 infections during the periadwhich the survey was oper(B). Bar
chart of responses to Q4 (“Regarding Neurosurdgdegartment, has your Nation/Region adopted
special measures to face SARS-CoV-2 outbreak@). Barplot of responses to Q14 (“Do you
modify surgical indications if the patient is SARK®V-2 positive for non-emergency surgery”).
(D). Bar chart of responses to Q16 (“Do you modify ymodus operandi in treating aneurysmal
subarachnoid hemorrhage?”)The numbers on each plot represent the percentagfee aotal
number of registered answers for each questioadoh country.

Fig. 5. Word cloud of answers to Q15 (“Do you modify sugdimdications if the patient is SARS-
CoV-2 positive for non-emergency surgery? If YEBage specify”). A word cloud is a population

of words in which each is represented with difféigne according to its frequency.
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How have we changed our neurosurgical activity in the storm of 2019-nCoV

pandemic?

As neurosurgeons we might feel fairly useless during the 2019-nCoV pandemic. We think,
though, that it is important to share information on the organization of the neurosurgical
activity in this moment.

Your participation to this brief survey is highly appreciated.
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General Information

*1. In what Nation do you practice?

2. Is your Nation facing a 2019-nCoV outbreak?

3. How long has your Nation been in this health emergency?

~ ) <1week
") between 1week and 1 month
") between 1 month and 3 months

_ ) >3 months




0L bei2oug) 1126 0UJA" 10 OfeL Mese Mo beLuizou” CObALIH! ©S0S0" EI28AI6L |UC" V| LBFR Leasineq:
DOMU|0SLed LOL 7 LoUAWONE N2si (1) SF 1$6BI0US] Hesl(y CSL6 sug 20019 v aelCA CIAI HOzbifs| 2 0f BLERCIS 1oL Cliuice] K 6Acou pA E|2eniel o NS 0R' SOS0°

Healt system organization

4. Regarding Neurosurgical Department, has your Nation/Region adopted special measures to
face 2019-nCoV outbreak?

. No
__) Centralization of surgery to high-volume centres
_ Reduction of surgical activity without centralization

_) Closure of Neurosurgical Departments

5. Are health professionals screened for 2019-nCoV?

6. Do nCoV-positive health professionals work if asymptomatic?
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Institution plans for 2019-nCoV outbreak

* 7. Within your Institution, what kind of precautions have been adopted for nCoV neurosurgical
patients?

| hospital routes reserved to nCoV patients
| O.R. reserved to nCoV patients
Neurosurgical Unit reserved to nCoV patients

Other (please specify)

* 8. Are patients screened for 2019-nCoV?
() YES, all patients before surgery
") YES, only symptomatic patients

") NO




9. How do-you perf6ri Sereening To SOTOHEOV IS e o

Nasopharyngel swab
Chest X-Ray

Chest CT
10. Has your institution changed the surgical plan during the outbreak?
) YES

) NO
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11. How?

_ ) My Neurosurgical Department is closed
_ ) We perform only urgent or emergency procedures

. We perform urgencies, emergencies and non-procrastinating procedures (e.g. tumors with intracranial
hypertension, chronic subdural hematomas...)

12. Do you preserve surgical activity regarding oncologic procedures?

| Yes

| No




*13. How mueh hasthe fdmber oFsurgicat procediresbeen-reduced compared to the pre-nCoV
period?

<30%

| 30-50%

| 50-70%
>70%

*14. Do you modify surgical indications if the patient is nCoV positive for non-emergency surgery
(e.g. chronic subdural hematoma, tumors?)
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15. if YES please specify

*16. if YES please specify

*17. Do you modify your modus operandi in treating aneurysmal subarachnoid hemorrhage?




Abbreviationslist

SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2
WFNS: World Federation of Neurosurgical Societies

WHO: World Health Organization

nCoV: Novel Coronavirus

COVID-19: COronaVIrus Disease 19

SAHs:. SubarAchnoid Hemorrhages

CSHs: Chronic Subdural Hematomas

ICU: Intensive Care Unit

RT-PCR: Reverse Transcription Polymerase Chain Reaction
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