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Abstract
Introduction

The novel coronavirus and subsequent pandemic Heatically transfigured healthcare delivery. Scadi
specialties have seen severe alterations or ressctd practice, neurosurgery being one exampleevsiaff
and resource reallocation has occurred to meetryaidielic health needs. This review summaries thaighed
evidence detailing early experiences and changesetoosurgical practice in response to the COVID-19
pandemic.

Materials and methods

A systematic review was conducted up untif' 2pril in accordance with PRISMA guidelines, seanch
Medline, EMBASE, Pubmed, Scopus, Cochrane Centnal Web of Science Core Collection databases.
Individual studies were qualitatively assessed udiree core themes detailing changes to practitmative

analysis allowed themes to be developed and apgiatl studies included in the review.
Results

13 themes from 18 studies were identified, group&ulthree overriding themes: logistics, human veses and
clinical delivery. Studies originated from three tife most affected countries (USA, China and Italy)
comprising of expert opinions, letters to the edlieditorials, case reports or perspective pietes.commonest
themes discussed include cancellation of electperations, reduction in outpatient services anddpamic

rotas.
Discussion

This review summaries the early responses of theoseargical community to the COVID-19 pandemic and
presents a menu of interventions to be considarefditure pandemic response, or in recurrent oukisred

COVID-19. Whilst our review is limited by the lowuglity of evidence and rapid rate of change in our
understanding of COVID-19, it provides a valuablemsnary of initial responses by the neurosurgical

community to a global pandemic.
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Introduction

The emergence of the novel coronavirus-19 (COVIP-Ehd subsequent pandemic has seen the shape and
delivery of healthcare rapidly change. A worldwidefocusing of health system priorities towards iru
detection and response has triggered diversioesmurces towards managing the growing burden ofaaled

patients admitted to hospitals with respiratory poomisé.

The COVID-19 pandemic has substantially impactedlthesystems globally. In developed health systems
providing specialised services for patients wittmptex conditions, urgent reallocation of resourhas been
required to meet wider public health needs. A otasgample is neurosurgical care provision, whidtero
require significant resources, such as multidistgpl teams and intensive care settings. Such djchanges in

health needs require significant adaptations teicgedelivery and surgical practice.

We conducted a systematic review to summarise tiished evidence outlining the early experienced a

initial changes to neurosurgical practice in regeoio the COVID-19 pandemic.
Materials and methods

A scoping review was performed to capture publisbeidence on early responses to the COVID-19 paitdem
in neurosurgery, performed in accordance with tteddPred Reporting Items for Systematic Reviews lslieth-
Analyses (PRISMA) guidelindsThe search was conducted up untif' 2pril 2020. The initial search included
all surgical specialties to improve the sensitivity the search, with subsequent manual selection of
neurosurgical papers from the search results paddrby two authors (MN/LB). Databases searchedidted
MEDLINE (via Ovid), EMBASE, PubMed, SCOPUS, Cochea@entral and Web of Science Core Collection.
The keyword is detailed in supplementary appendix 1

Each study was assessed by two independent rewddidfGA). The origin, design and subspecialty axtte
study was noted. Studies were assessed for theutksirg interventions or changes to practice eeddby
neurosurgical departments conducted in respongleetpandemic. Interventions conducted in respoogbe
pandemic were extracted iteratively from each krtiwith the final compilation agreed upon by theharship.
Each study was then re-analysed with the full cdemiph of interventions. Data were grouped to thirexes;

each axis represented an action or interventiarhange to surgical practice.

We supplemented the search with policy statememtgaidelines from international neurosurgical andgical

bodies providing guidance for service delivery dgrihe pandemic.

Due to the heterogeneity in study design and rexpryuality assessment was performed via strudtaritical
appraisal and synthesis of the data from threecasiffdH/CB/MS). Results were accordingly incorpedat the

discussion thematic axes.

Results

Scope of literature
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We selected 18 studiE8' (Figure 1). Table 1* provides a summary of thegiori design and subspecialty of
each study. The majority (N = 9, 50%) were publisfrem the United States, jointly followed by Chiaad
Italy (N = 4, 22.2%) comprising of perspective m@ec editorials, expert opinions or letters to thitoe.
Therefore, a formal quality assessment was perfoie critical appraisal of the included manusaigtalf of
the studies provided experiences from the generatasurgery perspective, with others detailing pabiglty

experiences and related recommendations, the raoshon being neuro-oncology (N = 4, 22.2%).
Themes

An array of 13 discrete thematic (intervention) sxeere identified from critical synthesis of théefature
(Table 2t).

Isolation of suspected/confirmed COVID cases

10 studies described measures to isolate suspectahfirmed COVID patientg®*#14-16.1819.215chieved most
commonly through designated watds'***and intensive care units to manage COVID patféhts® Other
studies described hospitals allocated to admit extsd COVID patientd? or to manage non-COVID
neurosurgical casEs Isolation often began before admission in non+gemcy cases and emergencies were
treated as suspected COVB" In some centres, confirmed COVID patients wengasated from suspected
COVID patient&®™

Intensive care unit (ICU) capacity

Eight studies outlined interventions to optimiseUl@apacity®®!%1*18814yith most outlining a need to
increase capacity'*'®'® Resources were reallocated from operating th&atand previously designed
neurological ICUs reallocated to manage COVID pasf8 Expectation for paediatric resources to supplémen
the disproportionate disease burden in adults veasrted. Postponement or cessation of elective operating,

alongside post-operative recovery in alternative s&ttings was also initiated to preserve ICU ciaya®*°

Hub centre allocation

Three studies all of Italian origin detailed a igamisation of national neurosurgical networks t@lagsh hub

centres to deal with specific emergentigs’
Pandemic rotas

Introducing pandemic rotas to restructure clinteaims has been proposed to reduce avoidable raiffiction,
reducing viral exposufé**?+18This was achieved by cohorting teams into sepagdternating grouf$**~
1419 or encouraging non-essential workers, particularlyhe administrative or research faculty, to wéndm

homé>*® However, some studies discussed the importaneeagitaining essential research facilities such as
long-term experiments, employing dual clinical aresearch staff to continue research duties. This wa

underpinned in another through the importance gbing clinical trials in their later stages

Redeployment of neurosurgical team

To maximise the capability of providers to manage growing burden of medical admissions, neurosatgi

staff were reallocated to other departmEHts'®"2° One hospital in Italy saw 75% of their team réitisited

4
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to medical teams at one pdihtjustified as a rationalization of resourfed his was mostly to support ward
cover****put one study saw allocation of neurosurgeon$i¢oeimergency departméhtin the same study,

researchers refocused their efforts from neurosyrgeCOVID-19°,

Personal Protective Equipment Guidance

A number of studies acknowledged the global sherzfgadequate PPE and thus the need to presenveahe
much as possibfe'**#1%2! Specific guidance on the level of PPE spannenh fievel 1 for suspected COVID
patients which included surgical cap, surgical fewsk, protective gown and gloves to level 3 fanfconed
cases, which requires the addition of an N95 maskell as a face shield and full-face piece respit®*: A
particular concern on the rate of false negatives the focus of two studies, urging staff to coasiBPE

especially in presumed COVID-negative cdsés

Cancellation of elective surgery

Most studies discussed cancellation of electiveyesies as a priorify*®21®89115This was due to the
growing wider public health needs compared to alecturgical care®*"?° Others highlighted the added risk to
patients during the pandenfic®® However, one study criticised the dichotomy nfeegency and elective
care in decision making, due to the anticipatorgmsaof delay in those with presently stable diséabeo
studies raised the higher risk of transmissionliiaians from surge'’. One study highlighted the future

need for increased capacity following the pandemimeet the back-log of delayed elective surgieaké’.

Remodelling of outpatient services

Several alterations to outpatient care were detaigth most studies describing a reduction in atignt
service§®18:20891113-1\165t studies only allowed urgent or emergencyoapment§® 13141618 some with
triaging or screening systems in plate® Burke et al. scaled provision of clinics depegdiom pandemic
severity®. Reductions in services were often compensatdd teiemedicine alternative¥**#?° Disinfections
strategies for outpatient departments and patidntation on PPE were also implementednd changes to
practice including administration of medicationslarse of certain procedures were curt&ilétbwever, closer
outpatient monitoring of potentially aggressive igrade gliomas was described as an alternativéatadard

surgical care
Patient Education

The responsibility of physicians to educate thaitignts during this time has been highlighted ey literature.
Mohile and colleagues detailed the need to undetipgnimportance of handwashing and social distancin
measures during patient contact h8umlso, emphasis was placed on communication oematl added

vulnerability of certain neurosurgical patietits

Prohibiting Visitors

Several studies limited visitdr&®!%'® some prohibiting them entirély whilst others allowed patients in

paediatric and neonatal ICUs, as well as end-efddre access to single family member peftfa§l Caridi
described a redeployment of neurosurgical stalfateon roles facilitating communication betweerigats and

their familie<®.
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Operating Theatre Protocols

Reducing personnel within an operation theatre avasmmon strategy to reduce viral expoStité*2! with
specific reference to endonasal interventi8ris? Five studies suggested the use of negative peesgerating
theatres to contain airborne pathogens and prevess-contaminatidft****'°?! Advocation of alternatives to
surgery, such as radiosurgery or conservative whtien through imaging were put forward Intraprocedural
antifogging agent for eye protectfdras well as the use of double gloVesere pointed out by two different
studies to ensure accuracy and safety during ietgions. Reduced drilling speed was proposed tonmse
bone aerosol exposudfein addition to the renunciation of non-essentiairaoperative neuromonitoriing
Unnecessary patient interaction was decreasedebysh of dissolvable sutures and discharge plartaihgme
rather than care settirigs.

Telemedicine

Telemedicine was discussed as a solution to redusirtial contact to mitigate viral expostfé!!®161820
Video conference sites such as Zoom, Skype and \Atelve all been put forward as a possible means of
secure telehealth platforms for clinical visits afedlow-up*'’ Criticisms included socioeconomic barriers

posed by this switch, including language barrikens, technical literacy or little to no internet &s$*°.

Intubation Protocols

Strict intubation directives aimed to minimise @ian exposure to patient aerodols"'*?° Prophylactic as
opposed to intraprocedural intubation was favoumechost of the literature, with minimal staff preseluring
the procedure’'*?? Mandatory 30-minute delay between intubation entlance of other operating room staff

was trialled by two studies to reduce viral pattoel exposure®.
Discussion

This systematic review summarises the early pubtistfesponses of neurosurgical departments to thél GO
19 pandemic. It provides a menu of interventiongetigped and implemented to reduce the spread apddm
of the virus. These early experiences provide hisignto the initial pandemic responses from healté
systems globally, highlighting the common themeséuarosurgical responses during a pandemic. |g@amgif
core themes provides insights to inform responseduture pandemics, or indeed, provide additional

considerations in the short term for recurrent meaks of COVID-19.

Scope

A disproportionate number of studies were publisfiech the USA, likely due to the combination of easch
capacity and high disease burden. Four studiesigedvexperiences from Chiffa??! one of which was a
direct account from the central epidemic area wihieeeinfection is believed to have originatéd Similarly,
four studies gave accounts from Italy***"which sustained high infection rates early inpaedemic. This is a
strength of this review as it summarises primamgoaats from the worst affected nations and thejreglences

in pandemic response.

Interventions
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The identified interventions in our review can b@uped into wider over-riding themes: logistics,man

resources and clinical delivery.
Logistics

Isolating suspected and confirmed c&s&5'**fequired organisational restructuring of hospitdilsis requires
judicious infection control practices or divisiori the multidisciplinary team. With more specialiseghm
members, such as the surgeon or anaesthetist, emmiglam division may be difficult in resource-liea
settings, likely exacerbated by staff redeploym&nich cross-coverage may risk contamination of @@WID
wards. Others designated hospitals for COVID and-@®VID patient¥?%, which may be more effective in
preventing contamination but requires a greatel pbeoesources. This was seen in Italy, where coatpm
between centres nationally allowed establishmehubfcentres to concentrate specialist resotittEs Whilst

our review does not compare their efficacy suchregghes should be considered in the context ofl loca

resources.

Health systems internationally saw a need to retis@gnificant resources towards acute medical asiions,
particularly ensuring critical care facilities feentilatory support were made available for COVIatient$2
Rationalisation and competition for resources mgamaviders had to minimize avoidable usage of these
facilities, through postponing elective surgeryp8&eity for COVID admissions was increased througrans
such as repurposing operating theafres reallocation of NICU bed% Accounting for the wider public health
need, it is incumbent on the neurosurgical tearbeaagerceptive of surges in demand for these fiedliin

decision-making and patient communicafidne to competition for high-level resources.
Human resources

Human resource management played an importanindlee early responses in this review. The foctd af
clinicians providing care means the consequencd®althcare workers becoming infected is greatd®iaic
rotas optimise staffing whilst maintaining clininiaeserves to replace those who develop symptoften o
through minimizing hospital staff attending workdivision of teams. Yet, the long-term allocatidrcbnicians
should account for both the pandemic response lamdntreasing burden of surgical patients who Haae
interventions cancelled or delay®dReduced staffing may also risk the quality ofecarovided by teams

during the pandemic, with temporary staff or absesfcroutine team members impacting continuity arec

Redeployment of neurosurgical teams to support @D&dmissions mirrored the reduction in neurosutgica

activity. The impact is likely disproportionatel§fecting junior staff, where more senior team mersbsere

required to manage emergency surgeries to redt@perative time and therefore expostrBisruption to

training programmes follows, with implications dmeteducation and progression of trainees. Soluti@ve

been found through online platforms in the conttimra of grand rounds, educational conferences and
0,16,18,20

teachin , supported by several webinar series and onlcteres provided by international neurosurgical
bodies, such as the World Federation of Neurosugé&/FNS).

Clinical delivery

Our review saw several significant changes to reungical practice. Triaging of emergencies and nirgases

was seen throughout the literature, requiring esnto carefully select patients to delay intenantiSeveral
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studies stated their criteria for such cases, moti which presentations required emergent managenée
American Association of Neurological Surgeons (AANBd European Association of Neurosurgical Saeseti
(EANS) produced triage guidelines modified from ¥h&€S, who propose a 3 Tier system, whilst SBNS have
produced more detailed sub-specialty guidance. MewéVellons and colleagues highlighted the singaifon

of pathologies to urgent and non-urgent, insteatbeating for prioritization based upon anticipatetm of
delay$. This provides an additional complexity where saiisease may become inappropriate for intervention
if delayed. Some studies described COVID-multigiboary team who were responsible for such
decision$*®*? A consequence of triaging is the cancellatiorelettive surgeries. Whilst necessary to allow
redirection of resources towards the wider mediealds, the morbidity and mortality of such delaygat to be

seen, alongside the future management of thesenpativhen normal services resume.

Similarly, a large reduction in outpatient serviteprovide only essential clinics or treatmentswascribed as
another measure to reduce viral exposure. Thisaseapid reliance on telemedicine to provide variasgects

of outpatient care. This unprecedented transfigamabf neurosurgical care may have lasting effemts
outpatient care. Criticisms to these alternativiasu$ on the reliance on technology and the disptiopate
socioeconomic impact on those who do not have adcesuch services, alongside the inferior huméerfiace
needed for sensitive or significant interactionswieen neurosurgeons and their patitht€omparisons of
these novel services, chiefly focusing on patientcomes (both clinical and patient-reported outcome
measures) to traditional outpatient services wibbva true determination of their benefit. It dodgwever,

demonstrate innovation in times of crisis.

Clinical practice was also modified in direct respe to the pandemic. Cautions to providing paicul
surgeries, such as endonasal surgery, intubatimiogols and advocation of alternative treatmeratsties are
examples of early changes to practice. These tefl@scerns in the wider literature prompting sig&e to
minimize transmission intraoperativ&lyThese alterations serve to protect both patiemtisproviders, meaning
some actions are not solely patient-centred. Sdodies attempted to avoid ICU admissions followirggtain
surgeries, to preserve ICU beds for COVID patiefit§ Again, the impact of this is unclear. It may itign
cases that can be managed in lower-intensity gsftimproving efficiency of resource use. On theeothand,

this may put patients who required critical camlitées at increased risk of complications or dietetion.
Limitations

This review aimed to characterise the scope ofetidy responses of the neurosurgical communityhto t
COVID-19 pandemic. Thus, the steep learning cuneams clinical practice is changing rapidly as migre
learnt about the virus, impacting the sensitivitythee search. The quality of evidence in this systéc review
was limited, formed of editorials, expert opinioaad letters to the editor providing mostly insiiagl
experiences in addressing the pandemic. This wasrprising due to the proximity of the search te th
pandemic outbreak. Further, the external validftgxperiences discussed depend on local resouttiegseand
thus may not be globally applicable. However, thergalue in corroborating these experiences torinfthe

wider community on how institutions responded.

Conclusions
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This review provides a summary of published evidenatlining the initial responses of the neurosabi
community to the COVID-19 pandemic. It provides ama of pandemic response interventions conducted by
countries initially with the highest disease burdeihn COVID-19 for consideration in response to fetur
pandemics or, in the short term, further peakshan €OVID-19 pandemic. Compiling the early experéc
offers healthcare providers insights into the miiniglof neurosurgical units, internationally, topnove service

provision and patient safety during a public heatikis.
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Table 2 — Interventions (thematic axes) described by iiddial studiest
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