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Abstract
[bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK86][bookmark: OLE_LINK87]The novel coronavirus disease 2019 (COVID-19) is an emerging disease, caused by severe acute respiratory syndrome coronavirus-2. It bears unique biological characteristics, clinical symptoms and imaging manifestations, therefore presenting an important and urgent threat to global health. As a result, a new public health crisis arose, threatening the world with the spread of the 2019 novel coronavirus. Despite the maximal worldwide public health responses aimed at containing the disease and delaying its spread, many countries have been confronted with a critical care crisis, and even more, countries will almost certainly follow. In Slovenia, the COVID-19 has struck the health system immensely and among all the specialities, neurosurgery has also been experiencing difficulties in the service, not only in regular, elective surgeries but especially during emergencies. The management of these neurosurgical patients has become more difficult than ever. We describe our protocol in the management of neurosurgical patients in the University Medical Centre Ljubljana, Slovenia and how neurosurgical pathology was tackled during the pandemics.
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Core Tip: The novel coronavirus disease 2019 (COVID-19) has become an important and urgent threat to global health. In Slovenia, the COVID-19 has struck the health system immensely and among all the specialities, neurosurgery has also been experiencing difficulties in the service, not only in regular, elective surgeries but especially during emergencies. In the article, we describe our protocol in the management of neurosurgical patients in the University Medical Centre Ljubljana, Slovenia.

INTRODUCTION
The novel coronavirus disease 2019 (COVID-19) is an emerging disease, caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). It bears unique biological characteristics, clinical symptoms and imaging manifestations, therefore presenting an important and urgent threat to global health[1,2]. As a result, a new public health crisis arose, threatening the world with the spread of the 2019 novel coronavirus. Despite the maximal worldwide public health responses aimed at containing disease and delaying its spread, many countries have been confronted with a critical care crisis. The virus is supposed to have been originated from bats and was transmitted to humans through yet unknown intermediary animals in Wuhan, Hubei province, China in December 2019[3-6]. At the time of writing, in October 2021, the number of patients confirmed to have the disease has exceeded 230 million in more than 160 countries, and the number of people infected is probably much higher. More than 4.5 million people have died from COVID-19 infection. Despite public health responses aimed at containing the disease and delaying the spread, several countries have been confronted with a critical care crisis, and more countries will almost certainly follow[6-8]. 
The COVID-19 pandemics caused difficulties in every health system. European countries were almost equally affected and adjustments needed to be done to provide the necessary care for COVID-19 patients and normal functioning of the health system in parallel[9]. It is beyond the scope of this article to describe in detail the measures in every country. The European Union has issued recommendations for their member states on how to deal with the pandemics. Of course, there were differences among the European countries within their health policies[10,11]. In general, a numerous virus-protective practices at medical departments were introduced and protective actions were implemented to cope with the massive influx of COVID-19 patients and to preserve the regular medical services running normally. The hospitals needed to change their organization urgently. It was necessary to reallocate the medical staff, equipment and material, create management protocols, dedicate in-hospital routes and operating theatres for patients with COVID-19[9,12]. The regular management of patients in outpatient departments was altered into telemedicine-supported patient service and elective surgeries were postponed or stopped. Numerous adjustments were put into medical practice, such as rigorous control of both emergency and/or elective admissions, avoidance of inter-mixing of admitted and ambulatory patients and medical personnel, modifications and upgrading in treatment and operative practices, division of selected zones for treating COVID-19 patients and meticulous ward management practice. Additionally, some patients with COVID-19 had to undergo urgent surgery, while others became symptomatic within days of elective surgeries. For these, the treatment protocols were adjusted. The most affected countries were Italy, Portugal and Spain, followed by central European and Eastern European countries[9,10,13,14]. 
In neurosurgical care, there have been reports from various parts of the world including North America and Europe about the change in neurosurgical practice during the COVID-19 pandemic[10,13-15]. Especially neurosurgical patients demanding intensive treatment and long-term patients were affected due to a lack of resources. The supportive equipment, ventilators, intensive care unit beds, nursing and health personnel were redirected into the care of patients with COVID-19. The countries with better and more stable health systems suffered less impairment, which was evident already among the European countries. This was particularly evident during the peaks of infection waves. In the developing world with limited medical resources, dense and large populations, shortage of medical staff and already strained health infrastructure, these deficiencies were even more pronounced[9,11,16,17]. 
Slovenia is a central European country with a two million population. There are two neurosurgical centres, both located at university hospitals, one in the capital city, Ljubljana, and the second one in Maribor, which is the second-largest city in the country. The population of both cities encompasses 280000 and 95000, respectively. The Ljubljana neurosurgery department has 50 beds, the one in Maribor is half of its size. Both centres are concerned with all kinds of neurosurgical pathology. According to the regions involved, the neurosurgery department in Ljubljana covers approximately two-thirds of the country population and the neurosurgery department in Maribor is one-third of it. The first reported cases have emerged simultaneously with the infections that occurred in other central European countries and neighbouring countries bordering Slovenia. Due to the rapid progression of the virus spread, it was practically impossible to make considerable arrangements to tackle the pandemic and to adapt the health system to the new situation. The official anti-virus measures at the state level were put into action a few days after the first case was confirmed, on March 4th 2020 and the epidemic was declared a week after[18].
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]Compared to other European countries, the COVID-19 has struck our health system immensely[18]. Among all the specialities, neurosurgery has also been experiencing difficulties in the service, not only in regular, elective surgeries but also especially during emergencies. The management of these neurosurgical patients has therefore become more difficult than ever. As the majority of neurosurgical emergency patents need a swift and rapid consultation and quick medical intervention for the best possible treatment result, the fluency and speed of treatment are of vital importance[7,19,20]. The first factor here is the promptness of transportation. Both the time-lapse to neurosurgical care and the remoteness of transportation to the neurosurgical centre in Ljubljana with the availability proper neurosurgical care may considerably predict mortality and treatment results. In about 10% of patients, a decline in conciseness, measured by the Glasgow Coma Scale may be observed during the transport, when the transfer time to the health cantre longer than 4 h[19,20]. Those, who experience delays of more than 4 h before the surgery have a higher mortality rate compared to those, who present to the neurosurgical service directly. Therefore, one of the key elements causing a postponement of neurosurgical service is the remoteness of the neurosurgical centre[21]. The second problem is the potential COVID-19 infection[7,22]. The usual transit time to our centre varies, according to the type of transport, the helicopter of road transport, from 1 to 4 h, respectively. All emergency patients undergo virus testing initially and even on the best occasion, the rapid antigenic test needs 1 to 2 h to be completed, therefore prolonging the neurosurgical treatment. The polymerase chain reaction (PCR) test, with the higher sensitivity, needs even longer to be completed and cannot be used in the emergency setting. We use this test only for elective patients. Additional, the emergency patients are handled according to special anesthesiological and surgical procedures. The personal protection equipment, including special gloves, gowns, eye protection, face masks and eye shields were worn. The flow of staff into and from the operation room is minimised. Special care was taken for the equipment and postoperatively. All of these challenges may compromise the patient care and treatment outcome, with hospital organizations experiencing substantial expenses. 
Besides the general measures to prevent virus spread on the state level, numerous adjustments at medical departments have been applied into medical practice and strict preventive actions were implemented. These included limitations of the regular outpatient management, increased use of telemedicine outpatient service and telephone consultations, the postponement of elective surgeries, adjustments and improvements in operative practice and treatment process, rigorous control of planned and urgent admissions, designation of high-risk zones for COVID-19 patients accommodation and surgery, special precautions on the medical departments and prevention of intermixing of cases and health care personnel. The purpose of this article was to describe the confrontation of COVID-19 difficulties for neurosurgery and how we have tackled these problems during the treatment of neurosurgical patients at the Ljubljana neurosurgery department.

THE MANAGEMENT PROTOCOL
[bookmark: OLE_LINK94]In the pre-COVID-19 times, the elective neurosurgery patients at the University medical centre Ljubljana were admitted directly to the neurosurgery department and from emergency departments in case of urgent situations. They went through detailed clinical assessment, neuroimaging and routine medical examinations. The surgery of elective patients has been conducted in two elective operating theatres and one emergency operating room. This was reserved for urgent cases only. Before the pandemic, in the period from February 2019 to March 2020, a total of 1265 elective patients were operated on, 545 and 720 in every theatre. Altogether, there were 337 brain tumour patients operated on, 8 arteriovenous malformations (AVMs), 22 surgical aneurysm exclusions, 48 intracerebral haematomata (ICH) surgeries, 478 spinal surgeries, 62 hydrocephalus operations (excluding external ventricular drainages), 72 functional neurosurgical procedures and 316 various emergencies, including traumatic brain injury (Table 1). 
During the epidemic, from March 2020 to April 2021, a total of 1233 patients were treated surgically. The patients worth the following pathology were included: 272 brain tumours, 6 AVMs, 24 aneurysms, 43 ICHs, 388 spinal surgeries, 51 hydrocephalus operations and 59 functional neurosurgical procedures. The rest included various types of vital pathology, again comprising severe brain trauma patients (Table 2). Since then we have arranged a special emergency neurosurgical operating room, which was dedicated to operating COVID-19 positive patients and was located strategically in the emergency area, very close to all the important premises for urgent patient’s admission. 

THE EARLY PHASE OF COVID-19 EPIDEMIC
[bookmark: OLE_LINK88][bookmark: OLE_LINK89]The first step for neurosurgical patients, who needed neurosurgical treatment or assessment, was screening and evaluation. In the initial phase of the epidemic, there were not many COVID-19 positive patients. Therefore, general public measures were put in place (e.g. lockdown) and the admission for all urgent patients was limited to the emergency ward. These patients were managed immediately according to the underlying pathology and simultaneously tested for possible threat of COVID-19 infection with a nasopharyngeal swab for the rapid antigenic test (RAT) initially and then with a nasal swab for the rapid transcriptase (RT)-PCR test. The preoperative preparation, imaging, surgical and early postoperative care was performed with all necessary protective measures in positive patients and in those, in whom the nature of their illness required emergent surgical treatment. In COVID-19 negative patients, the management was ordinary. The emergency area was modified in such a way that a special separation area was established where urgent cases were tested an evaluated. All emergency, supportive and intensive care hardware was at hand. This area was isolated with no connection to other (safe) hospital areas. The initial rapid screening protocol for every patient included body temperature measurement and in awake patients, a detailed COVID-19 screening questionnaire was implemented. This was also included for patient relatives and attendants, especially in the instances of non-conscious patients, together with the strict use of protective actions, such as hand disinfection and face masks. 
On the contrary, the elective patients and those requiring non-urgent transfer from other hospitals were directed to the neurosurgical ward and were temporarily accommodated in so-called transitional zones or specially established holding areas where RT-PCR was performed before surgery. They were tested for COVID-19 infection with the RT-PCR. After the test result became available, they were transferred to a regular ward to prevent possible COVID-19 infection. Also, all patents’ escorts were requested to complete the questionnaire and respect strict protective measures at the time of admission.

THE LATE PHASE OF COVID-19 EPIDEMIC
In the later phase of the epidemic, when the number the cases has increased, the scheme described earlier changed. For isolation of neurosurgical patients managed at our centre at that time, all areas and treated patients were divided into three groups: red (danger zone, urgent patients), grey (transitional, waiting zone, elective patients) and green (safe zone, elective patents). In order of listing, the red one was a high-risk zone, including the patients with confirmed COVID-19 infection and all vital emergencies brought to the general emergency admission department. In the emergency setting, these patients required an urgent, lifesaving neurosurgical intervention, regardless of the COVID-19 status and preventive and protective measures were taken here during their treatment. RAT was used for patients requiring immediate surgery on an emergency basis. The RT-PCR test was done during the operation, to accommodate these patients to suitable postoperative hospital areas. These urgent patients were operated on using full personal protective equipment. The second, grey group included all non-urgent and elective patients that were admitted to the neurosurgical department for regular treatment. These patients were those that were either vaccinated or tested in advance (before the admission) and were accommodated in grey zones to check their COVID-19 status with RT-PCR. This was the final check before relocating a patent to our green zone. When confirmed virus-negative, they were transferred to green zones. All transfer among these designated hospital and department zones was restricted also in terms of equipment, material and personnel. The green zone was the safe one, which included COVID-19 negative elective patients. 
All emergency patients underwent this protocol, as well as admitted patients, who were classified based on the degree of treatment urgency. The life-threatened patients were directed for surgery at once, regardless of the COVID-19 status, unless proven otherwise. This group included a small number of patients with life-threatening neurosurgical emergencies that were already hospitalised on other hospital wards and were certainly COVID-19 negative when their health condition has deteriorated. In all hospitalised patients, the COVID-19 swabs were regularly taken every week as a control. The inclusion criteria for emergency surgery encompassed: (1) The paediatric patients and adults with clinical signs of elevated intracranial pressure, such as abscess, stroke, tumour, brain oedema, subdural or epidural hematoma, deteriorating hydrocephalus; (2) all traumatised patients needing surveillance or urgent surgery; (3) spinal compressive myelopathies (traumatic and non-traumatic), and (4) vascular emergencies: ruptured intracranial aneurysms, ruptured arteriovenous malformations, intracerebral haematomas. Special precautions were taken. Triage of the emergency patients was done according to the pathology and its complexity, the patient status, the obtainability of surgical instruments, the anaesthesiology team and the availability of postoperative accommodation (COVID-19/non-COVID-19 emergency rooms). The urgent patients were treated in concordance with the causal pathology, available resources and with all protective measures in the dedicated theatres. Postoperatively, they were treated in the designated red zone intensive care units until they were fit for discharge.
[bookmark: OLE_LINK105]In those patients, where the contact to COVID-19 could not be confirmed, in COVID-19 negative patients, these were the elective ones, in semi-urgent patients and in patients with no acute respiratory signs and symptoms with a normal chest radiograph and negative RT-PCR COVID-19 tests, the risk of infection was low. They have been treated in a standard (pre-COVID-19) neurosurgical setting and postoperatively treated in green intensive care units (ICUs) or the green ward areas.

THE MANAGEMENT OF NEUROSURGICAL PATIENTS AND THE DISCHARGE CRITERIA 
All patients with different neurosurgical emergencies, including neurotrauma and neurological diseases (all vital emergencies) that required prompt neurosurgical action, were admitted to the surgical general emergency department (Figure 1). After initial screening for COVID-19 with rapid antigen test (RAT) and then immediately with the RT-PCR test, the urgent patients were divided into two groups: (1) To those that could not wait; and (2) to those that could wait. 
Those patients that could not wait were operated on immediately to save life or minimize the risk of neurological deterioration. These urgent patients were operated on in the COVID-19 operation theatre with full personal protective equipment. The RT-PCR test was done during surgery again to accommodate these patients after the operation to suitable postoperative hospital areas. If the test was positive, the patients were further treated in the red zones, which included the COVID-19 intensive care units and special areas on the neurosurgical ward. In case the patients have contacted COVID-19 during the hospital stay, they transferred to the same red areas or discharged home, when in appropriate condition. Those patients that were in contact with COVID-19 and were not confirmed positive, were transferred and treated in the grey areas, which included intensive care therapies and normal ward care. They were tested with the RT-PCR every day during the treatment and when negative, transferred to green areas. 
The patients that could wait were addressed according to the COVID-19 RT-PCR test. When negative, they were treated in the green areas and when positive, they were transferred to the red areas. 
The elective patients were involved in a separate leg and they were completely separated from the emergency patients. They were first admitted into grey areas at the neurosurgical department and waited for the results of the RT-PCR test. When positive, they were discharged home. When negative, they were treated in the green areas, including intensive care units and normal ward facilities. 
All patients were regularly tested with RT-PCR tests when treated on the ward and in the ICU. In green zones, the tests were taken 24 h apart, in red areas they were tested every 72 h. Grey res were transitional places, where the RT-PCR tests were undertaken daily. Grey res were transitional places. When negative, the patients were transferred to green areas. When positive, they were treated further in red areas. 
After the neurosurgical treatment, the patients were discharged from the ward as soon as possible to generate new capacities. Most of them were discharged home, some also to the rehabilitation facilities, depending on their health condition. The length of hospital stay depended on the type of pathology, recovery, flow and general condition of the patient. For example, when no complications occurred, patients having had microdiscectomy were discharged home after two to three days, spinal fixation required four days of hospitalisation, the operations of brain tumours and vascular pathology (unruptured aneurysms, AVMs) required five to seven days of hospitalisation. There were more difficulties encountered in long term treatment, including trauma patients, infections, haemorrhages, those with complications and concomitant diseases, since these patients were unable to be discharged from the hospital early. Longer recovery was expected here and they were later transferred to special rehabilitation and nursing institutions. The treatment here varied, from several weeks to months.
From the COVID-19 point of view, the discharge criteria from the isolation (suspending transmission-based precautions) were the following: (1) Ten days after the beginning of symptom, plus no less than three extra days without symptoms (with no elevated body temperature and respiratory tract symptoms) for symptomatic patients; and (2) ten days after a positive COVID-19 test in patients, who had no symptoms. To confirm the clearance of virus, and thus allow discharge from isolation, required a patient to be clinically well and to have two negative RT-PCR results on sequential samples, which were taken 24 h apart.
A special regimen was held at the outpatient clinic. Every patient acquired a slot for consultation. Only RAT-tested and COVID-19 negative patents were admitted for con consultations and this certificate was checked at the entrance. Upon arrival to the neurosurgical outpatient clinic, every patient filled in the questionnaire regarding health conditions and possible COVID-19 symptoms and exposure. The separation of seating was in effect in the waiting room and all areas were ventilated frequently. Preferably and when possible, the windows were opened all the time when the patients were on the premises. Face shields and masks were worn by the staff and when possible, the e-consultations and the telephone- consultations were used.

PERSONAL PROTECTIVE MEASURES
In the emergency area, all patients were evaluated by an anesthesiologist, traumatologist and neurosurgeon with the attending nursing staff. All personnel in contact with the patient respected protective measures and wore N95 or FFP3 masks and face shields in addition to hand gloves and protective attire. Auxiliary staff were required to wear personal protective equipment. All neurosurgical staff wore N95 or FFP3 masks and face shields and ordinary operating room gown and clothing. The anaesthesiology and support personnel in the operating theatre used the same safety measures. During the intubation, only the anesthesiologist and the assistant remained in the operating theatre, all other staff was waiting outside until the procedure was completed. Once the patient was connected to the respirator, they entered the theatre. When performing craniotomy, ski glasses or transparent face shields have been used and bone drilling with abundant irrigation. When possible, electrosurgical knives were combined with suction devices to remove the contaminated smoke. The mobility was limited to one entrance and exit from the operating theatre, the floor was disinfected with alcohol and chlorhexidine solution and a disinfectant-soaked mat was kept there to limit the potential spread of the virus on the footwear. The auxiliary staff in the outer area wore a face shield, a 3-ply surgical mask and protective gear. The central unit-governed air conditioning was closed for the time of the operation and later, the theatre was thoroughly disinfected. For COVD-19 positive patients in the ICU or on the ward, the same precautions were taken. The RT-PCR was done twice weekly regularly or according to the needs during the recovery period. To make the accommodation for new admissions, the patients were directed home as soon as possible after the operation. 
In grey areas, the protective equipment included N95 or FFP3 masks, protective face shields or protective glasses and single-use attire. At the entrance, the dressing-up and disinfection were mandatory. In green areas, the service was standard and the protective measures included 3-ply surgical masks and protective glasses. The nasal swabs for RT-PCR were taken twice weekly for control.

OUR EXPERIENCE WITH TELEMEDICINE 
The advances of information-communication technology in recent years have made medical consultations easier, among other advantages. During the COVID-19 epidemics, the neurosurgical consultations via the telemedicine system showed to be a priceless tool for care and management of patients, as observed by the treating neurosurgeons in our medical centre[23-25]. In the national hospital network, we are using the telemedical network named Telestroke. In the pre-epidemic period, this system was used principally for neurological emergencies and urgent stroke management. To control the influx of patients to our medical centre because of the lack of available beds during the epidemic, we aimed to transfer only those patients that undoubtedly needed neurosurgical service. Here, the Telestroke proved to be extremely valuable. It has helped the anaesthesiologist and neurosurgical team to prepare for the COVID-19 screening, surgery, accommodation procedure, the postoperative treatment in the ICU and the ward. During the usage of the Telestroke system in the University medical centre Ljubljana, patients with various pathologies have been treated. These included brain trauma (epidural and subdural haematomas, contusions, cranial fractures, and soft tissue injuries), cerebral vascular diseases (aneurysms, arteriovenous malformations, ischemic and haemorrhagic strokes), cerebral oedema of numerous aetiologies and primary and secondary brain tumours where oedema or bleeding happened and the patients’ neurological status worsened as a result of rapid rise of intracranial pressure. During the epidemic, the Telestroke proved to be a vital mode for conveying the medical information, to communicate and connect between the peripheral hospitals and our referral centre, limiting the load of patients in the tertiary centre. 

DISCUSSION
During the period of the epidemic, it was necessary to organise and adapt the neurosurgical practice according to new rules. Despite the difficulties the virus spread has caused to the health system, it was necessary to keep in mind that regular medicine needs to work continuously and in parallel with the treatment of COVID-19 patients[19,26,27]. The flow of patients to the health institutions is not reduced during the epidemic, it is rather increased, and the current virus pathology is intermingled with the everyday health problems, which also need to be addressed adequately and professionally. This is particularly important for neurosurgery where the emergencies need to be handled quickly in order not to cause additional damage to the nervous system[28,29].
Our neurosurgical department is the largest in Slovenia and deals with all kinds of neurosurgical pathology. Due to the constant inflow of patients, it was necessary to limit the pathology according to the treatment priority. This means, that we have implemented a triage system on the level of the outpatient clinic, to minimise patient admission and to adapt to the new situation. It should be noted, that all the emergencies were managed instantly and with no delay. 
All patients with COVID-19, who underwent surgery, were transferred into special COVID-19 treatment facilities, which are available at our medical centre and offer all the necessary treatment, including intensive care. They were regularly visited by neurosurgical consultants and their treatment was conducted together with the treating specialists at the COVID-19 departments. With a meticulous screening policy and selection of cases, the safety of admitted patients and those treated at our department has increased during the months of the epidemic. We have recorded only two COVID-19 intrusion incidents. These patients were then discharged home since they were discovered positive before the planned surgery. One patient was confirmed positive after the operation and was transferred to the COVID-19 treatment facility.
We did not record an important decline of the number of operated patients. We are aware that the number of patients included in the study was relatively low and that this was a limitation to our study. However, since we are a medium volume centre, it is impossible to obtain higher numbers in the examined periods, namely in the study periods from February 2019 to March 2020 (the pre-COVID-19 period) and from March 2020 to April 2021 (the COVID-19 period). The whole population of Slovenia is about two million and our centre covers three-quarters of the country. The inflow of patents was constant during the last years and it was the same also during the epidemic period. Of course, the regimen of medical examinations, follow-ups and admissions was adapted according to the situation during the pandemics. We are aware that the numbers of patients in the study cannot be compared to other high volume and high-frequency centres across Europe and the world. The numbers we obtained were used for illustrative purposes and to conclude from our practice, that it is possible with an accurate protocol and strict anti-COVID-19 measures to enable the neurosurgical service to run even in challenging times. An exact screening and a strict triage system enabled us to keep up with the inflow of patients. The triage system classified the patients according to the pathology and the necessity of action. They were operated on when needed and treated according to individual requirements. The time saving measures and procedures, such as non-urgent spinal operations and some special procedures such as awake surgery were put aside whenever possible and conservative treatment, at least for some period, was advised[30]. Elective surgeries, including tumour, vascular, hydrocephalus and semi-urgent elective spinal operations were running almost normally. The waiting time for these surgeries did not change during the epidemics. 
As mentioned, special precautions were implemented for patients with urgent neurosurgical that were COVID-19 positive. These patients were operated on immediately in the COVID-19 operation theatre. The intubation was done according to a quick protocol by the anaesthesiologist and the nurse assistant. At that time, no other staff were present in the operation theatre. After intubation, the surgical staff approached and started with the procedure. Personal protective equipment was worn all the time and the protective measures were respected. The equipment and material in the operating theatre were kept to a minimum. During the surgery, the RT-PCR test was done to help with the postoperative patient accommodation arrangement. When confirmed positive, the patients were further treated in the red zones, which encompassed the COVID-19 ICUs and special areas on the neurosurgical ward. Sometimes, the patients were caught positive while hospitalised. The RT-PCR tests were done here every two days. In these instances, the patients were transferred to red areas and treated there according to their condition. When ICU was needed, the patients were transferred there. In more stable health conditions, they were treated in the red areas on the neurosurgical ward. Alternately, when their condition allowed, they were discharged home.
It is very important to manage patients in the operation theatres carefully and correctly, to limit the potential spread of the virus[29-31]. The separation of hospital areas into zones and rapid antigen testing are practical measures that have proven very successful. All medical personnel need to respect protective measures, such as proper face masks, face shields, appropriate gloves and attire. A good alternative to FFP3 or N95 mask are half- or full-face respirators. Powered air-purifying respirators may be utilised when accessible. They have shown a good effectiveness and improved protection[32-34]. However, we did not use these during the operations. They were only used in the COVID-19 ICUs. When surgery is needed in these situations, the operating theaters with negative pressure are ideal[22,35]. However, not all centres have such facilities, including ours. Special measures in anaesthesiology procedures included emptying the operation theatre during intubation and rapid sequence intubation, which prevented aerosol spread. The high-risk anaesthetic procedures involved intubation and extubation, cardiopulmonary resuscitation, ventilation through face mask, the cleaning of respiratory secretions and providing high-flow nasal oxygen[36,37]. Procedures that were considered low-risk included external ventricular drainage and placement of the lumbar drainage. Only the essential gear and equipment was stored in the operating theatre and when possible, the disposable one was used in confirmed cases. Extubation was done on the operating table since this minimises the risk for cross-infection and ample time should be provided for proper operating theatre disinfection. In addition to regular precautions, such as minimal drilling and abundant irrigation, we tried to avoid the trans-nasal procedures (for hypophyseal tumours) unless in urgent indications (apoplexy, loss of vision). Additionally, a clear delineation of roles, disinfection and aeration plan and, and cross monitoring of all staff members for potential contamination with reduction of the number of persons in the theatre at a time is advantageous[22,32,38]. 

CONCLUSION
The COVID-19 epidemic is far from over and the hospital system in Slovenian is still struggling under its pressure. Despite the difficulties, we are trying to assure that the medical services run as normal as possible, not only for neurosurgical patients but also for those that need all other clinical specialities. By following the strict testing and triage system, the segregation of patients and by respecting the protective producers for the patients and the staff, we managed to provide uninterrupted neurosurgical care during the COVID-19 epidemic. Despite this fact, we will need new and enhanced strategies to deal with this epidemic in the future without compromising the normal health system, particularly for life‑saving procedures in critical specialities, as is neurosurgery.

REFERENCES
1 Pieper S. COVID-19: Salt in the Wound of Health Care Inequality and the Cause of a New Health Care Disparity. Physician Assist Clin 2022; 7: 191-199 [PMID: 34405121 DOI: 10.1016/j.cpha.2021.08.009]
2 Haidar MA, Shakkour Z, Reslan MA, Al-Haj N, Chamoun P, Habashy K, Kaafarani H, Shahjouei S, Farran SH, Shaito A, Saba ES, Badran B, Sabra M, Kobeissy F, Bizri M. SARS-CoV-2 involvement in central nervous system tissue damage. Neural Regen Res 2022; 17: 1228-1239 [PMID: 34782556 DOI: 10.4103/1673-5374.327323]
3 Najjar S, Najjar A, Chong DJ, Pramanik BK, Kirsch C, Kuzniecky RI, Pacia SV, Azhar S. Central nervous system complications associated with SARS-CoV-2 infection: integrative concepts of pathophysiology and case reports. J Neuroinflammation 2020; 17: 231 [PMID: 32758257 DOI: 10.1186/s12974-020-01896-0]
4 Murta V, Villarreal A, Ramos AJ. Severe Acute Respiratory Syndrome Coronavirus 2 Impact on the Central Nervous System: Are Astrocytes and Microglia Main Players or Merely Bystanders? ASN Neuro 2020; 12: 1759091420954960 [PMID: 32878468 DOI: 10.1177/1759091420954960]
5 Monroe I, Dale M, Schwabe M, Schenkel R, Schenarts PJ. The COVID-19 Patient in the Surgical Intensive Care Unit. Surg Clin North Am 2022; 102: 1-21 [PMID: 34800379 DOI: 10.1016/j.suc.2021.09.015]
6 Zhang Q, Gao J, Wu JT, Cao Z, Dajun Zeng D. Data science approaches to confronting the COVID-19 pandemic: a narrative review. Philos Trans A Math Phys Eng Sci 2022; 380: 20210127 [PMID: 34802267 DOI: 10.1098/rsta.2021.0127]
7 Chen KL, Brozen M, Rollman JE, Ward T, Norris KC, Gregory KD, Zimmerman FJ. How is the COVID-19 pandemic shaping transportation access to health care? Transp Res Interdiscip Perspect 2021; 10: 100338 [PMID: 34514368 DOI: 10.1016/j.trip.2021.100338]
[bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK81][bookmark: OLE_LINK82]8 WHO Coronavirus Dashboard. [Cited 28 Nov 2021]. Available from: https://covid19.who.int/ 
9 Doglietto F, Vezzoli M, Gheza F, Lussardi GL, Domenicucci M, Vecchiarelli L, Zanin L, Saraceno G, Signorini L, Panciani PP, Castelli F, Maroldi R, Rasulo FA, Benvenuti MR, Portolani N, Bonardelli S, Milano G, Casiraghi A, Calza S, Fontanella MM. Factors Associated With Surgical Mortality and Complications Among Patients With and Without Coronavirus Disease 2019 (COVID-19) in Italy. JAMA Surg 2020; 155: 691-702 [PMID: 32530453 DOI: 10.1001/jamasurg.2020.2713]
10 Suleyman G, Fadel RA, Malette KM, Hammond C, Abdulla H, Entz A, Demertzis Z, Hanna Z, Failla A, Dagher C, Chaudhry Z, Vahia A, Abreu Lanfranco O, Ramesh M, Zervos MJ, Alangaden G, Miller J, Brar I. Clinical Characteristics and Morbidity Associated With Coronavirus Disease 2019 in a Series of Patients in Metropolitan Detroit. JAMA Netw Open 2020; 3: e2012270 [PMID: 32543702 DOI: 10.1001/jamanetworkopen.2020.12270]
11 Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD, de Santibañes E, Pekolj J, Slankamenac K, Bassi C, Graf R, Vonlanthen R, Padbury R, Cameron JL, Makuuchi M. The Clavien-Dindo classification of surgical complications: five-year experience. Ann Surg 2009; 250: 187-196 [PMID: 19638912 DOI: 10.1097/SLA.0b013e3181b13ca2]
12 Leira EC, Russman AN, Biller J, Brown DL, Bushnell CD, Caso V, Chamorro A, Creutzfeldt CJ, Cruz-Flores S, Elkind MSV, Fayad P, Froehler MT, Goldstein LB, Gonzales NR, Kaskie B, Khatri P, Livesay S, Liebeskind DS, Majersik JJ, Moheet AM, Romano JG, Sanossian N, Sansing LH, Silver B, Simpkins AN, Smith W, Tirschwell DL, Wang DZ, Yavagal DR, Worrall BB. Preserving stroke care during the COVID-19 pandemic: Potential issues and solutions. Neurology 2020; 95: 124-133 [PMID: 32385186 DOI: 10.1212/WNL.0000000000009713]
13 Arteaga AS, Aguilar LT, González JT, Boza AS, Muñoz-Cruzado VD, Ciuró FP, Ruíz JP. Impact of frailty in surgical emergencies. A comparison of four frailty scales. Eur J Trauma Emerg Surg 2021; 47: 1613-1619 [PMID: 32036392 DOI: 10.1007/s00068-020-01314-3]
14 Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell I, Mitnitski A. A global clinical measure of fitness and frailty in elderly people. CMAJ 2005; 173: 489-495 [PMID: 16129869 DOI: 10.1503/cmaj.050051]
15 Borghesi A, Maroldi R. COVID-19 outbreak in Italy: experimental chest X-ray scoring system for quantifying and monitoring disease progression. Radiol Med 2020; 125: 509-513 [PMID: 32358689 DOI: 10.1007/s11547-020-01200-3]
16 Borghesi A, Zigliani A, Masciullo R, Golemi S, Maculotti P, Farina D, Maroldi R. Radiographic severity index in COVID-19 pneumonia: relationship to age and sex in 783 Italian patients. Radiol Med 2020; 125: 461-464 [PMID: 32358691 DOI: 10.1007/s11547-020-01202-1]
17 Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg 2004; 240: 205-213 [PMID: 15273542 DOI: 10.1097/01.sla.0000133083.54934.ae]
18 NIJZ Koronavirus. [Cited 28 Nov 2021]. Available at: https://www.nijz.si/sl/koronavirus-2019-ncov
19 Olson S, Honeybul S, Rosenfeld JV. Considering Futility of Care Decisions in Neurosurgical Practice. World Neurosurg 2021; 156: 120-124 [PMID: 34563717 DOI: 10.1016/j.wneu.2021.09.078]
20 Lester A, Leach P, Zaben M. The Impact of the COVID-19 Pandemic on Traumatic Brain Injury Management: Lessons Learned Over the First Year. World Neurosurg 2021; 156: 28-32 [PMID: 34530146 DOI: 10.1016/j.wneu.2021.09.030]
21 Horan J, Duddy JC, Gilmartin B, Amoo M, Nolan D, Corr P, Husien MB, Bolger C. The impact of COVID-19 on trauma referrals to a National Neurosurgical Centre. Ir J Med Sci 2021; 190: 1281-1293 [PMID: 33415689 DOI: 10.1007/s11845-021-02504-7]
22 Berry G, Parsons A, Morgan M, Rickert J, Cho H. A review of methods to reduce the probability of the airborne spread of COVID-19 in ventilation systems and enclosed spaces. Environ Res 2022; 203: 111765 [PMID: 34331921 DOI: 10.1016/j.envres.2021.111765]
23 Gachabayov M, Latifi LA, Parsikia A, Latifi R. The Role of Telemedicine in Surgical Specialties During the COVID-19 Pandemic: A Scoping Review. World J Surg 2022; 46: 10-18 [PMID: 34743242 DOI: 10.1007/s00268-021-06348-1]
24 Smith SM, Jacobsen JHW, Atlas AP, Khoja A, Kovoor JG, Tivey DR, Babidge WJ, Clancy B, Jacobson E, O'Neill C, North JB, Wu R, Maddern GJ, Frydenberg M. Telehealth in surgery: an umbrella review. ANZ J Surg 2021; 91: 2360-2375 [PMID: 34766688 DOI: 10.1111/ans.17217]
25 Majmundar N, Ducruet AF, Wilkinson DA, Catapano JS, Patel J, Baranoski JF, Cole TS, Albuquerque FC. Telemedicine for Endovascular Neurosurgery Consultation During the COVID-19 Era: Patient Satisfaction Survey. World Neurosurg 2021 [PMID: 34775085 DOI: 10.1016/j.wneu.2021.11.023]
26 Jaswaney R, Davis A, Cadigan RJ, Waltz M, Brassfield ER, Forcier B, Joyner BL Jr. Hospital Policies During COVID-19: An Analysis of Visitor Restrictions. J Public Health Manag Pract 2022; 28: E299-E306 [PMID: 33729198 DOI: 10.1097/PHH.0000000000001320]
27 Nejadghaderi SA, Saghazadeh A, Rezaei N. Health Care Policies and COVID-19 Prevalence: Is There Any Association? Int J Health Serv 2022; 52: 9-22 [PMID: 33686893 DOI: 10.1177/0020731421993940]
28 Agyemang K, Rose A, Baig S, Al Salloum L, Osman AA, Steckler F, Barrett C. Neurosurgery in octogenarians during the COVID-19 pandemic: Results from a tertiary care trauma centre. Interdiscip Neurosurg 2021; 26: 101357 [PMID: 34426782 DOI: 10.1016/j.inat.2021.101357]
29 Sander C, Dercks NV, Fehrenbach MK, Wende T, Stehr S, Winkler D, Meixensberger J, Arlt F. Neurosurgical Care during the COVID-19 Pandemic in Central Germany: A Retrospective Single Center Study of the Second Wave. Int J Environ Res Public Health 2021; 18 [PMID: 34831787 DOI: 10.3390/ijerph182212034]
30 Arimappamagan A, Vilanilam G, Pandey P. Is Elective Neurosurgery Justified During COVID-19 Pandemic? Neurol India 2021; 69: 21-25 [PMID: 33642265 DOI: 10.4103/0028-3886.310113]
31 Dannhoff G, Cebula H, Chibbaro S, Ganau M, Todeschi J, Mallereau CH, Pottecher J, Proust F, Ollivier I. Investigating the real impact of COVID-19 pandemic on the daily neurosurgical practice? Neurochirurgie 2021; 67: 99-103 [PMID: 33493541 DOI: 10.1016/j.neuchi.2021.01.009]
32 Malhotra N, Joshi M, Datta R, Bajwa SJS, Mehdiratta L. Indian Society of Anaesthesiologists (ISA National) Advisory and Position Statement regarding COVID-19. Indian J Anaesth 2020; 64: 259-263 [PMID: 32362681 DOI: 10.4103/ija.IJA_288_20]
33 Deora H, Dange P, Patel K, Shashidhar A, Tyagi G, Pruthi N, Arivazhagan A, Shukla D, Dwarakanath S. Management of Neurosurgical Cases in a Tertiary Care Referral Hospital During the COVID-19 Pandemic: Lessons from a Middle-Income Country. World Neurosurg 2021; 148: e197-e208 [PMID: 33385606 DOI: 10.1016/j.wneu.2020.12.111]
34 Agarwal N, Raheja A, Suri A. Guidelines for Preoperative Testing for Neurosurgery in Coronavirus Disease 2019 (COVID-19) Era: Indian Viewpoint Amidst Global Practice. World Neurosurg 2021; 146: 103-112 [PMID: 33283759 DOI: 10.1016/j.wneu.2020.10.086]
35 Sharma AK, Gandhoke CS, Nayak N. Effect of coronavirus disease 2019 pandemic on case volume, spectrum, and perioperative coronavirus disease 2019 incidence in neurosurgical patients: An experience at a tertiary care center in India. Surg Neurol Int 2020; 11: 390 [PMID: 33274110 DOI: 10.25259/SNI_701_2020]
36 Shao CC, McLeod MC, Gleason L, Marques ICDS, Chu DI, Gunnells D. Effect of COVID-19 Pandemic Restructuring on Surgical Volume and Outcomes of Non-COVID Patients Undergoing Surgery. Am Surg 2022; 88: 489-497 [PMID: 34743607 DOI: 10.1177/00031348211054528]
37 Sudhan MD, Singh RK, Yadav R, Sivasankar R, Mathai SS, Shankaran R, Kulkarni SN, Shanthanu CP, Sandhya LM, Shaikh A. Neurosurgical Outcomes, Protocols, and Resource Management During Lockdown: Early Institutional Experience from One of the World's Largest COVID 19 Hotspots. World Neurosurg 2021; 155: e34-e40 [PMID: 34325030 DOI: 10.1016/j.wneu.2021.07.082]
38 Matava CT, Kovatsis PG, Lee JK, Castro P, Denning S, Yu J, Park R, Lockman JL, Von Ungern-Sternberg B, Sabato S, Lee LK, Ayad I, Mireles S, Lardner D, Whyte S, Szolnoki J, Jagannathan N, Thompson N, Stein ML, Dalesio N, Greenberg R, McCloskey J, Peyton J, Evans F, Haydar B, Reynolds P, Chiao F, Taicher B, Templeton T, Bhalla T, Raman VT, Garcia-Marcinkiewicz A, Gálvez J, Tan J, Rehman M, Crockett C, Olomu P, Szmuk P, Glover C, Matuszczak M, Galvez I, Hunyady A, Polaner D, Gooden C, Hsu G, Gumaney H, Pérez-Pradilla C, Kiss EE, Theroux MC, Lau J, Asaf S, Ingelmo P, Engelhardt T, Hervías M, Greenwood E, Javia L, Disma N, Yaster M, Fiadjoe JE; PeDI-Collaborative. Pediatric Airway Management in COVID-19 Patients: Consensus Guidelines From the Society for Pediatric Anesthesia's Pediatric Difficult Intubation Collaborative and the Canadian Pediatric Anesthesia Society. Anesth Analg 2020; 131: 61-73 [PMID: 32287142 DOI: 10.1213/ANE.0000000000004872]


Footnotes
Conflict-of-interest statement: No conflicts of interest to disclose. 

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Provenance and peer review: Invited article; Externally peer reviewed.
Peer-review model: Single blind

Peer-review started: December 3, 2021
First decision: January 22, 2022
Article in press: March 27, 2022

Specialty type: Neurosciences
Country/Territory of origin: Slovenia
Peer-review report’s scientific quality classification
Grade A (Excellent): A
Grade B (Very good): B, B
Grade C (Good): C
Grade D (Fair): 0
Grade E (Poor): 0

P-Reviewer: El Sayed S, Egypt; Omar BJ, India S-Editor: Zhang H L-Editor: A P-Editor: Zhang H

Figure Legends
[bookmark: _GoBack][image: ]
[bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK100]Figure 1 A schematic representation of the flow of neurosurgical patients at the University medical centre Ljubljana. Patients with different neurosurgical emergencies were admitted to the surgical general emergency department. After initial screening for coronavirus disease 2019 (COVID-19) with rapid antigen test and the rapid transcriptase polymerase chain reaction (RT-PCR) test, the urgent patients were divided into two groups: (1) to those that could not wait; and (2) to those that could wait. (1) Those patients that could not wait were operated on immediately in the COVID-19 operation theatre. The RT-PCR test was done during surgery again. If positive, the patients were further treated in the red zones, including the COVID-19 intensive care units and special ward areas. In case the patients have contacted COVID-19 during the hospital stay, they were transferred to the red areas or discharged home. The patients in contact with COVID-19 and not positive, were transferred to grey areas; and (2) The patients that could wait were addressed according to the COVID-19 RT-PCR test. When negative, they were treated in the green areas and when positive, they were transferred to the red areas. The elective patients were first admitted into grey areas in the neurosurgical department and waited for the RT-PCR test. When positive, they were discharged home. When negative, they were treated in the green areas. PCR: Polymerase chain reaction; COVID: Coronavirus disease; ICU: Intensive care unit.

Table 1 All neurosurgical cases operated on at our centre before the pandemic
	
	No of patents, theatre 1
	No of patents, theatre 2

	Neurosurgical pathology
	673
	560

	Tumours 
	185
	87

	AVM
	4
	2

	ICH 
	8
	35

	Aneurysm
	20
	4

	Spinal
	169
	219

	Hydrocephalus
	19
	32

	Functional
	19
	40


AVM: Arteriovenous malformation; ICH: Intracerebral haematomata.

Table 2 All neurosurgical cases operated on during the months of the pandemic
	
	No of patents, theatre 1
	No of patents, theatre 2

	Neurosurgical pathology
	545
	720

	Tumours
	183
	154

	AVM
	1
	7

	ICH
	13
	35

	Aneurysm
	16
	6

	Spinal
	187
	291

	Hydrocephalus
	30
	32

	Functional
	19
	40


[bookmark: OLE_LINK95][bookmark: OLE_LINK96]AVM: Arteriovenous malformation; ICH: Intracerebral haematomata.
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