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Abstract

The novel coronavirus disease 2019 (COVID-19) is an ongoing disease caused by severe
acute respiratory syndrome coronavirus-2 that still poses an important and urgent
threat to global health. In Slovenia, the epidemic was declared on March 12%, 2020, and
since then COVID-19 had a great impact on our health system. The field of
neurosurgery in particular has been experiencing difficulties in both elective and
emergency service. In this article, we describe epidemiologic protocols and the effect
that the COVID-19 pandemic had on the surgical practice and workflow of the
Department of Neurosurgery at University Medical Centre Ljubljana. We analysed and
compared the number of elective and emergency neurosurgical procedures in a two-
year period before and during the pandemic. We recorded a drop in cases mostly on

account of elective procedures whilst emergency service remained relatively unaffected.
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Core Tip: The novel coronavirus disease 2019 (COVID-19) is an ongoing disease caused
by severe acute respiratory syndrome coronavirus-2 that poses an important and urgent
threat to global health and has had a great impact on the health system in Slovenia. In
this article, we describe epidemiologic protocols and the effect that the COVID-19
pandemic had on the surgical practice and workflow of the Department of

Neurosurgery at University Medical Centre Ljubljana.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a novel coronavirus disease that primarily

affects the respiratory system, but may also infect multiple organs, including the brain.
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It was first reported as four cases of »pneumonia of unknown aetiology on December
291, 2019, in Wuhan, Hubei Province in China and is responsible for an ongoing
pandemic. The disease presented with unique and severe biological characteristics,
specific blood test results, particular clinical symptoms and imaging characteristicsl-3l.
The virus genome analysis showed high sequence similarity to a bat coronavirus which
ﬁas detected in Rhinolophus affinis species, therefore framing the hypothesis that the
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) originated from bats
and was then transmitted to humans through unknown intermediary animals/4. It was
swiftly recognised as a major threat to global health and on March 11th, 2020, COVID-19
was declared a pandemic by the World Health Organization. At the time of writing in
August 2022, the disease is present in almost every country around the world and the
number of infected patients exceeds 550 million. The real number of infected people is
in all likelihood much higher. Furthermore, the number of deaths caused by COVID-19
is predicted to be more than 6.4 millionl5l.

Slovenia is a central European country and a member of the European Union with a
population of approximately two million inhabitants. There are two neurosurﬁ'cal
centres, both organized as departments within the Division of Surgery. They are both
located at university hospitals, one in the capital city of Ljubljana and the other in
Maribor, which is the second largest city in Slovenia. The Department of Neurosurgery
at University Medical Centre Ljubljana consists of 50 beds and an intensive care unit,
the one in Maribor is half this size. In accordance with the regional division of Slovenia,
the Department of Neurosurgery in Ljubljana covers approximately two-thirds of the
population with Maribor covering the rest.

Being a neighbouring country of Italy, where the province of Bergamo suffered one of
the first major COVID-19 outbreaks in Europe, Slovenia faced a great risk of a very
early epidemic onset. It was virtually impossible to adapt and prepare the health system
for the impending threat on time. Our first reported case emerged on March 4th, 2020,

shortly after outbreaks occurred in other central European countries. A few days later,
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the official epidemiological safety measures at the state level were put into action and
on March 12th, 2020, an epidemic was declared[671.

In addition to the general epidemic measures that took place at the state level
(mandatory masks, state lockdown, strict border crossing rules, efc.) a series of hospital
and departmental protocols were put into practice to prevent the virus spreading inside
the hospitals and health centres. Some of the measures included adjustments of
outpatient services, postponement of elective surgeries, strict regulations upon patient
admission, additional departmental and surgical premises for high-risk or COVID-19-
positive patients, quantitative reduction of the surgical program, reallocation of staff to
COVID-19-related posts, constant use of protective equipment, expansion of telephone
consultation service and many more. The purpose of this article is to outline the effect
that COVID-19 had on the management of patients at the Department of Neurosurgery
in Ljubljana and assess the number of our surgical cases in comparison to pre-COVID-

19 times.

COVID-19 PROTOCOLS IN THE NEUROSURGICAL FIELD IN SLOVENIA

Under normal circumstances prior to the COVID-19 epidemic, the Department of
Neurosurgery in Ljubljana consisted of 51 patient beds and one intensive care unit that
could hold ten patients. The elective neurosurgical patients were admitted from home
or transferred from another department. Emergency cases were admitted directly via
the emergency centre. Upon admittance, the patients underwent routine clinical
evaluation, laboratory results and neuroimaging examinations that were needed for the
surgery. The operations took place in two elective operating theatres and a third one
reserved for emergency surgeries.

In the early phases of the COVID-19 epidemic, the performance of our health system
was in jeopardy, as the established clinical pathways did not meet the needs of the
demanding epidemiological situation. The swift outbreak of the epidemic resulted in
unpreparedness on the local, state and global levels. The circumstances were constantly

changing and with the lack of knowledge about the disease, it was nearly impossible to
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set up a new, sustainable and stable system with optimal guidelines which would prove
useful in the long run. Over time, experience and knowledge accumulated, and more
stable protocols were implemented and put into clinical practice. However, they still
varied on a monthly or weekly level in accordance with the number of infected people
in the population, staff availability and occupancy of COVID-19 hospital beds.

All patients in need of a neurosurgical treatment or assessment were screened and
evaluated as a first step. In the emergency setting, they were managed immediately in
accordance with the underlying pathology and at the same time tested for COVID-19
infection using a nasopharyngeal swab for the reverse transcription polymerase chain
reaction (RT-PCR) test. If the patient needed immediate surgery and no time could be
wasted waiting for the result, the patient was treated as a COVID-19-positive until
proven otherwise. In the beginning, due to the limited capacities and equipment of the
microbiological laboratories, it could take hours or even until the next morning until the
test result was available. This meant that all preoperative preparation, imaging and
surgical care was carried out with the required protective measures. Therefore, the
hospital needed to provide a separate area, special anaesthesiological and surgical
management, additional teams and extra safety measures, including personal protective
equipment and specialised cleaning and ventilation of the COVID-19 premises. All
these challenges, in the beginning, took great effort and extra time, hence compromising
patient care and treatment outcome. In time, the situation gradually started to
normalise, and the fast PCR tests and rapid antigenic tests (RAT) came into everyday
clinical routine. They were regularly utilised as a first screening test, thus drastically
reducing the time delay until the test result. In non-emergency or elective cases, a
standard PCR test was still needed before the admittance or transfer to the department.

With the higher number of COVID-19 cases in the population, the chance of virus
invasion and departmental outbreaks increased. Therefore, in the later phase of the
epidemic, the hospital safety measures and admittance algorithm had to change, adapt

and become stricter. All the neurosurgical patients and premises associated with their
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treatment were divided into three groups: Red (danger zone), grey (transitional zone)
and green (safe zone).

The red zone was a high-risk zone with confirmed COVID-19-positive patients. In
practice, this meant that in the event of a COVID-19 outbreak, some rooms at the
department became isolation rooms and entry was allowed only while wearing special
personal protective equipment. Departmental outbreaks also resulted in the spread of
the virus among medical and other personnel. Altogether, this reduced the possibility of
a normal workflow in the department and the operating theatres.

The grey zone included all patients admitted to the department who required non-
urgent elective treatment. Upon admission, they were denied any contact with green
zone patients or staff and were temporarily stationed in transitional grey zone hospital
rooms until a negative RT-PCR SARS-CoV-2 test was confirmed. Persopal protective
equipment was provided both for patients and for the grey zone staff. After the test
results became available, they were transferred to a green zone regular ward. In the
event of a positive SARS-CoV-2 test and in the absence of reasons for hospitalisation or
emergency surgery, they were sent back home, and the procedures were rescheduled in
accordance with the patient’s contagion period.

The green zone consisted of all COVID-19 negative patients, who were routinely
tested every three or more days following admission. The protocols for routine testing
were constantly changing in accordance with the latest guidelines. In the event of risky
contact with a SARS-CoV-2-positive patient or personnel, the green zone patients were
transferred to the transitional zone, where they remained until the quarantine period
expired.

After the SARS-CoV-2 vaccine became widely available, the management of the zone
system became easier. To be treated as a green zone patient, an individual was required
to fulfil one of three conditions: That they be vaccinated, previously recovered from
COVID-19, or have a negative PCR test. It was called the RVT rule. R for recovered, V

for vaccinated and T for tested. With more and more individuals being vaccinated or

6/13




recovering from the disease, less pressure was put on transitional zones and the health
system was one step closer to a more fluent workflow.

The performance and the dynamics of the COVID-19 management improved even
more in November 2020 when the entire new premises of the hospital were adapted
into a COVID-19 treatment centre named Diagnostical and Technical Service (DTS),
which could hold more than 200 COVID-19-positive patients. It also included the
Intensive and Critical Care Unit. Compared to earlier COVID-19 departments that were
scattered among different buildings and clinics, the capacity of the new premises was
relatively large and centralised. All SARS CoV-2-positive patients, including every
neurosurgical patient after emergency surgery, were transferred to DTS, where they
continued with their treatment. The core of the DTS medical staff consisted of infectious
disease specialists with specialists and residents from other medical fields who were
rotated there on a monthly level. The system was optimised so that in cooperation with
the neurosurgical consultant service the patients were treated in a multidisciplinary
manner and simultaneously for COVID-19 and their primary underlying pathology.
During the times when the number of SARS-CoV-2-positive patients was relatively
manageable, this new solution relieved the epidemiological pressure on non-infectious
clinical departments and allowed them to function and operate on an almost normal
level. The main weakness, however, was that these new premises required a large
number of new staff that the hospital did not have, so numerous personnel, including
doctors and nurses, were relocated from their home departments. Due to the lack of
staff, the work in the department and operating theatres was once again limited.

During the winter of 2021/22, due to a high number of COVID-19-related
hospitalisations, even the capacities of DTS were almost completely occupied. Thus, the
red zones in the department were reactivated. Only the patients with severe respiratory
symptoms or those in need of intensive care unit were transferred to DTS while
everyone else was treated in the department with the help of an extended infectious
diseases consultation service. With the introduction of new, less aggressive variants of

the virus at the beginning of 2022, the situation gradually improved as fewer and fewer

7/13




COVID-19 patients developed pneumonia and had a need for oxygen and
hospitalisation. In May 2022, the DTS was closed down and the zone system currently

remains in use in the department.

METHODS AND RESULTS

We analysed and compared the number of elective and emergency surgeries before and
during the pandemic. In this article, we address an emergency case as any case that
needed immediate surgery in a matter of hours due to a life-threatening situation and
an elective case as any case that was scheduled in advance and operated on during
working hours. For the analysis, we divided the procedures into subgroups. These were
related to underlying pathology as follows: (1) Spinal pathology (spinal degenerative
disorders, spinal lesions, etc.); (2) Brain lesions (any supra- or infratentorial brain
tumours, cysts, abscesses or similar pathology); (3) Ventriculoperitoneal drainage; (4)
Cranioplasty; (5) Functional neurosurgical procedure (deep brain stimulation, spinal
cord stimulation, vagus nerve stimulation, replacement of the batteries, etc.); (6)
Vascular pathology (aneurysms, arteriovenous malformations, efc.); and (7) Endonasal
endoscopy (pituitary adenoma, Rathke cyst, clivus chordoma, craniopharyngioma, efc.)
and other. Emergency surgery was any procedure that needed immediate intervention
and it included any form of an acute brain haemorrhage (epidural, subdural or
intracerebral), decompressive craniectomy, insertion of external ventricular drainage or
intracranial pressure monitoring and evacuation of chronic subdural haematoma.

Two years before the COVID-19 pandemic was declared from March 2018 to
February 2020, a total of 2924 patients were treated surgically at the Department of
Neurosurgery in Ljubljana. There were 2413 elective cases. Altogether, 1042 surgeries
addressed spinal pathology, 646 brain lesions, 154 elective ventriculoperitoneal
drainages for hydrocephalus treatment, 41 cranioplasties, 150 functional, 62 vascular, 86
endonasal endoscopic and 62 other procedures. There were 681 emergency surgeries.

During a two-year period after the COVID-19 pandemic was declared from March
2020 to February 2022, a total of 2597 patients were treated surgically. There were 1932

8/13




elective procedures. There were 797 spinal pathology surgeries, 665 brain lesions, 153
ventriculoperitoneal drainages, 50 cranioplasties, 113 functional, 65 vascular, 75
endoscopic endonasal and 64 other procedures. There were 665 emergency surgeries.
Overall, we recorded an 11.2% (n = 327) drop in all neurosurgical procedures in the
two years during which COVID-19 was declared compared to two years before. A
decrease in elective procedures was 13.9% (n = 311), mostly on account of spinal
pathology procedures (23.5% drop or 245 cases), functional neurosurgical procedures
(24.7% drop or 37 cases), endonasal endoscopy procedures (12.8% drop or 11 cases) and
brain lesions (4.8% drop or 31 cases). The decrease in emergency procedures was

insignificant and amounted to a 2.4% drop (n = 16).

DISCUSSION

The COVID-19 pandemic has affected our health system to a great extent and
highlighted its well-known weaknesses. Compared to other specialities, neurosurgery
suffered for the most part with one of the main reasons being a centralisation of the
neurosurgical service into two clinical centres with a lack of peripherally distributed
services, as seen in other surgical subdivisionsl¢8l. With the shortage of staff due to
illness or reallocation to a COVID-19-related post, the working capacities of the
department were limited and no compensation through other medical institutions was
possible. Due to the COVID-19 pandemic, it became necessary to reorganise and adapt
the neurosurgical practice. Adjustments were required in surgical scheduling, patient
admission, outpatient clinic management, emergency treatment and general protective
measures. Several clinical guidelines have been announced internationally!8-10l. Overall,
the hospital protocols were constantly changing, improving and rapidly adapting to the
flow of the pandemicl811l. When the number of new COVID-19 cases per day decreased
and the pressure on the hospital was lessened, there were more free capacities for
elective surgical programs. Once the COVID-19 numbers rose again, the restrictions and
limitations set in again. Within these fluid circumstances, it was important to try to

maintain a workflow that was as close to normal as possiblel'1].
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We experienced numerous difficulties in both elective and emergency services. In
neurosurgery, it is difficult to assess whether pathology is urgent or elective. Life-
threatening emergency cases must always be addressed immediately and even so-called
elective pathologies, such as various brain tumors, hydrocephalus, spinal lesions efc. are
urgent and cannot be delayed for a longer period. The lesions rapidly progress and
cause further irreversible damage to the nervous system and neurological deterioration.
The inflow of patients during the pandemic did not change drastically, yet a new
variable of COVID-19 infection was introduced, and it altered the neurosurgical
management of the patients(10].

We analysed and compared the number of neurosurgical operations in a two-year
period before and after the COVID-19 pandemic was officially declared in our country.
We recorded a relatively small decrease of 13.9% or 311 cases operated on electively
after the pandemic started over two years. The drop in cases was mostly in the fields of
spinal pathology and functional neurosurgery as these types of procedures were the
least urgent because of the non-malignant nature of the pathology and the lack of
tendency towards neurological deterioration. Regarding spinal pathology, the reduction
was mostly because of degenerative spinal disorders with pain syndromes. Cases with
accompanying neurological deficits or spinal lesions were addressed and operated on
accordingly and as soon as possible. The number of procedures in other areas of
neurosurgical fields was quite comparable. Overall, we did not record any missed cases
or cases with irreversible neurological damage due to the pandemic measures and
restrictions. There was a small decrease in the number of brain and sellar lesions, which
might be coincidental or because for some time during the height of the pandemic,
patients without acute clinical presentation did not reach adequate health services and
did not receive appropriate diagnostics in sufficient time. After the diagnosis and
indication for neurosurgical treatment were confirmed, the patients were presented to
our service by the established and uncompromised clinical pathways.

The decrease in the number of elective surgeries during the pandemic was not as

drastic as we predicted it would be. One of the reasons for that was the effective
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COVID-19 screening protocol. Very few surgeries were cancelled due to a patient being
SARS-CoV-2-positive because when, on admittance, the patient presented with a
positive test, he or she was rescheduled, returned home and a substitute patient was
called in for the procedure. Another contributing factor might also be that during the
quieter periods of the pandemic, when medical staff returned to their original posts,
more surgeries were performed to reduce the backlog.

Throughout the world, the COVID-19 pandemic had a significant effect on
emergency services and the transportation system. It decreased the number of patients
transported by ambulance and redesigned the triage algorithm and emergency
protocolsl!Z14l. In neurosurgery, promptness of transport is of great importance and
influences the optimal surgical outccn&e. Neurosurgical emergency patients who
experience a delay of four hours or more before the surgery have a higher mortality rate
compared to those who receive treatment on time. The usual transportation time to the
neurosurgical centres in Slovenia varies from one to four hours, depending on the
location of the patient and the primary admission location. It also depends on the type
of transport (via road or by helicopter). Therefore, all admitted patients were
categorised based on the degree of emergency and screened for SARS-CoV-2. The
inclusion criteria for rapid surgery regardless of SARS-CoV-2 status included: (1)
Paediatric and adult patients presenting with symptoms of raised intracranial pressure
due to stroke, abscess, tumor, brain oedema, hematoma or deteriorating hydrocephalus;
(2) Traumatic cases in need of emergency intervention such as acute subdural, epidural
or intracerebral haematoma evacuation, decompressive craniectomy, external
ventricular drainage; (3) Spinal compressive myelopathies (traumatic or non-traumatic)
with neurological deficits or an observable deterioration of symptoms; and (4) Vascular
emergencies, such as a ruptured intracranial aneurysm or ruptured arteriovenous
malformations.

With other SARS-CoV-2-positive patients, if possible, conservative treatment was
applied or the patient was rescheduled for surgery following the expiration of the

contagious period. With these measures in place, the clinical flow of neurosurgical
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emergencies was optimised so that the patients were not deprived of immediate
neurosurgical intervention. We confirmed this with the number of emergency
operations two years before and after the COVID-19 pandemic was declared. In
comparison, from March 2018 to February 2020, we performed 681 emergency
procedures and from March 2020 to February 2022, the number of surgeries was 665.
Despite the limitations and epidemiological situation, we did not record a significant
quantitative decrease in neurosurgical emergency service. Although COVID-19 was an
important factor in the treatment of urgent neurosurgical patients, with measures in
place we did not notice any direct impact on surgical outcome and postoperative
virulence. The postoperative course relied on the severity of the cardiorespiratory
impairment due to COVID-19 before neurological damage. Patients with mild
respiratory symptoms were extubated after the procedure mostly without
inconvenience and those with severe respiratory failure and pulmonary damage were
transferred to an intensive care unit where the extubation was postponed until
adequate cardiorespiratory stability.

With new triage systems on the level of the outpatient clinic, we minimised and
optimised patient admission. With a nonregulated inflow of patients, the risk of the
transmission of COVID-19 to patients and hospital staff is high. In general, SARS-CoV-
2-positive patients who undergo surgical intervention have a higher complication and
mortality rate in some studies than SARS-CoV-2-negative patientsl1516l. It is also implied
that in subclinical SARS-CoV-2 patients, the surgery impairs the immune system and
increases the likelihood of the emergence of a fully symptomatic COVID-19 diseasel!>
17],

The COVID-19 pandemic also presented a great impact on hospital and departmental
staff. The main causes for the shortage of healthcare personnel were recurring sick
leaves, transfer to a COVID-related post and general lockdown, due to which healthcare
students and volunteers were unable to participate in hospital work. Younger workers
in particular, such as residents, nurses, physiotherapists and administrative and other

workers, were transferred for an indefinite period to COVID-19 departments.
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Depending on the size of the department, the quotas were set, in accordance with which
it was necessary to reallocate a certain number of personnel. Altogether, it reduced the
work capacity of our department and increased the workload on the remaining staff.
COVID-19 is not only associated with a high mortality rate but also puts an enormous
strain on the healthcare system(4l. Severe forms of COVID-19 with respiratory failure
lead to a high rate of intubation, thus creating a shortage of beds in the intensive care
unitsl1516], Therefore, the treatment of other critical diseases becomes even more diffic
and limited. From a neurosurgical perspective, the COVID-19 pandemic forced us to
keep in mind that regular neurosurgery needed to continue in parallel with the
treatment of COVID-19 and that it was necessary to balance these two aspects of our

everyday work as ideally as possible.

CONCLUSION

COVID-19 had a vast impact on our healthcare system. The circumstances and
management protocols were constantly changing and adapting to the flow of the
pandemic. Nonetheless, we managed to provide almost uninterrupted neurosurgical
care in the years following the global outbreak, especially regarding life-saving
procedures. In the long run, new and enhanced strategies will be needed for the
neurosurgical service and healthcare system in general, to return it to its

uncompromised and optimal performance.
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