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Objective.  –  The  objective  of  this  study  was  to relate  the  neurosurgical  activity  during  a time  of  sanitary
crisis  such  as  experienced  during  the SARS-CoV-2  pandemic.
Methods.  – A  monocentric  retrospective  analysis  was  made  based  on  a prospectively  gathered  cohort
of all  patients  requiring  neurosurgical  care  between  March  15th  and  May  12th,  2020.  Local  impact  of
SARS-CoV-2  was  analysed  regarding  number  of  patients  admitted  in  ICU.
Results.  – One  hundred  and  sixty  patients  could  benefit  from  neurosurgical  care  with  a  wide-ranging
profile  of  clinical  and  surgical  activities  performed  during  the  study  that  seemed  similar  to  last  year
profile  activity.  Surgical  indications  were  restricted  to non-deferrable  surgeries,  leading  to  a drop  in
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operative  volume  of 50%. Only  1.3%  of  patients  required  transfer  to  other  units  due  to the  impossibility
of  providing  gold  standard  neurosurgical  care  in our centre.
Conclusion.  – Despite  the  challenges  represented  by  the SARS-CoV-2  pandemic,  it was  proven  possible
to  ensure  the  routine  neurosurgical  continuity  and  provide  high  standards  of  neurosurgical  care  without
compromising  patients’  access  to the  required  treatments.

©  2021  Published  by  Elsevier  Masson  SAS.
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1. Abbreviations

CSF cerebrospinal fluid
EPR electronic patients records
GCS Glasgow Coma Scale
ICU intensive care unit
KPS Karnofsky Performance Status
SAH subarachnoid hemorrhage
WFNS World Federation of Neurosurgical Societies
2. Introduction

COVID-19 global pandemic, triggered by the rapid diffusion of
SARS-CoV-2 in the first months of 2020, is assuming month after
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onth the dimensions of the worst outbreak recorded in mod-
rn medicine [1]. This entails processes of triaging, prioritisation
nd rationing of available resources [2]. From a neurosurgical per-
pective, the high virulence of SARS-CoV-2 and the severe natural
ourse of COVID-19 eroded the availability of high dependency and
ntensive care units (ICU) beds, practically shutting down elective
eurosurgical services [3–5].

Recommendations, guidelines and checklist had been rapidly
eveloped and implemented throughout the world [6–10]. The
umber of cases recorded in the Northeastern part of France
as  particularly high, putting Alsace among the epicentres of

he pandemic in the country. Comparing to other surgical fields,
he decision-making process in neurosurgery has to be driven
y considerations for patients rapidly decompensating due to
aised intracranial pressure or evolving neurological deficits. Such
pproach to neurosurgical pathologies is well summarised by the
otto “Time is brain”, implying how difficult and unethical could be
o delay or postpone interventions condemning patients to dismal
utcomes [11–13].
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The epidemiological relevance of this study resides in the
possibility of quantifying the unprecedented impact of the COVID-
19 pandemic in the Northeastern part of France through the
assessment of the performance of our department, which offers
management for the complete spectrum of neurosurgical patholo-
gies.

3. Patients and methods

3.1. Study design

A single centre prospective registry allowed the gathering of
data on an observational longitudinal cohort of 160 patients man-
aged at Strasbourg University Hospital during a 2 months period
starting from March 15th–May 12th, 2020. Some data could be
confronted to historical clinical data collected from our electronic
patients records (EPR) for the same period of the year 2019.

3.2. Ethics

This study was conducted according to the Ethical Principles
for Medical Research Involving Human subjects stated in the 2004
and its further revision made in 2008 and 2013 of the Declara-
tion of Helsinki. Ethical approval and clinical trial registration were
obtained by the local IRB (study number: CE-2020-71, April 30th,
2020) and discussed with our COVID-19 Ethical Committee. The
reporting of the study has been planned and conducted in adher-
ence to the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement for observational studies and
checklist [14].

3.3. Objectives

The aim of this study was to obtain a snapshot of neurosurgi-
cal activity in Strasbourg concomitant to the maximal impact of
the first wave of COVID-19 pandemic. This was achieved through
our primary objective: illustrating the “daily neurosurgical activity”
performed in the months March–May through a descriptive anal-
ysis of our prospective database. The secondary objective was to
appraise the performance under COVID-19 with that under routine
circumstances (non-restrained surgical activity).

To fulfil both objectives the performance of our department was
assessed with regards to number of available ICU beds and venti-
lating machines. Those aspects are in fact thought to be the main
criteria to measure the severity of the pandemic. Furthermore, both
objectives entailed a precise assessment of the key pathologies and
related surgical procedure performed, their degree of urgency, and
surgical outcome. To this regard, the main points of interests were
mechanism of traumatic injuries, oncologic profile/management of
malignant tumours, and characteristics of subarachnoid haemor-
rhage.

3.4. Standard local set-up organisation

Our neurosurgical unit includes 38 conventional beds, and 6
high dependency care unit (HDU) beds. The mean number of
operation per/year is about 1600 for a catching population of
about 1,100,000 people including all neurosurgical domains as
functional, vascular, neuro-oncology, hydrocephalus, degenerative
spine, brain and spine trauma, paediatric and epilepsy surgery. The
number of ICU beds is 90, the average bed occupancy rate is 85%.
3.5. Local epidemic context

South-Alsace (Haut-Rhin department) was a particularly rel-
evant cluster of COVID-19 patients since mid  February 2020.
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orth-Alsace (Bas-Rhin department) followed on the same path
f diffuse spreading with a delay of only one week. At the peak
f the outbreak (March–May 2020) COVID-19 positive patients in
ritical medical conditions had to be transferred from Strasbourg to
ther French hospitals and even abroad due to saturation of internal
esources. From March 17th to May  11th a national state of sanitary
onfinement was declared.

. Patients and methods

All patients admitted to our neurosurgical department during
he SARS-CoV-2 pandemic period as well as all neurosurgical refer-
als and external consultations were included in a prospective
egistry, which ran from March 15th to May  12th 2020. The registry
ncluded every adult requiring neurosurgical care at our institu-
ion, either in our unit or under our supervision in other units.
aediatric patients admitted in the local department of paediatric
urgery were excluded from this study.

The following data were collected and reviewed for each
atient: demographic characteristics (anonymised identification
ospital number, date of birth, gender), reason for admission,
linical symptoms, COVID-19 status, surgical procedure (if per-
ormed) and its degree of urgency (see also Table 1). Priority criteria
or surgeries were defined according to a previously described
rading system [7], triaging consisted in the identification of: emer-
ency (EM group) patients, requiring immediate surgical treatment
within hours), deferrable (UP group) patients, requiring treat-

ent within a maximum of 7–15 days and elective (EL group)
atients, requiring treatment within two months. The positive
OVID-19 status was  defined as follows: positive SARS-Cov-2 PCR
n nasopharyngeal swab and/or typical radiographic lesions on a
hest CT-scan [15].

.1. Endpoints

In order to evaluate the severity of the pandemic and COVID-
elated adjustments made during this period of time, the followings
ere studied: numbers of COVID-19 positive patients admitted to

CU for mechanical ventilation, COVID-19 positive patients requir-
ng neurosurgical care, COVID-19 positive patients transferred to
ther hospitals and the number of patients transferred to another
edical centre due to impossibility of providing gold standard sur-

ical management. Neurosurgical care was  defined as either the
erformance of a surgical procedure by a neurosurgeon or a medical
ttention and conservative treatment in a neurosurgical unit.

Patients were classified according to the following cat-
gories: traumatic, neurovascular, infectious, neuro-oncology,
ydrocephalus, degenerative spine, and functional neurosurgery.
elevant parameters specific to the different pathologies treated
ere noted: trauma mechanism, if any addiction present (alcohol,
rugs, etc.) and Glasgow Coma Scale (GCS) for traumas, World Fed-
ration of Neurosurgical Societies (WFNS) score for subarachnoid
aemorrhage, Karnofsky Prognostic Scale (KPS) and therapeutic
trategy (biopsy/surgical removal) for neuro-oncology. These end-
oints could be confronted to similar data available regarding last
ear.

.2. Statistical analysis

Variables were classified as continuous or categorical. Mean,

anges, and medians were used for continuous data collected in
he study. Categorical data were presented as total count and pro-
ortions. Fisher exact test was  done within the studied variable.

 P-value < 0.05 was considered statistically significant. Graphpad
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Table  1
Neurosurgical care during the lock down by pathologies.

Patients Surgical cases (EM/UP/EL) Non-surgical cases Total

Trauma 23 [6/15/2] 25 48 (30.0%)
Chronic  subdural haematoma 14 [3/9/2] – 14
Head  trauma alone 5 [3/2/–] 17 22
Craniovertebral trauma 1 [–/1/–] 2 3
Spine trauma alone 3 [–/3/–] 6 9

Neuro-oncology 27 [7/15/5] 16 43 (26.9%)
Metastasis 12 [5/7/–] 7 19
Glioblastoma 7 [1/4/2] 5 12
Meningioma 1 [–/1/–] 3 4
Lymphoma 2 [–/2/–] – 2
Ependymoma 1 [–/–/1] – 1
Craniopharyngioma 1 [–/–/1] – 1
Pituitary adenoma 1 [1/–/–] 1 2
Ethmoidal adenocarcinoma 1 [1/–/–] – 1
PNET  1 [–/1/–] – 1

Degenerative spinal disease 18 [1/8/9] 7 25 (15.6%)
Cervicarthrosic myelopathy 6 [–/1/5] – 6
Cervico-brachial neuralgia 1 [–/–/1] – 1
Hyperalgic sciatalgia 9 [1/6/2] 7 16
Herniated lumbar disc with motor deficit 1 [–/1/–] – 1
Lumbar stenosis 1 [–/–/1] – 1

Neurovascular 8 [6/2/0] 12 20 (12.5%)
Aneurismal subarachnoid haemorrhage 4 [4/–/–] 1 5
Non-aneurismal subarachnoid haemorrhage 1 [1/–/–] 5 6
Spontaneous intracerebral haemorrhage 2 [1/1/–] 1 3
Cavernoma 1 [–/1/–] 3 4
Malignant sylvian ischaemic stroke – 1 1
Spontaneous epidural cervical haematoma – 1 1

Infection 8 [4/3/1] 2 10 (6.3%)
Foreign  material infections 4 [1/2/1] – 4
Cerebral abscess 2 [2/–/–] – 2
Cerebral opportunist infection 1 [–/1/–] – 1
Meningo-encephalitis – 1 1
Scar  reopening – 1 1
Infectious discitis with epidural collection 1 [1/–/–] – 1

Functional 5 [0/2/3] 4 9 (5.6%)
Hydrocephalus (acute shunt dysfunction) 4 [3/1/0] 1 5 (3.1%)
Neurosurgical care 93 (58.1%) [27/46/20] 67 (41.9%) 160
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EM:  emergency; UP: deferrable; EL: elective.
The degrees of emergency for requiring surgical treatment were immediate (within

online calculator was used for all statistical analysis of the study
(http://www.graphpad.com/quickcalcs/).

5. Results

5.1. Local impact of SARS-Cov2 pandemic

The severity of the local epidemic context related to SARS-CoV-
2 infection is summarised in Fig. 1. The average ICU beds capacity
exceeded 163% during 57 consecutive days at our institution, with a
peak of 213% reached on April, 2nd. The mean ratio between COVID-
19 positive patients and those with any other pathology requiring
mechanical ventilation was 5/1, with a peak of 20/1. Moreover, 56
COVID-19 positive patients were transferred from Strasbourg hos-
pital to others regional hospitals (included abroad in Germany and
Switzerland) during the period of interest (62 days).

5.2. Neurosurgical care during lock down

A total of 160 patients received neurosurgical care, 93 (58.1%) of
them underwent at least one surgical procedure (see also Table 1).
Among surgical patients, the degree of urgency was as follows:
27 EM patients (29.0% of surgical group), 46 UP (49.5%) and 20

EL patients, representing 29%, 49.5% and 21.5% of surgical group,
respectively. Among those included in the surgical group, 7 patients
(7.5%) underwent several interventions, bringing the total number
of neurosurgical procedures performed to 101.

f
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o
P

101
s) for EM, within a maximum of 7–15 days for UP and within two months for EL.

Out of the total number of 160 patients admitted, only 2 patients
1.3%) had to be transferred to another neurosurgical centre (a brain

etastasis from melanoma requiring awake surgery, and a lumbar
erniated disc causing cauda equina syndrome). Only 13 COVID-
9 positive patients (8.12%) were detected on admission to the
ard. Additionally, 2 patients with an initially negative COVID-19

wab tested positive during their inpatient stay: status conversion
ccurred after 22-days and 8-days, respectively.

In 2019 during the same period, 202 patients underwent at least
ne surgical procedure, for a total of 214 surgeries (see Fig. 2) versus
01 surgeries performed in 2020; indicating a drop in operative vol-
me  of more than 50%. However, the case mix  remains very similar
etween the two  periods, with the exception of functional proce-
ures, which have been postponed by default during the lockdown
eriod.

.3. Relevant pathologies impacted

Among the 25 TBI cases only one was  severe (initial GCS 8). Of
ote, the mechanism of injury for all traumas was a low speed

mpact in most of the cases. Additionally, excessive alcohol con-
umption was  a leading cause of injury (13 cases). All chronic
ubdural haematomas were surgically evacuated (14 cases), with a

avourable outcome in 13 of them (92.9%), defined as a GCS  15 at

 weeks follow-up post-surgery. A limited number of patients had
ther chronic conditions (5 cases), such as diabetic polyneuropathy,
arkinson disease, and Alzheimer disease.

http://www.graphpad.com/quickcalcs/
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Fig. 1. Number of patients admitted in intensive care unit (ICU) each day from March 15th to May  12th, 2020. Patients were classified according to their COVID-positive
(blue)  or COVID-negative (red) status. The dotted line represents the usual ICU capacity of our institution (90 beds).
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Fig. 2. Direct comparison of neurosurgical activity performed during the 2 differ
proportion. Patients from 2020 are represented by blue bars, patients from 2019 by

All patients with glioblastomas underwent stereotactic biopsy
(for a total of 7 cases) as a surgical removal was not indicated due
to their multifocal extension or deteriorated general condition at
diagnostic. In comparison, only 3 (30%) patients had undergone a
biopsy alone in 2019 out of 10 surgically managed glioblastomas.
This difference between 2019 and 2020 was statistically significant
(P-value < 0.011).

Only 3 patients harbouring benign intracranial lesions were
admitted due to acute onset of clinical signs of intracranial hyper-
tension and/or visual disturbances.

During the study period only 1 patient required endoscopic
endonasal procedure for pituitary apoplexy with abrupt loss of
visual acuity. This case was carried out with careful adoption of all
the precautions previously described by skull base surgery societies
[16,17].

Among the 5 patients admitted for an aSAH, one presenting with
poor clinical conditions (WFNS 5) died rapidly after the admission.
The others (3 patients presenting as WFNS 1, and 1 presenting as
WFNS 2) were managed by surgical clipping (2 cases) or endovas-
cular treatment (2 cases). In comparison, during the period March
15th–May 12th, 2019 only 3 cases of aSAH required treatment.

6. Discussion

The overflow of patients needing ICU care during such unprece-
dented healthcare crisis reflects the diffusion and severity of

SARS-CoV-2 infection in our region. In this context, the detailed
analysis of the clinical activity of our neurosurgical department
demonstrated that it was possible, although quite challenging, to
ensure a continuity of care. This conclusion can be drawn based
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eriod: 2020 (lock down) and 2019 by pathologies, number of patients and their
ars.

n two key performance measures. First, the very low proportion
1.3%) of patients transferred elsewhere to receive the neuro-
urgical care they needed. Second, the wide and rich case mix
haracterised by a range and profile of activities consistent with
ur usual standards. Thus, despite restrictions in our material and
uman resources, continuity and quality of neurosurgical care have
ever been compromised.

Surgical strategies were modified to treat only patient with non-
eferrable indications, after discussion with an “ad hoc” created

nstitutional Ethics Board [9]. The creation of a dedicated SARS-CoV-
 Ethics Board played in fact a crucial role in guiding and supporting
ll practitioners during their clinical decision-making. We  believe
hat the constant discussion with our COVID-19 Ethics Board helped
s greatly in always respecting the patients and their dignity, while
eeping a holistic medical approach.

No programmed surgery could be done during the lockdown
eriod, moreover the use of surgical implants was  limited to lifesav-

ng procedures, therefore, it is easy to understand why  all functional
eurosurgery interventions have been postponed, with the excep-
ion of replacing neurostimulator batteries. Surgical facilities could
e made available only for neurosurgical emergencies and non-
eferrable cases. Despite that, the surgical activity remained very
iversified. The drop recorded in terms of operative volumes, as
ell as the adaptation strategy depicted here seem to be consistent
ith data found in the literature [12].

The decrease of high-speed head traumas was  linked with

ational restriction of individual mobility. This allowed sustaining
he overflow of patients in ICU and HDU, where 97% of mechani-
ally ventilated patients were COVID-19 positive patients. Among
alignant lesions, the glioblastomas treated during the lockdown
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appeared to be more aggressive than usual, in fact simple diagnostic
biopsy resulted to be the management strategy of choice. Though
the incidence of aSAH during the COVID-19 pandemic remains con-
troversial in the literature, it was not reduced in this study [18,19].

The main limitation of this study resided in its retrospec-
tive monocentric design. The method of data collection used in
this study differed from available registries regarding year 2019
(prospective cohort including every patient whether undergoing
surgery or not versus retrospective electronical record of surgeries).
Thus, no real statistical comparison could be made. Only tendencies
could be suggested by the confrontation of these registries. More-
over, the brief inclusion procedure took end on May  12th, no data
being available regarding the post-confinement period. Thus, the
hypothesis of a “rebound effect” in underrepresented pathologies
during the confinement period could not be studied.

7. Conclusion

This study demonstrated that a prompt re-organization of
the neurosurgical department in Strasbourg, thoughtfully imple-
mented in the early stages of the first wave of the COVID-19
pandemic allowed a wide-range of surgical procedures to be per-
formed safely, timely and effectively. While the routine practice
was disrupted with a drop in surgical volume of about 50%, the
case mix  documented in this report suggests that through care-
ful organizational planning, clinical triaging and prioritization we
were able to manage pathologies from the entire neurosurgical
spectrum despite the constraints imposed by this healthcare cri-
sis.
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