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OBJECTIVE: Quantitative documentation of the effects of
outbreaks, including the coronavirus disease 2019 (COVID-
19) pandemic, is limited in neurosurgery. Our study aimed to
evaluate the effects of the COVID-19 pandemic on neurosur-
gical practice and to determine whether surgical procedures
are associated with increased morbidity and mortality.

METHODS: A multicenter case-control study was con-
ducted, involving patients who underwent neurosurgical
intervention in the Kingdom of Saudi Arabia during 2 pe-
riods: pre-COVID-19 and during the COVID-19 pandemic.
The surgical intervention data evaluated included diag-
nostic category, case priority, complications, length of
hospital stay, and 30-day mortality.

RESULTS: A total of 850 procedures were included, 36%
during COVID-19. The median number of procedures per day
was significantly lower during the COVID-19 period (5.5 cases)
than during the pre-COVID-19 period (12 cases; P < 0.0001).

Complications, length of hospital stay, and 30-day mortality did
not differ during the pandemic. In a multivariate analysis
comparing both periods, case priority levels 1 (immediate)
(odds ratio [OR], 1.82; 95% confidence interval [Cl], 1.24—2.67), 1
(1—24 h) (OR, 1.63; 95% CI, 1.10—2.41), and 4 (OR, 0.28; 95% ClI,
0.19—0.42) showed significant differences.

CONCLUSIONS: During the early phase of the COVID-19
pandemic, the overall number of neurosurgical procedures
declined, but the load of emergency procedures remained
the same, thus highlighting the need to allocate sufficient
resources for emergencies. More importantly, performing
neurosurgical procedures during the pandemic in regions with
limited effects of the outbreak on the health care system was
safe. Qur findings may aid in developing guidelines for acute and
long-term care during pandemics in surgical subspecialties.
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INTRODUCTION

ince the beginning of the twenty-first century, the world

has experienced a series of major crises as a result of in-

fectious disease outbreaks.” These outbreaks and their
effects on global public health accelerated the revision of the
International Health Regulations (2005), which took effect in
2007.” The definition of a pandemic was revised to an increased
and sustained transmission of a disease in the general
population, over a wide area crossing international boundaries.?

The World Health Organization declared the coronavirus dis-
ease 2019 (COVID-19) outbreak a pandemic on March 11, 2020.% As
of May 20, the number of infections reported worldwide reached
4,789,205 cases, and the global reported death toll was 318,789
patients.®> This viral illness was first discovered in Wuhan, Hubei
Province, China, on December 31, 2019.>7 As COVID-19 spread
beyond China, governments and health care systems responded by
implementing containment measures with varying degrees of re-
striction.® The local consequences of a pandemic can be complex
to manage, because of increasing demands for health care that can
exceed the capacity of a health system.”™ Simultaneously, out-
breaks are associated with increased hospitalization and mortal-
ity."*"3 Observations from previous outbreaks have shown changes
in the use of health care services during the outbreak."+™
The literature describing the changes in surgical services during

outbreaks, including COVID-19, is limited to subjective retro-
spective evaluations using questionnaires and surveys."”** The
reported observations from those studies have described increased
surgical cancellation rates and a decline in the number of elective
cases, on the basis of subjective survey responses from surgeons.
In this unmatched case-control study, we objectively analyzed the
effects of the COVID-19 pandemic on neurosurgical services.
Moreover, we evaluated the distribution of cases, number of
neurosurgical procedures, type of cases, and patient safety
profiles.

METHODS

Study Design and Setting

We conducted a multicenter unmatched case-control study among
participating surgeons to assess the effects of the COVID-19
pandemic on their surgical practices. We included centers from
all geographic regions in the Kingdom of Saudi Arabia, including
both private and public hospitals that provide full neurosurgical
services. The public hospitals included ministry of health, aca-
demic, and military hospitals. This study was approved by the
institutional review board at King Saud University Medical City,
Riyadh, Saudi Arabia (number 20/0341/IRB). We followed the
STROBE (Strengthening the Reporting of Observational Studies in
Epidemiology) reporting guidelines in reporting the results of this
study.>

Data Source and Variables

Data were collected retrospectively from 29 neurosurgeons. All
participating neurosurgeons were fully privileged consultants at
their institutes, who had been practicing for >2 years. After the
World Health Organization declared COVID-19 a pandemic, we
collected patient demographics and surgical intervention

information for 2 periods: pre-COVID-19 (from March 11, 2019 to
April 30, 2019) and during the COVID-19 pandemic (from March
11, 2020 to April 30, 2020). We included both adult and pediatric
neurosurgical procedures. The patient demographic information
included age, sex, and institution type (public or private), and the
surgical intervention information included diagnosis, category of
surgical intervention, case priority, general and craniospinal
complications, length of hospital stay, and 30-day mortality. We
defined the case categories as trauma, oncology, spine, vascular,
congenital, hydrocephalus, peripheral nerve, functional, and
infection. We defined the priority of cases according to the Saudi
Association of Neurological Surgery priority list (Table 1).>° Four
major priorities were defined. Priority 1 (immediate) is for
patients requiring immediate intervention. Priority 1 (1—24 h) is
for cases of urgent patients who should be treated within 24
hours of presentation. Priority 2 is for patients requiring
intervention within 1 week, whereas priority 3 is for patients
requiring intervention within 1—4 weeks. Priority 4 patients are
those whose interventions can be delayed for >4 weeks. During
the COVID-19 period, we collected data on the status of
COVID-19 testing, timing of testing, and COVID-19—related
complications.

Statistical Analysis

We divided the patients into 2 groups: pre-COVID-19 and during
COVID-19. The demographic and surgical intervention character-
istics between groups were compared with a 2-way t test if the data
were normally distributed or a Mann-Whitney test if the data were
nonnormally distributed, and Pearson ¥ test was used for cross-
tabulation data. Univariate and multivariate logistic regression
were used to predict the differences in neurosurgical intervention
variables between the pre-COVID-19 and during the COVID-19
groups. The covariates in the multivariate logistic regression
models were age, sex, and institution type (public or private). We
tested all models for goodness of fit by using deviance statistics
and the Hosmer-Lemeshow test. A P value <o0.05 was considered
statistically significant. We used Stata 14 statistical software
(StataCorp LLC, College Station, Texas, USA) for statistical
analysis.

RESULTS

We analyzed 850 procedures: 545 (64%) in the pre-COVID-19
period and 305 (36%) in the COVID-19 period. Tahle 2 shows
the demographic and surgical intervention information. The
mean ages were 37 years (standard deviation, 22.5 years) and
34.9 years (standard deviation, 23 years) in the pre-COVID-19
and COVID-19 periods, respectively. Males were dominant in our
sample, which included 490 males (57.7%) and 360 females
(42.3%). During the COVID-19 period, 62 patients (20.3%) un-
derwent COVID-19 testing via nasopharyngeal swabs. Only 1 pa-
tient had positive results and underwent 2 subsequent retests
3 days apart, which yielded negative results; the patient showed no
signs of fever or upper respiratory tract infection.

The median number of neurosurgical procedures per day was
significantly lower during the COVID-19 period (5.5 cases; inter-
quartile range, 3—8) than during the pre-COVID-19 period (12
cases; interquartile range, 6—15; P < o.0001). Public hospitals
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handled most of the cases in both periods: 398 (73%) in the pre-
COVID-19 period versus 212 (69.5%) in the COVID-19 period
(P = 0.27). During the pandemic, 70 procedures were performed
in the first week, which decreased to 40, 40, and 43 per week in
weeks 5, 6, and 7, respectively (Figure 1).

Regarding the distribution of case categories during each
period, only the peripheral nerve subspecialty showed significantly
fewer cases in the COVID-19 period (1.6%) than in the pre-COVID-
19 period (5.3%) (P < o.o1). We found no statistically significant
differences in other neurosurgical categories between groups.
Regarding case priority, the percentage of priority 1 (immediate)
cases was higher in the COVID-19 period (20.3%) than in the pre-
COVID-19 period (12.3%; P < o.o01). Similarly, the percentage of
priority 1 (1—24 h) cases was higher during the COVID-19 period
(18.7%) than during the pre-COVID-19 period (12.5%; P = 0.01).
However, the percentage of priority 4 cases was significantly lower
during the COVID-19 period (13.4%) than during the pre-COVID-
19 period (32.6%; P < 0.0001).

Complications were reported in 2 separate groups: general and
craniospinal. General complications occurred at a rate of 5.7%
pre-COVID-19 compared with 3.61% during COVID-19, whereas
craniospinal complications occurred at a rate of 9.17% pre-COVID-
19 compared with 9.18% during COVID-19. The 30-day mortality
was 1.8% and 1.6% in the pre-COVID-19 and COVID-19 periods,
respectively. The median length of stay was 7 days (range, 4—14
days) in the pre-COVID-19 period compared with 6 days (range,
3—14.5 days) in the COVID-19 period. No statistically significant
differences were found in complications, length of stay, and 30-
day mortality between the pre-COVID-19 and COVID-19 periods.

In Table 3, multivariate logistic regression was used to predict
the differences in diagnosis category, case priority, and
institution type between the pre-COVID-19 and COVID-19
pandemic groups. The covariates in the multivariate logistics
regression models were age, sex, and institution type. Regarding
diagnosis category, peripheral nerve (odds ratio [OR], 0.29; 95%
confidence interval [CI], 0.11—0.78), and functional (OR, o0.35;
95% CI, 0.13—0.94) subspecialty interventions were significantly
lower in the COVID-19 group. There were no significant differ-
ences in other subspecialty categories during COVID-19 versus
pre-COVID-19g. Priority levels 1 (immediate) (OR, 1.82; 95% CI,
1.24—2.67), 1 (1—24 h) (OR, 1.63; 95% CI, 1.10—2.41), and 4 (OR,
0.28; 95% CI, 0.19—0.42) showed significant changes.

In public hospitals, the rate of priority 1 (immediate) was lower
pre-COVID-19 (14%) than during COVID-19 (24%) (P = o.001).
The rate of priority 1 (1—24 h) was lower pre-COVID-19 (14.5%)
than during COVID-19 (22.6%) (P = o.01). Priority 4 was higher
pre-COVID-19 (26.6%) than during COVID-19 (4.7%) (P < 0.001).
In private hospitals, priority 4 was higher pre-COVID-19 (49%)
than during COVID-19 (33.3%) (P = 0.02) (Figure 2).

DISCUSSION

Our study showed a 44% decrease in the number of neurosurgical
procedures performed during the COVID-19 pandemic. Analysis of
current and previous outbreaks has indicated a change in the use
of health care services in hospital admissions, outpatient services,
and emergency visits."*"®>7 In a recent survey investigating the
effects of the COVID-19 pandemic on 661 neurosurgeons from

96 countries,” the overall cancellation rate for elective clinical
visits and surgeries reached 57.5% and 51.9% in private and
public practice, respectively. The investigators reported that 76%
of the cancellations were related to government directions, 14%
were related to physician preference, and 7% were related to
patient preference. Although not evaluated in our report, the
observed decrease in the number of cases may have been linked
to the application of strict guidelines in hospitals and the
reorganization of the surgical workforce to enhance front-line
health care delivery during the pandemic.*”°

We observed a stabilization in the number of cases per week in
the last 3 weeks of our study period (Figure 1). The exact cause of
this stabilization late in the course of the pandemic in our report
could not be linked to any of the evaluated variables. In a recent
questionnaire evaluating changes in surgical volume early and
late in the course of the COVID-19 pandemic, 82% of re-
spondents reported stricter hospital policies regarding inpatient
hospital services. Slight changes have also been reported in the
personal assessment of the risk associated with delaying surgeries
in specific neurologic disease scenarios over the course of the
pandemic.*®

Examining the distribution of the encountered cases according
to diagnosis category is important during outbreaks to allow for
appropriate allocation of resources. In our report, we objectively
collected information on actual cases as well as clinical data to
document procedures performed during the COVID-19 pandemic.
Despite the significant decrease in the number of procedures
observed in our report, the distribution of cases among neuro-
surgical subspecialties did not change significantly. The 2 major
declines in the number of cases were observed for peripheral
nerves and functional procedures. This result may be related to the
elective nature of these 2 neurosurgical subspecialties, in which
most cases are usually assigned priority 4. However, oncology,
hydrocephalus, and trauma cases showed a slight percentage in-
crease over the pre-COVID-19 period, but this change did not
reach statistical significance. Most COVID-19—related guidelines
prioritize oncologic cases, thus explaining the percentage increase
in oncologic procedures observed in our study. This finding is in
line with those from a recent international self-reporting survey
showing overall agreement among participating neurosurgeons
that clinically stable but evolving oncologic cases have a high risk
of complications as a result of postponement because of the
COVID-19 pandemic.>®

In neurosurgery, several organizations have published guidelines
aimed at prioritizing cases and implementing an algorithm for
managing neurosurgery patients.*>**3° Rearranging the neurosur-
gical waiting list according to priority can play an important role in
ensuring the timely delivery of services. Despite the decrease in the
total number of procedures, we documented similar numbers of
emergency cases (priority 1) during the pandemic period compared
with the previous year. The OR was 1.82 for priority 1 (immediate)
procedures when the COVID-19 and pre-COVID-19 periods were
compared. However, a significant decrease was observed in both
the total number and the OR for elective cases (priority 4). There
was no significant change in the distribution of case diagnosis
categories within priority 1 during the 2 periods. Within the same
priority (priority 1), the absolute trauma numbers slightly decreased,
a finding probably related to government restrictions and
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Table 1. Consensus Statement of the Saudi Association of Neurological Surgery on Triage of Neurosurgery Patients During COVID-19

Pandemic in Saudi Arabia

Priority Priority 1 Priority 2 Priority 3 Priority 4
Time frame Immediate and within 24 hours Within 1 week From 1 to 4 weeks >4 weeks
Definition Immediate: acute life-threatening case that has  Life or significant functional loss that  Life or significant functional loss  Cases in which life or
to be immediately attended to* can be saved by intervention within 1 that can be saved by intervention significant function would
Within 24 hours: life or significant functional week within 4 weeks not be affected by waiting
loss that can be saved by intervention within for >4 weeks
24 hourst
Procedures Trauma: Spine: Spine: Any neurosurgical
Acute traumatic brain injury with surgical ~ Subacute progressive neurologic deficit Higher (worsening) chronic procedure that can be
epidural hematoma or SDH (developed over a few weeks) because neurologic deficit or spinal delayed for >1 month
Increased ICP uncontrollable by medical/critical  of degeneration, trauma, or tumors instability (developed over a few  The patient's condition
care management Spinal instability without neurologic ~ weeks) caused by degeneration, requires re-evaluation on
Insertion of external ventricular drain or ICP  deficit because of trauma, tumor, or trauma, or tumors a regular basis and the
monitoring for severely injured patients infection Oncology: priority changes
Chronic SDH associated with neurologic ~ Suspected cancer or infection that needs ~ Newly diagnosed low-grade  depending on the change
deficits biopsy or resection primary brain tumors in the condition
Open depressed skull fracture Oncology: Intracranial tumors with slowly
Spine: High-grade primary brain tumors progressive symptoms related to
Acute progressive neurologic deficits Resection or biopsy for metastatic brain  mass effect and/or radiologic
interfering with the ability to function in daily lesions growth
life from trauma, tumor, infection, and other  All intracranial brain tumors causing Vascular:
compressive diseases acute or subacute progressive neurologic ~ Ruptured AVM with no nidal
Oncology: deficits and/or aggressive radiologic aneurysms
All intracranial tumors affecting level of features High-grade dural arteriovenous
consciousness or causing hemodynamic Vascular: fistulae with intracranial
instability by increased ICP, hydrocephalus, or Complex ruptured intracranial aneurysm hemorrhage
herniation* requiring special preparation or Carotid revascularization
Tumors causing acute visual loss caused by equipment (endarterectomy or stenting) for
optic nerve/chiasm compression Functional and epilepsy surgery: symptomatic carotid stenosis
Vascular: Hardware replacement (TP, VNS, and Pediatrics:
Acute stroke thrombectomy™ IPG) because of infection or Hydrocephalus with chronically
Coiling or clipping of a ruptured saccular malfunctioning or nonfunctioning increased ICP
aneurysm with subarachnoid hemorrhage  devices, not associated with symptoms Craniosynostosis with evidence of
Craniotomy or embolization of a ruptured AVM  or signs of therapy or medications’ high ICP
with prenidal/nidal aneurysms debridement Functional and epilepsy
Decompressive craniectomy or hematoma Peripheral nerve surgery: surgery:
evacuation”® Malignant peripheral nerve sheet tumor ~ Medically intractable severe
Pediatrics: epilepsy requiring urgent surgical
Cases of acute high ICP from hydrocephalus or intervention
mass effect Elective replacement of implants
Shunt Malfunction/infection (ITP, VNS, and IPG)
Open neural tube defect (encephalocele,
myelomeningocele)t
Infections:
Symptomatic intracranial or hardware
infections
Functional and epilepsy:
Hardware replacement (ITP, VNS, and IPG) for
malfunction, infection, or out of service when
associated with symptoms or signs of therapy/
medications” debridement
Peripheral nerve:
Nerve repair for open sharp cut (clean) nerve
injuries
Debridement and nerve tagging for open
contaminated nerve injuries
Prioritization of neurosurgical cases based on color domains and priority categories.
SDH, subdural hematoma; ICP, intracranial pressure; AVM, arteriovenous malformation; ITP, intrathecal baclofen pump; VNS, vagal nerve stimulation; IPG, implanted pulse generator.
*Patients cases must be treated as soon as possible.
tPatients can be treated up to or within 48 hours.
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Table 2. Patient Characteristics

Variable Pre-COVID-19 Pandemic (N = 545) During COVID-19 Pandemic (N = 305) P Value
Age (years), mean (standard deviation) 37.0 (22.5) 34.9(23) 0.21
Gender 0.1
Male 302 (55.4) 188 (61.6)
Female 243 (44.6) 117 (38.4)
Procedures per day, median (IQR) 12 (6—15) 55 (3-8) <0.0001*
Institution type
Public 398 (73) 212 (69.5) 0.27
Private 147 (27) 93 (30.5)
Diagnosis category
Trauma 49 (9) 34(11.2) 0.31
Oncology 144 (26.4) 88 (28.9) 0.45
Spine 105 (19.3) 58 (19) 0.93
Vascular 78 (14.3) 43 (14.1) 0.93
Congenital 32 (5.9) 11 (3.6) 0.15
Hydrocephalus 60 (11) 44 (14.4) 0.14
Peripheral nerve 29 (5.3) 5(1.6) <0.01*
Functional 22 (4) 5 (1.6) 0.06
Infections 26 (4.8) 17 (5.6) 0.61
Priority of the case
1 (Immediate) 67 (12.3) 63 (20.3) <0.01*
1 (1—24 hours) 68 (12.5) 57 (18.7) 0.01*
2 (1-7 days) 147 (27) 96 (31.5) 0.16
3 (1—4 weeks) 85 (15.6) 49 (16.1) 0.86
Priority 4 (>4 weeks) 178 (32.6) 41 (13.4) <0.0001*
Complications
General 31 (5.7) 11 (3.61) 0.18
Craniospinal 50 (9.17) 28 (9.18) 0.99
Length of hospital stay (days), median (IQR) 7 (4—14) 6 (3—14.5) 0.22
30-day mortality 10 (1.8) 5(1.6) 0.84
Values are number (%) except where indicated otherwise.
IQR, interquartile range.
*Statistically significant difference.

lockdowns during the pandemic. However, Jose et al.”® have
reported that neurosurgeons believe that the most common
reason for performing emergency surgery is trauma, followed by
hematoma, and then tumors. Giorgi et al.*® compared the
number of emergency spine surgeries during the pandemic with
the same period of the year before. A total of 19 patients were
operated on during the pandemic, compared with 10 in the
previous year. The investigators have attributed this finding to the
structural reorganization of service providers established by the
Italian authorities. This effect has also been observed on a larger
scale in a comparison of hospitals assigned to emergencies and

oncology versus other hospitals in regions heavily affected by the
virus. A significant increase in emergencies, including cerebral
hemorrhages, trauma, brain tumors, spinal cord compression,
hydrocephalus, and strokes, was observed in assigned hospitals.
This redistribution of the health care system has led to a
significant decrease in neurosurgical cases (both emergency and
elective) in nonemergency hospitals.*®

Despite the decrease in the number of cases during the
pandemic, the case distribution between the public and private
sectors remained the same, at 70% and 30%, respectively. This ratio
is similar to the historical reports of market share between sectors.>*
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An increase in emergency cases (priority 1) was observed in both
sectors; this result reached statistical significance for only the
public hospitals. An opposite observation was seen in elective

Number of Cases

Figure 1. Numbers of surgeries (cases) performed per week before and during the COVID-19
pandemic.
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cases (priority 4), which decreased from 20.6% to 4.7% in the
public sector, compared with 49% to 33.3% in the private sector.
Both decreases were statistically significant. We observed an

Table 3. Univariate and Multivariate Logistic Regression Analysis

Univariate Multivariate
Variable OR (95% CI) P Value OR (95% CI) P Value
Diagnosis category
Trauma 1.27 (0.80—2.02) 0.31 1.22 (0.76—1.95) 0.41
Oncology 1.13 (0.82—1.54) 0.45 1.18 (0.86—1.62) 0.31
Spine 0.98 (0.69—1.41) 0.93 0.95 (0.64—1.40) 0.77
Vascular 0.98 (0.66—1.47) 0.93 1.08 (0.71—1.64) 0.72
Congenital 0.60 (0.30—1.2) 0.15 0.52 (0.24—1.06) 0.08
Hydrocephalus 1.37 (0.89—2.07) 0.15 1.30 (0.84—2.01) 0.24
Peripheral nerve 0.30 (0.11—0.77) 0.01* 0.29 (0.11—0.78) 0.01*
Functional 0.40 (0.15—1.06) 0.06 0.35 (0.13—0.94) 0.04*
Infection 1.18 (0.61—2.21) 0.61 1.19 (0.63—2.24) 0.60
Priority category
1 (Immediate) 1.82 (1.25—2.66) <0.01* 1.82 (1.24—2.67) <0.01*
1 (1—24 hours) 1.61 (1.10—2.37) 0.02* 1.63 (1.10—2.41) 0.01*
2 (17 days) 1.24 (0.91-1.69) 0.16 1.22 (0.89—1.67) 0.21
3 (1—4 weeks) 1.04 (0.71—-1.52) 0.85 1.04 (0.71—1.54) 0.83
4 (>4 weeks) 0.32 (0.22—0.47) <0.001* 0.28 (0.19—0.42) <0.001*
Institution type
Public hospitals 0.84 (0.62—1.15) 027 0.81 (0.60—1.11) 0.20
Private hospitals 1.19 (0.87—1.62) 0.28 1.23 (0.90—1.69) 0.20
Mortality 0.89 (0.30—2.63) 0.84 0.87 (0.29—2.59) 0.80
Multivariate analysis adjusted for age, gender, and institution type.
OR, odds ratio; Cl, confidence interval.
*Statistically significant difference.
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Figure 2. Differences in the percentages of case priority
and category between the public and private sectors
before and during the COVID-19 pandemic. (A)
Differences in the percentages of cases by priority
before and during COVID-19 in the public sector. The
differences in priority 1 (both immediate and within 24
hours) and priority 4 are statistically significant. (B)
Differences in the percentages of cases by priority
before and during COVID-19 in the private sector. The

difference in priority 4 is statistically significant.

(C) Differences in the percentages of cases by category
before and during COVID-19 in the public sector. The
differences in hydrocephalus and peripheral nerve
cases are statistically significant. (D) Differences in
percentages of cases by category before and during
COVID-19 in the private sector. The differences in
oncologic and functional cases are statistically
significant.

increase in the rate of oncologic procedures performed in private
hospitals during the pandemic. This finding might have been
caused by the greater ratio of elective oncologic procedures
performed in private hospitals than in public hospitals (Figure 2).
Jean et al.>* compared self-reported personal views in the changes
preferred by neurosurgeons working in nonprofit practice
(including government employment) versus profit practice
(including private practice). Only 5% of surgeons in nonprofit
practice, compared with 17% of surgeons in profit practice, believed
that postponement of elective surgeries and clinical visits should be
left to the surgeon’s discretion. In contrast, 65% of nonprofit
practice surgeons preferred to postpone all elective surgeries and
clinical visits, compared with 54% of profit practice surgeons.
Limited information in the literature is available regarding the
outcomes of neurosurgical procedures performed during the COVID-
19 pandemic. In general, the reported increases in mortality and
morbidity in surgical patients during outbreaks are linked to the
disease itself, limited resources, and limited information about the
disease.””* In the early period of the COVID-19 outbreak, multiple
reports indicated high morbidity and mortality in surgical cases.>**
Lei et al.® reported on a Wuhan hospital’s experience with 34
patients who underwent surgical treatment and who were confirmed
to have COVID-19 after surgery. Forty-four percent of patients
required admission to the intensive care unit because of COV-
ID-19—related symptoms, and the mortality was 20.5%, which was

related to COVID-19 complications. In another report of 5 patients with
chronic subdural hematoma, all of whom were COVID-19 positive, the
mortality was 80%; 3 of these patients underwent surgical evacuation
under general anesthesia, and 1 patient underwent endovascular
embolization for the middle meningeal artery. The only survivor was
the patient treated conservatively.® In our report, we observed no
significant differences in complication and mortality, which were
15% and 1.8% during COVID-19, compared with 14% and 1.6%
before the pandemic. The first case reported in Saudi Arabia by the
Ministry of Health was on March 2, 2020, and this number increased to
1000 cases by March 26, 2020.3° As of May 20, 2020, Saudi Arabia had
more than 50,000 cases and was ranked fifteenth in total number of
infections among countries worldwide. The rate of testing was
18,307 per million individuals in the population, and 10% of tested
individuals were confirmed positive. The incidence of infection was
1800 cases per million people (the world average is 655 cases per
million people).”’” Saudi Arabia was one of the earliest countries to
enforce strict proactive measures, which went into effect on March
9, 2020.3*%° At the time of this report, the full capacity of ventilators
had not been used, thus indicating a stable health care system.*#*
All our patients were evaluated preoperatively with the COVID-
19 screening system nationally proposed by the Ministry of
Health.* Among our patients, 20.3% (n = 62/305) underwent
COVID-19 testing before surgery. All were confirmed as negative
preoperatively, except for 1 COVID-19— positive patient who was
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asymptomatic and had a recent history of admission to another
hospital. The patient underwent an endoscopic endonasal
approach for frontal sinus lesion and had no complications. Our
relatively low rates of complications and mortality relative to those
in the previous reports are probably related to the low number of
infected patients in our report. None of the surgical team mem-
bers was diagnosed with COVID-1g9. This finding is in concor-
dance with a recent survey of 486 members of the Latin American
Federation of Neurosurgical Societies, which has reported an
infection rate of 0.8% (6% underwent COVID-19 testing)."

Our report has several limitations, including the retrospective
nature of the study. Another limitation is that Saudi Arabia’s
infection rates during the early phase of the COVID-19 pandemic
were low compared with those of other countries. Furthermore,
the capacity of the Saudi health care system was not overloaded
with pandemic cases, thus making these results difficult to
translate to other countries and regions with different numbers of
infections and infection rates. Although data were collected from
many participating centers, all neurosurgical centers across the
country were not included. This report focused on neurologic
surgeries; further studies are required to determine whether
COVID-19 has any effects on other specialties.

CONCLUSIONS

We quantitatively evaluated how the COVID-19 pandemic has
affected a critical field, neurosurgery. During the early phases of the
COVID-19 pandemic, the overall number of neurosurgical procedures
declined. The distribution of procedures remained unchanged
among major neurosurgical subspecialty services. We observed mi-
nor differences in case type when comparing the public and private
sectors. In general, the load of neurosurgery emergency procedures
performed remained the same, thus highlighting the need to allocate
sufficient resources to cover emergencies. More importantly, per-
forming neurosurgical procedures during the pandemic in regions
with limited effects of the outbreak on the health care system was safe
for both patients and surgical team members. Our findings may aid in
the development of guidelines on acute and long-term care during
pandemics in surgical subspecialties.

CRediT AUTHORSHIP CONTRIBUTION STATEMENT

Khalid Bajunaid: Conceptualization, Methodology, Formal anal-
ysis, Resources, Data curation, Writing - original draft, Writing -
review & editing, Visualization, Project administration. Ashwag
Alqurashi: Methodology, Validation, Resources, Data curation,
Writing - original draft, Writing - review & editing, Visualization,

REFERENCES

3. World Health Organization. WHO Global Influ-

Project administration. Abdullah Alatar: Methodology, Resources,
Data curation, Writing - original draft, Writing - review & editing,
Visualization, Project administration. Mohammad Alkutbi: Vali-
dation, Resources, Data curation, Writing - review & editing. Anas
H. Alzahrani: Formal analysis, Data curation, Writing - original
draft. Abdulrahman J. Sabbagh: Conceptualization, Data curation,
Writing - review & editing. Abdullah Alobaid: Conceptualization,
Data curation, Writing - review & editing. Abdulwahed Barnawi:
Conceptualization, Data curation, Writing - review & editing.
Ahmed Abdulrahman Alferayan: Data curation, Writing - review &
editing. Ahmed M. Alkhani: Conceptualization, Data curation,
Writing - review & editing. Ali Bin Salamah: Conceptualization,
Data curation, Writing - review & editing. Bassem Yousef Sheikh:
Data curation, Writing - review & editing. Fahad E. Alotaibi: Data
curation, Writing - review & editing. Faisal Alabbas: Data cura-
tion, Writing - review & editing. Faisal Farrash: Data curation,
Writing - review & editing. Hosam M. Al-Jehani: Conceptualiza-
tion, Data curation, Writing - review & editing. Husam Alhabib:
Conceptualization, Data curation, Writing - review & editing.
Ibrahim Alnaami: Conceptualization, Data curation, Writing -
review & editing. Ikhlass Altweijri: Data curation, Writing - review
& editing. Isam Khoja: Data curation, Writing - review & editing.
Mahmoud Taha: Data curation, Writing - review & editing.
Moajeb Alzahrani: Data curation, Writing - review & editing.
Mohammed S. Bafaquh: Conceptualization, Data curation,
Writing - review & editing. Mohammed Binmahfoodh: Concep-
tualization, Data curation, Writing - review & editing. Mubarak Ali
Algahtany: Data curation, Writing - review & editing. Sabah Al-
Rashed: Data curation, Writing - review & editing. Syed
Muhammad Raza: Data curation, Writing - review & editing.
Sherif Elwatidy: Data curation, Writing - review & editing. Soha A.
Alomar: Data curation, Writing - review & editing. Wisam Al-
Issawi: Data curation, Writing - review & editing. Yahya H.
Khormi: Conceptualization, Data curation, Writing - review &
editing. Ahmad Ammar: Supervision, Data curation, Writing -
review & editing. Amro Al-Habib: Supervision, Conceptualization,
Data curation, Writing - review & editing. Saleh S. Baeesa: Su-
pervision, Conceptualization, Data curation, Writing - review &
editing. Abdulrazag Ajlan: Conceptualization, Methodology, Re-
sources, Data curation, Writing - original draft, Writing - review &
editing, Visualization, Supervision, Project administration.

ACKNOWLEDGMENTS
We thank the Saudi Association of Neurological Surgery for

providing support with data software and editing.

on-covid-1g—i1-march-2020. Accessed May 15,

1. World Health Organization. Emergencies Pre-
paredness, Disease Outbreaks; 2020. Available at:
https://www.who.int/emergencies/diseases/en/.
Accessed April 20, 2020.

. World Health Organization. International Health
Regulations (2005) Third Edition. Geneva: World
Health Organization; 2016. Available at: https://
apps.who.int/iris/bitstream/handle/10665/246107/
9789241580496-eng.pdf?sequence=1.  Accessed
April 20, 2020.

enza Preparedness Plan: The Role of WHO and
Recommendations for National Measures Before
and During Pandemics; 2005. Available at: https://
apps.who.int/iris/bitstream/handle/10665/68998/
WHO_CDS_CSR_GIP_2005.5.pdf?sequence=
1&isAllowed=y. Accessed April 20, 2020.

. World Health Organization. WHO Director-Gen-

eral’s Opening Remarks at the Media Briefing on
COVID-19 - 11 March 2020; 2020. Available at:
https://www.who.int/dg/speeches/detail/who-director-
general-s-opening-remarks-at-the-media-briefing-

2020.

. World Health Organization. Coronavirus Disease

(COVID-19) Situation Report—121; May 20, 2020.
Available at: https://www.who.int/docs/default-
source/coronaviruse/situation-reports/20200520-
covid-1g-sitrep-121.pdf?sfirsn=c4be2ec6_2. Accessed
May 20, 2020.

. World Health Organization. Novel Coronavirus

(2019-nCoV) Situation Report—1.21; January 2020.
Available at: https://www.who.int/docs/default-

E186

WWW.SCIENCEDIRECT.coM

WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WNEU.2020.07.093


https://www.who.int/emergencies/diseases/en/
https://apps.who.int/iris/bitstream/handle/10665/246107/9789241580496-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/246107/9789241580496-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/246107/9789241580496-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/246107/9789241580496-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/68998/WHO_CDS_CSR_GIP_2005.5.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/68998/WHO_CDS_CSR_GIP_2005.5.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/68998/WHO_CDS_CSR_GIP_2005.5.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/68998/WHO_CDS_CSR_GIP_2005.5.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/68998/WHO_CDS_CSR_GIP_2005.5.pdf?sequence=1&amp;isAllowed=y
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200520-covid-19-sitrep-121.pdf?sfvrsn=c4be2ec6_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200520-covid-19-sitrep-121.pdf?sfvrsn=c4be2ec6_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200520-covid-19-sitrep-121.pdf?sfvrsn=c4be2ec6_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200520-covid-19-sitrep-121.pdf?sfvrsn=c4be2ec6_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2020.07.093

KHALID BAJUNAID ET AL.

ORIGINAL ARTICLE

COVID-19 PANDEMIC AND NEUROSURGICAL PRACTICE

10.

II.

12.

13.

14.

15.

16.

17.

18.

19.

20.

source/coronaviruse/situation-reports/20200121-
sitrep-1-2019-ncov.pdf?sfvrsn=20a9gcro_4.
Accessed April 20, 2020.

. Lu H, Stratton CW, Tang Y-W. Outbreak of

pneumonia of unknown etiology in Wuhan,
China: the mystery and the miracle. ] Med Virol.
2020;92:401-402.

. World Health Organization. Critical Preparedness,

Readiness and Response Actions for COVID-1g.
Interim Guidance; 2020. Available at: https://www.
who.int/publications-detail/critical-preparedness-
readiness-and-response-actions-for-covid-1g.
Accessed April 20, 2020.

. Toner E, Waldhorn R, Maldin B, et al. Hospital

preparedness for pandemic influenza. Biosecur
Bioterror. 2000;4:207-217.

Zoutman DE, Ford BD, Melinyshyn M,
Schwartz B. The pandemic influenza planning
process in Ontario acute care hospitals. Am J Infect
Control. 2010;38:3-8.

Reidy M, Ryan F, Hogan D, Lacey S, Buckley C.
Preparedness of hospitals in the Republic of
Ireland for an influenza pandemic, an infection
control perspective. BMC Public Health. 2015;15:847.

Simonsen L. The global impact of influenza on
morbidity and mortality. Vaccine. 1999;17(suppl 1):
S3-S10.

Simonsen L, Fukuda K, Schonberger LB, Cox NJ.
The impact of influenza epidemics on hospitali-
zations. ] Infect Dis. 2000;181:831-837.

Lu TH, Chou YJ, Liou CS. Impact of SARS on
healthcare utilization by disease categories: im-
plications for delivery of healthcare services. Health
Policy. 2007;83:375-381.

Chu D, Chen R-C, Ku C-Y, Chou P. The impact of
SARS on hospital performance. BMC Health Servs
Res. 2008;8:228.

Rubinson L, Mutter R, Viboud C, et al. Impact of
the fall 2009 influenza A(HIN1)pdmog pandemic
on US hospitals. Med Care. 2013;51:259-265.

Bundu I, Patel A, Mansaray A, Kamara TB,
Hunt LM. Surgery in the time of Ebola: how events
impacted on a single surgical institution in Sierra
Leone. ] R Army Med Corps. 2016;162:212-216.

Schull MJ, Stukel TA, Vermeulen MJ, et al. Effect
of widespread restrictions on the use of hospital
services during an outbreak of severe acute res-
piratory syndrome. CMAJ. 2007;176:1827-1832.

Soriano Sdnchez JA, Perilla Cepeda TA,
Zenteno M, et al. Early report on the impact of
COVID-19 outbreak in neurosurgical practice
among members of the Latin American Federation
of Neurosurgical Societies [e-pub ahead of print].
World  Neurosurg.  https://doi.org/10.1016/j.wneu.
2020.04.220, accessed July 6, 2020.

Jean WC, Ironside NT, Sack KD, Felbaum DR,
Syed HR. The impact of COVID-19 on neurosur-
geons and the strategy for triaging non-emergent
operations: a global neurosurgery study. Acta
Neurochir (Wien). 2020;162:1229-1240.

22,

23.

24.

25.

20.

27.

28.

29.

30.

31

32.

33

34.

. El-Ghandour NMF, Elsebaie EH, Salem AA, et al.

Letter: the impact of the coronavirus (COVID-19)
pandemic on neurosurgeons worldwide. Neurosur-
gery. 2020;87:E250-E257.

Nair AG, Gandhi RA, Natarajan S. Effect of
COVID-19 related lockdown on ophthalmic prac-
tice and patient care in India: results of a survey.
Indian ] Ophthalmol. 2020;68:725-730.

Athey AG, Cao L, Okazaki K, et al. Survey of
AAHKS international members on the impact of
COVID-19 on hip and knee arthroplasty practices.
] Arthroplasty. 2020;35:S89-S94.

Brown TS, Bedard NA, Rojas EO, et al. The effect
of the COVID-19 pandemic on electively sched-
uled hip and knee arthroplasty patients in the
United States. ] Arthroplasty. 2020;35:S49-S55.

von Elm E, Altman DG, Egger M, Pocock SJ,
Gotzsche PC, Vandenbroucke JP. The Strength-
ening the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for
reporting observational studies. ] Clin Epidemiol.
2008;61:344-349.

Bajunaid K, Sabbagh AJ, Ajlan A, et al. Consensus
Statement of the Saudi Association of Neurolog-
ical Surgery (SANS) on triage of neurosurgery
patients during COVID-19 pandemic in Saudi
Arabia. Neurosciences (Riyadh). 2020;25:148-151.

Bernucci C, Brembilla C, Veiceschi P. Effects of
the COVID-19 outbreak in Northern Italy: per-
spectives from the Bergamo Neurosurgery
Department.  World  Neurosurgery.  2020;137:
465-468.e461.

Kondziolka D, Couldwell WT, Rutka JT. Intro-
duction. On pandemics: the impact of COVID-19
on the practice of neurosurgery. ] Neurosurg.
2020;133:1-2.

Agosti E, Giorgianni A, Pradella R, Locatelli D.
Coronavirus disease 2019 (COVID-19) outbreak:
single-center experience in neurosurgical and
neuroradiologic emergency network tailoring.
World Neurosurgery. 2020;138:548-550.

Burke JF, Chan AK, Mummaneni V, et al. Letter:
the coronavirus disease 2019 global pandemic: a
neurosurgical treatment algorithm. Neurosurgery.
2020;87:E50-E506.

Giorgi PD, Villa F, Gallazzi E, et al. The man-
agement of emergency spinal surgery during the
COVID-19 pandemic in Italy. Bone Joint J. 2020;102-
B:671-676.

Ministry of Health Saudi Arabia. Statistical Year-
book; 2018. Available at: https://www.moh.gov.sa/
en/Ministry/Statistics/book/Documents/book-Statistics.
pdf. AccessedMay 19, 2020.

Panciani PP, Saraceno G, Zanin L, Renisi G,
Signorini L, Fontanella MM. Letter: COVID-19
infection affects surgical outcome of chronic
subdural hematoma. Neurosurgery. 2020;87:
E167-E171.

Aminian A, Safari S, Razeghian-Jahromi A,
Ghorbani M, Delaney CP. COVID-19 outbreak and
surgical practice: unexpected fatality in perioper-
ative period. Ann Surg. 2020;272:e27-€29.

35

36.

37-

38.

39-

40.

41.

42.

43

Lei S, Jiang F, Su W, et al. Clinical characteristics
and outcomes of patients undergoing surgeries
during the incubation period of COVID-19 infec-
tion. EClinicalMedicine. 2020;21:100331.

Ministry of Health. COVID 19 Dashboard: Saudi
Arabia; 2020. Available at: https://covidig.moh.
gov.sa/en/. Accessed May 20, 2020.

Worldometer. COVID-19 Coronavirus Pandemic;
May 21, 2020. Available at: https://www.
worldometers.info/coronavirus/. Accessed May
21, 2020.

Saudi Press Agency. Official Source at Interior
Ministry: Citizens and Expatriates Travel to and
from a Number of Countries Temporarily Sus-
pended to Control Spread of Coronavirus; og
March 2020. Available at: https://www.spa.gov.sa/
viewstory.php?lang=en&newsid=2044752. Accessed
May 20, 2020.

Saudi Press Agency. Islamic Affairs Minister In-
structs Taking Further Measures in Mosques to
Curb the Spread of Coronavirus in the Kingdom;
09 March 2020. Available at: https://www.spa.gov.
sa/viewstory.php?lang=en&newsid=2044828.
Accessed May 20, 2020.

Saudi Press Agency. Commerce Ministry: Abun-
dance of Food Supplies, Commodities, Products
and Stockpiles in Qatif; o9 March 2020. Available
at: https://www.spa.gov.sa/viewstory.php?
lang=en&newsid=2044562. Accessed May 20,
2020.

Ministry of Health SA. Ventilators are Readily Available
at all MOH’s Failities, COVID-19. Monitoring Committee
Stresses; 07 April 2020. Available at: https://www.
moh.gov.sa/en/Ministry/MediaCenter/News/Pages/
News-2020-04-07-004.aspx. Accessed May 20,
2020.

Stockholm: European Centre for Disease Prevention
and Control. Coronavirus Disease 2019 (COVID-19)
Pandemic: Increased Transmission in the EU/EEA
and the UK—Seventh Update; March 25, 2020.
Available at:  https://www.ecdc.europa.eu/sites/
default/files/documents/RRA-seventh-update-Out
break-of-coronavirus-disease-COVID-19.pdf. Accessed
May 19, 2020.

Saudi Center for Disease Prevention and Control.
Coronavirus Disease 19 (COVID-19) Guidelines;
March 2020. Available at: https://covidig.cdc.gov.
sa/wp-content/uploads/2020/03/Coronavirus-Disease-
2019-Guidelines-vr.2.pdf.pdf. Accessed May 19,
2020.

Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 12 July 2020; accepted 14 July 2020

Citation: World Neurosurg. (2020) 143:¢179-e187.
https.//doi.org/10.1016/j.wneu.2020.07.093

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/% - see front matter © 2020 Elsevier Inc. All
rights reserved.

WORLD NEUROSURGERY 143: E179-E187, Novemeer 2020

WWW.JOURNALS.ELSEVIER.COM/WORLD-NEUROSURGERY

E187


https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref7
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref7
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref7
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref7
https://www.who.int/publications-detail/critical-preparedness-readiness-and-response-actions-for-covid-19
https://www.who.int/publications-detail/critical-preparedness-readiness-and-response-actions-for-covid-19
https://www.who.int/publications-detail/critical-preparedness-readiness-and-response-actions-for-covid-19
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref9
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref9
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref9
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref10
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref10
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref10
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref10
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref11
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref11
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref11
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref11
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref12
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref12
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref12
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref13
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref13
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref13
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref14
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref14
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref14
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref14
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref15
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref15
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref15
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref16
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref16
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref16
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref17
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref17
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref17
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref17
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref18
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref18
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref18
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref18
https://doi.org/10.1016/j.wneu.2020.04.226
https://doi.org/10.1016/j.wneu.2020.04.226
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref20
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref20
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref20
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref20
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref20
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref21
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref21
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref21
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref21
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref22
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref22
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref22
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref22
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref23
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref23
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref23
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref23
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref24
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref24
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref24
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref24
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref25
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref25
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref25
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref25
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref25
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref25
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref26
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref26
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref26
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref26
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref26
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref27
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref27
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref27
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref27
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref27
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref28
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref28
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref28
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref28
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref29
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref29
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref29
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref29
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref29
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref30
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref30
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref30
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref30
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref31
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref31
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref31
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref31
https://www.moh.gov.sa/en/Ministry/Statistics/book/Documents/book-Statistics.pdf
https://www.moh.gov.sa/en/Ministry/Statistics/book/Documents/book-Statistics.pdf
https://www.moh.gov.sa/en/Ministry/Statistics/book/Documents/book-Statistics.pdf
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref33
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref33
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref33
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref33
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref33
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref34
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref34
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref34
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref34
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref35
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref35
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref35
http://refhub.elsevier.com/S1878-8750(20)31614-4/sref35
https://covid19.moh.gov.sa/en/
https://covid19.moh.gov.sa/en/
https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/
https://www.spa.gov.sa/viewstory.php?lang=en&amp;newsid=2044752
https://www.spa.gov.sa/viewstory.php?lang=en&amp;newsid=2044752
https://www.spa.gov.sa/viewstory.php?lang=en&amp;newsid=2044752
https://www.spa.gov.sa/viewstory.php?lang=en&amp;newsid=2044752
https://www.spa.gov.sa/viewstory.php?lang=en&amp;newsid=2044828
https://www.spa.gov.sa/viewstory.php?lang=en&amp;newsid=2044828
https://www.spa.gov.sa/viewstory.php?lang=en&amp;newsid=2044828
https://www.spa.gov.sa/viewstory.php?lang=en&amp;newsid=2044828
https://www.spa.gov.sa/viewstory.php?lang=en&amp;newsid=2044562
https://www.spa.gov.sa/viewstory.php?lang=en&amp;newsid=2044562
https://www.spa.gov.sa/viewstory.php?lang=en&amp;newsid=2044562
https://www.spa.gov.sa/viewstory.php?lang=en&amp;newsid=2044562
https://www.moh.gov.sa/en/Ministry/MediaCenter/News/Pages/News-2020-04-07-004.aspx
https://www.moh.gov.sa/en/Ministry/MediaCenter/News/Pages/News-2020-04-07-004.aspx
https://www.moh.gov.sa/en/Ministry/MediaCenter/News/Pages/News-2020-04-07-004.aspx
https://www.ecdc.europa.eu/sites/default/files/documents/RRA-seventh-update-Outbreak-of-coronavirus-disease-COVID-19.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/RRA-seventh-update-Outbreak-of-coronavirus-disease-COVID-19.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/RRA-seventh-update-Outbreak-of-coronavirus-disease-COVID-19.pdf
https://covid19.cdc.gov.sa/wp-content/uploads/2020/03/Coronavirus-Disease-2019-Guidelines-v1.2.pdf.pdf
https://covid19.cdc.gov.sa/wp-content/uploads/2020/03/Coronavirus-Disease-2019-Guidelines-v1.2.pdf.pdf
https://covid19.cdc.gov.sa/wp-content/uploads/2020/03/Coronavirus-Disease-2019-Guidelines-v1.2.pdf.pdf
https://doi.org/10.1016/j.wneu.2020.07.093
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.journals.elsevier.com/world-neurosurgery

