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Abstract

Background and Objectives

A variety of neurologic disorders have been reported as presentations or complications of
coronavirus disease 2019 (COVID-19) infection. The objective of this study was to determine
their incidence dynamics and long-term functional outcome.

Methods

The Neuro-COVID Italy study was a multicenter, observational, cohort study with ambispective
recruitment and prospective follow-up. Consecutive hospitalized patients presenting new neu-
rologic disorders associated with COVID-19 infection (neuro-COVID), independently from
respiratory severity, were systematically screened and actively recruited by neurology specialists in
38 centers in Italy and the Republic of San Marino. The primary outcomes were incidence of
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Glossary

ADL = activities of daily living; COVID-19 = coronavirus disease 2019; ICU = intensive care unit; IQR = interquartile range;
OR = odds ratio; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.

neuro-COVID cases during the first 70 weeks of the pandemic (March 2020-June 2021) and long-term functional outcome at
6 months, categorized as full recovery, mild symptoms, disabling symptoms, or death.

Results

Among 52,759 hospitalized patients with COVID-19, 1,865 patients presenting 2,881 new neurologic disorders associated
with COVID-19 infection (neuro-COVID) were recruited. The incidence of neuro-COVID cases significantly declined over
time, comparing the first 3 pandemic waves (8.4%, 95% CI 7.9-8.9; 5.0%, 95% CI 4.7-5.3; 3.3%, 95% CI 3.0-3.6, respectively;
p = 0.027). The most frequent neurologic disorders were acute encephalopathy (25.2%), hyposmia-hypogeusia (20.2%),
acute ischemic stroke (18.4%), and cognitive impairment (13.7%). The onset of neurologic disorders was more common in
the prodromic phase (44.3%) or during the acute respiratory illness (40.9%), except for cognitive impairment whose onset
prevailed during recovery (48.4%). A good functional outcome was achieved by most patients with neuro-COVID (64.6%)
during follow-up (median 6.7 months), and the proportion of good outcome increased throughout the study period (r=0.29,
95% CI 0.05-0.50; p = 0.019). Mild residual symptoms were frequently reported (28.1%) while disabling symptoms were
common only in stroke survivors (47.6%).

Discussion
Incidence of COVID-associated neurologic disorders decreased during the prevaccination phase of the pandemic. Long-term
functional outcome was favorable in most neuro-COVID disorders, although mild symptoms commonly lasted more than

6 months after infection.

Introduction

Neurologic presentations or complications of coronavirus
disease 2019 (COVID-19) infection have been reported
since the first weeks of the pandemic.1 A number of studies,
mostly performed in hospitalized patients, showed a wide
range of newly diagnosed neurologic disorders associated
with COVID-19 infection, including self-reported neuro-
logic symptoms such as hyposmia-hypogeusia, cognitive
impairment or headache, and clinical neurologic syndromes
such as acute encephalopathy, stroke, Guillain-Barré syn-
drome, status epilepticus, or encephalitis.”* These “neuro-
COVID” disorders have been described with a variable
frequency of approximately 8%, ranging from 1% to more
than 30% in different studies.”>

Most available studies provided robust data on the frequency
of neuro-COVID disorders and in-hospital mortality.”
Nonetheless, important issues need to be addressed about
the incidence of neuro-COVID disorders over time, the
effect of treatments or vaccines, and their long-term
outcome.

In this study, we investigated the incidence dynamics and
long-term neurologic outcomes of neuro-COVID disorders in
a large cohort of patients, recruited over the first 70 weeks of
the pandemic (March 2020-June 2021).
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Methods

Study Design

The Neuro-COVID Italy was an investigator-initiated, mul-
ticenter, ambispective, cohort study that was conducted at 38
centers in Italy and the Republic of San Marino, exploring the
incidence and outcome of neurologic disorders associated
with COVID-19 infection. The study design, inclusion crite-
ria, data collection, and monitoring have been published
previously.8

The study duration was 70 weeks for recruitment and 6
months for follow-up. The retrospective phase of the study
referred to the period between March 2020 and September
2020 and was limited to the baseline data collection of ret-
rospective patients while the prospective phase of the study
was conducted starting from October 2020 and included both
the baseline collection of new patients (up to June 2021) and
6-month follow-up data for all recruited patients (up to De-
cember 2021).

Standard Protocol Approvals and

Patient Consents

The study protocol was approved by the Ethics Committee of
Istituto Auxologico Italiano (study code 2020_03_26_03) and
the Ethics Committees of all participating centers. All partici-
pants gave written informed consent, with the exception of
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deceased patients, according to European Union General Data
Protection Regulation and related Italian regulations (art.21
DL 101/2018, art. 110 Privacy Code).

Patient Population
To be included in the cohort, patients had to be aged older
than 18 years and fulfill all the following 3 inclusion criteria:

o anewly diagnosed COVID-19 infection, independent
from clinical severity;

. a newly diagnosed neurologic disorder of any kind,
whose onset was time-locked to the prodromal phase,
acute respiratory phase, or recovery phase of COVID-19
infection; and

o  being hospitalized for COVID-19 infection and/or
neurologic disorders.

Consecutive patients were exclusively recruited by neurology
specialists involved in the study using a systematic multimodal
screening approach. All patients who performed at least one
neurologic consultation were actively identified and proposed
to enter the study. Neurologic consultations included the
following sources: direct consultation in Neurology depart-
ments, Stroke Units or Neuro-COVID wards; referral from
physicians or intensivists working in COVID wards or in-
tensive care units (ICUs); and referral from infectious disease
specialists working in dedicated multidisciplinary post-
COVID clinics. All patients underwent a full neurologic
workup according to their disorders.

Study Definitions

COVID-19 infection was defined according to the WHO
COVID-19 case definition (December 2020),” including both
confirmed cases of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection (positive molecular/antigenic
virologic test +/— clinical and epidemiologic criteria) and prob-
able cases of SARS-CoV-2 infection (clinical, radiologic, and
epidemiologic criteria, without molecular/antigenic virologic
testing). Probable cases represented <10% of the study pop-
ulation and were limited to the first 2 weeks of the pandemic,
when molecular/antigenic testing were not routinely available.

COVID waves were defined according to the Italian National
Institute of Health data as follows: first COVID wave, March
2020 to June 2020; second COVID wave, July 2020 to January
2021; and third COVID wave, February 2021 to June 2021.
The COVID-19 vaccination campaign in Italy started on
December 27, 2020.

Acute encephalopathy was defined as a rapidly developing (hours
to a few days) pathobiological process in the brain, leading to a
clinical presentation of subsyndromal delirium, delirium, or coma,
according to a recent consensus of 10 scientific societies."’

Encephalitis was defined as altered mental status lasting >24
hours, not attributable to another cause, and the presence of
2 or more of the following criteria: generalized or partial
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seizures not fully attributable to a preexisting epilepsy, new
onset of focal neurologic findings, CSF white blood cell count
>S5 cells/pL, abnormality of brain parenchyma on neuro-
imaging suggestive of encephalitis, and abnormality on elec-
troencephalography consistent with encephalitis.'"

Severe respiratory failure was defined as requiring respiratory
support with continuous positive airway pressure or me-
chanical ventilation.

COVID association for subacute and chronic disorders, such
as Guillain-Barré syndrome and cognitive impairment, was
defined as occurrence within 6 weeks from acute infection,
according to a previous study.”

Data Collection

Demographics, comorbidities, clinical characteristics of
COVID-19 and neurologic disorders, and outcomes were
collected by the centers involved in this study. All data were
securely stored in an electronic case report form developed
with the Integrated Clinical Trial Environment platform by
Advice Pharma, which acted as Contract Research Organiza-
tion of this study. Data access was protected by username and
password according to different profiles, depending on the user.

The number of all hospitalized COVID cases (denominator)
during the first, second, and third COVID waves were col-
lected by 22 centers and accounted for 52,759 hospitalized
patients with COVID. The proportion of neuro-COVID cases
relative to all hospitalized COVID cases was based on the
number of neuro-COVID cases recruited in these 22 centers
(1,614 patients, which accounted for 86.5% of the total neuro-
COVID cohort).

Study Outcomes

The incidence of neuro-COVID cases was assessed on a
weekly basis as the total number of COVID cases presenting a
newly diagnosed neurologic disorder of any kind, with onset
during the prodromal phase, acute respiratory phase, or re-
covery phase of COVID-19 infection.

Long-term functional outcome for each neurologic disorder
was categorized using a pragmatic, patient-centered, outcome
approach as follows: full recovery; mild symptoms, not in-
terfering with activities of daily living (ADLs); and disabling
symptoms, interfering with ADLs.

For disorders affecting motor skills (e.g, stroke), “mild
symptoms” corresponded to a score of 2 or less of the mod-
ified Rankin scale, whereas “disabling symptoms” corre-
sponded to a score of 3 or more. For disorders unaffecting
motor skills (e.g., headache), outcome was scored taking into
account both the pre-COVID level of functioning and the
specific neurologic disorder to be assessed.

For some analyses, outcome was dichotomized into “good
neurologic outcome,” including full recovery or mild symptoms,
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Table 1 Clinical Characteristics, In-Hospital Course, and Long-term Functional Outcome of Patients With Neuro-COVID

Cause of
death
coviD IcCU In-hospital related to
Age,y, Sex (male), pneumonia, admission, mortality, COVID-19, Follow-up, mo,
n (%) median (IQR) n (%) n (%) n (%) n (%) n (%) median (IQR)

All cases 1,865 (100) 68 (57-78) 1,122 (60.2) 1,357 (72.8) 350 (18.8) 285 (15.3) 218(76.5) 6.7 (5.3-8.8)
Self-reported neurologic
symptoms

Hyposmia/hypogeusia 377 (20.2) 60 (50.5-71) 212 (56.6) 236 (62.6) 39(10.3) 24 (6.4) 24.(100) 6.9 (6.1-10.2)

Cognitive impairment 256 (13.7) 68 (56-76) 156 (60.9) 196 (56.6) 43(16.8) 15 (5.8) 12(80) 6.6 (5.8-8.3)

Headache 220(11.8) 53 (45-63.5) 107 (48.6) 130 (59.1) 24.(10.9) 4(1.8) 4(100) 6.6 (6.0-8.7)

Dizziness 49 (2.6) 59 (48-71) 17 (34.7) 27 (55.1) 3(6.1) 1(2.0) 1(100) 6.6 (5.1-8.6)
Clinical neurologic
syndromes

Acute encephalopathy 470 (25.2) 73 (62-81) 279 (59.4) 354 (75.3) 112 (23.9) 110 (23.4) 92 (83.6) 6.7 (4.5-8.5)

Acute ischemic stroke 343 (18.4) 75 (73-93) 211 (61.7) 236 (68.8) 35(10.2) 91 (26.5) 62 (68.1) 6.3(3.6-7.7)

Guillain Barré 135(7.2) 64 (55-72) 109 (80.7) 107 (79.3) 82 (60.8) 18(13.3) 15(83.3) 7.3 (5.3-8.6)

syndrome
Seizures and status 135(7.2) 71 (57-81) 78 (57.8) 92 (68.1) 22 (16.3) 23(17.0) 13(56.5) 6.3 (3.7-8.5)
epilepticus
Hemorrhagic stroke 56 (3) 71 (58.5-83.5) 36 (64.3) 31 (55.4) 19 (33.4) 24 (42.9) 11 (45.8) 7.4 (5.1-8.8)
Encephalitis 36(1.9) 64 (56-74) 22 (61.1) 27 (75) 12(33.3) 5(13.9) 3 (60) 6.9 (5.8-10.1)

Abbreviations: COVID-19 = coronavirus disease 2019; ICU = intensive care unit;

IQR = interquartile range.

and “poor neurologic outcome,” including disabling symptoms
or death. Outcome scoring was performed at 6 months after
admission by neurologists involved in this study during a struc-
tured outpatient visit or phone call, depending on the patient’s
condition.

Statistical Analysis

Descriptive statistics on all available variables were performed
in the entire sample of hospitalized patients and separately
in patients with specific neurologic disorders. Continuous
variables were described with median and interquartile range
(IQR) while categorical variables were described with count
and percentage. The number and type of newly diagnosed
neurologic disorders associated with COVID-19 infection were
reported in all hospitalized patients. The number of neuro-
COVID cases and the number of specific neurologic disorders
occurred by week was calculated and reported over the entire
study period. The percentage of neuro-COVID cases over the
total of hospitalized COVID cases was calculated considering
the entire study period and then separately for first, second, and
third waves. Percentages were compared between waves using
the Friedman test. Proportion of patients with severe re-
spiratory failure was calculated per week, expressed graphically
using Locally Weighted Scatterplot Smoothing and assessed by
Pearson correlation coefficient. The time of onset of neurologic
disorders was described as count and percentage of patients
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presenting at least one neurologic disorder during the pro-
dromal phase, the acute respiratory phase, or the recovery
phase. The number and percentage of patients presenting
specific combinations of neurologic disorders were also ex-
amined. All possible combinations of 2, 3, 4, and up to S
disorders were evaluated. Functional outcome was described
with counts and percentages globally and separately by specific
neurologic disorders. Functional outcome over time was
assessed by Pearson correlation coefficient. Recovery and sur-
vival curves were constructed for selected neurologic disorders
using the Kaplan-Meier method, with, respectively, resolution
or death as event variable and time to resolution or death as
time variable. Patients not experiencing the event of interest
were censored at the last available follow-up time. Kaplan-
Meier curves were compared with the log-rank test.

The association of selected variables (age, sex, preexisting
neurologic comorbidities, severe respiratory failure, treat-
ment with anticoagulants, steroids, or remdesivir) with the
long-term functional outcome was evaluated using uni-
variable and multivariable logistic regression models, con-
sidering dependent variable as the global outcome and
separately the outcome of selected neurologic disorders. The
selection of variables was made on clinical grounds, in-
cluding those that were expected to have an impact on
neurologic outcome and that were available for all patients.
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Table 2 Comorbidities and Infectious Disease
Characteristics of Patients With Neuro-COVID
(n=1,865)

n (%) or median (IQR)

Systemic comorbidities 1,534 (82.2)
Hypertension 917 (49.1)
Diabetes 360 (19.3)
Chronic heart disease 202 (10.8)
Cancer 151 (8.1)
COPD 134(7.2)

Preexisting neurologic comorbidities 379 (20.3)
Cerebrovascular diseases 224 (12.0)
Neurodegenerative disorders 188 (10.1)
Other chronic neurologic disorders 44 (2.4)

Chest radiologic findings
COVID interstitial pneumonia 1,357 (72.8)
Pulmonary embolism 59(3.2)

Respiratory support
Breathing room air 362 (19.4)
Supplemental oxygen (mask) 647 (34.7)
CPAP 506 (27.1)
Mechanical ventilation 350 (18.8)

Blood tests
C-reactive protein, mg/dL 8.0(2.1-18.9)

D-dimer, mg/dL 840 (432-1,710)

Lymphocytes, /pL 1.07 (0.71-1.70)

COVID therapy

Anticoagulants 911 (48.9)
Steroids 826 (44.3)
Remdesivir 440 (23.6)

Abbreviations: COPD = chronic obstructive pulmonary disease; COVID =
coronavirus disease; IQR = interquartile range; CPAP = continuous positive
airway pressure.

The results were reported as odds ratios (ORs) and adjusted
OR with 95% ClIs.

Statistical analyses were performed using the SAS statistical
package (version 9.4; SAS Institute, Cary, NC). The signifi-
cance level was set to 0.05. Missing data were handled using
the list-wise deletion method.

Data Availability
Investigators may request access to anonymized individual
patient data and redacted trial documents including raw data
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sets, analysis-ready data sets, trial protocols, annotated case
report form, statistical analysis plan, and data set specifica-
tions. Before the use of data, proposals need to be approved by
the Neuro-COVID Italy Steering Committee, and a signed
data sharing agreement will then be approved.

Results

Study Population

The cohort consisted of 1,865 patients with neuro-COVID,
presenting 2,881 neurologic disorders (Tables 1 and 2). The
median age was 68 years (IQR 57-78), with a male pre-
dominance (60.2%). Most patients had systemic comorbidities
(82.2%), particularly hypertension (49.1%), diabetes (19.3%),
and chronic heart disease (10.8%). Approximately one-fifth of
patients had preexisting chronic neurologic disorders, particu-
larly cerebrovascular diseases (12.0%) and neurodegenerative
diseases (10.1%). For most analyses, 4 major self-reported
neurologic symptoms (hyposmia-hypogeusia, cognitive im-
pairment, headache, and dizziness) and 6 major clinical neu-
rologic syndromes (acute encephalopathy, acute ischemic
stroke, Guillain Barre syndrome, seizures and status epilepticus,
encephalitis, and hemorrhagic stroke) were considered. A
complete list of neurologic disorders is shown in eTable 1

(links.Iww.com/WNL/C963).

Intrapandemic Incidence Dynamics

The incidence of neuro-COVID cases showed a highly dynamic
pattern during the first 70 weeks of the pandemic, which mostly
included the prevaccination era (Figure 1, A and B). Both the
absolute number of new neuro-COVID cases and the percentage
of new neuro-COVID cases over a total of 52,759 hospitalized
COVID cases showed a peak during the first wave (8.4%, 95% CI
7.9-8.9), followed by a significant reduction during the following
2 waves (5.0%, 95% CI 4.7-5.3, and 3.3%, 95% CI 3.0-3.6,
respectively; p = 0.027). This downward trend did not reflect the
number of total hospitalized COVID cases, which actually
showed an increase in both the second (+61.0%) and third
(+23.5%) waves, compared with the first wave. A similar in-
cidence dynamics was observed for the 4 self-reported neuro-
logic symptoms and the 6 clinical neurologic syndromes,
considered separately (Figure 1, C and D). Differently from the
incidence of neuro-COVID disorders, which declined over time
(r=-0.364, 95% CI —0.56 to —0.13; p = 0.003), the proportion
of patients with neuro-COVID with severe respiratory failure did
not change during the study period (r = —0.053,95% CI -0.29 to
0.19; p = 0.674; Figure 2).

Frequency, Onset, and Clustering

The 2 most frequent self-reported neurologic symptoms were
hyposmia-hypogeusia (20.2%) and cognitive impairment
(13.7%), followed by headache (11.8%) and dizziness (2.6%).
The 2 most frequent clinical neurologic syndromes were acute
encephalopathy (25.2%) and acute ischemic stroke (18.4%),
followed by Guillain Barré syndrome (7.2%) and seizures and
status epilepticus (7.2%) while hemorrhagic stroke (3%) and
encephalitis (1.9%) were relatively rare (Figure 3A). The onset
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Figure 1 Incidence Dynamics of Neuro-COVID Disorders
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Figure 2 COVID-Related Severe Respiratory Failure and
Incidence of Neuro-COVID Disorders
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of neurologic disorders was more frequent during the pro-
dromal phase of COVID for hyposmia-hypogeusia (62.3%)
and headache (53.2%); during the acute respiratory phase for
acute encephalopathy (51.2%) and Guillain Barré syndrome
(52.5%); and during recovery from COVID for cognitive im-
pairment (48.4%). The onset of acute ischemic stroke, seizures
and status epilepticus, hemorrhagic stroke, and encephalitis
occurred in either the prodromal or the acute respiratory phase,
without a clear prevalence (42.0% vs 40.9%, respectively,
considering these 4 disorders as a single group). No consistent
(>5%) association between 2 or more neurologic disorders was
observed in our population (eFigure 1, links.lww.com/WNL/
C963). Major diagnostic tests of selected neuro-COVID dis-
orders are shown in eTable 2.

In-Hospital Course

Most patients with neuro-COVID developed a radiologically
defined interstitial pneumonia (72.7%) and required some
form of respiratory support (80.6%), with 45.9% of cases
developing severe respiratory failure and 18.8% requiring ICU
admission (Tables 1 and 2). Overall, in-hospital mortality was

Neurology | Volume 101, Number9 | August 29,2023

e897


http://links.lww.com/WNL/C963
http://links.lww.com/WNL/C963
http://neurology.org/n

€898

Figure 3 Frequency, Onset, and Long-term Functional Outcome of Neuro-COVID Disorders
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15.3% and in most patients (76.5%) was deemed to be related
to COVID infection, as opposed to neurologic disorders, albeit
with some variability. In-hospital mortality for acute encepha-
lopathy and acute ischemic stroke occurred approximately in
one-fourth of cases (23.4% and 26.5%, respectively), although
the cause of death was still deemed to be COVID-related in
most of these patients (83.6% and 68.1%, respectively). By
contrast, in-hospital mortality for intracerebral hemorrhage was
the highest (42.9%) and the lowest attributable to COVID
(45.9%). In-hospital mortality for Guillain Barré syndrome,
seizures/status epilepticus, and encephalitis was approximately
10%-15%, which is not different from what was expected from
these disorders, independently from COVID association.

Long-term Functional Outcome

Long-term outcome data were available for 1,601 (85.8%)
patients with a median follow-up duration of 6.7 months (IQR
5.3-8.8) (Figure 3B). Overall, a good functional outcome (full
recovery or mild symptoms) occurred in 1,206 (64.6%) pa-
tients. A subgroup analysis of the working age population (age
18-64 years) showed a higher proportion of good functional
outcome (72.5%), although full recovery was achieved in 31.4%
and mild symptoms persisted in 41.1% (eTable 3, links.lww.
com/WNL/C963).

Long-term disabling symptoms were reported by a small fraction
(5.7%) of patients with any self-reported neurologic symptoms.
Full recovery was more frequent in patients with headache
(64.1%) and hyposmia-hypogeusia (47.5%) while persistence of
mild symptoms was more common in patients with cognitive
impairment (56.2%) and dizziness (42.8%). Long-term sequelae
were more severe for clinical neurologic syndromes, which
presented long-term disability in approximately half of cases for
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cerebrovascular diseases (cerebral hemorrhage 53.5%; acute is-
chemic stroke 41.6%) and in roughly one-fourth of cases for
encephalitis (25%), acute encephalopathy (24.4%), and Guillain
Barré syndrome (23.7%) while patients with seizure and status
epilepticus exhibited a slightly lower proportion of persistent
disabling symptoms (17.7%) and the highest chance of full re-
covery (65.9%).

Recovery curves (Figure 4A and eFigure 2, linksIww.com/
WNL/C963) showed that time to resolution was highly variable,
and a considerable proportion of patients with any self-reported
symptoms have not yet fully recovered after 6 months. Particu-
larly, incomplete recovery was considerably more common for
cognitive impairment compared with hyposmia-hypogeusia
(approximately 70% vs 40%; log-rank p < 0.0001). Survival
curves (Figure 4B and eFigure 3) showed that mortality pre-
vailed in the first several weeks after admission and was slightly
higher for acute ischemic stroke compared with acute encepha-
lopathy (approximately 40% vs 30%; log-rank p = 0.020). Severe
respiratory failure in the acute phase did not affect time to re-
covery for hyposmia-hypogeusia and cognitive impairment or
survival for acute encephalopathy. Conversely, severe respiratory
failure in the acute phase largely reduced survival in patients with
acute ischemic stroke (eFigure 4).

Overall, the proportion of patients with neuro-COVID achieving
a good functional outcome moderately improved over the 3
pandemic waves (Pearson r = 0.29, 95% CI 0.05-0.50; p=0.019;
Figure 4C). Multivariable analysis showed that age and severe
respiratory failure independently predicted a poor functional
outcome while treatment with remdesivir independently pre-
dicted a good functional outcome (Table 3; details on selected
disorders are reported in eTable 4, links.lww.com/WNL/ C963).
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Figure 4 Recovery and Survival Curves of Selected Neuro-COVID Disorders
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Discussion

Neurologic disorders associated with COVID-19 infection, col-
lectively known as “neuro-COVID,” are among the most
alarming, controversial, and least understood aspects of the
current pandemic.'” Since 2020, efforts have been made to de-
fine causality'® and the strength of evidence for an association'*
as well as frequency and in-hospital mortality of neuro-COVID
disorders.®” However, no evidence is available on their incidence
dynamics, onset, and long-term outcome.

In the Neuro-COVID Italy study, we report detailed, long-term
data from a large cohort of patients with neuro-COVID from
the first 1.8 years of the pandemic (1.3-year recruitment + 0.5-
year follow-up), mostly related to the original SARS-CoV-2
virus (Wuhan-Hu-1) and its variants Alpha and Delta."®

Our findings clearly indicate that the incidence of all major
neuro-COVID disorders declined and long-term functional

outcome improved during the first 3 pandemic waves. We may

Neurology.org/N

hypothesize 2 reasons underlying this phenomenon. First, ge-
nomic variations of the SARS-CoV-2 virus, which occurred be-
tween the COVID waves, reduced its pathogenic potential for
neurologic disorders. This scenario could be similar to what was
observed for the multisystem inflammatory syndrome in chil-
dren, whose rate declined passing from Alpha to Delta and, even
more, to Omicron variants.'® Second, overall management of
patients with COVID-19 improved over time (early diagnosis,
home-based treatment, and inpatient care) and contributed to
prevent some neurologic disorders. According to our data, the
reduction in the incidence of neuro-COVID cases was not as-
sociated with changes in the rate of severe respiratory failure.
Interestingly, a recent study reported fewer COVID-19 neuro-
logic complications in hospitalized patients treated with dexa-
methasone, remdesivir, or both drugs combined."”

The results of this study substantially reflect the prevaccination
era because 75.4% of recruited neuro-COVID cases occurred
before the start of the national COVID vaccine campaign
(December 27,2020) and the remaining 24.6% occurred in the
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Table 3 Predictors of Long-term Neurologic Outcome in Patients With Neuro-COVID

Good functional  Poor functional  Crude OR Adjusted OR Adjusted
outcome outcome (95% CI) p Value (95% Cl) p value
All neuro-COVID cases n=1,206 n =395
Age,” y, median (IQR) 66 (55-75) 76 (64-83) 1.04 (1.03-1.05) <0.001 1.04 (1.03-1.05) <0.001
Sex, male (%) 719 (59.6) 237 (60) 1.01 (0.80-1.27) 0.907 1.08 (0.84-1.38) 0.545
Preexisting neurologic 210 (17.4) 117 (29.6) 1.99 (1.53-2.59) <0.001 1.24 (0.93-1.67) 0.132
comorbidity, n (%)
Severe respiratory failure,® n (%) 433 (35.9) 176 (44.5) 1.43(1.13-1.80) 0.002 1.82 (1.40-2.36) <0.001
Anticoagulants, n (%) 595 (49.3) 211 (53.4) 1.78 (0.94-1.48) 0.159 1.03 (0.78-1.35) 0.827
Steroids, n (%) 554 (45.9) 189 (47.8) 1.08 (0.86-1.35) 0.508 0.79 (0.59-1.05) 0.114
Remdesivir, n (%) 296 (24.5) 59 (14.9) 0.54 (0.39-0.73) <0.001 0.55 (0.39-0.76) <0.001

Abbreviations: COVID = coronavirus disease; CPAP = continuous positive airway pressure; IQR = interquartile range; OR = odds ratio.
Good functional outcome indicates full recovery or mild symptoms. Poor functional outcome indicates disabling symptoms or death. OR >1 indicates higher

probability of poor functional outcome.
@ Per year of age.
® Requiring CPAP or mechanical ventilation.

January-June 2021 period, when only 31.8% of the total
population had received the primary vaccination course."® Al-
though data on vaccination status was not collected, the esti-
mated proportion of vaccinated patients hypothetically
enrolled in the Neuro-COVID Italy study falls below 5%, after
crossing the accrual data with the demographic reports of the
Italian National Institute of Health.'> Thus, a major effect of the
vaccines is unlikely to be responsible for the reduction of
COVID-associated neurologic disorders observed in this study.

Our findings are apparently in contrast with a recent large
retrospective study, which reported a similar risk of receiving a
neurologic or psychiatric diagnosis after Alpha, Delta, and
Omicron variants. However, major differences in methodol-
ogy may explain these discrepancies, in particular the use of
health records, matching with a cohort of patients with other
respiratory infections, inclusion of both adults and children
from either hospital or community setting, and COVID as-
sociation projected up to 2 years after infection.'®

Collectively, long-term outcome of neuro-COVID disorders
proved to be rather favorable. However, persistence of mild
symptoms for many weeks or months was common for all self-
reported symptoms, particularly cognitive impairment, in
agreement with previous reports.'* Long-term disability and
death were more frequent than expected only for COVID-
associated cerebrovascular diseases and acute encephalopa-
thy, compared with other known causes of the same disorders,
in accordance with previous studies.”***

Diagnosis, treatment, data collection, and follow-up visits or
calls were exclusively performed by neurologists who were in-
volved in patient’s management from hospital admission or
were referred the patient by COVID physicians, intensivists, or
infectious disease specialists at any time during the study

Neurology | Volume 101, Number 9 | August 29, 2023

period. This neurologist-centered approach of patient ascer-
tainment had both advantages and limitations. A major ad-
vantage was high standards of diagnostic accuracy and disease
management, which was guaranteed by specialized medical
professionals, with direct consequences on disease definitions,
data collection, and patient outcome. A major limitation was
that some patients with minor neurologic symptoms, such as
mild confusion or transient headache, may have been missed if
they had never been seen by a neurologist. However, these
minor neuro-COVID symptoms were not the focus of our
work, which was dedicated to serious or long-lasting neurologic
disorders associated with COVID infection. Another possible
source of under-recruitment is related to the first few weeks
of the pandemic in Italy, when the hospital system was un-
prepared and overstressed, and some patients with over-
whelming respiratory symptoms may have died before
diagnosing any concomitant neurologic disorders. We recog-
nize that this (expected) ascertainment bias is the most likely
explanation for the slightly lower proportion of neuro-COVID
cases in our cohort, compared with a recent meta-analysis of
individual patient data (6.6% vs 7.8%)."*

Neurologic disorders associated with COVID-19 infection
progressively decreased during the early (pre-Omicron, pre-
vaccination) phase of the pandemic. Long-term functional
outcome was favorable in most neuro-COVID disorders and
improved over time, although mild symptoms commonly las-
ted more than 6 months after infection. Although COVID-19
infection evolved quickly, our results could be potentially rel-
evant for many world regions that did not apply a massive
vaccination campaign and also for new coronaviruses that may
arise in the future. Further studies are needed to assess the
aftermath of the Omicron variant and vaccines, the socioeco-
nomic impact of neuro-COVID disorders, and the risk of de-
veloping neurologic diseases long after COVID-19 infection.

Neurology.org/N


http://neurology.org/n

Acknowledgment
The authors thank Studio SienaCongress (SIN Secretary)
and Advice Pharma for their technical and logistic support.
Coauthor Ettore Beghi, MD, PhD, died October 10, 2022.

Study Funding
The study was supported by unrestricted grant from the
Italian Society of Neurology (SIN).

Disclosure

The authors report no relevant disclosures. Go to
Neurology.org/N for full disclosures.

Publication History
Received by Neurology November 6, 2022. Accepted in final form
May 4, 2023. Submitted and externally peer reviewed. The handling
editor was Associate Editor Rebecca Burch, MD.

Appendix 1 Authors

Name

Location

Contribution

Simone
Beretta, MD,
PhD

Department of Neurology,
Fondazione IRCCS San
Gerardo dei Tintori, Monza;
Department of Medicine
and Surgery, University of
Milano Bicocca; The Milan
Center for Neuroscience
(NeuroMl), Italy

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data;
study concept or design;
analysis or interpretation of
data

Viviana Neurology Unit and Major role in the acquisition
Cristillo, MD Department of Clinical and of data

Experimental Sciences,

University of Brescia, Italy
Giorgia Unit of Neurology and Major role in the acquisition
Camera, MD Neurophysiology, ASST of data

PG23, Bergamo, Italy

Carlo Morotti
Colleoni, MD

Department of Neurology,
Fondazione IRCCS San
Gerardo dei Tintori, Monza;
Department of Medicine
and Surgery, University of
Milano Bicocca, Italy

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data;
analysis or interpretation of
data

Appendix 1

(continued)

Name

Location

Contribution

Mariarosaria

Santa Maria della

Major role in the acquisition

Valente, MD Misericordia University of data

Hospital; Department of

Medical Area (DAME),

University of Udine, Italy
Susanna San Marino Neurological Major role in the acquisition
Guttmann, Unit, San Marino Hospital,  of data
MD Italy
Maria Sofia Neurology Unit, ASST Major role in the acquisition
Cotelli, MD Valcamonica, Esine, Brescia, of data

Italy
Pasquale USL Centro Toscana, Major role in the acquisition
Palumbo, MD  Neurology Unit, Nuovo of data

Ospedale Santo Stefano,

Prato, Italy
Giorgio The Milan Center for Major role in the acquisition
Gelosa, MD, Neuroscience (NeuroMl); of data
PhD Department of Neurology

and Stroke Unit, Niguarda,

Milan, Italy
Stefano Department of Neurology ~ Major role in the acquisition
Meletti, MD, and Department of Clinical of data
PhD Neurophysiology AOU

Modena, University of

Modena and Reggio Emilia,

Italy
Cristina Department of Major role in the acquisition

Schenone, MD

Neuroscience,
Rehabilitation,
Ophtalmology, Genetics,
Maternal and Child
Health, University of
Genoa, Italy

of data

Donatella
Ottaviani, MD,
PhD

Ospedale Santa Maria del
Carmine di Rovereto,
Trento, Italy

Major role in the acquisition
of data

Massimo Neurology Unit, IRCCS San  Major role in the acquisition
Filippi, MD Raffaele Scientific Institute, of data

Milan, Italy
Andrea Zini, Department of Neurology, Major role in the acquisition
MD Metropolitan Stroke of data

Network, Ospedale
Maggiore, Bologna, Italy

Gaia Pellitteri,
MD

Santa Maria della
Misericordia University
Hospital, Udine, Italy

Major role in the acquisition
of data

Paola Basilico,
MD

Department of Neurology,
Ospedale A. Manzoni ASST
Lecco, Italy

Major role in the acquisition
of data

Beatrice Viti,
MD

San Marino Neurological
Unit, San Marino Hospital,
Italy

Major role in the acquisition
of data

Elisa Bianchi,
PhD

The Mario Negri Institute
for Pharmacological
Research IRCCS, Milan, Italy

Drafting/revision of the
manuscript for content,
including medical

writing for content;
analysis or interpretation
of data

Lucia
Tancredi, MD

University of Milan;
Neurology Unit, ASST Santi
Paolo e Carlo; Aldo Ravelli
Center for
Neurotechnology and
Experimental Brain
Therapeutics,

Milan, Italy

Major role in the acquisition
of data

Pietro Cortelli,

IRCCS Institute of

Major role in the acquisition

MD, PhD Neurological Science of of data
Stefano Neurology Unit and Major role in the acquisition Bologna; DIBINEM,
Gipponi, MD Department of Clinical and  of data University of Bologna, Italy
Experimental Sciences,
University of Brescia, Italy Massimiliano  UOC Neurology, ASST Major role in the acquisition
Braga, MD Vimercate, Italy of data
Maria Unit of Neurology and Major role in the acquisition
Grimoldi, MD  Neurophysiology, ASST of data Valeria De Department of Neurology, Major role in the acquisition
PG23, Bergamo, Italy Giuli, MD ASST Cremona, Italy of data
Continued
Neurology.org/N Neurology | Volume 101, Number9 | August 29,2023

€901


https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000207534
http://neurology.org/n

€902

Appendix 1 (continued) Appendix 1 (continued)
Name Location Contribution Name Location Contribution
Serenella Neurophysiopathology Major role in the acquisition Raffaele Department of Major role in the acquisition
Servidei, MD Unit, Fondazione Policlinico of data Ornello, MD, Biotechnological and of data
Universitario A. Gemelli, PhD Clinical Sciences, University
Rome, Italy of L'Aquila, Italy
Damiano Department of Basic Major role in the acquisition Elisabetta Department of Neurology, = Major role in the acquisition
Paolicelli, MD  Medical Sciences, of data Perego, MD Ospedale Valduce, Como,  of data
Neurosciences and Sense Italy
Organs, University of Bari,
Italy Gabriele Neurological Clinic, Major role in the acquisition
Siciliano, MD  University of Pisa, Italy of data
Federico Department of Neurology ~ Major role in the acquisition
Verde, MD and Laboratory of of data Paola Merlo, Department of Neurology, Major role in the acquisition
Neuroscience, IRCCS MD Humanitas Gavazzeni, of data
Istituto Auxologico Italiano; Bergamo, Italy
“Dino Ferrari” Center,
Department of Marco Department of Neurology, Major role in the acquisition
Pathophysiology and Capobianco, S. Luigi Gonzaga Hospital,  of data
Transplantation, MD Orbassano, Italy
Universita degli Studi di
Milano, Italy Leonardo University of Milan; Major role in the acquisition
Pantoni, MD, Ospedale Luigi Sacco, of data
Stefano Neurology Division, “S. Major role in the acquisition PhD Milan, Italy
Caproni, MD Maria” University Hospital, —of data
Terni, Italy Alessandra IRCCS Institute of Major role in the acquisition
Lugaresi, MD, Neurological Science of of data
Antonio IRCCS Mondino Major role in the acquisition PhD Bologna, UOSI Multiple
Pisani, MD, Foundation, Department of of data Sclerosis Rehabilitation;
PhD Brain and Behavioral Department of Biomedical
Sciences, University of Science and
Pavia, Italy Neuromotricity, University
of Bologna, Italy
Vincenzina Lo Department of Diagnostic ~ Major role in the acquisition
Re, MD, FEBN  and Therapeutic Services,  of data Stefania Department of Neurology, Major role in the acquisition
IRCCS ISMETT, Palermo, Angelocola, Fermo, Italy of data
Italy MD
Luca Department of Neurology 2, Major role in the acquisition Anna De Rosa, Department of Major role in the acquisition

Massacesi, MD

Careggi University Hospital,
Florence, Italy

of data

of data

Daria Valeria
Roccatagliata,
MD

Department of Neurology
and Neurosurgery, ASST di
Mantova, Italy

Major role in the acquisition
of data

Paolo Clinical Neurology Unit, Major role in the acquisition
Manganotti, Cattinara University of data
MD Hospital, University of

Trieste, Trieste, Italy
Daniele Department of Neurology, Major role in the acquisition
Spitaleri, MD  AORN S.Giovanni Moscati,  of data

Avellino, Italy
Anna Neurology and Stroke Major role in the acquisition
Formenti, MD  Unit, Neuroscience of data

Department, ASST-Lecco,
Merate, Italy

Marta Piccoli,
MD

Department of Neurology,
Ospedale San Filippo Neri,
Rome, Italy

Major role in the acquisition
of data

Silvia Marino,

IRCCS Centro Neurolesi

Major role in the acquisition

MD, PhD Bonino-Pulejo, Messina, of data
Italy
Paola Department of Neurology, —Major role in the acquisition

Polverino, MD

IRCCS Humanitas Research
Hospital, Rozzano, Milan,
Italy

of data

Umberto
Aguglia, MD

Department of Medical and
Surgical Sciences, Magna
Graecia University of
Catanzaro, Italy

Major role in the acquisition
of data

MD Neurosciences, Federico Il
University, Naples, Italy

Maria Sessa, Unit of Neurology and

MD Neurophysiology, ASST

PG23, Bergamo, Italy

Drafting/revision of the
manuscript for content,
including medical
writing for content;
analysis or interpretation
of data

Ettore Beghi,
MD, PhD

The Mario Negri Institute
for Pharmacological
Research IRCCS,

Milan, Italy

Study concept or design

Elio Clemente
Agostoni, MD

Department of Neurology
and Stroke Unit, Niguarda,
Milan, Italy

Drafting/revision of the
manuscript for content,
including medical
writing for content;
study concept or design;
analysis or interpretation
of data

Salvatore Neurology Unit and Drafting/revision of the
Monaco, MD Department of manuscript for content,
Neurosciences, University  including medical
of Verona, Italy writing for content;
study concept or design;
analysis or interpretation
of data
Alessandro Neurology Unit and Drafting/revision of the
Padovani, MD, Department of Clinical and manuscript for content,
PhD Experimental Sciences, including medical

University of Brescia, Italy

writing for content;
study concept or design;
analysis or interpretation
of data

Neurology | Volume 101, Number 9 |

August 29, 2023

Neurology.org/N


http://neurology.org/n

Appendix 1

(continued)

Name

Location

Contribution

Alberto Priori,

University of Milan;

Drafting/revision of the

MD, PhD Neurology Unit, ASST Santi  manuscript for content,
Paolo e Carlo; IRCCS including medical writing
Fondazione Ospedale for content; study concept
Maggiore Policlinico, Milan, or design; analysis or
Italy interpretation of data
Vincenzo Department of Neurology  Drafting/revision of the
Silani, MD and Laboratory of manuscript for content,

Neuroscience, IRCCS
Istituto Auxologico Italiano;
“Dino Ferrari” Center,
Department of
Pathophysiology and
Transplantation, Universita
degli Studi di Milano, Italy

including medical writing
for content; study concept
or design; analysis or
interpretation of data

Gioacchino
Tedeschi, MD

Department of Advanced
Medical and Surgical
Sciences, University of
Campania, Naples, Italy

Drafting/revision of the
manuscript for content,
including medical writing
for content; study concept
or design; analysis or
interpretation of data

Carlo
Ferrarese, MD,
PhD

Department of Neurology,
Fondazione IRCCS San
Gerardo dei Tintori, Monza;
Department of Medicine
and Surgery, University of
Milano Bicocca; The Milan
Center for Neuroscience
(NeuroMl), Italy

Drafting/revision of the
manuscript for content,
including medical writing
for content; study concept
or design; analysis or
interpretation of data

Appendix 2 Coinvestigators

Coinvestigators are listed at links.lww.com/WNL/C964.

References

1. Mao L, Jin H, Wang M, et al. Neurologic manifestations of hospitalized patients with

coronavirus disease 2019 in Wuhan, China. JAMA Neurol. 2020;77(6):683-690.

2. Pezzini A, Padovani A. Lifting the mask on neurological manifestations of COVID-19.

Nat Rev Neurol. 2020;16(11):636-644.

Neurology.org/N

10.

11.

12.

13.

14.

1S.

16.

17.

18.

19.

20.

21

22.

Ross Russell AL, Hardwick M, Jeyanantham A, et al. Spectrum, risk factors and
outcomes of neurological and psychiatric complications of COVID-19: a UK-wide
cross-sectional surveillance study. Brain Commun. 2021;3(3):fcab168.

Singh B, Lant S, Cividini S, et al. Prognostic indicators and outcomes of hospitalised
COVID-19 patients with neurological disease: an individual patient data meta-anal-
ysis. PLoS One. 2022;17(6):e0263595.

Taquet M, Geddes JR, Husain M, Luciano S, Harrison PJ. 6-month neurological and
psychiatric outcomes in 236 379 survivors of COVID-19: a retrospective cohort study
using electronic health records. Lancet Psychiatry. 2021;8(5):416-427.

Chou SH, Beghi E, Helbok R, et al. Global incidence of neurological manifestations
among patients hospitalized with COVID-19-A report for the GCS-NeuroCOVID
Consortium and the ENERGY Consortium. JAMA Netw Open. 2021;4(S5):e2112131.
Cervantes-Arslanian AM, Venkata C, Anand P, et al. Neurologic manifestations of
severe acute respiratory syndrome coronavirus 2 infection in hospitalized patients
during the first year of the COVID-19 pandemic. Crit Care Explor. 2022;4(4):e0686.
Ferrarese C, Silani V, Priori A, et al. An Italian multicenter retrospective-prospective
observational study on neurological manifestations of COVID-19 (NEUROCOVID).
Neurol Sci. 2020;41(6):1355-1359.

World Health Organization. WHO COVID-19 Case Definition, 2020. WHO. Accessed
November 3, 2022. who.int/publications/i/item/WHO-2019-nCoV-Surveillance
Case_Definition-2022.1.

Slooter AJC, Otte WM, Devlin JW, et al. Updated nomenclature of delirium and acute
encephalopathy: statement of ten societies. Intensive Care Med. 2020;46(5):1020-1022.
Pilotto A, Masciocchi S, Volonghi I, et al. Clinical presentation and outcomes of severe
acute respiratory syndrome coronavirus 2-related encephalitis: the ENCOVID Mul-
ticenter Study. J Infect Dis. 2021;223(1):28-37.

Balcom EF, Nath A, Power C. Acute and chronic neurological disorders in COVID-
19: potential mechanisms of disease. Brain. 2021;144(12):3576-3588.

Ellul M, Varatharaj A, Nicholson TR, et al. Defining causality in COVID-19 and
neurological disorders. ] Neurol Neurosurg Psychiatry. 2020;91(8):811-812.

Ellul MA, Benjamin L, Singh B, et al. Neurological associations of COVID-19. Lancet
Neurol. 2020;19(9):767-783.

Istituto Superiore di Sanita. Sorveglianze COVID-19, dati epidemiologici e vaccini report
efficacia. Istituto Superiore di Sanitd. Accessed November 3, 2022. iss.it/en/web/
guest/sorveglianze-covid-19.

Cohen JM, Carter MJ, Ronny Cheung C, Ladhani S; Evelina Paediatric Inflammatory
Multisystem Syndrome Temporally related to SARS-CoV-2 (PIMS-TS) Study
Group. Lower risk of multisystem inflammatory syndrome in children with the Delta
and Omicron variants of severe acute respiratory syndrome coronavirus 2. Clin Infect
Dis. 2023;76(3):e518-e521.

Grundmann A, Wu CH, Hardwick M, et al. Fewer COVID-19 neurological compli-
cations with dexamethasone and remdesivir. Ann Neurol. 2023;93(1):88-102.
Taquet M, Sillett R, Zhu L, et al. Neurological and psychiatric risk trajectories after
SARS-CoV-2 infection: an analysis of 2-year retrospective cohort studies including 1
284 437 patients. Lancet Psychiatry. 2022;9(10):815-827.

Ferrucci R, Dini M, Groppo E, et al. Long-lasting cognitive abnormalities after
COVID-19. Brain Sci. 2021;11(2):235.

Anand A, Cheng M, Ibitoye T, Maclullich AM]J, Vardy ERLC. Positive scores on the 4AT
delirum assessment tool at hospital admission are linked to mortality, length of stay and home
time: two-centre study of 82,770 emergency admissions. Age Ageing. 2022;51(3):afac0S1.
Pezzini A, Grassi M, Silvestrelli G, et al. SARS-CoV-2 infection and acute ischemic
stroke in Lombardy, Italy. J Neurol. 2022;269(1):1-11.

Beretta S, Iannuzzi F, Diamanti S, et al. Neurovascular and infectious disease phe-
notype of acute stroke patients with and without COVID-19. Neurol Sci. 2022;43(8):
4619-462S.

Neurology | Volume 101, Number9 | August 29,2023

€903


https://www.who.int/publications/i/item/WHO-2019-nCoV-Surveillance_Case_Definition-2022.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Surveillance_Case_Definition-2022.1
https://www.iss.it/en/web/guest/sorveglianze-covid-19
https://www.iss.it/en/web/guest/sorveglianze-covid-19
http://links.lww.com/WNL/C964
http://neurology.org/n

Neurology

Incidence and L ong-term Functional Outcome of Neurologic Disordersin Hospitalized
Patients With COVID-19 Infected With Pre-Omicron Variants
Simone Beretta, Viviana Cristillo, Giorgia Camera, et al.
Neurology 2023;101,;e892-e903 Published Online before print July 6, 2023
DOI 10.1212/WNL.0000000000207534

Thisinformation iscurrent as of July 6, 2023

Updated Information & including high resolution figures, can be found at:
Services http://n.neurol ogy.org/content/101/9/e892.full
References This article cites 20 articles, 1 of which you can access for free at:

http://n.neurol ogy.org/content/101/9/e892 ful l#ref-list-1

Subspecialty Collections Thisarticle, along with others on similar topics, appearsin the
following collection(s):
Cohort studies
http://n.neurology.org/cgi/collection/cohort_studies
COVID-19
http://n.neurology.org/cgi/collection/covid_19
Incidence studies
http://n.neurol ogy.org/cgi/collection/incidence_studies
Outcomeresearch
http://n.neurology.org/cgi/collection/outcome_research

Permissions & Licensing Information about reproducing this article in parts (figures,tables) or in
its entirety can be found online at:
http://www.neurol ogy.org/about/about_the_journal#permissions

Reprints Information about ordering reprints can be found online;
http://n.neurol ogy .org/subscribers/advertise

Neurology ® isthe official journa of the American Academy of Neurology. Published continuously since
1951, it isnow aweekly with 48 issues per year. Copyright Copyright © 2023 The Author(s). Published by
Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.. All rights reserved. Print
ISSN: 0028-3878. Online ISSN: 1526-632X.

AMERICAN ACADEMY OF

NEUROLOGY.



http://n.neurology.org/content/101/9/e892.full
http://n.neurology.org/content/101/9/e892.full#ref-list-1
http://n.neurology.org/cgi/collection/cohort_studies
http://n.neurology.org/cgi/collection/covid_19
http://n.neurology.org/cgi/collection/incidence_studies
http://n.neurology.org/cgi/collection/outcome_research
http://www.neurology.org/about/about_the_journal#permissions
http://n.neurology.org/subscribers/advertise

