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The outcome and risk factors
associated with central and
peripheral nervous system
involvement in hospitalized
COVID-19 patients: a
retrospective cohort study
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Faculty of Medicine, University of Medicine and Pharmacy “Carol Davila’, Bucharest, Romania,
2National Institute for Infectious Diseases "Prof. Dr. Matei Bals”, Bucharest, Romania, *Fundeni Clinical
Institute, Bucharest, Romania, “Elias University Emergency Hospital, Bucharest, Romania

Introduction: SARS-CoV-2 infection can affect any organ, including both the
central nervous system (CNS) and peripheral nervous system (PNS). The aim
of this study was to explore the outcome and risk factors associated with the
involvement of either CNS or PNS in a cohort of hospitalized COVID-19 patients.

Methods: We performed a retrospective observational cohort study of
hospitalized adult patients with COVID-19, between May 2020 and December
2022, presenting with new onset neurological disabilities any time after
admission.

Results: We included 115 patients, 72 with CNS manifestations and 43 with
PNS involvement. The CNS manifestations were COVID-19-associated
encephalopathy, headache, neurovascular events, and seizures in 80.5, 43, 31.9,
and 11.1% of patients, respectively. The neurovascular events were ischemic
stroke in 17 (23.6%) patients, hemorrhagic stroke in 6 (8.3%) patients, venous
thrombosis in 1 (1.4%) patient, and subarachnoid hemorrhage in 1 (1.4%) patient.
Cranial nerve involvement was the most frequent PNS manifestation in 34
(79%) cases, followed by mononeuritis in 5 (11.6%) patients and polyneuropathy
in 4 (9.3%) patients. The affected cranial nerves were the vestibulocochlear
nerve in 26 (60.5%) patients, the olfactory nerve in 24 (55.8%) patients, the
oculomotor nerves in 5 (11.6%) patients, and the facial nerve in 1 (2.3%) patient.
Two patients (9.3%) presented with polyneuritis cranialis. Older age (HR =1.02,
95% ClI: 1.003-1.037, p=0.01), COVID severity (HR=2.53, 95% Cl: 1.42-4.5,
p =0.002), ischemic cardiac disease (HR =2.42, 95% Cl: 1.05-5.6, p = 0.03), and
increased D-dimers (HR =1.00, 95% CI: 1.00-1.00, p = 0.02) were independently
associated with the development of CNS manifestations. The factors associated
with in-hospital mortality were age (HR =1.059, 95% Cl: 1.024-1.096, p = 0.001),
C-reactive protein (HR =1.006, 95% CI: 1.00-1.011, p =0.03), CNS involvement
(HR =9.155, 95% Cl: 1.185-70.74, p = 0.03), and leucocyte number (HR =1.053,
95% Cl: 1.026-1.081, p<0.001).

Conclusion: COVID-19-associated encephalopathy was the most common
CNS manifestation in our study, but neurovascular events are also important
considering the overlap between inflammatory and prothrombotic pathways,
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especially in severe cases. CNS involvement was associated with in-hospital all-
cause mortality. PNS findings were various, involving mostly the cranial nerves,
especially the vestibulocochlear nerve.

KEYWORDS

COVID-19, SARS-CoV-2, peripheral nervous system, risk factors, analysis, central
nervous system, outcome

1 Introduction

COVID-19 is a complex respiratory and systemic disease, with
a variable range of severity. Both respiratory and non-pulmonary
complications can occur as SARS-CoV-2 has a broad tissue tropism.
Neuropilin-1 (NRP-1) facilitates its entry into the central nervous
system (CNS) through the olfactory epithelium of the nasal cavity
(1). Neurological deficits are one of the most difficult to prevent and
manage complications, and they usually occur in severe forms of
disease (2, 3). They can range from mild symptoms (anosmia,
etc.)
encephalopathy, stroke, cerebral venous thrombosis, seizures, and

dysgeusia, to more severe complications, such as
Guillain-Barre syndrome (GBS), influencing the general outcome
of the patients (3-5). The pathophysiology behind these
complications, as well as the associated risk factors and optimal
management, is still a subject of research in the medical
community (6).

However, some studies reported only on the prevalence of the
neurological manifestations in COVID-19 (7), included patients with
preexisting neurological conditions (8), or reported only on the
outcome of patients with COVID-19 and some of the most common
neurological manifestations (7, 9). Therefore, reports on risk factors
associated with either peripheral nervous system (PNS) or CNS
manifestations in COVID-19 are limited.

The aim of this study was to describe new onset CNS and PNS
involvement during COVID-19 in patients requiring hospitalization
and to explore the risk factors associated with either CNS or PNS
disabilities. In addition, we analyzed the outcomes of these patients to
identify patient characteristics associated with unfavorable outcomes.

2 Materials and methods
2.1 Study design and participants

We performed a retrospective observational cohort study that
included hospitalized patients with COVID-19, between May 2020
and December 2022. We included adult patients (over 18 years old)
who developed new-onset neurological symptoms during
hospitalization. Only patients with confirmed SARS-CoV-2
infection who had a clinical examination performed by a
neurologist were assessed for eligibility. They were selected from
the specific medical records with a neurological examination,
performed when clinically indicated. All patients were examined
by the same local neurologist established to care exclusively for
COVID-19 patients in our infectious disease tertiary facility.
We excluded patients with preexistent neurological chronic
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diseases, such as neurocognitive impairment, chronic migraine,
epilepsy, and neuroinflammatory disorders. The flowchart of the
study is presented in Figure 1. This study was approved by the
Local Bioethics Committee.

2.2 Data collection

We reviewed electronic and physical medical records of the
patients, which included demographic data (age and gender), clinical
data on comorbidities (high blood pressure, atrial fibrillation, ischemic
heart disease, stroke history, atherosclerosis, diabetes mellitus, obesity,
and chronic kidney disease), lifestyle, severity of COVID-19 and
respiratory parameters, laboratory data (complete blood count,
C-reactive protein—CRP, ferritin, creatinine, urea, liver enzymes,
erythrocyte sedimentation rate, D-dimers, fibrinogen, lactate
dehydrogenase—LDH, sodium, potassium, glycemia, and other
metabolic parameters), and pulmonary and brain imaging data (head
CT scan and/or MRI scan). No follow-up data post-hospitalization
were available.

2.3 Definitions

Neurological data were extracted from the specific clinical
examinations and diagnosis made by the neurologist, and it was
categorized into CNS involvement (encephalopathy, headache,
neurovascular events, and seizures) and PNS findings (cranial nerve
involvement, polyneuropathies, and mononeuritis). COVID-19-
associated encephalopathy was defined as new onset neurocognitive
decline and/or state of consciousness alteration when no other
causes were identified, especially related to hypoxemia, iatrogenic,
common metabolic causes, or intensive care unit admission (ICU)-
related; this entity is considered to be caused by cytokine-immune-
mediated inflammation (10). Unusual new headache phenotypes
associated with COVID-19 were considered CNS involvement, as
described by other studies, and not related to fever, hypoxemia, or
other common causes at the moment of the clinical examination
(11, 12). We defined the severity of SARS-CoV-2 as mild (normal
oxygenation and no pulmonary lesions), medium (pneumonia on
chest CT), or severe (based on at least one of the following
additional criteria: peripheral oxygen saturation <93% in ambient
air, respiratory rate > 30/min, arterial oxygenation partial pressure
to fractional inspired oxygen ratio < 300, or lung infiltrates >50% of
lung parenchyma), using the World Health Organization COVID-19
severity classification criteria as they are usually referred to in
research (13).

frontiersin.org


https://doi.org/10.3389/fneur.2023.1338593
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Hanganu et al. 10.3389/fneur.2023.1338593

COVID-19 cases assessed for eligibility (n = 1440)

Not meeting the inclusion criteria

(n=1008)

» No specific new neurological
pathology after examination
(n=1008)

v

Identification

COVID-19 cases examined for eligibility (n = 432)

Pre-existent neurological pathologies (n = 317)
¢ Neurocognitive impairment (n = 190)
¢ Chronic migraine (n = 40)
o Epilepsy (n = 45)
¢ Neuroinflammatory diseases (n = 42)

Exclusions —>

Inclusion

COVID-19 cases included (n = 115)

Analysis

v

\4

CNS involvement
(n=72)

PNS involvement
(n=43)

FIGURE 1
Flowchart of the study: recruitments, inclusions, and exclusions.

2.4 Statistical analysis

Descriptive data were expressed as frequencies (%) for categorical
data, means * standard deviation (SD) for continuous variables with
normal distribution, and median (range) for continuous variables
without normal distribution. Normal distribution was checked using
the Shapiro-Wilk test. Continuous variables were compared using the
Mann-Whitney U-test for data that significantly deviated from a
normal distribution. A paired-sample ¢-test was used for normally
distributed continuous variables. Categorical variables were compared
among groups using the chi-square test (or Fishers exact test
if needed).

Cox proportional hazard (PH) regression was used to study the
independent value of different variables regarding two outcomes
during hospitalization: (1) factors associated with the development of
CNS/PNS manifestations and (2) unfavorable outcomes (deceased
patients). A stepwise (forward likelihood ratio) method was used for
variable selection in the final model. The factors were retained in the
model if p<0.05 and excluded if p>0.1. The results were expressed as
hazard ratio (HR) with a 95% confidence interval (95% CI). All the
confounding variables introduced in the regression will be available
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as Supplementary material for each model depending on the studied
outcome. All tests were two-tailed and were considered significant if
p <0.05. The rationale for introducing these variables in the model was
based on the basic inference analysis but also on clinical judgment and
the results reported in the literature (factors independently associated
with the studied outcome). For the present study, statistical analysis
was performed using Statistical Package for Social Sciences (SPSS
version 28, IBM Corp., Armonk, NY, United States).

3 Results

3.1 Baseline characteristics of patients with
COVID-19 and neurological symptoms

During the studied period, from all hospitalized patients, 1,440
were examined for eligibility, based on a specific clinical examination
made by the neurologist. Of these, we included 115 patients, 72 with
CNS manifestations and 43 with PNS involvement. The cohort was
composed of 55 (47.8%) men. The mean age for the whole group was
61.7 £ 15.46 years. The median time for neurological symptoms since
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COVID-19 diagnosis was 9 (0-129) days, and the median
hospitalization duration was 20 (2-139) days. Sixty-two (53.9%)
patients had severe COVID-19. In terms of cardiovascular risk factors,
66 (57.4%) patients had high blood pressure, 40 (34.8%) patients had
diabetes mellitus, 18 (15.7%) patients had atrial fibrillation, 11 (9.6%)
patients had ischemic heart disease, 25 (21.7%) patients had
atherosclerosis, 33 (28.7) patients had obesity, 7 (6%) patients had
chronic kidney disease, 4 (3.5%) patients had patients were smokers,
and 1 (0.8%) patient suffered from unhealthy alcohol use.
Inflammatory markers such as CRP, ferritin, and fibrinogen had
means (+SD) of 78.7 (+82.7), 749.5 (+574.7), and 491.1 (+189.2),
respectively. Mean values for D-dimers, INR, and LDH were 816.3
(+2,825), 1.17 (£0.04), and 452.55 (+£330.8), respectively.

In Table 1, the comparative demographics and characteristics of
patients with CNS and PNS involvement are summarized. Compared
to patients who presented with PNS manifestations, patients who had
CNS involvement were older, predominantly males, had more
immunosuppressive conditions such as diabetes mellitus and chronic
kidney disease, and had severe forms of SARS-CoV-2 infection. The
onset of CNS neurological symptoms was more likely to develop later
in the course of the COVID-19 vs. PNS manifestations.

3.2 CNS and PNS manifestations associated
with COVID-19

The main neurological manifestations in COVID-19 patients are
summarized in Table 2. Among CNS manifestations, the most
common was COVID-19-associated encephalopathy. We also found
neurovascular events represented by ischemic stroke in a quarter of
patients followed by hemorrhagic stroke, while venous thrombosis
and subarachnoid hemorrhage were diagnosed in very few patients.
Of these, one patient had both ischemic stroke and subarachnoid
hemorrhage, and one patient had an ischemic stroke with hemorrhagic
transformation. The patient with ischemic stroke and subarachnoid
hemorrhage was the youngest patient with neurovascular involvement
(33 years old) and had no prior vascular risk factors.

Cranial nerve involvement was the most frequent PNS
manifestation in 79% of cases, followed by mononeuritis (11.6%) and
polyneuropathy (9.3%). The most affected nerve was the
vestibulocochlear nerve (60.5%), followed by the olfactory nerve
(55.8%), the oculomotor nerves (11.6%), and the facial nerve (2.3%).
Two patients (9.3%) presented with polyneuritis cranialis.

3.3 Factors independently associated with
CNS and/or PNS manifestations

After a stepwise Cox PH regression, the following variables were
identified to be independently associated with the development of
CNS manifestations during hospitalization: older age (HR=1.02, 95%
CI: 1.003-1.037, p=0.01), COVID severity (HR=2.53, 95% CI: 1.42-
4.5, p=0.002), ischemic cardiac disease (HR=2.42, 95% CI: 1.05-5.6,
p=0.03), and increased D-dimers (HR=1.00, 95% CI: 1.00-1.00,
p=0.02). The results are reported in Table 3. The full regression model
is available as Supplementary material. The only variable excluded
from the analysis was the ferritin value, given that for this variable, a
high proportion of data was missing. No handling was necessary
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regarding missing data, given that this is not a large cohort and the
D-dimer value was the only variable with 7% missing data.

3.4 In-hospital mortality of patients with
CNS and PNS manifestations associated
with COVID-19

Median duration of hospitalization was 25.5 (2-115) days for
patients with CNS involvement and 15 (3-139) days for patients with
PNS involvement (p=0.5). Among patients with neurological
manifestations, older age was an independent risk factor for
in-hospital mortality during hospitalization (HR 1.02, CI 95% 1-1.03,
p=0.02) and CNS involvement (HR 9.15, CI 1.18-70.73, p=0.03),
together with higher CRP (HR 1, 95% CI 1-1.01, p=0.03) and higher
white blood count (HR=1.05, 95% CI 1.02-1.08, p<0.001).

Stepwise Cox PH regression was used to evaluate the factors
independently associated with death during hospitalization. In this
regard, age (HR=1.059, 95% CI: 1.024-1.096, p=0.001), CRP
(HR=1.006, 95% CIL: 1.00-1.011, p=0.03), CNS involvement
(HR=9.155, 95% CI: 1.185-70.74, p=0.03), and white blood count
(HR=1.053,95% CI: 1.026-1.081, p <0.001) were selected in the final
model (Table 4). The factors excluded from analysis during stepwise
selection are available as Supplementary material.

4 Discussion

To the best of our knowledge, this is the first study to date to make
a direct comparison between factors that influence either CNS or PNS
manifestations in hospitalized patients with COVID-19 and associated
neurological involvement. There are studies in the literature that
emphasize the fact that CNS involvement appears in older patients
with more severe forms of disease, who have worse outcomes (14, 15).
In our study, we demonstrate that older age together with severe forms
of COVID-19 is an independent risk factor for developing CNS
involvement in hospitalized patients. High D-dimers are also an
independent risk factor for CNS manifestations as they are a direct
measurement of the COVID-19-associated coagulopathy linked to the
severe forms of disease and hyperinflammation, hypoxia-related
mechanisms, and thrombi formation (16, 17). The association between
high D-dimer titer and poor outcomes in severe COVID-19 has been
postulated before (18), but in our study, we did not find this
association. We found that ischemic heart disease history is another
independent risk factor for CNS involvement in COVID-19 patients,
as it reflects on a preexistent vascular pathology, probably augmenting
the risk of hypoxia and coagulopathy, leading to encephalopathy,
stroke, and seizures. Patients with preexisting ischemic heart disease
are more likely to have severe COVID-19 disease (19). In the present
study, severe COVID-19 disease was mostly seen in patients with CNS
manifestations, which gives valuable insight as endothelial stabilization
therapy might be taken into consideration for patients who are at
risk (20).

The most common CNS manifestation in our study was COVID-
19-associated encephalopathy in 80.5% of patients. It manifests as an
alteration of consciousness and/or acute neurocognitive disorder. In
our cohort, 48.6% of patients had alteration of consciousness ranging
from somnolence to profound coma. All patients underwent at least a
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TABLE 1 Clinical and laboratory data of patients with CNS and PNS involvement associated with COVID-19.

10.3389/fneur.2023.1338593

CNS involvement PNS involvement p
n=72 n =43 OR (95 Cl)
Male, 7 (%) 40 (55.6) 14 (32.6) 0.02
2.6 (1.2-5.7)
Age, median (range) 68 (32-92) 56 (25-88) <0.001
10.75 (5.2-16.3)
Time to neurological symptoms (days), median (range) 11 (0-67) 5(0-129) 0.3
3(-3.8-9.9)
Severe COVID, n (%) 46 (63.9) 16 (37.2) 0.007
0.3 (0.1-0.7)
Hospitalization duration (days), median (range) 25.5(2-115) 15 (3-139) 0.5
5.2 (-7.1-13.5)
CVD risk factors, High blood pressure 46 (63.9) 20 (46.5) 0.08
n (%) 0.5(0.2-1.1)
Diabetes mellitus 32 (44.4) 8 (18.6) 0.005
0.3 (0.1-0.7)
Atrial fibrillation 14 (19.4) 4(9.3) 0.1
0.4 (0.1-1.4)
Ischemic cardiac disease 8(11.1) 3(7.0) 0.5
0.6 (0.1-2.4)
Stroke history 6(8.3) 4(9.3) 0.5
1.1(0.3-4.2)
Atherosclerosis 17 (23.6) 8(18.6) 0.6
0.7 (0.3-1.9)
Obesity 22 (30.6) 11 (25.6) 0.6
0.8 (0.3-1.8)
Chronic kidney disease 7(9.7) 0(0) 0.04
0.6 (0.5-0.7)
Smoker 3(4.2) 1(2.3) 1
0.5 (0.05-5.4)
Alcohol consumption 1(1.4) 0(0) 1
0.6 (0.5-0.7)
Laboratory data CRP (mg/dl) 95+88 51£65 0.005
(median (n=114) 44.5 (13.7-75.4)
+SD) Ferritin (ng/ml) 814546 633612 0.1
(n=92) 185.5 (-59.4-430.4)
Fibrinogen (mg/dl) 526+ 190 430+174 0.009
(n=113) 96.3 (24.8-167.6)
D-dimers (ng/ml) 1,051+£3,511 406 +502 0.2
(n=107) 645.5 (-478.1-1769)
INR 12+0.4 1.09+0.1 0.1
(n=114) 0.1 (-0.03-0.2)
LDH (units/L) 480+335 406+322 0.2
(n=111) 74.3 (-54.5-203)
Deceased, 1 (%) 23 (31.9) 1(4.2) <0.001

0.05 (0.007-0.4)

brain CT scan, showing no specific modifications. Some patients were
also investigated by brain MRI, but only one patient presented specific
brain MRI modifications consistent with hypoxic encephalopathy that
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is hard to attribute to COVID-19 given that he underwent a prior
resuscitated cardiac arrest. These data are consistent with

histopathological findings reported by another study in which brain
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TABLE 2 CNS and PNS manifestations associated with COVID-19.

CNS, n (%)

(n=72)

At least one CNS manifestation, 72 (62.6)
COVID-19-associated encephalopathy, 58 (80.5)
COVID-19-associated headache, 31 (43)

At least one neurovascular event, 23 (31.9)

m Ischemic, 17 (23.6)

m Hemorrhagic, 6 (8.3)

m Venous thrombosis, 1 (1.4)

m Subarachnoid hemorrhage, 1 (1.4)
Seizures, 8 (11.1)

10.3389/fneur.2023.1338593

PNS, n (%)
(n=43)

Cranial nerves, 34 (79)

m Olfactory nerve, 24 (55.8)

m Oculomotor nerves, 5 (11.6)

m Facial nerve, 1 (2.3)

m Vestibulocochlear nerve, 26 (60.5)
m Polyneuritis cranialis, 2 (4.7)
Mononeuritis, 5 (11.6)

Polyneuropathy, 4 (9.3)

TABLE 3 Final Cox PH model with the factors independently associated with CNS and/or PNS manifestations.

Variables 95,0% ClI for Exp(B)
Lower Upper
Age at onset ,020 ,008 5,576 1 01 1,020 1,003 1,037
‘ COVID severity 1929 ,294 9,988 1 ,002 2,532 1,423 4,505
Ischemic cardiac 886 A27 4,305 1 ,03 2,426 1,050 5,602
disease
‘ D-dimers ,000 ,000 5,410 1 02 1,000 1,000 1,000

TABLE 4 Final Cox stepwise PH regression for the risk of death of patients with COVID-19 and neurological manifestations.

Variables Exp(B) 95,0% ClI for Exp(B)
Lower Upper
‘ Age 1058 017 11,065 1 ,001 1,059 1,024 1,096
‘ CRP ,006 ,003 4,592 1 ,032 1,006 1,000 1,011
CNS vs. PNS 2,214 1,043 4,506 1 ,034 9,155 1,185 70,738
involvement
‘ White blood count 1052 013 14,864 1 ,000 1,053 1,026 1,081

specimens are obtained from deceased patients with COVID-19, who
presented an alteration of consciousness with unremarkable CT brain
scans. There were also no signs of encephalitis or other changes that
could be related to the virus, except the ones consistent with hypoxic
lesions (21). Neural damage in the lower brainstem might result in
consciousness  alteration, insomnia, and cardiorespiratory
dysregulation, together with CNS signs. The involvement of the
brainstem is not limited to COVID-19, as many infectious and
inflammatory disorders share the same pattern (22). Two of our
patients underwent lumbar puncture, but the result was unremarkable
and there was no evidence of the SARS-CoV-2 RNA in the
cerebrospinal fluid. Although there are literature reports of SARS-
CoV-2 RNA in the cerebrospinal fluid, encephalitis is a rare cause of
mental status alteration in COVID-19 patients, alteration of
consciousness being most probably a consequence of encephalopathy
(23, 24). Similar to our result, encephalopathy was reported as the
most common neurological manifestation in many reports (14, 15,
25). Although less frequent than alteration of consciousness,
neurocognitive disorders were a common CNS manifestation in our

cohort, ranging from mild confusion to delirium and psychosis, and
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31.9% of our CNS patients experienced this type of symptom. The
postulated mechanism of these symptoms is similar to the one
involved in the alteration of consciousness, but there are other factors
that must be considered, such as a longer stay in an intensive care unit
and prolonged administration of corticosteroids (21-24, 26).

A significant percentage (43%) of our patients presented with
headaches at some point in their disease, most of them at the onset. It
was most commonly described as continuous, moderately to severely
intense bifrontal or bicipital pressure. One patient with no prior
headache history presented with cluster-type headache. Similar to our
results, most patients with COVID-19 reported tension-type or
migraine-like headaches in the acute phase (27). In a meta-analysis,
headache was mostly associated with non-hospitalized patients as it
might be a less bothersome symptom compared to dyspnea or fever,
as well as some hospitalized patients might not report it (27, 28).
Furthermore, headache is also one of the common neurological
manifestations associated with COVID-19. Headache reports
increased during the COVID-19 pandemic, being reported in some
prospective and retrospective studies in proportions ranging from 3.7
to 43% (15) The underlying mechanism for headache in COVID-19
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is not fully elucidated, but there are several theories. The most
commonly accepted theories postulate the direct viral invasion of the
trigeminal nerve endings, hypoxemia, dehydration, endothelial
dysfunction due to inflammatory process, and coagulopathies (16,
27,28).

Acute ischemic stroke was the most common neurovascular event
in our cohort, similar to other reports in the literature (29). Patients
with concomitant stroke and COVID-19 were older and presented
with more severe forms of infection. Nevertheless, they were younger
and less likely to suffer from hypertension compared to patients with
stroke in the absence of SARS-CoV-2 infection (30). Similar to data
reported in the literature, in our cohort, hemorrhagic strokes were less
frequent than acute ischemic stroke (29). Cerebral vein thrombosis
was less frequently found as we identified it in one female patient with
no previous known coagulopathy. In a study conducted by Jain et al.,
acute stroke was the most common COVID-19 neuroimaging finding
and also a strong prognostic marker of poor outcome (31).
Furthermore, SARS-CoV-2 infection is an independent risk factor for
ischemic stroke according to Belani et al. (32). The mechanisms for
neurovascular events remain incompletely identified, but a
hypercoagulability state (high D-dimers, fibrinogen, and lupus
anticoagulant), together with endothelial inflammation, is the basis
for arterial and venous thrombosis associated with COVID-19 (20, 29,
30, 33).

De novo epileptic seizures are a less common CNS manifestation.
In our cohort, we identified eight patients with seizures: six of them
with motor focal seizures without generalization, one with
generalized seizures, and one with reflex seizures. No underlying
lesions were identified in brain imaging. Taquet et al. identified that
COVID-19 was associated with a higher risk of epileptic seizures
when compared with matched patients with influenza over a
6-month period from the infection (34). However, in a Swedish
study performed by Westman et al., no increased risk of epilepsy
was found, indicating that comorbidities may be partly responsible
for the increased risk of seizures observed in COVID-19 patients,
acting as confounding factors (35). The mechanism is not fully
understood as it may be due to blood-brain barrier alterations
secondary to inflammation that can lead to an increase in excitatory
neurotransmitters, as well as jon imbalance, hypoxia, or
hypoglycemia (36-38).

PNS manifestations were comprised mainly of cranial nerve
involvement. All cranial nerves are susceptible, but the most
affected one in our cohort was the vestibulocochlear nerve, with
most patients complaining of vertigo and dizziness. Cranial nerve
involvement proved to be the main peripheral nervous system
manifestation also according to a systematic review of the literature
(39). Anosmia was another common complaint, in 55.8% of
patients. Oculomotor disturbances were found in five patients as
they are a rare occurrence. In a case report and mini-review
performed by Tan et al., oculomotor palsies were associated with
mild COVID-19 forms and had rapid and complete recoveries (40).
One patient presented with peripheral nerve palsy that remitted
soon after antiviral and glucocorticoid treatment, during
hospitalization, and two patients presented with polyneuritis
cranialis, one of them died during hospitalization because of
COVID-19 complications and the other one was discharged with
sequelae. In a systematic review, the most commonly affected
nerves were the facial and abducens nerves (41). The mechanism of
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PNS involvement continues to be a subject of debate as there are
theories in favor of direct viral invasion, but inflammation also
plays an important role (5, 42). Mononeuritis was identified in five
patients admitted to the intensive care unit, either brachial or
peroneal mononeuritis. There are a few reports in the literature, and
they are attributed to vasculitis-like mechanisms of the vasa
nervorum (43). Four patients had polyneuropathy, but because of
logistic limitations during the pandemic, we were not able to assess
between Guillain-Barre syndrome and other types of neuropathies,
such as critical illness polyneuropathy.

Survival analysis used to evaluate the factors that are
independently linked to in-hospital mortality of COVID-19
patients identified older age as a clinical marker for a poor outcome
prognostic. This is valid for all COVID-19 patients, regardless of the
type of neurological involvement (2). In addition, high CRP is an
independent risk factor for death in patients with SARS-CoV-2
infection and associated neurological involvement. The excessive
inflammation in response to the novel coronavirus is an important
hallmark of the disease severity as many signs and symptoms,
including neurological ones, are attributed to it (2, 15, 20)(1-3). In
a systematic review performed by Silva et al., CRP together with
other inflammation markers was inversely associated with
neurological disease but still associated with disease severity and
poor outcome (44). CRP proved to be a useful early marker to
predict the risk of severe disease and death as it is closely linked to
cytokine production and tissue destruction in COVID-19 patients
(45, 46). Another marker that was identified as an independent risk
factor for poor outcomes was the high white blood count. The
cytokine storm exhibited a strong correlation to the white blood
count (44). Furthermore, the increase in white blood count and,
especially in neutrophils, correlates with disease severity and
mortality in patients without proven neurological involvement (47).

Although associated with older age and severe COVID-19,
involvement of the CNS is an independent risk factor for death in
itself. Mao et al. observed that patients with severe illness were
more likely to have CNS symptoms (3). CNS manifestations are a
poor prognostic outcome, but in COVID-19, because of
coagulopathy and hypoxia, patients are more prone to neurovascular
involvement and encephalopathy (17, 20, 27). Because of endothelial
dysfunction and associated inflammatory mechanisms,
thrombectomy is more challenging and the outcome could
be unfavorable (30).

Our study has several limitations. First, this is retrospective
research, and not all patients who were hospitalized during this period
received a complete neurological examination during their hospital
stay. Therefore, the CNS and PNS involvement in SARS-CoV-2
infection could have been an underdiagnosed condition as some
patients had no neurological evaluation. The lack of follow-up data
after the hospitalization is another limitation as information regarding
the medium- and long-term evolution of patients with neurological
manifestations in COVID-19 could be valuable. The lack of data on
brain imaging, electrophysiological studies, and CSF changes due to
the difficulty of performing these investigations in patients with
neurological deficits is another limitation of this study. In addition,
we only included patients with clinical neurological manifestations, so
patients with subclinical neurological involvement were overlooked.

However, in spite of the limitations, some practical messages
could arise as a result of this study. Clinicians should consider the
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higher risk of neurological complications in patients with severe
COVID-19, high D-dimers, and preexisting cardiovascular risk
factors to optimize the overall management of these cases.
Furthermore, patients with severe disease, associated high
inflammation, and CNS involvement have a worse prognosis, and
further
are needed.

studies addressing optimal therapeutic strategies

5 Conclusion

CNS manifestations are more frequent than the involvement of
PNS in hospitalized patients with SARS-CoV-2 infection, and they are
independently associated with older age, disease severity, ischemic
heart disease, and increased D-dimers. COVID-19-associated
encephalopathy was the most common CNS manifestation in our
study, but neurovascular events are also important considering the
overlap between inflammatory and prothrombotic pathways,
especially in severe cases. PNS findings were various, involving mostly
the cranial nerves, especially the vestibulocochlear nerve. Among
hospitalized patients with COVID-19 older age, CNS involvement and
increased level of inflammatory markers were independent risk factors
for the in-hospital mortality.
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