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Foreword

At the beginning of the pandemic, in the middle of the night, I received a message 
from Marco asking for my opinion on a clinical case of COVID-19. He was excited 
because the patient’s conditions rapidly improved after he received one dose of 
tocilizumab. As an immunologist, I understood that the pathophysiology of the dis-
ease was largely attributable to the cytokine storm and this evidence could be 
exploited for therapeutic purposes. In other words, what we learned over the years 
in immuno-oncology could be translated to the treatment of COVID-19, particularly 
the host inflammatory response phase of the disease. In this critical situation, it was 
evident that not only the lung, but all the organs were affected by the hyperinflam-
mation with subsequent damage. In this context, the acute and long-lasting neuro-
logical manifestations of COVID-19 configure a chapter of paramount importance.

The authors have comprehensively addressed all the problems related to neuro- 
COVID, from the neuropathogenesis of SARS-CoV-2 infection, to the acute clinical 
pictures, and diagnostic approaches, to the post-acute neurological, psychiatric, and 
neurocognitive issue. The result is a book that is enjoyable to read and full of infor-
mation. I appreciated, for example, the authors’ choice to summarize the therapeutic 
suggestions into highlights. This strategy facilitates rapid consultation by those who 
may have difficulty navigating into the plethora of scientific literature on the subject 
and search for rapid practical suggestions. The efforts of the authors will certainly 
be rewarded, and I am sure that both experienced readers and those who intend to 
deepen their knowledge in the field will appreciate this book.

 Paolo A. Ascierto
Unit of Melanoma, Cancer Immunotherapy  

and Development Therapeutics
Istituto Nazionale Tumori IRCCS Fondazione G. Pascale

Naples
Italy
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Preface

Similar to other epidemic-induced coronaviruses, the SARS-CoV-2 seems to be 
neuroinvasive, neurotropic, and neurovirulent. A Chinese study published in the 
first weeks after the onset of the pandemic reported neurological symptoms were 
present in 36% of COVID-19 patients. Subsequently, thanks to the growing number 
of data reported in the literature, clinicians and researchers deduced that the neuro-
logical manifestations could represent a separate chapter of the disease. The term 
“neuro-COVID” was coined. Nevertheless, further data must be produced to char-
acterize its profile and obtain a precise taxonomy. In the meantime, we realize that 
neuro-COVID is an umbrella that collects disparate clinical manifestations. In this 
set, neurological effects, psychological/psychiatric aspects, and neurocognitive 
phenomena are included. The pathophysiology of these processes is very complex. 
Besides a potential direct viral damage, other mechanisms, such as immune- 
mediated reactions, hypoxia, effects of multiorgan dysfunction, could be involved. 
Furthermore, the consequences of long-term intensive care treatment, such as psy-
chological sequelae derived from isolation in critically ill patients, should not be 
underestimated. These arguments also concern non-hospitalized patients who have 
been subjected to a high burden of psychological distress.

In neuro-COVID, a logical distinction concerns the acute forms from those that 
occur at a distance (Fig. 1). Although for narrative aims this approach is valid, it has 
many limitations. Most of the clinical pictures recognize pathophysiology that 
determines a trigger in the acute phase and that can clinically manifest itself within 
the acute manifestations of the disease, or at a distance. Therefore, there is an over-
lapping and difficulties in temporally placing most phenomena often arise. For 
example, changes in taste and smell, pain, headache, and dizziness may begin when 
COVID-19 explodes and persist as respiratory symptoms resolve. Nevertheless, the 
same clinical manifestations can occur after a free interval. Since several diagnostic 
and therapeutic aspects must necessarily be kept separate, in this book the distinc-
tion between acute and chronic forms is maintained.

Another issue concerns the correlation between the clinical expressions of neuro- 
COVID and the features of the underlying pathology. Myalgia, joint pain, sore 
throat, abdominal pain, chest pain, and headache usually accompany respiratory 
symptoms but they can also occur as isolated clinical findings, or can be expressed 
regardless of the severity of COVID-19. Research on pathophysiology will clarify 
this and other doubts. The angiotensin-converting enzyme 2/renin–angiotensin 
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system pathway and the direct virus-induced damage, the exuberant immune- 
mediated inflammation, and disease-related factors represent a thriving field of 
research that borders on the fields of neurology and embraces multiple disciplines.

The diagnostic phase plays a very important role. Given that the different expres-
sions of neuro-COVID can have a deleterious impact on the patient’s prognosis, a 
high index of clinical suspicion for neurological complications is mandatory. Thus, 
every effort should be done to reach a definitive diagnosis. In this contest, besides a 
complete clinical evaluation, it is often necessary to utilize a battery of neuroimaging, 
laboratory, and electrodiagnostic tests. Nevertheless, organizing diagnostic pathways 
can be very difficult. For example, in the case of in-hospital patients, some diagnostic 
procedures, such as neuroimaging techniques or electrophysiological tests, could be a 
challenge due to the increased risk of virus transmission to other patients and staff.

A chapter of enormous interest in COVID-19 concerns the post-acute effects of 
the disease. The implications, in fact, are manifold and range from the need to accu-
rately and urgently characterize the spectrum of clinical conditions that are involved, 
to the healthcare needs, and obviously to the health costs associated with them. An 
amount of scientific evidence is showing that COVID-19 is not only a pathology 
that affects the physical health of those who contracted it, but it can induce a series 
of non-negligible psychological consequences. Some symptoms related to the con-
tracted infection such as fatigue, weakness, and pain rarely disappear immediately 
once the critical phase of the disease is overcome but also occur in the periods fol-
lowing COVID-19, impacting the quality of life of patients who have contracted the 
SARS-CoV-2 infection. In particular, symptoms such as fear, mood changes, states 
of anxiety, depression, sleep disorders, and insomnia can occur alone or in combina-
tion by structuring a variety of psychological syndromes. In the context of long- 
COVID, risk factors should be carefully addressed. It seems, for instance, that 
middle-aged women are more prone to develop debilitating long-term symptoms.

The therapy of many clinical forms of neuro-COVID is often addressed by the 
individual specialist according to the type of symptom, or clinical manifestation, 
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who follows the rules of good clinical practice. Very often, however, this approach 
is not enough and a multidisciplinary, or preferably interdisciplinary, strategy is 
desirable. It is a further challenge that launches the disease. It seems appropriate to 
create synergies between medical and non-medical branches that are apparently 
distant and to intensify efforts in the field of translational medicine.

Since research on SARS-CoV-2 and COVID-19 is advancing at unprecedented 
speed, much data reported in this book on the pathophysiology, clinic, diagnosis, 
and therapy will soon become obsolete. However, another lesson this pandemic has 
taught us is to speed up the timing of science disclosure. It provides the implementa-
tion of translational research and building of research programs starting from syn-
thetic, but exhaustive, pathways, on specific topics. It is the real purpose of this 
manuscript. To write it, we raced against time for providing an agile and useful book 
to be consulted by clinicians, researchers, and even non-expert readers.

Napoli, Italy Marco Cascella  
Napoli, Italy  Elvio De Blasio   

Preface
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1Pathophysiology of COVID-19- 
Associated Neurotoxicity

1.1  Introduction

The clinical spectrum of COVID-19 (coronavirus induced disease 2019), the pan-
demic caused by the severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV- 2), varies from paucisymptomatic forms to clinical conditions ranging from 
different degrees of respiratory insufficiency to multiorgan/systemic manifestations 
such as sepsis, septic shock, until multiorgan failure.

Similar to SARS-CoV which is another member of the family Coronaviridae 
and responsible for the severe acute respiratory syndrome (SARS) outbreak, from 
2002 to 2003, SARS-CoV-2 can spread through active pharyngeal viral shedding. In 
turn, extrapulmonary manifestations of COVID-19 are encompassed among the 
clinical features of the disease. Nevertheless, a key aspect of the COVID-19 patho-
physiology is understanding whether this extrapulmonary involvement is produced 
by damage from viral spreading (direct damage). Moreover, it should be advisable 
to distinguish alterations produced by an aberrant inflammatory response to the 
viral attack (indirect damage) from organ damage that is the expression of advanced 
disease with multiorgan dysfunction or failure. The latter picture has complex 
pathophysiology including invasive therapies, drugs, severe hypoxia, and 
other causes.

Regardless of the precise underlying pathogenic mechanisms, it is remarkable 
that in COVID-19 several extrapulmonary manifestations frequently occur [1]. 
Evidence suggests that hematologic [2], cardiovascular [3], renal [4], gastrointesti-
nal, hepatobiliary, and pancreatic [5] systems, and other organs [6–8] can be affected 
by the disease.

Within the context of the COVID-19-related extrapulmonary manifestations, the 
neurologic aspects of the disease represent a special chapter [9, 10]. The term 
“neuro-COVID” is useful for encompassing these neurological manifestations. 
Notably, neurological issues were also described in other coronavirus-induced dis-
eases including the SARS and the Middle East respiratory syndrome (MERS), in 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-86705-8_1&domain=pdf
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2012 [11]. It was demonstrated, for instance, that SARS-CoV can provoke a wide 
range of lesions to the neurons, such as demyelination, and glial cells, mostly 
expressed as glial hyperplasia; these lesions were localized in several brain areas 
[12]. Previously, in 1993, and thus before the emergence of SARS and MERS, some 
authors conducted in vitro and in vivo experiments for evaluating the neurotoxicity 
of the human coronavirus HCV-229E on oligodendrocytes [13]. Later, it was also 
proved that primary cultures of human neural cells, adult astrocytes, and adult 
microglia can be infected by coronaviruses [14]. Interestingly, the awareness that 
many coronaviruses, not just human coronaviruses (HCoVs), can infect the central 
nervous system (CNS) of animals has long been known. In 1962, Greig et al. [15] 
isolated the hemagglutinating encephalomyelitis virus (HEV), which is a 
β-coronavirus, in the brains of pigs. Furthermore, in the early 1980s, two different 
coronaviruses were detected in autopsy neural tissues of two patients suffering from 
multiple sclerosis. The viruses, generically indicated with the initials of the patients 
and not further characterized, were also isolated in their cerebrospinal fluid 
(CSF) [16].

Thus, similar to other epidemic-induced coronaviruses, the SARS-CoV-2 seems 
to be neuroinvasive, neurotropic, and neurovirulent. Nevertheless, given the magni-
tude of the COVID-19 pandemic, these phenomena can have considerable 
importance.

Despite the great interest of the scientific community in the neuropathogenesis of 
SARS-CoV-2 infection, there are many open questions. The potential route of entry 
of the virus to the nervous tissue, the ability to damage cells, and the induction of 
immune-mediated processes are all issues that must necessarily be well elucidated. 
As mentioned above, the question is whether the clinical manifestations of neuro-
COVID are the effect of direct viral damage or they are caused by an excessive 
immune-mediated response of the host. Is it possible an association between both 
mechanics? Similarly, it would be appropriate to distinguish between events that 
characterize acute damage to central and peripheral nervous tissue from processes 
that could clinically manifest at a distance. The pathophysiology of the latter could 
be very complex to explain. In addition to direct viral damage, other mechanisms 
such as immune-mediated reactions, hypoxia, effects of multiorgan dysfunction, 
could be involved. Furthermore, the consequences of long-term intensive care treat-
ment, such as psychological sequelae derived from isolation in critically ill patients, 
should not be underestimated.

On these premises, a worrying scenario is opened and further research is needed 
to better clarify if the neurotoxicity can induce long-term sequelae probably mani-
fested in terms of post-infectious neurodegenerative and neuroinflammatory com-
plications. Previous studies, indeed, suggested that coronaviruses can provoke 
processes of demyelination, neurodegeneration, and cellular senescence. These 
changes could also accelerate brain aging and/or exacerbate neurodegenerative con-
ditions [17].

Starting from experimental elements that come from different branches such as 
molecular biology, virology, neurophysiology, the study of pathophysiology must 

1 Pathophysiology of COVID-19- Associated Neurotoxicity



3

be able to arrive at an overall vision, as it happens for the construction of a mosaic. 
Although we are a long way from this goal, the road seems to have been drawn.

Moreover, the vast spectrum of neurological manifestations involves two types 
of problems. The former concerns the need for clinical care of patients who can be 
extremely complex to treat. On the other hand, the latter issue concerns the need to 
strengthen the preclinical research aimed at identifying the pathogenic mechanisms 
underlying the pulmonary and extrapulmonary involvement of the disease for offer-
ing clinicians better therapeutic choices [18–21].

This chapter is aimed at dissecting the pathologic mechanisms of COVID-19- 
associated neurotoxicity. The issue of pain mechanisms (COVID-pain) is dis-
cussed and updates on preclinical findings, ongoing clinical investigations, as 
well as perspectives for conducting preclinical and clinical investigations are 
also proposed.

1.2  Overview on Neurological Manifestations

The neuro-COVID chapter encompasses clinical manifestations of varying severity, 
incidence, and significance. They can manifest before fever and respiratory symp-
toms, or be the unique clinical manifestation of COVID-19. Additionally, clinical 
manifestations may also occur after the resolution of the acute phase (long-COVID). 
Although in most cases there are isolated neurological symptoms (e.g., headache, 
dizziness), complex scenarios can occur. Therefore, the term neuro-COVID is an 
oversimplification as it appears to be a great umbrella that collects disparate clinical 
conditions.

According to the location of symptoms, neurologic manifestations of 
COVID-19 can be grouped into three categories including central nervous sys-
tem (CNS) manifestations, peripheral nervous system (PNS) manifestations, and 
skeletal/muscular clinical expressions. Furthermore, the onset time of the clini-
cal presentations can help differentiate infective (acute) from post-infective com-
plications. A classification based on the pathophysiology of the symptoms seems 
to be more appropriate. It should differentiate clinical conditions produced by 
direct damage from others related to indirect injury (e.g., neuroinflammation and 
cytokine-related injury), or disease-related (e.g., ischemic, multiorgan impair-
ment) damage. Nevertheless, it is often difficult to separate the mechanisms and 
overlap phenomena exist.

Headache is one of the most common signs of COVID-19 (often associated 
with fever). It usually has a non-specific meaning. Clinically it is manifested as 
tension- type or migraine without aura, migraine-like headache (less com-
monly), with long- lasting duration and analgesic resistance. Dizziness is fre-
quently combined with headache (and tinnitus), and is often observed 
in the earlier disease.

Data from literature and clinical experience suggest that olfactory and gusta-
tory dysfunction is considered an early manifestation of COVID-19 infection [1]. 
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Besides taste and smell disorders, which are reported by up a quarter of COVID-19 
patients [22], myalgia and fatigue are common clinical manifestations. A meta- 
analysis found that the prevalence of myalgia is 35.8% [23], but some authors 
reported percentages up to 50% [24]. In another analysis (n = 8697), it was calcu-
lated that fatigue affects 35% of patients [25].

Neurological complications can also be serious. Of note, there are reports of 
stroke, encephalopathies such as steroid-responsive encephalopathy, posterior 
reversible encephalopathy syndrome (PRES), encephalitis, and acute hemorrhagic 
necrotizing encephalopathy [26]. Furthermore, a number of central, peripheral, and 
neuromuscular manifestations including ophthalmoparesis, facial paresis, Guillain- 
Barré syndrome, and its rare form Miller Fisher Syndrome, as well as symmetrical 
neuropathy, critical illness myopathy and neuropathy, myositis, and rhabdomyoly-
sis have also been described [22–30].

Clinical and diagnostic aspects of neurological, psychological/psychiatric, and 
neurocognitive manifestations of neuro-COVID are discussed in other sections of 
the book. In this chapter, the issues of physiopathology will be more properly 
addressed.

1.3  Pathophysiology of COVID-19-Associated Neurotoxicity

Although in this area the research has produced important results, and many acqui-
sitions have been imported according to translational research processes from other 
fields, multiple dark sides exist. Based on the evidence gathered so far, the neuro-
pathogenesis of SARS-CoV-2 infection encompasses several large groups of 
mechanisms:

• Primary neurotropism.
• Immune-mediated and neuroinflammatory processes.
• Gut–brain axis involvement.
• Effects of multiorgan dysfunction.

Despite the SARS-CoV-2 neuroinvasion and neurotropism are debated, this 
approach can be useful for differentiating mechanisms and clinical forms. For 
instance, olfactory and/or taste disorders seem to be the effect of a direct neural 
injury and this, at least in part, explains why they are often recognized as early 
manifestations of the infection. On the contrary, acute cerebrovascular diseases 
can be interpreted as hypercoagulability, high systemic inflammatory response, 
vascular endothelial injury, and alteration of cerebral autoregulation.

Nevertheless, since overlapping between mechanisms is often inevitable, this 
distinction seems useful more for research purposes than for establishing a precise 
taxonomy of the neuro-COVID. Finally, it must be emphasized that this approach is 
most useful for narrative purposes (Fig. 1.1).
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1.3.1  The Issue of SARS-CoV-2 Neurotropism

Since in microbiology organotropism is the tendency of some microorganisms to 
predominantly localize in certain organs or systems, neurotropism is the ability of 
the virus to infect human neurons and, in turn, to productively replicate within the 
nervous tissue.

The issue of neurotropism can be addressed by referring to two different patho-
genic steps:

Neuronal damages
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Impaired neurotransmission
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Fig. 1.1 Overview of mechanisms underlying the neuropathogenesis of SARS-CoV-2 infection. 
Primary neurotropism presupposes SARS-CoV-2 entry into the nervous tissue through the neuro-
genic or hematogenous pathway. Immune-mediated and neuroinflammatory processes are medi-
ated by the release of cytokines that induce microglial activation and damage to the blood–brain 
barrier (BBB) with functional and structural alterations in different brain areas. The deregulated 
inflammatory response can induce endothelial alterations and hypercoagulability. Gut–brain axis 
involvement predicts a cross-talk between the intestine and the brain through a privileged neuro-
genic pathway. Finally, multiorgan dysfunction with hypoxia, co-infections, and therapies can 
amplify the cascade or produce damage regardless of direct or indirect neurotropism
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• The ligand (virus)–receptor (host) interaction.
• The mechanisms of diffusion towards the CNS.

The matter of the virus–receptor interaction is the basis of the virulence mecha-
nism of each virus. In its general meaning, it concerns the ability of the pathogen to 
interact with the cells of the parasitized organism. As extensively demonstrated and 
discussed below, SARS-CoV-2 recognizes precise cell receptors. The phenomenon 
of organotropism, therefore, should correspond to the different expression of these 
receptors in different organs and tissues. This scheme appears overly simplistic, as 
a multitude of factors can influence this special type of bond. In addition, factors 
that act downstream of the receptor binding affect the efficiency of the binding itself.

The exceptional contagiousness and virulence of SARS-CoV-2 are not necessar-
ily synonymous with extrapulmonary organotropism. Even if the receptor is almost 
unique for various organs and tissues, its expression and particular factors related to 
the tissue, largely condition virulence. In other words, in the pathogenetic chain of 
the infection, the virus can find peculiar or privileged tropism mechanisms in certain 
cells or tissues. Conversely, even if those cells and tissues express the receptor for 
the virus, many factors such as access to the receptor itself, and defense mecha-
nisms, alter the effectiveness of the binding. All these conditions could characterize 
the issue of SARS-CoV-2 neurotropism.

Thus, key elements useful for analyzing the pathophysiology of the potential 
direct neurotoxicity are the general scheme of cell/tissue tropism and, consequently, 
the mechanisms of virulence. Although further research is needed for understanding 
the precise mechanisms, paramount aspects of the biological behavior of the virus 
have been elucidated.

From the beginning of the COVID crisis, numerous studies focused on the patho-
genic mechanisms of the virus. Some important information emerged from previous 
research on SARS-CoV. Compared to other known HCoVs such as HCoV-OC43 
and HCoV-229E that can cause common colds—these viruses cause approximately 
15–30% of cases of the common cold—and self-limiting upper respiratory infec-
tions (in immunocompetent individuals), the virus responsible for the SARS marked 
a turning point: the evolutionary process had allowed a member of the family to gain 
important characteristics of virulence [31]. On the other hand, despite the genetic 
sequence of SARS-CoV and SARS-CoV-2 is similar for about 80%, the two viruses 
have important structural differences in their surface proteins and, in turn, in their 
viral load kinetic. Thus, both deleterious HCoVs have pathogenic characteristics 
that can predispose to both pulmonary and extrapulmonary organotropism.

1.3.1.1  The Evidence for SARS-CoV-2 in Nerve Tissue
Autopsy studies demonstrated a broad organotropism of SARS-CoV-2. In addition 
to being identified in the lungs, heart, liver, kidneys, the virus was also recognized 
in the brain tissues. It must be emphasized, however, that in these studies, the viral 
genome was identified in a minority of autopsies (8/22) and, above all, when found, 
the genetic material (SARS-CoV-2 RNA copies per cells) was quantitatively little 
relevant [32]. In other postmortem examinations of patients with COVID-19, no 
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signs of encephalitis or CNS vasculitis were shown [33]. Overall, evidence of direct 
viral neurotoxicity is inconclusive and comes from small sample sizes or biased 
studies. For example, postmortem examinations were conducted on brains from 
individuals who died due to severe forms of the disease. In these settings, pathologi-
cal alterations in various organs and tissues, including nervous tissue are prone to 
develop independently of SARS-CoV-2 infection. Moreover, similar results were 
described by Matschke et al. [34] who conducted autopsy tests on a considerable 
sample (n = 43).

Since autopsy studies are not conclusive, it is necessary to seek certainties in 
other fields of study. Interesting investigations on the subject were conducted 
in vitro. In a 3D human brain organoids model (pluripotent stem cells, iPSCs) previ-
ously used for studying neurological disorders [35], Ramani et al. [36] demonstrated 
that SARS-CoV-2 may target neurons, producing a variety of cellular alterations 
(e.g., Tau hyperphosphorylation) until death. Furthermore, they found that in this 
model SARS-CoV-2 does not effectively replicate. The authors concluded that, 
although SARS-CoV-2 can produce neuronal damages, the CNS may not support its 
active replication.

Certainty of a direct viral invasion would be obtained from the in vivo identifica-
tion of SARS-CoV-2. This would mean isolating the virus in the CSF. Whatever 
pathway the virus has traveled including the blood torrent transport, nervous spread-
ing, or other routes, the passage in the CSF would imply the blood–brain barrier 
(BBB) crossing. However, there is only scarce evidence based on isolated case 
reports. For example, in a 24-year-old man with meningitis/encephalitis (convulsion 
accompanied by unconsciousness associated with SARS-CoV-2) Moriguchi et al. 
[37] isolated the viral genome (reverse transcription-polymerase chain reaction, 
RT-PCR test) in the CSF. Furthermore, the presence of an antibody movement in 
CSF is not necessarily synonymous with viral invasion in this territory. In a small- 
size study conducted in COVID-19 patients with clinical manifestations of enceph-
alopathy (n = 8), Alexopoulos et al. [38] found anti-SARS-CoV-2 antibodies (also 
from intrathecal IgG synthesis) in the CSF but not the viral genome, in all the sub-
jects studied [38]. Therefore, detection of antibodies from CSF appears to be mainly 
indicative of extensive damage to the BBB.

Other data can be obtained from imaging investigations. In a retrospective analy-
sis in severe COVID-19 patients (n = 37) with neurologic manifestations (mostly 
alteration of consciousness and agitation), several neuroradiologic patterns (exclud-
ing ischemic infarcts) of parenchymal injury were detected. In particular, the authors 
illustrated eight distinctive magnetic resonance imaging (MRI) patterns. The most 
frequent MRI findings were signal abnormalities located in the medial temporal 
lobe, non-confluent multifocal white matter hyperintense lesions on fluid- attenuated 
inversion recovery (FLAIR) sequence, diffusion with variable enhancement, associ-
ated with hemorrhagic lesions, and extensive and isolated white matter microhem-
orrhages. Of note, only one patient was positive for SARS-CoV-2 RNA in the CSF 
[39]. Furthermore, in a prospective study, Lu et al. [40] found that microstructural 
alterations in the brain parenchyma can occur during the recovery phase from 
COVID-19. Although all these findings are not suggestive for a direct neurotropism, 
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they offer important data on disease-related nervous tissue damage and, most impor-
tantly, they show that the onset of CNS damage can be asynchronous with respira-
tory manifestations of COVID-19. The results need to be examined carefully, 
because of the correlation between imaging data and the potential development of 
long-term complications of the disease.

Taken together, these data contrast with what was previously found about SARS- 
CoV, in both preclinical and clinical investigations. About the pathogen responsible 
for SARS, more scientific evidence is available. In a transgenic mouse model for the 
human angiotensin-converting enzyme 2 (ACE2), Netland et al. [41] demonstrated 
that the entry of the virus through the olfactory pathway could produce a rapid viral 
spreading to the nervous tissue, with consequent extensive neuronal damage. The 
viral genome of the SARS-CoV was also found in the CSF of a patient with general-
ized convulsion [42]. In another patient with severe CNS symptoms who died for 
SARS, electronic microscopy on specimens of brain tissue, and genetic identifica-
tion, proved the presence of the coronavirus. Moreover, pathological examination 
and immunohistochemistry showed neuronal necrosis, important glial cell altera-
tions (hyperplasia), and CD68+ monocytes/macrophages and CD3+ T lymphocytes 
infiltration in the brain mesenchyme [43]. Finally, in another study, SARS genome 
sequences were found in the brain of all SARS autopsies (n = 8), and tissue damages 
(scattered red degeneration), mostly in the hypothalamus and cortex, were 
reported [11].

1.3.1.2  Pathogenesis of Direct SARS-CoV-2 Damage
Structurally, the viral genome is coated by spike (S) glycoprotein, envelope (E), 
membrane (M), and nucleocapsid (N) proteins. The viral RNA is organized in a 
single molecule of linear positive-sense (single-stranded RNA) of approximately 
30 kb in size—the largest known RNA viruses—and with a 5′-cap structure and 
3′-polyadenylated tail. The S protein is a trimeric glycoprotein formed by an ectodo-
main, a single-pass transmembrane anchor, and an intracellular tail. It is composed 
of two subunits (S1 and S2) and plays a key role in virus binding and entry into host 
cells. Homotrimers of S proteins compose the spikes on the viral surface, forming 
the typical virus crown. Interestingly, the S1 subunit contains the receptor-binding 
domain (RBD) that binds to the peptidase domain of ACE2 and, probably, to other 
proteins as well. The ACE2 is metalloproteinase ectoenzyme expressed mostly in 
the lower airway epithelial cells (alveolar type II cells, transient secretory cells, 
nasal ciliated, and secretory cells), upper olfactory neuroepithelium, and vascular 
endothelial cells, although it was also detected in almost all human organs [44]. For 
example, the enzyme is expressed in gastrointestinal cells, particularly enterocytes 
in the small intestine and colon, cardiac pericytes, cardiomyocytes, corneal epithe-
lial cells, renal epithelial cells, bile duct cells, gallbladder epithelial cells, testicular 
Sertoli cells, and alveolar macrophages [45]. The S2 subunit, which is composed of 
a fusion peptide, a transmembrane domain, and a cytoplasmic domain, is highly 
conserved and works for producing viral membrane fusion.

This is the general pattern of interaction between coronavirus and host. Binding 
to S1 domains and fusion of membranes, because of the S2 subunit working, confer 
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the specificity of the virus/host interaction. For instance, the virulence of the murine 
hepatitis virus (MHV), which is a neurotropic murine coronavirus, is critically 
dependent on the linkage with murine carcinoembryonic antigen-related cell adhe-
sion molecule 1a (mCEACAM1a) for cell entry; thus, it can only infect murine cells.

ACE2 is one of the key enzymes in the renin–angiotensin system (RAS) that 
regulate blood pressure arterial, fluids, electrolyte balance, and systemic vascular 
resistance. In the lungs, activation of the local RAS can affect the pathogenesis of 
lung damage through multiple mechanisms, such as an increase in vascular perme-
ability, and alterations of alveolar epithelial cells. Activation of the pulmonary RAS 
involves renin, the initial enzyme of the RAS activation cascade; renin splits angio-
tensinogen generating angiotensin I (Ang-I, a decapeptide hormone, inactive). The 
major function of ACE is to convert Ang-I to angiotensin II (Ang-II, an octapeptide 
hormone). Ang-II is a chief bioactive element of the RAS pathway and exerts its 
effects by binding to two types of receptors, Ang type 1 (AT1) and Ang type 2 
(AT2). The AT1 receptor is predominant in the adult organism, whereas the AT2 
type expression is mostly found in fetal tissues (cell differentiation processes) but 
decreases after birth. Activation of AT1 induces vasoconstriction, cardiac hypertro-
phy, and fibrosis. On the other hand, the AT2 receptor plays a protective effect 
against the overstimulation of AT1 and, thus, an increase of AT2 receptor expression 
was observed in pathological conditions, such as vascular injury, and congestive 
heart failure. Nevertheless, AT2 receptors are not always protective [46]. Since this 
subtype is implicated in pain modulation, it could play a role in the phenomenon of 
COVID-19- related pain. Remarkably, ACE2 is the homolog of ACE. The type 2 
isoform removes the carboxy-terminal phenylalanine in Ang-II to form the hepta-
peptide angiotensin (Ang)-(1–7). This peptide is also active and can produce the 
opposite effect to that of Ang-II. Probably, it can play a role in the pathogenesis of 
the clinical manifestations of the disease, including those related to the altered noci-
ception (see paragraph 1.5 Pain and COVID-19: The COVID-Pain Issue).

The ACE2/RAS pathway is also involved in non-catalytic functions such as 
intestinal neutral amino acid transport. Even these further actions could be impor-
tant in the neurotoxicity mechanisms of the virus (see Sect. 1.3.4).

Of note, while SARS-CoV and SARS-CoV-2 bind both to the ACE2 “receptor,” 
MERS-CoV used another entry anchor: the human dipeptidyl peptidase 4 (DPP4, 
also known as CD26). Since there is a high affinity between ACE2 and DPP4, it was 
postulated that particular mutations can enhance the DPP4-binding ability of SARS- 
CoV- 2-S [47].

About the different pathogenicity of SARS-CoV and SARS-CoV-2, the latter 
shows structural properties that enable stronger binding to the ACE2 receptor and 
better capability at invading host cells [48]. In particular, the RBD is the most vari-
able domain; it is decisive for the specificity of species. The SARS-CoV-2 RBD 
presents only a 40% amino acid identity with that of SARS-CoV. In particular, four 
of five key residues within the RBD of SARS-CoV-2 are mutated when compared 
with that of SARS-CoV. This is of great importance as RBD is fundamental in the 
pathogenesis of the infection. Thus, SARS-CoV-2-S domain binds to the ACE2 
with a higher affinity (10- to 20-fold higher) than that of SARS-CoV. Considering 
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this evidence, the logical inference is that SARS-CoV-2 could be more capable of 
infecting and damaging the CNS than SARS-CoV.

Another important difference that could explain the different pathogenicity of 
the two viruses is the presence of a polybasic furin-type cleavage site (RRAR^S) at 
the S1/S2 junction in the SARS-CoV-2-S protein but not in SARS-CoV [49]. Of 
note, similar sequences were demonstrated in the S proteins of many other patho-
genic human viruses, such as Ebola, HIV-1, and certain remarkably virulent strains 
of avian influenza [50]. On the other hand, because there are no differences in ACE2 
expression concerning gender, ages, and races, receptor binding is not the main fac-
tor in determining the severity of the disease [51].

As mentioned, the binding RBD-ACE2 is followed by the activation of the S 
protein. This process is mediated by different host proteases. They execute the 
cleavage of a polybasic sequence at the S1/S2 site. This protein processing allows 
the complete activity of the S2 domain and the fusion of the viral and cellular mem-
branes. It was demonstrated that SARS-CoV-2 S is mainly processed by a plasma 
membrane-associated type II transmembrane serine protease (TMPRSS2) [52]. 
TMPRSS2 is highly expressed in epithelial tissues, including epithelial cells of the 
respiratory, gastrointestinal, and urogenital tract. The cleavage and fusion processes 
can be also performed through other host proteases including but not limited to the 
metallopeptidase domain 17 (ADAM17), the proprotein convertases furin (activates 
proprotein substrates in secretory pathway compartments), proteins such as vimen-
tin and clathrin (involved in the binding and membrane fusion mechanisms), extra-
cellular proteases such as elastase secreted by the neutrophils, and lysosomal 
proteases such cathepsin L and cathepsin B [53].

Subsequently, the virus entries into host cells, and viral replication begins with 
the translation of the replicase-polymerase gene and the assembly of the replica-
tion–transcription complex organized in double-membrane vesicles. Genomic 
regions that codify for structural proteins are thus transcribed and new virions are 
assembled and egress from the cell.

In summary, the RBD of the viral S1 subunit binds to the peptidase domain of 
ACE2 in the airway epithelial cells and other tissues. The binding is followed by the 
processing of the viral polybasic site (proteolytic priming of the virus-decorating 
spikes), the fusion of the viral and cell membranes, and the release of the viral 
genome into the host cytoplasm. Subsequently, there is viral replication through 
cellular machinery, viral assembly, and maturation via the Golgi endoplasmic retic-
ulum, and finally, new viruses are released.

1.3.1.3  The Ligand–Receptor Interaction and “Postreceptorial 
Mechanisms” in Nervous Tissue

Since the cell tropism mainly depends on viral affinities for cellular/tissue “recep-
tors,” understanding which receptor(s) is(are) involved in the pathogenesis of 
COVID-19, and especially if different tissues have different binding elements, is 
mandatory. Mechanisms of neurotropism are based on this assumption.

As previously indicated, the ACE2 is the most studied SARS-CoV-2 host-cell 
receptor. It is widely expressed and, in the CNS, it can be found in most neuronal, 
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glial elements, and endothelial cells. In a human cell-based platform (BrainSphere 
model), which was previously used for investigating Zika, Dengue, and HIV, and 
now adopted for studying SARS-CoV-2 neurotropism, it was firstly proved the rep-
lication of this coronavirus into the neural cells. Moreover, the authors illustrated 
that the phenomenon can be mediated by the ACE2 receptor, highly expressed in the 
model [54].

In addition to ACE2, other elements present in host cells must be considered 
for their role in facilitating virus entry. Proteases such as TMPRSS2, furin (ubiq-
uitously expressed in endothelial cells and other target cells), and cathepsin L play 
a key role in viral pathogenicity. TMPRSS2 is probably the most studied of them. 
It can be an important element capable of conditioning organotropism. In the 
prostate tissue, for example, androgens can induce the expression of this protease 
and this finding may explain why men usually experience more severe forms of 
COVID-19 than women despite these latter are infected with the virus as fre-
quently as men. Nevertheless, other factors such as the higher expression of ACE 
2, and lifestyle (e.g., higher levels of smoking and drinking) can justify the greater 
vulnerability of men as compared to women. Concerning the role of TMPRSS2 in 
SARS-CoV-2 neurotropism, interesting findings came from preclinical investiga-
tions. Qiao et  al. [55] showed that this serine protease is highly expressed in 
human and mouse brain cell lines, as well as in different murine brain regions. 
Moreover, the authors proved an important expression of CD147. Also termed as 
basigin, tumor collagenase stimulatory factor (TCSF), neurothelin, OX47, 5A11, 
or extracellular matrix metalloproteinase inducer (EMMPRIN), CD147 is a trans-
membrane glycoprotein that belongs to the immunoglobulin superfamily. In the 
CNS, it is expressed mostly in the hippocampus, prefrontal cortex, and amygdala, 
and exerts a paramount role in the homeostasis through regulatory and protective 
functions such as transport of nutrients, migration of inflammatory leukocytes, 
and induction of extracellular matrix. Furthermore, it takes part in intercellular 
recognition in several immunological processes and cellular differentiation events, 
in both neurons and glial cells [56]. On the other hand, its deregulation/upregula-
tion is implicated in the pathogenesis of several CNS diseases such as Alzheimer’s 
disease [57, 58], and multiple sclerosis, in CNS oncological processes, ischemic 
damage, and bacterial and virus infection [59]. These CD147-induced actions, 
mostly realize through the secretion of matrix metalloproteinases (MMPs), for 
example, from tumor cells or fibroblasts. Interestingly, the CD147-S protein bind-
ing seems to induce viral endocytosis and, probably, there could be a different 
mechanism than the typical RBD-ACE2 binding [60]. Research must prove 
whether this interaction, at least in part, can explain the neurotropic phenomenon 
of SARS-CoV-2. However, different lines of evidence must necessarily be consid-
ered. Previous studies in an animal model of experimental autoimmune encepha-
lomyelitis, for example, suggested that CD147 acts as a regulator of leukocyte 
transmigration into the CNS [61]. Since leukocytes can cross the endothelial base-
ment membrane but require proteases such as MMPs to transmigrate the glia limi-
tans, it could be assumed that CD147 activation facilitates the BBB injury by 
stimulating leukocyte transmigration via MMPs secretion.
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Other factors are probably involved in ACE2-mediated SARS-CoV-2 infection 
and determine the tropism of the virus. The furin-induced proteolytic cleavage of 
RRAR^S sequence exposes a conserved C-terminal sequence in the S protein. This 
pattern is indicated as RXXROH—in particular, R is arginine (or lysine) and X is 
any amino acid—and structures a C-end rule (CendR) that bind to and activate neu-
ropilin (NRP1 and NRP2) receptors at the cell surface. Cantuti-Castelvetri et  al. 
[62] demonstrated that NRP1 can highly potentiate SARS-CoV-2 infectivity. 
Moreover, this effect was effectively blocked by a monoclonal blocking antibody 
against NRP1. In one of their fascinating experiments, the same authors adminis-
tered nanoparticles coated with SARS-CoV-2  S–derived CendR peptides—one 
miming SARS-2 S protein after furin cleavage able to bind NRP1, and another one 
which reduced NRP1 binding (control)—into cultured cells expressing NRP1, 
olfactory epithelium, and the CNS of anesthetized adult mice. Six hours after 
administration, compared to control, they proved a significant uptake of the miming 
nanoparticles into the cells, olfactory epithelium, as well as into neurons, and blood 
vessels of the cortex. The authors demonstrated the role of NP1 in SARS-CoV-2 
pathogenicity.

1.3.2  Mechanisms of Diffusion Towards the Nervous Tissue

As demonstrated for other HCoVs, the SARS-CoV-2 virus could reach the CNS 
routes by the following two routes:

• Hematogenous route.
• Nervous spreading.

According to the hematogenous pathway, the virus can reach CNS/PNS via the 
blood route during the viremia. On the other hand, the nervous spreading could 
involve some cranial nerves, such as the olfactory nerve, the trigeminal nerve, the 
glossopharyngeal nerve, and the vagus. The general scheme of the nerve spreading 
provides a retrograde transport of the virus, up to the brain.

1.3.2.1  The Hematogenous Route
Although the respiratory system is the primary route used by SARS-CoV-2, it could 
be not the only one. The viral transmission occurs through droplets secreted by the 
patient during coughing, sneezing, breathing, and even normal speech. The Type II 
alveolar epithelial cells that express high concentrations of ACE2 are the respiratory 
gate. Alternatively, the virus can use gastrointestinal access through the ACE2 
receptor [63]. Other potential SARS-CoV-2 transmission routes must be well- 
investigated; for example, the conjunctival route through infectious tears was dem-
onstrated in rhesus macaques [64].

Whatever the route, the virus reaches the circulation and projects itself towards 
different organs and tissues, including the CNS. Here, the ligand coupling seems to 
occur at the endothelial cells and, and even in this case, the ACE2 plays a 
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fundamental role. In this regard, in an autopsy investigation, Paniz-Mondolfi et al. 
[65] reported the presence of SARS-CoV-2 in capillary endothelial cells in neural 
tissue (frontal lobe) collected from a COVID-19 patient. This finding may support 
the hematogenous-endothelial neuroinvasion mechanism. This mechanism involves 
the overcoming of the BBB filter—composed of endothelial cells of the capillary 
wall, astrocyte end-feet ensheathing the capillary, and pericytes embedded in the 
capillary basement membrane—which undergoes a more or less localized process 
of destruction. This injury is secondary to the direct viral attack and, in turn, to the 
inflammatory phenomena triggered by the activation of local defense mechanisms. 
From this point of view, in the case of the primary neurotropism of SARS-CoV-2, 
the damage to the BBB differs from that produced by cytokines. In this latter case, 
indeed, the BBB involvement is more diffuse as it can encompass multiple brain 
areas. Furthermore, the integrity of the BBB is mainly undermined by the triggering 
of neuroinflammation rather than by the viral attack.

The major task of BBB is to create a protective front for preventing the passage 
of substances/pathogens from the arterial blood into the cerebral extracellular fluid, 
reaching and, finally, damaging the nervous tissue. While preclinical studies on 
mice highlighted that the isolated S1 subunit can cross the entire thickness of the 
BBB [66], this structure offers a barrier to viral penetration into the CNS. The BBB 
is not the only brain barrier; the other barrier is the blood-cerebrospinal fluid barrier 
(BCSFB) that prevents the passage of substances/pathogens from the cerebral capil-
laries to the CSF at the level of the choroid plexuses. BCSFB is made up of the 
capillary endothelium and the epithelium of the choroid plexus. Once this barrier is 
overcome, a substance or a pathogen spreads directly into the CSF and from there it 
could reach the extracellular fluid of the nervous tissue. As evidence of the existence 
of this potential entry route, there is the finding of the viral genome (SARS-CoV-2 
mRNA) in the CSF of a patient suffering from neurological manifestations of 
COVID-19 [37]. Nevertheless, further proofs are needed to confirm this pathway.

1.3.2.2  The Neurogenic Pathway
In line with many other neuroinvasive viruses [67], the gateway used by the SARS- 
CoV- 2 to enter into the CNS is mainly represented by the olfactory system (Fig. 1.2). 
This data may explain important clinical aspects of the disease. As previously 
reported, alterations in smell are demonstrated in about a quarter of patients with 
COVID-19; however, clinical studies conducted with the aid of ad hoc tests were 
able to identify hyposmia in up to 80% of patients [68]. It showed that this finding 
is underestimated. Therefore, it was postulated that olfactory receptor neurons 
(ORNs) and the olfactory system could represent a portal of entry for neuroinvasion 
by HCoVs.

The olfactory system is composed of the ORNs, the olfactory bulb (OB) which 
is a processing station, and the primary olfactory cortex which is located on the 
inferior surface of the temporal lobe. ORNs are bipolar neurons that are activated 
when airborne molecules in inspired air bind to olfactory receptors expressed on 
their cilia (dendrites). These sensorial neurons are found high inside the nasal vault 
in the olfactory epithelium. The latter is placed on the lower surface of the 
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cribriform lamina of the ethmoid bone, on the medial surface of the upper and mid-
dle turbinates, and the upper nasal septum. The axon extensions of the ORNs aggre-
gate into fascicles and cross the small foramina in the cribriform plate. Here, the 
axons synapse in intricate neural masses (glomeruli) in the OB. Each ORN axon 
innervates only a single glomerulus. The OB contains the second neurons (mitral 
and tufted cells) of the olfactory pathway and processes the stimuli through the 
action of interneurons, granular cells, and periglomerular cells. Axons emerge from 
the OB to form the lateral olfactory tract, which subsequently projects to the ante-
rior olfactory nucleus, the olfactory tubercle, the prepyriform cortex, and the amyg-
dala, which are known collectively as the olfactory cortex. From these areas, 
multiple synaptic circuits develop. Notably, elements of the olfactory cortex are part 
of the limbic system of the brain (emotions and memories). Moreover, there are 
projections to the hypothalamus (eating and nutrition) and thalamus (sensory pro-
cessing). The latter refers to other brain areas. From the thalamus, for example, 

Orbifrontal cortex

Olfactory epithelium

Lamina cribiformis

Olfactory epithelium

Olfactoru mucosa

Pre-pyriform cortex

Air
Hypothalamus

Amygdala

Hippocampus

Thalamus

Olfactory mucosa

Olfactory bulb

Fig. 1.2 The entry way of the olfactory system. The system is composed of receptor neurons 
(bipolar sensory neurons found in the epithelium of the nasal vault), olfactory bulb, and primary 
olfactory cortex (located inferiorly in the temporal lobe). The axons of the receptor neurons syn-
apse with neurons of the olfactory bulb in the cribriform lamina [second neurons (mitral and tufted 
cells) of the olfactory pathway]. They project to the anterior olfactory nucleus, the olfactory tuber-
cle, the prepyriform cortex, and the amygdala, which together form the olfactory cortex. From here 
other projections start towards the limbic system of the brain (emotions and memories), hypothala-
mus (eating and nutrition), and thalamus (sensory processing)

1 Pathophysiology of COVID-19- Associated Neurotoxicity



15

projections develop to associative areas of the orbitofrontal neocortex for the con-
scious perception of the olfactory sensation.

Since the olfactory epithelium is exposed to multiple insults (biological, chemi-
cal, traumatic) and can be continuously damaged, a regeneration mechanism is 
expected. In the olfactory epithelium, basal cells act as neuronal stem cells, capable 
of restoring or regenerating the lost olfactory epithelial cells. The axon then regen-
erates and gets back in contact with the OB. The axons are surrounded by glial cells 
that ensure the regeneration of these axons, acting as a “guide” and allowing them 
to reach their original target again. The regeneration cycle lasts about a month.

The olfactory system is not the only neurogenic gate the virus can use, and it is 
not the only nervous structure to be exposed to viral damage (Fig. 1.3). Moreover, it 
must be considered that several factors such as aging are associated with reduced 
ACE2 expression and, more importantly, the degeneration of ORNs [69]. Concerning 
gates other than that of the OS, the respiratory mucosa of the nasal cavity is inner-
vated by the trigeminal nerve. It is the fifth paired cranial nerve that originates from 
three sensory nuclei (mesencephalic, principal sensory, spinal nuclei of the trigemi-
nal nerve) and one motor nucleus (motor nucleus of the trigeminal nerve) extending 
from the midbrain to the medulla. Thus, it represents another hypothetical way for 

V Trigerminal

VII Facial

IX Glossopharyngeal

X Vagus

Sensory

Motor

Fig. 1.3 Potential retrograde pathways followed by the virus to access the CNS. The pathway 
involves some cranial nerves such as the trigeminal nerve (III), facial nerve (VII), glossopharyn-
geal nerve (IX), and vagus nerve (X)
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the centripetal routing of the SARS-CoV-2. In early studies, it was proved that 
MHV can spread into the CNS via the neuronal circuit of the trigeminal nerve [70]. 
This pathway is also used by other respiratory viruses such as the respiratory syncy-
tial virus, and influenza virus [71].

Besides alterations in smell, patients with COVID-19 may experience alterations 
in taste in terms of hypogeusia or dysgeusia. Interestingly, this sense is conveyed via 
three cranial nerves, the facial nerve (VII), the glossopharyngeal nerve (IX), and the 
vagus nerve (X). The first processing station of the sensation is the nucleus of the 
solitary tract, which is found in the brainstem. Subsequently, the information is 
conveyed to the thalamus. Consequently, COVID-19-induced taste alterations can 
be produced by damage affecting one of these cranial nerves. Of note, because in 
the brainstem the nucleus of the tract solitary is close to the respiratory center, dam-
age caused by the virus that spreads along the taste pathway could result in a neuro-
genic respiratory alteration. Although genomic material of SARS-CoV-2 was 
detected in a patient with conjunctivitis [72], the ocular pathway has not been 
clearly demonstrated so far.

Inconclusive data exists on the intracellular (intraneural) and extracellular (extra-
neural) propagation of SARS-CoV-2. Some information can be gleaned from previ-
ous studies on HCoVs. In a mouse model and neuronal cell cultures, Dubé et al. [73] 
showed the axonal transport of the HCoV OC43 within several areas of the brain, 
such as the hippocampus, diencephalon, and cortex, and this pathway enabled 
HCoV OC43 neuron-to-neuron propagation. In turn, a synaptic transfer is per-
formed. Since it was previously demonstrated for other HCoVs, the synaptic trans-
fer mechanism is not exclusive to SARS-CoV-2. In 2012, Li et al. [74] carried out 
interesting experiments in rats. They performed peripheral inoculation of the HEV 
coronavirus in the animals and found an extensive amount of HEV antigen in the 
cell bodies of sensory neurons (dorsal root ganglia (DRG) neurons). The authors 
also proved the replication and assembly of HEV in the cytoplasm of these neurons 
and that the exit process of the virus is realized mainly by the large smooth-surfaced 
vesicle-mediated pathway. Another potential mechanism for viral propagation is the 
passive diffusion of released viral particles. Probably, SARS-CoV-2 and other coro-
naviruses use both strategies including passive diffusion of released viral particles 
and axonal transport through kinesins, dynein, and motor proteins, for performing 
their propagation.

In summary, viruses may enter through the gate of the olfactory system or other 
neurogenic gates such as the trigeminal route and, in turn, are probably transferred 
to the CNS via a synapse-connected route or through the trans-neuronal propaga-
tion. Whatever the mechanism, via neuronal retrograde transport, SARS-CoV-2 
might reach cortical and subcortical brain areas, as well as the brainstem, and the 
spinal cord.

1.3.2.3  Other Possible Routes
Besides the hematogenous pathway, which involves binding with the endothelial 
cells of the BBB, and the centripetal neurogenic pathways, other routes used for 
viral access to the nervous tissue may exist. In this regard, Lima et al. [75], based on 
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the neuroinvasive behavior of known HCoVs, and on the evidence that these viruses 
can infect bloodstream leukocytes, postulated the “trojan horse” mechanism of 
SARS-CoV-2. In other words, as proposed for human immunodeficiency virus 
(HIV) [76], the virus could reach the SNC through infected immune circulating 
cells. This route can be viewed as a variant of the “classic” hematogenous route and 
presupposes a particular and poorly investigated receptor-independent entry instead 
that the classic receptor-mediated endocytosis mechanism.

The lymphatic pathway is a very fascinating hypothesis although completely to 
be verified. Until recently, it was believed that the brain did not have the classic 
lymphatic vessels. The so-called glymphatic system represents a system that allows 
CNS perfusion by the CSF and interstitial fluid. Since this system encompasses 
olfactory/cervical lymphatic vessels, it could contribute to a direct entry of the 
SARS-CoV-2 to the brain. As proof of this potential mechanism of viral spreading, 
it was histologically proved that SARS-CoV-2 can infect lymph endothelial cells, 
disseminating to the nasal cavity from cervical lymph nodes and, finally, reaching 
the brain glymphatic system [77].

1.3.3  Immune-Mediated Neurological Processes

Many of the clinical manifestations of neuro-COVID can be explained through an 
immune-mediated mechanism. For instance, molecular mimicry between viral pro-
teins and proteins on peripheral nerves leading to autoantibody-mediated damage to 
myelin or axons may explain the pathogenesis of Guillain-Barré syndrome. 
However, in immune-mediated processes, an important role is mostly played by 
systemic responses through massive release of cytokines and macrophage activation.

1.3.3.1  Cytokine Storm
Besides the direct neurotoxic effect, SARS-CoV-2 can produce neurological dam-
ages through the activation of an excessive immune response. This exuberant 
immune-mediated inflammation is a cornerstone of a cascade of events that culmi-
nates in the development of the various clinical manifestations of COVID-19. The 
acute respiratory distress syndrome (ARDS), for instance, is produced by a direct 
viral attack to pulmonary and endothelium cells, combined with immune-mediated 
inflammation with dysfunctional coagulation.

The mechanism of the coronavirus-induced neuroinflammation needs to be bet-
ter elucidated. Although many pieces of the puzzle must be still assembled, the 
complex chain of events that produces the immune-mediated damage is progres-
sively enriched with new scientific findings. A key concept is the dysregulation in 
the production of soluble immune mediators. This phenomenon involves the acti-
vation and inhibition of different immune cell subtypes and, consequently, a dys-
regulation between the production of mediators with anti-inflammatory action and 
other deleterious substances that induce the recall of further cellular elements, with 
endothelial damage, and alteration of the microcirculation. This complex phenom-
enon is termed “cytokine storm.” It is expressed as a high release of 
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proinflammatory cytokines such as interleukin-6 (IL-6), tumor necrosis factor α 
(TNF-α), IL-1β, IL-8, IL-12, and IL-18, as well as interferon (IFN) gamma induc-
ible protein (IP10; also termed as motif chemokine ligand 10, CXCL10), macro-
phage inflammatory protein 1A (MIP1A), and monocyte chemoattractant protein 1 
(MCP1) [78].

In COVID-19, the processes that trigger the immune responses against the virus 
are, at least partly, unknown and much data has been translated from SARS research. 
The aberrant virus-induced dysregulation of the immunologic response, indeed, was 
also observed during the SARS and MERS outbreaks. For instance, it was shown 
that SARS-CoV is recognized by the toll-like receptors (TLR), especially TLR3 and 
TLR4. TLRs are a class of single-pass, non-catalytic transmembrane receptors 
mainly expressed on the membrane of sentinel cells such as macrophages and den-
dritic cells. They play a key role in the defense of the organism, in particular in 
innate immunity. The binding of SARS-CoV-2 to the TLRs induces the release of 
pro-IL-1β which is cleaved into the active mature IL-1β. The latter mediates lung 
inflammation through the activation of the inflammasome [79]. Furthermore, within 
the neuroimmune responses, the hyperactivation of the P2X7 receptor could play an 
important role. These receptors are ATP-gated ion channels extensively found in the 
CNS. Of note, mental disorders and behavioral alterations can follow virus-induced 
neuroimmune processes characterized by oxygen species (ROS) formation, and 
glutamate release [80]. Also in this case the process would be configured through 
the activation of inflammasomes. They are cytosolic multiprotein oligomers (inflam-
masomes complexes) of the innate immune system that induce activation of inflam-
matory responses through cleavage, maturation, and secretion of proinflammatory 
cytokines IL-1β and IL-18 [81].

Since the description of lung damage through cytokine storm is outside the scope 
of this chapter, it seems appropriate to focus the reader’s attention on the possible 
intersection between the COVID-19-induced deregulated immune response and the 
CNS alterations.

In addition to IL-1β, other immune mediators that are aberrantly produced in 
response to SARS-CoV-2 can lead to neurotoxicity. Of those, IL-1β, IL-6, IP10, and 
TNFα are the proinflammatory cytokines with the greater ability to induce tissue 
injury in several organs, including the CNS. However, the list of proinflammatory 
substances triggered by the infection is particularly long and includes other ILs such 
as IL-12 p40, IL-20, and IL-33, and the gamma-interferon-inducible protein Ifi-16 
(Ifi-16). In a mouse model, most of these proinflammatory cytokines and the role of 
astrocytes and microglia were demonstrated [82]. Other investigators showed that 
primary glial cell cultures exposed to coronavirus can secrete a substantial amount 
of several proinflammatory cytokines, especially IL-15, IL-6, and TNFα [71].

Thus, several pathways are involved in the virus-induced tissue damage. This 
aberrant activation of inflammatory and prothrombotic pathways leads to further 
cellular recruitment with chemo-attraction of macrophages, and cellular stress, 
mostly resulting from activated ROS. In particular, coagulopathy plays a key role in 
the mechanisms of neurotoxicity. The COVID-19-associated coagulopathy is a 
complex phenomenon. It reflects microthrombi formation secondary to endothelial 
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cell inflammation combined with deregulated immune reaction and cytokines 
release (Fig. 1.4).

This cascade produces hypercoagulability with venous thromboembolism and 
arterial occlusion [83]. However, the damage can also concern vessels of smaller 
caliber. As suggested by neuroimaging investigations, multifocal microvascular 
hemorrhagic and ischemic lesions in the subcortical and deep white matter can 
underlie many neurological manifestations of the disease (Fig. 1.5).

The pathophysiology of the cytokine storm (or cytokine release syndrome, CRS), 
and its effects on the nervous tissue, has been particularly studied for addressing 
toxicity associated with chimeric antigen receptor (CAR) T cell therapy in patients 
with onco-hematological malignancies. CAR-T represents the first form of gene 
therapy approved for the treatment of refractory and relapsing onco-hematological 
diseases such as acute lymphoblastic leukemia in children and young adults, and 
some aggressive forms of non-Hodgkin lymphoma. It was proved that IL-1β and 
IL-6 are both extensively implicated in neurotoxicity after CAR-T treatment [84]. 
These cytokines, for example, have detrimental effects on endothelial function and 
can provoke a BBB breakdown. There is also BCSFB damage. It possibly reflects 
enhanced permeability and increased levels of multiple cytokines in the CSF [85]. 
Given these premises, in the early stages of the pandemic, it was suggested that 
agents directed against the deleterious cytokines could be used as therapeutic agents 

Fig. 1.4 Radiologic-pathologic correlations of the microvascular lesions. Punctate hypointense 
foci at the middle frontal gyrus (red arrow) and splenium of the corpus callosum (asterisk) are 
indicated (MRI Susceptibility weighted minimum-intensity projection images). The microscopy 
analysis shows corresponding lesions in coronal tissue slabs and eosin. They are characterized by 
microhemorrhages (H) and microscopic ischemic lesions (I). From Conklin J, et al. J Neurol Sci 
(2021) 421:117308 © Elsevier with permission
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in COVID-19. Consequently, tocilizumab, a humanized IgG1 monoclonal antibody, 
directed against the IL-6 receptor, and anakinra, a recombinant IL-1 receptor antag-
onist, were extensively tested [18].

1.3.3.2  Microglial Activation and Blood–Brain Barrier Damage
The underlying pathophysiology of acute neuro-COVID processes is probably dif-
ferent from that involving long-term effects. While many acute events, such as vas-
cular ones, presuppose extensive damage where the vascular component is 
predominant, neuroinflammation plays a fundamental role in chronic events. In this 
context, alterations of the BBB are fundamental in the mechanisms of nervous tis-
sue damage. Since many cytokines can easily cross the BBB to affect CNS function, 
lesions to the BBB are secondary to the effect of the neuroinflammation development.

Activation of microglia is a hallmark of all these processes. Microglia are the 
resident immune cells of the CNS. Under steady-state conditions, these cells live in 

a

b

c

Fig. 1.5 Microvascular damage. RMI susceptibility weighted imaging (SWI) in four critically ill 
COVID-19 patients (a). Magnification views of the splenium of the corpus callosum for each 
patient (b) (arrows). Diffuse SWI lesions (arrowheads) involving the subcortical, periventricular 
and deep white matter, without involvement of the corpus callosum (c). From Conklin J, et al. J 
Neurol Sci (2021) 421:117308 © Elsevier with permission
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a “resting” state and interact with the cell surface and soluble factors from surround-
ing cells. Exposure to pathogen-associated molecular patterns and/or endogenous 
damage-associated molecular patterns, and removal of the immune- suppressive sig-
nals, provokes microglia activation. Notably, depending on the signals in the sur-
rounding environment, these activated cells can show different phenotypes. In 
particular, because it promotes a proinflammatory response, the M1 phenotype is 
initially present succeeding an insult. Subsequently, the response is shifted to be 
anti-inflammatory which is mediated by M2 microglia. This is a simplistic but 
didactic scheme. Probably, there is a range of microglial activation states that span 
from the M1 to M2 phenotypes, and each phenotype can show different markers, 
secrete peculiar compounds, and exhibit distinctive functions.

On these premises, the dynamics of long-COVID neurocognitive problems 
can be like those described in other neuroinflammation-based processes such as 
delirium [86], postoperative cognitive dysfunction [87], and chemotherapy-
related cognitive impairment [88]. Moreover, the neuroinflammatory responses 
followed by hemorrhagic lesions and neuronal impairment have been extensively 
illustrated in psychiatric disorders and neurodegenerative diseases [89]. The gen-
eral scheme provides that neuroinflammation due to several causes is expressed 
as a loop with microglial activation (M2 microglia), increased oxidative stress 
activation, microcircle alterations, and progressive BBB damage. It leads to fur-
ther recruitment of peripheral immune cells into the brain and BBB permeability. 
The effects are aberrant neuronal signaling and structural alterations in several 
brain regions (e.g., hippocampus, striatum, medial prefrontal cortex, and gyrus 
cinguli).

The issue of neuroinflammation opens other scenarios. For example, the SARS- 
CoV- 2 infection could trigger and/or worse underlying brain diseases. Individuals 
with CNS disorders featuring neuroimmune activation such as Parkinson’s and 
Alzheimer’s disease may be more prone to coronavirus infection. In these patients, 
indeed, the increased BBB permeability could facilitate SARS-CoV-2 neuroinva-
sion. In the same way, the infection can precipitate the degenerative pathology, 
accelerating the fall of the neurocognitive trajectory. Further research and epide-
miological studies must prove these assumptions.

Overlapping processes may be possible and complicate the pathogenic cascade. 
As previously demonstrated for other viruses such as West Nile virus, and Japanese 
encephalitis virus, in an advanced stage of the disease, the cytokine storm could 
cause extensive damage to the tight junctions of the BBB. It can favor the triggering 
of viral neurotropism and the entry into the CNS [90, 91]. In other words, the infec-
tion activates the immune system which, when deregulated, induces a cumbersome 
response that results in the cytokine storm; consequently, more or less extensive 
damage is produced to the integrity of the BBB and/or BCSFB and this process 
opens the access routes of the CNS to the virus increasing its uptake into the brain. 
At this point, the virus carries out its virulence strategies. Co-factors such as the 
ARDS-induced hypoxia combined or not with the organ damage, the adopted inva-
sive therapies, and co-infections may amplify or precipitate the cascade.
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1.3.4  Gut–Brain Axis Involvement

In the uncertainties on precise mechanisms for neuro-COVID, all hypotheses need 
to be discussed. A fascinating supposition relates the intestinal organotropism of the 
virus to the triggering of neurological symptomatology. Neurological alterations 
would be induced by an alteration of the gut–brain axis, secondary to direct viral 
damage to intestinal cells and microbiota alterations [92]. The gut–brain axis works 
by maintaining homeostasis in terms of a proper functioning of the digestive tract. 
It also regulates other functions of the immune system and brain activities. This 
pathway is so important that its impairments (dysbiosis) are implicated in the patho-
genesis of functional gastrointestinal processes like irritable bowel syndrome, and 
several psychiatric, neurodevelopmental, age-related, and neurodegenerative 
disorders.

In brief, there is bidirectional communication between microbiota and the brain. 
This communication is obtained via neural, endocrine, immune, and humoral links. 
Microbial metabolites such as short-chain fatty acids, branched-chain amino acids, 
and peptidoglycans, as well as choline metabolites, lactate, and vitamins, are 
involved in this complex functional system. Again, the enteric nervous system and 
the vagus nerve, the spinal cord, the autonomic nervous system, and the hypotha-
lamic pituitary adrenal axis compose the neural side of the axis.

At least hypothetically, the axis could be involved in the pathogenesis of the 
neuro-COVID. In the intestines, ACE2 receptors work as co-receptors for the intake 
of nutrients including amino acids and regulate the development of gut microbiota 
and innate immunity mechanisms. Thus, intestinal organotropism of SARS-CoV-2 
can underlie the gastrointestinal symptoms of the disease such as diarrhea, vomit-
ing, nausea, abdominal pain. Cytokine-induced mechanisms, via IL-6, TNFα, and 
other proinflammatory molecules, can be implicated in the pathogenic cascade 
which also includes opportunistic infections [93]. These processes can predispose 
to psychiatric, or neurocognitive manifestations of COVID-19 such as depression, 
delirium, and confusion. The hypothesized mechanisms include reduction in the 
production of 5-hydroxytyphtophan (serotonin) and catecholamines (because of 
reduced intake of the precursor tryptophan), reduced availability of metabolites pro-
duced by the normal bacterial flora, and alteration of the vagus nerve centripetal 
transmission. The latter is physiologically projected to several brain areas such as 
the solitary nucleus, thalamus, hypothalamus, locus coeruleus, amygdala, and peri-
aqueductal gray (PAG). The hypothalamic–pituitary–adrenal axis can be also 
involved. Therefore, most important functions can be impaired.

The potential involvement of the gut–brain axis shows very interesting patho-
genic presupposes. However, although some symptoms such as delirium (excessive 
dopamine availability), confusion (proinflammatory state), and abdominal pain 
(functional alteration of the endogenous opioid system and PAG) may find a fairly 
plausible explanation, for other clinical manifestations, such as those from acute 
damage (sensory alterations), the role of the axis is difficult to be explained. They 
are probably provoked by direct and/or indirect viral injury. Overlapping processes 
cannot be excluded and alterations of the axis between the intestine and the brain 
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can intersect with different pathogenic mechanisms responsible for neurologi-
cal damage.

1.3.5  Effects of Multiorgan Dysfunction

This group of pathogenetic mechanisms does not foresee direct viral damage, nor 
the activation of a cascade of events that triggered by the virus induces neurotoxic-
ity through the host inflammatory response phase of the disease.

Hypoxia and organ damage, invasive therapies, and co-infections amplify the 
cascade of events that determine neurotoxicity. In other words, neurological compli-
cations represent an epiphenomenon of a multisystem disease. For example, elec-
trolytes disturbances can induce seizures. Moreover, the binding of the virus to 
ACE2 receptors can produce a fluctuation of blood pressure and weakening of the 
endothelial layer, leading to a dysfunction of cerebral autoregulation and altered 
BBB function with hypoperfusion of the posterior circulation. This process is prob-
ably underlined to the posterior reversible encephalopathy syndrome featuring 
altered consciousness, seizures, headaches, and visual disturbances. Furthermore, 
delirium or decreased level of consciousness up to coma with or without seizures 
and extrapyramidal signs can be explained as acute encephalopathy due to hypoxia 
and alteration of neurotransmitters.

1.4  Potential Mechanisms for Long-Term Neurotoxicity

A special chapter of the neuro-COVID problem concerns the possibility that the 
infection and/or neuroinflammatory processes can be able to accelerate or precipi-
tate brain aging phenomena, neurovascular coupling, and age-related or other 
underlying neurodegenerative disorders. This aspect is of crucial importance and 
concerns the possible long-term complications in COVID-19-survivors.

For this reason, pathophysiology has the hard task to find a linkage between the 
hitherto known aspects of the disease and the common mechanisms of neurode-
generation. In addition, while the clinical-epidemiological research must provide 
precise data on the phenomenon, it is necessary to underline how COVID-19-
survivors need accurate monitoring that must include a careful neurocognitive 
follow-up.

Several mechanisms need to be considered for explaining the potential virus- 
induced acceleration of neurodegenerative processes. As previously addressed, 
immune-mediated neurological processes with microglial activation and BBB 
impairment can play a key role. Nevertheless, it must be considered that rather than 
direct or indirect viral damage, neurodegeneration appears more likely to be pro-
duced by the disease as a whole. Consequently, it would be more appropriate to 
refer to COVID-19-induced neurodegeneration [94].

Potential mechanisms for long-term cognitive alterations are manifold 
(Table 1.1). Changes in the neurocardiac axis are one of the putative mechanisms. 
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This axis concerns a communication system that links the cardiovascular and ner-
vous systems aimed at maintaining healthy cardiac contraction. It works through the 
sympathetic and parasympathetic outflow and the action of the brain-derived neuro-
tropic factor (BDNF). Also called abrineurin, this protein is closely related to the 
nerve growth factor. It has an important role in vasculogenesis, neurogenesis, axo-
nal sprouting, and memory consolidation. It was demonstrated a decline of BDNF 
in aging and its role in precipitating the cognitive decline [95]. During the 
COVID-19, any alteration in the axis (e.g., due to cardiomyocytes damage) can 
provoke decreased BDNF expression and, in turn, an increased susceptibility of the 
nervous tissues to the cellular damage.

As previously mentioned regarding the hematogenous pathway of diffusion of 
SARS-CoV-2, the virus can bind to the ACE2 of the endothelium of cerebral ves-
sels. These cells, together with neurons, astrocytes, vascular smooth muscle cells, 
and pericytes, combine to form the BBB structure. Therefore, an alteration of the 
BBB—eventually produced by the proinflammatory systemic state— in addition to 
opening a way of access to viral invasion (an eventuality yet to be verified), creates 
a substantial alteration of neuronal functioning with alterations of the microcircula-
tion and loss of filter function towards neurotoxic agents. All these phenomena, 
when involving key associative areas, predispose and/or accelerate the cognitive 
decline typical of aging.

Demyelination is another potential mechanism underlying long-term damage in 
the nervous tissue. As Desforges et al. [12] demonstrated, the genome of HCoVs 
was isolated in brain specimens set up at autopsy of individuals affected by neuro-
degenerative diseases. Previously, Lane et al. [17] conducted investigations on the 
pathogenesis of murine coronavirus infection of the CNS and highlighted that viral 
persistence in oligodendrocytes may induce immune-mediated demyelination. 
Probably, the extend of the clinical manifestations depends on the degree of cell 
impairment and by the differentiation capability of oligodendrocyte progenitor 
cells. Of note, ACE2 was also found in these latter cells [45].

Table 1.1 Potential mechanisms for long-term neurotoxicity

Process Mechanism(s)
Neurocardiac axis Alteration in the axis can induce decreased BDNF levels and an 

increased susceptible of the CNS to the cellular damage
Neurovascular 
damage

Cytokines-induced BBB damages in key associative areas

Demyelination Immune-mediated demyelination
Impairment of oligodendrocyte progenitor cells

Neurodegeneration Neuroinflammation through cytokines production, BBB damage, cells 
recruitments (microglial activation), further oxidative stress, and 
neurotransmission alterations in particular brain regions

Cellular senescence Virus-induced senescence brain cells (oligodendrocytes and astrocytes) 
can produce proinflammatory cytokines, maintaining the 
neuroinflammation

Abbreviations: BDNF brain-derived neurotropic factor, CNS central nervous system, BBB blood–
brain barrier

1 Pathophysiology of COVID-19- Associated Neurotoxicity



25

The infection-induced neuroinflammation is another issue to be addressed for 
explaining the late-onset neuro-COVID. Nevertheless, the cascade involving cyto-
kine production, BBB damage, cells recruitment (microglial activation), and finally 
further oxidative stress with neurotransmission problems in particular brain regions 
must be well elucidated. On these bases, it was hypnotized that chronic-neuro- 
COVID could be linked to an ongoing low-grade inflammatory response and/or 
degeneration of functional neuronal and glial cells, while the vascular occlusion 
seems mostly involved in the acute phase of the disease [96]. Notably, in a study that 
compared the serum of patients 40–45 days after the infection to that of healthcare 
workers without infection, persistence of the inflammatory response and mitochon-
drial stress was found [97].

Finally, a virus-induced senescence mechanism that leads to a reduced capacity 
to respond to differentiation and apoptotic stimuli cannot be excluded. Senescence 
brain cells including oligodendrocytes and astrocytes can produce proinflammatory 
cytokines, maintaining the neuroinflammation process.

1.5  Pain and COVID-19: The COVID-Pain Issue

In the context of the neurological manifestations of COVID-19, pain is a special 
problem [98]. Painful issues can be schematically divided into two types:

• COVID-19-associated acute pain conditions.
• Long-term painful clinical manifestations.

The acute forms regard the acute course of the disease; on the other hand, the 
long-term manifestations must be framed as COVID-19 outcomes and are encom-
passed in the long-COVID issue. These two sets present pathophysiological, clini-
cal, prognostic, and health care differences. Even in this case, however, the 
distinction has mainly narrative purposes. The hypothesized mechanisms—for 
example, an imbalance in the production of cytokines with opposite action in noci-
ception—could affect the mechanisms of acute pain but, at the same time, they can 
also be responsible for the genesis of chronic pain processes (Fig. 1.6).

1.5.1  Acute Clinical Manifestations

In terms of pathophysiology, an interpretation for understanding the COVID-19- 
associated acute pain clinical manifestations is the ACE2/RAS pathway and its 
variable expression in key areas of nociception. Through the action of different 
angiotensinogen cleavage products that act as neurotransmitters and/or neuromod-
ulators, and their impact on particular receptors and post-receptor pathways, com-
plex neuromodulation in the spinal transmission of nociceptive information is 
performed. Theoretically, the SARS-CoV-2 could impact these mechanisms by 
altering the balance between the neuromodulation systems of nociception.

1.5  Pain and COVID-19: The COVID-Pain Issue
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Preclinical studies in mice showed that the ACE2 is expressed in neurons and 
microglia (but not astrocytes) in the DRG [99]. The activation of AT1 receptors 
leads to nociception phenomena through the phosphorylation of p38 mitogen- 
activated protein kinase (MAPK) [100].

The octapeptide Ang II is not the only cleavage product obtained from the action 
of ACE2. Ang III, which is a C-terminal metabolite of Ang II, can also bind to the 
AT1 receptors, and is involved in the spinal nociceptive transmission [101]. Among 
the other products, there is the N-terminal metabolite Ang (1-7). It works by binding 
to the G-protein coupled receptor MAS which is expressed throughout the CNS and 
PNS including the DRG and spinal cord. Of note, Ang (1-7) may prevent the Ang 
II-induced nociceptive behavior via spinal MAS receptors (type 1) and the inhibi-
tion of p38 MAPK phosphorylation [102]. This heptapeptide can reduce proinflam-
matory cytokines such as TNF-α, IFN-γ, IL-1β, IL-6 while increasing the expression 

Microglia

DRG

ACE2

ACE2

M2

ACE/Ang II/AT1R

Ang-II↑

ACE2/Ang(1-7)/MasR

Ang(1-7)↓

A

B

C

IL-1β, IL-6, IL-8, IP10,
TNF, IL-12, IL-20, IL-33,

Ifi-16, MIP1A, MCP1

Myalgia,
Joint pain 

M1

Fig. 1.6 Potential mechanisms of COVID-pain. (a) ACE2/RAS pathway and the direct virus- 
induced damage. Within the RAS, the virus/receptor (ACE2) interaction involves unbalance of the 
ACE/Ang II/AT1R and the ACE2/Ang-(1–7)/MasR axes with down-regulation of ACE2 levels on 
cell surfaces, Ang-II accumulation, and impairment of the anti-nociceptive Ang-(1-7) pathway. (b) 
Macrophage activation. Macrophages and other immune cells can stimulate the production of 
inflammatory mediators (e.g., IL-1β, TNF, and bradykinins). These processes can facilitate the 
sensory cells injury and can lead to chronic pain through sensitization/activation mechanisms. (c) 
The exuberant immune-mediated inflammation. It can induce widespread myalgia and joint pain 
via peripheral and central mechanisms. Disease-related and predisposing factors contribute to the 
determinism of the damage. Abbreviation: RAS, renin–angiotensin system; ACE2, angiotensin- 
converting enzyme 2; Ang, angiotensin; AT1R, angiotensin 1 receptor; MasR, Mas receptor; IL, 
interleukin; TNF, tumor necrosis factor
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of the anti-inflammatory cytokine IL-10. In a mouse model of diabetic neuropathy, 
it was also demonstrated that Ang (1-7) may ameliorate the streptozotocin-induced 
diabetic neuropathic pain by acting on spinal MAS receptors and through the inhibi-
tion of p38 MAPK phosphorylation [103].

On these bases, the SARS-CoV-2 infection in the human spinal dorsal horn could 
upset the balance between two opposing systems: the ACE/Ang II/AT1 receptor 
axis and the ACE2/Ang (1–7)/MAS axis [104].

In this complex scenario, the AT2 receptor could play the role of protagonist/
co- protagonist. It was proved that this receptor subtype is implicated in pain control 
[105]. Although the precise signaling pathway remains unclear, the receptor proba-
bly works as G-protein coupled receptor and, particularly in neurons, it provides the 
activation of the serine/threonine protein phosphatase 2A (PP2A). It leads to the 
generation of prostaglandin E2 from arachidonic acid by cyclooxygenase-1 (COX-1) 
and subsequent stimulation of the delayed rectifier K+ channel with hyperpolariza-
tion of plasma membranes. Other pathways concern the release of bradykinin and 
nitric oxide (NO). It was also proved that Ang II may provoke COX-2 induction 
[106]. All these processes are closed to the mechanisms of inflammation and 
nociception.

Previous in  vitro (cultured human and rat DRG neurons) and animal studies 
showed that AT2 receptors were implicated in neurite outgrowth (after nerve injury), 
and thus in chronic pain and hypersensitivity associated with abnormal nerve 
sprouting [107]. In a rat model of neuropathic pain (chronic constriction injury of 
the sciatic nerve), an AT2 selective antagonist demonstrated important analgesic 
activity [108]. Furthermore, in a controlled clinical investigation, the AT2 receptor 
antagonist EMA401 ((S)-2-(diphenylacetyl)-1,2,3,4-tetrahydro-6-methoxy-5-
(phenylmethoxy)-3-isoquinolinecarboxylic acid) was tested against post-herpetic 
neuropathic pain [109].

Considering these pieces of evidence, the alteration of nociception may not be 
necessarily produced by a virus/receptor (ACE2) within the CNS or PNS; it can be 
the effect of changes in the balance between the pathways of ACE2. It could be also 
hypothesized an upregulation of AT2 mediated (pro-nociceptive) mechanisms that 
are probably caused by excessive activation of the “classic” AT1 axis. Alternatively, 
or additionally, a functional imbalance between cytokine systems characterized by 
impairment of the Ang (1-7) pathway (anti-nociceptive) could occur. This could, at 
least in part, explain much of the painful manifestations in the absence of clear evi-
dence of viral invasion into nerve tissue.

1.5.2  Long-Term Painful Clinical Manifestations

Patients who suffered from ARDS during their ICU stay are particularly prone to 
develop a post-discharge complex disorder featured by persistent fatigue, depres-
sion, weakness, and limited exercise tolerance which is defined as the distance 
walked in 6 min [110]. These problems have also been extensively described in 
SARS-survivors admitted to ICU [111].

1.5  Pain and COVID-19: The COVID-Pain Issue
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The severity of the acute form of the infection is not an essential condition for the 
triggering of the post-COVID syndrome. It can also affect those who have not suf-
fered from the most serious forms of the disease or those who have not been hospi-
talized. This syndrome, termed as long-COVID or post-COVID, has multiple 
clinical expressions and recognizes a multifactorial genesis. Painful manifestations 
such as myalgia, joint pain, headache, and others are encompassed within this set.

Among the pathogenic factors involved, there is the use of medications, such as 
systemic corticosteroids to manage the disease and multiorgan dysfunction, during 
the ICU stay. Additionally, a pivotal role is played by complex psycho-affective 
components including psychological effects of prolonged hospital admission, sleep, 
mood alterations, anxiety produced by separation, and isolation from family and 
friends. Factors strictly related to systemic inflammation like muscle atrophy due to 
immobility may contribute.

How many patients will need to be assisted because of chronic pain? Since the 
pandemic is still ongoing, it is difficult to have a precise estimate of the extent of the 
problem. It is also difficult to extrapolate data from epidemiological studies on 
SARS although SARS-CoV-2 is more contagious than SARS-CoV, the overall esti-
mated case-fatality rate of COVID-19 is lower than the SARS. It must be considered 
that (i) about 5% of COVID-19 patients require ICU care; (ii) two-thirds of these 
may develop ARDS, and (iii) among ARDS COVID-19 cases, mortality estimate 
was 39% [112]. This is a very rough estimate in critically ill patients and the data 
could be very different considering all forms of the disease. On these premises, it is 
expected to have to assist several millions of COVID-19 survivors worldwide. Of 
these, an unspecified percentage will suffer from chronic non-specific pain. In a 
telephone follow-up of patients post-discharge (n = 100), compared to those affected 
by less severe forms of the disease, patients admitted to ICU showed a greater prev-
alence of non-specific pain (20–30% versus 10–20%), despite less affected by 
comorbidities [113].

Patients who experienced less severe forms (e.g., self-treated at home patients) 
may develop chronic pain and other post-COVID-19 clinical manifestations. In a 
follow-up study conducted 2 months after hospital discharge, the persistence of 
joint pain and chest pain was, respectively, 27.3% and 21.7% although the authors 
failed to report precise data on the illness severity [114]. Follow-up studies will be 
able to give us reliable data on the extent of the phenomenon. At the same time, 
assistance programs must be organized, in several clinical settings [115].

1.6  Ongoing Clinical Research

Given the enormous interest in COVID-19 neurotoxicity, many clinical studies have 
been planned on the subject. A schematic description of selected ongoing trials from 
several registries is shown in Table 1.2.

The “Norwegian Study of Nervous System Manifestations and Sequelae After 
COVID-19 (NeuroCovid)” (NCT04576351) is promoted by the Oslo University 
Hospital. It is a multi-center prospective observational clinical study of the 
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occurrence of neurological, neuropsychological, and psychiatric manifestations and 
sequelae in patients with COVID-19. The study is aimed at identifying clinical fea-
tures and biomarkers for both short- and long-term neurological treatment and reha-
bilitation. Blood samples for biomarker analyses, brain magnetic resonance imaging 
(MRI), clinical neurological, neurophysiological and neuropsychological assess-
ments will be performed at 6 and 12 months after acute disease. The study began in 
September 2020 and is scheduled to end in December 2023, with the enrolment of 
150 patients.

The impact of neurological complications on the course of the disease (e.g., mor-
tality) and functional outcomes must be studied thoroughly. To this regard, the study 
titled “Neuro-COVID-19: Neurological Complications of COVID-19 (Neuro- 
COVID)” is a prospective observational cohort study aimed at evaluating the preva-
lence and severity of neurological symptoms among COVID-19 patients admitted 
to the ICU, as well as the influence of neurotoxicity on patients’ outcomes 
(NCT04418609). The authors also planned to examine imaging, electroencephalog-
raphy (EEG) data, and CSF analysis. They will also perform autopsies for analyzing 
pathological changes in the brain and histopathological findings, in those who die 
from the disease.

Another study is promoted by the Tübingen University Hospital, in Germany 
(NCT04367350). The researchers planned to perform a multimodal assessment of 

Table 1.2 Ongoing clinical research

Country Design Outcomes Trial ID
Norway Prospective 

Observational 
(multi-center)

Occurrence of neurological, 
Neuropsychological and psychiatric 
manifestations
Clinical features and biomarkers

NCT04576351a

Swiss Prospective 
observational

Influence of neurological 
complications on mortality and 
functional outcomes in ICU 
COVID-19 patients
Imaging, EEG, and 
CSF. Histopathological findings

NCT04418609a

Germany Prospective 
observational

Assessment of neuromuscular 
pathology
Laboratory biomarkers and muscle 
ultrasound assessment

NCT04367350a

United 
States

Interventional Rate of COVID-19 patients and 
underwent CAR-T therapy able to 
avoid death or MV

NCT04148430a

International Prospective 
observational 
(multi-center)

Neurological, pulmonary, renal, liver 
function, and HR-QoL in post-ICU 
COVID-19 survivors

ACTRN
12620000799954pb

Abbreviations: ICU intensive care unit, EEG electroencephalography, CSF cerebrospinal fluid, 
CAR-T chimeric antigen receptor, TMV mechanical ventilation, HR-QoL health-related qual-
ity of life
aFrom the registry ClinicalTrials.gov
bFrom the Australian New Zealand Clinical Trials Registry (ANZCT) http://www.anzctr.org.au
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neuromuscular pathology associated with COVID-19-related ARDS. In particular, 
laboratory biomarkers (creatine kinase, troponin, urine myoglobin, and autoim-
mune antibodies) and muscle ultrasound assessment (Heckmatt score for the clas-
sification of muscle echogenicity) will be used.

Researchers from the Memorial Sloan Kettering Cancer Center (United States) 
are recruiting adult COVID-19 patients with a diagnosis of solid tumor or hemato-
logic malignancies who underwent CAR-T. Their aim is to evaluate the effect of 
anakinra on both neurotoxicity and prevention of CRS secondary to CAR-T or 
COVID-19 (NCT04148430).

A long-term observation (up to 2 years post-ICU discharge) aimed at assessing 
neurological, pulmonary, renal, liver function, and health-related quality of life in 
COVID-19 survivors admitted to the ICU is performed through a multi-center inter-
national prospective study. In particular, cognitive impairment is assessed by the 
Montreal Cognitive Assessment and depression by the Patient-Health Questionnaire 
9. The study was registered at the Australian New Zealand Clinical Trials Registry 
(ANZCT) (ACTRN12620000799954p).

1.7  Research Perspectives

Despite many papers have addressed the problem, multiple aspects related to 
COVID-19-induced neurotoxicity must be explained [116]. Research on pathophys-
iology must clear up many doubts (Table 1.3). For example, a crucial aspect is the 
correlation between the occurrence of neurological complications and the severity 
of the disease. While changes in taste and smell are common in non-severe 
COVID-19 forms and are not a predictor of severe disease, the same paradigm can-
not be applied to the entire spectrum of neurological complications. The clinical 
experience suggests that the most severe neurological complications such as stroke 
and encephalopathy usually manifest in critically ill patients and are associated with 
significantly higher mortality.

Furthermore, the gender correlation and the role of age must be addressed. 
Interestingly, elderly patients were at an increased risk to suffer from myalgia, and 
fatigue, as compared with younger subjects who had a higher propensity to manifest 
symptoms related to sensorial disorders [117]. Furthermore, several investigations 
showed that young to middle-aged women are more prone to long-COVID [118]. 

Table 1.3 Main topics to be addressed on neuro-COVID research

Correlation between neurological complications and severity of the disease
The role of the gender, age, race factors
Genetic predisposition
The role of systemic conditions (e.g., hypoxemia, organ damage)
Precise mechanisms of neurotoxicity (e.g., the role of complement system)
Systemic effects of early neurological injury
Predictors of long-term complications
Tailored therapeutic approach
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According to the “pregnancy compensation hypothesis,” women of reproductive 
age have more reactive immune responses to a pathogen as their immune systems 
have evolved to support the heightened need for protection during pregnancy [119]. 
Another hypothesis assumes that the explanation can be traced back to autoimmune 
phenomena that are more evident in the female gender [120].

Is it possible that in some individuals there is a genetic predisposition to viral 
infection of nerve cells? Much could depend on the phenotypes of certain cytokines 
such as INFs that represent the protagonists of the innate immune barrier against 
viruses.

The pathophysiology must also clarify the dynamics of some neurological com-
plications such as brain ischemia. It must be established whether sequelae are the 
effect of viral damage, or the consequence of an advanced state of the disease char-
acterized by hypoxia and tissue hypoperfusion, combined or not with neuroinflam-
mation. In critically ill COVID-19 patients, the occurrence of polyneuropathies 
could be explained by prolonged hospitalizations and neurotoxins production and 
configuring clinical pictures of critical illness polyneuropathy, or critical illness 
myopathy (especially in those requiring mechanical ventilation), rather than being 
labeled as specific COVID-19 clinical manifestations.

The study of neurological complications may also have other objectives. It may 
be possible, for example, to identify clinical-laboratory symptoms or signs sugges-
tive of the severity of the disease, also concerning the development of the long-term 
sequelae. Furthermore, pathophysiology could offer important information to eval-
uate the possible consequences of early neurological damage. For instance, the 
rapid viral spread toward the CNS could explain the early respiratory complications 
which, in some cases, develop before that lung damage occurs [121].

The research must finally clarify the weight of the patient’s general condition 
compared with the neurotropism of the virus, in the determinism of neurological 
complications. Factors such as hypoxia, multiorgan damage, could override the 
intrinsic ability of the virus to damage the CNS. As evidence of this, it has been 
found that elderly COVID-19 patients with hypertension, diabetes mellitus, and 
hyperlipidemia are at higher risk to develop ischemic stroke [122].

Regardless of whether the manifestations of neuro-COVID are produced by 
direct viral damage or they are secondary to the extent of the pathology and the 
inflammatory and immune-mediated systemic damage, it is appropriate to charac-
terize the precise pathophysiology. It is also necessary to look for suggestive ele-
ments for brain damage. For instance, in the suspicion of an encephalitic-like 
involvement, it could be suggested to calculate the albumin and IgG indices to 
determine BBB permeability.

Since pathophysiological data indicate that elderly patients are exposed to an 
acceleration of cognitive decline following COVID-19, clinical research, but also 
preclinical investigations, must pay attention to potential strategies aimed at the 
prevention of post-infection neurocognitive damages. In this context, several anti- 
aging therapeutics such as sirtuins, quercetin, and fisetin can be tested. Another 
important argument to be addressed is the role of nutrition, especially for ICU 
patients. Vitamins deficiency, for example, can be associated with musculoskeletal 
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pain [123]. Moreover, as a retrospective analysis showed, the problem seems to 
affect not only ICU patients [124]. Epidemiological studies conducted on different 
populations are needed to provide more detailed data.

From preclinical and translational research, a detailed understanding of the cas-
cade of events leading to nervous tissue damage is expected. To meet this funda-
mental objective, it is necessary:

 (a) To design in vitro, in vivo, and in silico ad hoc models that can recapitulate the 
physiological effects of SARS-CoV-2 infection. In particular, studies are 
needed to define how SARS-CoV-2 gains access to the brain, dissect mecha-
nisms of the neuroimmune activation, and illustrate the distribution of the 
virus in the brain.

 (b) To characterize the pathogenetic processes that are triggered by the action of 
the virus and the host’s response. For example, multiple features of severe 
SARS-CoV-2 infection suggest that complement activation plays a pivotal role 
in the pathogenesis of COVID-19, particularly during exaggerated immune 
responses [125]. Other interesting elements in the cascade, such as the potential 
immune-mediated disruption of the autonomic nervous system, need to be bet-
ter characterized [126].

 (c) To develop a therapy approach tailored to different steps in the cascade. In this 
regard, a very interesting randomized, parallel, multi-center phase I/II clinical 
trial is ongoing (NCT04324996). Because natural killer (NK) cells are the 
major cells of the natural immune system with a paramount role against virus 
infection, researchers are testing an activating receptor of these cells (NKG2D) 
to enhance the clearing of SARS-CoV-2 infected cells. The study provides the 
development of NK cells modified by CAR technology. In brief, the NKG2D- 
ACE2 CAR-NK cells secreting an IL-15 “superagonist” capable of CRS pre-
vention and granulocyte-macrophage colony-stimulating factor (GM-CSF) 
neutralizing. This strategy could be also effective for preventing neurotoxicity 
as CAR-T-related neurotoxicity can be counteracted through GM-CSF neutral-
ization [127].

Although clinical research is usually inspired by data obtained from preclinical 
research, building a research design starting from clinical data is often a difficult 
task of translational research. In this context, the influence of treatment regimens of 
neurological complications could help to clarify doubts about the pathogenesis of 
neuro-COVID.

Important findings could also be transferred from the imaging research. In a 
study carried out on patients with COVID-19 admitted to the ICU with neurologic 
signs, brain MRI showed leptomeningeal enhancement [128]. In another study 
focused on the topic, it was found that the MRI findings in COVID-19 ICU patients 
consisted of leptomeningeal enhancement but also cortical signal intensity abnor-
malities on fluid-attenuated inversion recovery images, and cortical diffusion 
restriction. These non-specific imaging patterns suggest that neurological changes 
need to be very carefully interpreted as they can be also detected in infectious or 
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autoimmune encephalitis, seizure, hypoglycemia, and hypoxia. Doubtless, as the 
authors stated, further research is needed to establish imaging patterns suggestive 
for neurotropism of COVID-19 [129].

The most important data expected from the research is to provide evidence of the 
actual presence of the virus within the brain and CSF. If failing to detect the virus is 
only a matter of “false negative” results, more useful biomarkers for infection of the 
CNS such as PCR and antibodies against SARS-CoV-2 in CSF must be necessarily 
developed. Previously, the RNA sequence of the HCoV OC43 was detected in brain 
biopsies in immunosuppressed children with encephalitis [91], and SARS-CoV was 
isolated in brain tissue of patients who died of SARS [130]. Nevertheless, to date, 
the scientific evidence on SARS-CoV-2 can only refer to sporadic reports and, 
although conducted on a limited number of patients, ad hoc investigations have 
failed to detect SARS-CoV-2 in the CSF [131].

About clinical settings, it would be interesting to evaluate the extent of neurotox-
icity in cancer patients. The translational research offers important data. For 
instance, since TMPRSS2 expression is highly increased in cancers cells and it is 
also directly correlated with the degree of cancer pain [132], in this vulnerable pop-
ulation the problem of COVID-pain could represent a great concern.

Finally, if the virus is really capable of infecting nerve cells, what could be the 
effect of this viral stay on the long-term sequelae? Given the clinical, social, and 
healthcare impact this is a question of enormous importance.

1.8  Conclusions

Several coronaviruses, including some HCoVs are naturally neuroinvasive, neuro-
tropic, and neurovirulent and can potentially disseminate within the CNS. Could the 
same argument also apply to SARS-CoV-2? To date, it is not possible to answer this 
question with certainty.

Therefore, it is necessary to leverage on what we currently know about the matter 
(Table 1.4).

Since the ACE2 receptor is expressed in neurons and glial cells, and SARS- 
CoV- 2 binds to the ACE2 with a higher affinity than that of SARS-CoV, the logical 
inference is that the former HCoV could be more capable of infecting and damaging 
the CNS than SARS-CoV.  Nevertheless, there is no direct evidence for 

Table 1.4 What do we know on SARS-CoV-2 neurotoxicity

The host receptor, ACE2, is expressed in neurons and glial cells
There are no direct evidence for a SARS-CoV-2-caused CNS damage
There are no proofs of a fulminant virus-induced encephalitis
Although the precise route is still debated, the virus is able to gain access to the brain
Apart from ACE2, other factors (co-receptors) can be involved
The neuropathological alterations are most likely to be immune mediated

1.8  Conclusions



34

SARS- CoV- 2-caused CNS damage. Additionally, although the virus has potential 
neurological effects, and clinical practice is progressively delineating the picture of 
the COVID-19-associated neurotoxicity or simply neuro-COVID, the mechanisms 
of neural damage should be better investigated.

Another big unknown in neurotoxicity is whether the virus produces a direct 
attack or the damage to the nervous tissue is produced by an indirect (inflammatory 
and immune-mediated) insult. The neurotoxicity, indeed, can be the effect of aber-
rant activation of the immune system. Probably, multiple mechanisms occur, even 
in combination.

There are two anatomical routes for a virus to enter the CNS: (i) a neural path-
way and (ii) a body fluid such as blood, lymph, and CSF. Concerning SARS-CoV-2, 
the neural pathway may follow mainly the olfactory tract for invading, in turn, the 
CNS. On the other hand, the body fluid way is primarily performed through the 
hematogenous route.

Regardless of the pathway used, the viruses exert their neurotropism through 
binding to host receptors, especially ACE2. Since neurons and glial cells express 
ACE-2 receptors, they are both potential targets. Nevertheless, other factors are 
necessarily involved in the SARS-CoV-2 neurotropism. Numerous studies have 
been conducted on the subject. Many other scientific achievements must be 
added to them. Pieces of evidence come from studies on other HCoVs, or are 
extrapolated from other research fields. Translational research, in fact, has made 
it possible to acquire a lot of useful information for trying to untangle this tan-
gled skein.

The cytokine storm is a real dilemma for scientists and clinicians. Since it is 
an atomic explosion triggered inside a nuclear reactor, it appears to be capable 
of producing all sorts of damage. In COVID-19, lung lesions are a typical exam-
ple of this explosion and neurological damage has impeccable logic. These 
immune-mediated neurological injuries can manifest either during or after the 
viral infection.

The ultimate of the research on underlined mechanisms of SARS-CoV-2-
induced neurotoxicity remains the need to implement appropriate prophylactic 
and therapeutic measures. The concept is valid not only for acute complications 
such as headache, and sensory alterations, but also and above all for addressing 
the paramount issue of the potential long-term neurological and psychological 
sequelae. This latter aspect creates many concerns. Even after the resolution of 
the clinical picture of the disease, patients can develop memory loss, confusion, 
and other forms of neurocognitive impairment. The genesis seems to be multifac-
torial, with the combination of viral damage, effects of hypoxia, consequences of 
more or less invasive therapies, effects of isolation of critically ill patients. 
Determining the factors involved and the weight of each appears to be a chal-
lenge that will keep researchers busy for a long time after the pandemic is 
resolved. It is reasonable to assume that only studies with long-term follow-up 
and evidence-based medicine data will provide us with adequate answers. In the 
meantime, we need to intensify preclinical investigations, enhance translational 
research, and collect as much as clinical data possible.
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2Acute Manifestations of Neuro-COVID

2.1  Introduction. Overview on Clinical Manifestations 
of the Disease

The large number of symptoms of COVID-19 lead to multiple clinical pictures that 
require a precise taxonomy [1, 2]. In this uncertainty, the abundant medical litera-
ture produced can provide valuable help. In a study conducted on 20133 patients 
admitted to the hospital, the most common symptoms were cough (68.9%), fever 
(71.6%), and shortness of breath (71.2%) [3]. The authors found four clusters of 
symptoms; the most frequent ones concerned respiratory symptoms such as cough, 
sputum, shortness of breath, and fever; other clusters were musculoskeletal symp-
toms (myalgia, joint pain, headache, and fatigue), enteric symptoms (abdominal 
pain, vomiting, and diarrhea); less commonly, a mucocutaneous set of symptoms 
were grouped. An observational multi-center European study that enrolled patients 
(n  =  1420) with a mild-to-moderate COVID-19 showed that the most common 
symptoms were headache (70.3%), loss of smell (70.2%), nasal obstruction (67.8%), 
cough (63.2%), asthenia (63.3%), myalgia (62.5%), rhinorrhea (60.1%), gustatory 
dysfunction (54.2%), sore throat (52.9%), and fever (45.4%) [4]. Furthermore, a 
systematic review and meta-analysis of the literature including a total of 2874 
patients, showed different results with a higher incidence of fever (88.7%)—mainly 
in adults compared to children (92.8% vs 43.9%)—followed by cough (57.6%), and 
dyspnea (45.6%) [5]. Another systematic analysis found similar results with fever 
as the most prevalent clinical symptom (91.3%), followed by cough (67.7%), fatigue 
(51.0%), and dyspnea (30.4%) [6].

Notably, certain less common symptoms can represent the first manifestation of 
the disease. They can develop before the classic fever and respiratory symptoms, or 
be the unique clinical expression of COVID-19. These symptoms are deep vein 
thrombosis [7], diarrhea [8, 9], acute pancreatitis [10], acute hepatitis [11], and 
cutaneous manifestations, such as rash, urticaria, macular erythema, and others [12].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-86705-8_2&domain=pdf
https://doi.org/10.1007/978-3-030-86705-8_2#DOI
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A Cochrane review of the literature aimed at assessing the diagnostic accuracy of 
signs and symptoms of COVID-19 identified 16 studies including 7706 patients. 
Interestingly, 27 signs and symptoms were divided into four different categories: 
systemic, respiratory, gastrointestinal, and cardiovascular. The overall sensitivity 
was very low and the specificity was high. Since 6 symptoms (i.e., cough, sore 
throat, fever, myalgia/arthralgia, fatigue, and headache) were found with high sen-
sitivity in at least one study, they should be considered red flags for suspect 
COVID-19 [13].

The matter becomes even more complicated when further variables come into 
play. About 25–30% of patients present comorbidities and this percentage increases 
to 60–90% among hospitalized patients, especially in intensive care unit (ICU) 
patients [14, 15]. The most common comorbidities include hypertension, diabetes, 
cardiovascular diseases, chronic obstructive pulmonary diseases, chronic kidney 
diseases, malignancy, and chronic liver disease, [3, 5, 6, 14]. Obesity has been also 
identified as a risk factor for the severity of the disease and poor outcome [15]. Age 
and sex seem to have a role in the prevalence of the symptoms, with the young 
patients more frequently showing ear, nose, and throat complaints and the elderly 
ones fatigue and fever. Concerning gender differences, loss of smell, headache, 
fatigue, and nasal obstruction were prevalent in females [4].

About the evolution and outcome of infected patients, a European study showed 
that of 1420 patients who completed the full evaluation, 116 needed hospitalization 
(8.1%) and the mean duration of COVID-19 symptoms (mild-to-moderate disease) 
was 11.5 ± 5.7 days [4]. A literature review showed that 17–35% of patients were 
treated in the ICU for acute respiratory failure and/or multiorgan failure [14]. In a 
prospective observational study conducted in 208 acute care hospitals, among 
20133 inpatients with COVID-19, 17% required admission to high dependency or 
ICU, 55% received high flow oxygen at some point during their admission, 16% 
were treated with non-invasive ventilation, and 10% received invasive ventilation 
[3]. Other studies from the United States (US), Italy, and China showed a wide pro-
portion range of critically ill among the inpatients (from 7% to 26%) [16–18]. The 
median time to in-hospital deterioration was 3 days and the length of stay increased 
with age [16].

The case-fatality rate varies among the countries, from 0.2 to 28.9% [19]. 
These differences could be explained by demographic reasons, as the proportion 
of older patients, the characteristics of healthcare systems, the differences in the 
number of people tested, the definition of COVID-19 related deaths, and testing 
strategies used to diagnose the disease [20]. Overall, the mortality rate of hospital-
ized patients ranges from 15% to 20%, up to 40% for those requiring ICU admis-
sion [14]. As expected, the mortality is higher for older patients and those with 
comorbidity [3].

Based on these premises, it is clear that COVID-19 is not just a respiratory dis-
ease. In other words, through direct and/or indirect viral damage (e.g., because of 
the inflammatory response), or during the evolution of the disease, all organs and 
systems can be potentially affected. In this context, the possibility that human coro-
naviruses (HCoVs) can produce neurological or psychiatric symptoms has been 
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highlighted by studies conducted on the Severe Acute Respiratory Syndrome 
(SARS) and the Middle East Respiratory Syndrome (MERS). Both outbreaks were 
caused by viruses belonging to the family Coronaviridae, SARS-CoV and MERS- 
CoV, respectively. Cases of generalized seizures with the finding of cerebral spinal 
fluid (CSF) positivity for SARS-CoV were described [21]. Among the psychiatric 
consequences, depression, anxiety disorder, suicidal ideas, hallucinations, and 
behavioral disturbances were reported [22]. Besides, other HCoVs appear to be 
capable of producing neurological damage. For example, Nilsson et al. [23] reported 
a case of fatal encephalomyelitis associated with the HCoV OC43 in an immuno-
compromised child, despite absent respiratory involvement.

Concerning COVID-19, since the beginning of the pandemic, the first clinical 
reports indicated the presence of neurological symptoms and signs as part of the 
clinical manifestations of the disease. In a retrospective study in Wuhan (China), 
36.4% of patients had neurologic symptoms, mainly in more severe patients. The 
neurological manifestations were divided into three categories: central, peripheral, 
and skeletal muscular symptoms. Central nervous system (CNS) manifestations 
such as dizziness, headache, impaired consciousness, acute cerebrovascular disease, 
ataxia, and seizure were more frequent (24.8% of cases), followed by peripheral 
problems (taste impairment, smell impairment, vision impairment, and nerve pain), 
and muscular symptoms (8.9% and 10.7%, respectively). The most common CNS 
symptoms were dizziness (16.8%) and headache (13.1%). Furthermore, the onset of 
symptoms was early for some peripheral (taste and smell impairment), skeletal 
muscle manifestations (myalgia and asthenia), and some CNS symptoms like dizzi-
ness and headache. On the contrary, impaired consciousness and acute cerebrovas-
cular diseases appeared late in the course of the disease [24]. In another study, it was 
described that anosmia and ageusia were the unique presenting symptoms, in 3% of 
patients [14], and in a large international multicohort study on 3744 patients from 
28 centers (13 countries), neurological manifestations were reported in 82% of hos-
pitalized patients. The most common symptoms were headache, anosmia/ageusia; 
encephalopathy, coma, and stroke were also reported. Moreover, the presence of 
neurological signs and syndromes was associated with an increased risk of in-hos-
pital death [25].

On these premises, in the context of COVID-19-related extrapulmonary clinical 
expressions, acute neurological and psychological/psychiatric manifestations con-
figure a chapter of paramount importance. The term “neuro-COVID” is an umbrella 
term encompassing both acute manifestations and lasting symptoms or syndromes. 
In particular, the involvement of the CNS and/or PNS, as well as psychological/
psychiatric problems can concern the acute phase of the disease, but also extend 
beyond its resolution. In the latter case, the phenomenology of neuro-COVID falls 
within post-acute clinical manifestations that are collectively referred to as “long- 
COVID” or “post-COVID.”

Given that the pandemic is still ongoing and the ever-increasing amount of infor-
mation on the subject, this chapter is aimed at presenting an overview of the acute 
manifestations of neuro-COVID.  It is a particularly complex phenomenon. 
Pathophysiological, clinical, and epidemiological studies will help to clarify many 
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doubts and questions that clinicians and scholars have on this issue. It is reasonable 
to think that it may take years to draw a complete picture of the problem.

2.2  Pathogenic Mechanisms

Growing evidence suggests a direct and indirect involvement of the CNS and 
peripheral nervous system (PNS) in the SARS-CoV-2 infection. Concerning the 
pathogenic mechanisms, it was shown that the angiotensin-converting enzyme 2 
(ACE2), which is responsible for the interaction of the coronavirus with host cells, 
is expressed also in neurons, astrocytes, and oligodendrocytes of various areas of 
the brain like substantia nigra, ventricles, middle temporal gyrus, posterior cingu-
late cortex, and olfactory bulb [26, 27]. The virus could directly reach the CNS in 
retrograde entry through the olfactory epithelium or the retrograde transfer from 
nerve terminals (olfactory pathway) and cross, in turn, the damaged blood–brain 
barrier (BBB) [26, 28]. The trigeminal nerve, the glossopharyngeal nerve, and the 
vagus could be also involved in the nervous spreading. Additionally, SARS-CoV-2 
could directly reach the nervous tissue by exploiting the hematogenous pathway, or 
cross the BBB carried by lymphatic cellular elements. The latter mechanism is 
called the “Trojan horse” pathway [29].

On the other hand, potential mechanisms of CNS and PNS involvement could be 
related to hypoxic injury, cerebrovascular injury, or be the effect of the immune- 
mediated injury. Hypoxic brain damage is the result of severe hypoxia because of 
acute respiratory failure, while the cytokine storm in the acute phase could be respon-
sible for the immune-mediated injury and a dysregulated immune response. This exu-
berant immune-mediated inflammation could be responsible for central and peripheral 
autoimmune manifestations [27, 28]. Furthermore, neurologic involvement could 
result from sepsis and multiorgan failure, in the most severe cases [30].

Histological findings can help to clarify the mechanisms of the lesions and the 
occurrence of symptoms. A postmortem case series on 43 patients showed relatively 
mild alterations with areas of fresh ischemic lesions, in 14%, and astrogliosis, in 
86% of patients. Activation of microglia and infiltration by cytotoxic T lymphocytes 
mainly in the brainstem and cerebellum was also demonstrated. Moreover, SARS- 
CoV- 2 was detected in 53% of brains, cranial nerves, and brainstem, while there 
was no evidence of cerebral bleeding or small-vessel thrombosis and necrotizing 
lesions [31]. Another study showed a diffuse hypoxic injury in the cerebrum and 
cerebellum with loss of neurons in the cerebral cortex, hippocampus, and cerebellar 
Purkinje cell layer; no thrombi or vasculitis were found, while rare foci of perivas-
cular lymphocytes and a focal leptomeningeal inflammation were detected; again, 
no abnormalities in the olfactory bulb were observed; the virus was detected in the 
brains of 5 patients [32]. Neuropathological findings from a case of acute dissemi-
nated encephalomyelitis showed mild brain swelling and hemorrhagic lesions; these 
lesions were disseminated throughout the cerebral hemispheric white matter and 
combined with intraparenchymal blood infiltration, and macrophages, peripher-
ally [33].
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Besides the potential SARS-CoV-2 neuroinvasion and neurotropism, as well as 
indirect damages produced by an excessive inflammatory and immune-mediated 
response of the hosts, other factors can probably contribute to the determinism of 
neurological complications in COVID-19. Some treatments and the environmental 
conditions adopted for COVID-19 patients, such as strict quarantine or the stay in 
ICU, could play a role in the development of neurological and psychiatric symptoms.

Despite these findings, the pathogenic underlying mechanism(s) of the neuro-
logical manifestations of COVID-19 need to be clarified. Further research is war-
ranted for explaining if these phenomena can be considered as expressions of the 
viral damage or the result of complications involving the CNS and/or the PNS in 
light of the natural evolution of the disease. Overlapping mechanisms between 
direct/indirect viral attack and disease-related processes can probably occur (For 
more details on pathogenic mechanisms see Chap. 1).

2.3  Classification Approaches

There are many classifications of neurological involvement of COVID-19. These 
approaches concern:

• Pathogenetic mechanisms: direct damage, indirect injury (e.g., neuroinflamma-
tion and cytokine-related injury), disease-related (e.g., ischemic, multiorgan 
impairment)

• Location of symptoms: CNS, PNS, and skeletal muscular manifestations
• Onset time of the clinical presentations (infective and post-infective 

complications)

Yu et  al. [34] suggested a classification based on the pathophysiology of the 
symptoms, identifying four categories:

 1. CNS direct invasion including viral meningitis/encephalitis
 2. PNS direct invasion featuring hyposmia and/or hypogeusia
 3. Systemic response leading to hypoxic injury, coagulopathy, and inflammatory 

response like encephalopathy, and cerebrovascular diseases.
 4. Post-infection immune dysfunction. This group encompasses acute dissemi-

nated encephalomyelitis (ADEM); acute necrotizing encephalitis (ANE); acute 
necrotizing myelitis (ANM); Guillain-Barré syndrome (GBS) and its variants.

Furthermore, Nersesjan et al. [35] proposed to assign the neurological complica-
tions to one of the following mechanisms:

 1. Direct viral invasion:
 (a) Evidence of SARS-CoV-2 detected in CSF or evidence of SARS-CoV- 2-

specific intrathecal antibody production.
 (b) No other explanatory pathogen or cause was found.
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 2. Immune-mediated mechanisms:
 (a) Neurological disease onset within 6 weeks of acute infection.
 (b) No evidence of other commonly associated causes including recent or con-

comitant viral infections.
 (c) Evidence of immune-mediated mechanisms, such as inflammatory lesions 

on magnetic resonance imaging (MRI) and/or CSF pleocytosis or oligoclo-
nal bands and/or brain pathology findings.

 3. Complications secondary to critical illness, management-related, or other causes:
 (a) Other more likely causes, such as delirium, hypoxia, sepsis, metabolic 

derangement, or other complications to critical illness (e.g., septic or 
hypoxic encephalopathy).

 (b) No signs of disease mechanism 1 or 2 after investigation with brain imaging, 
electroencephalography (EEG), or CSF study.

 4. Insufficiently investigated:
 (a) No explainable cause found.
 (b) CSF study and/or neuroimaging not able to confirm or dismiss 1 or 2 disease 

mechanisms.

A simple and effective approach refers to clinical presentations. The German 
Society of Neurology published recommendations and statements about the follow-
ing clinical manifestations: encephalopathy, meningoencephalitis, GBS, acute 
inflammatory demyelinating polyneuritis (AIDP), ADEM, stroke, epilepsy, chemo-
sensory disturbance, neuromuscular diseases, and PNS diseases [36].

The clinical distinction based on the location of the underlying lesion appears to 
be a simple and accepted classification criterion. In a retrospective observational 
study from 46 hospitals in France on COVID-19 patients (n = 222) with neurologi-
cal manifestations, the authors classified the neurological manifestations in CNS 
and PNS clinical expressions [37]. They also defined each clinical picture:

• Stroke: patients with sudden neurologic deficit related to an acute vascular lesion 
on MRI or computed tomography (CT) scan, or n patients with a transient focal 
deficit and normal MRI (transient ischemic attack) or in those with cerebral 
venous thrombosis.

• Encephalitis: an altered mental status lasting 24 h along with one of the follow-
ing criteria: white blood cell count (WBC) in CSF less than 5/mm3; or presence 
of a compatible acute lesion on brain MRI.

• Encephalopathy: an altered mental status lasting more than 24 h that could be 
associated with seizure and/or focal neurologic signs in the absence of criteria 
for encephalitis and if encephalopathy could not be accounted for by another 
cause, such as toxic or metabolic factors, according to the reporting clinician.

• GBS: according to standard diagnostic criteria, progressive motor weakness of 
more than one limb, areflexia, symptoms progression, relative symmetry, mild 
sensory symptoms or signs, cranial nerve involvement, autonomic dysfunction, 
absence of fever at the onset, CSF protein elevated and cells count of 10 or fewer 
mononuclear leukocytes/mm3.
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• Acute meningitis: meningeal syndrome (head stiffness, headache, fever) without 
encephalitic course and CSF WBC counts less than 5/mm3.

• Other: neurologic manifestations that did not meet any of these criteria.

Following this approach, in this chapter, a simple descriptive model based on the 
location of clinical manifestations, is adopted. Neurological manifestations are 
divided into CNS, and PNF issues. Moreover, skeletal muscular manifestations and 
several acute psychological/psychiatric problems are also encompassed in the acute 
neuro-COVID (Fig. 2.1).

2.4  Central Nervous System Manifestations

This group encompasses clinical manifestations of varying severity, incidence, and 
weight. These complications are reported in Table 2.1.

CNS
manifestations

Psychiatric
manifestations

PNS
manifestations

Skeletal muscle
manifestations

Headache Anxiety

Disorientation

Delirium

Depression Suicidal ideation

Sleep disorders

Obsessive-compulsive
behavior

Agitation

Confusion

Acute encephalopaty
Dizziness

Ischemic strokeCerebral hemorrhage

Seizures

Myelitis

Anosmia Myalgia

Rhabdomyolisis

Asthenia Joint pain

Ageusia Pain 

Guillain Barré syndrome

MeningitisCerebral venous 
thrombosis

EncephalitisPRES

Fig. 2.1 Acute manifestations of neuro-COVID
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Table 2.1 Central nervous system manifestations of COVID-19

Clinical 
manifestation 
[Ref.] Features Occurrence Pathogenesis
Headache [25, 
38–43]

Tension-type or 
migraine without 
aura, migraine-like 
headache (less 
commonly); 
long-lasting duration 
and analgesic 
resistance

4–23% Neuroinflammation, activation 
of the trigeminovascular system, 
stressful conditions

Dizziness [24, 28, 
41, 43]

Combined with 
headache (and 
tinnitus), it is often 
observed in earlier 
disease

8–17% Vascular damage?

Acute 
encephalopathy 
[13, 19, 24–26, 
38, 40, 41, 
43–50]

Delirium or 
decreased level of 
consciousness up to 
coma with or without 
seizures and 
extrapyramidal signs

3.8–69% Alteration of neurotransmitters; 
toxic metabolites; 
proinflammatory cytokines

Posterior 
reversible 
encephalopathy 
syndrome (PRES) 
[51–57]

Altered 
consciousness, 
seizures, headaches 
and visual 
disturbances

1.1–3.9% The binding of the virus to 
ACE2 receptors causes a 
fluctuation of blood pressure 
and weakening of endothelial 
layer, leading to a dysfunction 
of cerebral autoregulation and 
altered BBB function with 
hypoperfusion of the posterior 
circulation

Seizures [36, 
58–64]

Focal motor, 
tonic-clonic, 
convulsive status 
epilepticus, and 
non-convulsive status 
epilepticus

0.6–2.8% Alteration of neurotransmitters; 
toxic metabolites; 
proinflammatory cytokines; 
coagulation alterations; 
electrolytes disturbances

Acute 
cerebrovascular 
diseases [25, 65, 
66]

Ischemic strokes, 
cerebral 
hemorrhages, CVT

1.4–6%
(ischemic 
strokes 87%; 
hemorrhages 
11.6%; CVT 
0.5%)

Hypercoagulability, high 
systemic inflammatory 
response, vascular endothelial 
injury, alteration of cerebral 
autoregulation and 
hemodynamic lability, cardiac 
injury resulting in cerebral 
embolism
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2.4.1  Headache and Dizziness

Headache, a non-specific symptom of many diseases, is one of the most common 
symptoms of COVID-19. It is often associated with fever [26], but can also be a 
presenting symptom of the disease. In a retrospective study, the headache was the 
most commonly reported symptom with the appearance during the first 3 days in 
62.3% of patients and a median duration of 4 days [38]. A scoping review and meta- 
analysis of 61 studies and 59,254 patients showed that headache was the fifth most 
common symptom (12%, 95% CI: 4%–23%) after fever (82%), cough (61%), mus-
cle aches/fatigue (36%), and dyspnea (26%) [39]. In another analysis, the preva-
lence of headache was 10%, and no statistical difference was found between severe 
and non-severe patients (p = 0.78), survived and non-survived (p = 0.23), and ICU 
patients versus non-ICU patients (p = 0.87) [40]. Moreover, in a systematic review 
and meta-analysis on neurologic characteristics in COVID-19 (n = 7559), the over-
all pooled prevalence of the symptom was 10.9% (95% CI: 8.62–13.51) [41]. In a 
study on the general population, a periodic longitudinal questionnaire was adminis-
tered to 21,359 subjects regardless of a history of COVID-19 infection or test. 
Headache was reported in 71.4% of hospitalized and 79.1% of non-hospitalized 
patients during the acute phase of the disease [80]. In the international multicohort 
study on 3055 hospitalized patients, the headache was the most common self- 
reported symptom (37%) [25].

Clinically, the headache does not present typical characteristics. The sever-
ity usually varies from moderate (dull headache) to severe and could be related 

Table 2.1 (continued)

Clinical 
manifestation 
[Ref.] Features Occurrence Pathogenesis
Meningitis and 
encephalitis [25, 
36, 67–74]

Agitation, 
disorientation, 
meningeal rigidity, 
photophobia, 
hallucinations, 
reduced level of 
consciousness, and 
focal status 
epilepticus

0.5% Intracranial cytokine storm or 
Para-infectious demyelination

Acute myelitis 
[25, 50, 75–79]

Mostly transverse 
myelitis, with 
different degrees of 
paresis, up to quadri/
paraplegia, 
accompanied by 
sensitive and 
sphincter dysfunction

Case reports; 
case series; 18 
patients in a 
review

Damage linked to cytokines 
released by inflammatory 
storms or immune-mediated 
mechanisms

Abbreviations: ACE2 angiotensin-converting enzyme2, CVT cerebral venous thrombosis, BBB 
blood-brain barrier
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to the severity of infection. It has been reported as tension-type or migraine 
without aura, less frequently as migraine-like headache with throbbing or 
pulsing sensations and aggravation with head/neck movements [40]. Notably, 
disabling headache can persist (weeks/months) after COVID-19 resolution. In 
this case, headache is encompassed among the clinical manifestation of 
long-COVID.

In a web-based survey on COVID-19 positive and negative subjects, the head-
ache was more closely associated with anosmia/ageusia and gastrointestinal 
complaints. Bilateral headache, long-lasting duration, and analgesic resistance 
were more frequent in COVID-19 positive patients. Most patients with a previ-
ous headache reported that the new headache was partially or totally different 
from the usual one and mainly with pulsating characteristics. Furthermore, the 
respondents reported that the most frequent headache triggers were infection 
itself and stress, followed by received drugs, wearing masks, and social isola-
tion [42].

The symptom can also be used for disease diagnosis (sentinel symptoms). In a 
bundle proposed for determining if a patient presenting in primary care or hospital 
outpatient settings has COVID-19 disease, the headache was one of the six trigger 
flags. The analysis showed a low sensitivity (0.03–0.71 for hospital outpatient clin-
ics and 0.15 for hospital inpatients) and a good specificity (0.78–0.98 for hospital 
outpatient clinics and 0.97 for hospital inpatients) [13].

About pathogenesis, the proposed mechanism underlying headache is neuroin-
flammatory, suggesting a release of cytokines and chemokines during the develop-
ment of the disease [26]. The effect is the activation of the trigeminovascular system. 
Furthermore, the concomitant anosmia can suggest a direct involvement of 
SARS-CoV-2.

Since during COVID-19 headache could be caused by more serious condi-
tions, it is mandatory a closely monitoring of patient’s consciousness and a care-
ful evaluation of any potential cause for excluding the onset of more serious 
complications such as meningitis, encephalitis, and intracranial hypertension 
[26, 39].

Dizziness is a minor symptom associated with COVID-19. It is present in differ-
ent reports and its pathogenesis is not well understood [27]. In a retrospective study, 
it was present in 16.8% of patients with a nonstatistical difference between severe 
and non-severe infection (19.3 vs. 15.1%, p  =  0.42) [24]. A multi-center study 
through an online questionnaire investigated the presence of tinnitus and equilib-
rium disorders (vertigo/dizziness); of 185 COVID-19 patients, 18.4% reported bal-
ance disorders, of whom 94.1% dizziness and 5.9% acute vertigo attacks, while 
23.2% reported tinnitus after disease diagnosis [43]. In another study on the general 
population, Cirulli et al. [80] found dizziness in in 38% of COVID-19 patients, and 
10.9% of non-COVID-19 ones. Other studies showed a lower prevalence (8.77%) of 
dizziness, although its occurrence in the earlier disease was better underlined [41]. 
Since the inner ear structures are susceptible to ischemia due to their characteristics 
of terminal vasculature, vascular damage underlying the disorder was suggested 
[43]. Vestibular neuritis can be also assumed.
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2.4.2  Acute Encephalopathy

Disorders of consciousness are described by many reports. They vary from an 
altered consciousness content (confusion and/or delirium) to reduction of con-
sciousness level (somnolence, stupor, coma) [24, 80]. These disorders are also 
referred to as an acute confusional state, acute brain dysfunction, or failure. 
Therefore, it would be appropriate to refer to the recommendations recently pro-
vided by a consensus of 10 scientific societies. According to this consensus state-
ment, the term “acute encephalopathy” indicates a rapid developing (less than 
4 weeks but usually within hours to few days) pathobiological brain process which 
is clinically expressed as either subsyndromal delirium or delirium or decreased 
level of consciousness up to coma and may have additional features, such as sei-
zures and extrapyramidal signs [45].

In the Chou’s et  al. [25] study, among the 3744 hospitalized patients, acute 
encephalopathy was the most common clinical sign with an incidence of 49%; on 
the other hand, coma was described in 17% of those. Both encephalopathy and 
coma were associated with an increase of in-hospital mortality.

Some predisposing factors could be already present at the time of infection. They 
encompass advanced age, preexisting cognitive impairment, and malnutrition. 
Other factors such as infections, electrolyte alterations (especially hypo/hypernatre-
mia), renal and hepatic insufficiency, and hypo/hyperglycemia can occur during the 
evolution of the disease [26].

Three main pathophysiological mechanisms could underlie the impaired con-
sciousness. These processes are not dissimilar to those underlying delirium and 
other manifestations of acute brain dysfunction in ICU [47–49]:

• Alteration of neurotransmitters caused by the use of anticholinergic or dopami-
nergic medications.

• Accumulation of toxic metabolites associated with organ failure.
• Systemic inflammatory storm due to the release of proinflammatory cytokines.

In COVID-19, other conditions, including severe hypoxia and cerebral hypoper-
fusion, could explain an altered level of consciousness seen in these patients [27, 28, 
36]. In some cases, altered mental status could be related to rare complications of a 
viral infection such as ANE [41]. Since pathophysiology can be difficult to explain, 

Practical Therapeutic Suggestions
• Symptomatic therapy (e.g., paracetamol or ibuprofen).
• Evaluate potentially associated symptoms and signs (e.g., focal neurologic 
• symptoms).
• Vestibular rehabilitation can be suggested for dizziness, especially if per-

sistent and associated with other disorders (e.g., nausea).
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the correlation with the clinic can offer important information. In a case series on 55 
patients, encephalopathy was classified based on its severity:

• No encephalopathy: fully awake, preserved sustained and basic attention, with-
out neuropsychiatric disturbances or psychomotor slowing.

• Mild encephalopathy: awake or easily arousable patient, with preserved basic 
attention but impaired sustained attention. Patients with preserved sustained 
attention and level of consciousness, but presenting psychiatric, behavioral 
symptoms, or psychomotor slowing were also included in this group.

• Moderate encephalopathy: awake or easily arousable patient, with impaired 
basic and sustained attention.

• Severe encephalopathy: comatose patients or patients requiring vigorous stimuli 
to be aroused. Patients with severe psychomotor agitation were also included in 
this group.

In this series, 21.8% had no encephalopathy, 21.8% mild, 32.6% moderate, and 
23.6% severe encephalopathy. Among all the cases, changes of behavior were pres-
ent in 9% (especially in mild encephalopathy); psychomotor agitation in 2%; disori-
entation in 14% (mainly in mild cases). Other features such as quadriparesis, 
myoclonus, and the appearance of seizures, were found in 2–12% of cases. 
Neuroimaging showed mostly non-specific changes and in 1 case a demyelination 
picture. While the CSF examination showed elevated WBC in 9%, it was negative 
for oligoclonal bands. Again, interleukin (IL)-6 was quantified in 7 patients and was 
found elevated in three severe patients. The authors concluded that in COVID-19 
patients, although the direct viral invasion was not proved, and the immune- mediated 
CNS response and systemic cytokine storm could be responsible for the occurrence 
of the manifestations, other factors, such as the use of sedatives and multiorgan 
failure, could play an important role. In turn, the precise underlying mechanisms 
remain to be clarified [81].

In a retrospective case series the “acute encephalopathy,” referred to as impaired 
consciousness, was present in 7.5% of patients and occurred late in the course of the 
hospital stay; it was more common in patients with severe infection compared with 
nonsevere infections (14.8% vs. 2.4%, p < 0.001) [24]. In another report on ICU 
patients with COVID-19-associated acute respiratory distress syndrome (ARDS), 
agitation was detected in 69% using confusion assessment method (CAM)-ICU 
scale, and dysexecutive syndrome—dysregulation of executive functions due to 
frontal lobe damage featuring emotional, motivational, and behavioral symptoms as 
well as cognitive deficits—occurred in 36% of patients. Agitation was mainly shown 
after the discontinuation of sedation and neuromuscular blockade [44]. In a system-
atic review and meta-analysis on neurologic characteristics in COVID-19, the over-
all pooled prevalence of consciousness disturbance was 3.8% (95% CI: 0.16–12.04) 
[41]. Finally, in a recent review of 42 records, encephalopathy was common in both 
older and more severe patients with advanced disease. Common clinical features 
were confusion, agitation, delirium, and coma although in some cases the patients 
showed additional clinical manifestations such as seizures, headache, or 
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extrapyramidal signs. The most common MRI findings were cortical or subcortical 
white matter T2/fluid-attenuated inversion recovery (FLAIR) signal hyperintensity; 
nevertheless, in some cases, MRI showed the features of ANE or ADEM. Most of 
the patients improved during the course of the disease [50].

In summary, due to the lack of a precise diagnostic criterion adopted in the vari-
ous studies, it is difficult to establish the numerical entity of the problem.

2.4.3  Posterior Reversible Encephalopathy Syndrome

Posterior reversible encephalopathy syndrome (PRES) is characterized by a neuro-
logical symptomatology that includes altered consciousness, seizures, headaches, 
and visual disturbances. In some cases, focal deficits, such as hemiparesis and 
speaking difficulty, have been reported. Among patients undergoing imaging stud-
ies, the prevalence of PRES has been reported between 1.1% and 3.9%. This syn-
drome is caused by vasogenic edema linked to alteration of cerebrovascular 
autoregulation, and endothelial dysfunction leading to preferential hypoperfusion of 
the posterior circulation [51]. The radiological findings of brain comprise, on non- 
contrast brain CT, hypodense lesions in areas of the posterior cerebral circulation 
and, on MRI, areas of vasogenic edema as hypointense areas on the T1-weighted 
MRI and hyperintense areas on the T2-weighted/FLAIR MRI sequences, and lack 
of diffusion restriction [51].

The first reports of PRES described two patients with acute kidney failure and 
moderate fluctuating hypertension. An altered consciousness during the weaning 
from mechanical ventilation was reported in both subjects. MRI showed axial T2 
FLAIR hyperintensity, involving the subcortical white matter of occipital lobes and/
or posterior temporal lobes and cerebellar hemisphere, with effacement of the adja-
cent sulci. Further, axial susceptibility weighted imaging (SWI) showed convexal 
subarachnoid hemorrhage, in a case, and petechial hemorrhage, in the other one. 
Diffusion-weighted imaging (DWI) and T1 post-contrast imaging were unremark-
able. The patients were treated with antihypertensives with a gradual recovery of 
symptomatology. Probably, the endothelial dysfunction in COVID-19 patients 
could induce PRES at a lower level of blood pressure. It suggests a stricter control 
of blood pressure [52].

Practical Therapeutic Suggestions
• The various pathologic mechanisms and the heterogeneity of symptom-

atology make it difficult to identify a specific treatment.
• It is suggested a general control of homeostasis, such as hydro-electrolytic 

equilibrium and body temperature, and the use of specific treatments, such 
as neuroleptics for psychic symptoms, and antiepileptics for the control of 
seizures.

• Antivirals, such as acyclovir and lopinavir/ritonavir, corticosteroid, IV 
immunoglobulins, have been also suggested.
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Other four cases of PRES were reported in four patients with acute kidney injury 
and elevated blood pressure. All the patients were encephalopathic, showing confu-
sion, and agitation, and in two cases there was epileptiform activity. The CT find-
ings were characterized by bilateral hypoattenuation involving the bilateral occipital 
or parieto-occipital white matter. Again, the MRI showed confluent T2 hyperinten-
sities, without diffusion restriction or susceptibility hypointensity in the same 
regions in all patients but one. All the patients improved with blood pressure and 
seizure control. The authors postulated that tumor necrosis factor (TNF)-α, associ-
ated with cytokine storm, could increase vascular permeability and upregulate vas-
cular endothelial growth factor in the setting of hypoxia, leading to vasogenic 
edema. Furthermore, the authors underlined that also some drugs used for the treat-
ment of COVID-19, such as hydroxychloroquine, could play a role in the pathogen-
esis of PRES [53].

In a case series from Italy of four patients with agitation and spatial disorienta-
tion and one case of generalized seizure after weaning from mechanical ventilation, 
the MRI study showed multiple areas (from punctiform to some millimeters in 
extension) hyperintense on T2-weighted, and FLAIR images, located in the parietal, 
occipital, and frontal regions. On diffusion MRI, all but two lesions were character-
ized by the absence of apparent diffusion coefficient changes. A subtle contrast 
enhancement was detected in a cortical lesion. Based on the prevalent cortical 
involvement and diffusion MRI pattern, not typical of this syndrome, a multifacto-
rial mechanism related to a dysregulation of vasomotor reactivity, with transient 
vasoconstriction, endothelial dysfunction, and impaired microcirculation, can be 
hypothesized [54]. Other six cases with characteristic symptomatology were 
described. In particular, five patients needed ICU admission and developed seizures 
during the weaning from mechanical ventilation. It can be suggested that the resto-
ration of normal cerebral oxygenation can induce an irritative activity of the cere-
bral cortex during the passage to normal breathing [55].

The action of the massive cytokine release, leading to the breakdown of the 
BBB and coagulation impairment is a potential mechanism for explaining the 
pathogenesis of PRES. It can explain some atypical presentations of PRES that 
have been also described in the literature. They featured lethargy and confusion, 
and MRI imaging showing areas of vasogenic edema predominantly in parieto-
occipital regions associated with diffuse petechiae or intraparenchymal hematoma 
[56, 57].

Practical Therapeutic Suggestions
The treatment consists of:

• Supportive care with hydration.
• Correction of electrolyte disturbances.
• Monitoring of airway and ventilation. Intubation in patients with altered 

mental status.
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2.4.4  Seizures

Among clinical manifestations of COVID-19, new onset of a focal or general-
ized seizure and status epilepticus were reported in the literature. In an exten-
sive database on 40,469 COVID-19 patients (9086 had neuropsychiatric 
manifestation), seizures were reported in 258 patients (0.6% of all patients and 
2.8% of patients with neurologic manifestations) [58]. In a recent retrospective 
study on 439 cases of COVID-19, 4.3% of patients showed new-onset seizures 
without underlying pathology, while 2 (0.46%) had previously controlled epi-
lepsy with breakthrough seizures. Furthermore, in 14 patients (3.18%) there was 
a primary pathology such as stroke, encephalitis, or brain tumor explaining the 
occurrence of seizures [59].

The etiology of COVID-19-related seizures is multifactorial. It was suggested 
that comorbidities like diabetes, and renal failure, clinical features including 
hypoxia, cardiovascular failure, and multiorgan failure, specific neurological 
complications such as stroke, and encephalitis, as well as some medications used 
during COVID-19 disease, could trigger an episode of seizure [60]. In particular, 
the central role of the activated microglia has been emphasized. After the invasion 
of CNS, the virus could trigger reactive astrogliosis with the release of proinflam-
matory cytokines ILβ1 and TNF-α leading to an increase of glutamate and a 
decrease of gamma-aminobutyric acid (GABA) in the cerebral cortex and hippo-
campus; the coexistent hypoxia could further increase the damage; systemic cyto-
kines could enter the brain tissue through disrupted BBB and, therefore, this last 

• Strict control of blood pressure. Since the rapid decrease in blood pressure 
could cause cerebral, coronary, and renal ischemia, the goal is to reduce 
blood pressure between 105 and 125 mmHg, without exceeding 25% of 
this reduction in the first hour. Calcium antagonists such as nimodipine, 
nicardipine, and verapamil are first-line treatments; they can also prevent 
cerebral vasospasm. Beta-blockers (e.g., labetalol) can be also used. 
Sodium nitroprusside, hydralazine, and diazoxide are second-line drugs. 
Nitroglycerin should be avoided due to its vasodilator effect (increase of 
the cerebral edema). Fenoldopam mesylate, a selective dopamine 1 agonist 
that induces renal vasodilation, can be also used.

• Treatment of seizures. It is similar to that of other epileptic seizures. 
Intravenous benzodiazepines (e.g., lorazepam or diazepam) are used as 
first- line therapy. As second-line, phenytoin or valproate, especially in sta-
tus epilepticus, or phenobarbital. Propofol, pentobarbital, and midazolam 
are used in refractory seizures. Magnesium sulfate is used in preg-
nant women.

• Control of the trigger (e.g., withdrawal of cancer chemotherapy or immu-
nosuppressive agents).
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mechanism could also promote the migration of proteins in the cerebral tissue 
with an alteration of osmotic balance [61]. Furthermore, inflammatory cytokines 
play another role through mitochondrial dysfunction with alteration of the normal 
electrical activity within neuronal functioning and synaptic transmission [61]. In 
COVID-19 patients, other two mechanisms are potentially involved in the onset of 
epilepsy. The former concerns coagulation abnormalities that can cause acute 
ischemia generating seizures by increasing extracellular glutamate concentra-
tions, impaired ion channel function, and BBB damage; the latter mechanism 
regards electrolytes disturbances, mainly expressed as hyponatremia, hypocalce-
mia, and hypomagnesemia [61].

Seizures can present as focal motor, tonic-clonic, convulsive status epilepticus, 
and non-convulsive status epilepticus [60]. Since patients could develop a subclini-
cal seizure and a status epilepticus, in the clinical evaluation of depressed con-
sciousness this condition should not be overlooked [62].

In addition to new-onset seizures, special attention should be paid to the course 
of COVID-19 in patients diagnosed with epilepsy before infection. In this regard, a 
cross-sectional observational study estimated the incidence and case-fatality rate of 
COVID-19 in patients with active epilepsy. It was demonstrated that compared to 
the population without epilepsy, the cumulative incidence of COVID-19 in patients 
with epilepsy was higher (1.2% vs. 0.5%). Additionally, the total case- fatality rate 
was higher in patients with active epilepsy compared to patients without active epi-
lepsy (23.8% vs. 3.6%; p < 0.001) and considering only hospitalized patients (50% 
vs. 16.1%; p = 0.005). The authors stated that these results could be explained by the 
higher vulnerability of patients with epilepsy [63]. Finally, in these patients, other 
potential mechanisms (e.g., the interactions between antiepileptic drugs and their 
effects on the immune system) could contribute to the worsening of the outcome 
and should be carefully considered in the treatment of epileptic patients with 
COVID-19 [64].

Practical suggestions for the management of COVID-19 patients with seizures 
were released by the German Society of Neurology [36]:

• If epileptic seizures, or a status epilepticus, occur in patients with COVID-19 
disease, it should be clarified whether it is a first-time seizure or a recurrence of 
previously known epilepsy.

• In the case of unclear disturbance of consciousness, an EEG should be performed 
to detect and localize activity typical for epilepsy and to detect or exclude a non- 
convulsive status epilepticus.

• The treatment of seizures, or status epilepticus, should be performed according 
to the respective guidelines.

• Contraindications and interactions of anticonvulsants with substances used for 
COVID-19 disease should be taken into account.

• In patients with known fever-associated seizures, nonsteroidal anti-inflammatory 
drugs (NSAIDs) or paracetamol should be given.
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2.4.5  Acute Cerebrovascular Diseases

Acute cerebrovascular disease is one of the most serious neurologic complications 
seen in COVID-19 (Fig. 2.2). The incidence varies from 1% to 5% in hospitalized 
patients, and up to 6% in the setting of ICU patients [67, 82–84]. In a systematic 
review and meta-analysis from two studies with a total number of 435 total cases, 
the overall pooled prevalence of acute cerebrovascular disease was 4.4% (95% CI: 
1.92–7.91) [41]. In another international multicohort study (n = 3744), acute stroke 
was reported in 6% of patients [25], and in a recent analysis (n  =  108,571) in 
1.4% [65].

Data provided by some recent literature reviews can help to characterize the 
number of these complications. It seems that cerebrovascular diseases affect more 
frequently [41, 84, 85]:

• COVID-19 older patients with severe coronavirus disease
• Individuals with one or more cardiovascular risk factors
• Those with previous cerebrovascular disease

A systematic review showed that in 47.2% of COVID-19 patients affected by 
ischemic disease during the infection, at least two vascular risk factors were found; 
moreover, in a third of patients one risk factor was present, and in about one- fifth 
there was no risk factor. The mean age was 64.16 ± 14.73 years (range 27–92 
years). Among the risk factors, there were mostly coronary artery disease (10.2%), 
and previous cerebrovascular events (5.8%) [86]. Concerning the age, in a series of 
23 patients, a binary regression logistic modeling showed that age was the only 
independent predictive factor of unfavorable outcome (OR  =  1.5, 95% CI: 

Practical Therapeutic Suggestions
According to the German Society of Neurology [36]:

• If epileptic seizures, or a status epilepticus, occur in patients with 
COVID-19, it should be clarified whether it is a first-time seizure or a 
recurrence of previously known epilepsy.

• In the case of unclear disturbance of consciousness, an EEG should be 
performed to detect and localize activity typical for epilepsy and to detect 
or exclude a non-convulsive status epilepticus.

• The treatment of seizures, or status epilepticus, should be performed 
according to the respective guidelines.

• Contraindications and interactions of anticonvulsants with substances used 
for COVID-19 should be taken into account.

• In patients with known fever-associated seizures, nonsteroidal anti- 
inflammatory drugs (NSAIDs) or paracetamol should be given.
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1.012–2.225; p = 0.043). Of note, the cut-off was 63 years (AUC 0.907; CI 0.78–1; 
p = 0.003) (sensitivity 82.4%, specificity 100%) [87]. In a single-center retrospec-
tive study on older COVID-19 inpatients (n = 265), the incidence of ischemic or 
hemorrhagic stroke was 4.15%. A higher prevalence of smoking (27.3% vs. 4.8%; 
p = 0.019), and history of previous stroke (45.5% vs. 13.8%; p = 0.014) was found. 
Again, no differences were observed for other comorbidities, frailty, and the sever-
ity of COVID-19 [88]. In their analysis of 108,571 patients, Nannoni et al. [65] 
confirmed these findings. Notably, COVID-19 patients at increased risk of cerebro-
vascular disease were older, more likely to have hypertension, diabetes mellitus, 

a

c d

b

Fig. 2.2 COVID-19 patient with a stroke in the left vertebral artery (Wallenberg syndrome). The 
MRI shows in the fluid-attenuated inversion recovery (FLAIR) T2 sequence (a) a slight hyperin-
tensity of the signal (white arrow), which in the diffusion-weighted imaging (DWI) sequence (b) 
appears hyperintense, and with reduced diffusion values in the apparent diffusion coefficient 
(ADC) maps (as in acute ischemia). In the MRI angiography scan (c, d), the right vertebral artery 
(arrowhead) is visible, but the left vertebral artery not
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coronary artery disease, and a severe clinical picture. Furthermore, compared to 
stroke patients without infection, the population of stroke patients with COVID-19 
was younger, with higher National Institutes of Health Stroke Scale (NIHSS), high 
frequency of large vessel occlusion, and higher in- hospital mortality [65].

In a retrospective observational study on 214 patients, Mao et  al. [24] found 
acute cerebrovascular events in 2.8% of patients; compared to non-severe patients, 
the incidence was higher in the severely infected population (5.7% vs. 0.8%, 
p = 0.03); five of the six reported events (83.3%) were ischemic strokes, and one 
was hemorrhagic. In another study, 1.4% of patients developed cerebrovascular dis-
ease, of whom 73.9% ischemic and 21.7% were hemorrhagic [87]. These findings 
were confirmed in other investigations. Collantes et al. [89] showed that among all 
the neurological disorders and complications cerebrovascular problems were the 
most frequent (69.7%). Moreover, ischemic stroke was more frequent (78.2%), fol-
lowed by hemorrhagic stroke (17.3%), and cerebral venous sinus thrombosis 
(4.3%). These findings were confirmed also in analysis on a large number of 
patients, showing that among the patients with cerebrovascular lesions ischemic 
stroke was the most common (87.4%), while intracerebral hemorrhage (11.6%), and 
cerebral venous thrombosis (0.5%) were less common [65].

Concerning clinical presentation, the majority of patients with an ischemic stroke 
presented with typical COVID-19 symptoms including fever (63.7%), acute respira-
tory symptoms (76.0%), and dyspnea (58.6%) [84]. Nevertheless, Fraiman et  al. 
[86] reported that up to 15% of patients were asymptomatic. Although the mean 
duration from the first symptoms of infection and the onset of the neurological 
symptoms was 9–15 days [41, 84, 88], interestingly it was described that patients 
may present neurologic symptoms (e.g., hemiplegia) without any fever or upper 
respiratory tract symptom [24].

Similarly, the literature offers other contradictory data on this neurological com-
plication. It was demonstrated, for example, that stroke and other neurovascular 
issues can also affect younger COVID-19 patients [83]. In a retrospective cohort 
study of 32 consecutive COVID-19 patients admitted with ischemic stroke, the 
median age was lower than contemporary stroke controls without COVID-19 
(p  =  0.001) [90]. Interestingly, younger patients seem to have some common 
features:

• No classical risk factors.
• Early onset of neurological symptoms.
• Occlusion of large vessels.

These features could suggest a central role of COVID-19 pathophysiology in 
determining the stroke [53]. In other words, neurovascular complications are pro-
duced directly by the disease, through direct and/or indirect viral damage, rather 
than being the consequence of exacerbated preexisting factors.

Complex pathogenesis, linked to systemic cytokine storm, direct immune- 
mediated mechanism, virus-induced vasculitis, and activation of systemic coagu-
lopathy, could explain these findings [91]. Indeed, the etiology of cerebrovascular 
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disorders during COVID-19 is multifactorial. An exaggerated inflammatory 
response with the release of large amounts of cytokines, such as IL1, IL6, and TNF- 
α, could cause the expression of tissue factor (TF) by endothelial and mononuclear 
cells, and thrombin generation, determining, finally, a procoagulant state [92]. 
Another potential mechanism could be linked to the endothelial dysfunction due to 
direct binding of SARS-CoV-2 to ACE2 receptors on the endothelial cell. This 
mechanism could explain some of the characteristics of stroke in the course of the 
disease [67, 83]. The detection of anticardiolipin IgA, and antiphospholipid IgA and 
IgM antibodies directed against β2 -glycoprotein-1 and lupus anticoagulant in some 
patients, suggests other possible prothrombotic mechanisms [93]. Furthermore, the 
inflammatory state could destabilize the atherosclerotic plaques increasing the risk 
of thromboembolism, as well as cardioembolism when in presence of cardiac 
arrhythmias or cardiac failure [92]. Finally, the downregulation of ACE2 expression 
could cause an imbalance of the renin–angiotensin system, with higher levels of 
Angiotensin II and increased vascular resistance, leading to a condition of elevated 
blood pressure and systemic inflammation with an increased risk of hemorrhagic 
stroke [92].

Some features of ischemic stroke are common in COVID-19 patients: large ves-
sel occlusion, involvement of multiple territories, and the thrombosis of rarely 
affected arteries, such as the pericallosal artery [82]. Nevertheless, up to 40% of 
strokes were defined as cryptogenic, with a radiological appearance of embolic ori-
gin [82]. About the vascular territory involved and extension, it was reported a 
higher prevalence of the anterior vascular territory (81.7%), large vessel occlusion 
in 79.6%, and multiple infarctions in 42.5% of cases [65]. A case of massive bilat-
eral stroke has been described in a patient admitted with the respiratory symptoms 
of COVID-19 who showed an initial drowsiness progressed to deep coma; brain CT 
angiogram illustrated occlusion in both the left internal carotid artery and the right 
middle cerebral artery [94].

Hemorrhagic stroke can be massive and, usually, it is featured by intracerebral 
hemorrhage (ICH) with complete involvement of a hemisphere, or it appears as mul-
tiple hematomas occurring in supra and infra-tentorial locations. Intracranial bleeding 
can also manifest as non-traumatic subarachnoid hemorrhage (SAH). In about one-
fifth of hemorrhagic strokes, the simultaneous presence of ICH and SAH was observed 
[82]. It was shown that intraparenchymal lobar hematoma was the most frequent 
radiological finding, followed by bilateral location [65]. Hemorrhage could be also a 
transformation of ischemic stroke or the hemorrhagic infarction associated with cere-
bral venous sinus thrombosis [64]. The higher incidence of ICH in COVID-19 patients 
compared to non-COVID-19 patients [66, 95] is a serious issue. It could be related to 
a more aggressive treatment with anticoagulation due to a state of hypercoagulability 
seen in these patients. This condition represents a clinical challenge, obliging closer 
monitoring of coagulation and control of blood pressure.

Since an analysis on cerebral venous thrombosis in association with COVID-19 
identified 57 cases among hospitalized SARS-CoV-2 patients (0.08%), it was sug-
gested a higher occurrence of this serious neurovascular disorder in these infected 
patients compared to the general population [91]. Cerebral venous sinus thrombosis 
(CVT) more frequently involves multiple venous vessels. In the retrospective study 
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of Baldini et al. [91], the transverse sinus was most frequently affected (65%), fol-
lowed by the sigmoid sinus (47%), the superior sagittal sinus (44%), and the straight 
sinus (21%). The deep venous system was found in 37% of cases, whereas throm-
bosis in cortical veins was detected in 21% of cases, and hemorrhagic lesions in 
42% of cases. A recent study on CVT in COVID-19 found a wide variability of the 
onset time between the start of COVID-19 clinical presentation and appearance of 
this complication (from 3 days to 4 months, mean 7–14 days). It could indicate that 
the pathogenesis of this prothrombotic disease is linked to several factors, such as 
endothelial damage, altered blood flow pattern, hypercoagulable state, and hyperin-
flammation. About symptomatology, it varies from alteration of consciousness, to 
headache, visual symptoms, and focal deficit, such as seizures, hemiparesis, and 
aphasia. Radiological findings are characterized in most cases by hemorrhagic 
venous infarcts. The outcome is bad in about one-third of patients [66].

Finally, in some cases, arterial dissection involving extracranial vessels and 
carotid artery was described. It suggests that SARS-CoV-2 could damage endothe-
lial cells causing the dissection [96, 97].

In the context of COVID-19-associated neurovascular complications, the imag-
ing investigation can offer interesting findings that can help in the differential diag-
nosis of these CNS manifestations. Lapadopulos et  al. [75] offered a detailed 
analysis. In their study, acute ischemic stroke was the most common neuroimaging 
finding, with a higher incidence of large vessel occlusion—even in the younger 
patients—and hemorrhagic transformations; moreover, rare localizations, such as 
splenium of the corpus callosum, were occasionally described. Again, in a higher 
number of patients, hemorrhagic stroke showed nontypical locations such as corti-
cal, cortical-subcortical, and lobar locations. These atypical locations lead to some 
uncertainty on the pathophysiologic mechanisms of ICH. The lesions can be pro-
duced by endothelial injury associated with anticoagulation treatment or be the 
expression of altered regulation of arterial pressure with cerebral hemorrhage. 
Cerebral microbleeds are another imaging aspect in COVID-19 patients. These 
lesions are found in atypical locations, such as corpus callosum and juxtacortical 
white matter; they could be directly related to COVID-19 infection or expression 
of delayed post-hypoxic leukoencephalopathy. The few cases of cerebral venous 
thrombosis show the usual pattern with the involvement of deep and superficial 
veins and sinuses but, in COVID-19 patients, no typical pattern was found. Cases 
of PRES showed a typical pattern of signal hyperintensities in FLAIR images in 
occipital, posterior temporal lobes, and the cerebellar hemispheres; in some cases, 
a hemorrhagic transformation with petechial lesions at the SWI—an MRI sequence 
that is exquisitely sensitive to venous blood, hemorrhage, and iron storage—
was found.

Clinical relevance and outcomes of neurovascular manifestations are a matter of 
pivotal importance. Tan et al. [84] demonstrated that when occurred in COVID-19 
patients, the stroke severity—measured through the NIHSS—was higher than non- 
COVID- 19 patients. These results were confirmed in a study from New York, com-
paring COVID-19 patients with historical stroke controls. The authors proved a 
higher NIHSS score in the cohort of COVID-19 patients [90]. Furthermore, in a 
single-center retrospective analysis from Spain, Hernandez- fernandez et  al. [87] 
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obtained the same significant results (median NIHSS 16 versus 3, p = 0.006). Again, 
in another observational investigation, 67.4% of stroke cases presented with non-
focal deficit such as altered mental status ranging from confusion to coma, seizures, 
generalized weakness, falls, and dizziness, and in the 47.7% of cases, the onset 
occurred during the hospitalization for COVID-19 [98]. COVID-19 patients could 
be particularly prone to large vessel occlusion (e.g., internal carotid artery and basi-
lar artery), multi-territory involvement, and uncommonly affected vessels [82, 84]. 
In the Mendes’ et al. [88] study on older patients, the most frequent clinical presen-
tation was an altered consciousness and/or delirium (81.8% of cases), while, in 
45.5% of patients, a focal deficit was detected on CT or MRI. In this study a large 
vessel occlusion was found in 22.2% of patients; stroke was mainly limited to one 
side (55.5% right, 33.3% left), while the middle cerebral artery territory was affected 
in 55.5% of cases, followed by the posterior cerebral artery 33.3%, and vertebro-
basilar territories 22.2%; in two cases, multiple territories were affected. Similar 
results were found in another study with a high incidence of large vessel occlusion 
(58.8%) and unexpectedly high frequency of location in the vertebrobasilar territory 
(35.5%) [87]. In an analysis on cerebral venous thrombosis, the clinical and neuro-
logical features varied from an isolated headache (only in one case) to an altered 
mental status (the most common sign, 60.5%), to focal deficits–from hemiparesis to 
aphasia, according to the location of thrombosis—and seizures (27.8%), ranging 
from focal to status epilepticus [91]. In another international study, 174 consecutive 
hospitalized COVID-19 patients with ischemic stroke from 16 countries were sub-
mitted to a 1:1 propensity score matching analysis with non-COVID-19 patients of 
Acute Stroke Registry and Analysis of Lausanne Registry. The main stroke symp-
toms were motor deficits (67.8%), dysarthria (46%), and changes in sensitivity 
(42%); the median NIHSS was higher in patients with COVID-19 (10 vs. 6, 
p = 0.03) [99].

The outcome reported in the literature is variable, depending on the severity of 
the underlying cardiorespiratory conditions, the age, and comorbidities of the 
patients, and the kind of cerebrovascular complication. Katz et al. [98] found in- 
hospital mortality of 29%, whereas in an Italian case series (n = 6) the mortality was 
83% with severe neurological sequelae in the survivor (modified Rankin scale, 
mRS = 4) [100]. In another retrospective study, the outcome of confirmed and sus-
pected COVID-19 was poorer for confirmed or suspected COVID-19 compared to 
non-COVID-19 patients (adjusted odds ratios, 2.05 [95% CI: 1.12–3.76] and 3.56 
[95% CI: 1.15–11.05], respectively [101]. In the Ntaios’ study, the mortality was 
27.6%; while among the survivors 51% had severe disability at discharge. In the 
propensity score-matched population, patients with COVID-19 had a higher risk for 
severe disability (median mRS 4 vs. 2, p < 0.001), and death compared with patients 
without COVID-19 [99]. Another single-center retrospective analysis confirmed a 
high mortality (34.8%), and showed an unfavorable functional prognosis during the 
hospital period in 73.9% of patients (17/23 modified Rankin scale, mRS 4–6), with 
age as the main predictive variable (OR = 1.5; 95% CI: 1.012–2.225; p = 0.043) 
[87]. These results were also confirmed in two systematic reviews that reported a 
mortality of 38% and 31.5%, respectively [65, 84].
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The impact of COVID-19 pandemic on acute stroke care represents one of the 
most important concerns. The fear of patients being infected when in the hospital 
could postpone the call to the emergency medical service. Moreover, the burden of 
work of the prehospital emergency system could further delay the arrival in the 
hospital. The workload in a crowded emergency department, the time needed to 
confirm or exclude the infection and to implement the personal and environmental 
measures of infection prevention, could further delay the definitive treatment. 
Furthermore, the redeployment of the stroke unit’s personnel to face the needing in 
the emergency and critical care units reduce the capability to respond timely to the 
needs of acute stroke patients (Fig. 2.3).

a b

c d

Fig. 2.3 Ischemic stroke treatment. (a, b) Non-contrast and contrast CT showing acute infarct in 
the left middle cerebral artery territory. (c, d) Catheter angiogram before and after revasculariza-
tion with mechanical thrombectomy. From Agarwall A, et  al. Emergency Radiology 
2020(27);747–754 with permission
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In a retrospective multi-center cohort study on 550 acute stroke patients admitted 
to seven stroke centers in Madrid, a significant global reduction of stroke admission 
and secondary transfer from other hospitals was found. Furthermore, significant dif-
ferences of the time from stroke onset and hospital arrival and delay in median door-
to-puncture time were also found [101]. A study from China has demonstrated a drop 
in hospital admission of 40% compared to the same period of 2019, and a drop in the 
number of thrombolysis and thrombectomy of 26.7% and 25.3%, respectively. The 
authors have ascribed these results to many factors, such as the reduced stroke aware-
ness of the patients and their families, an insufficient ambulance resource, the length 
of the screening process for suspected infected patients, and insufficient stroke medi-
cal staff [102]. The German society of neurology confirmed these results, reporting 
for some Nations a reduction of 40%–50% of hospitalized stroke patients, of 25–41% 
of intravenous thrombolysis, and of 33% of thrombectomy [36].

In conclusion, stroke is a fearful complication in COVID-19 patients [99–102]. 
In brief:

• Several risk factors, as age, male sex, history of hypertension, diabetes, and car-
diovascular disease were described.

• Some features of COVID-19 disease, such as hyperinflammation and prothrom-
botic state, can predispose to ischemic and hemorrhagic stroke.

• The incidence of this complication is variable but is higher in most severe patients 
contributing to a poor outcome.

• The clinical presentation can vary from an altered level of consciousness to 
focal signs.

• It can be a very early or late complication, compelling the clinician to a thorough 
evaluation for timely detection and treatment.

Practical Therapeutic Suggestions
The stroke teams should continue treating stroke patients as appropriate with 
complete adherence to guidelines, adapting the hospital stroke fast-track to 
the COVID-19 pandemic requirements. To overcome the obstacles in this 
context and improve assistance, it was suggested [102]:

 1. To maintain the stroke awareness programs for the population.
 2. To establish a hospital fast-track for COVID-19 screening, integrating the 

chest CT scan with neck and head CT angiogram for all potential stroke 
patients.

 3. A rapid laboratory test for the SARS-CoV-2 should be prioritized for 
patients with stroke.

 4. The initiation of stroke therapy should not be hindered by the screening 
process.

 5. A specialist of infectious disease should be involved early to allow proper 
protection of the staff and minimizing delays in the fast-track.
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2.4.6  Meningitis and Encephalitis

Many viruses can cause acute inflammation of the brain and/or the meninges. They 
include Herpes simplex virus (HSV), Varicella zoster virus (VZV), cytomegalovirus 
(CMV), influenza virus, and many other respiratory viruses, such as other members 
of the coronavirus family, like SARS-CoV and MERS-CoV. While it was postulated 
that also SARS-CoV-2 could potentially cause meningoencephalitis by direct inva-
sion of cerebral tissue [26, 93], only in some cases the virus has been detected in 
cerebral tissue or in the CSF. The potential mechanisms could be multiple, not only 
related to direct damage of the virus, but also secondary to the cerebral inflamma-
tory state or immune-mediated response [27].

The first case was described in a 24-year-old patient who, after 9 days from the 
first respiratory symptoms, showed disturbances of consciousness up to coma 
(Glasgow Coma Score, GCS 6), generalized seizures, neck stiffness, and laboratory 
findings showing an increase of neutrophil and a relatively decreased lymphocytes 
count with increased C-reactive protein (CRP). A brain MRI was performed and 
DWI showed hyperintensity along the wall of the inferior horn of the right lateral 
ventricle while FLAIR images demonstrated hyperintense signal changes in the 
right mesial temporal lobe and hippocampus with slight hippocampal atrophy, 
contrast- enhanced imaging showed no definite dural enhancement. A lumbar punc-
ture was performed and a clear CSF fluid with a cell count of 12/ml (10 mononu-
clear and 2 polymorphonuclear cells without red blood cells) was found. The 
real-time polymerase chain reaction (RT-PCR) test for SARS-CoV-2 detected the 
virus into the CSF. The clinical, imaging, and laboratory picture allowed diagnosis 
of right lateral ventriculitis due to SARS-CoV-2 invasion [103]. In another case, a 
72-year-old man showed tremor, ataxia, dysarthria, and upper-limb dysmetria with 
spontaneous diffuse myoclonus 17 days after the onset of SARS-CoV-2 infection. 
The EEG showed symmetric diffuse background slowing, reactive to stimulation, 
without interictal paroxysm. Moreover, brain MRI with contrast showed no lesions 
and the CSF examination indicated a normal cell count, a mildly elevated protein 
level (49 mg/dL), and a negative RT-PCR test. On the other hand, the immunologic 
study on serum and CSF revealed high titers of IgG autoantibodies directed against 
the nuclei of Purkinje cells, striatal neurons, and hippocampal neurons. Again, brain 
18F-fluorodeoxyglucose (18F-FDG) positron emission tomography (PET) indicated 
diffuse cortical hypometabolism as well as putaminal and cerebellum hypermetabo-
lism. These findings allowed the diagnosis of autoimmune encephalitis [104].

Various literature reviews report other potential cases of COVID-19-associated 
encephalitis. In these cases, clinical signs varied from agitation, disorientation, 

Other strategies are aimed at improving the long-term sequelae. Physical 
and occupational therapy and rehabilitation planning should be continued 
during the pandemic, using alternative modalities, such as self-exercise [86].
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meningeal rigidity, and photophobia to hallucinations, reduced level of conscious-
ness, and focal status epilepticus. When performed, lumbar puncture showed nor-
mal CSF or a lymphocytic pleocytosis and elevated protein level; in some cases, the 
RT-PCR test for SARS-CoV-2 detected the virus in CSF. Furthermore, EEG studies 
showed generalized slowing or focal signs and the neuroimaging study highlighted 
several data, although generally not very indicative of damage. In particular, brain 
CT was reported normal in the majority of cases or showed areas of hypoattenua-
tion, and MRI studies were normal in some reports, while cortical hyperintensities 
with sulcal effacement in some areas of the brain were rarely found [27, 85, 93].

In a retrospective observational study on 222 hospitalized COVID-19 patients 
with neurologic manifestations, encephalitis was defined as an altered mental status 
lasting more than 24 hours along with the following criteria:

• WBC in CSF < 5/mm3; or
• presence of a compatible acute lesion on brain MRI; and
• acute meningitis defined as a meningeal syndrome (head stiffness, head-

ache, fever)

Encephalitis was detected in 9.5% of the patients (median age 67 years). Half of 
these exhibited a focal neurologic deficit in addition to altered mental status, with 
predominant cerebellar ataxia and pyramidal syndrome. Just over a quarter of patients 
had movement disorders, mostly tremor and myoclonus, whereas brain MRI was 
abnormal in two-thirds of patients with imaging compatible with encephalitis and 
CSF examination demonstrated lymphocytic pleocytosis, with WBC count from 6 to 
77/mm3, in two-thirds of patients. Of note, the SARS-CoV-2 PCR test in CSF was 
positive in only two patients, whereas EEG was abnormal in 93.3% of patients. The 
authors reported a mortality rate of 4.8% [37]. Interestingly, other authors reported a 
lower prevalence of acute meningitis and/or encephalitis (0.5%) [25].

In order to identify specific clinical characteristics of encephalitis/meningitis 
associated with COVID-19, a recent literature review investigated on 32 encephali-
tis/meningitis. Neurologic symptoms appeared after 1  week from the onset of 
COVID-19 symptomatology (range 1–21 days). The most common symptoms were 
consciousness disturbances (59.3%), seizure (21.8%), delirium (18.7%), and head-
ache (18.7%). Four patients were positive to RT-PCR for SARS-CoV2 in CSF, one 
in postoperative brain tissue and one was positive for SARS-CoV2 antibodies in 
CSF. Neuroimaging showed mainly damage at the level of the temporal lobe (15%), 
frontal lobe (9%), corpus callosum (9%), white matter (12%), cervical spine cord 
(12%), thalami (9%), and cortex (6%). Notably, 30% of patients were submitted to 
electroencephalography (EEG) studies to assess unexplained consciousness distur-
bances, myoclonus, seizure, headache, and dysarthria; in 80% of cases, EEG showed 
diffuse slow wave, and in 20% focal epileptic wave [105].

A rare form of encephalitis seen during COVID-19 is the acute necrotizing 
encephalitis (ANE).  Usually, it develops by various viral infections, such as 
influenza A and B, herpesvirus, varicella, and rotavirus, and affects predominantly 
children [68]. Etiology seems related to the systemic cytokine storm that alters BBB 
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permeability without vessel disruption, viral invasion, and para-infectious demye-
lination [69]. The clinical picture is fulminant and not specific and can be character-
ized, after a prodromal stage, by a disturbance of consciousness, seizures, focal 
deficits accompanied with decerebrate and decorticate posture, followed, in the 
recovery stage, by neurological sequelae [67]. The CT findings are characterized by 
a multifocal symmetric distribution of petechial hemorrhage and necrosis of gray 
and white matter distributed to cerebral white matter, thalami, with a characteristic 
bilateral involvement, brainstem and cerebellum; MRI shows a hyperintense signal 
with internal hemorrhage [67, 68]. The first case of ANE during COVID-19 was 
described, in the US, in a female COVID-19 patient with a history of cough, fever, 
as well as typical mental status alterations, and CT, and RMI findings [69]. In 
another case, the clinical picture was characterized by stupor and myoclonus that 
occurred late-onset from the respiratory symptoms. The neurological conditions 
worsened until the rapid development of a coma. Nevertheless, there were no signs 
of a hyperinflammatory state. Of note, CT and MRI findings were typical for ANE 
and the RT-PCR test for SARS-CoV-2 in CSF confirmed the diagnosis of COVID-19-
associated ANE [70]. In another case, a 72-year-old man, positive for SARS-CoV-2 
(RT-PCR test), with agitation/delirium, developed severe respiratory distress that 
required intubation and mechanical ventilation. At the resolution of respiratory 
problems, the level of consciousness remained low and reduced strength of the 
limbs was detected; an MRI study revealed acute lacunar infarcts in the right frontal 
deep white matter and a few small FLAIR hyperintense foci in the bilateral periven-
tricular white matter. There was no significant stenosis or occlusion of the intracra-
nial arteries. The SWI further demonstrated multiple microhemorrhages which 
were diffusely distributed in the bilateral cortical- juxtacortical regions, deep white 
matter, basal ganglia, corpus callosum, brainstem, and cerebellum. Again, investi-
gations on CSF were negative for inflammatory meningoencephalitis and SARS-
CoV-2. After discharge, the patient’s neurological conditions remained severely 
compromised with a low GCS. It was postulated that endotheliitis with thrombotic 
microangiopathy can represent the underlying mechanism of these findings (cere-
bral microbleeds and leukoencephalopathy). They also concluded that other mecha-
nisms, such as excessive inflammation and prolonged hypoxemic respiratory failure, 
cannot be excluded [71].

The acute disseminated encephalomyelitis (ADEM) is another rare autoimmune 
disease of the CNS that can occur after a viral infection, mainly affecting children; 
nevertheless, in COVID-19, the few case reports of ADEM regarded patients in 
middle to old age. The clinical symptoms vary from focal neurological deficits 
(optic neuritis, severe paresis) to a subacute encephalopathic syndrome. The therapy 
includes high-dose steroids and intravenous immunoglobulins [36]. The first case 
described of COVID-19-related ADEM was a 40-year-old female who after 11 days 
from the onset of headache and myalgia developed fever, tachypnea, and mild 
hypoxemia. She was alert and sluggishly followed commands; additionally, she 
showed dysarthria, expressive aphasia, dysphagia, and facial weakness; there was 
no meningismus, and the patient showed a mild bilateral decrease of strength with 
preserved deep tendon reflex. The molecular test for SARS-CoV-2 was positive. 
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The CSF analysis revealed normal cells, proteins, and glucose. Furthermore, the 
head CT showed multiple areas of patchy hypoattenuation, and the MRI found areas 
of increased FLAIR and T2 signal consistent with demyelination the in frontoparietal 
white matter of both hemispheres, anterior temporal lobes, basal ganglia, external 
capsule, and thalami [106]. Other rare cases were described. A 71-year-old man 
showed fatigue and dyspnea rapidly developing in progressive cardiorespiratory 
failure, postoperatively after elective cardiac surgery. The molecular test for SARS-
CoV-2 was positive and the clinical conditions further worsened until requiring ICU 
admission. The clinical picture was suggestive of a fatal highly inflammatory state. 
The autopsy showed a range of neuropathological lesions, with vascular and demy-
elinating etiologies. They comprised hemorrhagic white matter lesions in the cere-
bral hemispheres with surrounding axonal injury and macrophages, scattered 
clusters of macrophages in subcortical white matter with associated axonal injury, 
focal microscopic areas of necrosis with central loss of white matter and marked 
axonal injury, and perivascular ADEM-like appearance [33]. Another case of ADEM 
was seen in a 51 years old man presenting with symptoms of COVID-19 (fever, 
nausea, dyspnea, and hypoxia). The chest Rx revealed bilateral patchy opacifica-
tions; the SARS-CoV-2 RT-PCR from a nasopharyngeal swab was positive. The 
patient was intubated and admitted to ICU where he received mechanical ventila-
tion under sedation for 18 days; afterward, he was transferred to another facility 
where the sedation was stopped for a neurological evaluation. The exam showed a 
GCS = 3, pupils equal, round, and reactive to light, corneal responses intact and the 
left oculocephalic response impaired; the muscles were bilaterally flaccid, and no 
movements were noted spontaneously or in response to pain; deep tendon reflexes 
were depressed and plantar responses were mute. The brain MRI highlighted scat-
tered hyperintense lesions on FLAIR imaging in deep hemispheric and juxtacortical 
white matter. These lesions were hyperintense on DWI; among these lesions, a 
minority showed subtle restricted diffusion on the apparent diffusion coefficient; a 
FLAIR hyperintensity in the left frontal juxtacortical white matter showed mild 
enhancement with gadolinium contrast. A small amount of intraventricular hemor-
rhage was found in both lateral ventricles. The CSF study demonstrated xantho-
chromia, proteins (62  mg/dl), and glucose (56  mg/dl). SARS-CoV-2 was not 
detected in the CSF.  High-dose steroids and intravenous immunoglobulins were 
prescribed and, in 1 week, the patient showed a progressive improvement of clinical 
condition, becoming conscious and able to speak [72].

A variant of the ADEM, the acute hemorrhagic leukoencephalomyelitis (AHLE), 
was found in a 33-year-old male with chronic renal disease and hypertension. The 
patient showed an acute onset of the symptoms with progressive weakness of both 
upper and lower limbs and reduced consciousness of recent onset. In the emergency 
department, the patient had an episode of generalized tonic-clonic seizures, treated 
with antiepileptic drugs. The clinical evaluation showed a GCS of 7, no neck rigid-
ity, and deep tendon reflexes absent in all four limbs with bilateral extensor plantar 
response. The MRI study revealed symmetrical FLAIR hyperintensities involving 
bilateral subcortical frontoparietal lobes, splenium of the corpus callosum, medulla, 
and cervical cord with petechial hemorrhages and evidence of diffusion restriction 

2 Acute Manifestations of Neuro-COVID



71

involving splenium of corpus callosum. Again, the chest X-ray showed bilateral 
opacities and the EEG was suggestive of a diffuse slowing with no epileptiform 
discharges. The study of CSF demonstrated normal protein, glucose, and cellular 
count, whereas hematologic exams showed elevated inflammatory indices and the 
RT-PCR test for SARS-CoV-2 from the nasopharyngeal swab was positive. The 
patient was admitted to the ICU. A final diagnosis of AHLE was made and steroid 
therapy was started. After as few days, the clinical conditions improved and the 
patient became conscious and responsive to the command. Finally, the motor deficit 
improved in upper and lower limbs. Unfortunately, the cardiorespiratory conditions 
worsened and the patient died [73].

MRI studies could help in differential diagnosis of these forms of acute encepha-
litis. In fact, ADEM is characterized by multiple, asymmetric, poorly marginated 
lesions, smaller in size, with less severe edema and additional spinal cord involve-
ment, without hemorrhage and enhancement. ANE shows characteristic symmetric 
signal changes with thalamic involvement and additional lesions at the level of the 
brainstem, cerebral white matter, and cerebellum. AHLE demonstrates multifocal, 
with variable size, poorly defined white matter lesions involving both cerebral 
hemispheres, mainly in parietal and occipital lobes, particularly in subcortical and 
deep white matter, with characteristic asymmetric distribution, and affecting less 
frequently also brainstem, cerebellar peduncle, and deep grey matter [74].

In conclusion, due to the lack of clear definitions and the multiform clinical and 
histopathological features, it is difficult to establish the relationship between SARS- 
CoV- 2 infection and meningoencephalitis. Even in the cases where the virus was 
detected in brain tissue and/or in CSF, the etiopathogenesis could be variable and 
depending on other causes, such as ischemic/hypoxic encephalopathy or multiorgan 
failure, especially in most severe patients.

2.4.7  Acute Myelitis

The first case of myelitis was described in China by Zhao et al. [76]. A 66-year-old 
male, with a 5-day history of fever and fatigue, was admitted to the hospital where 
a nasopharyngeal swab resulted positive for RT-PCR SARS-CoV-2. After an epi-
sode of hyperthermia, the patient developed weakness in both lower limbs with 
urinary and bowel incontinence, up to flaccid lower-extremity paralysis. Neurologic 
examination showed a decreased strength in the arms with normal bilateral reflexes 
in upper extremities, and flaccid paralysis in the legs with bilateral hyporeflexia but 
without pathologic reflexes. The sensation was intact in the arms but globally 

Practical Therapeutic Suggestions
The suggested treatment consists of supporting vital functions to prevent fur-
ther damage. In the case of negative pathogen diagnostics and persistence of 
symptoms, the use of corticosteroids in high doses (e.g., methylprednisolone 
1 g/day for 3–5 days) is advised [36].
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impaired in both legs with a T10 sensory level, with paresthesia and numbness 
below the level. The tendon reflexes of the lower limbs were decreased. Inflammatory 
laboratory tests were increased with high values of ferritin, leucocytes, CRP, accom-
panied by lymphopenia. The brain CT revealed basal ganglia and paraventricular 
lacunar infarctions, while MRI of spinal cord was not performed. The patient was 
treated with antivirals, antibiotics, steroids, immunoglobulins, and supportive ther-
apy. His muscle strength showed a good recovery in both the upper limbs, and only 
a limited recovery in the lower limbs.

Other case reports were reported in the literature. A 32-year-old man presented 
with sudden paraplegia and urinary retention after a 2-day history of flu-like symp-
toms. There was no sensory deficit nor upper limbs weakness or back pain. 
Neurological examination revealed normal muscle tone in the upper limbs, and 
hypotonia in both lower limbs, with complete paralysis. There was also trunk weak-
ness without the involvement of the neck muscles. An MRI revealed extensive dif-
fuse hyperintense signal involving predominantly the grey matter of the cervical, 
dorsal, and lumbar regions of the spinal cord, with mild enlargement and swelling of 
the cervical cord; DWI and apparent diffusion coefficient (ADC) revealed areas of 
restricted diffusion. A treatment with pulse dose of intravenous methylprednisolone, 
acyclovir, and enoxaparin was initiated, and after 5 days a marked improvement was 
noted [77]. Another patient developed bladder dysfunction and progressive weakness 
of the lower limbs after 8 days from the first symptoms of SARS-CoV-2 infection. 
The neurological examination showed hypesthesia below the T9 level and a moder-
ate spastic paraparesis with Babinski’s sign positive bilaterally. The first MRI 
revealed T2 signal hyperintensity of the thoracic spinal cord at T9 level suggestive of 
acute transverse myelitis; CSF analysis was abnormal with lymphocytic pleocytosis 
and elevated protein level, but SARS-CoV-2 RT-PCR and oligoclonal bands were 
negative. Methylprednisolone was started and the patient improved rapidly [78].

Clinical laboratory and imaging findings of 18 cases of myelitis during 
COVID-19 pandemic were reviewed [79]. The mean time from the first symp-
toms of the disease and the onset of myelitis was 10.3 ± 7.8 days. Motor symp-
toms were present in 88.9% of cases with different degrees of paresis, and 
complete quadri- or paraplegia in one-third of patients. A sensitive impairment 
was present in 77.7% of cases, and sphincter dysfunction in 88.8%. The most 
common syndrome was transverse myelitis (77.7%), followed by partial trans-
verse myelitis (11.1%), Brown Sequard syndrome (5.5%), and dorsal columns 
syndrome (5.5%). Myelitis was associated with few cases with encephalitis, 
optic neuritis, or GBS. CSF showed mild pleocytosis and moderate elevation of 
proteins in most of the patients. At MRI about one-third of patients showed brain 
abnormalities, 88.2% spinal cord abnormalities, with a prevalent localization in 
cervico-thoracic level (50%) and a mean lesion length of 6 segments [79]. 
Another study on neuroimaging features confirmed isolated or multifocal hyper-
intense lesions on STIR or T2-weighted MRI images in the cervical and thoracic 
cord, in some cases accompanied by tissue edema. The presence of cytotoxic 
edema was confirmed by the restricted diffusion on diffusion-weighted imaging 
and apparent diffusion coefficient sequences [75].
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In the review of Rodríguez de Antonio et  al. [79] the suggested pathological 
mechanisms were linked to cytokines released by inflammatory storms or para- 
infectious immune mediated, as confirmed by the MRI findings and the response to 
corticosteroids and intravenous IG (IVIG) therapy [79]. Interestingly, a complete/
moderate recovery was observed in one-third of cases, and mild improvement in 
half of the patients [79].

2.5  PNS Manifestations

This group encompasses hypo/anosmia and dysgeusia/ageusia alterations, GBS, 
and pain (Table 2.2). Injuries to the cranial nerves also fall into this group; they are 
described in terms of case reports or case series and mainly concern ophthalmopa-
resis, or facial nerve palsy [114].

Practical Therapeutic Suggestions
• The most common treatment consists of corticosteroids (e.g., methylpred-

nisolone 1 g/day for 3–5 days).
• Other treatments are IVIG (400  mg/kg/day for 5  days), and plasma- 

exchange for 2–7 sessions (frequently in combination with 
corticosteroids).

Table 2.2 PNS manifestations of COVID-19

Clinical 
manifestation 
[Ref.] Features Occurrence Pathogenesis
Smell and 
taste 
impairment 
[75, 107]

Hypo/anosmia, 
parosmia, olfactory 
hallucinations, 
fluctuating hyposmia 
dysgeusia/ageusia

5.6–85.6% Damage of the cells of the 
olfactory epithelium due to direct 
viral action or cytokine storm

Guillain- 
Barré 
syndrome 
[108]

Ascending flaccid 
paralysis with areflexia/
hyporeflexia, and 
sensory deficits

0.15‰ 
(increased in 
demyelinating 
subtypes)

Immune mediated: Molecular 
mimicry between viral proteins 
and proteins on peripheral nerves 
leading to autoantibody-mediated 
damage to myelin or axons. 
Massive release of cytokines and 
macrophage activation during the 
cytokine storm

Pain 
[109–113]

Headache, muscle/joint 
pain, chest, and 
abdominal pain

6–44% Multifactorial: Proinflammatory 
cytokines, direct/indirect viral 
damage

Cranial nerve 
injuries [114]

Ophthalmoparesis, or 
facial nerve palsy 
(unilaterally or 
bilaterally)

Case reports/
series

Direct viral damage; ischemia of 
vasa nervorum; demyelination 
induced by an inflammatory 
process
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2.5.1  Hypo/Anosmia and Dysgeusia/Ageusia

The prevalence of smell and taste impairment varies widely in the literature, ranging 
from 5.6% to 88% for taste impairment and from 5.1% to 98% for smell impair-
ment. These differences depend on the severity of the disease, differences in popula-
tion food habit, potential mutations of the virus, underestimation of the olfactory 
manifestation, study design, and method of testing [26, 114–116]. For example, 
olfactory dysfunction had a high incidence in European and American countries 
compared to the Chinese population [115].

Anosmia or ageusia may be the sole presenting symptom in approximately 3% 
of patients [14, 114]. It is still uncertain whether the taste and smell alterations are 
due to inflammation of the nasal tract or damage to the sensory neurons in the 
olfactory bulb [116]. About the clinical relevance and outcomes, complete recov-
ery was reported in the majority of patients [28, 116]. Nevertheless, a recent 
observational study from 18 European hospitals proved that when patients were 
carefully evaluated with objective olfactory tests, about 15% of those with anos-
mia still showed deficiency at 60 days, and 4.7% had not recovered olfaction at 
6 months [117]. It was also demonstrated that the prevalence of olfactory dysfunc-
tion was significantly higher in mild forms (85.9%) compared with moderate-to-
critical forms (4.5–6.9%; p = 0.001) and that the mean duration was 21.6 ± 17.9 days 
[117]. Another study from the same group (n = 2579) confirmed the higher preva-
lence of olfactory dysfunction (73.7%) and gustatory dysfunction (46.8%), with 
higher prevalence in mild forms of COVID-19, and in females and diabetic 
patients [118].

In a retrospective observational study on 646 confirmed COVID-19 patients, of 
whom 88 required hospitalization, smell and taste impairment were reported in 
37.9% and 36.8% of cases, respectively. Among patients with smell impairment, 
65.3% had complete anosmia, 26.6% parosmia, 10.9% olfactory hallucinations, and 
24.9% fluctuating hyposmia. Patients with taste impairment reported complete 
ageusia in 63.2%; moreover, 79.4% had an altered taste of sweetness, 79.9% altered 
taste of saltiness, 71.4% altered acid taste, and 66% altered taste of bitterness. The 
majority of the patients reported combined smell and taste impairment. The median 
time from the disease onset to the development of smell and taste impairment was 
2–3 days. Only 38.4% of patients reported concomitant nasal obstruction. A com-
plete recovery was observed in 72.1% cases of smell impairment and 76.8% of taste 
impairment [38].

In a large systematic review and meta-analysis on 32,142 COVID-19 patients 
from 107 studies, the prevalence of anosmia was 38.2% (95% CI: 36.5%, 47.2%), 
while the prevalence of dysgeusia was 36.6% (95% CI: 35.2%, 45.2%) [107].

About the pathogenesis of smell and taste impairment, several mechanisms have 
been invoked to explain the emergence of this symptomatology. The presence of 
ACE2 receptors in the cells of the olfactory epithelium, with the function of sup-
porting the olfactory neurons, could suggest a direct viral damage of these cells 
leading to a dysfunction of the olfactory neurons. Another possible mechanism is 
the olfactory epithelium dysfunction caused by the proinflammatory cytokines dur-
ing the acute phase of the disease. The hypothesized mechanisms of direct damage 
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of the olfactory sensory neurons or of the olfactory center via axonal transport seem 
less possible [107].

Since in most cases anosmia is typically not accompanied by nasal congestion 
and the onset in the majority of cases is sudden, it was proposed that every patient 
presenting with isolated anosmia should be screened for SARS-CoV-2, especially in 
the pandemic contest [26, 28]. Furthermore, it was proposed that, in addition to the 
current symptom criteria used to trigger quarantine, any adult with anosmia but no 
other symptoms should self-isolate for seven days [19].

The guidelines of the German Society of Neurology [36] stated that:

1. During the pandemic, a suddenly appearing olfactory disorder (anosmia) dur-
ing free nasal breathing is very likely an expression of SARS-CoV-2 infection.

2. Olfactory disturbances can precede other disease symptoms and are therefore 
epidemiologically relevant (early identification of new “hot spots”).

3. The olfactory disorder in COVID-19 seems to be mostly temporary. Whether 
or not complete restitution is regularly achieved cannot yet be conclusively 
assessed.

4. When the olfactory function does not return to normal within 3–4 weeks, neu-
rological and ENT evaluation with further diagnostics is recommended.

2.5.2  Guillain-Barré Syndrome and Variants

It is an acute immune-mediated polyradiculoneuropathy affecting motor, sensory, 
and autonomic nerves. The disease presents with various neurological manifesta-
tions; the most common is an ascending flaccid paralysis with areflexia/hypore-
flexia, and sensory deficits that spread over days to weeks (acute inflammatory 
demyelinating polyneuropathy, AIDP). Nevertheless, GBS can often include cranial 
nerves impairment, with the involvement of the facial nerve being the most com-
mon. Again, in the most severe cases, GBS could rapidly progress to respiratory 
failure. Classically, the CSF study reveals an albuminocytologic dissociation [26, 
119]. It can develop after gastrointestinal and respiratory infections. Potential trig-
ger factors could be viruses such as Zika virus, Epstein–Barr virus, and influenza 
virus, and bacteria such as Campylobacter jejuni, and Mycoplasma pneumoniae as 
well as other factors including cancer diseases, anticancer drugs, vaccinations, and 
surgery.

Practical Therapeutic Suggestions
Long-term olfactory problems can be managed through:

• Olfactory training (by combining visual imagery with the stimulation of an 
isolated scent). Eventually combined with:
 – Neuroprotective agents (e.g., palmitoylethanolamide (PEA) plus scutel-

laria baicalensis root extract)
 – Topic or oral steroids
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Interestingly, neuromuscular disorders were reported in patients affected by dif-
ferent coronaviruses, mostly the MERS-CoV [120].

Classically, the symptomatology appears after a certain period of time from the 
infection and the appearance of the neurological symptoms [28]. Some variants of 
GBS were described [119]. They include:

• Acute inflammatory demyelinating polyradiculoneuropathy (AIDP)
• Acute motor axonal neuropathy (AMAN)
• Acute motor and sensory axonal neuropathy (AMSAN)
• Miller Fisher Syndrome (MFS)
• Paraparetic GBS
• Pharyngeal-cervical-brachial weakness
• Bilateral facial palsy with paresthesia (BFP)
• Bickerstaff brainstem encephalitis (BBE)
• Polyneuritis cranialis or GBS-MFS overlap (PNC)
• Acute autonomic neuropathy

Interestingly, the AIDP and AMAN variants were documented after SARS-CoV 
infections while cases of AIDP, AMAN, and BBE were reported in MERS-CoV 
disease [26].

First reports of the association of GBS with SARS-CoV-19 were described in 
China [121] and Iran [122]. In the first case, a 61-year-old woman presented to the 
hospital with acute severe symmetric weakness in both legs and areflexia in both 
legs and feet. The symptoms worsened within a few days with muscle strength 
grade 4/5 in both arms and hands and 3/5 in both legs and feet; the sensation to light 
touch and pinprick was decreased distally. Laboratory findings showed lymphocy-
topenia and thrombocytopenia while CSF showed normal cell counts and increased 
protein level. On day 5, the nerve conduction study showed delayed distal latencies 
and absent F waves in the early course, supporting demyelinating neuropathy. The 
patient developed symptoms of COVID-19 (fever, cough with bilateral ground-
glass opacities on lung CT scan) only on day 8 of hospital admission and, at that 
time, oropharyngeal swab resulted positive for SARS-CoV-2. Treatment with IV 
immunoglobulins and antiviral drugs was started and the patient was discharged 
with normal muscle strength. As the symptoms of GBS overlapped with those of 
SARS-CoV-19 the authors recognized in this case a profile of pattern of a para- 
infectious profile, instead of the classic post-infectious profile of GBS [121]. In the 
second report, a 65-year-old male patient was admitted to the hospital with symp-
toms of acute progressive symmetric ascending quadriparesis and bilateral facial 
paresis starting 5 days before, and 2 weeks after a diagnosis of COVID-19. The 
muscle strength examination showed weakness in four limbs with a Medical 
Research Council (MRC) 0–5 scale of 2/5 in proximal, 3/5 in distal of the upper 
extremities and 1/5 in proximal, 2/5 in distal of the lower extremities. Deep tendon 
reflexes were generally absent, and there was no spine sensory level, nor meningeal 
irritation signs. CSF analysis was not performed. Cervical and brain MRI was nega-
tive, while electrodiagnostic parameters demonstrated decreased amplitude at 
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compound muscle action potential and no response at sensory nerve action poten-
tial; electromyography showed decreased recruitment. The patient was treated with 
IV immunoglobulins according to the diagnosis of GBS [121].

In a case series from Italy, five patients presented with weakness and paresthesia 
as their main symptoms. Four of them were immediately positive for COVID-19, 
whereas 1 turned positive later. All patients developed GBS 5–10 days following 
COVID-19 symptoms onset. Lower-limb weakness and paresthesia were the main 
presenting features in four patients, followed by facial weakness, ataxia, and pares-
thesia in one patient. The CSF was normocellular in all five cases; albuminocyto-
logical dissociation was found in three cases. Electrophysiological studies showed 
reduced compound motor amplitudes and prolonged distal latencies. The overall 
neurophysiological pattern was considered typical of demyelination in two cases 
and compatible with an axonal neuropathy in the remaining three cases. Fibrillation 
potentials were seen by electromyography (EMG) acutely in three patients, and 
later in a fourth patient. None of the patients had SARS-CoV-2 detected in the CSF 
(RT-PCR). Antiganglioside antibodies were absent in the three tested patients. Post- 
gadolinium MRI showed caudal nerve roots enhancement in two patients, facial 
nerve enhancement in another patient, and no signal changes in two patients. All 
patients received IV immunoglobulin and one plasma-exchange. After 4 weeks of 
therapy, two patients were still on ventilator support, two received physical therapy 
for paraplegia, and another one was discharged and was able to walk indepen-
dently [123].

Other less common variants of GBS have been reported in patients with 
COVID-19. MFS presents with acute-onset external ophthalmoplegia and ataxia 
associated with the loss of tendon reflexes. Gutierrez-Ortiz et al. [124] described 
two cases. One of these concerned a 50-year-old man with a history of vertical 
diplopia, and gait instability after a story of fever, cough, headache, malaise, anos-
mia, and ageusia. The neurological examination showed perioral paresthesia 
without facial weakness; strength and muscle tone were normal in all extremities, 
and no sensory deficits were detected. He had a broad-based ataxic gait and absent 
deep tendon reflexes in both the upper and lower limbs; furthermore, the patient 
showed right internuclear ophthalmoparesis and right fascicular oculomotor 
palsy. The laboratory exams indicated lymphopenia, and elevated C-reactive pro-
tein. Antibodies to the ganglioside GD1b—commonly associated with severe 
GBS forms and the requirement of mechanical ventilation—were found. The 
swab RT-PCR for COVID-19 was positive. The CSF revealed no WBC, protein 
80 mg/dl, glucose 62 mg/dl, with normal cytology, and sterile cultures. The viral 
genome was not detected in the CSF and the head CT scan was normal. The 
patient was treated with IV immunoglobulins with an improvement of symptoms 
and he was discharged at home 2 weeks after admission. Another 39-year-old man 
presented with diplopia 3 days after he had diarrhea, fever, and ageusia. On neu-
rological examination, he showed severe abduction deficits in both eyes, and fixa-
tion nystagmus, with the upper gaze more impaired, all consistent with bilateral 
abducens palsy. All deep tendon reflexes were absent. The neurological examina-
tion of limbs, including sensation, was normal. No gait instability or truncal ataxia 
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was observed. The oropharyngeal swab was positive for SARS-CoV-2, CSF anal-
ysis showed cell count 2/μl (all monocytes), protein 62 mg/dl, glucose 50 mg/dl, 
with normal cytology, sterile cultures, and negative serology, including the 
RT-PCR for COVID-19. The patient was labeled as having a polyneuritis cranialis 
and treated with acetaminophen; after 2 weeks he had complete recovery of neu-
rological symptoms [124].

Another case of MSF was more recently described by Kajani et  al. [125]. A 
50-year-old male with a past medical history of obesity, diabetes, and heroin use 
arrived in the hospital after 4 days of slurred speech and progressive difficulty with 
swallowing. His nasopharyngeal swab was positive for RT-PCR for COVID-19. The 
patient presented with palate weakness and nasal voice, bilateral ptosis, and gener-
alized internal and external ophthalmoplegia in all directions. On motor examina-
tion, he had normal tone and strength in upper and lower limbs. Reflexes in the 
patient’s upper extremities were absent, and in the lower extremities slight patellar 
reflexes were found. He had mild dysmetria and dysdiadochokinesia in the upper 
extremities. Brain CT and MRI were normal. The patient had increasing difficulty 
protecting his airway and was intubated and ventilated. The descending weakness 
progressed to his shoulder, proximal upper extremity, and muscles of respiration. 
CSF analysis showed zero WBC, and a slight increase of proteins, while CSF 
SARS-CoV-2 PCR was negative. Serum ganglioside antibodies were all negative. 
Although the patient was treated with IV immunoglobulins, he died due to cardiac 
complications in a few days.

In a retrospective multi-center registry from France, including COVID-19 
patients with neurological manifestations (n = 222), GBS was the most common 
neurologic manifestation (6.8%) following encephalopathy, stroke, and encephali-
tis. The median age was 59  years, and 66.7% of patients had mild or moderate 
COVID-19. CSF examinations were performed in 14 patients, demonstrating iso-
lated elevated protein levels in 57.1% of them, ranging from 0.49 to 2.36 g/L. Negative 
SARS-CoV-2 RT-PCR results were obtained in nine patients tested. 
Electroneuromyography was performed in 14 patients and was suggestive of demy-
elination in 92.9% of them. The majority of patients (93.3%) were treated with IV 
immunoglobulin. Two patients required mechanical ventilation and there was no 
mortality during the follow-up [37].

On the topic, a systematic review on 52 studies and 73 patients was also pub-
lished. The authors found that the mean age at onset was 55 ± 17 years (min 
11–max 94), there was a significant prevalence of men (68.5% vs. 31.5%), and 
no prevalence of particular comorbidities was noticed. In 94.5% of patients, 
GBS manifestations developed after those of COVID-19 (min 2, max 33 days); 
in the other cases, COVID-19 symptoms were concurrent or occurred 1–8 days 
after GBS onset. Common clinical manifestations at onset included sensory 
symptoms (72.2%) alone or in combination with paraparesis or tetraparesis; 
cranial nerve involvement was less frequent (16.7%). All cases but one showed 
lower limbs or generalized areflexia, whereas in 37.5% of them, gait ataxia was 
reported at onset or during the disease course. Ascending weakness evolved into 
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flaccid tetraparesis in 76% of patients and spreading/persistence of sensory 
symptoms represented the most common clinical evolutions (84.7%). 
Furthermore, 50% and 23.6% of patients showed, respectively, cranial nerve 
deficits and dysphagia during the disease course. Of note, 36.1% of patients 
developed respiratory symptoms up to respiratory failure in some cases. 
Autonomic disturbances were rare (16.7%). In cases with MFS/MFS-GBS over-
lap, areflexia (100%), oculomotor disturbances (66.7%), and ataxia (66.7%) 
were found. The electrophysiological study showed a pattern compatible with a 
demyelinating polyradiculoneuropathy in 77.4%, axonal damage in 14.5%, and 
a mixed pattern in 8.1% of patients. The albuminocytological dissociation (cell 
count less than 5/μl with elevated CSF proteins) was detected in 71.2% of the 
cases with a median CSF protein of 100 mg/dl (49–317 mg/dl); mild pleocytosis 
was found in 8.5% of patients. In this series CSF SARS-CoV-2 RNA was unde-
tectable in all tested patients, while the antiganglioside antibodies were positive 
in 5,7% of patients. The MRI study showed a cranial nerve contrast enhance-
ment (in MFS, and BFP); brainstem leptomeningeal enhancement in two cases 
of AIDP. About therapy, 85.8% of patients were treated with IV immunoglobu-
lins, 14.2% with plasma-exchange, and 2.8% with steroids [120].

A recent review on 220 cases, confirmed that the onset of syndrome occurred 
after the onset of the non-neurological symptoms in most of cases, but few cases 
could occur together or before the other symptomatology. The most common sub-
type was AIDP (77.6%), followed by AMAN (8.5%) and ASMAN (7.2%) subtypes, 
and less frequently by MFS (4.6%), PNC (1.3%), and PCB (0.65%) variants. The 
outcome reported a complete recovery in 22% of patients, partial recovery in 70.8% 
of subjects, and death in 7.1% of cases. This study offered a further proof about the 
need to exclude other differential diagnoses, such as critically ill neuromyopathy, 
toxic neuropathy, and the effects of drugs, and to make an early diagnosis for an 
appropriate treatment [108].

The pathogenic mechanism of GBS and its variants was reported to the 
molecular similarity of some virus epitopes with surface neurons’ components. 
In particular, antibodies produced against the pathogen could bind the periph-
eral nerve components (e.g., antiganglioside antibodies), destroying the neu-
rons. Another possible mechanism is the macrophage activation during the 
cytokine storm [26]. The typical latency of neurological symptoms observed in 
most patients, the clinical and biochemical findings, and the improvement after 
IV immunoglobulins therapy, seems to support the post-infectious immune-
mediated mechanism, although the massive release of cytokines in COVID-19 
may also have a role in the dysimmune process. In COVID-19 patients, thus, the 
pathogenic mechanisms seem to reflect the features of the classic post-infective 
GBS [104]. Nevertheless, patients with prolonged admission in ICU, ventilated 
in the prone position, treated with neuromuscular blockers and steroids, and suf-
fered from sepsis and multiorgan failure, could develop myopathy and neuropa-
thy leading to an overt ICU-acquired weakness. These complex patients need to 
enter into a differential diagnosis.

2.5  PNS Manifestations



80

2.5.3  Pain

Pain is commonly reported during the SARS-CoV-2 infection [126]. Headache and 
muscle/joint pain are among the most frequently reported symptoms either in mild 
and more severe forms. Less frequent reported forms of pain are chest and abdomi-
nal pain, eye pain, and sore throat [109]. In a study on the general population in 
USA, a periodic longitudinal questionnaire was administered to 21,359 subjects 
regardless of history of COVID-19 infection or test. In this survey various types of 
pain were described: muscle pain was reported in 53.6% of hospitalized and 71% of 
non- hospitalized patients, pain between shoulder blades in 47.3% of hospitalized 
and 62.6% of non-hospitalized patients, pain/burning feeling in lungs in 47.5% of 
hospitalized and 49.6% of non-hospitalized patients, burning feeling in trachea in 
33% of hospitalized and 35.1% of non-hospitalized patients, joint pain in 33% of 
hospitalized and 43.8% of non-hospitalized patients, ear pain in 10.7% of hospital-
ized and 21.4% of non-hospitalized patients [80].

Many hypotheses have been proposed to explain the presence of pain during the 
SARS-CoV-2 infection: the high level of proinflammatory cytokines, the direct or 
para-infectious immunomediated viral damage of the peripheral nerves, could all 
lead to the onset of pain during the acute phase of the disease and its subsequent 
persistence in the chronic phase [110]. Furthermore, neuropathic pain could follow 
other neurological complications such as stroke, myelitis, and GBS [111]. Finally, 
patients with chronic pain could experience an exacerbation of the symptomatology 
due to multiple factors including discontinuation of therapy and psychological bur-
den of the pandemic [111].

Pain is a clinical manifestation of long-COVID. In particular, combined or not 
with other symptoms such as anxiety and depression, brain fog, fatigue, shortness 
of breath, and others, osteoarticular or muscle pain can persist up to weeks or 
months after the acute phase of COVID-19. Since chronic pain is described as a 
manifestation of real or potential tissue damage and it is identified as a perception 
influenced by the complex interactions of biological, psychological, and social fac-
tors, the issue of COVID-pain should be carefully addressed [112]. Moreover, it 
cannot be excluded that the disease may exacerbate already present painful 

Practical Therapeutic Suggestions
According to the guidelines of the German Society of Neurology [36]:

• A serological test for ganglioside antibodies is suggested (particularly in 
cases of cranial nerve involvement).

• The therapy should not differ from the usual treatment for GBS.
• The primary use of IV immunoglobulins (0.4 g/kg) is preferred but plasma- 

exchange is considered equivalent.
• Corticosteroids should be avoided.
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manifestations. Furthermore, the triggering of de novo clinical manifestations in 
survivors must be highly evaluated. For example, it is necessary to consider the 
new-onset chronic pain in critically ill patients suffering from ARDS [113].

2.6  Skeletal Muscle Manifestations

2.6.1  Asthenia and Myalgia

Combined or not with myalgia, asthenia is a frequent symptom in SARS-CoV2 
infections. In a systematic review, seven studies reported that myalgia can affect 
about a quarter of COVID-19 patients [85]. Another analysis found that muscle pain 
is reported in up to 62% of patients, with a higher percentage in Europe compared 
to East Asia. It was also indicated that joint pain may affect 10–15% of patients, also 
as an early symptom of the disease [127]. In a prospective consecutive observational 
study on 61 consecutive adult patients, of whom 57% admitted to ICU, the most 
common neurological finding was a motor weakness (34.4%), significantly more 
prevalent in ICU patients (54%) compared to non-ICU patients (7.7%), p = 0.002 
[35]. The mechanisms underlying the symptomatology could be linked to an exces-
sive production of proinflammatory cytokines and the hypercatabolic state present 
during the disease process. In fact, the older age, some comorbidities, such as dia-
betes and obesity, other symptoms commonly found in these patients, such as 
anorexia, nausea, and vomiting, induce a muscle wasting that triggers an inflamma-
tory response, and oxidative stress. It can amplify the production of proinflamma-
tory cytokine, leading to a vicious circle, with worsening damage [128].

2.6.2  Skeletal Muscle Injury

Myalgia combined with increased serum creatinine kinase levels is defined as a 
skeletal muscle injury. This condition was found in most severe cases of COVID-19, 
especially in presence of higher levels of inflammatory indices and multiorgan fail-
ure [128]. A case of rhabdomyolysis with pain, weakness of lower limbs and tender-
ness on examination, raised levels of serum myoglobin, creatine kinase, lactate 
dehydrogenase, alanine aminotransferase, and aspartate aminotransferase was also 
described as a late complication of COVID-19 [129].

Practical Therapeutic Suggestions
Acute COVID-Pain

• It is treated symptomatically. Acetaminophen or NSAIDs (e.g., ibuprofen 
for short periods) can be used.

• The use of opioids (unless in ICU patients) should be avoided.
• Vitamin B and neurotropic supplement may be suggested.
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In a retrospective analysis on 1099 patients from 552 hospitals in China, myal-
gia/arthralgia was present in 14.9% of patients and increased creatine kinase levels 
(≥200 U/L) in 13.7% of patients; the percentage of both clinical and laboratory 
findings were higher in the most severe patients (17.3% vs. 14.5%, and 19% vs. 
12.5%, respectively) [18]. Moreover, a large retrospective study (n = 351) showed 
an increase of CK in 27% of COVID-19 and the levels correlated significantly with 
inflammation markers and severity of the disease. Nevertheless, compared to a 
cohort of patients with influenza, only a minority of COVID-19 ICU-admitted 
patients showed higher CK levels (CK > 1000 U/L) (4.7% vs. 35.7%) [130].

The pathogenesis of the COVID-19-associated skeletal muscle injury needs to be 
better explained. The acute onset of severe muscle weakness with increased inflam-
matory markers and very high CK levels may suggest an autoimmune cause of the 
myopathy, as an expression of a necrotizing autoimmune myositis [131]. On the 
other hand, direct muscle toxicity of virus cannot be excluded [130].

2.7  Psychiatric Manifestations

As the COVID-19 has been declared a public health emergency, measures to combat 
the spread of the virus have been adopted by national governments. Some of these 
measures, such as nation-wide lockdown and social distancing, could represent a 
psychological burden leading to the occurrence of psychiatric manifestations. 
Furthermore, the overwhelming flow of information from social media can further 
worsen the psychosocial impact of pandemic [132–134].

Previous outbreaks have reported many symptoms linked to prolonged quaran-
tine, like irritability, fear of spreading the infection, confusion, anxiety, depression, 
and obsessive-compulsive behavior, such as repeated temperature checks and steril-
ization [134]. In this context, the loss of freedom, the separation from the family, the 
uncertainty about the disease evolution, and the concern for financial losses might 
induce or worsen in the COVID-19 patients’ emotional disturbances, such as depres-
sion, anxiety, obsessive behaviors, and insomnia [135, 136].

Notably, the pathophysiological mechanisms of COVID-19 could also be respon-
sible of psychiatric complications. The direct viral effects on CNS, the immune 
response of the patients with cytokine storm, cerebrovascular injury or, more gener-
ally, hypoxic conditions and post-infectious autoimmunity, all could lead to the 
onset of the clinical picture [132]. Furthermore, the continuous presence of stressful 
symptoms, such as cough and fever, the side effects of drugs, such as insomnia due 
to the use of steroids or some psychotic effects of chloroquine, could exacerbate the 
mental disturbances of more frail patients [58, 62]. Moreover, for patients admitted 
to hospital, organizational and logistic factors, such as prolonged isolation and sepa-
ration from the families, personal protective equipment worn by the hospital staff 
that limits the human contact, the environmental pressure around the patient, and 
the sleep deprivation might play a central role. On the other hand, concurring psy-
chiatric symptoms can obstacle the respiratory management of COVID-19 patients 
due to problems of treatment adherence.
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Finally, the more severe patients treated in intensive and semi-intensive care 
units are at higher risk of occurrence of psychiatric symptoms. It is now well 
known that the management of pain, agitation, and delirium has a positive impact 
on both in short- and long-term outcomes of ICU patients. Light sedation in most 
patients can be safely used preventing a long list of problems associated with 
deeper levels, such as loss of human contact, ICU-acquired weakness, immuno-
suppression, delirium, and permanent cognitive deficits. Similarly, critical 
patients can frequently experience pain, either at rest or during routine proce-
dures, with a negative impact on the psychological status during ICU stay and 
after the discharge. Delirium is a fearful complication and is associated with 
increased mortality, length of ICU, and hospital stay, as well as development of 
post-ICU cognitive impairment; its incidence has been reported from 20% to 
80% of the critical patients; risk factors are age, dementia, serious illness at 
admission, history of hypertension, coma and the use of benzodiazepine and 
opioids [137–140].

It is important to underline that there is a close relationship between agitation, 
pain, delirium, and their treatment. Moreover, both agitation and pain are risk factor 
for delirium but also an incorrect treatment could lead to the onset of delirium and 
the so-called Post Intensive Care Syndrome (PICS). On this topic, international 
guidelines recommended a structured approach. Each approach focus based on the 
following points [137–139, 141]:

 1. A prevention strategy aimed to recognize and remove all the possible risk factors.
 2. The use of monitoring tools to evaluate the proper management of pain, agita-

tion, and delirium and to identify early the occurrence of such complications.
 3. The use of the more appropriate pharmacologic interventions and, whenever 

possible, the non-pharmacologic approaches. In this regard light sedation using 
short acting sedatives, a multimodal opioid sparing analgesia, a careful assess-
ment for delirium using validated tools and its treatment with non- pharmacologic, 
and pharmacologic approaches are valid options to be introduced in the clinical 
practice.

A study on medical records from a US network of health care organizations on 
9086 patients with neuropsychiatric manifestations, of whom 73.7% outpatients 
and 26.3% inpatients, demonstrated a variety of manifestations: anxiety and related 
disorders (4.6%), mood disorders (3.8%), sleep disorders (3.4%), emotional state 
symptoms and signs (0.8%), and suicidal ideation (0.2%) [58]. In another study on 
707 hospitalized non-ICU patients older >50 years, the incidence of delirium was 
33%, of whom 12% were delirious on admission. In these patients, delirium was 
associated with in-hospital death with an adjusted Odds Ratio [aOR] of 1.75 (95% 
CI = 1.15–2.66) and with increased length of stay, admission to intensive care, and 
ventilator utilization [142]. Another report from Italy on 852 non-ICU patients 
showed an incidence of delirium of 11%; in this study, delirium was positively asso-
ciated with age and use of antipsychotic drugs with higher mortality (57% vs. 
30%) [143].
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Some atypical presentations have been described in the literature. In a case report 
a 70-years-old man, without a story of cognitive deficit, at hospital admission 
revealed cognitive and perception problems, with disturbances in memory and ori-
entation but without any other complaints; brain; TC excluded brain pathology, 
while a PCR test for SARS-CoV-2 was positive; a typical symptomatology appeared 
after 5 days of hospitalization; hydroxychloroquine, favipiravir, tocilizumab, pred-
nisolone, and enoxaparin were started with a dramatic improvement of clinical and 
laboratory parameters [144]. In another case, a 94-year-old man with schizoaffec-
tive disorders was admitted to hospital drowsy, disorientated, trying to undress him-
self and resisting care and signs of respiratory infection; he was treated with 
antibiotics and fluids; after 3 days his clinical and CT findings worsened and he died 
after 5  days; a postmortem nasopharyngeal swab was positive for SARS-CoV-2 
RNA [145].

Some studies confirmed the higher prevalence of delirium in ICU patients with 
COVID-19 compared to COVID-19 non-ICU inpatients [142, 143]. These findings 
were confirmed by a study on 150 ICU patients with COVID-19 that showed a 
prevalence of delirium of 79.5%, of whom 86.6% with a hyperactive form; the dura-
tion of ventilation was significantly longer in patients with delirium, while the mor-
tality higher but did not reach statistical significance [146].

Patients with psychiatric complications could have a higher incidence of psychi-
atric symptoms at the discharge. An observational series on 58 patients showed that 
agitation was present in 69% and confusion in 65% of patients on admission in ICU, 
or at the suspension of sedation and neuromuscular blockade. In this series, a third 
of the discharged subjects showed a dysexecutive syndrome (inattention, disorienta-
tion, or poorly organized movements in response to command) [44].

In ICU patients, the measures to prevent delirium and improve the psychophysi-
cal outcome at discharge (ICU liberation and similar initiatives) are presented in the 
mnemonic form, such as ABCDEF bundle (A: assess, prevent, and manage pain; B: 
both spontaneous awakening trials and spontaneous breathing trials; C: choice of 
analgesia and sedation; D: delirium: assess, prevent, and manage; E: early mobility 
and exercise; F: family engagement and empowerment) [147] or eCASH concept 
(early Comfort using Analgesia, minimal Sedation, and maximal Human care) 
[138]. Most of the abovementioned measures could be challenging in COVID-19 
patients, mainly when in ICU. Nevertheless, some interventions could aid to prevent 
delirium and improve the long-term physical and psychological conditions of these 
patients [141].

The shortage of clinician resources could reduce the interest for some of the 
abovementioned measures, such as early mobility, to spend more time for others, 
such as pain and sedation management. Furthermore, the shortage of some sedatives 
during pandemic could explain the increased use of benzodiazepines, while the 
presence of less trained staff could lead to a choice of deep levels of sedation and 
neuromuscular block for a prolonged time. The use of some items of validated 
scales, such as facial expression or body movements, could aid to adjust the level of 
analgesia. Furthermore, maintaining a systematic detection of pain could allow to 
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point out the development of peripheral neuropathies from viral invasion. The use 
of a protocolized approach to daily target of sedation using validated scales and 
titrating the dose to the ventilator-patient synchrony and the use, whenever possible, 
of depth sedation monitoring devices could prevent the unnecessary prolonged deep 
sedations. Furthermore, the heavy workload and the limitation to the access of phys-
iotherapists could generate the ICU-acquired weakness and compromise physical 
functions at the discharge; passive physiotherapy and virtual consultation to guide 
physiotherapy and rehabilitation could be considered to limit such complica-
tions [148].

The usual practice of open-ICU, allowing the parents to enter and involve them 
in the care of the patients and prevention of delirium has been restricted because of 
the needing for extreme isolation. Nevertheless, delirium is associated with higher 
incidence adverse events, such as self-extubation, and to a worse outcome at the 
discharge, so every effort should be made to prevent, recognize, and adequately 
treat this complication. It is suggested for wakeful patients the daily use of tele-
phone or video call with the family and friends and family photos [148]. Other fac-
tors, such as the elevated environmental noise during the day and night with 
disruption of sleep-wake cycle, the systematic use of personal protective equipment 
and contact distancing, the occurrence of complications, such as cerebrovascular 
disease and sepsis, could further increase the incidence of delirium in COVID-19 
patients. It is crucial to provide a regular screening of delirium using validated scale, 
such as CAM-ICU, and the non-pharmacological interventions, such as glasses and 
hearing aids, reorientation measure, and reduction of nocturnal light and noise 
[141, 148].

The need of social distancing and the increase of workload has been reduced the 
interprofessional confrontation; alternative mode of interactions, such as virtual 
participation, could overcome this kind of problem. The use of less trained staff, due 
to an increased number of ICU beds in the hospital, could lead to a suboptimal care 
and a reduced use of bundles; it seems possible to resolve this point by adopting a 
model of on-field training, guidance, and coaching managed by experienced clini-
cians [141, 148].

A multi-center international cohort study including 2088 COVID-19 ICU 
patients across 14 countries confirms most of the abovementioned observations. 
84% of participant hospitals added a mean of 24 (12–39) additional ICU beds; 
99% of sites had restricted visitation due to pandemic, but 96% had a facilitated 
virtual contact between the patients and the family or friends; all the sites had a 
level of sedation assessment tool (mainly Richmond Agitation-Sedation Scale) 
and 90% had a protocol to identify delirium (mainly CAM-ICU) but only 68% 
a protocol for its management. In 42% of participant hospitals there was a short-
age of available resource (79% critical care providers, 72% personal protective 
equipment, 55% ventilators, 38% sedatives); ARDS diagnosis was made in 
97.9% of patients, invasive mechanical ventilation was used in 66.9% and non-
invasive ventilation in 8.3% of patients; opioids infusion was used in 79.5% 
benzodiazepine in 74% (for a median of 7  days), propofol in 70.9%, 
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dexmedetomidine in 44.1%, and clonidine in 9.1% of patients. The prevalence 
of coma was 81.6% (mean duration of 10 days) and the prevalence of delirium 
was 54.9% (mean duration 3 days) of the patients [149]. The authors evaluated 
the degree of implementation of ABCDEF bundle: pain was assessed at least 
once in 73% of eligible days; the evaluation of spontaneous awakening trial and 
spontaneous breathing trial was, respectively, done in the 23.8% and 22.8%, 
respectively; delirium was evaluated in 82.9% of eligible days; sedation-agita-
tion was evaluated in 98.1% of eligible days but avoidance of benzodiazepine 
was adopted only in 52.4% of eligible days; some type of early mobility was 
performed only in 33.9% and family engagement in 17% of eligible days. The 
authors concluded that clinicians should adhere to evidence-based guidelines 
for the COVID-19 patients in similar manner to those without disease, mainly in 
the choice of an adequate sedation regime [149].

An Italian multidisciplinary group has underlined the importance of permitting 
visits in ICUs even during the COVID-19 pandemic. Some benefits can be summa-
rized in a reduction of stress and depression for the patients and families, the 
increased compliance to care and prevention of delirium, and help in decision mak-
ing and reduction of moral distress for healthcare teams. In this paper the authors 
suggest some tips, indicating the necessary rules for an effective and safe ICU open-
ing [150].

Practical Therapeutic Suggestions
According to guidelines, it must be performed [141]:

• A careful pain management
• A protocol to identify pain, agitation, and delirium
• A protocol to prevent delirium, by:

 – Non-pharmacological strategies. For example, protocol for sedation, 
glasses and hearing aids, reorientation measure, and reduction of noc-
turnal light and noise.

 – Pharmacological approaches. Dexmedetomidine: although not recom-
mended, low doses (e.g., 0.1 μg/kg per hour) may reduce ICU-delirium 
occurrence

• A protocol to treat delirium, by:
 – Haloperidol (2–10  mg IV every 6  h), but recommended for not rou-

tinely using (especially in hyperactive form)
 – Olanzapine (IM 5–10 mg; max: 30 mg/d), risperidone (0.5–8 mg), que-

tiapine (orally 50 mg; max 400 mg/d), and ziprasidone (IM 10 mg; max: 
40 mg/d)

 – Dexmedetomidine: in adults under mechanical ventilation, especially 
when hyperactive manifestations preclude weaning

• A family/caregiver/friend-centered “visitation” policy.
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2.8  Conclusions

Acute neurological manifestations of COVID-19 involving the CNS or the PNS 
configure a chapter of paramount importance. Obviously, many gaps need to be 
filled to fully understand the pathogenetic mechanisms, the risk factors, the long- 
term consequences of the multiple clinical expressions of neuro-COVID. Despite 
the amount of research produced on the subject, further preclinical studies, and 
clinical research with the contribution of epidemiological data, is necessary. In the 
meantime, thanks to prospective and retrospective observational studies, but also 
case reports and case series (useful for rare complications and those with anomalous 
presentation), a picture of the phenomenon is beginning to be drawn. Evidence- 
based medicine studies require “high quality” data, and this aim is often achievable 
through multi-center research. In this regard, COVID-19 represents an incredible 
opportunity to establish lasting scientific collaborations, with alliances between 
various biomedical and no-biomedical figures such as bioinformatics, statisticians, 
and experts in artificial intelligence who belong to the most disparate fields of 
research.
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3Diagnostic Approaches to Acute 
Neuro-COVID

3.1  Introduction

Although the pulmonary manifestations are the hallmark of COVID-19, there is 
increasing recognition of neurologic manifestations. To date, it has not been possi-
ble to clearly define the neuropathological picture underlying the disease and to 
identify which mechanisms are involved in the genesis of the nervous tissue dam-
age. Various pathogenetic hypotheses have been formulated. They include direct 
SARS-CoV-2 neuroinvasion and endotheliopathy, indirect damage of the endothe-
lium because of the release of cytokines, production of antibodies in the post- 
infectious phase, and systemic coagulopathy causing occlusion of cerebral vessels 
and/or bleeding [1–3]. Other potential effects include venous thrombosis and sub-
arachnoid hemorrhage (SAH) [1, 4–6]. Furthermore, extracranial artery dissection 
has been also reported [7, 8]. Direct SARS-CoV-2 neuroinvasion could be the 
pathologic event leading to possible encephalitis or meningoencephalitis [9], while 
post-infection delayed immune response seems to be the cause of Guillain-Barre 
Syndrome (GBS) [10] and acute demyelinating encephalomyelitis [11]. Finally, 
complications could be related to systemic disease-related effects, such as severe 
hypoxia, or side effects of the therapy; extended hospitalization in the intensive care 
unit (ICU) with prolonged intubation may result in hypoxemic cerebral injury and 
microhemorrhages [9, 11–13]. More details can be found in another section of the 
book (see Chap. 1. Pathophysiology of COVID-19-associated neurotoxicity).

The neurological symptoms and signs are non-specific and often subtle, mainly 
in ICU sedated and ventilated patients. It is a challenging task for the clinician to 
differentiate between direct involvement of the central nervous system (CNS) and 
neurologic manifestations of systematic causes such as metabolic complications or 
hypoxia. All these conditions could delay the correct diagnosis and proper treatment.

Moreover, the enormous impact of the pandemic on the organizational system 
could make it difficult to obtain imaging studies and/or electrodiagnostic tests 
timely for the appropriate treatment. Therefore, a high index of clinical suspicion 
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for neurological complications is required, and every effort should be done to reach 
early a definitive diagnosis to guide the therapy. In this contest, besides a complete 
clinical evaluation, it is necessary to submit these patients to a detailed neuroradio-
logical, laboratory, and neurophysiological work-up.

3.2  Neuroimaging

Computer tomography (CT) and magnetic resonance imaging (MRI) are commonly 
used in COVID-19. These imaging approaches depicted several neuroradiological 
aspects because of the multiple pathological mechanisms involved [14].

3.2.1  Stroke

Thromboembolic infarcts are the most common neuroradiologic finding in 
COVID-19, accounting for 92% of patients who have an abnormal neuroimaging 
examination. Acute ischemic stroke mainly involves large vessels (60–65%), mul-
tiple vascular territories (26%), and vertebro-basilar territory (35%) [15]. It is a 
strong prognostic indicator of poor outcome [16].

The cerebral thromboembolic event may be the first presentation of COVID-19 
and the episodes may coincide with increased D-dimer levels and inflammatory 
markers [17]. Several neuroimaging approaches can be used (Fig. 3.1):

• Non-contrast CT is the primary choice for the initial evaluation of patients sus-
pected of stroke. Since CT is widely available, a scan can be made within a few 
minutes and unstable patients are easier to manage in a CT scanner than in an 
MRI one. Non-contrast CT provides enough information to quickly differentiate 
between ischemic and hemorrhagic stroke.

• CT-Angiography (CTA) can be performed in the case of acute stroke to detect or 
determine the location of thrombus, or occlusion. Large intracranial vessels such 
as the internal carotid artery and middle cerebral artery trunk can be excellently 
assessed using CTA for detecting occlusion.

• CT perfusion (CTP) is ideally suited for differentiating between the penumbra 
and the infarct core. In general, it holds that a decreased cerebral blood flow 
(CBF) value combined with a stable or increased cerebral blood volume (CBV), 
depicts reversible ischemia. On the other hand, a significant decrease of both 
CBF and CBV involves irreversible infarction.

An MRI examination requires more acquisition time, but according to the guide-
line, it should be considered more useful than a CT scan for diagnosing acute isch-
emic stroke. Diffusion-Weighted Imaging (DWI) offers the option of detecting 
parenchymal ischemia and/or an infarct within minutes from the occurrence of the 
first stroke symptoms. Perfusion MRI offers the potential for measuring brain perfu-
sion in acute stroke patients. Arterial spin labeling (ASL) MR perfusion is an MRI 
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perfusion technique that does not require intravenous administration of contrast 
unlike dynamic susceptibility contrast (DSC) perfusion and dynamic contrast 
enhancement (DCE) perfusion.

Venous infarcts are uncommon. Cavalcanti et al. [18] reported three fatal cases 
of COVID-19 related to superficial and deep venous thrombosis. The diagnosis may 
require a brain MRI or a MR venography or CT venography to assess patency of the 
dural venous sinuses and cerebral veins. A method for 3D image reconstruction 
such as maximum intensity projection (MIP) can be helpful (Fig. 3.2).

a b

c d

Fig. 3.1 Ischemic stroke. (a, b) Large vessel occlusion (non-contrast and contrast CT showing 
acute infarct in the left middle cerebral artery territory). (c, d) Embolic infarcts (MRI showing 
multiple punctate acute infarcts in multiple vascular territories). Modified from Agarwall A, et al. 
Emergency Radiology 2020(27);747–754 with permission
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3.2.2  Cerebral Hemorrhagic Lesions

The cerebral hemorrhagic lesions account for 21.7%–25.7% of strokes and can be 
massive and/or multiple [15]. Patients may present with lobar hemorrhage, micro-
hemorrhage, SAH, or subdural hemorrhage. Microhemorrhage occurred predomi-
nantly in the juxtacortical and callosal white matter. Several complications of 
COVID-19, such as disseminated intravascular coagulation caused by cytokine 
storm, blood pressure changes commonly occurring in the critical care setting. In 
these patients, anticoagulation therapy for venous thrombus prevention and acute 
kidney injury requiring dialysis [15] may contribute to intracranial hemorrhages.

The non-contrast head CT is the most commonly performed technique in the 
emergency evaluation. Additional diagnostic information may be obtained by CTA 
or MRI with contrast media. The neuroimaging must evaluate location, size/vol-
ume, shape (irregular/regular), density (homogeneous/heterogeneous), and pres-
ence/absence of substantial surrounding edema (underlying tumor), intraventricular 
hemorrhage, or hydrocephalus. The ABC/2 formula or more accurate tools (e.g., 
2.5ABC/6, SH/2) can help for the analyses.

a

d e

b c

Fig. 3.2 Extensive venous sinus thrombosis. Axial CT Head demonstrated edema in the left tem-
poral lobe with small parenchymal hemorrhage (a). Sag T1 on the MRI without contrast showed 
hyperintensity in superior sagittal sinus consistent with thrombus (arrows) (b). MR venogram 
maximum intensity projection (MIP) reconstruction demonstrated no flow in the superior sagittal 
sinus and left transverse sinus (c). Axial T1 sequence on MRI brain with contrast demonstrated this 
thrombus extending to the left jugular bulb (arrow) (d). Sagittal CT venography MIP reformat 
showed no flow in the superior sagittal sinus (arrow) (e). From Kihira S, et al. Clinical Imaging 69 
(2021) 280–284 © Elsevier with permission
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3.2.3  Mixed Pictures

The various vascular manifestations could be seen simultaneously in a single 
patient. In fact, in the first case reported, Dorigatti et al. [19] described a patient with 
a wide range of vascular findings at brain MRI. After weaning from sedation and 
ventilation, a 67-year-old man with severe respiratory distress syndrome appeared 
with spontaneous eye opening although unresponsive to the verbal, tactile, and 
painful stimulus; no focal deficits were found. The MRI showed cortico-subcortical 
and callosal microbleeds, SAH, intraparenchymal hematoma, and reduced CBF in 
the frontoparietal regions juxtaposed to the vascular border zones, as seen at both 
ASL and DSC perfusion techniques. The authors supposed that multiple pathologi-
cal mechanisms could lead to the described findings. Among these mechanisms, 
hypoxemia and blood–brain barrier (BBB) disruption were discussed. The impor-
tance of the use of a non-invasive ASL technique, that could allow the study of CBF 
and its correlation with the prognostic outcome, was addressed.

In a retrospective review on 103 COVID-19 patients submitted to neuroimaging 
(MRI, CT, or CTA) for mild non-focal neurological symptoms, such as headache, 
transient ataxia, mild confusion, and dysarthria, normal findings were found in most 
subjects (74.7%) (all the patients with seizures or post-sedation encephalopathy); 
among the others, there was a large variation of the incidence of positive neuroim-
aging findings (from 10% in patients with mild non-focal symptoms to 68% of 
patients with suspected stroke/TIA). The authors did not find specific neuroimaging 
presentations. Probably, multifactorial causes, such as coagulopathy and immuno-
mediated para-infectious mechanisms (cytokine storm), were at the basis of these 
findings [20]. Other factors, such as critical illness-related encephalopathy, and 
withdrawal of medications could be involved.

Nevertheless, some reports showed a higher incidence of positive findings. In a 
report on 58 ICU patients with unexplained encephalopathic features, such as agita-
tion, dysexecutive syndrome, and corticospinal signs, the MRI was performed in 13 
patients. Bilateral frontotemporal hypoperfusion was noted in all 11 patients who 
underwent perfusion imaging, while enhancement in leptomeningeal spaces was 
found in 8, and small ischemic stroke in 3 patients. Even in this study, it was diffi-
cult to demonstrate a correlation between neuroimaging findings and specific neu-
ropathogenic mechanisms [21].

A case series of COVID-19 critically ill patients with CNS involvement reported 
the results of neuroimaging studies in patients with focal signs of acute ischemic 
stroke at the presentation, status epilepticus, and delayed/negative wake-up at the 
end of sedation. The CT study showed a lacunar ischemic stroke in 25% of the 
cases. Follow-up MRI showed multiple bilateral early subacute ischemic lesions in 
different vascular territories, expression of small-vessel disease. No acute findings 
at CT and MRI were found in patients experiencing status epilepticus. Among the 
patients with delayed wake-up at the end of sedation, the neuroimaging showed 
multiple cerebral microbleeds, with SAH in 3 cases, and additional small ischemic 
lesions in 2 cases. The CT or MR angiographic studies performed in 7 patients 
showed no signs of vasculitis. Of note, intracranial vessel wall sequence MRI was 
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performed in 3 patients. It showed contrast enhancement of vessel walls in large 
cerebral arteries, suggesting an inflammatory component of the vascular wall; this 
finding was interpreted as unspecific endothelial dysfunction. Based on these find-
ings, the authors concluded that, besides early acute ischemic stroke, a small cere-
bral vessel involvement can occur later. As suggested by microinfarctions and vessel 
wall contrast enhancement, the inflammatory vascular wall damage was postulated 
to be the underlying mechanisms [22].

The involvement of small vessels was also described in a 65-year-old man with 
severe respiratory failure who was unarousable after the discontinuation of seda-
tion. The CT study showed multiple white matter, basal ganglia, and cerebellar isch-
emic hypodensities, as well as bilateral globus pallidus hyperdensities, suggestive 
of hemorrhage. The MRI confirmed the extensive ischemic lesions with restricted 
diffusion, involving the centrum semiovale, corpus callosum, basal ganglia, and 
cerebellum with patchy/punctuate enhancement without abnormalities of large intra 
and extracranial arteries. In this case, the authors hypothesized involvement of the 
small intracranial vessels with a vasculitis-like pattern [23].

In COVID-19 patients, the increased risk of developing microvascular lesions 
was confirmed in an MRI study in mechanically ventilated patients because of acute 
respiratory distress syndrome (ARDS). These patients were unresponsive and/or 
with focal neurologic deficits. The susceptibility weighted imaging (SWI) MRI 
showed punctate foci of abnormal susceptibility signal, in 69% of cases with over 
10 lesions in 50% of those; multiple clustered lesions involved the corpus callosum 
were found in 25%. In subjects with multiple lesions, alterations were detected in 
subcortical and deep white matter, with variable involvement of the brainstem, and 
cerebellum. Notably, a brain autopsy showed mixed microhemorrhages and micro-
scopic ischemic lesions; the hemorrhagic lesions were identified with SWI, while 
the small size of ischemic lesions prevented their detection with MRI. These aspects 
may suggest that cerebral microvascular lesions, both hemorrhagic and ischemic, 
are common findings in severe COVID-19 patients with neurologic deficits although 
the ischemic lesions could be difficult to identify [24].

3.2.4  Posterior Reversible Encephalopathy Syndrome

Posterior reversible encephalopathy syndrome (PRES) has been described in 
patients with COVID-19 [25]. It is characterized by clinical and neuroradiological 
findings caused by vasogenic edema linked to alteration of cerebrovascular auto-
regulation (Fig. 3.3).

The first report concerned two patients with acute kidney failure and moderate 
hypertension [25]. The clinical picture was characterized by altered consciousness 
during the weaning from mechanical ventilation. MRI showed T2 fluid-attenuated 
inversion recovery (FLAIR) hyperintensity signal involving the subcortical white 
matter of occipital lobes and/or posterior temporal lobes and cerebellar hemisphere, 
with effacement of the adjacent sulci. Axial SWI showed convexal subarachnoid 
hemorrhage in a case, and petechial hemorrhage, in the other one. DWI and 
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T1-weighted images after administration of gadolinium were unremarkable. The 
patients were treated with antihypertensives with a gradual recovery of symptom-
atology. About mechanisms, it can be hypnotized that, in COVID-19, the endothe-
lial dysfunction could induce PRES at lower levels of blood pressure. Consequently, 
stricter control of blood pressure is required [25].

In another case report, neuroimaging features showed vasogenic edema. These 
features were predominant in the parieto-occipital lobes but also in frontal, and 
cerebellar regions, basal ganglia, as well as in corpus callosum, and in some cases 
parenchymal hemorrhages, and SHA.  The authors underlined the importance of 
early detection of neurological symptomatology to submit the patients to MRI stud-
ies, either in the acute phase or during the follow-up to determine the radiologic 

a b

c d

Fig. 3.3 Posterior reversible encephalopathy syndrome. Axial T2-FLAIR images (a, b) and axial 
T2-spine echo image (c): near-symmetric areas of subcortical signal changes with edema and sul-
cal effacement in the occipital lobes. Apparent diffusion coefficient (ADC) maps (d): increased 
signal representing facilitated diffusion as seen in vasogenic edema. From Agarwall A, et  al. 
Emergency Radiology 2020(27);747–754 with permission
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outcomes [26]. Other four cases of PRES were reported from the United States 
(US). Acute kidney injury and elevated blood pressure were present in all of these 
patients. The encephalopathic and epileptiform activity were reported in two cases. 
CT findings were characterized by bilateral hypoattenuation involving the bilateral 
occipital or parieto-occipital white matter, confirmed by MRI. It showed confluent 
T2 hyperintensities, without ischemic diffusion restriction on DWI or susceptibility 
hypointensity, associated with the presence of symptomatic hemorrhage in the 
same regions. In one patient, diffusion restriction reflecting cytotoxic edema and 
indicating ischemia was demonstrated. The authors postulated that the cytokine 
storm could increase vascular permeability; upregulation of vascular endothelial 
growth factor in the setting of hypoxia leading to vasogenic edema was also sug-
gested. In this setting, the use of some drugs for the treatment of SARS-CoV-2 
infection, such as tocilizumab and hydroxychloroquine, could play a role in the 
pathogenesis of PRES [27]. Another case series of four patients with agitation and 
spatial disorientation and one case with generalized seizure after weaning from 
mechanical ventilation, the MRI study showed multiple areas, from punctiform to 
some millimeters in extension, hyperintense on T2-weighted and FLAIR images, 
located in the parietal, occipital, and frontal regions. On DWI, all but two lesions 
were characterized by the absence of apparent diffusion coefficient (ADC) changes 
related to acute ischemic events. There was a minimum involvement of the adjacent 
subcortical white matter in only a few lesions, while SWI sequences did not show 
alterations. In addition, a subtle contrast enhancement was detected only in a corti-
cal lesion. Based on the prevalent cortical involvement and DWI pattern (not typical 
of this syndrome), the authors hypothesized a multifactorial mechanism that encom-
passed such as vasomotor reactivity dysregulation, with transient vasoconstriction, 
endothelial dysfunction, and impaired microcirculation [28].

Finally, some atypical presentations of PRES have been also described in the 
literature. In particular, MRI was characterized by areas of vasogenic edema, pre-
dominantly in parieto-occipital regions, associated with diffuse petechiae or intra-
parenchymal hematoma. Probably, the combined action of the massive cytokine 
release with a breakdown of the BBB, and coagulation impairment are involved in 
the pathogenic cascade [29, 30].

3.2.5  Encephalitis

Scientific evidence on encephalitis due to SARS-CoV-2 is sparse and based on case 
reports. In the first case described in the literature, a patient presenting with uncon-
sciousness, seizures, fever, and neck stiffness following the respiratory symptoms 
of SARS-CoV-2 was submitted to brain MRI after the ICU admission. A diagnosis 
of right lateral ventriculitis and encephalitis was made based on the following find-
ings: (i) DWI hyperintensity along the wall of the inferior horn of right lateral ven-
tricle; (ii) FLAIR images showing hyperintense signal changes in the right mesial 
temporal lobe and hippocampus with slight hippocampal atrophy; (iii) no definite 
dural enhancement with contrast-enhanced imaging [31]. In other case reports, 
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neuroimaging studies were not performed or did not find pathological evidence at 
CT or MRI, even in presence of pathological CSF findings [32–35].

In a retrospective single-center study on 222 COVID-19 patients, encephalitis 
was described in 9.5% of patients, while acute meningitis was found in 1.4%. 
Among the patients with suspected encephalitis, brain MRI was performed in all the 
22 patients with confirmed/probable encephalitis. The results were highly heteroge-
neous showing unifocal/multifocal ischemic lesions, small vessel infarcts, and 
microhemorrhages. Other lesions were basal ganglia FLAIR hyperintensity, acute 
diffuse hemispheric white matter lesions, FLAIR hyperintensity of the genu of the 
corpus callosum, mesiotemporal FLAIR hyperintensity with fronto-insular exten-
sion, brainstem, and cerebellar peduncular FLAIR hyperintensity, cranial nerve 
FLAIR hyperintensity, and focal leptomeningeal FLAIR hyperintensity [36].

Some acute severe forms of demyelinating encephalitis could affect COVID-19 
patients. In a patient with a decreased level of consciousness and no focal deficits 
and seizures at EEG, the MRI revealed hyperintensities in T2WI of the periventricu-
lar white matter, without restriction of diffusion on DWI nor contrast enhancement 
on T1-weighted images. Similar lesions were found at the bulbo-medullary junc-
tion, and in both the cervical and dorsal spinal cord [37]. Similarly, in a patient with 
a wake-up delay after sedation and intubation, brain CT showed hypodense lesions 
involving supratentorial white matter and pallidum bilaterally. In this patient, the 
MRI demonstrated acute ischemic lesions on DWI without any hemorrhage or 
enhancement after gadolinium injection and sparing of the thalamus, striatum, and 
the posterior fossa. Based on the bilateral and asymmetrical lesions in the deep lay-
ers of the white matter, acute demyelination can be hypothesized [38].

A patient with coma and impaired oculocephalic response to one side was sub-
mitted to an MRI study after 24 days from the onset of the respiratory symptomatol-
ogy. The neuroimaging showed scattered hyperintense lesions on FLAIR imaging 
in deep hemispheric, and juxtacortical white matter. These lesions were not consis-
tent with acute ischemic lesions on DWI. A FLAIR hyperintensity lesion in the left 
frontal juxtacortical white matter showed mild enhancement with gadolinium con-
trast. A small intraventricular hemorrhage was seen in the occipital horns of both 
lateral ventricles. The gradient-echo sequence did not show evidence of parenchy-
mal hemorrhage. The patient was diagnosed with acute disseminated encephalomy-
elitis (ADEM) and was treated with steroids and intravenous immunoglobulin with 
an improvement of symptomatology. The MRI follow-up showed an increase in the 
number and distribution of FLAIR-T2 hyperintense lesions, and a new-onset right 
frontal enhancing lesion [39].

In the literature, sporadic cases of acute hemorrhagic leukoencephalitis (AHLE) 
which is a subtype of ADEM are reported. Five weeks after a SARS-CoV-2 infec-
tion, a patient showed headache, altered mental status, and loss of left limb power. 
The initial MRI scan showed white matter multifocal asymmetric lesions that 
increased in number and size with intralesional hemorrhage leading to edema, trans-
tentorial herniation, vascular compression, infarcts in bilateral posterior cerebral 
artery territories. In particular, typical neuroimaging features of AHLE are multifo-
cal, variable-sized (often over 1 cm), poorly defined white matter lesions involving 
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both cerebral hemispheres but predominantly in the parietal and occipital lobes with 
the characteristic asymmetric distribution. A less frequent involvement was 
described for the brainstem, cerebellar peduncle, and deep gray matter. The lesions 
appear hyperintense on T2 fast spin echo (FSE) and FLAIR weighted images, and 
hypointense on T1-weighted images; they can also show microhemorrhage-related 
blooming in SWI. The DWI and T1-weighted contrast enhancement characteristics 
are quite variable. On these bases, the importance of the differential diagnosis of 
ADEM/AHLE from other forms of encephalitis is mandatory. The ADEM is char-
acterized by multiple, asymmetric, poorly marginated lesions, smaller in size, with 
less severe edema, and additional spinal cord involvement, without hemorrhage and 
enhancement. On the other hand, ANE findings display characteristic symmetric 
signal changes with thalamic involvement, and additional lesions at the level of the 
brainstem, cerebral white matter, and cerebellum [40].

Another issue concerns acute necrotizing encephalopathy (ANE). This severe type 
of encephalitis develops by various viral infections (e.g., influenza A and B, herpesvi-
rus, varicella, and rotavirus), and affects predominantly the children. Probably, the 
underlying pathogenetic mechanism involves the combination of systemic cytokine 
storm (without vessel disruption) with viral invasion, and para- infectious demyelin-
ation. A case report described a patient with a history of fever, cough, and altered 
mental status. Unenhanced brain CT demonstrated symmetric low attenuation within 
the bilateral medial thalami with normal CT angiogram and venogram. Brain MRI 
showed hemorrhagic rim-enhancing lesions within the bilateral thalami, medial tem-
poral lobes, and subinsular regions. The pathological mechanism was ascribed to 
intracranial cytokine storm or para-infectious demyelination [41].

From the data reported in the literature, it emerges that a precise characterization 
of neurological lesions and neuroimaging correlates is an extremely difficult task. 
However, neurological damages are not that rare how they look. A larger retrospec-
tive analysis (n  =  167) in patients with neurological signs or symptoms such as 
delirium, altered level of consciousness, and focal neurologic signs, confirmed the 
wide range of abnormal neuroimaging findings. The most common finding at CT 
was subacute infarct (44.4%), followed by acute infarct (38.9%), and less frequently 
basal ganglia hemorrhage (11.1%), and SAH (5.6%). Most patients presenting with 
altered consciousness and delirium were investigated with MRI. Callosal or paren-
chymal/callosal microhemorrhages were present in 60% of patients. Watershed 
white matter hyperintensities on T2 FLAIR images (cerebral deep watershed areas, 
corpus callosum, and cerebellar white matter) were found in 20% of patients with 
microhemorrhages. On SWI, these findings were seen in superficial veins with 
microhemorrhages, in 15% of patients, acute infarcts in 15%, and subacute infarcts, 
in 10% of patients. Other findings on MRI were acute hemorrhagic necrotizing 
encephalopathy with bilateral cortical, and subcortical lesions in parieto-occipital 
lobes, with the appearance of PRES-like pattern (10%), large parenchymal hemor-
rhage (10%), and less frequently, hypoxic changes, SAH, and ADEM-like changes 
(5%). The wide spectrum of neuroimaging findings can be explained by multiple 
pathogenetic mechanisms involved in the cerebral damage. These mechanisms can 
include endothelial dysfunction, systemic hypoxemia, hypercoagulable state with 
formation of microthrombi, and cytotoxic and vasogenic edema [42].
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3.2.6  Myelitis

An increasing number of cases of myelitis have been reported in the literature. 
Myelitis can be clinically expressed in terms of motor symptoms (until complete 
plegia), sensitive symptomatology, and sphincter dysfunction. Transverse myelitis 
is the most common syndrome, followed by partial transverse myelitis, Brown 
Sequard syndrome, and dorsal columns syndrome [43–47]. MRI has been used as 
an imaging modality of choice in the differential diagnosis, ruling out other condi-
tions with similar symptomatology. In a patient with spastic paraparesis, MRI dem-
onstrated multifocal transverse myelitis with a patchy hyperintensity of the thoracic 
myelon at Th9–10 and at Th3–5 level [43]. In another patient with sudden onset 
paraplegia and urinary retention, a gadolinium-enhanced MRI demonstrated an 
extensive diffuse hyperintense signal in T2-weighted images. This finding con-
cerned especially the gray matter of the cervical, dorsal, and lumbar spinal cord; 
mild enlargement and swelling of the cervical cord but no spinal cord or nerve root 
enhancement and hemorrhagic components was found; furthermore, DWI showed 
areas of restricted diffusion (Fig. 3.4) [44].

Canavero et al. [45] reported three cases of acute myelopathies with different 
MRI findings at brain and spine; the first patient showed multifocal cervical lesions, 
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Fig. 3.4 Acute myelitis. (a–c) axial T2 images of cervical and dorsal spine showing central hyper-
intense signal of the cervical and dorsal spinal cord. (d, e) sagittal short tau inversion recovery 
(STIR) images of cervical, dorsal, and lumbar spine showing hyperintense longitudinal signal 
involving a long segment of the spinal cord starting at the level of C2. (f) T1 Gadolinium enhanced 
MRI of cervical and upper dorsal spine in sagittal view showing no evidence of abnormal enhance-
ment of the spinal cord. (g, h) diffusion-weighted imaging (DWI) and apparent diffusion coeffi-
cient (ADC) sagittal images showing evidence of restricted diffusion. From AlKetbi et  al., 
Radiology Case Reports 15 (2020) 1591–1595 © Elsevier with permission
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mainly involving the cervical lateral and dorsal centro-medullary region with nor-
mal brain findings; the second had diffuse hyperintensity in T2-weighted images 
from bulbo-medullary junction to C6 and conus with central sparing and a single 
right posterior periventricular lesion; the third patient presented with multiple 
lesions at the cervical and upper thoracic spinal level and with a longitudinal elon-
gated transverse myelitis (LETM) from mid-thoracic to the epiconus with preemi-
nent involvement of the anterior horns. In the latter case, MRI showed a single 
lesion in the left superior cerebellar peduncle. As the authors stated, multiple patho-
logic mechanisms, such as direct viral pathogenicity, immune-mediated damage, 
inflammatory vascular processes, and intravascular coagulation can be involved 
[45]. Of note, it seems that MRI findings of COVID-19-associated myelitis did not 
show differences from those of non-COVID-19 patients. Findings such as isolated 
or multifocal hyperintense lesions on STIR or T2-weighted MRI images in the cer-
vical and thoracic cord, sometimes accompanied by tissue edema and enlargement 
of the spinal cord, are not exclusive of COVID-19. Moreover, there was no patho-
logical gadolinium enhancement, while the evidence of restricted diffusion on DWI 
sequences indicated cytotoxic edema that can be found in many pathological pic-
tures [46]. Thus, clinical and radiological characteristics of COVID-19 para- 
infectious myelitis are variable and non-specific. Nevertheless, since myelitis can 
affect COVID-19 patients with a different degree of disease (from asymptomatic to 
more serious cases), a prompt diagnosis could be very challenging [47].

3.2.7  Peripheral Nervous System and Muscular Disorders

Imaging studies could be helpful in the differential diagnosis of the peripheral ner-
vous system (PNS) and muscular disorders. In COVID-19 patients with peripheral 
nerve injuries, indications, and differences of the various techniques have been 
highlighted. The High-Spatial-Resolution US is easy to perform and can be helpful 
to monitor the evolution of the lesions, even in more critical patients. Its portability 
is helpful as it avoids transporting the patients and, in turn, the need of disinfecting 
the radiological suite. On the other hand, MRI allows a large field-of-view assess-
ment of the muscles and avoids problems of acoustic windows, and the prolonged 
close contact of the physician during the procedure [48].

MRI findings of GBS and its variants include signal hyperintensity, enlargement, 
and mild-to-moderate contrast enhancement of the nerve roots/plexus, and cauda 
equina; in chronic inflammatory demyelinating polyneuropathy, contrast enhance-
ment is usually not present [49]. In a case series of five patients with GBS, MRI 
showed on T1-weighted images enhancement of the caudal nerve roots, in two 
patients, enhancement of the facial nerve, in one patient, and no signal changes in 
nerves, in two patients [50]. In a case report of a Miller Fisher Syndrome (MFS), 
MRI with gadolinium of the brain, orbits, and retro-orbital regions showed a strik-
ing enlargement, prominent enhancement with gadolinium, and hyperintense signal 
on T2-weighted images of the left cranial nerve III, with no other abnormal findings 
of other cranial nerves, brain, and cerebellum [51]. Moreover, a systematic analysis 
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on MRI study of the brain and cranial nerves showed abnormal enhancement of the 
III, VI, and VII cranial nerves in 35%. Leptomeningeal enhancement of the brain-
stem and cervical spine was found in one case. When the MRI examination of the 
lumbosacral spine was performed, abnormal spine nerve root enhancement was 
found in 27% [52]. In another systematic review of 73 cases of GBS and its variants, 
brain and spinal MRI (performed only in one-third of cases) showed cranial nerve 
contrast enhancement in five patients (AIDP, MFS, bilateral facial palsy with pares-
thesia) and brainstem leptomeningeal enhancement in two cases. Spinal nerve roots 
enhancement on T1-weighted images in eight cases and leptomeningeal enhance-
ment in the other two cases were reported [53].

Chronic inflammatory demyelinating polyneuropathy has been reported as focal 
or diffuse enlargement, and signal hyperintensity of the peripheral nerves, nerve 
roots and/or plexus, and cauda equina, without contrast enhancement [48]. Other 
causes of peripheral nerve injuries could be the position-related injury, as after 
prone position, involving mainly radial, median, and common peroneal nerves. In 
these cases, the MRI has shown nerve signal hyperintensity, thickening, and fas-
cicular enlargement; the ultrasound findings were nerve hypoechogenicity, thicken-
ing, and fascicular enlargement. The critical illness polyneuropathy, a complication 
of prolonged ICU stay, appears at MRI with diffuse symmetric nerve signal hyper-
intensity on T2-weighted images [48, 49].

Ultrasound, CT and MRI studies could identify also musculoskeletal and soft 
tissue complications of the SARS-CoV-2 infection. In cases of suspected myositis 
and rhabdomyolysis, MRI represents the exam of choice. It shows increased signal 
intensity on T2-weighted or short tau inversion recovery (STIR) sequences that 
express muscle edema. In cases of myonecrosis, areas of loss of normal architecture 
may be seen with a distinguishing finding of the “stipple sign” with foci of enhance-
ment in a rim-enhancing area of non-enhancing muscle tissue. Areas of intramuscu-
lar hemorrhage may be identified as T1 hyperintense signal or blooming artifact on 
GE sequences. A differential diagnosis with critical illness myopathy can be made. 
The latter, indeed, appears with multifocal edema and atrophy without areas of 
necrosis [49]. In patients with back or leg pain, lower-extremity weakness, or lower- 
extremity paresthesia who underwent MRI, 78% had evidence of paraspinal myosi-
tis with intramuscular edema, manifested by T2 hyperintensity, and/or enhancement 
within the paraspinal muscles in the lumbar spine, involving bilaterally multiple 
vertebral body levels [54]. Furthermore, a case report described a COVID-19 patient 
with diffuse myalgia, proximal lower-limb muscle weakness, and elevated creatine 
kinase. Edema of the right vastus medialis at proximal (lower-limb MRI in T2 STIR 
sequence) and bilateral edema of external obturator muscles (pelvic MRI in T2 
STIR sequence), as well as enhancement of muscle lesions after gadolinium infu-
sion (T1 sequences), lead to the diagnosis of myositis [55]. Ultrasound studies can 
be helpful in the diagnosis of diaphragm dysfunction, showing a reduced thickness 
and excursion of the muscle. The same studies, performed through high-resolution 
ultrasound examination of the phrenic nerve at the level of the neck, could help to 
identify the neuropathic or myopathic cause of diaphragm dysfunction [49]. MRI 
performed in critical illness myopathy in patients with a prolonged hospital stay 
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showed multifocal intramuscular edema-like signal setting, and fatty infiltration and 
atrophy, respectively, in the acute and the chronic phase [48, 49].

3.2.8  Clinical and Neuroimaging Correlation

Given the wide range of clinical and radiological findings and the growing number 
of reports, it could be useful to correlate the clinical features to the neuroimaging 
findings. The aim is to summarize clinical and radiological findings in a comprehen-
sive framework, identifying specific pictures. Furthermore, knowledge of underly-
ing pathophysiological mechanisms could aid in diagnosis and treatment.

In COVID-19 ICU patients, Scullen et al. [56] found 35.5% of encephalopathies 
or cerebrovascular disease. They identified three clinical-radiological pictures:

• COVID-19-associated encephalopathy (74%).
• COVID-19-associated vasculopathy (19%).
• COVID-19-associated acute necrotizing encephalopathy (7%).

The most common CT findings included subacute ischemic strokes, diffuse 
hypoattenuation, subcortical parenchymal hemorrhages, and focal hypodensities in 
deep structures. Typical MRI findings were DWI, and FLAIR changes with bilateral 
diffuse involvement of the deep white matter, corpus callosum, and basal gan-
glia [56].

The wide range of CNS and PNS manifestations was confirmed in other analyses 
[57]. Based on the clinical, imaging, and laboratory features, the patients can be 
divided into five groups (Table 3.1):

Table 3.1 Clinical, imaging, and laboratory features of CNS and PNS manifestations [57]

Group Clinic Neuroimaging Treatment
Encephalopathies Delirium or 

psychosis
MRI: No specific changes Supportive

Neuroinflammatory 
syndromes

Inflammatory 
syndromes with a 
reduced level of 
consciousness and 
abnormal upper 
motor neuron signs

MRI: Multifocal areas of 
signal change, multiple 
microhemorrhages and 
restricted diffusion and 
peripheral rim 
enhancement

Corticosteroids 
or 
corticosteroids/
IVIG

Stroke Vary because of the 
arterial territories

Vary because of the arterial 
territories

LMWE, aspirin 
and DOACs

Diseases of the 
peripheral nervous 
systema

Motor/sensory 
symptoms

Vary IVIG/ 
corticosteroids

Miscellaneousb Vary Vary Vary

Abbreviations: MRI magnetic resonance imaging, LMWE low-molecular-weight heparin, DOACs 
direct oral anticoagulants, IVIG intravenous immunoglobulin
aFor example, Guillain-Barre syndrome
bDisorders difficult to categorize and submitted to specific treatments
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According to this approach, MRI has a key role to confirm or exclude the diag-
nosis, especially in ICU patients. It can guide therapy, balancing the risk and bene-
fits of the treatments [57].

Another nosographic approach focused on eight neuroradiological patterns. 
Notably, ischemic/thrombotic lesions were not addressed [58]:

• Unilateral hyperintensities located in the medial temporal lobe on FLAIR or 
diffusion-weighted images (found in 43%).

• Nonconfluent multifocal white matter hyperintense lesions with variable 
enhancement on FLAIR and diffusion-weighted images (30%).

• Extensive and isolated white matter microhemorrhages (24%).
• Extensive and confluent supratentorial white matter hyperintensities on FLAIR 

images (11%).
• Hyperintense lesion located in the central part of the splenium of the corpus cal-

losum on FLAIR, and diffusion-weighted images (5%).
• Nonconfluent multifocal white matter hyperintense lesions with variable 

enhancement associated with hemorrhagic lesions on FLAIR, and diffusion- 
weighted images (5%).

• ANE pictures. Symmetric thalamic lesions (edema, petechial hemorrhage, and 
necrosis), with variable involvement of the brainstem, internal capsule, putamen, 
cerebral, and cerebellar white matter (5%).

• Hyperintense lesions involving both middle cerebellar peduncles on FLAIR 
images (5%).

In about one-quarter of cases, the MRI showed two or three patterns. Furthermore, 
the presence of hemorrhage was associated with a worse clinical picture. It was 
hypothesized that in patients with severe COVID-19, the heterogeneity of MRI find-
ings found could be explained by the heterogeneity of the pathogenetic mecha-
nisms. Direct viral infection, vasculitis, immunological para-infectious process, 
post-infectious demyelinating disease, and metabolic hypoxic manifestation can be 
involved [58].

Other authors offered a more detailed classification [59]. In critically ill 
COVID-19 patients, they subdivided the neuroimaging findings in the following 
pictures:

• Acute ischemic stroke and vasculitis-like pattern.
• Cerebral venous thrombosis.
• Critically illness-associated cerebral microbleeds seen in blood-sensitive T2 gra-

dient series.
• Hypertensive PRES, and in some cases hemorrhagic PRES.
• Leukoencephalopathy with microhemorrhagic changes (diffuse confluent poste-

rior predominant white matter T2/FLAIR hyperintensities, and scattered micro-
hemorrhages, without diffusion restriction).
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• Hemodynamic hypoperfusion-hypoxic patterns, including watershed infarcts, 
hypoxic/ischemic encephalopathy, and delayed post-hypoxic leukoencepha-
lopathy .

• Meningoencephalitis and flare-up of other infections:
 – Medial temporal and hippocampal involvement (abnormal bright T 2 signal 

involving the hippocampus).
 – Hemorrhagic necrotizing encephalitis.
 – Acute necrotizing encephalopathy.

• Acute disseminated encephalomyelitis.
• Spine manifestations, such as GBS.

An overview of neuroimaging findings of patients with COVID-2019 presenting 
with neurological manifestations was conducted by Chen et al. [60]. In this system-
atic review, the pooled proportion of abnormal findings in patients with neurological 
manifestations was 59%, 68% on MRI, and 46% on CT [60]. The main findings 
were as follows:

• Acute/subacute ischemic lesions on brain CT/MRI (22% of patients). Large and 
small vessels were involved, mainly the anterior circulatory artery (69.2% of 
cases). Of note, small cortical ischemic lesions were found on MRI studies even 
in absence of interstitial lung involvement or without an increase of systemic 
inflammatory markers.

• Intracranial hemorrhage on CT/MRI (24%). Microhemorrhages were visualized 
by SWI, presenting as hypoattenuating foci, mainly in ICU patients. Some 
unusual distributions were found in the corpus callosum, internal capsule, and 
middle cerebellar peduncles; macrohemorrhages were also observed with CT 
and MRI.

• White matter abnormalities (27%). FLAIR hyperintensities, and abnormal 
restricted diffusion in the corpus callosum, subcortical, deep white matter, cere-
bellar peduncles, and corticospinal tracts.

• Other findings. Leptomeningeal enhancement (post-contrast T1W1 or FLAIR 
images and better visualized by delayed post-contrast FLAIR), cortical abnor-
malities (increased FLAIR and diffusion-weighted signal with non-specific dis-
tribution), smaller olfactory bulb, and abnormal enhancement of oculomotor, 
abducens, and facial nerves. Most of these findings were associated with non- 
specific neurological symptoms, such as agitation, spatial disorientation, and 
weakness.

The high incidence of abnormal neuroimaging findings (42.6%) on brain CT or 
MRI was also confirmed by a systematic review and meta-analysis on 21 studies 
and 2125 patients. Acute/subacute infarcts were the most common finding (24%), 
followed by cerebral microhemorrhages (6.9%), acute spontaneous intracerebral 
hemorrhages (5.4%), and encephalitis/encephalopathy (3.3%). Moreover, a sub-
group analysis has highlighted a significant higher pooled incidence of cerebral 
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microhemorrhages (11.8%; p  <  0.001) and encephalitis/encephalopathy (11.1%; 
p < 0.001) in ICU patients [61].

The association between abnormal findings and the severity of COVID-19 can be 
strictly related to the inflammatory state and the neurotropism of SARS-CoV-2. The 
endothelial damage due to a systemic vasculitis, and hypercoagulable state could 
lead to cerebrovascular complications, either ischemic or hemorrhagic. Similarly, 
the vasogenic subcortical edema in the posterior territories seen in PRES, with a 
higher prevalence of hemorrhagic subtype, could be linked to a massive release of 
cytokines with BBB damage. MRI findings of ADEM and ANE could be produced 
by the inflammatory changes, while the multifocal leukoencephalopathy could be 
an expression of demyelination or small-vessel vasculitis. Finally, some MRI abnor-
malities of the olfactory bulbs and tracts, orbital-frontal and gyrus rectus cortex, 
brain stem, thalami, hypothalamus, and medial temporal lobes could suggest a 
direct involvement of neural cells due to SARS-CoV-2 neurotropism [62].

At the MRI neuroimaging, acute/subacute infarction can be attributable to endo-
thelial dysfunction, inflammation, or platelet dysfunction. Moreover, diffuse white 
matter abnormality is often combined with parenchymal microhemorrhages. These 
abnormalities can be ascribed to the systemic inflammation, leading to hypercoagu-
lability and vascular endothelial damage, resulting in thrombotic microangiopathy. 
Leptomeningeal contrast enhancement is an expression of leptomeningitis. 
Furthermore, cortical T2 FLAIR hyperintense signal is an expression of different 
clinical conditions, such as encephalitis, postictal state, PRES, and acute ischemia. 
Based on these findings, it could be advisable to perform an MRI investigation in 
patients with mild and moderate symptomatology and not only in the most urgent 
cases. This strategy could be useful to determine the full spectrum of the CNS 
involvement, and understand the pathological mechanisms underlying the clinical 
manifestations [63].

3.2.9  The Role of Brain Positron Emission Tomography

Neuropsychiatric problems have been increasingly described in COVID-19 patients. 
Many of these cases are attributable to encephalitis that often are characterized by 
normal, or non-specific, CT, and MRI findings. Thus, other kinds of imaging stud-
ies, such as brain positron emission tomography (PET)/TC, could help to guide 
clinical management. A case of suspected autoimmune encephalitis has been 
reported in a patient showing symptoms signs of cerebellar syndrome, with tremor, 
ataxia, dysarthria, upper-limb dysmetria, and diffuse myoclonus. The electroen-
cephalography (EEG) showed symmetric diffuse background slowing, reactive to 
stimulation, without interictal paroxysms, while the contrast-enhanced brain MRI 
was normal. The immunologic study revealed high titers of IgG autoantibodies in 
serum and CSF directed against the nuclei of Purkinje cells, striatal neurons, and 
hippocampal neurons. Brain PET with 18F-fluorodeoxyglucose (18F-FDG) showed 
putaminal and cerebellar hypermetabolism associated with diffuse cortical hypome-
tabolism. These findings were compatible with autoimmune encephalitis [64]. In a 
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case series, four patients after 0–12 days from COVID-19 onset showed psychomo-
tor agitation or slowing, accompanied by other signs, such as frontal lobe syndrome, 
cerebellar syndrome, status epilepticus, anxiety, and depressed mood. The PET/CT 
imaging demonstrated frontal hypometabolism and cerebellar hypermetabolism. 
Based on the supposed immune mechanism, the patients were treated with steroids 
and/or intravenous immunoglobulin with an improvement of the clinical picture 
[65]. In another case series on seven patients, with new-onset cognitive and behav-
ioral frontal disorders with central focal neurological signs or seizures, brain 
18F-FDG-PET/CT was performed in the acute phase, 1 month, and 6 months later. 
In the acute phase, PET/CT showed a pattern of hypometabolism in a widespread 
cerebral network including the frontal cortex, anterior cingulate, insula, and caudate 
nucleus. At the 6-month follow-up, there was an overall clinical improvement, with 
variable residual cognitive and emotional disorders. CT/PET showed an improve-
ment in brain metabolism with less cortical hypometabolism and no hypermetabolic 
areas. Overall, after 6 months, three patients showed a return to almost normal val-
ues, three other patients had a moderate improvement with persisting prefrontal 
hypometabolism, and one patient a severe hypometabolism in the bilateral occipital 
cortex associated with prefrontal and cerebellar hypermetabolism. Probably, a para- 
infectious cytokine release or cell-mediated immune mechanism involving the areas 
implicated in emotional and behavioral regulation, as well as cognition, fear, and 
anxiety-related regions, is involved. On these premises, in suspected encephalopa-
thy, the use of PET/CT can offer a better correlation with clinical symptomatology 
monitoring than MRI [66].

3.2.10  Other Diagnostic Approaches

Although in many clinical conditions such as ischemic stroke, encephalitis, and 
hypoxic injury, CT and MRI studies are essential for correct diagnosis and effective 
treatment, other diagnostic tools can be easily and effectively used to monitor the 
clinical evolution, even in patients under sedation. Transcranial cerebral Doppler 
(TCD) could offer information on intracranial pressure or cerebral perfusion, near- 
infrared spectroscopy (NIRS) could provide information on cortical oxygenation, 
while automated pupillometry could aid to choose more carefully an adequate level of 
sedation [67]. Using TCD sonography and B-mode transcranial color-coded duplex 
(TCCD) could allow the evaluation of CBF velocity, cerebral autoregulation, critical 
closing pressure, and cerebral compliance, as well as the direct visualization of brain 
parenchyma, and cerebral arteries. Of interest in COVID-19 patients, a bedside evalu-
ation of brain midline shift (MLS), optical nerve sheath diameter, arterial stenosis and 
recanalization, and vasospasm can aid the physician in the early detection and prompt 
treatment of such complications [68]. Non-invasive neuromonitoring through tran-
scranial Doppler, optic nerve sheath diameter, and automated pupillometry can help to 
detect high intracranial pressure (ICP) in up to 40% of patients, and altered pupillary 
reactivity in 31% of the patients. These data confirm the importance of non-invasive 
monitoring in the early detection of severe complications [69].
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In brief, data from the literature highlight that because of the high incidence and 
the wide range of neurological complications in COVID-19 patients, early use of 
neuroimaging studies is suggested. This approach is valid to better define the type 
and extent of nervous tissue damage. Furthermore, the clinical picture, supple-
mented by the neuroimaging findings and laboratory tests, could allow clinicians to 
identify the pathologic mechanisms and make a targeted treatment.

3.3  Electrodiagnostic Tests

3.3.1  EEG: Indications, Approaches, Features, and Limitations

Although EEG is commonly used for the evaluation of neurological patients, the 
increasing number of neuroimaging studies, mainly MRI, have reduced their indica-
tion to a more specific evaluation [70]. Furthermore, the pandemic has further 
reduced its use because of the increased risk of exposure to coronavirus of the neu-
rophysiology technician during the long-term continuous EEG monitoring [71, 72]. 
Nevertheless, in the most severe cases of COVID-19, numerous neurological com-
plications could benefit from timely and thorough EEG studies. These approaches 
can be useful to evaluate the clinical evolution and the response to therapy. Moreover, 
during the pandemic, the risk of undertreatment in known epileptic patients could 
generate a burden of psychological distress and lead to poor control of epileptic 
symptoms [73].

Thus, despite the abovementioned problems, the EEG study remains an indis-
pensable tool in cases of altered mentation or seizure-like manifestations. It mostly 
concerns subtle conditions, such as the non-convulsive status epilepticus.

In COVID-19 critically ill patients, the most common indication is an altered 
level of consciousness (Fig. 3.5). In a case series, the EEGs acquired at bedside over 
20–30 min showed a widespread slow activity (mainly delta) with a mild anterior 
emphasis, and sometimes, focal EEG abnormalities. These findings comprised 
intermittent irregular slow waves over both hemispheres with anterior emphasis, 
occasional anterior sharp waves, frequent triphasic waves with a leading sharp wave 
component, and irregular slow waves with anterior emphasis, peaked and triphasic. 
Probably, these EEG abnormalities can be ascribed to non-specific causes, such as 
hypoxia, sepsis, or metabolic derangement; on the other hand, focal disturbances 
can be related to some complications of SARS-CoV-2 infection, such as cerebrovas-
cular or autoimmune insult, or co-existing pathologies [74].

Chen et al. [75] described five critically ill COVID-19 patients who underwent a 
rapid-EEG exam because of altered mentation and/or seizure-like manifestations. 
All patients showed some degree of diffuse slowing, and generalized rhythmic delta 
activity; two patients showed also generalized periodic discharge. These alterations 
consisted of bifrontal predominant continuous spike and slow-wave discharges up 
to 3 Hz associated with myoclonic movements in one patient, and generalized peri-
odic discharges at 1 Hz and occasional burst at 2–3 Hz (resembling a non- convulsive 
status epilepticus), in the other one [75]. Other authors used quantified 
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electroencephalography (qEEG) to define specific patterns in COVID-19 patients 
after the release from the ICU. Twenty patients were analyzed and compared with 
two control groups of post-anoxic encephalopathy, and mild/moderate cognitive 
impairment. In COVID patients, they found a mean voltage and posterior dominant 
rhythm in the theta band; conversely, the EEG registered a tendency toward higher 
amplitude and slower posterior component in patients with cognitive impairment, 
and an amplitude similar to COVID and frequency comparable to cognitive impair-
ment in post-anoxic encephalopathy patients. The mean frequency was statistically 
different in COVID, while the amplitude was similar in the three groups. 
Furthermore, compared to the patients with the cognitive impairment and post-
anoxic encephalopathy, Shannon’s spectral entropy (SSE), used to characterize the 
spectral complexity, showed higher relative amounts of faster bands (α and β) in 
COVID-19; again, the hemispheric connectivity was lower in COVID patients and 
there was a scarce presence of irritative activity. Although some common factors, 
such as hypoxia, could have a role in the EEG pattern of all three clinical conditions, 
it is reasonable to assume that some severe COVID patients could develop an 
encephalopathy with specific EEG features [76].

In another retrospective analysis, the most common indications of EEG were 
confusion and general, or focal seizures. In 21.8% of the patients, EEG was normal, 
in 21.4% it showed slight deceleration without spatial organization, in 19% non-
specific abnormalities or questionable elements, in 9.5% focal or diffuse epileptic 
EEG (diffuse spike and polyspikes, frontal spikes, temporal, and rolandic slow 
sharp waves or spikes and wave spikes, and altered sharp waves), and in 21.4% 

Fig. 3.5 Electroencephalographic examination in a 45-year-old man with an altered level of con-
sciousness. The trace shows a basically low voltage background rhythm with widespread rapid 
rhythms and sporadic slow waves in the bilateral temporal region
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encephalopathic pattern (continuous or rhythmic frontal or diffuse slow diphasic or 
triphasic waves or sharp waves). Among the patients with confusion/psychomotor 
retardation, 85% of cases showed a modified pattern such as an encephalopathic- 
type pattern, or non-specific features. Moreover, among the patients with epileptic 
symptoms, in 57% of cases EEGs were altered (e.g., encephalopathic or epileptic 
patterns). In patients with brief loss of consciousness, only 20% had pathologic 
findings with slowdown or an encephalopathic pattern. The EEG of the two patients 
with hallucinations was normal in one patient and slowed, in the other one. The only 
patient with the suspect transitory ischemic cerebrovascular attack had a normal 
EEG. Taken together, a multifactorial pathophysiological mechanism is probably 
underlying these EEG findings. It may include direct viral involvement, and other 
factors such as cerebrovascular involvement, toxic encephalopathy, residual seda-
tion, and the effect of hypoxia [77].

A multi-center prospective observational study evaluated the incidence and prog-
nostic value of EEG findings in COVID-19 patients (60% in ICU). Indications were 
the unexplained loss of consciousness and/or suspicion of seizures. CT was per-
formed in 67.7% and MRI in 25.8% of patients with neuroimaging injury present in 
41.9% of patients (stroke, cerebral venous thrombosis, hematoma, SAH, edema, 
and PRES). Concordant lateralization of abnormalities between EEG and MRI was 
found in 29.8% of cases. The most frequent EEG finding was the generalized con-
tinuous slow wave delta activity (66%) followed by generalized intermittent slow 
waves (36.2%). In about 20% of cases, non-convulsive status epilepticus, seizures, 
and interictal epileptiform discharges were also observed. Periodic patterns were 
found in 3.2% of cases. Interestingly, the intercritical activity was generalized in 
21% of cases, while the focal localization was more frequent in the frontal lobe 
(86%) followed by temporal (36%), parietal (21%), and occipital (21%) lobes. A 
multivariate analysis found that independent risk factors for mortality were cancer 
and the need for an EEG during the third week of the evolution of the disease. This 
last feature could be related to the occurrence of cytokine storm in this phase of the 
disease; it could lead to a deterioration of the clinical picture, and the onset of neu-
rological symptomatology that, finally, is an expression of more severe disease with 
a worse prognosis [78].

Focal epileptic attacks were also reported. A 73-year-old man with mild respi-
ratory symptoms and two episodes of painful muscle stiffening and twitching in 
the left arm and leg, lasting few seconds without loss of consciousness, was 
admitted to the hospital. During the stay, the respiratory symptomatology wors-
ened and other episodes of similar cramp attack appeared. Brain CT and MRI 
showed a dilated ventricular system with prominent fissures and sulci and scat-
tered white matter hypodensities. The CSF analysis highlighted slightly elevated 
leucocytes. The EEG was normal. After antiepileptic and symptomatic therapy, 
the clinical picture improved [79]. The first case of documented non-lesional sta-
tus epilepticus was described in a 59-year-old patient who showed short episodes 
of impaired consciousness, confusion, and behavioral disturbances. The EEG 
demonstrated background fluctuating alertness with preserved responses to sim-
ple orders, and two widespread long rhythmic delta discharges, with 
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superimposed spikes in predominantly frontal localization simultaneous with 
impaired awareness. The CSF and MRI were normal, and after the beginning of 
antiepileptic therapy, the follow-up EEG showed no alteration. Diagnosis of 
COVID-associated seizures without any underlying meningitis or encephalitis 
was made. This case underlines the importance of EEG study in COVID-19 
patients with alteration of consciousness [80].

Other cases of de novo status epilepticus without a history of epilepsy were 
described. The use of a continuous video EEG in a patient with lethargy and disori-
entation demonstrated a severe background slowing, and multiple seizures emanat-
ing from the midline and left frontocentral regions, correlated with facial twitching, 
the head version to the right followed by a bilateral tonic-clonic seizure. Another 
patient featuring a reduced level of consciousness, and face and arm myoclonus, 
showed a marked background voltage attenuation and slowing, and continuous 
0.5–0.75 Hz bilateral independent periodic discharges over the left and right hemi-
sphere. The latter developed to form recurrent discrete seizures, emanating from 
either right or left frontocentral-parietal regions. Of note, both patients had signifi-
cant comorbidities and unremarkable findings at neuroimaging. These cases offer 
further proof that in patients with fluctuating consciousness, the suspicion of sub-
clinical status epilepticus should induce a thorough EEG study, even when mild 
respiratory symptomatology manifests [81]. The incidence and risk of acute symp-
tomatic seizures were investigated in a multi-center retrospective study. The most 
frequent risk factor was hypoxia, followed by imipenem use, sepsis, shock, and 
multiorgan failure. None of the patients had a history of epilepsy, seizures, or status 
epilepticus during hospitalization. Only two patients had seizure-like events ascribed 
to acute stress reaction, in one, and hypocalcemia, in the other. The authors con-
cluded that COVID-19 patients have a low risk to develop seizures, even in most 
critical cases. Nevertheless, clinicians should be aware of this critical condition, 
mainly in severe patients, to promptly minimize risk factors [82].

A retrospective study focused on the characteristics of EEG performed in COVID 
patients to find specific alterations. The most frequent indications were the absence 
of awakening after the suspension of sedation, confusion, or fluctuating conscious-
ness, followed by suspicion of seizures, and other reasons. The authors evaluated 40 
EEGs (collected over 20 min) from 36 patients (18 admitted in ICU) and described 
five classes:

• Normal findings.
• Class A (mildly altered): slow background activity within a theta frequency, pre-

served anteroposterior gradient and reactivity, without abnormal patterns.
• Class B (moderately altered): slow background activity within a theta frequency, 

preserved reactivity, and intrusion of sporadic, rare, or occasional slow waves of 
diphasic/triphasic aspect.

• Class C (severely altered): continuous slow background activity, preserved reac-
tivity, and presence of abundant periodic or rhythmic patterns.

• Class D (critically altered): discontinuous background or continuous periodic/
rhythmic patterns/continuous slow background activity with absent reactivity.
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Epileptiform aspects, such as spike and waves, subclinical or focal seizures, or 
lateralized periodic discharges were not identified in all patients. Four EEGs were 
normal. Among the remaining 36 pathological EEGs, 52.7% were assigned to class 
A, 11.1% to class B, 22.2% to class C, and 13.8% to class D.  In conclusion the 
majority of EEGs (57.7%) was found normal or mildly altered, mainly in patients 
admitted to the general ward, while 42.5% of EEGs showed more severe findings, 
mainly in ICU patients. The abnormalities were sporadic triphasic waves, multifo-
cal or generalized periodic discharges, and rhythmic delta activity. The authors con-
cluded it was not possible to identify a specific pattern [83].

Waters et  al. [84] studied extensively the incidence of electrographic seizures 
and their risk factors. They discussed the potential indications for continuous EEG 
(cEEG) monitoring. They referred to generalized or focal acute hyperkinetic move-
ments, altered mental status, reduced or fluctuating level of consciousness, and per-
sistent coma after the discontinuation of sedative medications. In their series, the 
authors found seizures on EEG exam in 8%. In these patients, 30% manifested a 
non-convulsive status epilepticus. There was a history of seizure only in 8.9% of 
patients (50% of patients with a seizure on EEG vs. 5.5% of patients without sei-
zure) and chronic brain disease in 30% (66.7% with a seizure on EEG vs. 27.4% of 
patients without seizure). The most common EEG findings were as follows:

• Diffuse slowing or attenuation, in 98% of patients (100% in patients with seizure 
on EEG, and 98.6% in patients with no seizure).

• Focal slowing (not including bitemporal slowing) in 13.9% (66.7% in patients 
with seizures on EEG, and 9.6% in patients with no seizures).

• Generalized periodic discharges with triphasic morphology, in13.9% of patients 
(0% in patients with seizures on EEG, and 15.1% in patients with no seizures).

• Sporadic interictal epileptiform discharges, in 7.6% (33.3% in patients with sei-
zures on EEG, and 5.5% in patients with no seizures).

• Periodic/Rhythmic epileptiform discharges, in 6.3% (66.7% in patients with sei-
zures on EEG, and 1.4% in patients with no seizures).

• Non-Convulsive Status Epilepticus, in 3.8% (50% of patients with seizures 
on EEG).

• Focal slowing with triphasic morphology, in 13.9% (66.7% in seizure on EEG, 
and 9.6% in no seizure on EEG).

These results suggest that seizures represent a small percentage of patients 
undergoing continuous EEG monitoring during SARS-CoV-2 infections. 
Considering the risks of infection for the staff and shortage of resources during the 
COVID-19 pandemic, clinical and EEGs should be preferred to cEEG monitoring. 
In particular, history of hyperkinetic movements, chronic and/or acute intracranial 
disease, history of epilepsy, and routine EEG exam showing focal slowing and epi-
leptiform discharges, could be sufficient indications to a cEEG monitoring [84].

The utility of cEEG monitoring in COVID-19 patients was also investigated by 
Louis and coworkers [85]. The authors studied COVID-19 patients (n = 19) who 
underwent cEEG for at least 24 h (median duration 2 days, range 1–6 days) and 
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COVID-19 patients (n = 3) who underwent routine EEG for less than 1 h. The indica-
tions were an altered mental status in 77.3%, and the presence of seizure-like events, 
in 22.7%. Five patients had epileptiform abnormalities on cEEG, and periodic dis-
charges were noted in one-third of patients. Although in absence of a history of epi-
lepsy interictal epileptiform abnormalities are rare, the higher proportion of patients 
with asymptomatic EEG seizures seen in this study could suggest a wider use of 
cEEG monitoring to better understand and treat these clinical conditions. In another 
study, the authors evaluated the prevalence of seizure and other pathological findings 
on EEG of 100 COVID-19 patients (77% in ICU, 70% comatose. Twelve percent 
with a history of epilepsy, and 38% with a prior history of brain disorder). Excluding 
the patients following cardiac arrest, the most frequent findings were moderate gen-
eralized slowing (57%), and epileptogenic abnormalities (30%), such as epileptiform 
discharges, periodic discharges. Seizures were present in 7% of patients (4% non-
convulsive seizures). At the multivariate analysis, that independent predictors of epi-
leptiform findings were a history of epilepsy (OR = 5.4, 95% CI 1.4–21, p = 0.15) 
and definite/suspected seizure before EEG (OR = 4.8, 95% CI 1.7–13, p = 0.002). 
Thus, seizures are rare and the evaluation of predictive findings could aid to optimize 
the resources and reduce the risk of infection in EEG technicians [71].

Other interesting aspects of EEG evaluation have been explored. In a systematic 
review of 62 studies, Asadi-Pooya et al. [73] evaluated the occurrence of new sei-
zures in COVID-19 patients, the EEG findings, and the consequences of the pan-
demic on patients with known epilepsy. The authors confirmed that the most 
common indications of EEG exams were alteration of mental status and the new 
onset of a seizure. Although it was not possible to identify a specific EEG pattern in 
COVID-19 patients, an EEG pattern showing continuous, slightly asymmetric, 
monomorphic, diphasic, delta slow waves with greater amplitude over both frontal 
areas, and with a periodic organization, was frequently described. In COVID-19 
patients with known epilepsy, the authors found conflicting results about the inci-
dence and the outcome, even though it seems that patients with preexisting neuro-
logical problems could have a worsening of their condition and a more severe form 
of the disease. Furthermore, many studies underlined the reduction of the quality of 
the care, an increase of anxiety and depression, and social isolation in people with 
epilepsy. However, the use of tools, such as telemedicine and electronic portal, 
could improve the access to care and improve the quality of life in these patients. 
Other studies confirmed that the most frequent indication to EEG exam can be 
encephalopathy or altered consciousness after the suspension of sedation, and 
seizure- like activity. The most common findings seem to be generalized or focal 
slowing, and epileptiform discharges. Some variables, such as the presence of 
comorbidities, different levels of sedation, effects of hypoxic, and metabolic com-
plications, should be taken into account in the interpretations of these results. 
Furthermore, during the COVID-19 epidemic, concerns about the risks related to 
the contagiousness of the disease could reduce the number of EEGs and their mon-
tage and duration. Nevertheless, in presence of suspicion of non-convulsive status 
epilepticus, which can affect morbidity and mortality, the use of cEEG monitoring 
seems to be suggested [86].
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The wide spectrum of EEG findings in COVID-19 patients has been addressed 
by Antony et al. [87]. The authors reviewed 84 selected retrospective studies on 617 
patients, and 911 EEG findings. Also, the most common indications were altered 
mental status (61.7%), and seizure-like events (31.2%). The EEG type was routine 
EEG, in 71.4% of patients, and cEEG, in 28.6% of cases. The EEG was abnormal 
in 88%, and non-specific/unclear in 5% of cases. Again, neuroimaging was altered 
in 36.6% of patients. It was not possible to make a correlation between EEGs and 
MRI. While the timing of EEG studies from the onset of disease was variable, the 
main indication for the early studies was seizures and cardiac arrest, while for the 
later studies was an unexplained encephalopathy. In patients with positive EEG 
findings, abnormalities were detected through cEEG in 96.8% of patients, and by 
standard EEG, in 85% of cases. Among the three main findings, background abnor-
malities were the most common (72.3%), followed by periodic and rhythmic EEG 
patterns (15.1%), and epileptiform changes, and seizures/status epilepticus (12.5%). 
The authors performed a sub-analysis of these categories as follows:

• Background abnormalities:
 – diffuse slowing (68.6%)
 – focal slowing (17%)
 – absent posterior dominant rhythm (10.2%)
 – decreased reactivity (3.2%)
 – slow posterior dominant rhythm (2.3%)
 – discontinuous EEG/burst suppression (2.1%)
 – lateralized asymmetry (2.1%)
 – background attenuation/ suppression (1.3%)

• Periodic and rhythmic EEG patterns:
 – generalized (5.7%)
 – generalized rhythmic discharges (5.2%)
 – lateralized/multifocal (3.9%)
 – generalized periodic discharges with triphasic morphology (2.9%)
 – lateralized/ multifocal rhythmic discharges (2.6%)
 – stimulus-induced rhythmic, periodic, or ictal discharges (SIRPIDs) (1.1%)
 – unspecified localization (0.6%)

• Other epileptiform changes and seizures/status epilepticus:
 – focal epileptiform discharges (5.7%)
 – generalized epileptiform discharges (4.4%)
 – status epilepticus (3.6%)
 – multifocal epileptiform discharges (2.1%)
 – seizures (1.9%)
 – unspecified localization of epileptiform discharges (0.8%)

In brief, a specific EEG pattern of SARS-CoV-2 infection was not found. The 
authors showed that the most common EEG finding was diffuse background slow-
ing, indicating a non-specific encephalopathy, suggested by other findings, such as 
generalized rhythmic delta activity, and generalized periodic discharges with 
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triphasic morphology. Epileptiform changes were also found, suggesting underly-
ing cortical irritability. In the follow-up EEG studies, 56.8% of patients showed an 
improvement. Finally, the findings of EEG abnormalities in the frontal lobes, such 
as focal slowing, periodic discharge, rhythmic delta activity, and status epilepticus, 
could support the hypothesis that the virus, once entered through the nasal mucosa, 
subsequently spreads to the orbitofrontal region, and could be a potential EEG 
marker of COVID-19 disease [87]. This hypothesis was otherwise explored. It was 
suggested that some findings, such as frontal periodic discharges, together with 
anosmia, the olfactory bulb abnormalities at brain imaging, and the hypometabo-
lism within the orbitofrontal cortex on functional brain imaging, could support the 
hypothesis of viral spreading from the olfactory pathway to the other regions of the 
brain, especially the orbital prefrontal cortex [88].

A recent meta-analysis (12 studies and 308 patients) confirmed the results of 
previous studies, showing that abnormal background activity was the most common 
finding, and seizure/status epilepticus was infrequent. The pooled proportions of the 
various EEG findings were as follows:

• Abnormal background activity: 96.1%.
• Generalized slowing: 92.3%.
• Discontinuous/burst attenuation or suppression/suppression: 5.33%.
• Generalized periodic discharges: 16.5%.
• Lateralized periodic discharges: 0.19%.
• Generalized rhythmic delta activity: 13.4%.
• Lateralized rhythmic delta activity: 0.96%.
• Focal slowing: 8.65%.
• Epileptiform discharges: 20.3% (with a history of epilepsy or seizures: 59.5%; 

without a history of epilepsy or seizures: 22.4%).
• Seizures: 2.05%.
• Status epilepticus: 0.80%.

From these findings, the authors concluded that in COVID-19 patients the most 
common indication for EEG study was encephalopathy. There was a high propor-
tion of abnormal background activity, while the focal abnormalities were non- 
specific and related to complications of the disease, such as stroke or encephalitis, 
or to preexisting neurological diseases. In this meta-analysis, the low proportion of 
seizures and status epilepticus was confirmed although epileptiform discharges 
were higher in patients with a history of epilepsy [89].

3.3.2  ICU-Acquired Weakness in COVID-19 Patients

ICU-acquired weakness is a well-known cause of prolonged mechanical ventilation 
and hospital stay. It occurs in a wide number of cases and affects the quality of life 
of the patients after the discharge from the hospital. Emerging studies have shown 
its role in critically ill COVID-19 patients and have emphasized the importance of 
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electrodiagnostic studies to confirm the diagnosis. Critical illness myopathy (CIM), 
critical illness polyneuropathy (CIP), or a combination of the two underlies the 
symptomatology with different pathophysiologic mechanisms.

Electrodiagnostic tests can help in the differential diagnosis and for establishing 
the more appropriate preventive measures and treatment. Nerve conduction studies 
in CIM show reduced amplitude of compound motor action potentials with a pre-
served sensory response, while electromyography shows polyphasic motor unit 
potentials, with or without fibrillations. In the case of CIP, nerve conduction studies 
demonstrate decreased amplitude or absence of sensory nerve action potentials, as 
well as signs of axonal damage without demyelination [90].

In cases of technical difficulties, for instance, because of the lack of patient coop-
eration or the presence of abundant edema, other methods have been proposed. 
They include the comparison of muscle action potentials generated by the direct 
stimulation of muscle and nerves, and the peroneal nerve test [90, 91].

About the clinic, Tankisi et  al. [92] presented the first case of critical illness 
myopathy because of COVID-19 infection in a male ICU patient. He experienced a 
weaning failure after 11 days of mechanical ventilation with severe symmetrical 
proximal and distal weakness, muscle wasting, and absent deep tendon reflexes. On 
day 65 of hospitalization, electrodiagnostic studies were performed, confirming the 
diagnosis of CIM [92]. In the first case series on 12 critically ill COVID-19 patients 
with the suspicion of ICU-acquired weakness (ICUAW), the authors evaluated CIP, 
CIM, or both. Nerve motor and sensory conductions of the upper and lower limbs 
and concentric needle electromyography (EMG) of distal and proximal muscles 
were performed in all patients and skeletal muscle biopsy in three. In all but one 
patient, the studies showed signs of critical illness myopathy (63.6%) and critical 
illness neuropathy (36.4%). None showed both signs of myopathy and neuropathy. 
Muscle biopsies indicated necrotic and regenerative fibers without inflammatory 
infiltrates, in a case, and atrophic and regenerative fiber, in the other two. There was 
not a distinctive feature of SARS-CoV-2 infection in these electrodiagnostic tests 
[93]. On the same topic, Madia et  al. [94] described six ICU patients who were 
submitted to electrophysiological study because of the evidence of acute flaccid 
quadriplegia with preserved ocular and tongue movements, minimal distal move-
ments of the hands, and no sensory problems. Notably, in all the patients, results 
showed myopathic abnormalities with fibrillation potentials and rapid recruitment 
of small, polyphasic motor units in deltoid or biceps, quadriceps, and tibial anterior, 
reduced compound muscle action potential amplitude with markedly prolonged 
duration, normal sensory nerve action potential amplitudes, normal F wave, absence 
of demyelinating features, and normal repetitive motor nerve stimulation. In another 
case series, two patients were admitted to the neurorehabilitation unit after 4 and 
7 weeks from the onset of COVID-19 and ICU admission. Both the patients pre-
sented flaccid proximal tetraparesis and limb-girdle muscle atrophy. Motor nerve 
conduction studies showed normal distal latencies and normal conduction veloci-
ties. Distal compound muscle action potential (CMAP) amplitudes were decreased, 
and their duration was prolonged in median and ulnar nerves, in both patients. 
Sensory conduction velocities and sensory nerve action potential amplitudes were 
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normal. Needle EMG showed spontaneous activity (fibrillation potentials) in one 
patient, and a myopathic pattern with short-duration motor unit action potentials 
increased percentage of polyphasic potentials, and early recruitment at voluntary 
effort in proximal muscles, in both patients. Both the patients improved gradually, 
with a residual reduced proximal limb strength, and reduced endurance during 
physical activity [95].

From these premises, the importance of a correct approach to neuromuscular 
disorders should be emphasized. It should include a deepening individual and famil-
iar history to exclude other causes of primary or secondary neuro-muscular disor-
ders, as well as any genetic cause. It is also important to know the medicaments 
used, such as steroids, chloroquine, azithromycin, and linezolid that could have a 
role in the onset of symptomatology. Furthermore, the potential presence of myas-
thenic syndromes or Guillain-Barré syndrome (GBS) and its variants must be 
addressed [96]. GBS represents the most common cause of flaccid paralysis; the 
classic form is an acute inflammatory demyelinating polyneuropathy (AIDP) with 
ascending weakness, loss of tendon reflex, and sensory deficits. Two more subtypes 
are described in the literature: acute motor axonal neuropathy (AMAN), and acute 
motor, sensory axonal neuropathy (AMSAN). In COVID-19 patients with myas-
thenic signs and/or symptoms, a pattern of demyelinating polyradiculoneuropathy 
was found in 77.4% of cases, axonal damage was found in 14.5%, and a mixed pat-
tern was reported in 8.1%. Because of electrophysiological findings, 81.8% of sub-
jects fulfilled the criteria for AIDP, 12.7% for AMSAN, and 5.4% for AMAN 
subtypes [53]. In a case series of five patients with GBS due to SARS-CoV-2 infec-
tion, electrophysiological studies showed a low amplitude of the compound muscle 
action potentials, and in two patients prolonged motor distal latencies. EEM showed 
fibrillation potentials [50]. In a patient with the symptomatology of fatigue, dyspnea 
during effort, slight diplopia, and ptosis in one eye after some weeks from the onset 
of COVID-19 symptoms, the electrophysiological study showed a 15% decrement 
in the amplitude of compound muscle action potential registered in the right nasalis 
muscle while stimulating at low frequency the facial nerve. These findings sup-
ported the diagnosis of generalized myasthenia gravis [97].

3.3.3  Mixed CNS/PNS Pictures

In COVID-19 patients, physicians should be aware of potential mixed CNS and 
PNS disorders. Chaumont et al. [98] presented a case series of four patients that 
during the weaning phase from mechanical ventilation showed CNS symptoms, 
such as confusion, psychiatric disorders, and PNS symptoms, as weakness, tetrapa-
resis, myoclonus, muscle atrophy. In one patient, MRI demonstrated signs of isch-
emic stroke, while EEG showed non-rhythmic slow waves. Three patients had 
electrophysiological features of acute motor demyelinating polyradiculoneuropathy 
of the four limbs with delayed distal latencies and F-waves, slowed conduction 
velocities, and conduction blocks. One patient showed lower motor neuron involve-
ment with denervation of the four limbs, normal motor evoked potential amplitude 
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in both the upper and lower limbs. Finally, two patients had an additional decrease 
of sensorimotor potential amplitude compatible with a critical illness neuropathy 
[98]. When mixed CNS/PNS pictures develop, the wide range of clinical and elec-
trophysiological finding could be due to several pathologic mechanisms of nervous 
tissue involvement. They can include direct cytotoxic effects and immune-mediated 
mechanisms [99].

In conclusion, despite the risks related to the pandemic and organizational diffi-
culties, electrodiagnostic studies are a valuable aid to define the clinical picture and 
to start the appropriate treatment, for example, in patients with non-convulsive sta-
tus epilepticus and/or reduced level of consciousness. On the other hand, it is essen-
tial to identify patients who may benefit from these studies, to reduce the risk of 
transmission of the infections, and the burden of work during the pandemic.

3.4  Laboratory Tests

The potential viral entry into the CNS through the cranial and peripheral nerve, or 
by the hematogenous route, along with hypoxic-ischemic and/or metabolic injury, 
and immune-mediated damage, has been postulated as a potential cause of neuro-
logic acute and chronic symptomatology. The study of CSF, although represents an 
invasive procedure, is of paramount importance to clarify the COVID-19 pathoge-
netic mechanism and optimize the therapy. Furthermore, the study of some bio-
markers of CNS injury in the plasma of COVID-19 patients, and its correlation with 
CSF findings, could further aid the knowledge of the pathophysiological cascade, 
allowing a more precise diagnosis, and a better guide to therapeutic interven-
tions [100].

In this context, Edén et al. [101] investigated the CSF biomarkers in six patients 
with COVID-19 and neurologic symptoms. They focused on the presence of the 
virus and measuring the number of white blood cells (WBC) and other inflamma-
tory markers, such as neopterin and β2-microglobulin. Furthermore, they analyzed 
the IgG index, a marker of intrathecal antibody responses, and the ratio of CSF 
albumin to blood concentration (albumin ratio), as a measure of BBB damage. 
Finally, these authors measured the levels of neurofilament light chain (NfL) which 
is a neuronal cytoplasmic protein highly expressed in large caliber myelinated 
axons. Since the CSF and blood levels of NfL increase proportionally to the degree 
of axonal damage in a variety of neurological disorders, the measurement of NfL, 
besides serving as a diagnostic and prognostic biomarker, also can represent a sim-
ple and effective tool for monitoring the disease’s course. Notably, the SARS-CoV-2 
RNA was found in the CSF of 3 patients. None of the patients had CSF pleocytosis 
(WBC ≤3  cells/μL), while both neopterin and β2-microglobulin concentrations 
were increased in all tested cases. NfL was elevated in 2 patients and the albumin 
ratio and IgG index were found normal. These unusual findings can be the result of 
high values of soluble inflammatory markers without pleocytosis, BBB damage, 
and intrathecal IgG synthesis. In other words, it can be the expression of a multifac-
torial mechanism of damage seen in different stages of the disease and mainly 
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linked to the systemic effect of infection and immune activation, rather than a direct 
viral invasion. These findings were confirmed in another study in 30 patients who 
underwent lumbar puncture in different stages from the first diagnosis of COVID-19 
(5.9 ± 9.8 days, median 1; range 0–35 days). In all the patients CSF PCR for SARS- 
CoV- 2 f was negative. In the majority of cases, the CSF showed a normal or slight 
increase in WBC count. CSF albumin ratio was normal in most cases, although in 
seven cases (most in the critical phase), there was a disruption of BBB. Oligoclonal 
bands were negative in about half of tested cases [102].

Other researchers evaluated the correlation between neurological manifestations 
and CSF findings in 58 patients divided into four categories: headache, encepha-
lopathy, inflammatory neurological diseases, and GBS. SARS-CoV-2 was detected 
in two cases (both with an increased ICP). None of the patients presented with CSF 
glucose levels less than 40 mg/dL, and no difference was observed between groups. 
Although one-third of patients showed high ICP, there was no correlation with a 
specific neurological picture. Pleocytosis, predominantly mononuclear cells, was 
observed in 17.2% of patients, mainly in inflammatory neurological diseases 
(64.3%), and encephalopathy (4.2%), while increased proteins were observed in 
27.6% (mainly in GBS, 50%), inflammatory neurological diseases (35.7%), and 
encephalopathy (29.2%). No differences in CSF total Tau protein and NfL were 
found between groups. The patients with inflammatory neurological diseases 
showed a wide range of levels of NfL, with the higher values associated with 
increased ICP, and total proteins values. The latter were associated with pleocytosis. 
Increased CSF cell counts were also associated with higher NfL levels in patients 
with headaches and the group with encephalopathy. In this latter group, the increased 
CSF total protein levels were followed by higher levels of total Tau protein and NfL, 
in addition to cell counts. The local B-cell response was evaluated by oligoclonal 
bands (OCB): 81.6% of patients had no OCB in CSF and serum, 10.5% had identi-
cal OCB in CSF and serum, 7.9% had OCB only in the CSF. All the patients with 
GBS had no OCB in CSF and serum. Based on these results, two distinct profiles 
correlated to the clinical picture of encephalopathy and inflammatory nervous sys-
tem disease were suggested:

• Elevated CSF total protein, and increased total Tau levels. It is an expression of 
damage of cortical nonmyelinated neurons, as a result of cardiovascular diseases 
or other factors, such as hypoxia and sepsis.

• Inflammatory syndromes as an expression of demyelinating injury. They include 
meningoencephalitis, ADEM, and myelitis, and can express various CSF find-
ings, such as pleocytosis, a mild increase of proteins, and high levels of NfL.

These findings suggest that there is a great diversity of CSF profiles, even in 
patients with the same neurological condition. Nevertheless, it could be supposed 
that the viral infection triggers the response of systemic inflammatory response and 
the infiltration of immune cells into the CNS. Finally, it leads to neuronal injury, as 
documented by the values of Tau and NfL proteins [103].
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An interesting study compared the immune parameters in CSF and blood of 
COVID-19 patients with neurologic symptomatology to evaluate the presence of a 
compartmentalized CNS immune response to infection. The results showed a diver-
gent immunological response in the CNS compartment, characterized by an increase 
in CSF, but not in plasma, of interleukin (IL)-12 and IL-1b. These interleukins are 
related to innate and cell-mediated immunity. There were T-cells increased cellular 
activation, a significant enrichment of B cells, and a different anti-SARS-CoV-2 
antibody profile between the CSF and plasma of the same patient. Furthermore, a 
subset of COVID-19 patients with neurologic symptoms had an elevated burden of 
autoreactive antibodies in their CSF, even in the absence of other CSF and MRI 
findings of inflammation. It was hypothesized a compartmentalized immune 
response involving the innate and adaptive arms of the immune system, even in 
absence of conventional CSF and MRI signs of neuroinflammation [104]. Another 
study evaluated the correlation between SARS-CoV-2 infection and the evidence of 
immune-mediated neurological symptomatology. In all the patients, PCR for SARS- 
CoV- 2 on the CSF was negative. Pleocytosis was present in about 10% of patients 
who expressed anti-contactin-associated protein 2 (anti-Caspr2) antibody limbic 
encephalitis, and para-infectious meningo-polyradiculitis. The CSF/serum albumin 
was above the median level for age in about 50% of patients. Oligoclonal bands 
were found in 7/12 patients (6 with the same pattern in CSF and serum and 1 CSF- 
specific). Serum and CSF onconeural and anti-neuronal antibodies studies showed 
the presence of anti-Caspr2 antibodies in serum and in CSF, in one patient; serum 
antiGD1b IgG titer showed values >1/199 in three patients. Taken together, these 
patterns could be consistent with para-infectious encephalitis and polyradiculitis 
and, in some cases, SARS-CoV-2-induced secondary autoimmunity [105].

Two systematic reviews evaluated the evidence of specific CSF patterns, the dif-
ferences between CNS and PNS findings, the prognosis, and possible therapeutic 
options. Tandon et al. [106] examined 67 articles and 113 patients. CSF RT-PCR for 
IgM and IgG antibodies were reported for 78 patients and were positive in 12 
patients. Elevated cell counts (>5 cells/mL) were found in 43% of the fatal cases, 
25.7% of severe cases, and 29.4% of non-severe cases. Moreover, increased cell 
counts were found in 43.2% of patients with CNS symptoms, and in 16.7%, of 
patients with PNS symptoms. Again, CSF protein level was elevated in 59.1% of the 
patients with CNS signs, and 77.8% of the patients with PNS problems. Furthermore, 
CSF protein level was elevated in 74.5% of patients with non-severe COVID-19, 
and 68.6% of those with a severe COVID-19 infection (100% of fatal cases). In five 
patients, CSF IL-6 was measured and was found elevated in two non-severe cases 
and three severe ones of CNS manifestation but in none of the PNS manifestations. 
The results highlight that in COVID-19 patients with neurological manifestations, 
the most common CSF finding was an elevated level of proteins with occasionally 
mild lymphocyte-predominant pleocytosis. Since an elevated protein level in CSF 
was detected in all degrees of severity of disease, this finding should not be used as 
a prognostic biomarker, but it should be considered by clinicians when deciding 
when to initiate immune therapy.

3.4  Laboratory Tests
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Another review of 242 papers and 430 patients evaluated the possibility that CNS 
and PNS symptomatology could be related to direct viral neuroinvasion [107]. In 
this analysis, 75% of the patients showed symptoms localized to CNS, and 25% to 
PNS. Of 238 patients with CNS symptoms tested for CSF SARS-CoV-2 PCR, 17 
(7%) were positive and 3 (1%) indeterminate. Among 65 patients with PNS symp-
toms, none was positive or indeterminate. Patients without a positive CSF SARS- 
CoV- 2 PCR (n = 58), were tested with CSF antibodies to SARS-CoV-2, resulting 
positive in 42 cases (72%). Furthermore, in 114 patients who did not have a positive 
CSF SARS-CoV-2 PCR or positive antibodies to SARS-CoV-2, CSF oligoclonal 
bands were tested, with positive results in 1.75%. It reflects intrathecal antibody 
synthesis. It must be emphasized that these last results should be evaluated with 
caution because antibodies could be transmitted to CSF via a damaged BBB or 
could be autoantibodies. In 45 patients who were not submitted to the abovemen-
tioned exams, CSF immunoglobulins were found in 16 patients (36%). Autoimmune 
antibodies in CSF were tested in 77 patients and 5% showed positive results. 
Furthermore, WBC count in CSF showed values >0  cells/μL, or WBC/RBC 
ratio > 1:1000 or pleocytosis, in 66% of cases. In 7% of cases, the values were 
21–100 cells/μL, all with symptomatology localized to CNS. Values >100 cells/μL 
were found in 2% of patients. Other biomarkers, such as IL-6, IL-8, and β2 micro-
globulin were measured in CSF of 57 patients, showing increased levels in 79% of 
cases. It suggests inflammation, axonal injury, and gliosis. Furthermore, the eleva-
tion of these biomarkers in CSF but not in serum in some patients suggests a 
compartment- specific immune response although these findings could be related to 
other causes, such as hypoxic injury, and/or viral neuroinvasion. Based on these 
results, it can be concluded that the neurological symptomatology could be attrib-
uted to various factors, such as hypoxia, stroke, inflammation, and immune-mediate 
injury. On the contrary, the CSF direct or indirect evidence of the potential neuroin-
vasion of SARS-CoV-2 is scarce.

The increasing number of GBS and its variants poses the need for a deeper 
knowledge of the underlying pathological mechanisms in the COVID-19 popula-
tion. In a systematic review on 73 patients and 59 CSF analyses, the albumin- 
cytological dissociation was found in 71.2% of the cases with a median CSF protein 
of 100.0 mg/dL. Mild pleocytosis, with a maximum cell count of 13/μL, was evi-
dent in 8.5% of cases, while CSF SARS-CoV-2 RNA was undetectable in all tested 
patients. The anti-gangliolipid antibodies (anti-GD1b and anti-GM1) were positive 
only in one patient with MFS and in one with classic sensorimotor GBS [53].

The study of CSF needs an invasive procedure that could represent an obstacle 
because of the burden of workload of medical staff and the increased risk of virus 
transmission, as well as side effects related to the procedure. Nevertheless, the 
possibility to measure and monitor blood biomarkers of CNS injury represents an 
interesting way to evaluate the impact of disease on CNS, and the effects of thera-
peutic measures. Kanberg et al. [108] tested two biomarkers of CNS injury in the 
plasma of COVID-19 patients. The patients were divided into three categories 
(i.e., mild, moderate, and severe COVID-19 disease) and were subjected to a mea-
surement of plasmatic concentrations of two biomarkers of CNS injury: NfL and 
glial fibrillary acidic protein (GFAp). The latter is a marker of astrocytic 
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activation/injury. Patients with severe COVID-19 had significantly higher plasma 
concentrations of GFAp (p = 0.001) and NfL (p < 0.001) than controls. GFAp was 
also increased in patients with moderate disease (p = 0.03). In brief, the author 
found that GFAp values were higher in moderate and severe cases, while increased 
concentrations of NfL were found later in the disease’s evolution, and mainly in 
more severe patients [108].

Another study evaluated the presence of anti-neuronal and anti-glial autoanti-
bodies in CSF and serum to explore the hypothesis of immune-mediated damage of 
CNS. SARS-CoV-2 PCR in CSF was negative in all patients but a high level of IgA 
and IgG SARS-CoV-2 antibodies were found in serum and CSF of one patient, and 
myelin antibodies in serum of two patients. Moreover, NfL levels were increased in 
CSF of all seven tested patients. Again, CSF indirect immunofluorescence showed 
strong IgG binding in most patients at the level of vessel endothelium, perinuclear 
antigens, astrocytic proteins, and neuropil of basal ganglia, hippocampus, or olfac-
tory bulb. These findings seem to support the role of autoantibodies against brain 
regions responsible for neurological symptomatology, and could be a guide for tar-
geted immunotherapy [109].

The routine laboratory findings could help to early identification of patients with 
CNS complications and their severity. In a retrospective analysis, the authors evalu-
ated the differences in laboratory findings between patients with and without neuro-
logic manifestations. The patients with CNS symptoms showed lower lymphocyte 
levels (median 1.0 × 109/L vs. 1.2 × 109/L, p = 0.049), platelet counts (median, 
180 × 109/L vs. 227 × 109/L, p = 0.005, and higher blood urea nitrogen levels 
(4.5 mmol/L vs. 4.1 mmol/L, p = 0.04). These differences were more pronounced 
among the severe patients (lymphocyte count: 0.7 × 109/L vs. 0.9 × 109/L, p = 0.007; 
platelet count 169 × 109/L vs. 220 × 109/L, p = 0.04; blood urea nitrogen 5.0 mmol/L 
vs. 4.4 mmol/L, p = 0.04). On the contrary, there were no significant differences 
between the groups in non-severe patients. Furthermore, patients with and without 
PNS symptoms showed no differences, while patients with skeletal muscle injury 
demonstrated higher levels of creatine kinase (p < 0.001), regardless of their sever-
ity, and higher neutrophil counts, lower lymphocyte counts, higher levels of 
C-reactive protein, D-dimer, and liver and kidney abnormalities. It suggests an 
inflammatory and coagulation activation with multiorgan damage [110].

In conclusion, the wide range of CNS and PNS symptoms make the diagnosis 
often difficult. The study of CSF, together with imaging techniques, could offer 
great help. Although only in a few cases, SARS-CoV-2 has been detected in the 
CSF, the evaluation of protein and glucose levels, and pleocytosis, together with the 
measurement of markers of neuronal damage, cytokine, and antibodies can further 
clarify many aspects of neuro-COVID-19.

3.5  Neuropathological Findings

Even if autopsies are difficult to perform, especially during a pandemic because of 
the risk of contagion and reduced medical and technical resources, it is not superflu-
ous to underline that the neuropathological examination of brain tissues can 
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contribute to dissect the CNS mechanisms of SARS-CoV-2 toxicity, providing, in 
turn, useful indications for new and more specific treatments.

Case reports and case series have described a wide range of neuropathological 
findings, from white matter and axonal injury to massive hemorrhage. Sometimes, 
the SARS-CoV-2 virus was detected in the brain tissue. A series of 18 autopsies, 
showed in 14 patients atherosclerotic lesions at the gross inspection without acute 
stroke, herniation, or olfactory bulb damage. In all patients, microscopic examina-
tion showed acute hypoxic injury with loss of neurons in the cerebral cortex, hip-
pocampus, and cerebellar Purkinje cell layer. No thrombi or vasculitis was found. 
Some foci of perivascular lymphocyte infiltration were detected in 2 brain speci-
mens and focal leptomeningeal inflammation in 1 brain specimen. Again, no micro-
scopic abnormalities were observed in the olfactory bulbs or tracts. There was no 
immunohistochemical evidence of the presence of viral particles in the cytoplasm of 
neuronal cells although the virus was detected at low levels by PCR in 5 patients. 
These results have been attributed to hypoxic damage, in absence of signs of 
encephalitis or other direct virus damage [111].

In a case series from Germany on 43 patients with SARS-CoV-2, the virus was 
detected in the brains of 53% of examined cases. Viral proteins were found in cra-
nial nerves originating from the lower brainstem and in isolated cells of the brain-
stem. In 13 cases (30%), there were gross macroscopic abnormalities. Among these 
cases, six showed fresh ischemic damage in the territory of the anterior, posterior, 
and middle cerebral artery, while cerebral bleeding or small-vessel thromboses were 
not found. An amount of 53% of cases showed mild-to-moderate brain edema (a 
sign of agonal changes). In 86% of cases, a variable degree of astrogliosis in all 
assessed regions was assessed. Activation of microglia and infiltration by cytotoxic 
T lymphocytes, expression of neuroinflammation, was pronounced in the brain-
stem, and cerebellum with little involvement of the frontal lobe, while meningeal 
cytotoxic T lymphocyte infiltration was seen in 79% of cases. As the authors stated, 
the presence of SARS-CoV-2 was not associated with the severity of disease, and 
other factors, such as cytokine storm, neuroimmune stimulation, and systemic 
SARS-CoV-2 infection, could be at the basis of the clinical picture [112].

In another case series on COVID-19 non-survivors (n = 17), the pathological 
findings showed cerebral hemorrhage in 8 patients, focal ischemia in 3, edema/
vascular congestion in 5, diffuse or focal spongiosis in 10. Moreover, there was no 
evidence of encephalitis, vasculitis, neuronal necrosis, or perivascular lymphocytic 
infiltration. In this series, viral RNA was found in 9 of 11 samples evaluated [113].

A systematic review of neuropathological findings in patients with COVID-19 
found 14 articles and 146 patients (127 with pathological study) [114]. The most 
common symptoms were altered mental status (43.8%), and delirium (28.1%), fol-
lowed by cerebrovascular events (6.3%), headache, nausea and vomiting, aphasia, 
and ageusia (3.1%). SARS-CoV-2 reactivity was positive only in 15.1% of brain 
sections. Most patients tested negative for SARS-CoV-2 on immunohistochemical 
stains. No pathological findings of PNS involvement were reported. Macroscopic 
findings showed absence of gross abnormalities in 10.3%, diffuse edema in 17.1% 
(uncal and tonsillar herniation in one patient), chronic infarcts in cortical and deep 
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areas (basal ganglia and brainstem), and in watershed areas in 2.7% of cases. 
Intracranial bleeding was found in the cerebellum, in three cases. Diffuse microglial 
activation and reactive gliosis, more pronounced in the brainstem and the cerebel-
lum, were documented in 35.6% of patients. Furthermore, histopathological exami-
nation of specimens demonstrated hypoxic changes in 28.1% of cases, localized to 
the hippocampus, para-hippocampus, cerebellar Purkinje cells, neocortex, brain-
stem nuclei, olfactory bulb, chiasma, neostriatum, and spinal cord, with evidence of 
leptomeningeal inflammation in 4.8% of cases. Signs of the inflammatory process 
were testified by the presence of cerebral venous neutrophilic infiltrates (1.4% of 
cases), perivascular lymphocytic infiltrate (34.2%), perivascular degeneration and 
calcification (3.4%), and variable degrees of neuronal cell loss and axonal degenera-
tion/injury (6.8%). Other aspects were recent microscopic cortical infarcts (16.4%), 
acute microscopic/punctate hemorrhages (10.3%), small-vessel ectasia with peri-
vascular edema, and microhemorrhages (6.8%), and endovascular micro-
thrombi (6.8%).

Based on all these findings, some pathophysiological mechanisms could be 
hypothesized:

• The common finding of brain edema could be the effect of the direct virus inva-
sion and the host-specific response, as supported by the presence of inflamma-
tory cell infiltrates.

• The presence of blood extravasated could be explained by the tropism of SARS- 
CoV- 2 to the endothelial cells, and the accumulation of inflammatory cells, lead-
ing to endothelial cell death.

• The symptomatology of meningoencephalitis could be an expression of focal or 
diffuse cortical, brainstem, or leptomeningeal inflammation, with localized peri-
vascular, and interstitial infiltrates neuronal cell loss, and axonal degeneration. 
Also, in these cases, either the direct viral effect or the host inflammatory 
response could be responsible.

• Intravascular microthrombi and multiple infarcts could be related to a procoagu-
lant state and endothelial dysfunction, with hemorrhagic evolution in some cases.

• Ischemic lesions found in watershed zones could be related to hypoperfusion 
determined by hemodynamic instability, while microvascular injury in the sub-
cortical and deep white matter could be the expression of global hypoxic damage.

Another review of the literature described the findings of 81 brain autopsies. A 
wide range of pathological findings were found, from ischemic changes to intrapa-
renchymal bleeding to microglial activation and perivascular T lymphocytes, and 
macrophage infiltration. In few cases, electron microscopy and PCR, but not immu-
nohistochemical stains, showed positive results [115].

In summary neuropathological findings confirm the central role of macro and 
microvascular involvement—either ischemic or hemorrhagic—in the genesis of 
the clinical picture. Furthermore, the evidence of infiltrates of cells and microglial 
activation could be explained by the host inflammatory and immune response. 
Therefore, the macroscopic and microscopic studies of the brain of COVID-19 
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patients represent another powerful tool to understand the pathological mecha-
nisms underlying the multiform clinical findings in COVID-19 patients with neu-
rologic complications.

3.6  Conclusions

The wide range of neurologic complications highlighted during COVID-19 pan-
demic raised the need for a more accurate study of these patients by integrating vari-
ous diagnostic techniques. It seems to be useful to achieve an early etiological 
diagnosis, and to immediately start the best medical treatment. Nevertheless, several 
issues must be addressed. For example, the pandemic has had repercussions on the 
organizational response to the patients’ needs, either for the general population or 
hospitalized patients. Patients with known epilepsy could have difficult access to 
care as a result of hospitals restrictions or because afraid to get infected. In the case 
of in-hospital patients, some diagnostic procedures, such as neuroimaging tech-
niques or electrophysiologic tests, could be a challenge due to the increased risk of 
virus transmission to other patients and staff. These drawbacks are particularly 
important for ICU patients that could experience sudden deterioration of clinical 
conditions and a precise diagnosis could be lifesaving.

Therefore, each hospital should follow guidelines regarding the safe practice 
diagnostic studies during the COVID-19 pandemic. They should be based on some 
specific points, such as the urgency of the exams and the assessment of benefit/risk 
ratio. Furthermore, any prevention procedure should be rigorously adopted, utiliz-
ing personal protective equipment, and general precautions, reducing to minimum 
the number of persons involved and the duration of the study, and using disposable 
equipment if possible. Lastly, during COVID-19 pandemic it could be useful to 
introduce some technological improvements, such as virtual platform or telemedi-
cine to provide timely care reducing the risk of infection.
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4Neurological, Psychological, 
and Cognitive Manifestations 
of Long-COVID

4.1  Introduction

Given that the coronavirus pandemic has infected millions of patients, multiple 
long-term adverse effects on different systems and organs can be produced [1, 2]. 
The most common findings include respiratory symptoms (breathlessness and 
cough), cardiovascular symptoms (chest pain, palpitations), generalized symptoms 
(fatigue, fever, pain), gastrointestinal symptoms (abdominal pain, nausea, anorexia), 
musculoskeletal symptoms (joint and muscle pain), and dermatological, ear, nose 
and throat symptoms. Neurological and psychological manifestations including 
cognitive impairment, headache, sleep disturbances, peripheral neuropathy, dizzi-
ness, delirium, depression, and anxiety are included among the possible sequelae of 
the disease.

These physical and psychological post-acute symptoms constitute what is identi-
fied as a “Post-COVID” syndrome, otherwise known as “Long-COVID,” or Post- 
Acute Sequelae of SARS-CoV-2 infection (PASC) and affects many individuals 
after the acute course of the disease. The term long-COVID should not be related 
only to most severe cases, but it can include also the consequences of mild disease 
with less serious symptoms, such as fatigue, headache, muscle and joint pain, and 
palpitations [3, 4]. Moreover, many COVID-19 survivors have reported a non- 
specific post-viral syndrome with chronic malaise, diffuse myalgia, anxious- 
depressive symptoms, and sleep disorders [5].

The importance of a precise long-COVID or post-COVID definition is funda-
mental to furnish to the patients a guide for a prompt referral to the health care 
system. Moreover, health care workers can receive a tool that can be useful for cor-
rect approach and support of the affected patients. Finally, it is also important for 
both preclinical and clinical research aims. This definition should consider the wide 
range of symptoms, the fluctuating and relapsing nature of the disease, and the 
uncertainties concerning the diagnosis of the acute disease and its duration [3, 6].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-86705-8_4&domain=pdf
https://doi.org/10.1007/978-3-030-86705-8_4#DOI
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A generic proposed definition of post-COVID is “people who have recovered 
from COVID-19 but still exhibit symptoms for far longer than would be expected” 
[7]. Another definition underlines the beginning of the acute phase, defining the 
post-COVID patient as “not recovering for several weeks or months following the 
start of symptoms that were suggestive of COVID, whether you were tested or not” 
[8]. Greenhalgh et al. [9] introduced a time limit, defining post-acute COVID-19 as 
a disease that extends beyond 3 weeks from the onset of first symptoms and chronic 
COVID-19 when it extends beyond 12 weeks.

The definition of post-acute COVID was addressed by some authors. Alwan 
et  al. [3], for instance, underlined the importance of a retrospective diagnosis of 
COVID-19 and proposed five criteria for the definition of post-acute COVID:

 1. PCR or antigen positive test for SARS-CoV-2.
 2. Positive antibody test for SARS-CoV-2.
 3. Loss of smell/taste in the acute phase in absence of other causes.
 4. Symptoms consistent with the disease in a period and location with a high preva-

lence of COVID-19.
 5. Presence of at least one symptom during the acute phase and close contact with 

a confirmed case of COVID-19 around the time of onset.

Other authors have empathized several variables including:

 1. Typology of the patient: hospitalized, non-hospitalized, or asymptomatic.
 2. Presence of intrinsic factors: age, gender, comorbidities.
 3. Presence of extrinsic factors: duration of hospitalization, admission in an intensive 

care unit (ICU), prolonged bedding, adverse events derived from interventions.

Furthermore, they proposed a distinction between the long-COVID type from the 
persistent COVID one. The former is characterized by the delayed but progressive 
improvement of the symptomatology (from 12 to 24 weeks), whereas the persistent 
subtype shows protracted and less likely susceptible to healing symptoms (over 
24 weeks) [4].

The National Institute for Health and Care Excellence (NICE), the Scottish 
Intercollegiate Guidelines Network (SIGN), and the Royal College of General 
Practitioners (RCGP) developed the guidelines for managing the long-term effects 
of COVID-19, distinguishing:

 1. Acute COVID-19: signs and symptoms of COVID-19 for up to 4 weeks.
 2. Ongoing symptomatic COVID-19: signs and symptoms of COVID-19 from 4 to 

12 weeks.
 3. Post-COVID-19 syndrome: signs and symptoms that develop during or after an 

infection consistent with COVID-19, continue for over 12 weeks and are not 
explained by an alternative diagnosis.

 4. Long-COVID: signs and symptoms that continue or develop after acute 
COVID-19, including both ongoing symptomatic COVID-19 and post- 
COVID- 19 syndrome.

4 Neurological, Psychological, and Cognitive Manifestations of Long-COVID
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The authors underlined that the term “post-COVID-19” reflects that the acute 
phase has ended and the patient has recovered, while the term “syndrome” reflects 
multisystem clusters of symptoms, often overlapping, which can fluctuate and 
change over time [1].

Pending a precise taxonomy, in this chapter we will use the terms long-COVID 
and post-COVID as synonyms to indicate all the clinical manifestations (signs or 
symptoms isolated, or associated with syndromes) that persist after the resolution of 
the acute phase of the disease.

4.2  The Long-COVID Phenomenon in Numbers

Although many studies reported that 50–70% of hospitalized and 25–50% of non- 
hospitalized patients exhibit several post-COVID symptoms [4–6], the actual inci-
dence of long-COVID is quite difficult to establish. In fact, the reported incidence 
of long-COVID is variable based on the categories of patients included, the symp-
toms considered, and the time of evaluation. Many confounding factors have been 
identified. Notably, the lack of a widely accepted definition of long-COVID seems 
to be the major contributing factor to the variability of the results. Another factor 
could be the difficulty to distinguish patients with severe COVID-19, who have only 
partially recovered with sequelae of their disease, from individuals with mild sever-
ity disease or ongoing symptomatology. Furthermore, the general population could 
experience symptoms related to other intercurrent infections or the psychological 
burden of the pandemic.

Small studies reported persistence of symptoms after 2–6 weeks from the onset 
of disease in one-third of patients. A study from Switzerland on 669 patients showed 
that at least 32% of those reported at least one or more symptoms. Fatigue, dyspnea, 
and loss of taste or smell were the main persistent symptoms [10]. In another study 
on 274 symptomatic outpatients, cough and fatigue were still present at the time of 
the interview 14–21 days after the diagnosis of COVID, respectively, in 43% and 
35% of the patients. In this outpatient population, older age and multiple chronic 
medical conditions were associated with prolonged illness [11]. A study from Italy 
assessed the patients (n = 143) after a mean of 60 days from the onset of the disease. 
The authors showed that, comparing the symptomatology during the acute and post- 
acute phases, 12.6% of patients was free of COVID-19-related symptom, 32% had 
1 or 2, and 55% manifested 3 or more symptoms [12]. In a survey on 8193 respon-
dents conducted in the United Kingdom by the Office of National Statistics (ONS), 
the prevalence of long-COVID was 21% at 5 weeks and 9.9% at 12 weeks, with a 
mean duration of symptoms following the infection of 39.5 days [13].

In the first survey in the United States (US) on 640 individuals (4.4% hospital-
ized) with symptoms lasting over 2 weeks, most participants experienced fluctua-
tions both in the type (70%) and intensity (89%) of the symptoms. A large number 
of participants experienced symptoms for 5–7 weeks. The most common symptoms 
were slight fever, cough, shortness of breath, tightness of chest, fatigue varying in 
severity, brain fog, chills/sweat, mild body aches, mild headache, trouble sleeping, 
and loss of appetite. Brain fog and insomnia were more frequent than cough. Other 
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neurological symptoms were seizures, dizziness, and balance problems. This symp-
tomatology was milder in the first week than in the second and third weeks but was 
consistently reported for up to 8 weeks [14].

In another survey from Belgium and Netherlands on 2113 COVID-19 patients 
members of two Facebook groups, multiple symptoms were present 3 months after 
symptoms onset. It was showed a progressive reduction of the number of symptoms 
which concerned mainly the non-hospitalized patients compared to the hospitalized 
ones. Fatigue and dyspnea were the most common symptoms; moreover, only 0.7% 
of the patients were symptom-free 79 days after the infection, while 2% had an 
increase in the number of symptoms [15].

A large international survey (n = 3762) investigated on the prevalence of 205 
symptoms in 10 organ systems and evaluated the trajectory of 66 symptoms traced 
over 7 months. In this cohort of patients, 64% experienced symptoms for at least 
6 months, and the probability of duration beyond 8 months was 91%. The peak of 
the number of symptoms was at week 2 for the patients who recovered in less than 
90 days, and at month 2 for those who recovered over 90 days. Three clusters of 
symptoms with different time courses were identified:

• Cluster 1 [mainly ears, throat, pulmonary, and systemic symptoms] with an early 
appearance and a peak in the first 2–3 weeks and a decreasing trend.

• Cluster 2 [mainly neuropsychiatric, pulmonary, and cardiovascular symptoms], 
with a slow increase, a peak between weeks 6 and 8, and a slow decrease or 
unchanging probability over time.

• Cluster 3 [most of the organs and systems, mainly neuropsychiatric, cardiovas-
cular, dermatologic, and head, ears, throat, except for pulmonary], with a rapid 
increase in the first 2 weeks followed by a plateau or a slight increase or decreased.

These findings confirmed that long-COVID is a heterogeneous condition that 
affects multiple organs and systems, and with a great impact on the quality of life 
(QoL) of the patients [16].

In addition to the clinical aspects, patients are worried and ask us for information 
on the duration of the manifestations of long-COVID.  Although certainties will 
come from epidemiological and follow-up studies, some data on prognosis are 
already available. In a study on the general population in the US, a questionnaire 
was administered to 21,359 subjects with a history of SARS-CoV-2 infection. The 
results showed that about 36% continued to have at least one symptom after 30 days 
of the diagnosis, compared to 11.7% among those with negative test and 8.4% 
among those with no test. There was a further reduction at 60 and 90 days, respec-
tively, to 25.3% and 14.8% for COVID-19 positive cases, 8.5% and 7% for 
COVID-19 negative controls, and 6.3% and 4.8% for those with no tests. At 90 days, 
COVID-19 positive cases were associated with anosmia, ageusia, chest, and joint/
bone pain, and muscle weakness. Interestingly, dyspnea was associated with long- 
lasting symptomatology [17]. Furthermore, in non-hospitalized patients, Hellmuth 
et al. [18] showed that neurocognitive symptoms can be present for at least a median 
of 98 days after recovering from COVID.

4 Neurological, Psychological, and Cognitive Manifestations of Long-COVID
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Many studies highlight the long-term effects of COVID-19 on QoL and under-
line the need for programs aimed at supporting the full recovery after the hospital-
ization. In the study of Carfì et al. [12], a declined QoL at 60 days from the onset of 
the disease was found in 44.1% of the patients. In another investigation, 35% of 
respondents reported they had not yet returned to their usual state of health at the 
time of the interview [11]. An observational cohort study in 38 US hospitals evalu-
ated clinical, financial, and mental health outcomes at 60 days post-discharge. Of 
1250 patients, 78% were at home and 12.6% were discharged to a rehabilitation 
unit. At 60 days, 84 patients (6.7% of the discharged patients) died and 189 (15.1%) 
were re-hospitalized. Moreover, 11.8% reported difficulty in completing activities 
of daily living, 60% were able to return to work, with one of four reporting reduced 
hours or modified duties. Furthermore, 36.6% complained of a financial impact 
[19]. Another study showed a worsened QoL in 29.9% of patients, mainly in the 
inpatient group (43.8%), and less in the outpatient one (29.3%). Interestingly, also 
18.2% of asymptomatic individuals complained an impaired QoL [20]. Other inves-
tigations reported that approximately 86% of respondents were mild to severely 
unable to work. In this cohort only about a quarter of non-recovered respondents 
and less than half (49.3%) of recovered respondents were able to engage the same 
number of working hours as before the illness [16]. Finally, Goërtz et al. [15] dem-
onstrated that, compared to before the infection, the health status at the follow-up 
was significantly impaired. Age, previous health status, and the number of symp-
toms during the infection significantly predicted the number of symptoms at the 
follow-up.

4.3  Neurological Symptoms

4.3.1  Mechanisms

Understanding the precise mechanisms of post-COVID symptoms represents the 
first issue to be addressed. It could be difficult to distinguish the various causes of 
this multiform and often non-specific symptomatology. For instance, fatigue and 
dyspnea could be ascribed to direct muscle or peripheral nerve damage or be a result 
of the reduced cardiovascular reserve [1, 2]. Concerning neurological sequelae, 
multiple mechanisms, such as endotheliitis, cytokine storm, direct viral damage, 
and microthrombosis, can be involved [21, 22]. It has been postulated that the clini-
cal picture of chronic-neuro-COVID could be linked to an ongoing low-grade 
inflammatory response and/or degeneration of functional neuronal and glial cells, 
while the vascular occlusion seems involved in the acute phase of the disease [23]. 
Interestingly, a study comparing the serum of patients 40–45 days after the infection 
to that of healthcare workers without infection, demonstrated persistence of the 
inflammatory response and mitochondrial stress [24]. Another small-size study 
(n  =  24) evaluated the levels of cytokine and antibodies and neuronal-enriched 
extracellular vesicles (nEVs) after 1–3 months from SARS-CoV-2 infection The 
results demonstrated an increase of plasma interleukin (IL)-4  in all subjects, a 
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positive correlation of IL-6 with age, severity of the sequelae, and increased values 
of SARS-CoV-2 antibodies. Furthermore, the protein markers of neuronal dysfunc-
tion were increased in the nEVs of all patients. These findings are suggestive of 
ongoing neuroinflammation with occult neural damage [25]. Finally, the so-called 
immunosenescence, found in frail elderly patients and characterized by chronic 
inflammation with an altered innate and adaptive response as well as endothelial 
dysfunction, could play a role in the persistence, or the new-onset occurrence, of 
neurological symptoms [5, 26].

4.3.2  Clinical Features

Neurological manifestations of neuro-COVID are manifold. Some of these symp-
toms and clinical manifestations, such as stroke, occur subacutely in the immediate 
aftermath of the disease. They represent a tail of the acute phase. Other conditions, 
such as fatigue, have a progressive course and are more properly labeled as chronic 
forms of PASC (Table 4.1).

Fatigue is one of the most common symptoms reported in the post-COVID-19. 
Its extent and duration remind the aspects of the chronic fatigue syndrome that was 
described after other infections such as the severe acute respiratory syndrome 
(SARS) and the Middle East respiratory syndrome (MERS) [8]. Rudroff et al. [27] 
defined fatigue as the decrease in physical and/or mental performance that results 
from changes in central, psychological, and/or peripheral factors due to the 
COVID-19 disease. Central factors include neurotransmitters level, intrinsic neuro-
nal excitability, inflammation, and demyelination. Stress, anxiety, depression, and 
fear are psychological factors that could contribute to the occurrence of fatigue. 
Some peripheral factors such as pain and skeletal muscle weakness could be other 
important factors leading to fatigue.

In a survey involving 287 recovered COVID-19 patients, only 10.8% of all cases 
had no manifestations after the recovery, with fatigue present in most of the subjects 
(72.8%). The fatigue was followed by anxiety (38%) and joints pain (31.4%) while 
continuous headache, chest pain, dementia, depression, and dyspnea occurred in 
28% of the participants [28]. In another study, fatigue or muscle weakness was 
found in 63% of patients after 60 days from the onset of acute symptomatology 
[19]. Similar results were also found during the hospital stay and at a 60-day follow-
 up. In particular, fatigue was the most reported symptom (53% of patients) either in 
the acute phase or during the re-evaluation [12]. In a study on 292 outpatients with 
mild COVID-19 disease conducted at 14–21 days after the test date by telephonic 
interview, 34% of those reported the persistence of fatigue [11].

These findings were confirmed even in a longer period of follow-up. A cohort 
study from Wuhan, China on 1733 discharged patients showed that 76% of patients 
reported at least one symptom at a 6-month follow-up. The most common symp-
toms were fatigue or muscle weakness (63%), followed by sleep difficulty (26%), 
anxiety and depression (23%). Female gender and older age were associated with 
higher levels of fatigue and muscle weakness, while the female gender and severity 
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Table 4.1 Neurological manifestations of long-COVID-19

Clinical 
manifestationa 
[Ref.] Features Occurrenceb Pathogenesis
Fatigue and 
muscle 
weakness [11, 
19, 27–30]

Decrease in physical and/
or mental performance that 
results from changes in 
central, psychological, and/
or peripheral factors
It may persist after 
6 months

34–72% Direct muscle or peripheral 
nerve damage or reduced 
cardiovascular reserve 
(oxidative damage)

Seizures [37, 
38]

Focal motor, tonic-clonic, 
convulsive status 
epilepticus, and non- 
convulsive status 
epilepticus

2.8% (in those 
with neurologic 
manifestations)

Neuroinflammation 
(upregulated cytokines 
within the CNS)

Headache [13, 
33, 34]

It is usually diffuse, 
pulsating or pressing, with 
moderate intensity, often 
accompanied by anosmia/
ageusia, neck stiffness, 
nausea, and photophobia. 
Long-lasting duration and 
analgesic resistance

10–70% Neuroinflammation, 
stressful conditions

Smell and 
taste disorders 
[11, 12, 29]

Hypo/anosmia, parosmia, 
olfactory hallucinations, 
fluctuating hyposmia 
dysgeusia/ageusia

11–20% Damage of the cells of the 
olfactory epithelium or 
other sites of the olfactory 
system due to direct viral 
action or cytokine storm

Guillain-Barré 
syndrome [36]

Occurs 11–50 days from 
the first symptoms of the 
COVID-19.
Ascending flaccid paralysis 
with areflexia/hyporeflexia, 
and sensory deficits

Case reports Post-infectious immune 
response

Post-COVID 
stroke [1, 35]

Occurs days to 1 or more 
months from the first 
symptoms of the 
COVID-19

Case reports Systemic inflammation and 
hypercoagulable state

Chronic pain 
[8, 15, 16]

Headache, muscle/joint 
pain, chest and abdominal 
pain, neuropathic pain. 
Worsening of preexisting 
chronic pain

34–44% Multifactorial: 
Proinflammatory cytokines, 
direct/indirect viral damage

aOther neurological manifestations of post-COVID are sensorimotor symptoms such as tremors, 
numbness, facial paralysis
bOccurrence varies among studies occurrence varies according to the follow-up period considered 
(usually 60-day)
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of illness were linked to persistent psychological symptoms. The authors underlined 
the need for longer follow-up studies and proper post-discharge care, at least in the 
more severe clinical presentations [29]. A study conducted on outpatients with mild 
or severe illness showed similar results. Fatigue was reported in over 60% of patients 
during the acute phase, either in mild and severely ill patients. Furthermore, fatigue 
was the most common symptom reported in the post-discharge phase (13.6% of 
patients) [30]. About the lasting of the symptom, Davis et al. [16] reported that its 
occurrence increases over the first 2 months of illness before plateauing and persists 
after 6 months. It was reported as the most debilitating symptom. On the other hand, 
the UK Office of National Statistics survey showed that among 8193 respondents 
the estimated prevalence of fatigue was 11.5 (95% CI 10.7–2.4) [13].

Other frequent non-specific symptoms include smell and taste disorders, diffuse 
muscle and joint pain, and headache. These symptoms are often combined with oth-
ers such as fatigue and breathlessness [8]. After a 60-day follow-up, smell disorders 
were observed in 11% of the post-COVID individuals, taste disorders in 7%, dizzi-
ness in 6%, myalgia in 2%, and headache in 2% of those [29]. In another survey, 
joint pain was found in 31.4% of participants, continuous headache in 28.9%, 
blurred vision in 17.1%, tinnitus in 16.7%, and migraine in 2.8% [28]. Moreover, 
joint pain was the third and anosmia the sixth most reported symptom in the post- 
acute phase, while dysgeusia, headache, and myalgia were less reported [12]. In an 
international survey (n = 3762), the mean prevalence of smell and taste disorders 
was 57.6% and the prevalence of sensorimotor symptoms such as tremors, numb-
ness, facial paralysis, weakness was 80.5% (95% CI 79.3%–81.8%) [16].

The incidence of each symptom varies among studies. The setting considered 
plays an important role. For example, the loss of sense of taste or smell was present 
in more than 50% of patients with mild illness and over 30% in those with severe 
illness during the acute phase. On the contrary, these percentages were reduced to 
less than 20% in both groups during the post-COVID period. Similarly, muscle or 
body pain was present in about 70% in both the categories in the acute phase and in 
less than 10% after resolution of the acute phase [20]. A study from the US on 292 
outpatients with mild disease interviewed 14–21 days after the test date reported 
that the loss of smell and taste was present in more than 20%, and persistent head-
ache and diffuse body aches in about 10% [11].

COVID-19 patients are at increased risk of chronic pain [30]. Dissecting the 
pathogenic aspects of this phenomenon is very difficult. Clauw et  al. [31] have 
described three possible factors including the effects of post-viral syndrome or 
viral-associated organ damage, the worsening of preexisting chronic pain due to 
problems of public health response or personal issues, and chronic pain newly trig-
gered in non-COVID patients submitted to risk factors, such as poor sleep, anxiety, 
or depression. Furthermore, Kemp et  al. [32] have identified the following risk 
factors:

• Population involved: presence of comorbidities, older population.
• Neurological insult: neurotropism, immune response, painful neurological 

sequelae (e.g., stroke).
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• Mental health burden: post-traumatic stress disorder (PTSD), social isolation, 
psychological burden of the pandemic.

• Pain during the acute phase: painful symptoms, procedural pain, low priority for 
its management.

• ICU admission: prolonged immobility, repeated prone positioning, neuromuscu-
lar block, procedural pain.

• Rehabilitation issues: overburdened rehabilitation services, organizational 
difficulties.

Probably, some SARS-CoV-2 pandemic-specific issues could increase the risk of 
chronic pain. For example, virus neurotropism and the psychological impact of iso-
lation measures could play a central role in the pathogenesis of some symptoms, 
such as headache. Other risk factors such as prolonged immobilization, and proce-
dural pain during ICU stay, could foster chronic myalgia, and joint pain [28, 32].

Combined with fever, cough, myalgia/fatigue, and dyspnea, headache is one of 
the most common symptoms of the acute phase; nevertheless, it can occur later, 
between the seventh and tenth days from the onset of symptomatology. Headache is 
usually diffuse, pulsating or pressing, with moderate intensity, often accompanied 
by anosmia/ageusia, neck stiffness, nausea, and photophobia. The duration is more 
than 48–72 hrs and, in the majority of cases, there is no or partial response to anal-
gesics [33, 34]. Its prevalence was found up to 76%, with the most common mani-
festations being ocular, diffuse, and temporal. Almost a quarter of the patients 
reported headaches after mental exertion, while another quarter experienced 
migraines; among the latter, one-half did not suffer before [16]. About possible 
mechanisms, the viral invasion of the central nervous system (CNS) through nerve 
endings, and the effects of cytokine storm were postulated [33, 34]. In the ONS 
survey, headache was the third most common symptom of long-COVID after fatigue 
and cough, with an estimated prevalence of 10.1% (95% CI 9.3–10.9%) [13].

In post-COVID-19 patients chest pain is frequently reported, and requires a dif-
ferential diagnosis between that of musculoskeletal and cardiac origin [8]. The 
prevalence of musculoskeletal disorders including chest tightness, joint pain, and 
muscle aches was 93.85% (95% CI 93.03%–94.60%) [16]. In another study in 
which chest tightness was investigated alone, a prevalence of 44% was reported [15].

According to the NICE classification, other clinical manifestations should be 
addressed among the sequelae of COVID-19 [1]. Stroke is another frequent compli-
cation either in the acute and subacute phases of the disease. Some authors have 
underlined the increased risk of cerebrovascular events in these patients. They rec-
ognized these complications as one of the most frequent causes of indirect CNS 
lesions [35]. Probably, post-COVID stroke is caused by systemic inflammation and 
hypercoagulability. Typical finding in patients with COVID-19 and coagulopathy is 
increased D-dimer concentration, a relatively modest decrease in platelet count, and 
a prolongation of the prothrombin time.

Other less frequent post-COVID manifestations were reported in the literature. 
Guillain-Barré syndrome (GBS) was described as a neurologic manifestation of 
SARS-CoV-2 infection, typically with an onset time ranging between 11 and 
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14 days from the first symptoms of the COVID-19. An interesting report described 
a case of GBS with an interval of 53 days from a COVID-19 pneumonitis. The 
patient, a 56-year-old man, was admitted for lethargy, sensory loss, distal lower- 
limb weakness, paresthesia, and severe bilateral leg pain. The cerebrospinal fluid 
(CSF) study showed a raise in total proteins, whereas brain and spine MRI were 
unremarkable. The clinical picture showed a progressive deterioration, with ascend-
ing weakness and breathing difficulties. The patient was admitted to the ICU and 
treated with non-invasive ventilation and intravenous immunoglobulin. He recov-
ered gradually and was discharged home. The authors suggested that this long-time- 
interval supported the pathophysiologic hypothesis of a post-infectious immune 
response, rather than a para-infectious manifestation [36].

Finally, new onset of a focal or generalized seizure and status epilepticus were 
reported in the literature. In a large database on 40,469 COVID-19 patients, seizures 
were reported in 2.8% of patients with neurologic manifestations [37]. A recent case 
report described a 71-year-old SARS-CoV-2 man admitted for disconjugate gaze, 
ptosis, vertical diplopia, nausea, and vomiting. CT angiography showed a severe 
right vertebral artery stenosis with normal perfusion. The symptomatology resolved 
after thrombolysis and the patient was discharged home without neurologic deficits. 
Six days later, the patient returned to the hospital confused and incontinent. A brain 
CT showed new hyperemia in the bilateral frontal lobes. Brain MRI, CSF, and blood 
test were unremarkable, while a new PCR test for SARS-CoV-2 was negative. The 
suspect of seizures was confirmed by the electroencephalography that demonstrated 
several seizure manifestations. These seizures were lateralized, right central pre-
dominant, and sharply contoured rhythmic delta activity at 1–3 Hz that spread to the 
temporal, then frontal lobes bilaterally. The patient was treated with anti-epileptics 
and discharged home. Probably, these findings were related to a lingering inflamma-
tion and upregulated cytokines within the CNS [38].

Practical Therapeutic Suggestions for Addressing Chronic COVID-Pain
Currently, there is no cure for long-term COVID. Tailored multimodal through 
the combination of pharmacological and non-pharmacological strategies:

• Acetaminophen or NSAIDs (for short periods and not contraindicated).
• Opioids (unless in patients who already use these drugs for chronic pain) 

must be avoided.
• Patients who depend on chronic steroids should not have the medication 

discontinued. Moreover, at resolution of the acute phase of COVID, ste-
roids for the management of diffuse musculoskeletal pain (through short- 
duration cycles) can be used.

• Muscle relaxants (e.g., cyclobenzaprine) can help muscle spasm.
• Antidepressant medications (e.g., amitriptyline, duloxetine, venlafaxine, 

fluoxetine).
• Anticonvulsants (e.g., low dose gabapentinoids) for painful neuropathies.
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4.4  Psychological Sequelae of Long-COVID

4.4.1  Disease-Related or Pandemic-Induced Effects?

The emergency caused by COVID-19 has impacted every aspect of life, including 
work, school, and sociality. Thus, the pandemic is a relevant psychological stressor. It 
can induce very important psychological effects even in those who have not been 
infected with the virus. Physical distancing measures such as self-isolation or quaran-
tine are, probably, the main causes of stress. In this regard, it has been estimated that 
about 4 in 10 adults in the US have reported symptoms of anxiety or depressive disor-
ders [39]. Self-isolation can lead to anxiety, depression, public anger, and post- 
traumatic stress disorder (PTSD). When this stress is combined with other destabilizing 
factors, such as economic problems and the fear of getting infected, the result is a very 
strong psychological impact on the global population. Moreover, the increased stress 
in healthcare workers and other essential workers, unemployment consequences, and 
financial difficulties are additional factors that can lead to several psychological prob-
lems in selected categories [40, 41]. This phenomenon has already been extensively 
verified after previous outbreaks such as the SARS in 2002 [42]. On the other hand, 
evidence suggests that psychological sequelae and/or a long- term functional impair-
ment may be due to the disease itself [43, 44]. Nevertheless, it is currently difficult to 
establish how much of these mental health consequences is secondary to the disease 
(e.g., through neuroinflammatory processes) or not. Since the single mechanisms can 
cross each other, the phenomenon has probably a multifactorial genesis. Clinical and 
epidemiological research will clear up many doubts on this hot topic.

Despite these limitations, this section presents an overview of the psychological 
issues in those who have had the disease. These clinical manifestations are referred 
to as long-COVID problems. For similar issues affecting the general population, the 
reader can refer to other sources [39].

• Vitamin B and neurotropic (e.g., palmitoylethanolamide) .
• Non-pharmacological strategies (e.g., acupuncture, physical therapy, psy-

chological support, relaxation techniques).

In particular, tailored therapies with dynamic multimodal approaches 
must follow:

• Pain features.
• Its potential physiopathology.
• The complexity of the symptoms.
• The impact on the health-related quality of life.
• Comorbidities.
• Psychological aspects and social context.
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Another premise concerns the terminology used. Throughout the text, the term 
“Psychiatric” is used to describe disorders, symptoms, and signs listed within the 
category “Chapter 06, Mental, Behavioral and Neurodevelopmental Disorders” 
from the 11th Revision of the International Classification of Diseases and Related 
Health Problems (ICD-11) of the World Health Organization (WHO). It includes 
symptoms such as mood disorders, anxiety and fear-related disorders, and disorders 
specifically associated with stress [45]. On the contrary, the term “Neuropsychiatric” 
should more properly be used for indicating psychiatric disorders, symptoms, and 
signs that are the result of brain damage or disease. Therefore, neuropsychiatric 
consequences must necessarily include damage to the nervous tissue produced 
directly by the viral action, or triggered and sustained by a more or less extensive 
neuroinflammation processes. In the current uncertainty about the mechanisms of 
neurotoxicity, here we prefer to focus the reader’s attention on the clinical aspects, 
rather than investigating the pathogenesis of the phenomenon. In other chapters of 
the book, more in-depth details are offered.

4.4.2  From Acute to Chronic Psychiatric Problems

During the acute or short-term post-illness phases of the COVID-19, several studies 
focused on the occurrence of psychiatric problems. Crunfli et al. [46] reported that 
affective disorders and anxiety involved 20% and 28% of the patients, respectively. 
Nevertheless, as Xie et al. [47] stated, most investigations on mental health prob-
lems associated with acute COVID-19 have serious limitations, such as the small 
sample size, and the lack of an exhaustive assessed of psychiatric symptoms through 
psychiatric interviews. They performed a meta-analysis of studies assessing psychi-
atric symptoms and found that, in the acute stage, psychiatric problems were mainly 
acute stress reactions, such as somatization, phobia, and appetite and sleep disor-
ders. Although these symptoms were of medium-to-severe severity, they can be eas-
ily manageable if properly treated. This finding imposes a careful psychiatric 
assessment which must be performed by using adequate tools and administered by 
specialized personnel [47].

Notably, in the course of illness, a new diagnosis of psychiatric pathology was 
made in many young people [48]. The underlying causes of this finding are difficult 
to establish and only hypotheses can be proposed. For instance, since encephalitis 
alone can lead to an increased risk of a variety of long-term sequelae, such as bipo-
lar disorders, psychotic disorders, anxiety disorders, cognitive problems, and 
dementia [49], it is reasonable to expect a high incidence of psychiatric pathologies 
in those who have experienced diffuse inflammatory processes including neuroin-
flammation. However, encephalitis is not a common finding among the manifesta-
tions of neuro-COVID.

Regardless of the cause and type of psychiatric sequelae, it seems to be difficult 
to establish the extent of chronic neuropsychiatric sequelae. Pending the results of 
long-term follow-up investigations, it is possible to speculate by using data from 
studies on previous endemics and, above all, on the effects produced on mental 
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health in ICU survivors. After the ICU discharge, a complex neuropsychiatric pic-
ture can develop. This syndrome, which is indicated as post-intensive care syn-
drome (PICS), affects the physical, cognitive, and psychological health status [50]. 
Symptoms of PICS are manifold and can include a different combination of neuro-
muscular disorders, such as generalized weakness (classified as critical illness 
myopathy, neuropathy, and neuromyopathy), with cognitive and psychological 
problems, such as memory disturbances, poor concentration (“brain fog”), depres-
sion, and anxiety. Of note, PTSD can be also encompassed among the PICS disor-
ders [51]. About the extent of the problem, it has been estimated that the PICS can 
affect up to 60% of post-ICU patients [50]. Among the long-COVID issues, the 
PICS phenomenon must be very carefully evaluated due to both the high incidence 
and clinical consequences. Interestingly, up to 20% of COVID-19 patients require 
hospitalization [52] and, of those, up to one-quarter need ICU admission [53]. 
Furthermore, from other sources, it emerges that the ICU admission ranges from 5% 
of all of those testing positive in China [54] to 12% in Italy [55]. Thus, we can 
aspect an incredible number of long-COVID individuals with PICS, worldwide. 
Moreover, in the context of COVID-19, dedicated programs aimed at preventing the 
onset of PICS, such as open-ICU, early rehabilitation, light sedation, and prevention 
of delirium, can hardly be implemented. The severity of the respiratory failure, the 
high number of patients admitted, and the need to impede the presence of relatives 
in the ward represent great obstacles. Since the PICS can last many years, the effects 
on the QoL in post-COVID subjects and the socioeconomic impact can be devastat-
ing [56].

In COVID survivors, a special issue concerns PTSD.  It is an acute, disabling 
mental disorder that develops after exposure to a life-threatening traumatic event 
[57]. Clinically, the symptoms usually appear within 3 months of the trauma 
although sometimes the state of stress can occur later. Symptoms can be classified 
into four well-defined categories:

• Intrusive memories. People with PTSD have sudden memories that manifest 
themselves vividly and are accompanied by painful emotions and the “reliving” 
of the drama. Sometimes, the experience is so strong that it seems to the indi-
vidual involved that the traumatic event is repeating itself.

• Avoidance. The person tries to avoid contact with anyone and anything that 
brings him back to the trauma. Initially, the person experiences an emotional 
state of disinterest and detachment, reducing his capacity for emotional interac-
tion and being able to conduct only simple and routine activities. The lack of 
emotional processing causes an accumulation of anxiety and tension that can 
become chronic, leading to real depressive states. At the same time, guilt fre-
quently arises.

• Alterations in cognition and mood. There is often an inability to remember 
important aspects of the traumatic event. Moreover, negative thoughts and feel-
ings leading to ongoing and distorted beliefs about oneself or others can mani-
fest. Again, distorted thoughts about the cause or consequences of the event that 
lead to wrongly blaming oneself or others, continued fear, horror, anger, or 
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shame, less interest in previously enjoyed activities as well as feeling detached 
or estranged from others may be present.

• Alterations in arousal and reactivity. People behave as if they are constantly 
threatened by trauma. They react violently and suddenly, cannot concentrate, 
have memory problems and constantly feel in danger. Sometimes, to relieve their 
pain, people turn to alcohol or drug use. A person with PTSD can also lose con-
trol over their life and, therefore, can be at risk for suicidal behavior.

Critical care admission is a well-recognized cause of this syndrome. Recently, it 
was demonstrated that, in the setting of ICU, about 20% of discharged patients will 
develop PTSD [58]. The diagnosis of post-ICU PTSD is of fundamental impor-
tance, as if not properly treated, it can significantly worsen the QoL. Notably, sev-
eral pharmacological and non-pharmacological approaches can be very helpful in 
the treatment of PTSD [59]. About the incidence of PTSD in COVID-19, Bo et al. 
[60] showed that the syndrome can develop in most hospitalized patients (96%). 
Nevertheless, the in-hospital assessment cannot allow an accurate estimate of the 
phenomenon as the patient is still subjected to the acute stress of hospitalization. In 
another study conducted in hospitalized, treated and discharged patients, the preva-
lence rate of PTSD was 20.3% [61]. Tarsitani et al. [62] performed a precise analy-
sis and assessed the prevalence of PTSD at 3-month follow-up after hospital 
discharge through the PTSD Checklist for DSM-5 (PCL-5) [63]. Although they 
found a prevalence of 10%, in another 8.6% of the sample a diagnosis of subthresh-
old PTSD was obtained. This data is of great importance as the latter disorder can 
lead to significant levels of distress and impairment.

About risk factors for PTSD development following COVID-19, there are a pre-
vious psychiatric diagnosis and obesity. Moreover, the male gender seems to be a 
protective factor [61]. Interestingly, several investigations demonstrated that young 
to middle-aged women are more prone to long-COVID [64]. This phenomenon can 
have several explanations. According to the “pregnancy compensation hypothesis,” 
for example, women of reproductive age have more reactive immune responses to 
pathogen as their immune systems have evolved to support the heightened need for 
protection during pregnancy [65]. Furthermore, autoimmune processes are more 
evident in the female gender [66].

Another risk factor is probably the degree of the disease and mostly the dyspnea 
during hospitalization [67]. A recent cross-sectional online survey evaluated the 
psychological impacts on the quarantine/isolation experience of participants sus-
pected or confirmed to have COVID-19, their PTSD status, and several correlate 
with developing PTSD [68]. The authors found lower rates of PTSD symptoms in 
participants practicing religion (Buddhist) than in participants having no religion 
(OR: 0.30; 95% CI: 0.13–0.68; p = 0.005). Moreover, compared to those voluntarily 
quarantined/isolated, subjects forced to be quarantined/isolated had an increased 
risk of developing PTSD symptoms. Further, having a positive diagnosis of the 
infection was a predictive factor of stress during pandemics. This latter finding con-
firmed that stress symptoms are more severe in COVID-19 survivors compared to 
healthy controls [69]. Interestingly, it seems that there are no differences between 
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healthcare workers and non-healthcare workers in PTSD scores [68], but it is not 
possible to generalize as the risk of psychological distress appears to be particularly 
high in some categories such as those involved in the care of critically ill patients [70].

Taken together, these findings suggest that careful attention must be paid to post- 
COVID patients. The assessment of the psychiatric problems, indeed, must be con-
ducted through dedicated tools and respecting the appropriate timelines. For 
example, it was reported that following SARS, although the prevalence of PTSD 
was about 5% at the 3-month follow-up, this percentage increased to over 25% after 
30 months from the discharge [71]. Thus, since psychiatric symptoms manifested 
during the acute phase of the disease may persist for a long time after discharge, 
regular monitoring of psychiatric symptoms, as well as psychosocial support and/or 
ad hoc psychiatric treatment may be required [47].

4.5  Potential Long-Term Cognitive Issues

Several cognitive problems such as “brain fog” and complex dysexecutive symp-
toms have been described as complications of COVID-19. The “brain fog” is not a 
medical condition as the term is generically used to refer to a cognitive dysfunction 
because of other clinical conditions. It involves memory problems, lack of mental 
clarity, poor concentration, and inability to focus. Dysexecutive symptoms are a set 
of symptoms that include cognitive, behavioral, and emotional problems. They 
manifest as a dysfunction in executive functions, such as planning, thinking, and 
behavioral control. In the context of post-COVID, neurocognitive issues are of para-
mount importance. For example, in their meta-analysis Roger et al. [72] found that 
confusion and agitation affected, respectively, 65% and 69% of ICU-patients; more-
over, one-third of the patients manifested dysexecutive syndromes at discharge. 
This alteration in mental status can reflect encephalopathy/encephalitis mechanism 
and primary psychiatric diagnoses, especially in young patients [48]. Furthermore, 
an impaired memory was found in 28% of the patients [46].

Although the incidence and features of the long-term cognitive effects should be 
evaluated through dedicated follow-up studies, the literature can suggest several 
arguments of discussion on the underlying mechanisms. Hypoperfusion in the fron-
totemporal region of the brain and structural brain abnormalities involving the tha-
lamic and temporal regions described in ICU COVID-19 patients can play an 
important role [73].

Moreover, the increasing knowledge of the pathophysiology of COVID-19 has 
raised some concerns about the link between the infection and neurodegenerative dis-
eases such as dementia, multiple sclerosis, and Parkinson’s disease (PD). Although it 
is not yet clear if the SARS-CoV-2 virus could cause or accelerate their occurrence, 
many potential pathological mechanisms could be involved. Probably, this coronavi-
rus could have a role in promoting a chronic immune and inflammatory response in 
the brain, leading to neurodegenerative changes even after months or years [74]. 
Additionally, Gordon et al. [75] showed the effects of SARS-CoV-2 on aging hall-
marks. In particular, several SARS-CoV-2 proteins including the spike can interfere 
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with a variety of aging-related pathways such as ubiquitin ligases, vesicle trafficking 
systems, lipid modifications pathways, and RNA processing and mitochondrial activi-
ties. Thus, damages are produced by the endoplasmic reticulum stress, mitochondrial 
dysfunction, and loss of proteostasis with autophagy deficiency.

On the other hand, the severity of disease, the ICU stay, and therapies (e.g., glu-
cocorticoids) can unmask an underlying neurodegenerative process. In this context, 
the emergence of cognitive or non-cognitive symptoms (e.g., neurological manifes-
tations) following the acute phase of COVID-19 can help anticipate a diagnosis. For 
example, several clinical manifestations such as chronic pain [76], fatigue, and 
sleep disorders following COVID-19 may represent non-motor symptoms of 
PD.  Again, in this neurodegenerative disease, loss of olfaction is considered an 
early manifestation [77]. As suggested by Lippi et al. [78] SARS-CoV-2 can stay at 
a crossroad between aging and neurodegeneration. In addition to the neuroinflam-
mation and altered immunity processes, as well as to the direct aging- promoting 
role of the SARS-CoV-2, other factors can intersect in the possible pathogenetic 
cascade. In fact, during the acute or post-illness phases of the COVID-19 neurocog-
nitive symptoms might be exacerbated due to social and environmental effects.

Notably, long-term neurocognitive issues are not inherent the elderly and/or 
those who have suffered from particularly severe forms of the disease. It can also 
regard young and middle-aged adults who were never hospitalized during acute 
COVID-19. Furthermore, data from the Long-term Impact of Infection with Novel 
Coronavirus (LIINC) study in San Francisco, US, underline that in this population 
cognitive symptoms may be common last up to several months after recovering 
from the acute phase of COVID-19 [18]. Since these cognitive problems can be dif-
ficult to intercept by the classic 30-point Mini Mental State Exam (MMSE), a care-
ful assessment requires a combination of tools.

Considering the huge impact on health-associated functioning and QoL, the 
long-COVID issue must be carefully addressed [78]. About symptoms of neuro-
COVID, in a recent systematic review, Nasserie et al. [79] found that median pro-
portion of individuals who experienced at least 1 persistent symptom was 73%. Of 
these, fatigue with a median frequency of 40%; and sleep disorders/insomnia 30%. 
Consequently, management of long haulers from neuro-COVID requires a multi-
professional approach that involves neurologists, pain therapists, nutritionists, neu-
roradiologists, physical therapists, otolaryngologists, and others. Follow-ups must 
be carefully scheduled in those who have suffered from the more severe forms of the 
disease and in individuals who have had mild or moderate COVID-19 acute mani-
festations. Since all aspects of QoL need to be evaluated, it is worth referring to a 
battery of tools. Therapy should focus on the type of disorder. For example, chronic 
pain requires multimodal treatment by pain therapists [80]; smell disorders are man-
aged through rehabilitation programs, and psychological and neurological problems 
are addressed by specialists. Individuals suspected of PICS/PTSD need early reha-
bilitation and a mental assessment at the acute and post- acute phase. Nutritional 
evaluation also plays an important role. In particular, vitamins, polyphenols [81], 
ω-3 fatty acids, minerals, and low glycemic index foods have an inhibitory action 
against oxidative stress and neuroinflammation and can positively influence cogni-
tive function [82].
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Practical Suggestions for Addressing Neurological, Psychological, and 
Cognitive Manifestations of Long-COVID

• Multiprofessional approach (nurses, neurologists, pain therapists, 
nutritionists, neuroradiologists, physical therapists, occupational 
therapists, otolaryngologists, and others).

• Neuroimaging, if appropriate.
• Laboratory tests, if appropriate.
• Appropriate and timely individualized therapy (e.g., anticoagulation for 

neurological signs and symptoms suggestive of post-COVID stroke).
• Long-term follow-up (1–2 years, or more).
• Careful psychological/neurocognitive assessment through a combination 

of tools:
 – Short Form Health Survey 36 (SF-36): it evaluates physical functioning, 

social functioning, limitations due to physical problems, limitations due 
to emotional problems, mental health, energy/vitality, pain, and percep-
tion of general health (6 items). It is useful for assessing the health 
changes compared to the previous year.

 – Barthel Index: it measures improvements in individuals with chronic 
disability who underwent rehabilitation programs (e.g., in post-ICU 
individuals).

 – Psychological General Well-Being Index (PGWBI): it evaluates the sub-
jective well-being or suffering by assessing anxiety, depression, posi-
tive well-being, self-control, general health, and vitality.

 – EuroQoL: it evaluates HRQoL regardless of the specific disease.
 – Pittsburgh Sleep Quality Index (PSQI): it assesses the sleep quality.
 – Mini Mental State Exam (MMSE): it investigates on the neurocognitive 

and functional state by exploring domains of brain function (e.g., orien-
tation, memory, attention and calculation, ability to recall acquisitions, 
language).

 – Brief Pain Inventory (BPI): it assesses the severity of pain and its impact 
on functioning.

 – Post-Traumatic Stress Syndrome 14 items (PTSS-14): it is a screening 
tool for PTSD.

 – Symptom Checklist-90-Revised (SCL-90-R): it is a widely used self- 
report scale to assess a broad range of psychological problems and 
symptoms of psychopathology.

 – Hospital Anxiety and Depression Scale (HADS): it evaluates depression 
and anxiety.

 – Mini Nutritional Assessment (MNA): it assesses nutritional status.
• Rehabilitation programs.
• Nutritional strategies.
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4.6  Conclusions

The emerging condition of persistent symptomatology following the acute phase of 
COVID-19 has become of primary importance for health care systems. The millions 
of people involved in the infection and the evidence that even the mildest forms of 
the disease could be followed by a long-lasting and debilitating symptomatology, 
require an early and comprehensive approach to this condition. The public health 
implications could be considerable and the crashing wave of neurological and/or 
neuropsychiatric sequelae of COVID can have the effect of a tsunami. A starting 
point for addressing the phenomenon is to characterize the symptoms and the vari-
ous clinical expressions of the long-term health impairment. Neurological symp-
toms such as fatigue and muscle weakness, psychological conditions, including 
sleep disorders, anxiety, and depression, as well as neurocognitive problems can 
persist for months and can range from mild issues to serious and debilitating disor-
ders. Data on the incidence of single symptoms and the duration of each clinical 
picture after the acute phase vary greatly according to the type of study carried out, 
the timing, and the setting investigated. Therefore, it is mandatory to establish diag-
nostic criteria and methodology of study that can be universally accepted. For this 
purpose, the role of scientific societies is of fundamental importance.
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