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Abstract

The coronavirus disease 2019 (COVID-19) pandemic has resulted in a substantial
global health burden, not only due to acute infection but also because of persistent post-
infectious complications. Among these, neurological manifestations have emerged as
a major concern, affecting both central and peripheral nervous systems. Post-COVID
neurological complications range from mild cognitive impairment and headache to
severe conditions such as stroke, encephalitis, and peripheral neuropathies. This article
reviews current evidence on the underlying mechanisms of post-COVID neurological
involvement, including neuroinflammation, immune dysregulation, endothelial
dysfunction, and direct or indirect viral effects. Clinical manifestations, diagnostic
approaches, and current treatment strategies are discussed, along with future
perspectives for long-term management and rehabilitation.
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INTRODUCTION

Since its emergence in late 2019, COVID-19 has primarily been recognized as a
respiratory illness. However, it soon became evident that the disease has multisystem
involvement, including significant neurological effects. As the number of COVID-19
survivors has increased, a growing population of patients reports persistent symptoms
lasting weeks or months after the acute phase, a condition commonly referred to as
post-COVID syndrome or long COVID.

Neurological symptoms are among the most frequently reported long-term
complications and may occur even after mild acute infection. These manifestations
significantly impair quality of life and functional capacity, posing new challenges for
healthcare systems worldwide. Understanding the mechanisms, spectrum, and
management of post-COVID neurological complications is therefore of critical
importance.
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The aim of this article is to provide a comprehensive overview of post-COVID
neurological complications, focusing on pathophysiological mechanisms, clinical
manifestations, diagnostic considerations, and evidence-based treatment strategies.

Materials and Methods

This narrative review is based on an extensive analysis of peer-reviewed literature
published between 2020 and 2025. Databases including PubMed, Scopus, Web of
Science, and Google Scholar were searched using keywords such as post-COVID
neurological complications, long COVID, neuroinflammation, COVID-19 and nervous
system, and post-viral neurological syndromes.

Original research articles, observational studies, systematic reviews, meta-analyses,
and clinical guidelines were included. Both adult and pediatric populations were
considered. Articles with insufficient methodological quality or unclear diagnostic
criteria were excluded.

Pathophysiological Mechanisms of Post-COVID Neurological Complications
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The mechanisms underlying post-COVID neurological complications are complex and
multifactorial. Current evidence suggests that these manifestations result from a
combination of direct and indirect effects of SARS-CoV-2 infection rather than
persistent viral replication alone.

Neuroinflammation and Immune Dysregulation

One of the central mechanisms is prolonged neuroinflammation. Systemic immune
activation during acute infection may persist, leading to chronic release of pro-
inflammatory cytokines and chemokines. This sustained inflammatory state can disrupt
neuronal function and synaptic signaling, contributing to cognitive and
neuropsychiatric symptoms.

Blood-Brain Barrier Disruption

Endothelial dysfunction and increased vascular permeability may compromise the
integrity of the blood—brain barrier. This allows inflammatory mediators and immune
cells to access the central nervous system, amplifying neuroinflammatory responses.
Microvascular Injury and Coagulopathy

COVID-19 is associated with hypercoagulability and microvascular injury. Cerebral
microthrombi and hypoperfusion may result in ischemic damage, contributing to
stroke, cognitive impairment, and chronic neurological deficits.

Autoimmune and Post-Infectious Mechanisms

Molecular mimicry and immune cross-reactivity may trigger autoimmune responses
targeting neural structures. This mechanism is implicated in post-COVID conditions
such as Guillain—Barré syndrome and other immune-mediated neuropathies.

Indirect Effects and Systemic Factors

Hypoxia, metabolic disturbances, prolonged hospitalization, and intensive care—related
factors also contribute to neurological sequelae, particularly in patients with severe
acute disease.

Results

Central Nervous System Manifestations

Post-COVID central nervous system involvement includes a wide spectrum of
symptoms. Cognitive impairment, often described as “brain fog,” is one of the most
common complaints and affects attention, memory, and executive function. Headache,
dizziness, sleep disturbances, and mood disorders are frequently reported.

More severe manifestations include cerebrovascular events, encephalopathy, seizures,
and, rarely, encephalitis. These conditions are more common in patients with severe
acute infection but may also occur after mild disease.

Peripheral Nervous System Complications
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Peripheral nervous system involvement includes anosmia and ageusia, which may
persist long after recovery from acute infection. Peripheral neuropathies, myopathies,
and autonomic dysfunction have also been described.

Guillain—Barré syndrome and other acute inflammatory neuropathies, although rare,
represent serious post-infectious complications requiring prompt recognition and
treatment.

Neuropsychiatric and Cognitive Sequelae

Anxiety, depression, post-traumatic stress disorder, and cognitive decline are prevalent
among post-COVID patients. These symptoms may result from a combination of
neurobiological changes, psychological stress, and social factors related to the
pandemic.

Discussion

The findings reviewed in this article demonstrate that post-COVID neurological
complications represent a significant and heterogeneous clinical entity.
Neuroinflammation appears to be a unifying mechanism linking many of these
manifestations, interacting with vascular, immune, and metabolic factors.

The variability in clinical presentation underscores the need for individualized
diagnostic and therapeutic approaches. Early identification of neurological
involvement is essential to prevent long-term disability and to initiate appropriate
management strategies.

Despite growing knowledge, many aspects of post-COVID neurological complications
remain poorly understood, including the duration of symptoms, risk factors for
persistence, and optimal treatment protocols.

Treatment Strategies

Management of post-COVID neurological complications is largely supportive and
multidisciplinary. Treatment strategies are guided by symptom severity, underlying
mechanisms, and patient-specific factors.

Pharmacological Approaches

Anti-inflammatory and immunomodulatory therapies may be considered in selected
cases, particularly for immune-mediated complications. Anticoagulation and
antiplatelet therapy are indicated in patients with thrombotic events.

Symptomatic treatment includes analgesics for headache, antidepressants and
anxiolytics for mood disorders, and cognitive enhancers in selected cases.
Rehabilitation and Supportive Care
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Neurorehabilitation plays a crucial role in recovery. Cognitive rehabilitation, physical
therapy, occupational therapy, and speech therapy are essential components of long-
term management.
Psychological and Social Support
Addressing mental health is critical for comprehensive care. Psychological counseling
and social support interventions improve coping strategies and overall quality of life.
Future Perspectives
Future research should focus on:
. Identification of reliable biomarkers for early detection and prognosis
. Longitudinal studies to define the natural history of post-COVID
neurological symptoms

. Development of targeted anti-inflammatory and neuroprotective therapies
. Integration of personalized medicine and digital health tools in patient
management

Understanding post-COVID neurological complications will also provide valuable
insights into other post-viral neurological syndromes.
Conclusion
Post-COVID neurological complications constitute a significant and growing public
health challenge. They arise from complex interactions between neuroinflammation,
immune dysregulation, vascular injury, and systemic factors. A multidisciplinary
approach integrating early diagnosis, individualized treatment, and comprehensive
rehabilitation is essential for optimal patient outcomes. Continued research is necessary
to elucidate mechanisms and develop effective, evidence-based therapeutic strategies.
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