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Abstract: The COVID-19 pandemic has introduced new challenges in managing neurological condi-
tions, particularly among athletes. This paper explores the intersection of post-COVID-19 neurological
syndrome (PCNS/PASC) and post-concussion syndrome (PCS), focusing on their implications in
sports medicine. Our analysis covers the symptomatology, pathophysiology, and management
strategies for PCNS/PASC and PPCS, with special attention paid to the unique challenges faced by
athletes recovering from these conditions, including the risk of symptom exacerbation and prolonged
recovery. Key findings reveal that both PCNS/PASC and PPCS present with overlapping symptoms
such as cognitive difficulties, exercise intolerance, and mental health issues, but differ in specific
manifestations like anosmia and ageusia, unique to COVID-19. Pathophysiological analysis reveals
similarities in blood–brain barrier disruption (BBB) but differences in the extent of immune activation.
Management strategies emphasize a gradual increase in physical activity, close symptom monitoring,
and psychological support, with a tailored approach for athletes. Specific interventions include
progressive aerobic exercises, resistance training, and cognitive rehabilitation. Furthermore, our
study highlights the importance of integrating neurology, psychiatry, physical therapy, and sports
medicine to develop comprehensive care strategies. Our findings underscore the dual challenge of
COVID-19 and concussion in athletes, necessitating a nuanced, interdisciplinary approach to effective
management. Future research should focus on the long-term neurological effects of both conditions
and optimizing treatment protocols to improve patient outcomes. This comprehensive understanding
is crucial for advancing the management of athletes affected by these overlapping conditions and
ensuring their safe return to sports.

Keywords: COVID-19; post-concussion syndrome; athletes; neurological syndrome; sports medicine;
rehabilitation
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1. Introduction

In the wake of the global COVID-19 pandemic, the medical community has faced un-
precedented challenges, not least among them being the emerging complexities associated
with long-term sequelae of the infection. Among these, the neurological implications of
COVID-19, particularly in comparison and contrast to post-concussion syndrome (PCS),
have garnered significant attention [1,2].

For three decades, sports medicine practitioners have concentrated on the epidemic
of sport-related concussions (SRC) [3]. A sport-related concussion is a common injury
in sports, affecting athletes of all ages and occurring with varying incidence rates across
contact and limited-contact sports [4,5]. It is prevalent among children and adolescents
involved in sports [6], high school student-athletes [7], and professional athletes [8]. The
advent of COVID-19 has redirected this focus to a novel intersection; athletes are now at
risk of experiencing both COVID-19 and concussion, presenting a unique clinical challenge.
Early in the pandemic, attention was drawn to COVID-19 cardiomyopathy and myocarditis
in athletes. Recent research has focused on the cardiac implications of COVID-19 in athletes.
While early concerns were raised about the increased prevalence of cardiac injury in
COVID-19 patients [9,10], subsequent large-scale studies have shown a low prevalence
of myocarditis in athletes recovered from COVID-19 [11]. However, the potential for
cardiac complications, including myocarditis, remains a significant concern for athletes
returning to play after COVID-19 infection [9,10,12]. Myocarditis is a known cause of
sudden cardiac death in athletes, prompting the need for careful cardiac evaluation and risk
stratification [9,11,12]. Recommendations for return-to-play protocols have been proposed,
including cardiac testing such as electrocardiograms, echocardiograms, and in some cases,
cardiac MRI [9,10,12]. While the clinical significance of subclinical myocarditis detected by
cardiac MRI remains uncertain, ongoing research aims to determine the prevalence, severity,
and clinical relevance of COVID-19-associated cardiac pathology in athletes [10–12].

SARS-CoV-2 has also been found to profoundly affect the central nervous system
(CNS), leading to various neurological complications. These include meningitis, encephali-
tis, stroke, and neuromuscular disorders [13,14]. The virus may affect the CNS through
direct invasion, though rare, or more commonly through the secondary effects of systemic
hyper-inflammation, which can disrupt the blood–brain barrier and activate CNS immune
pathways [14]. Long-term neuropsychiatric symptoms, known as Long Covid, can per-
sist for months after infection, even in young people with mild initial disease [15]. The
pathophysiological mechanisms are not fully understood but likely involve immune dys-
function and neuroinflammation. The ACE-2 receptor, used by SARS-CoV-2 to enter cells,
is present in nervous system tissue, potentially explaining the virus’s neurotropism [16].
This revelation has prompted a need to understand how COVID-19 intersects with the
pathophysiological processes and clinical presentations commonly seen in concussion and
PCS [2]. Specifically, we aim to investigate whether COVID-19 exacerbates existing patho-
physiological processes, prolongs recovery times, or introduces unique clinical challenges
that complicate management strategies for athletes recovering from concussion and PCS.

The term post-COVID-19 neurological syndrome (PCNS) has been coined to de-
scribe the constellation of prolonged neurological symptoms observed in COVID-19 “long
haulers” [17]. This syndrome shows notable parallels to persistent post-concussive symp-
toms (PPCS), which last beyond the typical recovery period following a concussion [18].
Both conditions manifest with a range of symptoms, including but not limited to, headache,
cognitive difficulties, mood disturbances, sleep irregularities, and exercise intolerance.
While anosmia and ageusia are more characteristic of COVID-19, the overlap in many other
symptoms raises important considerations for diagnosis and treatment [17,18].

Moreover, the shared etiology of symptoms such as fatigue, brain fog, sleep disruption,
and exercise intolerance in PPCS and PCNS, attributable to systemic inflammation and au-
tonomic dysfunction, underscores the need for a nuanced approach in management. These
insights are particularly pivotal in sports medicine, where athletes may be concurrently
managing the repercussions of a concussion and COVID-19.
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Here we aim to explore the intersection of COVID-19-related neurological syndromes
and PCS, delving into their symptomatology, pathophysiology, and management strategies,
with a special focus on implications for sports medicine. This paper seeks to provide a
comprehensive overview of the current understanding of PCNS and PCS, emphasizing the
clinical, diagnostic, and therapeutic parallels and distinctions. Through this exploration, we
aim to contribute to the evolving landscape of best practices for managing these complex
syndromes, particularly in sports medicine and beyond.

2. Pathophysiology and Symptomatology

The neurological consequences of SARS-CoV-2 have become a pivotal aspect of its
overall pathogenicity, warranting a deeper exploration into its mechanisms. Central to
the neurological impact of SARS-CoV-2 is the angiotensin-converting enzyme-2 (ACE2)
receptors. These receptors are a key facilitator for the virus’s entry into cells, a process that
notably includes neuronal cells and other cells within the brain [19]. As a result, ACE2
receptors play a crucial role in the neurological manifestations of COVID-19.

Interestingly, in milder cases of COVID-19, direct viral DNA is often not detected in
brain pathology or cerebrospinal fluid. This observation suggests that the neurological
symptoms may not always result directly from the viral presence in neural tissues. Instead,
these symptoms are primarily attributed to the body’s immune response to the virus.
Immune activation and inflammation become significant factors in this context. The
immune response, while crucial for fighting the virus, can inadvertently lead to adverse
neurological outcomes.

One such adverse outcome is endothelial dysfunction. The endothelium, a layer of
cells lining blood vessels, plays a critical role in maintaining vascular health and function.
In COVID-19, the inflammation and immune response can impair endothelial function.
This impairment can lead to disruptions in the blood–brain barrier, a critical structure that
regulates the passage of substances between the bloodstream and the brain [20–22]. The
disruption of the blood–brain barrier is particularly significant because it can lead to a
range of neurological complications, from mild symptoms like headaches to more severe
outcomes such as encephalopathy.

Moreover, there is a noteworthy parallel between the mechanisms involved in COVID-
19-related neurological impact and those in concussion pathology. In both scenarios, the
disruption of the blood–brain barrier and the ensuing endothelial dysfunction play a pivotal
role. This similarity suggests that there could be common therapeutic targets or strategies
that could be effective in mitigating the neurological impact of both conditions. Numerous
studies explore the melatonin potential as a therapeutic agent for neurological conditions,
particularly PCS and COVID-19-related neurological symptoms. Barlow et al. (2020) [23]
conducted a randomized clinical trial on children with PCS, finding no significant effect of
melatonin compared to placebo in reducing symptoms. However, an earlier protocol by
Barlow et al. (2014) [24] highlighted melatonin’s neuroprotective properties and potential
benefits for PCS treatment. Wongchitrat et al. (2021) [25] reviewed melatonin’s antiviral,
antioxidant, and neuroprotective properties, suggesting its potential role in treating virus-
induced neuropathogenesis, including COVID-19-related neurological symptoms. Iyer
et al. (2020) [26] investigated the neural correlates of melatonin treatment in pediatric PCS
patients, observing changes in functional connectivity and gray matter volume associated
with improved sleep parameters, despite no significant effect on overall symptom recovery.

While the direct presence of SARS-CoV-2 in neural tissues is not always evident in
milder COVID-19 cases, the neurological symptoms observed are likely a consequence of
systemic immune activation and inflammation. These responses, while part of the body’s
defense mechanism against the virus, can inadvertently compromise the integrity of the
blood–brain barrier and endothelial function, leading to a spectrum of neurological manifes-
tations. The parallels with concussion pathology further underscore the significance of these
mechanisms and may provide avenues for future research and therapeutic interventions.
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2.1. Post-Concussion Syndrome

The pathophysiology of post-concussion syndrome (PCS) presents a complex chal-
lenge, primarily due to the intricate pathophysiological mechanisms triggered by mild
traumatic brain injuries (MTBIs) or concussions [18,27,28].

The initial impact leads to a simultaneous series of pathophysiological changes, includ-
ing neuronal depolarization, alterations in glucose metabolism, the release of excitatory
neurotransmitters, changes in cerebral blood flow, and axonal dysfunction. These processes
are intricately linked to the development of symptoms, cognitive impairments, and changes
in motor control [28].

At the cellular level, these changes are marked by ionic shifts, notably the efflux of
potassium and the influx of sodium and calcium into neurons. These ionic changes activate
voltage- or ligand-gated ion channels, culminating in widespread neuronal depression,
which primes cells for barrier dysfunction and hampers their ability to clear debris and
resolve inflammation (Table 1) [29,30]. The subsequent attempt to restore ionic balance
depletes energy reserves, leading to an energy crisis due to both high demand for ATP by
ionic pumps and impaired energy delivery [29,31]. This energy mismatch, exacerbated
by mitochondrial dysfunction from increased intracellular calcium, can persist for days in
animal models and contributes to behavioral impairments, though its duration in humans
remains uncertain [29,31].

Table 1. Comparative analysis of PCNS/PASC and PCS.

Aspect PCNS/PASC PCS

Symptoms
Cognitive difficulties (brain fog), headaches,
dizziness, fatigue, sleep disturbances, mood
changes, anosmia, ageusia

Cognitive difficulties (memory, attention),
headaches, dizziness, fatigue, sleep
disturbances, mood changes, anosmia, ageusia

Pathophysiology

- Involvement of ACE2 receptors in
neuronal cells

- Systemic immune response and
inflammation

- Endothelial dysfunction and BBB
disruption from cytokine release

- Specific impacts on olfactory and taste
pathways, autonomic regulation

- Neuronal depolarization, altered glucose
metabolism

- Release of excitatory neurotransmitters
- Ionic shifts (potassium efflux,

sodium/calcium influx)
- Energy crisis and mitochondrial

dysfunction
- Axonal damage, neuroinflammation

Mechanisms of BBB
Disruption

Systemic inflammation and cytokine release
from immune response to SARS-CoV-2

Mechanical forces from initial injury causing
ionic fluxes and metabolic disturbances

Neurological Pathways Olfactory and taste pathways,
autonomic regulation

Cognitive processing, vestibular function,
post-traumatic headache syndromes

Current Treatment
Approaches

- Symptomatic relief and supportive care
- Cognitive rehabilitation
- Psychological support
- Physical therapy
- Pharmacological interventions for

specific symptoms

- Symptomatic relief and supportive care
- Vestibular therapy
- Cognitive therapy
- Psychotherapy
- Pharmacological treatments for

headaches, sleep disturbances, mood
disorders

Role of Exercise and Rehab
- Progressive aerobic exercises
- Resistance training
- Tailored exercise routines

- Gradual return-to-activity protocol
(stepwise approach)

- Balance between rest and activity

Implications for Athletes

- Exercise intolerance from systemic
inflammation

- Cognitive difficulties affecting
performance

- Psychological impact of prolonged
recovery

- Exercise intolerance from autonomic
dysfunction

- Cognitive difficulties affecting
performance

- Psychological impact of prolonged
recovery

ACE2: angiotensin-converting enzyme 2; BBB: blood–brain barrier; SARS-CoV-2: severe acute respiratory syn-
drome coronavirus 2.
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Concussions also disrupt neuronal architecture, damaging axons and microtubules
through calcium influx, phosphorylation, or mechanical stretch, and affecting cellular
transportation and causing axonal swelling [29,32,33]. This vulnerability is particularly pro-
nounced in the developing brains of children due to ongoing myelination, with advanced
neuroimaging techniques like diffusion tensor imaging (DTI) offering insights into such
structural disruptions [34,35].

Neuroinflammation is another critical component of concussion pathophysiology,
with rodent models showing upregulation of inflammatory genes and increased mi-
croglia/macrophage presence [36–39]. Myo-inositol levels rise following concussion, in-
dicating astrocyte activation and inflammation [40–43]. Magnetic resonance spectroscopy
(MRS) has been employed to detect these subtle neuroinflammatory changes and other
pathophysiological alterations in TBI cases [43–48].

The neurometabolic cascade following concussion is further complicated by the release
of excitatory neurotransmitters like glutamate, altering ion channels and NMDA recep-
tor function [29]. This leads to elevated levels of damage-associated molecular patterns
(DAMPs), glutamate, and ions, which disrupt cell function [49–51]. ATP and HMGB1,
types of DAMPs, recruit immune cells for tissue repair, while activated microglia respond
to injury, associated with poor outcomes [52–60]. The excessive release of glutamate and
the consequent overstimulation of its receptors exacerbate neuronal death through exci-
totoxicity, highlighting the critical role of glutamate transporters in mitigating cellular
toxicity [61–66].

Research suggests that not only calcium but also sodium dysregulation contributes
to cellular damage post-concussion, necessitating further investigation into sodium’s role
in neurological trauma [67,68]. Persistent alterations in sodium levels post-recovery may
increase the risk of adverse outcomes like memory decline [69].

2.2. From Pathophysiology to Symptomatology

The translation of these pathophysiological processes into the clinical presentation of
PCS is a complex interplay of biological, psychological, and social factors. The hallmark
symptoms of PCS—including cognitive deficits, headaches, dizziness, and emotional
lability—are likely reflections of the underlying neuronal and metabolic disturbances. For
instance, cognitive impairments could be rooted in disrupted neural networks and altered
neurotransmitter dynamics, while headaches might originate from dysregulated cerebral
blood flow and neuronal excitability.

In PCS, the persistence and interaction of these symptoms often result in a self-
perpetuating cycle, where the presence of one symptom exacerbates the others, creating a
complex clinical picture that challenges both diagnosis and management.

2.3. Symptoms of PCS

In PCS, the persistent symptoms that follow the initial injury are akin to uninvited
guests who linger long after the incident, disrupting the delicate equilibrium of daily life.
The clinical presentation of PCS is diverse and complex, encompassing a spectrum of
symptoms that, while individually familiar, collectively form a challenging puzzle for both
patients and clinicians [70].

Headaches, often described as relentless and unyielding, emerge as a prominent
symptom in the aftermath of concussion. These are not ordinary headaches; they can be
debilitating, disrupting the rhythm of daily activities and significantly impairing quality of
life. They vary in intensity and character, sometimes throbbing incessantly, at other times
presenting as a dull, constant ache that serves as a continual reminder of the injury [71].

Dizziness, another frequent companion of PCS, adds a disorienting layer to the pa-
tient’s experience. It is a sensation akin to being on an unsteady boat, where the world
seems to sway unpredictably. This symptom, in its persistence, can profoundly affect
balance and coordination, instilling a sense of vulnerability and uncertainty in navigating
physical spaces [18,70].
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Fatigue, too, is a common and particularly insidious symptom. It is not simply a
feeling of tiredness but an overwhelming sense of exhaustion that can envelop patients,
draining their energy and motivation. This fatigue is disproportionate to the activities
undertaken and can be a significant barrier to recovery, limiting the ability to engage in
both physical and cognitive rehabilitation exercises [70,72].

Cognitive difficulties, often described as brain fog, encompass a range of deficits
in memory, attention, and executive function. Patients describe a frustrating sense of
mental cloudiness, an inability to focus or process information as efficiently as before. This
cognitive impairment can affect professional and academic pursuits, straining one’s ability
to work or study effectively [18,73–75].

Sleep disturbances, ranging from insomnia to hypersomnia, further complicate the
recovery landscape. The restorative power of sleep, so crucial in healing, becomes elusive
for many. These disturbances can form a vicious cycle, where the lack of quality sleep
exacerbates other symptoms, such as cognitive difficulties and mood changes [76].

Mood changes, including depression and anxiety, often weave their way into the
tapestry of PCS. The chronic nature of symptoms, coupled with the disruption to daily
life and activities, can lead to frustration, sadness, and worry. The psychological impact
of PCS is profound, affecting not just the patients but also their support systems and
relationships [73,76].

The constellation of these symptoms presents a multifaceted challenge in managing
PCS. The chronicity and variability of symptoms necessitate a personalized and adaptive
approach to treatment.

3. Comparative Analysis
3.1. Overlapping Symptoms

The shared spectrum of symptoms between PCNS/PASC and PCS, particularly cogni-
tive difficulties, mood disturbances, sleep irregularities, and headaches, presents a fascinat-
ing yet perplexing clinical scenario. These symptoms, often subtle and non-specific, are
akin to shadows in the vast landscape of neurological conditions—elusive, often morphing,
and sometimes mirroring other neurologic disorders (Table 1).

Cognitive Difficulties: In both PCNS/PASC and PCS, patients frequently report a
troubling cloudiness of thought, a phenomenon colloquially referred to as ‘brain fog’. This
cognitive mist represents a significant overlap, blurring the lines between these two condi-
tions. Patients describe challenges in concentration, memory lapses, and an overarching
sense of mental sluggishness. These cognitive impairments, while not entirely unique to
either condition, reflect a disruption in the intricate neural networks, possibly stemming
from different pathophysiological origins [74,75].

Mood Disturbances: The labyrinth of mood disturbances in both PCNS/PASC and PCS
adds another layer of complexity. Patients often traverse a spectrum ranging from irritability
to more profound experiences of depression and anxiety (Table 1) [76,77]. This shared
emotional landscape raises intriguing questions about the underlying neurobiological
mechanisms. It suggests a potential commonality in the disruption of the neural circuits
and neurotransmitter systems involved in mood regulation, albeit triggered by different
etiological factors in PCNS/PASC and PCS.

Sleep Irregularities: The interplay between sleep and neurological health is profoundly ex-
hibited in both conditions. Patients commonly report a disruption in sleep patterns, including
difficulties in falling asleep, staying asleep, or experiencing restorative sleep (Table 1) [78–80].
This intersection of sleep disturbance provides a compelling area for further exploration,
considering the critical role of sleep in neurological repair and emotional regulation.

Headaches: The prevalence of headaches in both PCNS/PASC and PCS marks a
symptomatic crossroad. While the headache types may vary, their presence is a testament
to the shared symptomatology (Table 1). In PCS, headaches might be attributed to the
direct impact of traumatic brain injury, whereas in PCNS/PASC, the etiology could be more
diverse, including inflammatory responses or vascular changes [81,82]. Another common
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symptom in PCS and PCNS/PASC is the presence of anosmia (loss of smell) and ageusia
(loss of taste) in PCNS/PASC, symptoms that have emerged as somewhat pathognomonic
of COVID-19. In post-concussion syndrome, anosmia and ageusia may result from direct
trauma to the brain, particularly affecting the areas that process smell and taste sensations.
These symptoms can occur immediately after the injury or develop over time. The duration
and severity of anosmia and ageusia in PCS vary, depending on factors like the severity of
the initial injury and individual recovery processes [83].

In the context of Long COVID, anosmia and ageusia are also common symptoms.
They are thought to be related to the virus’s impact on the nervous system, especially the
nerve cells involved in smell and taste (Table 1) [84]. Unlike PCS, where the cause is usually
a direct physical injury to the brain, in Long COVID these symptoms might arise from the
virus’s indirect effects on neural pathways.

The convergence of these symptoms in PCNS/PASC and PCS not only complicates
clinical diagnosis but also presents a therapeutic conundrum. Clinicians are often tasked
with deciphering these symptoms’ origins, akin to navigating a complex maze without
a clear starting point. The overlapping nature of these symptoms necessitates a nuanced
approach to diagnosis, one that considers a comprehensive clinical history, a careful neuro-
logical examination, and, when appropriate, ancillary testing.

Furthermore, this symptom overlap underscores the importance of a tailored, patient-
centric approach in management. It challenges healthcare providers to look beyond the
conventional diagnostic categories and consider a more holistic view of the patient’s
symptomatology. Consequently, treatment regimens must be as dynamic and multifaceted
as the symptoms, often requiring a combination of pharmacological, rehabilitative, and
psychological strategies.

3.2. Differences in Symptomatology and Pathophysiology

In the quest to unravel the complexities of post-COVID-19 neurological syndrome
(PCNS/PASC) and PCS, it becomes imperative to discern the nuanced differences that exist
in their symptomatology and underlying pathophysiological mechanisms. While both con-
ditions exhibit a convergence of symptoms, particularly in cognitive and neuropsychiatric
domains, they diverge significantly in certain clinical manifestations and the intricacies of
their pathogenesis [71–84].

The pathophysiological landscape of PCNS/PASC and PCS, while sharing overlapping
territories, diverges in significant ways. Both conditions implicate the disruption of the
blood–brain barrier (BBB), a critical structure maintaining CNS homeostasis (Table 1) [84].
The mechanisms leading to this disruption appear to diverge. In COVID-19, the BBB
disruption is hypothesized to stem from a systemic inflammatory response, a byproduct
of the body’s immune reaction to the viral infection. This inflammation, characterized by
cytokine release and immune cell activation, has been implicated in a range of neurological
symptoms observed in PCNS/PASC [85]. Conversely, in PCS, the BBB disruption is more
frequently attributed to the mechanical forces exerted during the initial injury [84]. These
forces result in a cascade of neuronal and vascular changes, including ionic fluxes and
metabolic disturbances, which culminate in a constellation of symptoms that define PCS.
Although inflammation plays a role in PCS, its nature and extent differ from the systemic
immune response observed in COVID-19. The inflammatory response in PCS tends to be
more localized and secondary to the primary mechanical insult.

Additionally, the specific neurological pathways affected in each condition reveal
further divergences. PCNS/PASC demonstrates a peculiar involvement of neuronal pop-
ulations associated with olfaction and taste, as well as potential impacts on autonomic
regulation (Table 1) [82,86]. In PCS, the affected pathways often relate more to cognitive pro-
cessing, vestibular function, and sometimes post-traumatic headache syndromes, reflecting
the diffuse and multifocal nature of the initial mechanical injury [80,87–89].

These differences carry significant implications for clinical management and rehabil-
itation strategies. Understanding the unique pathophysiological underpinnings of each
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condition is crucial for developing targeted therapeutic approaches. Furthermore, these
distinctions underscore the need for precision in diagnostic processes. The overlapping
symptomatology can pose diagnostic challenges, particularly in cases where patients
present with both conditions, such as athletes who have experienced concussions and later
contract COVID-19. In such scenarios, a keen understanding of these nuances becomes
paramount in disentangling the symptomatology attributable to each condition, thereby
guiding effective treatment strategies.

While PCNS/PASC and PCS share common ground in their clinical presentations, the
divergences in their symptomatology and pathophysiological mechanisms highlight the
complexity and heterogeneity of neurological conditions. A deeper exploration into these
differences not only enriches understanding but also paves the way for more tailored and
effective clinical interventions.

4. Management and Rehabilitation Strategies
4.1. COVID-19 Neurological Syndrome

Current Treatment Approaches: The management of post-COVID-19 neurological
syndrome (PCNS) primarily revolves around symptomatic relief and supportive care.
Given the novelty of the condition, treatment protocols are continually evolving. Current
strategies include cognitive rehabilitation for addressing memory and concentration issues,
psychological support for mental health symptoms, and physical therapy for addressing
fatigue and muscle weakness [89]. Pharmacological interventions may also be used for
specific symptoms like headache or neuropathic pain [89,90].

Role of Exercise and Rehabilitation: Rehabilitation for PCNS also emphasizes the
role of exercise, particularly progressive aerobic exercises and resistance training (Table 2).
This approach aligns with the growing recognition of the benefits of physical activity in
improving cognitive and psychological outcomes in neurological conditions (Table 1) [89].
Exercise routines are tailored to individual capabilities and are aimed at gradually improv-
ing endurance and strength without exacerbating symptoms.

Table 2. Rehabilitation strategies and implications for athletes.

Aspect PCNS/PASC PCS

Rehabilitation Goals

- Reduction of cognitive symptoms
- Improvement of quality of life
- Psychological support
- Physical rehabilitation

- Reduction of post-concussion symptoms
- Recovery of cognitive and physical functions
- Psychological support

Types of Exercises
and Therapies

- Progressive aerobic exercises
- Resistance training
- Cognitive therapy
- Physical therapy

- Gradual return to activity protocol
- Vestibular therapy
- Cognitive therapy
- Physical therapy

Pharmacological
Interventions

- Treatment of headaches
- Treatment of neuropathic pain
- Medications for sleep disorders

- Treatment of persistent headaches
- Medications for sleep disorders
- Antidepressants and anxiolytics

Psychological Support
- Counseling and psychological support
- Management of anxiety and depression

- Cognitive behavioral therapy
- Stress and anxiety management

Implications for Athletes

- Exercise intolerance due to
systemic inflammation

- Cognitive difficulties affecting performance
- Psychological impact of prolonged recovery

- Exercise intolerance due to
autonomic dysfunction

- Cognitive difficulties affecting performance
- Psychological impact of prolonged recovery

Return to Sport Activity
- Cautious and gradual strategy
- Close monitoring of symptoms
- Personalized exercise program

- Gradual and controlled return to
activity protocol

- Close monitoring of symptoms
- Balance between rest and activity

Factors to Consider
- Severity of PCNS/PASC symptoms
- Impact on cognitive and physical functions
- Need for continuous support

- Severity of PCS symptoms
- Impact on cognitive and physical functions
- Need for continuous support

PCNS: post-COVID-19 neurological syndrome; PASC: post-acute sequelae of SARS-CoV-2 infection; PCS: post-
COVID-19 syndrome.
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4.2. Post-Concussion Syndrome

Treatment Modalities for PCS: The management of PCS is multifaceted, targeting
specific symptoms and their underlying causes. This includes vestibular therapy for balance
and dizziness, cognitive therapy for memory and concentration issues, and psychotherapy
for addressing mental health challenges (Table 1). Pharmacological treatments may be used
for persistent headaches, sleep disturbances, and mood disorders [80,91].

Rehabilitation Focus: Rehabilitation in PCS often involves a gradual return-to-activity
protocol, commonly known as the “stepwise approach”. This protocol ensures that patients
progressively increase their activity levels without triggering a resurgence of symptoms.
The focus is on creating a balance between rest and activity, avoiding both physical and
cognitive overexertion (Table 2) [91].

5. Implications for Athletes

The intersection of COVID-19 and concussion within the athletic community under-
scores a multifaceted challenge, requiring careful consideration of the implications for
athletes’ health and their safe return to sport. This dual concern introduces a complex
clinical landscape that demands a nuanced understanding and strategic approach, particu-
larly in light of the compounded challenges presented by both conditions and the unique
demands of athletic performance.

Supporting Data: Challenges Faced by Athletes
Exercise Intolerance: Numerous studies have examined the COVID-19 impact on

exercise capacity and cardiopulmonary function in athletes and physically active adults.
While Komici et al. (2021) [92] found no significant reduction in exercise capacity during
early recovery, other studies reported persistent limitations. Singh et al. (2021) [93] ob-
served markedly reduced peak exercise aerobic capacity and impaired systemic oxygen
extraction in recovered patients. Baratto et al. (2021) [94] noted reduced exercise capacity
and augmented exercise hyperventilation, primarily due to peripheral factors like ane-
mia and reduced oxygen extraction. Ladlow et al. (2022) [95] found that hospitalized
patients and those with persistent symptoms had lower oxygen uptake at peak exercise
compared to controls, even after 5 months. However, community-managed individuals
who felt recovered showed no significant differences from controls. Collectively, these
findings suggest that COVID-19 can have lasting effects on exercise capacity, particularly
in more severe cases, highlighting the need for ongoing monitoring and rehabilitation in
affected individuals.

Cognitive Difficulties: Recent studies have highlighted the COVID-19 cognitive im-
pacts, with evidence of persistent brain fog affecting memory, attention, and executive
function. A study by Becker et al. [96] found that cognitive impairment could last seven
months or longer, particularly in hospitalized patients (D’arrigo, 2022). Arbula et al.
(2024) [97] reported significant attention deficits and mild executive function impairments
in post-COVID patients, along with psychological alterations. Warren et al. (2022) [98]
discussed the post-infectious neurocognitive syndrome associated with SARS-CoV-2, em-
phasizing the need for lifestyle changes and rehabilitation strategies. A comprehensive
review by Daroische et al. (2021) [99] found that 15–80% of patients experienced global
cognitive impairment, with specific deficits in attention, executive functions, memory,
and verbal fluency. These findings underscore the cognitive assessment importance for
COVID-19 patients, regardless of disease severity or treatment methods, and highlight the
need for further research with larger sample sizes and control groups.

Mental Health Issues: The COVID-19 pandemic significantly impacted college stu-
dents’ mental health, particularly among student-athletes. Multiple studies reported
increased stress, anxiety, and depression among students during this period [100,101]. A
survey of NCAA athletes revealed a rise in mental health issues, exacerbated by disrupted
training schedules and competition uncertainties [102]. Female athletes were found to be
more affected, reporting lower satisfaction with mental health and physical preparedness
compared to male counterparts [103]. Factors contributing to mental health challenges
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included concerns about personal and loved ones’ health, academic performance, and
decreased social interactions [100,101]. Interestingly, while the general population showed
increased substance use, NCAA athletes reported no significant changes in this regard [103].

Research indicates that athletes’ brains exhibit distinct structural and functional adap-
tations compared to inactive athletes. Master athletes demonstrate superior cognitive
function compared to sedentary counterparts, exhibiting better verbal memory and reaction
times [104]. They also show larger regional brain volumes and enhanced cognitive per-
formance [105]. Regular exercise appears to preserve brain function and increase physical
health, potentially mitigating age-related cognitive decline [104].The relationship between
exercise intensity and cognitive performance follows an inverted-U curve for non-athletes,
while athletes maintain improved attentional behavior, even at higher exercise intensi-
ties [106]. Conversely, physical inactivity may lead to structural changes in the neurons
associated with cardiovascular regulation, potentially increasing the risk of cardiovascular
disease [107]. These findings collectively emphasize the importance of maintaining physical
activity throughout life to preserve neurological health and cognitive function.

Athletes, known for their high physical performance and resilience, face significant
risks when dealing with the aftermath of concussions or battling the effects of COVID-19.
Concussions have been extensively documented to impair cognitive function, physical
abilities, and emotional balance, factors crucial for peak athletic performance [74,75]. The
symptoms of PCS—including headaches, dizziness, and cognitive difficulties—can severely
impact an athlete’s ability to train, compete, and engage in daily activities [76,77].

COVID-19 adds another layer of complexity to this scenario. Beyond the acute phase
of infection, the post-acute sequelae of SARS-CoV-2 infection (PASC), commonly referred to
as Long COVID, encompasses a range of symptoms such as fatigue, dyspnea, and cognitive
fog, mirroring some aspects of PCS [78–80]. These overlapping symptoms can complicate
the diagnosis, management, and recovery processes for athletes, potentially extending their
time away from sport and hindering performance long after the initial recovery period.

The confluence of these conditions necessitates a tailored, interdisciplinary approach
to manage athlete health, emphasizing the need for comprehensive clinical evaluations and
a cautious return-to-play protocol. Given the potential for prolonged recovery times and the
risk of exacerbating symptoms, medical professionals should adopt a conservative strategy,
prioritizing the athlete’s long-term health over immediate return to competition [81,82].

Rehabilitation programs should be designed to address both the physical and cogni-
tive aspects of recovery, ensuring athletes receive support tailored to their specific needs.
Cognitive rehabilitation, physical therapy, and gradual exercise programs can help address
the symptoms of PCS and PASC, facilitating a safer return to athletic activities [83,84].

Moreover, the psychological impact of prolonged recovery, fear of reinfection, or
anxiety about returning to play post-concussion should not be underestimated (Table 2).
Psychological support services and counseling should be integrated into the recovery
process, providing athletes with the mental health resources needed to navigate this chal-
lenging period [85,86].

The intersection of COVID-19 and concussion within athletics demands a careful,
multidisciplinary approach to ensure the safe and effective return of athletes to sport.
Clinicians and sports medicine professionals must remain vigilant, adopting evidence-
based practices to manage these complex cases. Tailoring recovery protocols to each
athlete’s unique circumstances will be paramount in safeguarding their health and ensuring
their long-term success in their respective sports.

6. Dual Challenge of COVID-19 and Concussions

Athletes contending with the sequelae of both post-COVID-19 neurological syndrome
(PCNS/PASC) and persistent post-concussive symptoms (PPCS) encounter a multifaceted
challenge. This dual burden complicates the clinical picture, as both conditions indepen-
dently contribute to symptoms like exercise intolerance, cognitive difficulties, and mental
health issues, which are further exacerbated when combined.
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Exercise Intolerance: This symptom is particularly challenging for athletes, as both
PCNS/PASC and PPCS can lead to significant reductions in physical performance. The
underlying causes—ranging from systemic inflammation in PCNS/PASC to autonomic
dysfunction in PCS—can lead to a decreased ability to engage in high-intensity physical
activities, which are fundamental in most sports (Tables 1 and 2) [108,109].

Cognitive Difficulties: Impairments in concentration, memory, and other cognitive
functions can be debilitating for athletes, whose sports often require quick decision-making,
strategic thinking, and sustained attention (Table 1) [74,75]. The cognitive load of processing
game dynamics in the presence of these symptoms can lead to suboptimal performance
and increase the risk of further injury.

Mental Health Issues: The psychological impact of both conditions cannot be under-
stated. Athletes, often accustomed to high levels of physical activity and competition,
may experience heightened levels of anxiety, depression, or stress due to their prolonged
recovery and uncertainty about their sports career (Table 1) [76–78].

7. Adapting Management Strategies

Given these challenges, sports medicine practitioners must adopt a dynamic and
individualized approach to managing athletes recovering from COVID-19, concussion,
or both.

Close Monitoring of Symptoms: Regular and thorough assessment of symptoms is
critical (Table 2). This involves not only tracking the resolution or persistence of symptoms
but also understanding how they manifest during different levels of physical activity.

Gradual Increase in Physical Activity: The cornerstone of returning to play post-injury
or illness is a carefully graded exercise program. This approach helps in gauging the
athlete’s tolerance to physical activity and in identifying any exacerbation of symptoms,
which could indicate a need to slow down the progression.

Psychological Support: Given the mental health implications, providing psychological
support is as crucial as addressing physical health. This support can range from counseling
services to strategies aimed at coping with stress and anxiety related to the recovery process.

Baseline and Post-Injury Neurologic Testing: Preseason baseline testing becomes in-
valuable in this context, as it offers a reference point to compare an athlete’s post-injury state.
Subsequent neurologic testing aids in determining the extent of recovery and readiness to
resume sport-specific activities.

Return-to-Sport Decisions: Decisions regarding return to sport should be multifacto-
rial, considering not only the resolution of symptoms but also the athlete’s overall physical
and mental readiness. This decision-making process must be collaborative, involving
athletes, healthcare providers, and coaches, ensuring that the athlete’s health and safety
are prioritized.

The intersection of COVID-19 and concussion in athletes underscores the intricacies of
managing sports-related medical conditions. It demands a holistic approach that transcends
conventional treatment protocols, emphasizing the need for personalized care strategies
that cater to the multifaceted needs of athletes. The ultimate goal is to facilitate a safe
return to sport while safeguarding the long-term health and well-being of the athlete, a
challenge that requires astute clinical acumen, interdisciplinary collaboration, and a deep
understanding of the unique demands of athletic performance.

8. Future Directions and Conclusions

As we peer into the future of managing post-COVID-19 neurological syndrome
(PCNS/PASC) and PPCS, it becomes increasingly evident that the journey is as much about
unearthing new knowledge as it is about refining the current practices. This path is paved
with both challenges and opportunities, compelling healthcare providers to evolve continually
in their understanding and management of these complex neurological conditions.

Moving forward, healthcare providers should prioritize the following actions in man-
aging PPCS:
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- Implement Multidisciplinary Care: Adopt needs-based multidisciplinary care models
that integrate medical, psychological, and rehabilitative expertise to effectively address
the diverse needs of PPCS patients.

- Tailor Rehabilitation Programs: Develop personalized rehabilitation programs guided
by pathophysiological insights and comprehensive assessment to target specific symp-
toms and underlying mechanisms contributing to PPCS.

- Utilize Technology: Harness technology for treatment delivery and monitoring to
enhance precision in symptom management and rehabilitation progress tracking, as
recommended.

- Emphasize BioPsychoSocial Assessment: Ensure accurate diagnosis and treatment
planning through a BioPsychoSocial framework, addressing biological, psychological,
and social factors that influence PPCS outcomes.

- Promote Further Research: Support ongoing research efforts to refine diagnostic
criteria, optimize rehabilitation techniques, and improve long-term outcomes for
PPCS patients.

9. Research Gaps: Uncharted Territories in Neurological Effects

In the current research landscape, there is a distinct lack of comprehensive longitudinal
studies addressing the enduring neurological implications of COVID-19 and concussion.
The collective response and understanding of these conditions have been largely reactionary,
focusing primarily on immediate clinical needs. For a more complete understanding, it
is imperative to transition towards proactive and thorough research initiatives. A critical
area of focus should be the longitudinal impact, particularly examining the long-term
cognitive, psychological, and physical effects of post-COVID-19 neurological syndrome
(PCNS)/post-acute sequelae of SARS-CoV-2 infection (PASC) and PPCS. Understanding
these long-term effects is vital for developing effective management strategies. Another
pivotal aspect is the optimization of treatment strategies. There is a pressing need to
devise and refine therapeutic interventions that are specifically tailored to the unique
characteristics of each condition. This involves a nuanced approach that takes into account
the individual variances of each condition and how they manifest in different patients.
Equally important is the development of rehabilitation protocols. These protocols should
be dynamic, capable of adapting to the individual needs of patients, and should evolve
in tandem with the growing understanding of these neurological conditions. The aim
is to provide rehabilitation that is as personalized and effective as possible. Lastly, the
identification of predictive outcomes is crucial. Recognizing early markers or predictors
of long-term outcomes can play a significant role in guiding early intervention strategies.
This proactive approach could significantly improve the management of these conditions
by allowing for earlier, more targeted interventions, potentially altering the course of
recovery and long-term impact. Overall, by delving into these areas, we can hope to gain a
more comprehensive understanding of the long-term effects of COVID-19 and concussion,
leading to more effective treatment and management strategies for those affected.

10. Holistic Approach: The Convergence of Disciplines

The complexity of post-COVID neurological syndrome (PCNS), post-acute sequelae
of SARS-CoV-2 infection (PASC), and post-Post-COVID Syndrome (PPCS) demands a
treatment paradigm that extends beyond conventional approaches. Embracing a holistic,
interdisciplinary method is not only advantageous but indispensable for effective manage-
ment of these conditions. This comprehensive approach orchestrates expertise from diverse
fields such as neurology, psychiatry, physical therapy, sports, and occupational medicine.
Each of these disciplines contributes its distinct perspective and specialized skills, enriching
the treatment landscape and the well-being of the athlete [110,111], supporting them in
increasing personal achievements to constantly obtain remarkable performances in sports,
but in at the same time it protects their occupational health in the conditions of extreme
effort characteristic of competitive activity [112].
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In this collaborative framework, comprehensive care strategies emerge as a corner-
stone. This involves the integration of various therapeutic modalities, ensuring a holistic
consideration of all aspects of a patient’s health. The treatment is not one-size-fits-all; rather,
it is finely tuned to the individual’s needs. Personalized treatment plans are crafted with
meticulous attention to the unique clinical manifestations of each patient, ensuring that
interventions are as individualized as the patients themselves. Moreover, this collaborative
ethos fosters the development of innovative rehabilitation techniques. By pooling the
collective expertise of these varied disciplines, novel rehabilitation strategies are conceived.
These strategies are not only more effective but are also centered around the patient’s
specific needs and conditions. Such innovation is crucial in addressing the multifaceted
challenges presented by PCNS, PASC, and PPCS, ensuring a patient-centered approach
that is both cutting-edge and deeply responsive to individual health trajectories.

11. Final Remarks

The journey through the realms of PCNS/PASC and PPCS is a testament to the dy-
namic nature of medical science. The parallels and distinctions between these conditions
provide a rich tapestry of clinical insights, each representing a unique challenge or oppor-
tunity. As understanding deepens, strategies in treatment and rehabilitation must adapt,
characterized by a blend of vigilance, innovation, and research.

In conclusion, the task at hand for healthcare providers is twofold. Firstly, to continu-
ously expand the knowledge base through dedicated research and study, filling the gaps
that currently exist in understanding these conditions. Secondly, to apply this evolving
knowledge in a manner that is holistic, patient-centered, and interdisciplinary, ensuring
that approaches to treatment are as multifaceted as the conditions being managed. In doing
so, outcomes for patients affected by PCNS/PASC and PPCS can be improved, while also
paving the way for future advancements in the field of neurological care.
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