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Abstract: Long COVID is a common sequela of SARS-CoV-2 infection. Data from numerous scien-
tific studies indicate that long COVID involves a complex interaction between pathophysiological
processes. Long COVID may involve the development of new diagnosable health conditions and
exacerbation of pre-existing health conditions. However, despite this rapidly accumulating body of
evidence regarding the pathobiology of long COVID, psychogenic and functional interpretations of
the illness presentation continue to be endorsed by some healthcare professionals, creating confusion
and inappropriate diagnostic and therapeutic pathways for people living with long COVID. The
purpose of this perspective is to present a clinical and scientific rationale for why long COVID should
not be considered as a functional neurologic disorder. It will begin by discussing the parallel historical
development of pathobiological and psychosomatic/sociogenic diagnostic constructs arising from
a common root in neurasthenia, which has resulted in the collective understandings of myalgic
encephalomyelitis/chronic fatigue syndrome (ME/CFS) and functional neurologic disorder (FND),
respectively. We will also review the case definition criteria for FND and the distinguishing clinical
and neuroimaging findings in FND vs. long COVID. We conclude that considering long COVID
as FND is inappropriate based on differentiating pathophysiologic mechanisms and distinguishing
clinical findings.

Keywords: post-COVID-19 condition (PCC); post-acute sequalae of COVID-19 (PASC); myalgic
encephalomyelitis; chronic fatigue syndrome; neurasthenia; conversion disorder; dysautonomia;
neurology; physical examination; imaging

1. Introduction

Severe fatigue that impairs usual function long has been described throughout recorded
human history. The neurologists Beard [1] and Charcot [2] were among the first to charac-
terize the health condition ‘neurasthenia’ in the latter half of the 19th century. Based on
this common historical root in neurasthenia, two divergent scholarly and clinical paths
have taken shape over time. The first path involves a pathogenic disease model rooted
in the scientific process, resulting in a rich literature describing pathobiology and various
attempts at creating specific case definition criteria. This path has resulted in the label of
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CEFS). The second path is a psy-
chosomatic/sociogenic illness construction that has incorporated ideas from contemporary
neuroscience into an unbroken conceptual chain linking back to neurasthenia. This path
has resulted in the label of functional neurologic disorders (FND).
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Long COVID has caused a renewed scholarly and clinical focus on complex chronic
conditions associated with infections [3-19]. According to the National Academy of Science,
Engineering, and Medicine definition, long COVID is “an infection-associated chronic
condition that occurs after SARS-CoV-2 infection and is present for at least 3 months as
a continuous, relapsing and remitting, or progressive disease state that affects one or
more organ systems” ([20], p. 2). Long COVID consists of single or multiple symptoms
attributable to single or multiple diagnosable conditions [20]. It can follow asymptomatic,
mild, or severe SARS-CoV-2 infection [20]. Among individuals with a positive COVID-
19 test, approximately 43% of non-hospitalized cases and over half of hospitalized cases
report symptoms and signs of long COVID, according to data from the first two years
of the pandemic [21]. More recently, testing for SARS-CoV-2 infection has become far
less frequent within society and surveillance testing has been discontinued. In addition,
many individuals with COVID-19 now convalesce outside the medical system, so these
cases are undetected. These observations suggest the prolonged decreases in function and
delayed recovery [22-25] associated with COVID-19 may be undercounted and accelerating
over time.

The intensity and disablement of fatigue associated with long COVID is similar to
other post-viral conditions, including post-treatment Lyme disease [26], chronic Epstein—
Barr infection [27], and post-mononucleosis syndrome [28]. The condition may range
from mild impairment of function to severely disabling exhaustion. Patient complaints
include severe waxing and waning fatigue, worsening fatigue the day after exertion, and
dramatic exacerbation by efforts to exercise. Associated symptoms, including cognitive
impairment (often referred to by patients as brain fog, diffuse chronic pain, sleep disrup-
tion, and autonomic dysfunction, including POTS, migraine, gastrointestinal dysmotility,
and temperature intolerance are common concomitants. The onset of symptoms may be
continuous from the time of infection or delayed in onset by weeks or months following
an apparent full recovery from the acute phase of infection [20]. Long COVID disable-
ment can range from mild to severe, and it can resolve in a period of months, or it can
persist and worsen over time. Disablement related to long COVID may result in profound
functional impairments in self-care, as well as family, social, school, and occupational
roles [20]. Post-exertional malaise/ post-exertional neuroimmune exhaustion (PEM/PENE)
is common among people with long COVID [25,29,30], which accounts for the persistent,
severe, and often progressive pattern of disablement in long COVID. PEM/PENE is a
clinical hallmark of ME/CFS, suggesting an ME-like subtype of long COVID is preva-
lent [25,29,31-33]. Therefore, it is perhaps unsurprising that many of the same themes
historically characterizing the narrative about ME/CFS are still influencing the discourse
surrounding long COVID.

An accumulating body of research indicating the underlying pathophysiology of long
COVID involves a complex interaction between processes and systems. Long COVID has
been acknowledged to exacerbate pre-existing health conditions, or it may present as new
diagnosable health conditions [20]. However, psychosomatic/sociogenic illness constructs
continue to influence the contemporary discourse related to long COVID [34]. This clinical
perspective will anchor the current discourse regarding long COVID into the historical
context involving a parallel development of ME/CFS (predominately pathobiological) and
FND (predominately psychosomatic/sociogenic) diagnostic constructs. This perspective
will now review the clinical findings and neurobiological pathology of long COVID, devel-
oping a clinical and scientific rationale for why it is inappropriate to consider long COVID
as FND.

2. Pathobiological Disease Characterization: From Neurasthenia to Myalgic
Encephalomyelitis/Chronic Fatigue Syndrome

Some neurologists considered neurasthenia as a form of nervous exhaustion that
caused severe mental and physical fatigue, even following the mild exertions associated
with normal daily functions like self-care, family and community activities, and remu-
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nerative work [35]. Weakness characterized by abnormally rapid fatiguability and slow
recovery following exertion were classically associated with neurasthenia. Yet, people
with neurasthenia generally had unremarkable findings on physical examination despite
having often severe functional limitations from a whole constellation of associated signs
and symptoms. Nervous system exhaustion, nerve over-excitability, and impaired cerebral
blood flow all were implicated as potential patho-etiological factors, perhaps secondary to
overwork, toxicity, or infection [35]. The absence of remarkable physical findings consistent
with neurasthenia, perhaps combined with a high prevalence of neurasthenia in women,
led to early psychological theories suggesting that emotional disturbances correspond-
ing to the severe physical and mental symptoms, signs, and disablement must be causal
factors [35].

The personal and societal challenges of persistent fatigue never abated, even as the
diagnosis of neurasthenia began to fall out of favor. It was during this time that the
association between persistent fatigue and infection began to be more deeply explored. In
1934, Gilliam [36] documented an outbreak of infectious disease that caused lingering signs
and symptoms at Los Angeles County General Hospital in the United States. Poliomyelitis
was the best-known epidemic at the time, so Gilliam called this new condition atypical
poliomyelitis [36]. Outbreaks of atypical poliomyelitis were also documented in Iceland
in 1946-1947 and 1948-1949 [37]. In 1955, the term benign myalgic encephalomyelitis
(ME) was introduced to describe the post-acute signs and symptoms following infectious
disease at the Royal Free Hospital (London, UK) [38,39]. The term epidemic ME was then
coined at a 1978 symposium of the Royal Society of Medicine [40]. This development
was the medical community’s first acknowledgement of ME as a distinct disease process,
instead of a behavioral disorder. ME began to reach the popular consciousness in the
mid-1980s US following an outbreak of post-infectious illness in Incline Village, Nevada.
Work surrounding this outbreak led to assigning the name chronic fatigue syndrome (CFES)
to signs and symptoms following an infection [4]. Although clinicians and researchers
thought this term best described the phenomenon [41], people with ME believe it poorly
represents their lived experience. Unsurprisingly, the term CFS remains deeply unpopular
among people living with ME/CFS [42] even as it continues to find a common usage.

The nature of lingering symptoms, signs, and disability was the subject of explo-
ration as the various outbreaks were documented. Ramsay first coined the term epidemic
malaise to describe the phenomenon of muscle weakness that was worsened upon re-
peat testing [38,39]. This observation of a physical performance decline in response to a
previous exertion was formative to developing contemporary case definition criteria for
ME/CFS. PEM/PENE is now recognized as a whole host of unusual signs and symptoms
following exertion, such as profound fatigue, cognitive dysfunction (such as impairment
in attention, short-term memory, and performing mental calculations), sleep disturbance,
clinical presentations consistent with viral reactivation (such as fevers, swollen glands, and
pharyngitis), body and joint pains, headaches, and muscle weakness [43-50]. PEM /PENE
appears responsible for the episodic disability observed in people living with ME/CFS.
Episodic disability suggests a person’s physical and cognitive abilities may vary substan-
tially within a short term of hours to days (i.e., microcycling) and a long term of weeks,
months, and years (i.e., macrocycling) [51,52]. In addition, PEM/PENE has increasingly
become a component of case definition criteria over time to differentiate the phenomenon
of debilitating fatigue, among other signs and symptoms, after exposure to a pathogen or
toxin from other causes of fatigue.

Various case definitions to describe ME have been created throughout the late 20th
century and early 21st century. These case definitions include the Holmes et al. [4] criteria
(1988), Oxford criteria (1991) [53], Fukuda et al. criteria (1994) [53] and its elaboration
by Reeves et al. (2005) [54], Canadian Consensus Criteria (CCC; 2003) [43], International
Consensus Criteria for ME (ICC-ME; 2011) [44], criteria for Systemic Exertional Intolerance
Disease (SEID; 2015) [55], and the UK National Institute for Health and Care Excellence
guideline (UK NICE; 2021) [56]. There has been a progressively increasing prominence for
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the role of PEM/PENE as an important differentiating factor between ME/CFS and other
health conditions associated with fatigue. PEM/PENE is now perhaps the most important
specific (rule-in) consideration to identify ME/CFS and distinguish it from other health
conditions that involve disabling fatigue.

ME was first discussed as being different from other neurological disease processes in
a 1956 paper that first used the term “benign myalgic encephalitis” to distinguish it from
other infectious encephalitic infections and, perhaps most importantly, hysteria [57]. It was
first assigned an International Classification of Diseases (ICD) code in the ICD-8 1969 (code
332) [58]. ME and CFS are included in ICD-11 as post-viral syndromes (8E49) [59]. Inclusion
of ME is evidence of improving legitimacy within the biomedical community, as the clinical
characteristics and courses of these conditions have become better understood over time.
Notably, ME and CFS are not included in the ICD as mental or behavioral disorders [59].
Key points in the development of a pathobiological disease construction resulting in the
collective understanding of ME/CFS are summarized in Figure 1.

1950s-1960s 1980s. 20008 2020s
benign chronic Canadian United
myalgic fatigue Consensus Kingdom
encephalomyelitis, syndrome Criteria NICE Criteria
dedicated ICD code
1970s 1990s 2010s
atypical epidemic Fukuda et al International
poliomyelitis myalgic case definition Consensus

encephalomyelitis criteria Criteria

O OO0 OO

Pathobiological Disease Construction

Psychosomatic/Sociogenic Illness Construction

1950s
conversion
reaction

2010s
somatoform
disorders

1960s 2020s
hysterical Functional
neurosis Neurological
Symptom
Disorder

Figure 1. Key time points in the parallel development of disease and illness constructions resulting
in myalgic encephalomyelitis /chronic fatigue syndrome (pathobiological illness construction) and
functional neurologic disorder (psychosomatic/sociogenic illness construction), based on a common
historical root in neurasthenia.

3. Psychosomatic/Sociogenic Illness Construction: From Neurasthenia to Functional
Neurologic Disorder

While decades of scientific work have led down the path of iterative case definition
criteria and the determining of the underlying pathophysiology of ME/CEFS, a parallel
path largely has repeated old thinking with new labels (Figure 1). The first edition of the
Diagnostic and Statistical Manual (DSM) of the American Psychiatric Association listed
hysteria as conversion reaction [60], transitioning to hysterical neurosis in the DSM’s second
edition [61]. These titles were based on the early concepts of hysteria as a uterine disorder in
women [62]. A major underlying hypothesis advanced by Freud is that hysterical disorders
involved the conversion between a somatic symptom and a repressed feeling or idea,
such as a somatic symptom arising from anxiety, hence the term conversion disorder [63].
With the transition away from a system classifying disorders based on putative etiology
and toward a contemporary system of psychodiagnostics by clinical phenomenology, the
third edition of the DSM replaced hysterical neurosis with dissociative disorders and
conversion disorders under the broader classification of somatoform disorders [62]. Early
hypotheses regarding the etiology of hysteria were carried forward into thinking about
somatoform disorders. Psychoanalytic theories suggested the repressed expression of
conflicted unconscious drives, learning theories held that people with conversion disorders
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benefitted from secondary gain of their somatic symptoms, and sociocultural hypotheses
were that somatic symptoms occur in substitution of the expression of intense forbidden
ideas and emotions [63].

In 2013, the term “functional neurological symptom disorder” was introduced in the
DSM Version 5 Text Revision (DSM-V-TR) [64] and conversion disorder remained the
main nomenclature. The 2022 revision of DSM-V-TR then changed the primary name
to functional neurological symptom disorder and maintained conversion disorder as a
synonym (Box 1) [65]. FND is now classified by the International Classification of Diseases
(ICD-11) [59] as a dissociative neurological symptom disorder, defined as a mental health
condition involving a loss of connection between thoughts, memories, feelings, surround-
ings, behavior, and identity [66]. More recent data from neuroscientific studies [67-72]
have been used to support claims of emotional processing that might be familiar to ear-
lier advocates of hysteria and somatoform conditions. Despite poor-quality supporting
research [73], mainstay interventions for FND continue to include psychodynamic and
cognitive-behavior therapies to address emotional processing. Thus, despite the original
intent [74] and subsequent rationalizations [75] of the principal proponents of FND, this
brief historical analysis indicates a continuous underlying conceptual thread that remains
unbroken between neurasthenia, through hysterical neurosis and somatoform disorders,
leading to the contemporary psychosomatic/sociogenic illness construction of FND.

Box 1. Diagnostic criteria for functional neurologic disorder [61]

e  One or more symptoms of altered voluntary motor behavior or sensory function

e  C(linical findings provide evidence of incompatibility between the symptom and recog-
nized neurological or medical conditions

e  The symptom or deficit is not better explained by another medical or mental disorder

e  The symptom or deficit causes clinically significant distress or impairment in social, oc-
cupational, or other important areas of functioning, or warrants medical evaluation

Proponents suggest that just the label of FND may be helpful for some patients who
live with troublesome but medically unexplained symptoms and signs [76,77]. Even still,
the DSM-V-TR diagnostic criteria for FND indicate this label should not be provided
when an alternative diagnosis is more compelling. For example, ME/CFS should not be
considered as a functional disorder because more specific case definition criteria best explain
its constellation of symptoms, signs, and pathophysiology. However, some prominent
medical organizations have conflated PEM/PENE with FND because some symptoms of
PEM/PENE are represented among the DSM-V-TR case definition criteria for FND. For
example, the UK NICE attempted to classify ME/CFS as a functional disorder in 2017 [78].
This action was met with significant opposition from the ME community [79]. The dispute
lasted over two years with the subsequent guideline removing the reference to ME/CFS as
FND [78]. Both individual clinicians (generally from the fields of neurology and psychiatry)
and prominent national medical organizations in European countries [80,81] persist in
classifying ME/CFS as FND despite compelling evidence to the contrary.

4. Evidence Refutes That Long COVID Should Be Considered a Functional
Neurologic Disorder

FND refers to medical and neurologic symptoms that fail to match any existing
medical or neurological conditions [82]. It is a rare syndrome, affecting around 4-12 per
100,000 people despite a suggestion that it is commonly diagnosed in neurology clinics [83].
FND is usually diagnosed when patients are observed to experience seizure-like spells in
the setting of normal electroencephalography (EEG) or when they demonstrate abnormal
movements or paralysis that are incongruent with their neurologic exam and neuroimaging.
In some patients, FND may occur alongside other diagnosable entities, such as long COVID.
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In this scenario, the clinician should evaluate and treat those diagnosable entities, and
refrain from considering the entire patient presentation as “functional” simply because
functional aspects may be present. While the rate of misdiagnosis with FND in patients with
long COVID is unknown, clinical experience suggests that many patients with complex
chronic disorders in general have been misdiagnosed with anxiety, depression, or FND at
some point in the course of their illness (Box 2).

Box 2. Defined conditions commonly misdiagnosed as functional neurologic disorder

e  Autonomic conditions, such as neurocardiogenic syncope, postural orthostatic tachycar-
dia syndrome, orthostatic intolerance, and autonomic and small fiber neuropathy

e  Chronic pain conditions, such as fibromyalgia, myofascial pain syndrome, and complex
regional pain syndrome

e Systemic immune conditions, such as mast cell activation syndrome and mastocytosis

e Autoimmune conditions, such as Sjogren’s syndrome, systemic lupus erythematosus,
and anti-phospholipid syndrome

¢ Genetic conditions, such as hypermobile Ehlers-Danlos syndrome and other hypermo-
bility spectrum disorders, Fabry’s disease and others

e  Mitochondrial and metabolic conditions

e Infection-associated chronic conditions, such as myalgic encephalomyelitis, Long

Covid/Post-Covid condition, and post-treatment Lyme disease

4.1. Refutative Evidence from Pathophysiology

The scope and severity of Long COVID-related disablement in individuals and in
society has incentivized investigations into the pathophysiology of this novel infection-
associated chronic disease. Long COVID is now understood as an umbrella term encom-
passing a complex pathophysiology affecting multiple organ systems. Various potential
aspects of long COVID pathobiology include autonomic manifestations [84]; vascular and
endothelial dysfunction in the context of hypercoagulability [85-87]; viral persistence [88];
abnormalities in T cell populations and responses [89,90]; impaired cardiopulmonary
function [91,92]; autoimmunity [93-95]; bioenergetic impairments [96-98]; small fiber neu-
ropathy [99]; and alterations in the gut microbiome [100]. In 2021, post-COVID-19 condition
(or, long COVID) was assigned an ICD code (U09.9) [101]. The collective understanding of
long COVID is far from settled. However, an accumulating science now provides a more
compelling pathophysiological basis for testing and interventions than considering long
COVID as a functional disorder. Long COVID should not be broadly considered as FND
because of its “organic” nature, requiring FND to be ruled out according to DSM-V-TR
criteria [64].

4.2. Refutative Evidence from Clinical Presentation

Typically, people with functional disorders often exhibit numerous multi-systemic and
multi-organ concerns, including various neurologic and psychiatric manifestations such as
sensory disturbance, motor weakness, balance difficulty, chronic dizziness, chronic vertigo,
chronic pain, chronic fatigue, sleep impairment, urinary and gastrointestinal symptomes,
and cognitive dysfunction (Table 1). The symptom experience and distress associated with
symptoms in people with FND is frequently not supported or incongruent with objective
findings on neurologic examination and diagnostic testing. People with functional disorders
also may have comorbid psychiatric conditions, such as depression and anxiety [102-105].
It remains unclear whether the prevalence and severity of psychiatric comorbidities among
those with functional disorders is greater than people living with other types of chronic
illnesses, and whether psychiatric conditions contributed to other signs and symptoms or
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are a secondary reaction to their presence. In addition, inventories used to measure anxiety
and depression often may capture the autonomic signs and symptoms of underlying
pathobiological process. FEND, if diagnosed correctly through positive signs on neurologic
examination, does not appear to be as common although true prevalence is unknown and
needs to be studied. Moreover, no carefully designed research studies have been conducted
to systematically test the hypothesis that long COVID is a functional disorder and the
extant literature is poor in methodological quality [106].

Table 1. Typical clinical features of long COVID, myalgic encephalomyelitis /chronic fatigue syn-
drome, and functional neurologic disorder.

Clinical Feature ME/CFS Long COVID FND
b Pf)st-exertion'al malaise/ . Yes Yes, some types No
ost-exertional neuroimmune exhaustion
Pain Yes Yes, some types Sometimes
Dizziness Yes Yes No
Neuropathic features Yes Yes No
Recurrent flu-like symptoms Yes Common No
Dysautonomia Yes Common No
Abnormal sleep study Yes Yes No
Fatigue Yes Yes Yes
Impaired sleep Yes Yes Yes
Functional leg weakness No No Yes
Functional seizures No No Yes
Functional tremor No No Yes
Functional dystonia No No Yes
Functional gait disorder No No Yes
Functional facial spasm No No Yes
Functional tics No No Yes
Functional drop attacks No No Yes
Functional sensory symptoms No No Yes
Functional cognitive symptoms No No Yes
Functional speech and swallowing No No Yes
Functional visual symptoms No No Yes
Dissociative symptoms No No Yes

4.2.1. Motor Examination

The diagnosis of FND requires the presence of discrete neurologic deficits, which
are usually elicited as part of the neurologic examination (Tables 1 and 2). Presenting
features may include weakness in the lower or upper extremities of sudden onset and can
be unilateral or bilateral. A neurologic examination is used to demonstrate evidence of
internal inconsistency between voluntary movements and automatic movements through
findings of a positive Hoover’s sign and hip abductor sign [107]. While weakness in
the extremities is a common concern in many people living with long COVID, clinical
experience indicates that the neurologic examination typically reveals an unremarkable
motor examination without Hoover’s or hip abductor signs. Give-way weakness may be
present in patients with long COVID, but it is usually diffuse and non-lateralizing and
occurs secondary to pain, fatigue, PEM/PENE, or orthostatic intolerance. In the context of
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Findings
Vital Signs

Cranial Nerves

Observation

®®

these companion findings, give-way weakness should not be interpreted as evidence of a

functional etiology.

Table 2. Key differentiating physical examination findings of long COVID vs. functional neurologic

disorder.

Long COVID

Postural tachycardia

Orthostatic hypotension

Dizziness

Other symptoms upon standing that are
relieved by sitting or lying down

Functional Neurological Disorder

No usual abnormalities

May have dilated poorly reactive pupils or
mild horizontal end-point nystagmus

Normal, although patients may report vision
or hearing impairment

Give-way weakness may be present due to
fatigue, post-exertional neuroimmune
exhaustion, misunderstanding the task, or
poor effort

Weakness inconsistent with known
neurologic patterns

Paralysis and weakness with positive
Hoover’s sign and/or positive hip
abductor sign

Length and non-length dependent reduced
temperature and pinprick consistent with
small fiber neuropathy

Complete anesthesia in certain body parts or
exactly at the midline or below the waist,
incongruent with known neurologic patterns

Whole-body shaking, mild postural tremor,
and/or internal tremor not visible to

the examiner

Possible fasciculations due to benign
fasciculation syndrome

Tremor entrainment

Tremor that disappears with distraction
Inconsistent tremor

Unusual tremor incongruent with
neurologic disorders

Usually normal, but some unsteadiness and
difficulty with tandem walking might
be present

Functional gait

Astasia-abasia

Unusual gait pattern inconsistent with
another neurological cause

Syncope

Presyncope
Orthostatic intolerance
Anoxic seizures

Spells with non-epileptic convulsions

Acrocyanosis with discoloration of the legs
and/or arms distally, more in the dependent
position (Figure 2)

Possible dermatographia

Possible dry skin

Possible pale or flushed appearance
Possible maculopapular rashes, urticarial
lesions, and chilblains

No usual abnormalities
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Figure 2. Acrocyanosis in the distal leg in the dependent position (A) that immediately disappears
on raising the leg up against gravity (B) in a person with long COVID. She was initially misdiag-
nosed with functional neurologic disorder based on non-epileptic spells, which were subsequently
determined to be pre-syncopal episodes caused by post-COVID-19 postural orthostatic tachycar-
dia syndrome.

4.2.2. Sensory Examination

A common presenting feature of FND is sensory disturbance that fails to fit into defined
patterns of neuropathy, radiculopathy, or the central lesion of the brain (Tables 1 and 2).
Sensory testing as part of neurologic examination in a patient with FND may reveal
complete anesthesia in non-anatomic distributions, such as involving an entire extremity;,
located exactly at the midline, or below the waist. While sensory disturbance is common
in patients with long COVID due, in part, to post-COVID-19 small fiber neuropathy [108],
sensory exam findings usually correspond to a neuropathic pattern with decreased pinprick
and temperature sensations in the feet or hands, distally more than proximally. However, a
patchy sensory loss distribution is not uncommon in those who present with non-length-
dependent patchy small fiber neuropathy, a form that is especially prevalent in people with
autoimmune disorders [109].

4.2.3. Tremor

Tremor may be another presenting feature of FND with examination findings revealing
tremor entrainment and other inconsistent tremor characteristics (Tables 1 and 2). Tremor
and other abnormal movements may be among common complaints of patients with long
COVID, but often involve diffuse, whole-body body tremors or shaking, which may be
associated with dysautonomia and hyperadrenergic state, including abnormal blood pres-
sure, heart rate, and blood volume. Autonomic dysfunction affects nearly 70% of patients
with long COVID [110], so improvement or resolution of abnormal movements associated
with dysautonomia may be noted with hydration, increased salt intake, or medications.
Additionally, the sensation of “internal vibrations” is often described by people living
with long COVID; although the etiology of this concern is not fully understood, clinical
experience suggests it often occurs in patients with hypovolemia, dysautonomia, and small
fiber neuropathy. These features should not be attributed to functional causes or FND.

4.2.4. Spells and Seizures

Spells of unknown etiology are often attributed to FND, especially when accompanied
by normal EEG in the setting of convulsive activity (Table 1). While a small subset of
people living with long COVID could have non-epileptic functional seizures, many patients
with long COVID have post-COVID-19 dysautonomia in the form of neurocardiogenic
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syncope, postural orthostatic tachycardia syndrome, orthostatic hypotension, and ortho-
static intolerance. These patients often experience spells of presyncope or syncope, some
with convulsive activity during syncope, which is termed anoxic seizures. Patients with
presyncope and syncope may be misdiagnosed with FND by neurologists with limited
knowledge of the phenomenology of syncope. In cases where the etiology of spells is
unclear, a tilt table test can provide differentiation between syncope and pseudo-syncope
with adequate sensitivity and specificity [111]. A video recording of the spells obtained
by the family also may be reviewed by a neurologist to assist with differentiating between
syncope and dissociative/functional seizures.

4.2.5. Gait Examination

Gait examination of people living with long COVID is typically unremarkable, al-
though some people may have unsteadiness due to orthostasis or poor proprioception
related to large fiber neuropathy, chronic vestibulopathy, or hypermobility spectrum disor-
ders (Tables 1 and 2). Clinical features of abnormal gait and movements consistent with
FND, such as dystonia, ticks, twitches, and jerks, are typically uncommon in people with
long COVID. Concerns about gait and findings in the gait examination explainable by other
causes should not be taken as signs of FND.

4.2.6. Urinary Functioning

Urinary retention is sometimes listed as a feature of FND [112], but clinical experi-
ence suggests that urinary retention rarely occurs in people with long COVID. Urinary
retention is a common feature of autonomic neuropathy and, if present in patients with
long COVID, should prompt an investigation for post-COVID-19 autonomic neuropathy or
ganglionopathy which have been described as rare post-COVID-19 conditions [113].

4.2.7. Cognition

Cognitive concerns, such as difficulty with attention, concentration, and memory,
have been endorsed by some proponents of FND as being functional in nature. One
review suggested that almost one quarter of patients attending memory clinics may have
functional cognitive disorders [114]. However, it is unclear how these complaints are
differentiated from the cognitive impairment—commonly referred to as brain fog—in
patients with long COVID. Numerous studies suggested neuroinflammation and microglial
activation as mechanisms of post-COVID-19 neurologic sequelae [115,116]. Importantly,
several studies identified neuropsychological deficits via cognitive testing in patients with
long COVID [117,118].

Moreover, traditional screening tests for evaluation of cognitive impairment designed
to screen patients for Alzheimer’s disease are not useful in patients with cognitive impair-
ment secondary to long COVID [119]. Thus, currently available screening tests that were
designed for neurodegenerative conditions and not neuroinflammatory or neuroimmune
conditions are inadequate to rule in or out impairments secondary to neuroinflammatory
and neuroimmune processes, and, therefore, cannot be utilized to diagnose as functional
by default if results are “normal” in patients with long COVID and other disorders that
are associated with cognitive complaints. Cognitive tests to assess patients with non-
neurodegenerative cognitive complaints need to be designed to provide clinicians with
validated tools to better evaluate and quantify the extent of cognitive impairment in patients
with post-COVID-19 neurocognitive syndrome.

4.2.8. Summary

In summary, FND and long COVID can be effectively differentiated through a compre-
hensive clinical examination. One caveat is the difficulty that arises when a patient presents
with some evidence of functional neurologic disorder on physical examination (e.g., with
tremor entrainment or positive Hoover’s sign) in conjunction with postural tachycardia,
acrocyanosis, and other features of long COVID and post-COVID-19 dysautonomia or small
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fiber neuropathy (Figure 2). In cases like these, management of non-FND disorders and
symptoms should be the top priority. Clinical experience suggests that a significant number
of patients with long COVID are being misdiagnosed with FND without diagnosing and
addressing the primary long COVID pathophysiology or symptoms, such as dizziness,
palpitations, tachycardia, and pain. In these cases, FND-tailored diagnostic and therapeutic
approaches delay improvement and recovery by failing to implement the pharmacologic
and non-pharmacologic therapies targeting underlying autonomic, neuropathic, and car-
diovascular pathophysiologies. Referral to FND-tailored rehabilitation programs should be
considered only for patients, in whom post-COVID-19 FND is determined to be the main
component of long COVID and in strict adherence with relevant case definition criteria [82].

4.3. Refutative Evidence from Neuroimaging

Despite its relatively recent recognition, the literature describing significant structural
brain abnormalities in long COVID is already extensive. This literature suggests FND
cannot commonly explain long COVID, because it indicates neurologic signs, symptomes,
and disability may be caused by structural changes in the brain. Such abnormalities
have been demonstrated using various imaging modalities and range from changes in
gray matter thickness and volume, to macro- and microstructural white matter changes
and evidence of metabolic and neuroinflammatory derangement. It is also important
to note that despite clearly distinctive systemic immunological abnormalities [120-122]
and abnormal neuroimmune profiles [121,123] in long COVID, routine clinical structural
magnetic resonance imaging (MRI) sequences often return normal findings [123].

Douaud et al. [124] examined structural brain changes in a biobank cohort based in the
United Kingdom, before and after SARS-CoV-2 infection. Compared to uninfected controls,
the authors found significant gray matter thickness reduction following infection, with
a reduction in global brain size. Hosp et al. [125] used an MRI diffusion microstructure
imaging technique to evaluate subtle changes in both gray and white matter integrity.
Compared to recovered infected patients, those with ongoing symptoms demonstrated
widespread changes in microstructure, which correlated with evaluations of cognitive
dysfunction. Wu et al. [126] used another diffusion tensor imaging (DTI) technique to
evaluate the perivascular space and glymphatic system. These authors calculated flow in
the perivascular spaces alongside medullary veins, which lie orthogonal to the projection
and association nerve fibers in the periventricular deep white matter. They reported
reduction in the indices for glymphatic function in people living with long COVID even
following a mild acute infection. Another small cohort study compared recovered, brain
fog positive, and brain fog negative patients with long COVID [127]. Dynamic contrast-
enhanced MRI (DCE-MRI) showed significant whole brain leakage, indicating increased
blood-brain barrier (BBB) permeability, in only the ‘brain fog’ sub-group [127]. Chaganti
et al. combined techniques in a longitudinal study of 14 patients with long COVID-related
cognitive impairment [128]. DCE-MRI and DTI revealed impairments in the integrity of BBB
and white matter microstructure [128]. Simultaneously, MR spectroscopy demonstrated
reduced glutamate/glutamine in these areas, leading the authors to suggest that white
matter injury may result from glutamatergic excitotoxicity, secondary to reduced BBB
integrity associated with neuroinflammation [128]. VanElzakker et al. [129] used positron
emission tomography (PET) with a tracer for activated microglia ([11C]JPBR28) to report
evidence of significantly increased neuroinflammation in many brain regions in LC. Peluso
et al. [130] used a novel PET tracer ([18F]F-AraG) to tag activated T cells. Following SARS-
CoV-2 infection, activated T cells were found in multiple organs including the bowel and
bone marrow, but notably had trafficked into central nervous system (CNS) sites such
as the brainstem and spinal cord, where they should be absent. This finding was more
exaggerated in patients with long COVID signs and symptoms [130]. Biopsy-accessible
tissues such as colon tissue demonstrated residual viral components, and the authors
speculated they also might be present in the CNS [130].
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A 2021 review article canvased the literature of neuroimaging in FND [131]. The
highlighted modalities were functional MRI (fMRI), using both resting-state and task-
based paradigms; high-resolution structural MRI evaluation of gray matter; DTI of white
matter microstructure; MR spectroscopy; CT/MR positron emission tomography; and
near-infrared spectroscopy. The authors note that neuroimaging in FND is early in its
development, with few replicated studies, and with confounding factors in terms of clinical
heterogeneity and co-morbidities. They conclude by encouraging a multimodal neuroimag-
ing approach to advance the field. Most fMRI studies using blood oxygen level-dependent
(BOLD) techniques have shown abnormalities in specific brain regions, yet data have been
inconsistent [132]. Very recently, Schneider et al. [133] have attempted to further define
the variability of BOLD signal in FND, with particular emphasis on the somatomotor,
limbic, and salience networks. However, when structural abnormalities have been found in
gray [134] or white matter [67], it remains unclear whether they are a cause, consequence,
or comorbidity [132,135].

While neuroimaging in FND is an evolving field, there are already replicated findings
in long COVID that point toward a coherent structural pathophysiology. Aspects high-
lighted in the literature to date involve neuroinflammation with microglial activation, a
dysfunctional blood-brain barrier, white matter microstructural changes, as well as reduc-
tion in gray matter volume. Systemic dysfunction, such as orthostatic intolerance with
reduced cerebral blood flow, is also shown to be a key contributor to symptoms [136-140].
The detail of how these findings are driven from specific and potentially correctable up-
stream causes is enthusiastically anticipated by patients, clinicians, and researchers alike.

5. Conclusions

Long COVID continues to be a major public health issue [141]. While several pheno-
types of long COVID clinical presentation have emerged based on observational studies
and collective clinical experience over the past four years, it is important to emphasize
that the vast majority of patients with long COVID do not have FND. As this perspective
indicates, long COVID is not based in ‘functional’ etiology, as demonstrated by numer-
ous studies identifying a complex pathophysiology as well as common findings from the
clinical examination and a summary of extant structural neuroimaging studies. Further
research is needed to delineate precise pathophysiological pathways and effective therapies
for long COVID and numerous post-COVID-19 neurologic manifestations. Additionally,
studies applying accepted case definition criteria are also needed to determine the true
prevalence of FND as the sole or major contributor to symptoms and disability among
individuals with persistent symptoms following SARS-CoV-2 infection. These studies will
help establish clinical practices that best differentiate this small subset of patients with FND-
related specialized needs from the vast majority of people who experience long COVID in
the forms of ME/CFS, dysautonomia, immune dysfunction, small fiber neuropathy and
other post-COVID-19 neurologic syndromes.
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