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INTRODUCTION

There have been over 500 million confirmed cases of severe acute re-
spiratory syndrome coronavirus-2 (SARS-CoV-2), also known as coro-
navirus disease 2019 (COVID-19), across the globe [1]. Since the first
reported cases of COVID-19, a broad spectrum of neurological man-
ifestations following acute infections have been described, ranging
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Abstract

Background and purpose: There have been over 500 million confirmed cases of severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), also known as coronavirus dis-
ease 2019 (COVID-19), across the globe. To date, a broad spectrum of neurological mani-
festations following acute infections as well as COVID-19 vaccines have been reported.
The aim of this study was to describe the spectrum of neurological manifestations seen in
the ‘COVID-19 clinic’ established in a tertiary Movement Disorders clinic.

Methods: In this consecutive case-series study over the period March 2020-January
2022, clinical information regarding demographic data, clinical history and examination
findings, investigation results and video recordings of outpatients with motor manifesta-
tions associated with COVID-19 infection or vaccination were reviewed.

Results: Twenty-one adult patients were reviewed in this ad hoc clinic at Toronto Western
Hospital. The majority of the patients were female (76%) and the mean (range) age was
50.7 +17.2 (21-80) years. Nine patients (43%) presented with motor manifestations fol-
lowing COVID-19 infection. Twelve patients (57%) developed neurological symptoms fol-
lowing at least one dose of the mRNA or viral vector-based COVID-19 vaccine. The most
common manifestation observed was a functional movement disorder (43%). The vaccine
group demonstrated a higher number of functional disorders compared to the infection
group (58% vs. 22%; p =0.08).

Conclusion: Functional motor manifestations can be associated with COVID-19 and are
likely to be under-reported. In view of the co-existence of functional symptoms, move-
ment disorders and mental health conditions observed in this study, we would advocate
the use of dedicated COVID-19 Neurology clinics with full access to an experienced mul-

tidisciplinary team.
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COVID-19, functional, movement disorders, SARS-CoV-2, vaccine

from mild and non-specific symptoms, such as headaches, brain fog
and olfactory dysfunction, through to cases of Guillain-Barré syn-
drome (GBS), encephalitis and cerebrovascular events. Regardless of
the infection severity, COVID-19 patients are at risk of developing
neurological problems in both inpatient and outpatient settings [2-6].

The underlying pathophysiology of neurological complica-
tions associated with COVID-19 is complex, and in some cases,
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multifactorial in origin. Proposed mechanisms include: systemic
disease resulting in hyperinflammation, multi-organ failure or a
hypercoagulable state; direct viral invasion resulting in encepha-
litis, vasculitis or muscular damage; and post-infectious immune-
mediated complications, which can result in conditions such as GBS
in the peripheral nervous system or acute disseminated encephalo-
myelitis (ADEM) in the central nervous system [7].

Movement disorders related to COVID-19 infection are increas-
ingly being described, although they remain relatively uncommon.
Myoclonus has been most commonly reported, however, other
movements disorders include ataxia, postural tremor, parkinsonism,
eye movement abnormalities, choreiform movements and functional
neurological disorders (FNDs) [8-10]. Finally, neurological manifes-
tations associated with COVID-19 have also extended to involve pa-
tients receiving the COVID-19 vaccine, although a causal link with
the vaccine is yet to be clearly determined [11].

In July 2020, the Canadian Institutes of Health Research funded
the Canadian COVID-19 Prospective Cohort Study (CANCOV)
[12] to collect data on 2000 COVID-19 patients across the spec-
trum of severity of illness in five provinces. Following compre-
hensive assessments carried out by the General Internal Medicine
team, hospitalized non-intensive care unit (ICU) patients and non-
hospitalized patients who required further neurological work-up for

CANCOV cohort, n=1384

Non-hospitalised
COVID-19 infection
cohort (confirmed

on PCR), n=656

Hospitalised COVID-|

19 infection cohort

(confirmed on PCR),
n=269

Presumed COVID-
19 infection cohort,
n=459

Referred to COVID-
19 clinic (n=4)

Referred to COVID-

clinic (n=2) 19 clinic (n=4)

(1 patient did
not attend clinicjges
appointment)

FIGURE 1 Flow chart of patients referred to the COVID-19 clinic
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neurocognitive issues, peripheral neuropathy symptoms and move-
ment disorders were referred to the respective subspeciality clinics
in the neurology service.

The aim of this study was to describe and summarize a consecu-
tive cohort of patients encountered in the outpatient setting at the
Toronto Western Hospital presenting with motor neurological disor-

ders associated with COVID-19 infection or following vaccination.

METHODS

In this consecutive case-series study over the period March
2020-January 2022, patients with a motor neurological mani-
festation associated with COVID-19 infection (or the vaccine) re-
viewed in the ‘COVID-19 clinic’ at the Movement Disorders Centre
in Toronto Western Hospital were included. The COVID-19 clinic
was not part of the University Health Network's FND program.
Patients were directly referred from the aforementioned CANCOV
study (n = 10) as well as from general practitioners (n = 9) or
General Neurology (n = 1). Separate to the CANCOV study, three
additional patients with vaccination-related side effects were re-
ferred by General Neurology to the COVID-19 clinic due to a clini-
cal demand (Figure 1).
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MOTOR MANIFESTATIONS OF COVID-19

Clinical information regarding demographic data, clinical history
and examination findings, investigation results, including nerve con-
duction studies (NCS), electromyogram (EMG) studies and magnetic
resonance imaging (MRI), as well as video recordings, were reviewed
and summarized. All patients underwent a full neurological examina-
tion with a focused assessment for a movement disorder.

RESULTS

Twenty-one adult patients were included in this case series, two of
whom were reviewed entirely virtually. The majority of the patients
were female (76%) and the mean (range) age was 50.7 +17.2 (21-
80) years. Almost half of the patients (48%) had a pre-existing neu-
rological disorder and over two-thirds of the cohort had at least
one medical comorbidity (Tables 1 and 2). Most patients developed
symptoms within 7days and weeks-months in the vaccine-related
(10/12 patients, 83%) and infection groups (6/9 patients, 67%),
respectively (Table 1). No abnormal investigation results were
identified, which included seven NCS/EMG studies, three electro-
encephalogram studies and 14 brain MRI scans.

All patients received at least one dose of the vaccination: 12
patients received the Pfizer-BioNTech vaccine, four received the
Moderna vaccine, three patients received the AstraZeneca vaccine,
and two patients received either a mixture of Pfizer-BioNTech/
Moderna vaccines or AstraZeneca/Moderna vaccines. Twelve and
nine patients were double and partially vaccinated, respectively. All
cases of COVID-19 infections predated the first dose of the vaccine
except for one patient who contracted COVID-19 within 11 days of
receiving the first vaccination dose.

COVID-19 infection

Nine patients (43%) presented with neurological manifestations
following COVID-19 infection (confirmed by RT-PCR in five cases
or based on clinical features as PCR testing was not readily avail-
able in the remaining four cases). Three patients (14%) developed
myoclonus following COVID-19 infection. Small-amplitude jerky
finger movements with a clinical phenotype similar to minipolymyo-
clonus, with no accompanying pathological neurological features on
examination and neurophysiological testing, were observed in two
patients (Table 2). In both cases, this was on a background of a fully
recovered ulnar or median neuropathy (Video 1 Segments 1 and
2). The third patient developed action-induced myoclonus follow-
ing an acute illness with COVID-19 infection (Video 2). An under-
lying tremor syndrome was unmasked in three patients (14%). The
first case involved a patient with a history of undiagnosed essential
tremor, who became more symptomatic following an acute illness
with COVID-19 that required hospitalization (ward-level care). The
second case was a patient with a strong family history of tremor,
who developed an isolated (likely dystonic) head tremor after con-
tracting COVID-19. The third case involved a patient with a strong

family history of tremor, who developed a postural hand tremor sev-
eral weeks after an acute COVID-19 infection that required hospi-
talization (ward-level care; Video 3). One patient developed isolated
eyelid myokymia following infection (Video 4), and two further pa-
tients were diagnosed with FND (functional slowness and atypical
tic-like movements).

COVID-19 vaccination

Twelve patients (57%) developed neurological symptoms following
at least one dose of the COVID-19 vaccine. There were two cases
of a first seizure (10%) following vaccination. Other cases included
one patient who developed increased leg weakness on a background
of longstanding back issues; a second patient developed increased
proximal weakness resulting from a decompensation of adrenal in-
sufficiency and was also subsequently diagnosed with polymyalgia
rheumatica by a rheumatologist; and a third patient developed a
brief episode of auriculotemporal neuralgia.

The most common neurological manifestation observed, how-
ever, was FND (n = 9, 43%). Six patients demonstrated motor
FND, such as functional slowness (n =1), functional gait (n = 1),
choreiform-like (n = 1; Video 5), tic-like (n = 1) and tremor (n = 2;
Videos 6 and 7). The remaining three patients complained of internal
tremors, generalized muscle twitching or weakness in spite of having
an unremarkable neurological examination. These patients variably
reported other functional symptoms, such as extremely effortful
voluntary movements, fleeting sensory symptoms, and increased
sensitivity to external stimuli (Table 2). Overall, the vaccine group
demonstrated a higher number of FNDs compared to the infection
group: 58% (n = 7) versus 22% (n = 2; p = 0.08 [Figure 2]). A signifi-
cant proportion of the FND patients (n = 7, 78%) had a pre-existing
history of anxiety or a history of traumatic childhood, especially in
the vaccine group. No patients in the infection group had a known
history of a mental health iliness.

DISCUSSION

In this study, we describe a case series of 21 adult patients present-
ing with a motor neurological manifestation following COVID-19
infection or the vaccination. Two distinctive patient groups were
referred to the COVID-19 clinic; the first cohort involved patients
who had developed motor neurological manifestations following an
acute illness with COVID-19 infection or vaccination. Several non-
mutually exclusive pathophysiological mechanisms have been pro-
posed, which will be discussed in the following paragraphs.

COVID-19 infection

Two patients developed small-amplitude jerky finger movements
with a phenomenology similar to minipolymyoclonus following
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psychological trauma

Time of onset from

insult to neurological
manifestations, n (%)

TABLE 1 Summary of clinical characteristics TABLE 1 (Continued)
Infection-  Vaccine- Infection-  Vaccine-
related related Total (%) related related Total (%)
Mean (range) age, years 499years 51.3years 50.7years <24h (same day) 1 7 (33)
(21-75) (33-80) (21-80) <1 week _ 4 4(19)
Sex, n (%) <1 month 4 - 4(19)
Male 4(19) 1(5) 5(24) 5-8 months 2 1 3(14)
Female 5(24) 11 (52) 16 (76) Unclear 2 1 3(14)
Pre-existing neurological Neurological diagnoses, n (%)
condition(s), n (%)
Myoclonus 3 —
Absent 4(19) 7 (33) 11 (52)
Eyelid myokymia 1 -
Present 5(24) 5(24) 10 (48)
De novo tremor syndrome 1 —
B12 deficiency 1 —
Unmasking of tremor 2 -
Tremor syndrome — 1 syndrome
PLMD 1 - Functional 2 7
Previous cerebrovascular — 1 Seizure _ 2
event and mild
parkinsonism Other - 3
Pituitary adenoma (trans- — 1 Clinical outcomes, n (%)
sphenoidal surgery) Overall improvement/full 5(24) 9 (43) 14 (67)
Retinitis pigmentosa 1 recovery
Scoliosis/low back pain - 1 Ongoing follow-up/ 4(19) - 4(19)
therapies
Fatigue following COVID-19 — 1
infection (post-covid Referred to other - 3(14) 3(14)
syndrome) disciplines (epilepsy,
physiotherapy, etc.)
Ulnar nerve neuropathy 1 -
Investigation®, n (%)
Carpal tunnel syndrome 1 —
Normal 8 10 18 (86)
Medical comorbidities, n (%)
Abnormal - - -
Absent 3(14) 3(14) 6(29)
N/A 1 2 3(14)
Present 6(29) 9 (43) 15 (71)
Hypothyroidism 1 3 Abe:E\{IatlonS: CSF, cerebral spinal fluid; CT: computed tc.)mog.raphy;
IBS, irritable bowel syndrome; MRI, magnetic resonance imaging;
Respiratory disease 1 - N/A, not available; OSA, obstructive sleep apnea; PLMD, periodic limb
(asthma) movement disorder.
Cardiovascular disease 1 3 ?Blood work, CSF, neurophysiological studies, imaging (CT, MRI).
(hypertension,
hypercholesterolemia)
Adrenal insufficiency - 1 COVID-19 infection, which was on a background of a fully recovered
OSA 1 - neuropathy. The clinical significance of these movements is unclear
Type 2 diabetes 1 - and, to the best of our knowledge, this type of movement disorder
IBS _ 1 might be the expression of a very mild myoclonus [13] or the result
Osteoarthritis _ 1 of a subtle denervation following nerve damage, although electro-
Other: lymphoma 1 physiology was not suggestive of residual or chronic denervation.
L This cohort also included patients who had developed neurological
Pre-existing mental health
illness, n (%) disorders that were ‘unmasked’ by COVID-19 infection. In particu-
Absent 9(43) 4(19) 13 (62) lar, three cases of an underlying tremor syndrome were diagnosed,
Present _ 8(33) 8(38) which included a case of essential tremor (undiagnosed tremor with
Anxiet P transient aggravation following infection, which led to referral to the
nxiety -
COVID-19 clinic), the second case was an isolated de novo (likely
Previous history of — 2

dystonic) head tremor and the third a case was a patient who devel-
oped a de novo postural-action tremor.

Since the emergence of the very first cases of COVID-19 ap-
proximately 2years ago, there has been an increasing number of
studies describing neurological disorders associated with COVID-19
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MOTOR MANIFESTATIONS OF COVID-19

VIDEO 1 (Segments1and2) -
minipolymyoclonus

VIDEO 2 Action-induced myoclonus

VIDEO 3 Tremor

infection. One particular study, which involved a very large cohort
of patients, found that neurological manifestations were prevalent in
up to 80% of hospitalized patients with COVID-19, mainly enceph-
alopathy, headaches, anosmia, coma and stroke [2]. The study also
found that patients with pre-existing neurological conditions were

more likely to develop neurological signs and/or syndromes with
COVID-19. Movement disorders related to COVID-19 infection are
increasingly being described, with myoclonus as one of the most

common abnormal movements reported in hospitalized COVID-19
patients [14, 15]. Notably, neuropathy has also been described after
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VIDEO 4 Eyelid myokymia

VIDEO 5 Functional movement
disorder

Powered By

VIDEO 6 Functional tremor (virtual
consult)




MOTOR MANIFESTATIONS OF COVID-19

VIDEO 7 Functional tremor

FIGURE 2 Summary of diagnosis made 8
in the COVID-19 clinic at the Movement

Disorders Centre, Toronto Western

Hospital. Abbreviation: FND, functional
neurological disorder. 7

N of patients
N

3
2
| I
0
Facial
Myokymia

COVID-19 [16]. Proposed mechanisms include a combination of
neurological injury from systemic dysfunction due to hypoxaemia
[17, 18], and immunological dysfunction, which can lead to either a
hyperinflammatory state (cytokine storm and microglia activation), a
post-infectious immune-mediated phenomenon resulting in cases of
GBS or ADEM, and/or an increase in autoantibody reactivity against
a number of immune-related proteins, including cytokines and type
| interferons [19-23]. Other proposed mechanisms described in the

FN

H Infection-related

Vaccine-related

D Myoclonus Seizure Tremor Other

literature include dysfunction of the renin-angiotensin system since
SARS-CoV-2 binds to angiotensin-converting enzyme 2 (ACE2) re-
ceptors in order to enter cells. Downregulation of ACE2 can lead
to inhibition of mitochondrial function and damage to vascular en-
dothelial cells [24]. Although rare, another mechanism described in-
volves direct viral invasion of the nervous system, such as via the
olfactory system causing hyposmia [25]. One study, however, found
that COVID-19 brains demonstrated very low levels of detectable
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virus and did not correlate with histopathological changes observed
on autopsy [26]. Neurological disorders unmasked by COVID-19 in-
fection, or the vaccination (see below), are possibly caused by the
loss of compensation due to the stress sustained by the body. This
hypothesis has previously been suggested for the rare case of par-
kinsonism seen after COVID-19 [27].

COVID-19 vaccination

With the advent of effective COVID-19 vaccines, the frequency
and severity of COVID-19 infections have fortunately decreased.
However, the vaccination has introduced new challenges in terms
of neurological side effects. Problems unmasked by COVID-19 vac-
cination included adrenal insufficiency followed by polymyalgia
rheumatica, as well as a case of increased leg weakness due to a
worsening of chronic low back pain. Seizures are an uncommon neu-
rological manifestation following COVID-19 vaccination and only
three cases have been reported to date [28, 29]. An additional two
cases were identified in our cohort; both patients developed a sei-
zure (first episode) within 6 and 48 hours of receiving the first dose
of vaccination, respectively. The second patient went on to develop
another seizure 4 months later. This observation has previously been
reported in some children after vaccination [30]. An extensive neu-
rological work-up was normal in both cases.

The second group of patients reviewed in the COVID-19 clinic
experienced neurological symptoms that were unlikely to be directly
related to COVID-19 infection or the vaccine. Frequently, the connec-
tion was made by the patient retrospectively based on the timing of
events, followed by hypervigilance of non-specific symptoms, such as
feeling a muscle twitch during an acute COVID-19 illness or develop-
ing increased pain following vaccination, which was often fueled by a
heightened state of anxiety. In fact, the anxiety generated by becom-
ing infected or receiving the vaccine [31] could direct the patient's at-
tention towards the body, a mechanism also possible to explain some
of the patients referred to the COVID-19 clinic. Accordingly, a signif-
icant proportion of our patients developed de novo anxiety follow-
ing recovery from COVID-19 infection (n = 5) or vaccination (n = 2);
however, a deterioration in mental health following atypical changes
in societal norms, including repeated lockdowns and social isolation
cannot be excluded. Thus, the psychiatric consequence of the pan-
demic and the vaccination campaigns as well as the increased atten-
tion towards the body can likely explain the common occurrence of
FNDs, the most common neurological manifestation observed in this
study (43%). Two and four patients, following COVID-19 infection
and following vaccination, respectively, were diagnosed with a func-
tional movement disorder (clinically established based on the Fahn
and Williams criteria [32]). Our study demonstrated that the vast ma-
jority of FND patients achieved a full clinical recovery, or had mark-
edly improved, especially after receiving a prompt diagnosis (Table 2).
Here, we were also able to diagnose a patient with a functional move-
ment disorder (Patient 19) using telemedicine, which has become an
invaluable clinical tool during the pandemic [33].

The development of functional symptoms following COVID-19
vaccination has recently been described [34] and is overall re-
lated to a well-known ‘immunization stress-related response’ that
has already been reported with other vaccination campaigns [35].
Neuropsychiatric disorders following COVID-19 have also been found
to be relatively common; a systematic review by Groff et al. discov-
ered that COVID-19 survivors were at risk of developing neurological
and mental health disorders, such as difficulty concentrating (23.8%),
memory deficits (18.6%), cognitive impairment (17.1%) and general-
ized anxiety disorder (29.6%) [36]. Moreover, a nationwide study in
the United Kingdom demonstrated that a significant proportion of
COVID-19 patients (43%) developed neuropsychiatric disorders, in-
cluding affective disorders, which often involved younger patients
[37]. Another study involving the follow-up of 100 COVID-19 survi-
vors after discharge from hospital found that post-traumatic stress
disorder symptoms were more often seen in female patients, which
were more severe compared to male patients and were associated
with moderate or severe levels of fatigue [38]. More recently, a study
reported that up to 78.9% of patients with a functional movement
disorder were acutely admitted to hospital due to the development of
severe symptoms during the pandemic [39]. Additionally, functional
tic-like behaviors in children and young adults have also generated
great interest recently, which is thought to be associated with social
media use during the pandemic; the phenomenology is distinct how-
ever from classic tics, specifically involving more complex movements

and a sudden worsening when in the company of others [40].

How common are these problems?

In our study, 10 patients from the CANCOQV study (nh = 1384) were
referred to the COVID-19 clinic during 2018-2022 (0.65% of the co-
hort; Figure 1). Of the nine patients reviewed who had presented
with a movement disorder, one patient from the non-hospitalized
COVID-19 infection (confirmed on PCR) cohort and one patient from
the presumed infection cohort were diagnosed with FND (i.e., two
patients out of 1115 [0.18%)]). Furthermore, three out of 30 patients
with vaccination-related symptoms were referred separately from
the CANCOV study by general neurologists; of these three patients,
one was diagnosed with FND (3.3%). Regarding the neuromuscular
clinic, the experience at our centre is that approximately 5% of the
patients referred for further evaluation during the pandemic (5 out
of 100 patients) were thought to be functional in origin. This per-
centage is very similar in comparison to a study that was recently
carried out in our deep brain stimulation clinic, which demonstrated
that 4.5% of the total referrals (excluding Parkinson's disease) were
eventually diagnosed with FND [41]. Furthermore, a study from an-
other tertiary care movement disorders clinic reported that 8.2% (45
out of 550 patients) of new referrals (children and adults) were even-
tually diagnosed with FND during the pandemic, which was a 60.1%
increase in incidence compared to the year prior (5.1%) [42].

On the whole, the exact prevalence of neurological manifesta-
tions associated with COVID-19 infection or vaccination is not entirely
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clear at present due to publication bias. For example, a number of case
reports have emphasized the occurrence of parkinsonism following
COVID-19; however, this is most likely a very rare occurrence [27].
Our study aimed to address this gap by describing a consecutive
series of patients with motor neurological manifestations related to
COVID-19 infection or the vaccine. However, given the small sample
size of this study and the selected cohort of patients who were spe-
cifically referred to this clinic, this may not be wholly representative of

the type of patients reviewed in other clinics or centres.

CONCLUSIONS

Overall, our study shows that in a consecutive cohort of outpatients
referred to a movement disorder clinic, a functional etiology is com-
mon, especially following vaccination. The underlying pathophysiol-
ogy of neurological complications associated with COVID-19 or the
vaccine is complex and multiple mechanisms/etiologies are possible.
Herein, we propose a practical approach to subcategorizing neuro-
logical manifestations into three groups: (i) manifestations following
acute infection or vaccination; (ii) neurological disorders unmasked
by COVID-19 infection or the vaccination and; (iii) functional neuro-
logical disorders following infection or vaccination.

With the ongoing COVID-19 pandemic, neurologists are likely to
encounter increasing numbers of patients with neurological mani-
festations associated with COVID-19 infection and vaccinations. We
would therefore advocate establishing dedicated COVID-19 clinics
along with a multidisciplinary approach in view of the co-existence
of functional symptoms, movement disorders and mental health ill-
nesses as highlighted in this study.
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