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Along with the propagation of COVID-19, emerging evidence reveals significant
neurological manifestations in severely infected COVID-19 patients. Among these
patients admitted to the intensive care unit (ICU), behavioral unresponsiveness may occur
frequently, yet, there are still only a few cases reported and with rare descriptions of
their motor behavior after pathological awakening. Several hypotheses regarding central
lesions in these patients are conceivable. Here, we describe two acute SARS-CoV-2-
infected patients who developed neurological symptoms evoking the condition of clinical
cognitive motor dissociation (CMD). This diagnosis could be confirmed first by clinical
observation of a dissociation between preserved cognitive abilities and lack of initial motor
interaction and second, by performing '8F- FDG PET imaging. Accurate diagnosis led to
an appropriate neuro-rehabilitation regimen with long-term neuro-rehabilitation leading
to an improved outcome for both patients.
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INTRODUCTION

COVID-19 is an infectious disease caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which is not only restricted to the pulmonary system. Cardiac, thromboembolic,
hepatic, renal, gastrointestinal, ocular, endocrine, dermatological, and direct deleterious effects on
the central and peripheral nervous systems have been described (1, 2). A retrospective study of
214 COVID-19 patients from China detailed various neurological manifestations in approximately
one third of the cases, including acute cerebrovascular disease and impaired consciousness (3).
The same study revealed that neurological manifestations in the ICU carried a poor prognosis.
In a French case series of 58 consecutive severe acute-COVID-19 patients, encephalopathy with
prominent agitation, confusion, and corticospinal tract signs were observed in almost two-thirds
of the cases (4). Furthermore, in the 11 patients of this cohort who underwent perfusion imaging,
all revealed bilateral frontotemporal hypoperfusion correlating with significant dysexecutive
symptoms such as poorly organized motor responses to command in the follow-up.
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In the acute stage, such critical damage to the motor
output system confers the risk of underestimating the actual
conscious awareness, as the patient may be overtly unable to
interact even though his cognitive capacity is preserved. This
condition is known as cognitive motor dissociation (CMD)
(5) and is identified using functional brain imaging and
electroencephalography. Such misdiagnosis may present serious
consequences as real severe altered consciousness (i.e., true
disorders of consciousness) carries unfavorable prognosis (6).
Our group recently demonstrated that this particular condition
might be also identified clinically (i.e., defined as clinical CMD,
“‘CMD) by means of the Motor Behavior Tool (MBT and its
revised form, MBT-r) (7, 8). The use of this clinical tool as a
complement to the Coma Recovery Scale-Revised (CRS-R) (9)
allows the identification of subtle motor behavior undermined by
the CRS-R, thereby uncovering patients with residual cognition
and differentiating them from patients with real disorders of
consciousness (DOC), the former having a better prognosis (10).

Complementary to the clinical evaluation, brain '¥F-fluoro-
deoxy-glucose positron emission tomography (FDG-PET) (11) is
a noteworthy sensitive neuroimaging technique to detect brain
function related to residual consciousness (12). Most FDG-PET
studies have reported consistent, widespread reduced activity
in patients with DOC, mainly in the pre-frontal, pre-motor,
parietotemporal association areas, and the posterior cingulate
cortex/precuneus, with evidence of impaired effective cortical
connectivity between the pre-frontal, pre-motor, and posterior
cingulate cortices and the thalamus (13). Very few studies
have investigated cerebral metabolism in patients displaying
covert cognition detected by paraclinical means, but some
results indicated preserved metabolic patterns compatible with
the presence of conscious awareness (14, 15). None however,
investigated the metabolic activity in CMD identified solely by
clinical evaluation.

Here, we describe two cases of acute patients infected with
COVID-19 who developed neurological symptoms evoking
the condition of clinical cognitive motor-dissociation (CMD).
Both underwent brain '®F-FDG PET and required a long-
term neuro-rehabilitation.

METHODS

The clinical and ancillary test descriptions were personally
retrieved by the authors, who examined the patients. This report
was conducted in compliance with the Swiss Federal Act on
Research involving Human Beings, which waives ethical approval
for case reports of less than five patients. Consent of the patient
and/or his/her relatives for the re-use of personal data is therefore
not required under Swiss Research legislation.

Case Descriptions

Patient 1

A 78-year-old patient without psychiatric or oncologic history
was admitted to the ICU with severe acute respiratory
distress syndrome (ARDS) due to SARS-CoV-2 infection and
needed endotracheal intubation for 25 days. He received
hydroxychloroquine for 5 days and after extubation, the sedation

was withdrawn. Two experienced physicians clinically assessed
the patient at 7 days post-sedation withdrawal as he presented
a pathological awakening with absent external responsiveness
to stimulation and facial akinesia. According to the French
version of the Coma Recovery Scale-Revised (16), he was
classified as having unresponsive wakefulness syndrome (UWS)
(Table 1). However, the MBT-r assessment categorized him as
presenting with clinical cognitive motor dissociation (“CMD)
with clear, subtle signs of conscious perception not considered
by the CRS-R (i.e., attempt at visual pursuit, intentional defense
gesture on painful simulation of the breast and an associated
grimace). A routine electroencephalogram (EEG) ruled out a
non-convulsive status epilepticus. Brain MRI was normal. The
lumbar puncture was traumatic with 320 erythrocytes/mm?,
without pleocytosis (<1 cell/ mm?), normal lactate (2.28 mmol/l),
a slightly diminished glucose ratio (0.39), the presence of
oligoclonal IgG bands, which were identical in the serum
and the CSF indicating rupture of the blood brain barrier
consistent with systematic infection, negative SARS-CoV-2 and
viral/bacterial pathogen PCR and normal 3-Amyloid (-42),
hTau and Phospho-Tau (181P) levels. A brain '®F-FDG PET
showed diffused hypometabolism of the cortical and subcortical
regions of the two cerebral lobes, sparing partially the occipital
cortex, the basal ganglia and the cerebellar cortex (Figure 1).
Patient evolution was marked by a fluctuating hyperactive
delirium treated by quetiapine, clonidine and melatonin. He
was transferred to the internal medicine ward. His neurological
symptomatology gradually improved. He regained voluntary
control of his motor responses and followed simple commands,
reaching the CRS-R criteria of recovery of consciousness. The
overall swift rate of motor interaction recovery along with
functional improvement, confirmed the preserved cognition as
expected in CMD condition. The patient was transferred to
a neuro-rehabilitation clinic, 44 days post-admission with a
Glasgow Outcome Scale of three (indicating severe disability).
He underwent neurorehabilitation for another 14 days attaining a
Glasgow Outcome Scale of 4 (indicating moderate disability) and
was able to return home to his wife.

Patient 2

A 61-year old patient without known comorbidities was admitted
to the ICU with severe ARDS due to SARS-CoV-2 infection and
needed endotracheal intubation for 35 days with extracorporeal
membrane oxygenation due to multiple complications. He
received hydroxychloroquine and azithromycin for 5 days and
one dose of tocilizumab. After 65 days, the sedation was
withdrawn and the clinical evaluation 48h later showed a
pathological awakening with reduced behavioral evidence, severe
dysfunction of the swallowing pattern with discoordination
of the swallow motor circuit, and facial akinesia. According
to the French version of the Coma Recovery Scale-Revised,
the patient was classified as being in a minimally conscious
state minus (MCS-) with no response to the command
(Table 1), while the MBT-r assessment, considered the patient
as presenting with clinical cognitive motor dissociation with
the presence of tenuous motor signs (i.e., onset of visual
pursuit on the vertical plane, and spontaneous intentional
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TABLE 1 | Patient demographics, clinical characteristics, and outcomes.

ID Sex Age Length of Initial CRS-R CRS-R subscale MBT-r classification Time to hospital GOS at discharge
sedation (days) diagnosis scores discharge (days)

P1 M 78 25 uws A2V2M202C1Ar2 Clinical CMD 44

P2 M 61 65 MCS- A2V2M302C1Ar2 Clinical CMD 105

CRS-R, Coma Recovery Scale-Revised; UWS, unresponsive wakefulness syndrome; MCS-, minimally conscious state minus; MBT-r, revised Motor Behavior Tool; GOS, Glasgow
Outcome Scale; The subscales for the CRS-R are Auditory Function (A), Visual Function (V), Motor Function (M), Oromotor Function (O), Communication (C), and Arousal (Ar); GOS

score of 3 indicates Severe disability.

cerebellum.

FIGURE 1 | Transaxial (A) and Volume Rendered Brain (B) '8F-FDG PET. Diffuse cortical hypometabolism. Normal metabolism of the sub-cortical structures and the

distal movements) not taken into account by the CRS-R, yet
deemed as indicators of preserved cognitive abilities. A routine
electroencephalogram (EEG) ruled out a non-convulsive status
epilepticus, showing a moderate encephalopathy. Brain MRI
was unremarkable. The electroneuromyography confirmed a
critical illness polyneuropathy. A lumbar puncture could not be
performed due to bilateral pulmonary embolism. A brain '3F-
FDG PET showed a moderate hypometabolism in the frontal,
temporal and parietal regions, sparing the motor, and pre-motor
cortex (Figure 2). The neurological symptomatology improved
gradually, the patient regained his ability to display overt
motor behavior and responded systematically to commands,
thus reaching the CRS-R criteria for recovery of consciousness.
The overall functional/cognitive improvement confirmed the
preserved cognitive abilities as expected in CMD condition and
the patient was transferred to a neuro-rehabilitation clinic, 105
days post-admission with a Glasgow Outcome Scale of three
(indicating severe disability). He underwent neurorehabilitation
for another 69 days obtaining a Glasgow Outcome Scale of 4
(indicating moderate disability) and was able to return home.

DISCUSSION

The long-term outcomes of patients after severe COVID-19
are still unknown; nonetheless, a new emerging syndrome,
Post Covid-19 Neurological Syndrome (PCNS) described by
Wijeratne and Crewther shows myopathy and prolonged
muscle weakness (17). Intensive care unit survivors have been

shown to present a significantly lower health-related quality
of life (18). The long stay in the ICU, often complicated by
critical illness polyneuropathy/myopathy (19), cannot explain
the global akinetic motor pattern observed in the two cases
described here. Our patients presented severe swallowing
disorders, facial akinesia, absence of oculomotricity and lack
of motor interaction to stimulation, without any structural
brain MRI signs of inflammatory, vascular, degenerative, or
infectious encephalopathy.

The pathogenic mechanism explaining COVID-related
neurological disorders and encephalopathy in particular, is
the topic of intense discussion (2, 20-23). Indeed, it remains
undetermined whether SARS-CoV-2 causes direct brain
damages (possibly by affecting the olfactory nerves and
migrating retrogradely) or whether the cause is indirect,
due to an excessive inflammatory response (cytokine storm)
or the trigger of an autoimmune response by the virus
(24), but more evidence suggest a migration to the central
nervous system via transfer across the blood-brain barrier
(20, 23). Despite clear identifiable neurological associations
of COVID-19 (25), the effect on motor interaction, which
is an overt indicator of consciousness, is still undetermined.
Some evidence suggests that coronaviruses may cause damage
to the dopaminergic system. Earlier studies in patients with
Parkinson’s disease showed high anti-coronavirus antibody
titers in the cerebrospinal fluid (26) and recently, SARS-CoV-2
was identified in frontal lobe tissue (27) using electron-
microscopy. Furthermore, some COVID-19 patients have shown
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FIGURE 2 | Transaxial (A) and Volume Rendered Brain (B) '8F-FDG PET. Diffuse cortical hypometabolism predominant in the right hemisphere, with a preservation of
the primary sensorimotor areas. Normal metabolism of the sub-cortical structures and the cerebellum.

extended confusion after sedation withdrawal and impaired
consciousness (28).

Consistent with these data, our hypothesis is that for the
two patients, SARS-Cov-2 induced functional impairment in
strategically localized areas of the executive motor network
(ie., frontal, pre-frontal). Indeed, the brain '®F-FDG PET
in these patients showed a diffused hypometabolism, sparing
the motor and pre-motor cortex but affecting the associative
areas responsible for the integration of motor initiation and
coordination, explaining the clinical picture.

Regarding prognostic implications, establishing whether
a patient has preserved cognition/motor intent is of high
significance; patients presenting with clinical CMD are likely to
have a better prognosis and superior cognitive/functional
outcomes (10), helping to select the most appropriate
rehabilitation technique. The outcomes of the two cases
described here, which was characterized by a rapid rate of
cognitive and functional recovery but enduring executive
and attentional disorders, confirmed the initial diagnosis of
clinical CMD.

We recommend therefore, using the MBT-r as a simple and
economic tool for distinguishing CMD patients from patients
with real impairment of consciousness to avoid misdiagnosis in
patients awakening from coma after severe COVID-19. This is
crucial in the evaluation of COVID-19 patients, where exposure
time of care-givers is correlated with the risk of infection
(29). In addition to the clinical evaluation with the MBT-r,
we recommend ruling out treatable causes by lumbar puncture
and brain MRL It is especially important to rule out stroke
since patients with COVID-19 exhibit a higher risk of acute
ischemic stroke compared with patients with other respiratory
tract infections (30).

In cases of normal MRI results and behavioral
unresponsiveness following severe COVID-19, brain !8F-
FDG PET may also be used as a more robust technique for
confirming the diagnostic hypothesis in selected patients (12).

This exam is a complementary tool that can confirm the integrity
of the structures responsible for voluntary movement, especially
in patients with normal brain MRI or electromyography
studies showing motor deficit only. A systematic exploration
of all these particular COVID-19 cases using PET might be
currently unrealistic due to the number of concerned patients
and the theoretical risk of disease contaminating PET imaging
departments (31); although we believe that imaging of COVID-
19-positive patients can be practiced safely and patients who
might benefit from this imaging should not be denied access, as
demonstrated by our group (32).

A thorough but practical clinical examination investigating
subtle positive signs, such as the MBT-r, complemented by '®F-
FDG PET exploration in cases of other unremarkable brain
imaging, would have a direct impact on patient care, potentially
leading to better therapeutic interventions at an early stage.
Indeed, establishing a rapid diagnostic procedure and reliable
prognosis outcome is crucial for patients who might benefit
from an early treatment (24). Above all, we recommend applying
an early and intensive neuro-rehabilitation program for severe
COVID-19 patients with behavioral unresponsiveness, which
aims at maximizing patient function to achieve the highest
possible level of independence (33, 34).
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