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SUMMARY
The COVID-19 pandemic has dealt a devastating blow
to healthcare systems globally. Approximately 3.2%
of patients infected with COVID-19 require invasive
ventilation during the course of the illness. Within
this population, 25% of patients are affected with
neurological manifestations. Among those who are
affected by severe neurological manifestations, some
may have acute cerebrovascular complications (5%),
impaired consciousness (15%) or exhibit skeletal muscle
hypokinesis (20%). The cause of the severe cognitive
impairment and hypokinesis is unknown at this time.
Potential causes include COVID-19 viral encephalopathy,
toxic metabolic encephalopathy, post-intensive care unit
syndrome and cerebrovascular pathology. We present a
case of a 60 year old patient who sustained a prolonged
hospitalization with COVID-19, had a cerebrovascular
event and developed a persistent unexplained
encephalopathy along with a hypokinetic state. He
was treated successfully with modafinil and carbidopa/
levodopa showing clinical improvement within 3–7 days
and ultimately was able to successfully discharge home.

BACKGROUND
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In late 2019, a novel coronavirus known as
SARS-
CoV-2 was identified as the cause of a
cluster of viral pneumonia cases. Infection with
this virus results in COVID-19, a disease which
was classified as a global pandemic in February
2020.1 COVID-19 has resulted in over 1.5 million
deaths globally.2 Inpatient healthcare providers
have experienced major challenges working with
patients suffering from COVID-19 due to the
varying degree of severity and unpredictability
of the disease course, especially across different
populations.3 The disease process is associated
with numerous clinical complications including
a hyperinflammatory state, severe pneumonia
requiring mechanical ventilation, coagulopathy,
and notably, significant neurological and cognitive impairment.4
Numerous clinical symptoms suggest neurological involvement in the pathogenesis of COVID19.5 These include headaches, nausea, vomiting,
myalgia, encephalopathy, ataxia, acute cerebrovascular disease, seizures, hypoxaemia and impaired
consciousness.6 There has been no literature to
date describing the neurophysiological cognitive
state and treatment of these patients, particularly
in the post-intensive care unit (ICU) setting.
One noteworthy neurological complication
from COVID-19 is impaired consciousness,
associated with a prolonged hypokinetic state.7

8
The coagulopathy seen in COVID-19 patients
may contribute to this altered consciousness by
causing cerebrovascular disease. Despite routine
use of venous thromboembolism (VTE) prophylaxis, some patients suffer from VTEs and
acute ischaemic strokes over the course of their
disease.9 COVID-19 patients who enter the ICU
are also at risk for post-ICU syndrome in which
patients suffer from ventilator asynchrony. 10 As
a result, they require high doses of intravenous
sedatives and the use of neuromuscular blockers
for an extended duration. The combination of
VTE complications, as well as extended ventilator days, has resulted in prolonged minimally
conscious states in many patients with a severe
form of the disease.
We propose that this cohort of patients has
developed depleted dopamine stores in the
brain resulting in preserved consciousness,
tremors and intact eye movements. Pharmacodynamic approaches to dopaminergic stimulation in patients with depleted dopamine stores
include reversing the disruption in the presynaptic biosynthesis of dopamine via the administration of L-
dopa.11 Additionally, the American
Academy of Neurology recommends the use of
100–200 mg of amantadine twice daily to hasten
functional recovery and reduce the degree of
disability between 4 and 16 weeks postinjury
based on the results of a randomised, placebo-
controlled study.12–15 Neurostimulant medications, such as carbidopa–levodopa (sinemet),
amantadine and modafinil, have all been shown
to improve and accelerate functional recovery and
sleep-
wake cycles following an acute stroke or
total brain injury in patients with depleted dopamine stores.16–19 We; therefore, present a case
describing the clinical course of a patient infected
with COVID-19 who was treated with a combination of 25–100 mg of carbidopa–levodopa three
times a day and 200 mg of modafinil daily in
the post-ICU, rehabilitation setting. This neurological resuscitation protocol proved successful
in waking up this patient and improved cognition, function and movement. Due to the lack of
literature regarding this medication treatment in
patients with COVID-19, informed consent was
obtained for this case.

CASE PRESENTATION
A 60-year-old man with a history of hypertension,
diabetes and hypercholesterolaemia presented to
the emergency department for worsening shortness of breath. Subjective and objective data lead
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Treatment of unexplained coma and hypokinetic-rigid
syndrome in a patient with COVID-19
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centre, he began walking with a walker, and on day 90 his
modafinil and carbidopa/levodopa regiment was stopped. He
continues to maintain wakefulness, alertness and is sustaining
movement. The patient was set to discharge to home from the
acute rehab within the next month, and ultimately discharged
to home.

TREATMENT

The main treatment used was the combination therapy of
modafinil 200 mg in the morning, and carbidopa/levodopa
25/100 mg three times a day. The treatment was stopped after
30 days for the case described, so as to minimise complications and side effects from the medication. The modafinil was
thought to help reset sleep/wake cycles, and maintain wakefulness along with the ability to participate in day-to-day therapy
sessions. The carbidopa/levodopa was thought to have helped
with dopamine depletion, which may have been causing the
hypokinesis of skeletal muscle.

OUTCOME AND FOLLOW-UP

During the extended hospital stay, the patient in this case
report was started on our ‘wake-up’ protocol: 25–100 mg of
carbidopa–levodopa three times a day and 200 mg of modafinil every morning. Since there is not any current protocol for
neurological resuscitation for COVID-19 patients, the rationale behind these doses were to use parallel diseases (impaired
sleep and parkinsonism) as a reference point. The objective
of this intervention was to improve mental status and alertness and to enable the patients to awaken on their own and
become more arousable. It was also important to see that the
patient could follow commands consistently, such as squeezing
an examiner’s hand or being able to give a ‘thumbs up’. When
sedating medications were discontinued before the start of
the intervention, the typical physical examination consisted
of very minimal neurological responses, scarcity of movement
and severe lethargy. By day 2 or 3 of the carbidopa–levodopa
and modafinil combination regimen, the patient began to show
increased alertness and wakefulness for increased amounts
of time. During the first week of the treatment, he was able
to communicate meaningfully and demonstrated increased
mobility of his upper limbs. The duration of treatment was
chosen to be a total of 30 days so as to minimise any short
and long-term side effects associated with both carbidopa–
levodopa and modafinil. When the patient was medically
stable for discharge to acute rehabilitation, he was continued
on the regiment to continue to help with physical and occupational therapy. Follow-up phone calls revealed continued
improvement, and ultimate weaning off of the tracheostomy,
and ability to feed himself, and ambulate. The patient was able
to discharge to home after 30 days at the acute rehabilitation
centre.

DISCUSSION

COVID-19-related encephalopathy is a formidable problem to
solve because there is no clear and effective treatment to help
patients with this disorder. Many patients fall into a ‘locked
in’/parkinsonian state following COVID-19 infection. This
case report demonstrates that a medication regimen featuring
carbidopa–levodopa and modafinil may be an effective means
of neurological resuscitation. Improved consciousness and
cognitive function are associated with the use of carbidopa–
levodopa following traumatic brain injury,16 17 the mechanism
of which is believed to be due to replenishment of depleted
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to the preliminary diagnosis of bilateral pneumonia, being
COVID-19 positive and soon thereafter developed acute
hypoxic respiratory failure. As the patient’s clinical condition began to deteriorate in the early days of the hospital
stay, the patient was intubated, which lead to transfer to the
ICU. This patient had a prolonged ICU course complicated by
septic shock, ventricular tachycardia and acute renal failure
requiring haemodialysis. The patient was treated with convalescent plasma during the ICU course on day 8. Weaning trials
off of the ventilator were started, but the patient was unable
to be weaned due to critical illness, hypokinetic-rigid state and
poor mental status. On day 30, despite all weaning attempts,
he underwent a tracheostomy with percutaneous endoscopic
gastrostomy (PEG) tube placement due to prolonged mechanical ventilation. He continued to remain in the ICU, with
continued poor mental status and functional status. As a result
of this continued poor neurological status, the patient underwent a MRI scan, which showed a basal ganglia and corona
radiata stroke. These were both thought to be secondary to
COVID-induced coagulopathy.
On day 35, all of his sedating medications were appropriately weaned and discontinued. He remained clinically stable,
throughout the rest of the ICU stay and was transferred out of
the ICU on day 41 to a step-down unit. Physical, occupational
and speech therapy were started once out of the ICU, but due
to having continued unexplained encephalopathy and functional quadriplegia he was unable to participate. He continued
to be unweanable from his ventilator due to his poor mental
status.
On day 47, after consent was obtained from the patient’s
healthcare proxy, he was started on 25–100 mg of carbidopa–levodopa three times a day and 200 mg of modafinil
in the morning. On day 49, he was awake, alert and able to
slowly move the right side of his body. Due to complications
of stroke, the patient continued to have left-sided hemiparesis, but he was participating with physical, occupational,
and speech therapy. On day 50, he was able to move the right
side of his body with more purpose and strength, while also
attempting to speak. The patient was not previously weaned
off of the ventilator because of his mental status, but began
weaning on day 52 as he improved. This patient remained in
the hospital because he developed a pneumothorax on day 54
as well as ventilator-associated pneumonia on day 58. Weaning
attempts from the ventilator were then suspended, and carbidopa–levodopa along with modafinil were withheld during
this time, as the patient was having a decline. The patient’s
wakefulness did seem to worsen during this time, along with
paucity of movement.
Once the pneumothorax resolved on day 60, and chest tube
was removed, the patient was restarted on the ‘wake-up’ regiment, and within 2 days his movement and wakefulness began
to improve. He was again restarted on ventilator weaning,
which he was able to tolerate. On day 64–70, he continued
to participate with physical and occupational therapy, and
although he did develop a ventilator associated pneumonia, he
continued to improve and get stronger. On day 74, he was able
to be discharged to acute rehabilitation while on the carbidopa–levodopa regiment. He was able to have more intensive
physical therapy and occupational therapy, and was able to
complete his course of antibiotics. During the rehabilitation
stay, he was able to be fully weaned off of the ventilator, and
began eating more on his own; his tracheostomy was able to be
removed, and as he was keeping up with his nutritional needs,
his PEG tube was also removed. At the acute rehabilitation

Case report

Patient’s perspective
I am just so happy that these medications were tried. Everyone
was telling me that my husband did not have a chance, and
that I needed to think about hospice. I just couldn’t and needed
to make sure that I did everything that I could. This virus is a
horrible thing. Everyone needs to know about this treatment, so
we can help others. Thank you. Priscilla (wife)

Learning points
►► COVID-19 encephalopathy and hypokinetic rigid syndrome

occurs in patients who have contracted COVID-19, and have
had prolonged intensive care unit (ICU) stays.
►► These patient’s unfortunately develop a neurological
complication that prevents the patient from healing from this
disease.
►► By using modafinil 200 mg, we were able to help reset
patient’s sleep-wake cycles, to prevent ICU delirium and
improve wakefulness and alertness during the post-ICU stay.
►► By using carbidopa/levodopa, we were able to help fix the
hypokinetic rigid syndrome, which was making it difficult to
participate in physical therapy and rehabilitation
►► By using this regimen, and minimising the comorbidity of
poor neurological state during the course of their COVID-19
illness, patients may be able to make faster recoveries, and
ultimately be weaned off of ventilators sooner.
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amantadine–modafinil in patients with COVID-19-
encephalopathy or comatose state.
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dopamine stores in striatal neurons.16 17 In patients with brain
injury, modafinil enhanced cognition and restored patients’
sleep-wake cycles by means of blocking inhibiting dopamine
and norepinephrine transporters and decreasing GABA-
mediated neurotransmission.18–21
The patient in our hospital setting who suffered from
COVID-19 infection and its neurological sequelae showed
neurological improvement with the ‘wake-up’ protocol drug
regimen. This is an important finding which could decrease
the need for invasive procedures such as tracheostomy and
PEG placement, as well as decrease the length of long term
ventilation in ‘long-haul’ COVID-19 19 patients. As a result,
patients’ morbidity and mortality may improve. When started
up’ protocol, the patient we followed showed
the ‘wake-
increased alertness, ability to communicate and capacity to
follow commands. He was able to partake in physical, occupational and speech therapy, furthering his chances of meaningful
recovery. No major side effects for either carbidopa–levodopa
or modafinil were observed during the treatment period.
Due to the paucity of published studies on COVID-19-
related neurological issues and treatments, no protocols or
guidelines could be used to aid in our data collection and
interpretation. Larger non-randomised studies would be able
to take into consideration gender, race, comorbidities and
severity of illness, treatments or other factors. We performed
this case report to obtain information for future studies.
In summary, we report that carbidopa–levodopa in combination with modafinil may be an effective treatment regimen
related neurological dysfunction. This case
for COVID-19-
report highlights the positive influence of neurostimulants
following COVID-19 infection complicated by neurological
sequelae. Further studies are warranted to examine the effectiveness of carbidopa–levodopa and modafinil or possibly
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