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• ACE2: cell membrane of 
mainly lung type II alveolar 
cells, enterocytes, myocardial cells, 
PT cells, endothelial cells and 
arterial smooth muscle cells.  

 

• Also found in cerebral cortex, 
striatum, hypothalamus and 
brainstem specially in glial cells 
and neurons. 

Reference: SARS- CoV 2 Structure. Cascella M et al. Features, Evaluation & Treatment 
COVID-19. In: StatPearls. Treasure Island (FL): StatPearls Publishing; 2020 Jan. 

Reference: Kabbani N, Olds JL. Does COVID19 Infect the Brain? If So, 

Smokers Might Be at a Higher Risk. Mol Pharmacol. 

2020;97(5):351‐353.  



 

• Significant proportion of COVID-19 patient have neurological symptoms. 
• Case reports in adults: loss of smell, loss of taste, AMS, syncope, 

meningitis/encephalitis, ataxia, convulsion, stroke (ischemic, hemorrhagic).  
 

• Possible pathogenesis: inflammation, intracranial cytokine storm leading to 
BBB depression causing direct viral invasion & para-infectious demyelination; 
Hypercoagulability, microvascular thrombotic processes, hemorrhage. 

References: 
Beyrouti R et al. Characteristics of ischaemic stroke associated with COVID-19. J of Neurology, Neurosurgery & Psychiatry 2020. 
Gialluisi A et al. New challenges from Covid-19 pandemic: an unexpected opportunity to enlighten the link between viral infections and brain disorders? Neurol Sci. 2020;1‐2. 
Bittmann S et al. COVID-19: Expression of ACE2-Receptors in the Brain Suggest Neurotropic Damage. J Regen Biol Med. 2020;2(3):1-3.  
Moriguchi T et al. A first case of meningitis/encephalitis associated with SARS-Coronavirus-2. Int J Infect Dis. 2020;94:55‐58. 
Baig AM. Neurological manifestations in COVID-19 caused by SARS-CoV-2. CNS Neurosci Ther. 2020;26(5):499‐501.  
Ye M, Ren Y, Lv T. Encephalitis as a clinical manifestation of COVID-19 [published online ahead of print, 2020 Apr 10]. Brain Behav Immun. 2020;S0889-1591(20)30465-7. 



• A study of cases from 8 different hospitals showed 50 of 235 ICU patients 
developed central neurological symptoms. MRI was done in 27. 
 

• Nearly half of the patients who had MRI had acute findings: 
 

• Abnormalities found in frontal lobe-4, parietal lobe-3, occipital lobe-4, temporal lobe-1.  

• Findings – cortical, subcortical and deep white matter FLAIR signal abnormality. 

• Report of acute sinus thrombosis and infarction in cerebral artery territory. 

References: 
Kandemirli, S. G. et al. Brain MRI Findings in Patients 
in the Intensive Care Unit with COVID-19 Infection. 
Radiology 0, 201697. 
Poyiadji, N. et al. COVID-19–associated Acute 
Hemorrhagic Necrotizing Encephalopathy: CT and 
MRI Features. Radiology 0, 201187. 
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• The COVID-19 pandemic presents a unique challenge and opportunity for the 
field of Rehabilitation Medicine, similar to military combat, natural disasters, 
terrorist attacks, mass trauma events and related catastrophes.  

 

• While the acute needs (0-72 hours) rarely require the specific skills offered by 
rehabilitation clinicians, as with any acute condition that results in immobility, 
focal or general weakness, an alteration in biorhythms (sleep, eating, activity, 
emotions), targeted multi-organ involvement, or other source of impairment 
that may elevate the risk for short and long-term disability, the basic 
principles of PM&R should be applied and the eventual need of PM&R 
specialists is likely.  

Increased Need for PMR: Overall 



• The added psychologic stressors (fear, uncertainty, altered lifestyles, altered 
activity) and the marked reduction in preventative health care brought on by 
the pandemic will increase both the risks : 

 

• For acute (e.g., stroke, falls, peripheral vascular disease/amputation, myocardial 
infarction, COPD exacerbation, musculoskeletal injury and pain) and  

• For chronic disease and disorders (e.g., osteoarthritis, spinal disorders, obesity, 
decubitus ulcers) that necessitate PM&R care.  

Increased Need for PMR: Psychological 



• Traumatic injuries (e.g., SCI, TBI, concussion, fractures) continue and the 
resultant impairment and disability may be increasingly underdiagnosed and 
undertreated.  

 

• Importantly, individuals with chronic disability who are therefore at added 
risk for functional and medical decline are likely to be receiving less than 
optimal preventative and restorative services, and PM&R care must be 
modified (e.g., virtual visits, teletherapy) to meet their needs.  

Increased Need for PMR: TBI 



• Critical illness and intensive care unit (ICU) care influence a wide range of 
long-term patient outcomes, with some impairments persisting beyond the 
ICU stay and many resulting in chronic disability.  

 

• Approximately 5% of all individuals infected by SARS-CoV-2 are estimated to 
develop profound COVID-19 requiring an intensive care unit stay that will 
include pulmonary support and artificial ventilation. 

 

Highlights of COVID-related Illness 



• Approximately 15% % of all individuals infected by SARS-CoV-2 will require 
acute hospitalization and pulmonary care, but not ICU care.   

 

• While there may be unique neurologic and neuromuscular conditions and 
sequelae from the SARS-CoV-2 itself (e.g., thrombotic events with stroke, 
encephalopathy, other organ involvement), the overall debility, acute 
hospital/ICU stay and need for ventilator usage alone will result in significant 
physical, cognitive and functional deficits that will require both acute and 
long-term rehabilitation interventions and care. 

 

Highlights of COVID-related Illness 



• Neuromuscular weakness and impairments occur in up to 50% of all 
individuals who have prolonged ICU stays due to critical illness 
polyneuropathy (CIP), which can result in ongoing dysfunction for greater 
than 5 years in 85% of individuals. 

  

• Pulmonary dysfunction may be seen in up to 40% of individuals who have 
acute respiratory disorders resulting in the need for ventilators.   

 

Highlights of COVID-related Illness 



• For individuals who require artificial respiration on a ventilator for >48 hours: 

 

• 65% will continue to have functional deficits at 1 year 
 

• 75% will have cognitive impairment at time of hospital discharge and 45% 
at 1 year 
 

• More than 25% will have significant psychiatric issues related to their 
illness, including major depression and posttraumatic stress disorder in 
the first year after discharge.  

 

Highlights of COVID-related Illness 



• All patients who require ICU care for COVID infection (or any reason) and 
require >48 hours of care will benefit from a PM&R consultation by PM&R to 
deliver rehabilitation services to early mobilize and promote activity, optimize 
bed positioning and joint mobilization, support pulmonary hygiene and toilet, 
assess and intervene for nutritional status, assess and intervene for cognitive 
dysfunction (delirium/encephalopathy), optimize bowel & bladder 
management, protect skin integrity, assess and intervene for behavioral 
dysfunction. 
 

• All patients who require acute hospitalization for COVID infection (or any 
reason) and require >7 days of care will benefit from a PM&R chart review 
and, if indicated a consultation for the same reasons as above. 

 

Key PM&R Interventions 



• All patients who have functional deficits and are able to be discharged from 
the ICU or acute hospital and cannot be returned to their home for safe and 
restorative management should be offered rehabilitation care (inpatient 
rehabilitation facility, skilled nursing facility, other non-community setting) in 
an interdisciplinary, team setting that is appropriately aligned for 
COVID/infectious care. 
 

• A comprehensive approach to care forms the basis of all PM&R management 
with an added focus on pulmonary rehabilitation (aspiration risk reduction, 
pulmonary toilet, primary and secondary respiratory muscle strengthening, 
deep breathing, monitoring of vital capacity, monitoring for infection, 
mobilization, walking). Additionally, the common risks associated with 
prolonged ICU care (e.g., debility, weakness, cognitive decline, behavioral 
dysfunction) must be addressed. 

 

Key PM&R Interventions 



• Individuals with chronic disability from brain injury (stroke, TBI, 
encephalopathy, aneurysm, tumor) will continue to require ongoing 
management and disability-specific intervention during the pandemic. The 
social isolation, alteration in service provision, lifestyle changes and 
psychological stressors to these individuals and their family and caregivers 
may result in new or worsened issues. 

 

• Individuals who sustain thrombotic events (e.g., stroke, extremity loss) as a 
result of COVID infection will require standard PM&R approaches to acute 
impairment and functional loss. This service delivery will be complicated by 
infectious precautions, secondary pulmonary and immobility morbidity, 
secondary ICU-related cognitive and psychologic dysfunction, and the 
challenges of limited family involvement in care. 

 

Brain Injury-Specific Issues 



• Individuals who sustain acute trauma may receive less than comprehensive 
acute neurologic assessments (e.g., imaging, electrophysiology, consultants, 
serial orientation and attention evaluations, peripheral neurologic 
examinations) in the emergency department and trauma services due to 
COVID precautions and health care system stressors, thus PM&R 
professionals must provide both acute/ICU and rehabilitation setting 
evaluations, as appropriate.  

 

• Importantly, serial interviews and physical examinations are far more 
important and likely to diagnose and detect difficulties than imaging, 
electrophysiology, blood work and related testing. 

 

Brain Injury-Specific Issues 



• Principles of management for sleep-wake cycles, nutrition, agitation, mood, 
cognitive deficits, spasticity, seizure risk, DVT risk, intracranial complications 
(hydrocephalus, bleed, infection, diabetes insipidus), pain, heterotopic 
ossification and other conditions commonly encountered after moderate and 
severe brain trauma and insult remain the same and must be attended to. 

 

Brain Injury-Specific Issues 



• Individuals who sustain trauma that includes concussive injury (alteration or 
loss of consciousness for <30 minutes) may be less likely to seek medical and 
emergent care or may be overlooked in the face of other COVID driven 
urgencies.  

• PM&R professionals must be aware of this and be vigilant to their needs, 
including make available virtual screening and assessment services.  

• The vast majority of post-concussive care can be delivered virtually and has 
been shown to have good efficacy (e.g., headache, dizziness, sleep, cognitive 
deficits, mental health issues, visual dysfunction, tinnitus).  

• The stressors of COVID and social isolation may worsen recovery after 
concussion and may contribute to the worsening of individuals with prior 
concussion (and other severity of brain dysfunction). 

 

Brain Injury-Specific Issues 



• Complications from COVID-19 can be reduced by: 
1. delivering interdisciplinary rehabilitation that is initiated early and continued 

throughout the acute hospital stay,  

2. providing patient/family education for self-care after discharge from inpatient 
rehabilitation at either acute or subacute settings, and 

3. continuing rehabilitation care in the outpatient setting, and at home through 
ongoing therapy either in-person or via telehealth.  

 

• Brain Injury care should remain focused on the common acute and chronic 
conditions and areas of dysfunction. COVID-specific adjustments include 
increased surveillance and monitoring, attention to added stressors and a 
reliance on non-traditional rehabilitation settings. 

Summary 



 

 

 

 

 

 

 

75% of chronic diseases preventable 
One-third of dementias preventable 

Diet, Exercise, Sleep, Stress Management, Pain Care,  

Productivity, Social Integration, Family, Faith-Based Community  





Links 

• FREE guides on TBI care: https://braininjuryguidelines.org/ 
 

•  
Virtual/Telehealth Rehabilitation platform: 
http://www.reabilityonline.com 

https://braininjuryguidelines.org/
http://www.reabilityonline.com/
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