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Objectives 

■ Describe the Post-Acute Sequalae COVID-19 ( PASC)

■ Describe major sleep disturbances of post-COVID

■ Describe emerging studies and highlight limitations 



Post-acute Sequelae of COVID-19 (PASC)

■ A chronic condition
■ Up to 80% of SARS-CoV-2-infected, hospitalized patients 
■ and in 40% to 70% of non-hospitalized patients
■ Potentially debilitating impact

– Dyspnea -exercise intolerance
– Anxiety and Depression
– Autonomic dysfunction
– Cognitive impairment
– Sleep disturbances. 



Figure 1 
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Post-acute Sequelae of COVID-19 (PASC)
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Persistent Symptoms in Patients After Acute 

COVID-19

JAMA. 2020;324(6):603-605. doi:10.1001/jama.2020.12603

• A syndrome characterized by the persistence 

of clinical symptoms beyond four weeks from 

the onset of acute symptoms. 

• Persistent dyspnea is the second most 

common

• Apparent organ damage

• Non apparent organ damage



Frequency of symptoms reported at a 12-week follow-up compared with hospital admission.

David T Arnold et al. Thorax 2021;76:399-401
Copyright © BMJ Publishing Group Ltd & British Thoracic Society. All rights reserved.







Summary of symptomatology and clinical results by disease severity.

David T Arnold et al. Thorax 2021;76:399-401
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The prevalence and long-term health effects of Long Covid among hospitalised and non-hospitalised

populations: a systematic review and meta-analysis eClinicalMedicine Volume 55 (January 2023) DOI: 10.1016/j.eclinm.2022.101762

Copyright © 2022 The Author(s) Terms and Conditions

• 194 studies ( n= 735,006 participants) 
• More that 45% of COVID-19 survivors experience at least 

one symptoms
• Fatigue in hospitalized and non-hospitalized
• Radiologic abnormalities were common in hospitalized 

patients
• Heterogeneity of definitions is a challenge

http://www.elsevier.com/termsandconditions


Fig. 2 
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Fig. 3 
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"Effects of sleep disturbance on dyspnoea and impaired lung function following hospital admission due to 

COVID-19 in the UK: a prospective multicentre cohort study" in Lancet Respir Med, 37072018.



"Effects of sleep disturbance on dyspnoea and impaired lung function following hospital admission due to 

COVID-19 in the UK: a prospective multicentre cohort study" in Lancet Respir Med, 37072018.



Myalgia- Encephalomyelitis/chronic Fatigue Syndrome 
( ME/CFS)

■ Some PASC patients meet the diagnostic criteria for (ME/CFS) 

■ Neuroinflammation-linked condition 

– Fatigue

– Musculoskeletal pain

– Post-exertional malaise 

■ Most cases of ME/CFS begin with a viral infection,  or exposure to 

pathogens over time.



SARS-CoV-2 and/or Related Inflammatory Insults May 
Disrupt Brainstem Signaling

■ Similar to myalgic encephalomyelitis/chronic 

fatigue syndrome (ME/CFS)

■ Dysautonomia, diffuse pain, sleep problems, 

flu-like symptoms, trouble concentrating, and 

nausea. 

■ Dysfunctional brainstem signaling may be an 

important driver of PASC symptoms that 

overlap with those of ME/CFS. 

Proal AD, VanElzakker, MB. Front Microbiol. 2021; 12: 698169.

Are there residual derangements in ventilatory control? 

https://www-ncbi-nlm-nih-gov.proxy.lib.wayne.edu/pubmed/?term=VanElzakker%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=34248921


Respiratory Manifestations of Long 
COVID

■ Breathlessness

■ Changes  on imaging can persist in large numbers of patients beyond 12 weeks.

■ Similar course to those observed in SARS-CoV-1 : 4.6% still had visible lesions 
on their lungs, and 38% had reduced diffusion capacity after 15 years following 
acute infection. 

■ >40% of COVID-19 patients report breathlessness, and >50% fatigue even 2 
months after hospitalization

■ 52% of home isolated young adults experienced Long COVID symptoms at 6 
months following COVID-19 infection



Fig. 1 

European Journal of Radiology 2021 138DOI: (10.1016/j.ejrad.2021.109676) 

Residual symptoms with apparent organ 

involvement 



Fig. 6 
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Figure 2 

The Lancet 2021 397220-232DOI: (10.1016/S0140-6736(20)32656-8) 

Sex appears to be associated with post long-term sequelae

Determinants of long-term outcome remain unclear. 



6-month consequences of COVID-19 in patients 
discharged from hospital: a cohort study

■ Fatigue or muscle weakness, sleep difficulties, and anxiety or depression 

were common, even at 6 months after symptom onset. 

■ Consistent with previous SARS long term follow-up studies. 

■ Being a woman and severity of illness were risk factors for persistent 

anxiety and depression

■ Persistent diffusion abnormalities were common

■ The disease severity in the acute phase was found to be associated with 

pulmonary diffusion abnormality and percentage change of CT score in 

the multivariable analysis. 



Date of download:  10/28/2021

From: Respiratory and Psychophysical Sequelae Among Patients With COVID-19 Four Months After Hospital 

Discharge

JAMA Netw Open. 2021;4(1):e2036142. doi:10.1001/jamanetworkopen.2020.36142

Flowchart of the Study PopulationCOVID-19 indicate coronavirus disease 2019.

Figure Legend: 



Date of download:  10/28/2021

From: Respiratory and Psychophysical Sequelae Among Patients With COVID-19 Four Months After Hospital 

Discharge

JAMA Netw Open. 2021;4(1):e2036142. doi:10.1001/jamanetworkopen.2020.36142

Logistic Regression Analysis of Risk Factors for Dlco ImpairmentAbbreviations: CKD, chronic kidney disease; COPD, chronic 

obstructive pulmonary disease; Dlco, diffusing lung capacity for carbon monoxide; ICU, intensive care unit; OR, odds ratio.

Table Title: 



Date of download:  10/28/2021

From: Respiratory and Psychophysical Sequelae Among Patients With COVID-19 Four Months After Hospital 

Discharge

JAMA Netw Open. 2021;4(1):e2036142. doi:10.1001/jamanetworkopen.2020.36142

Logistic Regression Analysis of Factors Associated With Functional ImpairmentAbbreviations: CAD, coronary artery disease; CKD, 

chronic kidney disease; COPD, chronic obstructive pulmonary disease; Dlco, diffusing lung capacity carbon monoxide; ICU, intensive 

care unit; OR, odds ratio.
a Evaluated using the Short Physical Performance Battery or 2-minute walking test.

Table Title: 



Recovery Time course

■ Fatigue, weakness, and poor endurance –three months or longer, particularly among ICU survivors 

■ Dyspnea –resolving slowly in most patients over two to three months, sometimes longer (eg, up to 
12 months)

■ Chronic cough –two to three weeks following initial symptoms – resolution in 3 months

■ Chest discomfort –persists in 12 to 22 percent of patients 2-3 months

■ Altered taste and smell –Complete or near-complete recovery at one month following acute illness, 

■ Neurocognitive symptoms –persist for six weeks or more in COVID-19 patients after discharge from 
the hospital

■ Psychological – Observational studies report that psychological symptoms (eg, anxiety, depression, 
PTSD) are common after acute COVID-19 infection, with anxiety being the most common. In 
general, psychological symptoms improve over time but may persist for more than six months for a 
subset of survivors. 





Figure 4. Axial image and coronal reconstruction from computed tomographic (CT) imaging of the thorax acquired immediately before discharge in a 

previously fit and well 57-year-old man (A and B) shows a radiological pattern of organizing pneumonia disease with predominant peribronchial and 

perilobular dense consolidation mild traction bronchiectasis of the airways. At this stage, the patient could only walk 30 yards. Follow-up CT imaging of 

the thorax acquired after 3 weeks of oral prednisolone (C and D) shows resolution of consolidation with residual ground glass and fine subpleural 

reticulation. The airways still have a slightly nontapering appearance. The patient was now able to run for 30 minutes a day.
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Flowchart of the study population recruited between February and May 2020. COVID = coronavirus disease; CT = computed tomography; 

ILD = interstitial lung disease; MDT = multidisciplinary team meeting; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.
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Figure 2. Steroid dosing by week. Data are presented as median and interquartile range.
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Figure 3. Change in lung function after treatment with oral prednisolone in patients with interstitial lung disease after infection with SARS-CoV-2. 

FVC = forced vital capacity; KCO = transfer coefficient; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2; SI = International System of 

Units; transfer; TlCO = transfer factor of the lung for carbon monoxide.

Annals ATS, 2021
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Where facts are few, experts are many 



Limitations and Opportunities

■ What are the determinants of PASC? 

■ What is the effect of age, race, or sex?

■ Social determinants of Health and SES

■ Natural history of the condition

■ Need a comparison group.



Future Directions

■ Prospective cohort studies of COVID-19 survivors, including 

asymptomatic and those with PASC.  What is the proportion of the 

population who develop PASC?

■ Underlying biological cause of these prolonged symptoms?

■ Underlying cause of vulnerability

■ Etiology of unexplained prolonged dyspnea? 

■ Interaction with underlying health status, 

■ Physiologic studies addressing ventilatory control, sleep, PLMS

■ Dedicated clinics with registries.
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