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Background

The first reports of a novel respiratory virus emerged from Wuhan, China in December 2019, and was subsequently shown to be caused by a coronavirus SARS-CoV-2.1 The virus, which
causes atypical pneumonia progressing to acute lung injury and acute respiratory distress syndrome (ARDS) in some individuals, was named COVID-19 and spread rapidly through other provinces in China. Before long the remainder of the world was affected and on March 11, 2020, WHO assigned to COVID-19 a pandemic status. 

Predicting the likely respiratory consequences of COVID-19 is challenging but there may be important parallels from other coronavirus infections; the severe acute respiratory syndrome (SARS) outbreak of 2002-2003 caused by SARS-CoV and that of Middle East respiratory syndrome (MERS).2-6 In a study of SARS survivors, 30% of the entire cohort had persisting CXR abnormalities correlating with abnormalities in lung function testing to suggest that these were physiologically relevant7. Similarly, in MERS survivors, 36% of patients had residual CXR changes at a median of 43 days, the vast majority of which were due to pulmonary fibrosis3. 
Early analysis from patients with COVID-19 on discharge suggests a high rate of lung function abnormalities consistent with fibrosis8 and supports the possibility of long term pulmonary fibrosis sequelae in a proportion of these patients.  

Initial reports from China9, which were later substantiated by data from Northern Italy10, suggested that the demographic most severely affected by COVID-19 was elderly men, and other poor prognostic factors included a history of smoking and the presence of comorbidities (eg. Hypertension, diabetes mellitus and coronary artery disease). This is a very similar disease demographic to that of idiopathic pulmonary fibrosis – a progressive fibrosing lung condition of unknown cause, whereby viruses have been proposed as a possible triggering factor11. Thus whilst the prevalence of post-COVID-19 fibrosis will only be apparent in time, given the scale of the pandemic, it is unlikely that this will be inconsequential.  

COVID-19 also appears to be associated with a hypercoagulable state that causes both arterial and venous thromboembolic complications12 13. The presence of occlusive microthrombi in the small pulmonary vessels of post mortem studies of COVID-19 patients that had died, supports this notion14, and highlights the possibility of pulmonary vascular disease long term sequelae, such as chronic venous thromboembolic disease with or without pulmonary hypertension. 

Routine physical recovery
Many patients with COVID-19 are asymptomatic or have mild disease and recover quickly over a period of 7- 14 days following variable upper respiratory tract symptoms. However, there will be a proportion of patients who had more severe disease e.g. with pneumonia, thromboembolic disease, myocardial infarction, that may or may not have been admitted to hospital and will have a prolonged recovery time.  
The Primary Care Respiratory Society (PCRS) practical guide for clinicians and commissioners, provides a summary of physical, psychosocial and social sequelae of COVID-19, including an anticipated recovery trajectory (www.pcrs-uk.org). 
Usual recovery from Covid-19. Many people who have COVID-19 are asymptomatic or have mild disease and recover quickly over a period of 7- 14 days with variable upper respiratory tract symptoms. 

4 weeks: muscle aches, chest pain and sputum production should have substantially reduced (significant sputum production is less common in COVID-19).
6 weeks: cough and breathlessness should have substantially reduced. 
3 months: most symptoms should have resolved but fatigue might still be present. 
6 months: symptoms should have fully resolved unless the patient has had a complicated ITU stay. 
Patients with more severe disease (managed in hospital or the community), will likely have a longer recovery particularly if they had additional acute complications or required intensive care. 

Clinical features which might suggest more concerning complications:
PE: breathlessness, pleuritic chest pain
Pericarditis: breathlessness, chest pain
Myocarditis: breathlessness, chest pain

Pulmonary fibrosis: breathlessness, dry cough, inspiratory crepitations on auscultation. Restrictive spirometry (FVC<80%), desaturation on exertion
Cardiomyopathy: Persisting breathlessness, ankle swelling
It is usually expected that by: 
· 4 weeks — substantial reduction in muscle aches, chest pain and sputum production 
· 6 weeks — substantial reduction in cough and breathlessness 
· 3 months — most symptoms should have resolved but fatigue might still be present. 
· 6 months — symptoms should have fully resolved unless the patient has had a complicated ITU stay, in which case mobility and/or respiratory difficulties may be prolonged. 
Those with prolonged intensive care (ICU) stays deserve particular mention as they may have developed profound neuromuscular weakness, including respiratory muscle and other skeletal muscle dysfunction that may take up to a year to recover from.

It is important to recognise that the multisystem nature of this virus means that primary care physicians (PCPs) have a key role to play in identifying patients who may have long term respiratory sequelae of COVID-19 and recognising the need for further evaluation. One of the challenges for PCPs in determining whether a patient may have developed long term respiratory sequelae of COVID-19 infection, is the lack of specificity of symptoms and the unknown true trajectory of disease; thus a high index of suspicion is required in a patient who presents with exertional breathlessness and/or decline in exercise tolerance who describes a recent history of a viral type illness (or confirmed COVID-19) infection, and is not improving in the anticipated trajectory. 

PCPs should take a comprehensive medical history in all patients presenting with chronic dyspnoea, including questions about their employment, family and drug history. Assessment for extrapulmonary symptoms, such as fatigue, joint pain and stiffness, may suggest an alternative explanation. 

Clinical examination may be normal although an early clinical test that can aid a diagnosis of pulmonary fibrosis is lung auscultation and the presence of inspiratory crackles. Both patients with pulmonary fibrosis or thromboembolic disease may experience oxygen desaturation with only minimal exertion. Whilst spirometry may be normal in the early phases of pulmonary fibrosis, restrictive lung disease tends to be characterised by a reduction in total lung capacity and a normal or elevated FEV1/vital capacity ratio and a reduced FVC, which declines as the disease progresses. 

One the most striking findings from a recent prospective follow up study of patients (n=110) admitted with COVID-19 infection to NBT (D. Arnold et al, 2020, In Press), was the persistence of symptoms many weeks after hospitalisation despite normal clinical examination, improved radiological investigations and normal spirometry; 74% patients reported at least one ongoing symptom at 8-12 weeks following diagnosis, the commonest being reported breathlessness, fatigue, myalgia and/or insomnia. Health status scores were reduced compared to population norms with particular deficits in patients perceived ability to perform their physical role and in vitality. These findings stress the importance of a holistic approach to management of these post-COVID patients with a focus on rehabilitation and well-being.
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Figure : Summary of symptomatology and clinical results by disease severity (D. Arnold et al. 2020 In Press)

Additionally, findings from a survey of 1225 post COVID-19 patients in the Midlands in May 2020, demonstrated that rehabilitation needs post COVID-19 are complex, due to the multiple co-morbidities that develop. Approximately 75% of pts had between 1 and 6 newly presenting needs requiring rehab post COVID-19.  54.2% of the total need by condition included general fatigue, deconditioning/ muscle atrophy, reduced mobility/falls, reduced function ADL.



There are however varying needs requiring multi-disciplinary inputs as shown below:

Rehabilitation needs by condition;
•	14.4% -↓ mobility /falls
•	14.0% -general fatigue
•	13.4% -↓ function / ADL
•	12.0% -Deconditioning / muscle atrophy
•	9.8% -respiratory including SOB
•	6.8% -nutritional intake 
•	5.0% -Depression / anxiety / PTSD
•	3.6% -Dysphagia / swallowing difficulties

The complexity and variability of the damage caused by COVID-19, coupled with the pre-existing disabling long-term conditions that many patients will have, means that there is no single, COVID-19 specific method to determine the need for rehabilitation. Many routine elements of rehabilitation have been paused during the pandemic and requirements for social distancing has meant that group and clinic based services have had to evolve and change to reflect this. There is also no call for separate rehabilitation services to be set up for post COVID-19, rather suggestions that existing pathways should be utilised where possible and the development of key people specialising in the coordination of COVID-19 rehabilitation.


Investigative pathway
Please see attached proposed pathway in Appendix A. 
This has been formulated through discussion with a small group of clinicians, taking into consideration the British Thoracic Society guidance on post covid follow up.
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