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Abstract
Covid-19 is a novel infectious disease whose spectrum of presentation ranges from absence of symptoms to widespread interstitial pneumonia 
associated with severe acute respiratory syndrome (SARS), leading to significant mortality. Given the systemic pattern of Covid-19, there 
are many factors that can influence patient's functional capacity after acute infection and the identification of such factors can contribute to 
the development of specific rehabilitation strategies. Pulmonary impairment is the primary cause of hospitalization due to Covid-19, and 
can progress to SARS as well as increase length of hospitalization. Moreover, cardiac involvement is observed in approximately 30% of 
hospitalized patients, with an increased risk of acute myocarditis, myocardial injury, and heart failure, which may compromise functional 
capacity in the long-term. Thromboembolic complications have also been reported in some patients with Covid-19 and are associated with 
a poor prognosis. Musculoskeletal complications may result from long periods of hospitalization and immobility, and can include fatigue, 
muscle weakness and polyneuropathy. Studies that address the functional capacity of patients after Covid-19 infection are still scarce. 
However, based on knowledge from the multiple systemic complications associated with Covid-19, it is reasonable to suggest that most 
patients, especially those who underwent prolonged hospitalization, will need a multiprofessional rehabilitation program. Further studies 
are needed to evaluate the functional impact and the rehabilitation strategies for patients affected by Covid-19.
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INTRODUCTION

The betacoronavirus SARS-CoV-2, discovered in 2019 in China, 
is one of the six known coronavirus species capable of infecting 
humans1-3. Of these, four are associated with the development of mild 
flu syndrome, with typical symptoms of a common cold1. However, 
SARS-CoV-2, which is highly transmissible, mainly through 
respiratory droplets, aerosols and direct contact with contaminated 

objects, is the etiological agent of Covid-19 (coronavirus disease 
2019), a disease that has no specific treatment and whose spectrum 
of presentation varies from absence of symptoms to widespread 
interstitial pneumonia associated with severe acute respiratory 
syndrome (SARS), resulting in 5% to 10% mortality2-6. 

In Brazil, there were about 5 million cases of Covid-19 
confirmed by November 20207. Most infected individuals remain 
asymptomatic or have a mild or moderate form of the disease 
(85%), with non-specific symptoms such as fever, cough, myalgia, 
sputum and fatigue4,8,9. However, about 15% of individuals with 
Covid-19 may develop the severe form of the disease that requires 
hospitalization and ventilatory support, with significant lung damage 
and progressive hypoxemic respiratory failure, characteristics of 
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FIGURE 1: Main complications from COVID-19 infection that impact functional capacity.

SARS. These cases represent the main cause of hospitalizations 
and death4,8-10. The mortality rate due to Covid-19 in Brazil is 76.4 
deaths per 100,000 inhabitants7.

Numerous factors have been attributed to increased disease severity; 
among them are the prothrombotic potential and the development of 
systemic hyperinflammation, known as a cytokine storm, which leads 
to rapid failure of multiple organs (liver, kidneys, lungs and heart) and 
is associated with the clinical symptoms of hypoxia, such as dyspnea, 
fatigue and shortness of breath9,11-13. The main complications resulting 
from Covid-19 infection are described in Figure 1.

Among patients who develop the disease in its most severe 
form, 15% require hospitalization and 5% require further advanced 
life support in intensive care units (ICU) over prolonged periods14. 
Although the negative impact of prolonged hospitalization on post-
discharge functional capacity is widely recognized, the challenge 
for the Covid-19 survivors may be even greater, as both the 
pathophysiology and the necessity for prolonged treatment during 
the acute severe stage of the disease can cause secondary organ 
damage that compromises functional recovery and the capacity 
to perform activities of daily living (ADL)9,15. Considering that 
Covid-19 can affects different physiological systems, with more 
than 80% of the survivors presenting some long-term functional 
limitation months after initial symptom onset, several factors can 
influence the patient's functional capacity after the acute infection 
and the identification of such factors can help the development of 
specific rehabilitation strategies for these patients6,12,13,16. 

FACTORS THAT INFLUENCE FUNCTIONAL  
CAPACITY AFTER COVID-19

Pulmonary complications

Pulmonary complications of Covid-19 are similar to the previous 
epidemics caused by other identified coronaviruses – namely the 
Severe Acute Respiratory Syndrome (SARS-CoV) and Middle East 

Respiratory Syndrome (MERS-CoV)6. SARS is characterized by 
an acute inflammatory response with cytokine release that results 
in alveolar and capillary endothelial damage with consequences 
that include non-cardiogenic pulmonary edema17. Biopsy samples 
from lung tissues of Covid-19 patients identified viral particles  
in the cytoplasm of type II pneumocytes and demonstrated bilateral 
diffuse alveolar lesions with exudates and cellular fibromyxoid 
features1,18. 

Prolonged mechanical ventilation is necessary for patients 
that develop severe disease symptoms, but can cause secondary 
lung injuries in some cases, leading to complications such as 
edema, pulmonary inflammation and abnormal surfactant function, 
decreasing lung compliance and reducing gas exchange19. In the 
recovery phase, patients may experience residual lung damage, such 
as parenchymal consolidation, in which the alveolar walls develop 
fibrosis due to parenchymal repair processes, directly affecting 
respiratory function1,19,20.

In terms of lung function, no reductions in spirometry values 
have been observed after Covid-19 infection, although significant 
changes were observed in diffusion capacity and lung volume21. 
However, about 43% of patients may develop obstructive 
pulmonary patterns and about 53% develop restrictive pulmonary 
patterns within the first year after hospitalization; this can negatively 
influence functional capacity and quality of life15,22. Long-term 
follow-up to monitor lung function is advised for patients with 
persistent respiratory symptoms to provide functional parameters 
on which pulmonary rehabilitation can be based23.

Cardiac complications

Damage to the cardiovascular system inflicted by Covid-19 
is likely to be multifactorial and can result from an imbalance 
between high metabolic demand and low cardiac reserve, systemic 
inflammation and thrombogenesis, or direct cardiac injury caused by 
invasion of the virus into the myocardium14,24,25. High concentrations 
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of cytokines and inflammatory markers associated with myocardial 
interstitial macrophage infiltration may promote myocarditis with 
myocardial injury, heart failure, cardiogenic shock, and malignant 
arrhythmias, that may persist after the acute phase14,25-28. Usually, 
acute cardiac injury is more severe in individuals with previous 
comorbidities, such as hypertension, diabetes mellitus, and 
cardiovascular disease, as well as those who require ventilatory 
support during the acute infection phase. These factors are also 
associated with a worse prognosis22. 

Cardiac injury was observed in up to 30% of hospitalized 
patients affected by Covid-19, and was associated with a higher 
rate of mortality29,30. Moreover, the cardiac complications related 
to Covid-19, together with the prolonged immobility period 
during hospitalization, are associated with a marked decrease in 
cardiorespiratory capacity, which may reduce the ability to perform 
ADL and increase the risk of cardiac events after discharge12,15,20. 
The deleterious impact of immobility on cardiorespiratory fitness 
was assessed in the classic Dallas Bed Rest study, showing a 30% 
reduction in maximum cardiorespiratory capacity after 3 weeks 
of bed rest31.

Thromboembolic complications

An important marker of poor prognosis in Covid-19 is the pro-
thrombotic state32. A meta-analysis previously demonstrated that the 
incidence of thromboembolic events in patients with Covid-19 is 
around 22%33. Patients may present with hypercoagulability, placing 
them at increased risk of thromboembolic events such as pulmonary 
thromboembolism and stroke15,32,34,35. A significant increase in 
D-dimer, an important marker of deep venous thrombosis, is also 
possible, and may be related to the development of intravascular 
hypercoagulability (71%)36,37. The associations between immobility, 
systemic inflammation, platelet activation, endothelial dysfunction, 
and blood stasis can lead to abnormalities in coagulation38.

Covid-19 patients presenting with the most severe form of the 
disease have also been known to develop disseminated intravascular 
coagulation (DIC) and are at an increased risk of death36. DIC 
occurs as consequence of an acute inflammatory response or sepsis, 
which leads to endothelial and tissue damage and, ultimately, 
to multiple organ failure36,37. Thus, the identification of patients 
with coagulopathy is of paramount importance to determine if 
anticoagulant therapy should be started to improve prognosis33. 

In a retrospective study, Tang et al. (2020) evaluated the 
coagulation profiles and outcomes of patients with severe Covid-19 
and observed that treatment with heparin was associated with 
lower mortality rates in cases where the dosage of D-dimer was 
greater than 3 µg/mL39. In addition, Paranjpe et al. (2020) found 
that treatment with anticoagulants was associated with increased 
survival of patients on mechanical ventilation40.

Peripheral musculoskeletal disorders

Little is known about long-term musculoskeletal disorders 
associated with Covid-19. However, based on knowledge from 
previous studies investigating patients who underwent prolonged 
hospitalization, patients with Covid-19 may experience chronic 

fatigue and musculoskeletal disorders after hospital discharge, 
representing an important public and occupational health problem 
that requires specific rehabilitation care22,41.

Fatigue is a common symptom of the acute phase of Covid-19 
that may persist for several months after hospital discharge in up 
to 10 to 20% of patients42. Similar to other postviral conditions, 
fatigue in Covid-19 may be associated with persistent high levels 
of IL-6 and IL-10 in the chronic phase, as a result of the cytokine 
storm during the acute phase43. 

Musculoskeletal disorders and reduced muscle strength have 
been observed in critically ill patients with prolonged hospitalization 
due to three main possibilities: 1) muscle hypoxia, in which the 
inadequate systemic and peripheral muscle perfusion caused by the 
disease can increase anaerobiosis, raising lactate levels and impairing 
muscle function; 2) prolonged immobility, common in patients 
admitted to ICU, which is associated with marked reductions in 
muscle strength due to loss of functional units (sarcomeres) from 
lack of active movement, which in turn leads to postural instability, 
muscle shortening and contractures9,15,41,44; 3) the use of steroids and 
neuromuscular blocking agents over a long-term period, which can 
lead to post-hospitalization polyneuropathy and myopathy41,44.

In the case of Covid-19, peculiarities in the treatment of SARS, 
such as the need for intense neuromuscular blocking to perform 
positive end-expiratory pressure (PEEP) titration, and thereby 
increase alveolar recruitment, in addition to prone positioning can 
lead to a more prolonged use of neuromuscular blockers that will 
further increase sarcopenia (loss of muscle mass), a condition that 
is already typical in patients hospitalized in ICU9,41. Moreover, 
the use of corticosteroids is indicated in patients with moderate to 
severe Covid-19 due to the severity of lung injury, further increasing 
muscle wasting and weakness45,46. Therefore, Covid-19 patients can 
develop a state of physical and functional impairment that can last 
over a long-term period beyond discharge, negatively affecting their 
quality of life and increasing the risk of mental disorders such as 
anxiety and depression44,47.

Olfactory and gustatory abnormalities

Olfactory dysfunction (OD) and gustatory dysfunction 
(GD) have been identified as initial and frequent symptoms in 
Covid-1948,49. Therefore, the presence of ageusia (loss of taste) 
and/or anosmia (loss of smell) should be considered in Covid-19 
diagnosis49. Ageusia and anosmia are associated with each other 
and are reported in 30% to 80% of patients with Covid-19. In 12% 
of cases, OD is the first symptom49-52. Furthermore, anosmia has 
been associated with the mild to moderate form of Covid-1950,53. 
Serious OD and GD have been reported to affect 60% and 40% of 
patients, respectively52. The duration of anosmia and hyposmia is 
usually at least five days, with the most significant improvements 
in taste function occurring during the first 10 days and in olfactory 
function between 10 and 20 days after the onset of symptoms. 
The majority of patients recover completely within 30 days48,51,53. 
However, one-third of patients have only partial improvement in 
the severity of OD/GD, and in around 5% of patients, the symptoms 
remain unchanged or still severe after 60 days of disease onset52,53.
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REHABILITATION STRATEGIES

Rehabilitation is a multidisciplinary intervention that aims 
to minimize disabilities, recover functional independence, and 
improve the ability to perform ADL9. Specifically, in Covid-19, 
the aims are to improve functional capacity, increase quality of 
life, facilitate the social reintegration after hospitalization, decrease 
fatigue, dyspnea, ageusia, anosmia and anorexia, and improve the 
ability to perform ADL47,54. Therefore, early rehabilitation activities 
should be offered to patients after discharge in order to minimize 
the most deleterious consequences of Covid-1955,56. 

Literature regarding rehabilitation after Covid-19 remains 
scarce57. The rehabilitation process must take into account the 
peculiarities of the disease to meet individual needs. Every 
rehabilitation program must consider the comorbidities that can 
affect the clinical progression or the ability to perform ADL22. In this 
context, a multidisciplinary approach including a comprehensive 
evaluation and thorough training is of paramount importance for 
optimal results47,54. Rehabilitation programs can be carried out 
at home, in an outpatient clinic or even in a remotely supervised 
environment, as already performed in some countries22,58.

Respiratory rehabilitation

Respiratory rehabilitation aims to improve quality of life by 
managing dyspnea, improving exercise tolerance and increasing 
functional capacity20. After initial recovery from Covid-19, 
especially for those who required hospitalization in ICU, it is 
possible that some patients may experience respiratory muscle 
dysfunction, as well as pulmonary restriction or obstruction to 
varying extents, affecting peripheral muscle function and respiratory 
conditioning15,22. 

The respiratory rehabilitation process consists of diaphragmatic 
exercises, forced expiration and cough exercises, and respiratory 
muscle training with linear load devices, in addition to accessory 
muscle stretching and physical training9,20,58,59. The duration of a 
respiratory rehabilitation program will depend on the patient`s 
clinical condition and comorbidities, though some studies support 
timeframes of at least 6 to 8 weeks to maximize benefits20,22,59. In a 
randomized clinical trial, Liu et al. (2020) demonstrated significant 
improvements in lung function and quality of life after a 6-week 
respiratory rehabilitation program in a sample of elderly patients 
recovering from Covid-1920.

Submaximal tests (e.g. 6-minute walk test) are useful to 
assess patient`s functional capacity and to guide the prescription 
of exercise. The 6-minute walk test (6MWT) is simple, easy 
to perform, inexpensive and widely used in clinical routine60. 
However, some patients, especially those in need of higher fractions 
of inspired oxygen (FIO2) (≥40%), were unable to perform the 
6MWT due to dyspnea and shortness of breath, even for minimal 
activities. In an Italian rehabilitation unit61, only 44% of the patients 
were able to walk, all with dyspnea grades 4 and 5 on the Modified 
Medical Research Council dyspnea scale and with great disability, as 
determined by the Barthel index. In these cases, a potentially useful 
tool is the 1-min sit to stand test (1-min STS), which assesses, in 
addition to functional capacity, the muscular strength of the lower 

limbs, balance and risk of fall, with the advantage of requiring little 
space and less time61-62. The 1-min STS test proved to be a valid 
alternative to 6-minute walk test in patients who have undergone 
lung transplantation63. In the setting of the Covid-19 pandemic, 
performance on the 1-min STS test at hospital admission and at 
home discharge was reported in one previous study64, together 
with the Short Physical Performance Battery (to assess lower 
extremity function) and Barthel index measurement (to assess 
performance in ADL). Finally, the 1-min STS test has also been 
used in telerehabilitation programs, as it is simple and facilitates 
the follow-up of patients after discharge62.

Additionally, Curci et al. (2020) suggested that, in critically 
ill patients, functional capacity and disability can be evaluated 
by the Chelsea Critical Care Physical Assessment Tool (CPAx)65. 
The CPAx was developed by Corner et al. (2013) to evaluate the 
functionality of patients admitted to the ICU66. The instrument is 
composed of 10 items related to physical function and is graded with 
six ratings ranging from complete dependence to independence and 
a total score ranging from 0 to 50, with a score of 50 representing 
complete independence. The CPAx evaluates the respiratory 
function, cough ability, bed mobility, ability to change position, 
standing balance, sitting, stepping, and handgrip strength. Although 
it has not been used in patients recovering from Covid-19, the CPAx 
assesses a wide spectrum of functional impairments potentially 
caused by the disease, and therefore may be an useful tool for 
monitoring patients66.

Cardiovascular rehabilitation

It is possible that some patients will require cardiovascular 
rehabilitation after Covid-19 infection due to cardiovascular 
consequences associated with the disease. Cardiac rehabilitation 
aims to improve functional capacity and quality of life, as well as 
to reduce morbidity and mortality among those with associated 
comorbidities and heart disease22,29,67. 

Cardiac impairments should be considered in patients 
after Covid-19 regardless of the severity of hospitalization. 
Complementary tests such as electrocardiogram, echocardiogram, 
and exercise test (with or without gas exchange analysis) to assess 
the cardiac and cardiopulmonary function are advised before 
starting a rehabilitation program22,68.

In the presence of concomitant heart disease, specific 
cardiovascular rehabilitation programs are indicated22. According 
to the current Brazilian Cardiovascular Rehabilitation Guideline 
(2020), a cardiovascular rehabilitation program should include 
aerobic, resistance (for peripheral and respiratory muscles), 
stretching, and balance exercises that are prescribed according 
to the individual functional capacity and clinical condition68. The 
guideline recommends 150 minutes per week of moderate-to-
vigorous exercise, distributed across 3 to 5 sessions, which should 
be individually prescribed according to clinical and functional 
parameters. In terms of intensity, it is recommended 70 to 85% of 
the peak heart rate obtained during the initial exercise test. During 
training sessions, it is important to monitor all vital signs (heart rate, 
blood pressure, and oxygen saturation) routinely before, during, 
and after exercise to detect and prevent potential adverse events68. 

Frota AX et al. – Rehabilitation strategies in Covid-19
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The Borg effort perception scale may be used to control exercise 
intensity, beginning with low intensity at the  start of training 
program (< 3 METs, a metabolic equivalent of task that is the ratio 
at which a person expends energy related to resting metabolism) 
and gradually increasing based on patient`s tolerance22,68.

Inspiratory muscle training (IMT) can be added to conventional 
cardiovascular rehabilitation to optimize inspiratory muscle 
strengthening, improving functional capacity and quality of life, as 
already described for patients with cardiovascular disorders from 
other etiologies20,69,70,71.

Peripheral musculoskeletal rehabilitation

Individuals who underwent prolonged hospitalization due to 
Covid-19 infection may develop long-term motor disability, with 
secondary effects such as peripheral muscle weakness, fatigue  
and atrophy41.

In this setting, the Chinese Association of Rehabilitation 
Medicine (2020) published a document with recommendations 
for functional rehabilitation of patients with Covid-19 indicating 
aerobic, resistance and functional exercises to optimize physical 
functioning59. The document recommends aerobic exercises 3 
to 5 days a week for 20 to 30 minutes according to the patient's 
tolerance, suggesting intermittent exercises for those patients that 
present fatigue at minimum efforts. Progressive resistance training 
2 to 3 times a week is recommended for peripheral muscles, with 8 
to 12 maximum repetitions and interval of 2 minutes between one 
to three sets. A 5 to 10% weekly gain in strength is expected. It is 
also recommended to include instrumental training to minimize the 
obstacles encountered to perform ADL59.

Speech therapy rehabilitation

Patients admitted to intensive care due to Covid-19 who 
underwent prolonged invasive mechanical ventilation and 
tracheostomy are at high risk of oropharyngeal dysphagia.  
Post-extubation swallowing sequelae are frequently observed, such 
as glottic edema, tracheal lumen stenosis, and laryngeal muscle 
sensitivity48,72,73.

Speech therapy is responsible for the rehabilitation of patients 
with dysphagia, as well as speech disorders and some respiratory 
disorders. Some techniques can be applied to rehabilitate patients 
after Covid-19; these include orofacial exercises and exercises 
to facilitate glottic coaptation, improve laryngeal excursion, 
assist pneumophonoarticulatory coordination, increase maximum 
phonation time, and postural maneuvers to facilitate swallowing73.

Olfactory and gustatory rehabilitation

In case of absent or minimal OD, GD, or both, the patient 
typically does not require assistance. However, when the recovery 
of symptoms after the disease is only partial, the patient should be 
referred for otorhinolaryngological evaluation and nasal endoscopy 
to rule out another potential nasosinusal disease such as chronic 
rhinosinusitis with or without nasal polyps. More specific tools 
like the SNOT-22 and chemosensory complaint score can also be 
used. When symptoms remain unresolved and the patient presents 

with severe OD, GD, or both, other tests may be necessary; these 
may include allergy testing, previous active rhinomanometry, 
nasal cytology, discriminatory odor and threshold tests, and 
electrogustometry, in addition to a brain magnetic resonance 
imaging exam52,53. To avoid long-term morbidity, specific therapies 
should be initiated in patients with moderate to severe olfactory 
disorders beginning 20 days after the onset of the disease53, such as 
intranasal steroids and olfactory training. In severe cases, measures 
like installing gas and smoke detectors at home and psychological 
counseling may be necessary51.

Nutritional orientation

During infection with Covid-19, it is important to attend to 
the patient's nutritional status, as this directly affects health status 
and recovery. Tailored nutritional therapy is important for clinical 
improvement together with other medical and multiprofessional 
therapies59. Moreover, social isolation due to the Covid-19 
pandemic may promote changes in daily routines that influence 
emotional disturbances, such as stress and anxiety, leading to 
changes in eating behaviors, alcohol intake, and increasing the 
consumption of comfort or ultra-processed foods, which are rich in 
hydrogenated oils, salt, sugar, other fats, and chemical additives74-76. 
These aforementioned changes can ultimately lead to metabolic 
and hemodynamic dysregulations (blood glucose, lipids, and 
blood pressure) and weight gain. In addition, the pandemic has 
also affected several economic sectors, decreasing or suppressing 
sources of income and subsequently increasing the risk of food 
insecurity76.

Psychological, economic and social issues must also be 
considered when monitoring patients during the rehabilitation phase 
after Covid-1977. The gradual return to activity should be followed 
by assessments of nutritional status, eating behavior, biochemical 
and metabolic parameters, food security, and nutritional support 
to optimize clinical management. Nutritional orientation provided 
during periods of social isolation should be provided to promote 
hygiene, as well as optimal food safety practices and healthy food 
choices. Nutritional orientation should provide education on healthy 
eating in consideration of the socioeconomic conditions of each 
patient, weight maintenance needs, and control of comorbidities, 
thus stimulating a healthy lifestyle.

Pharmaceutical care

Considering that many of the patients can be under polypharmacy 
after Covid-19 infection, pharmaceutical counseling on appropriate 
drug usage and patient education may be beneficial78. Special 
attention must be given to adverse drug reactions from the use of 
some drugs such as anticoagulants, nonsteroidal anti-inflammatory, 
angiotensin-converting-enzyme inhibitors, and angiotensin II 
receptor blockers79,80. Close follow-up after hospital discharge is 
required for patients at higher risk of thromboembolism who may 
require anticoagulation therapy over a long period23. In this setting, 
pharmaceutical care can help patients to avoid inappropriate self-
medication and improve the adherence to their well-prescribed 
medications.
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CONCLUSIONS 

There are still few studies that address the functional capacity 
of patients after Covid-19 infection. However, based on the 
characteristics and mechanisms of the disease, and considering the 
multiple complications that can be encountered, it is possible to infer 
that most patients, especially those who have undergone prolonged 
hospitalization, will benefit from a multiprofessional rehabilitation 
program to recover their functional capacity and quality of life. 
However, more studies are needed to assess functional disability 
and its repercussions in patients affected by Covid-19.  

ACKNOWLEDGMENTS

We offer our deepest thanks to the institutions that provided 
administrative support for the development of this study.

FINANCIAL SUPPORT

None to declare.

AUTHORS’ CONTRIBUTION

AXF, LFRJ, ADC, CMVR, MFFM contributed to the literature 
review, data interpretation, translation and writing the manuscript, 
critical manuscript review and preparation. AXF, CCSS, PSS, 
GMSS, FSNSM, FMR, HHV, ADC, CCL, CMVR, TRG, HSC, 
LFRJ, and MFFM contributed to the review, discussion and writing 
the final version of the manuscript.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

REFERENCES

1.	 Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. Pathological 
findings of COVID-19 associated with acute respiratory distress 
syndrome. Lancet Respir Med. 2020;8(4):420-2.

2.	 Pereira LJ, Pereira CV, Murata RM, Pardi V, Pereira-Dourado SM. 
Biological and social aspects of Coronavirus Disease 2019 (COVID-19) 
related to oral health. Braz Oral Res. 2020;34:e041.

3.	 Rosa SGV, Santos WC. Clinical trials on drug repositioning for 
COVID-19 treatment. Rev Panam Salud Publica. 2020;44:e40. 

4.	 Cespedes MS, Souza JCRP. Coronavirus: a clinical update of Covid-19. 
Rev Assoc Med Bras. 2020;66(2):116-23. 

5.	 Cascella M, Rajnik M, Cuomo A, Dulebohn SC, Napoli RD. Features, 
evaluation and treatment of coronavirus (COVID-19). Treasure Island 
(FL): StatPearls Publishing; 2020. 

6.	 Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological 
and clinical characteristics of 99 cases of 2019 novel coronavirus 
pneumonia in Wuhan, China: a descriptive study. Lancet Respir Med. 
2020;395(10223):507-13.

7.	 Ministério da Saúde. DATASUS. Painel de casos de doença pelo 
coronavírus 2019 (COVID-19) no Brasil [Internet]. Brasília: Ministério 
da Saúde; 2020 [updated 2020 Nov 04; cited 2020 Nov 04]. Available 
from: https://covid.saude.gov.br/.

8.	 Parasher A. COVID-19: Current understanding of its pathophysiology, 
clinical presentation and treatment. Postgrad Med J. 2020; in press. doi: 
10.1136/postgradmedj-2020-138577.

9.	 Simpson R, Robinson L. Rehabilitation after critical illness in people 

with COVID-19 infection. Am J Phys Med Rehabil. 2020;99(6):470-4.

10.	 World Health Organization (WHO). A minimal common outcome 
measure set for COVID-19 clinical research. Lancet Infect Dis. 
2020;20(8):e192-7.

11.	 Chams N, Chams S, Badran R, Shams A, Araji A, Raad M, et 
al. COVID-19: A Multidisciplinary Review. Front Public Health. 
2020;8:383.

12.	 Lopez M, Bell K, Annaswamy T, Juengst S, Ifejika N. COVID-19 
Guide for the Rehabilitation Clinician: A review of non-pulmonary 
manifestations and complications. Am J Phys Med Rehabil. 
2020;99(8):669-73.

13.	 Metha P, McAuley DF, Brown M, Sanchez E, Tattersall RS, 
Manson JJ. COVID-19: Consider cytokine storm syndromes and 
immunosuppression. Lancet Respir Med. 2020;395(10229):1033-4.

14.	 Bhatia RT, Marwaha S, Malhotra A, Iqbal Z, Hughes, Borjesson M, 
et al. Exercise in the severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) era: A question and answer session with the experts 
endorsed by the section of Sports Cardiology & Exercise of the 
European Association of Preventive Cardiology (EAPC). Eur J Prev 
Cardiol. 2020;27(2):1242-51.

15.	 Oliveira RP, Teixeira C, Rosa RG. Acute respiratory distress syndrome: 
how do patients fare after the intensive care unit? Rev Bras Ter Intensiva. 
2019;31(4):555-60.

16.	 Del Rio C, Collins LF, Malani P. Long-term Health Consequences of 
COVID-19. JAMA. 2020; 324(17):1723-4. 

17.	 Pierrakos C, Karanikolas M, Scolletta S, Karamousos V, Velissaris D. 
Acute respiratory distress syndrome: pathophysiology and therapeutic 
options. J Clin Med Res. 2012;4(1):7-16.

18.	 Falasca L, Nardacci R, Colombo D, Lalle E, Di Caro A, Nicastri E, et al. 
Postmortem Findings in Italian Patients With COVID-19: A Descriptive 
Full Autopsy Study of Cases With and Without Comorbidities. J Infect 
Dis. 2020;222(11):1807-15.

19.	 Correger E, Marcos J, Laguens G, Stringa P, Cardinal-Fernández P, 
Blanch L. Pretreatment with adalimumab reduces ventilator-induced 
lung injury in an experimental model. Rev Bras Ter Intensiva. 
2020;32(1):58-65.

20.	 Liu K, Zhang W, Yang Y, Zhang J, Li Y, Chen Y. Respiratory 
rehabilitation in elderly patients with COVID-19: a randomized 
controlled study. Complement Ther Clin Pract. 2020;39:101166.

21.	 Xiaomeng MO, Jian W, Su G, Chen M, Peng H, Peng P, et al. Abnormal 
pulmonary function in COVID-19 patients at time of hospital discharge. 
Eur Resp J. 2020;55(6):2001217.

22.	 Barker-Davies RM, O’Sullivan O, Senaratne KPP, Baker P, Cranley M, 
Dharm-Datta S, et al. The Stanford Hall consensus statement for post 
COVID-19 rehabilitation. Br J Sports Med. 2020;0:1-11.

23.	 Ceravolo MG, Arienti C, de Sire A, Andrenelli E, Negrini F, Lazzarini 
SG, et al. Rehabilitation and COVID-19: the Cochrane Rehabilitation 
2020 rapid living systematic review. Eur J Phys Rehabil Med. 
2020;56(5):642-51.

24.	 Costa IBSS, Bittar CS, Rizk SI, Araújo Filho AE, Santos KAQ, 
Machado TIV, et al. The Heart and COVID-19: what cardiologists need 
to know. Arq Bras Cardiol. 2020;114(5):805-16.

25.	 Kochi A, Tagliari AP, Forleo GB, Fassine GM, Tondo C. Cardiac 
and arrhythmic complications in COVID-19 patients. J Cardiovasc 
Electrophysiol. 2020;31(5):1003-8.

26.	 Bansal M. Cardiovascular disease and COVID-19. Diabetes Metab 
Syndr. 2020;14(3):247-50.

Frota AX et al. – Rehabilitation strategies in Covid-19



  7/8

27.	 Basso C, Leone O, Rizzo S, De Gaspari M, van der Wal AC, Aubry 
M-C, et al. Pathological features of COVID-19-associated myocardial 
injury: a multicentre cardiovascular pathology study. Eur Heart J. 
2020;41(39):3827-35.

28.	 Frangogiannis NG. The significance of COVID-19-associated 
myocardial injury: how overinterpretation of scientific findings can 
fuel media sensationalism and spread misinformation. Eur Heart J. 
2020;41(39):3836-8.

29.	 Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F. Association of cardiac 
injury with mortality in hospitalized patients with COVID-19 in Wuhan, 
China. JAMA Cardiol. 2020;5(7):802-10.

30.	 Xu H, Hou K, Xu R, Li Z, Fu H, Wen L, et al. Clinical Characteristics 
and Risk Factors of Cardiac Involvement in COVID-19. J Am Heart 
Assoc. 2020;9(18):e016807.

31.	 Mitchell JH, Levine BD, McGuire DK. The Dallas bed rest and training 
study revisited after 50 years. Circulation. 2019;140(16):1293-5.

32.	 Savioli F, Rocha LL. Coagulation profile in severe COVID-19 patients: 
what do we know so far? Rev Bras Ter Intensiva. 2020;32(2):197-9.

33.	 Al-Ani F, Chehade S, Lazo-Langner A. Thrombosis risk associated with 
COVID-19 infection. A scoping review. Thromb Res. 2020;192:152-60.

34.	 Jasinowodolinski D, Filisbino MM, Baldi BG. Pneumonia por 
COVID-19: um fator de risco para tromboembolismo pulmonar? J Bras 
Pneumol. 2020;46(4):e20200168.

35.	 Silva ALO, Moreira JC, Martins SR. COVID-19 and smoking: a high-
risk association. Cad Saúde Pública. 2020;36(5):e00072020.

36.	 Beraldo GL, Fonseca EKUN, Yokoo P, Matos MJR, Rosa MEE, Silva 
MMA, et al. Novel coronavirus pneumonia and acute pulmonary 
thromboembolism: casualty or causality? Einstein. 2020;18:1-2.

37.	 Thachil J, Tang N, Gando S, Falanga A, Cattaneo M, Levi M, et al. ISTH 
interim guidance on recognition and management of coagulopathy in 
COVID-19.  J Thromb Haemost. 2020;18(5):1023-6.

38.	 The Lancet Haematology. COVID-19 coagulopathy: an evolving story. 
Lancet Haematol. 2020;7(6):e425.

39.	 Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are 
associated with poor prognosis in patients with novel coronavirus 
pneumonia. J Thromb Haemost. 2020;18(4):844-7.

40.	 Paranjpe I, Fuster V, Lala A, Russak AJ, Glicksberg BS, Levin MA, 
et al. Association of treatment dose anticoagulation with in-hospital 
survival among hospitalized patients with COVID-19. J Am Coll 
Cardiol. 2020;76(1):122-4.

41.	 Silva RMV, Sousa AVC. Chronic phase of COVID-19: challenges for 
physical therapists in the face of musculoskeletal disorders. Fisioter 
Mov. 2020;33:e0033002.

42.	 Carfì A, Bernabei R, Landi F. Persistent Symptoms in Patients After 
Acute COVID-19. JAMA. 2020;324(6):603-5.

43.	 Williams FMK, Muirhead N, Pariante C. Covid-19 and chronic fatigue. 
BMJ. 2020;370:m2922.

44.	 Mendes RMG, Nunes ML, Gonçalves RBR. Organization of 
rehabilitation care in Portuguese intensive care units. Rev Bras Ter 
Intensiva. 2018;30(1):57-63.

45.	 Ye Z, Wang Y, Colunga-Lozano LE, Prasad M, Tangamornsuksan W, 
Rochwerg B, et al. Efficacy and safety of corticosteroids in COVID-19 
based on evidence for COVID-19, other coronavirus infections, 
influenza, community-acquired pneumonia and acute respiratory 
distress syndrome: a systematic review and meta-analysis. CMAJ. 
2020;192(27):e756-67.

46.	 Horby P, Lim WS, Embersom JR, Mafham M, Bell JL, Linsell L, et al. 
Dexamethasone in Hospitalized Patients with Covid-19 - Preliminary 
Report. N Engl J Med 2020; Jul 17: NEJMoa2021436.

47.	 Murakami FM, Yamaguti WP, Onoue MA, Mendes JM, Pedrosa 
RS, Maida ALV, et al. Functional evolution of critically ill patients 
undergoing an early rehabilitation protocol. Rev Bras Ter Intensiva. 
2015;27(2):161-9.

48.	 Santilli M, Sassi F, Medeiros G, Ritto A, Andrade C. Functional 
development of swallowing in ICU patients with COVID-19. CoDAS. 
2020;32(4):e20200222.

49.	 Lechein JR, Chiesa-Estomba CM, Siati DR, Horoi M, Le Bon SD, 
Rodriguez A, et al. Olfactory and gustatory dysfunctions as a clinical 
presentation of  mild-to-moderate forms of  the  coronavirus disease 
(COVID-19): a multicenter European study. Eur Arch Otorhinolaryngol. 
2020;277(8):2251-61.

50.	 Mohamud MFY, Mohamed YG, Ali AM, Adam BA. Loss of taste and 
smell are common clinical characteristics of patients with COVID-19 
in Somalia: A Retrospective Double Centre Study. Infec Drug Resist. 
2020;13:2631-5.

51.	 Salepci E, Turk B, Ozcan SN, Bektas ME, Aybal A, Dokmetas I, et 
al.   Symptomatology of  COVID-19 from  the  otorhinolaryngology 
perspective: a survey of 223 SARS‑CoV‑2 RNA‑positive patients. Eur 
Arch Otorhinolaryngol. 2020;13:1-11.

52.	 Locatello LG, Maggiori G, Bruno C, Trotta M, Gallo O. An integrated 
care strategy for the follow-up of patients with COVID-19–associated 
chemosensory dysfunction. Otolaryngol Head Neck Surg. 2020;1-3.

53.	 Vaira LA, Hopkins C, Petrocelli M, Lechien JR, Chiesa-Estomba CM, 
Salzano G, et al. Smell and taste recovery in coronavirus disease 2019 
patients: a 60-day objective and prospective study. J Laryngol Otol. 
2020;134(8):703-9. 

54.	 Jiménez-Pavón D, Carbonell-Baeza A, Lavie CJ. Physical exercise 
as therapy to fight against the mental and physical consequences of 
COVID-19 quarantine: Special focus in older people. Prog Cardiovasc 
Dis. 2020;63(3):386-8.

55.	 Ceravolo MG, de Sire A, Andrenelli E, Negrini F, Negrini S. Systematic 
rapid "living" review on rehabilitation needs due to COVID-19: update 
to March 31st, 2020. Eur J Phys Rehabil Med. 2020;56(3):347-53.

56.	 Greenhalgh T, Knight M, A'Court C, Buxton B, Husain L. Management 
of post-acute Covid-19 in primary care. BMJ. 2020;370:m3026.

57.	 Andrenelli E, Negrini F, De Sire A, Patrini M, Lazzarini SG, Ceravolo 
MG. Rehabilitation and COVID-19: a rapid living systematic review 
2020 by Cochrane Rehabilitation Field. Update as of September 30th, 
2020. Eur J Phys Rehabil Med. 2020; in press. doi: 10.23736/S1973-
9087.20.06672-1. 

58.	 Piovacari SMF, Santos GFCG, Santana GA, Scacchetti T, Castro MG. 
Flow of nutritional assistance for patients admitted with COVID-19 and 
SCOVID-19 in a hospital unit. Braspen J. 2020;35(1):6-8.

59.	 Hong-Mei Z, Yu-Xiao X, Chen W. Recommendations for respiratory 
rehabilitation in adults with coronavirus disease 2019. Chin Med J. 
2020;133(13):1595-602.

60.	 Holland AE, Spruit MA, Troosters T, Puhan MA, Pepin V, Saey D. 
An official European Respiratory Society/American Thoracic Society 
technical standard: field walking tests in chronic respiratory disease. 
Eur Respir J. 2014;44(6):1428-46.

61.	 Curci C, Pisano F, Bonacci E, Camozzi DM, Ceravolo C, Bergonzi 
R, et al. Early rehabilitation in post-acute COVID-19 patients: data 
from an Italian COVID-19 rehabilitation unit and proposal of a 
treatment protocol: a cross-sectional study. Eur J Phys Rehabil Med. 
2020;56(5):633-41.

Rev Soc Bras Med Trop | on line | Vol.:54:(e07892020): 2021



8/8

62.	 Rivera-Lillo G, Torres-Castro R, Puppo H, Vilaró J. Functional 
capacity assessment in COVID-19 patients. Eur J Phys Rehabil Med. 
2020;10.23736/S1973-9087.20.06525-9.

63.	 Kohlbrenner D, Benden C, Radtke T. The 1-Minute Sit-to-Stand Test in 
Lung Transplant Candidates: An Alternative to the 6-Minute Walk Test. 
Respir Care. 2020;65(4):437-43. 

64.	 Belli S, Balbi B, Prince I, Cattaneo D, Masocco F, Zaccaria S, et al. Low 
physical functioning and impaired performance of activities of daily 
life in COVID-19 patients who survived hospitalization. Eur Respir J. 
2020;56(4):2002096.

65.	 Curci C, Pisano F, Negrini F, De Sire A. Which are the main assessment 
tools of functional capacity in post-acute COVID-19 patients admitted 
to Rehabilitation Units? Eur J Phys Rehabil Med. 2020; in press. doi: 
10.23736/S1973-9087.20.06579-X.

66.	 Corner EJ, Wood H, Englebretsen C, Thomas A, Grant RL, Nikoletou 
D, et al. The Chelsea critical care physical assessment tool (CPAx): 
validation of an innovative new tool to measure physical morbidity in 
the general adult critical care population; an observational proof-of-
concept pilot study. Physiotherapy. 2013;99(1):33-41.

67.	 Johnston CL, Maxwell LJ, Alison JA. Pulmonary rehabilitation in 
Australia: a national survey. Physiotherapy. 2011;97:284-90.

68.	 Carvalho T, Milani M, Ferraz AS, Silveira AD, Herdy AH, Hossri CAC, 
et al. Diretriz Brasileira de Reabilitação Cardiovascular - 2020. Arq 
Bras Cardiol. 2020;114(5):943-87.

69.	 Cowie A, Buckley J, Doherty P, Furze G, Hayward J, Hinton S, et al. 
Standards and core components for cardiovascular disease prevention 
and rehabilitation. Heart. 2019;105:510-5.

70.	 Smart NA, Giallauria B, Dieberg A. Efficacy of inspiratory muscle 
training in chronic heart failure patients: A systematic review and meta-
analysis. Int J Cardiol. 2013;167(4):1502-7.

71.	 Kurzaj M, Dziubek W, Porebsk M, Rozek-Piechura K. Can inspiratory 
muscle training improve exercise tolerance and lower limb function 
after myocardial infarction? Med Sci Monit. 2019;25:5159-69.

72.	 Wu Z, McGoogan JM. Characteristics of and important lessons from the 
Coronavirus Disease 2019 (COVID-19) outbreak in China: summary of 
a report of 72 314 cases from the Chinese Center for Disease Control and 
Prevention. J Am Med Assoc. 2020;323(13):1239-42.

73.	 Lima MS, Sassi FC, Medeiros GC, Ritto AP, Andrade CRF. Preliminary 
results of a clinical study to evaluate the performance and safety of 
swallowing in critical patients with COVID-19. Clinics. 2020;75:e2021.

74.	 Di Renzo L, Gualtieri P, Pivari F, Soldati L, Attinà A, Cinelli G, et al. 
Eating habits and lifestyle changes during COVID-19 lockdown: an 
Italian survey. J Transl Med. 2020;18(1):1-15. 

75.	 Romeo-Arroyo E, Mora M, Vázquez-Araújo L. Consumer behavior in 
confinement times: food choice and cooking attitudes in Spain. Int J 
Gastro Food Sci. 2020;100226. 

76.	 Zachary Z, Brianna F, Brianna L, Garret P, Jade W, Alyssa D, et al. Self-
quarantine and weight gain related risk factors during the COVID-19 
pandemic. Obes Res Clin Pract. 2020;14(3):210-6.

77.	 Silver RC. Surviving the trauma of COVID-19. Science. 
2020;369(6499):11.

78.	 Mao L, Jin H, Wang M. Neurologic manifestations of hospitalized 
patients with coronavirus disease 2019 in Wuhan, China. JAMA Neurol. 
2020;77(6):683-90.

79.	 Zheng S, Yang L, Zhou P, Li H, Liu F, Zhao R. Recommendations and 
guidance for providing pharmaceutical care services during COVID-19 
pandemic.  Res Social Adm Pharm. 2020; in press. doi: 10.1016/j.
sapharm.2020.03.012. 

80.	 Tuccori M, Convertino I, Ferraro S, Cappello E, Valdiserra G, Focosi D, et 
al. The impact of the COVID-19 “Infodemic” on drug-utilization behaviors: 
implications for pharmacovigilance. Drug Saf. 2020;43(8):699-709.

OPEN ACCESS
https://creativecommons.org/licenses/by/4.0/

Frota AX et al. – Rehabilitation strategies in Covid-19


