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Abstract
When patient with coronavirus disease 2019  (COVID‑19) are hospitalized, the limited 
space for activity, disease itself causes fever, muscle aches, fatigue, respiratory failure with 
mechanical ventilation, or medications such as steroids or neuromuscular blocking can cause 
muscle dysfunction. Pulmonary rehabilitation  (PR) should be arranged for these patients 
with COVID‑19. However, the literature on early PR within 1  week of admission on 
patients with COVID‑19 are limited. This review focuses on early PR in COVID‑19 patients 
admitted to isolation wards or intensive care units. The essential components of early PR 
programs include education, breathing exercise, airway clearance, and physical activity 
training. Breathing exercises, including diaphragmatic and pursed‑lip breathing, are known to 
improve lung function in chronic obstructive pulmonary disease and are also recommended 
for COVID‑19  patients. Poor airway clearance can further aggravate pneumonia. Airway 
clearance techniques help patients to clear sputum and prevent the aggravation of 
pneumonia. Early physical activity training allows patients to maintain limb muscle function 
during hospitalization. It is recommended to design appropriate indoor exercise training for 
patients with frequency 1–2 times a day, and intensity should not be too high (dyspnea Borg 
Scale  ≤3) in the acute stage. In order to achieve safe training, criteria for selecting stable 
patients and training termination are important. Early PR may help reduce the length of 
hospital stay, maintain functional status, improve symptoms of dyspnea, relieve anxiety, and 
maintain health‑related quality of life in these patients after discharge.
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oxygen  (PaO2) to the fraction of inspired oxygen  (FiO2) <300 
mm  Hg, a RR  >30 breaths/min, or lung infiltrates  >50%. 
Patients with a critical illness are those with have septic shock, 
respiratory failure, or multiple organ dysfunction  [2]. Patients 
with moderate severity are often admitted to the isolation ward. 
Severe and critical cases of COVID‑19 have a high mortality 
rate with a mortality rate of 35%–85% and they are often 
admitted to intensive care units (ICUs) [1].

Impact of reduction in activity during 
hospitalization

Hospitalization and ICUs care are often required for 
these patients. During the isolation period in a narrow‑range 

Introduction of coronavirus disease 2019

Coronavirus disease 2019  (COVID‑19) is an infectious 
disease caused by the severe acute respiratory syndrome 

coronavirus 2 (SARS‑CoV‑2) [1]. It was found in 2019 and has 
caused a great impact on global public health due to the lack 
of effective treatment  [1]. COVID‑19 has spread globally with 
540,535,654 confirmed cases and 6,321,976 deaths  (June 22, 
2022). Disease severity levels are defined as asymptomatic, mild, 
moderate, severe, and critical  [2]. Patients with asymptomatic 
infection are the patients who test positive for SARS‑CoV‑2 but 
without COVID‑19‑related symptoms. Patients with mild illness 
are those with COVID‑19‑related manifestations such as cough, 
fever, headache, malaise, sore throat, muscle pain, and nausea 
but without breathlessness, oxygen desaturation, or abnormal 
chest imaging. Patients with moderate illness are those with 
rapid or difficulty in breathing, chest tightness or pain, evidence 
of lower respiratory disease, and oxygen saturation  (SpO2) 
is ≥94% on room air. Patients with severe illness are those with 
SpO2  <94% on room air, a ratio of arterial partial pressure of 
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room, fever, muscle aches, anxiety, depression, and fatigue 
result into reducing daily activity  [2,3]. If pneumonia 
and myocarditis occur, exercise intolerance will be 
more obvious, resulting in even bed rest  [4]. This may 
result in decreased sputum expectoration and aggravates 
pneumonia  [5]. Prolonged bed rest increases the risk of 
deep‑vein thrombosis and even pulmonary embolism  [6]. 
Therefore, early pulmonary rehabilitation  (PR) should 
be applied to these patients. We systematically searched 
MEDLINE, EMBASE, CABI, AMED, PUBMED, and 
CENTRAL for randomized controlled trials  (RCTs) of PR 
in patients of COVID‑19 in wards and ICUs. However, 
there are no RCTs of early PR for patients in the wards 
or ICUs. Therefore, much of this review is based on 
observational studies or guidance on PR in patients with 
COVID‑19.

Definition of pulmonary rehabilitation
The European Respiratory Society and American Thoracic 

Society  (ATS/ERS) defined PR as “a comprehensive 
intervention based on a thorough patient assessment, 
followed by patient‑tailored therapies that include, but are 
not limited to, exercise training, education, and behavior 
change, designed to improve the physical and psychological 
condition of people with chronic respiratory disease and 
to promote the long‑term adherence to health‑enhancing 
behaviors” [7,8]. The committee emphasized that the success 
of PR depends on the essential components provided. 
The goals of PR include improved exercise capacity, 
health‑related quality of life, and reduced admissions  [8]. 
The “early” PR in patients with COVID‑19 was defined 
as the initiation of PR within 7  days of admission  [9]. 
For the early PR of patients with COVID‑19, intervention 
is still based on the above principles to improve dyspnea, 
relieve anxiety, reduce complications, maintain function, 
and improve the health‑related quality of life [10]. Although 
there are some literature on PR in patients with COVID‑19, 
they often focused on patients with COVID‑19 who are in 
recovering stage. There are limited literature on early PR in 
COVID‑19 patients at the acute stage during admission. This 
review focuses on the early PR in patients with COVID‑19 
during admission to an isolation ward or ICU. The ATS/ERS 
Committee discussed the PR of hospitalized patients with 
COVID‑19 and more than 95% of experts agreed that PR 
should be arranged for patients during hospitalization  [11]. 
We summarize the principle of PR for patients during 
hospitalization is “at the appropriate time, for the 
appropriate patients and provide appropriate PR training.” 
In view of the risk of infection in the hospital during care, 
as well as the risk of disease progression, the early PR of 
COVID‑19  patients should still be carefully evaluated  [12]. 
If direct supervision is required for PR, medical staff must 
have complete protective equipment, including gloves, 
masks, gowns, and facial masks or goggles to reduce the risk 
of infection [13]. One study showed that no physiotherapists 
were infected and no subject adverse effects were found in 
the patients  [9]. Early PR in COVID‑19 is suggested to be 
safe for patients and health‑care workers [9].

Selection of appropriate patients with 
coronavirus disease 2019 for pulmonary 
rehabilitation

The safety should be considered when starting PR in the 
acute stage. The evaluation items are  [14]:  (1) Assessment 
of whether the patient has high‑risk factors of disease 
progression such as advanced age, obesity, diabetes, chronic 
obstructive pulmonary disease, and heart disease is important 
before performing PR.  (2) Duration of disease onset: 3%–5% 
of patients may progress to critical conditions within 
7–14 days after infection. (3) Symptoms of fever and dyspnea 
to confirm whether the condition is stable.  (4) Vital signs are 
important [14].

The patients at high risk for PR are listed in Figure 1 [13]. 
PR training should be excluded when they met these criteria.

Pulmonary rehabilitation for patients 
with mild‑to‑moderate coronavirus disease 
2019 during hospitalization in isolation 
wards
Education

Patients should be instructed on wearing masks, 
expectoration hygiene, and hand hygiene  [13]. Education 
should also be provided on important topics such as the course 
of COVID‑19, nutrition, weight control, activity training, and 
smoking cessation [12].

Airway clearance techniques
Respiratory secretions can be increased due to COVID‑19 

infection. The treatment of patients with COVID‑19 using 

Figure 1: Physical activity training at the isolation ward
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airway clearance techniques  (ACTs) can help patients 
to avoid sputum accumulation. However, there are no 
RCTs that focus on the effect of ACTs in patients with 
COVID‑19. Rather, this advice is derived from the treatment 
experience of other lung diseases, such as bronchiectasis or 
COPD [15‑17].

Several ACTs can be used to treat patients, including 
active cycle of breathing techniques  (ACBT), forced 
expiration technique  (FET), autogenic drainage  (AD), manual 
techniques  (MT), postural drainage  (PD), positive expiratory 
pressure  (PEP), oscillating PEP  (OPEP), and high‑frequency 
chest wall oscillation  (HFCWO)  [15‑17]. Previous studies on 
bronchiectasis have shown that ACTs can effectively increase 
the volume of sputum expectoration  [17], and patients have 
good acceptance and tolerance using ACTs without serious 
adverse reactions  [15]. For patients with COVID‑19, ACTs 
were also included in the PR programs [9,10].

Breathing exercise
Patients can be taught to perform diaphragmatic 

breathing  (DB) and pursed lip breathing  (PLB). The 
recommended frequency is 2–3  times a day, with the duration 
of the first 3–4 sessions being 10–15  min, with the duration 
gradually increasing every 2–3 sessions  [13]. The goal is 
to reach a total duration of 30–60  min per day  [13]. Past 
experience in COPD is that a combination of DB and PLB can 
effectively improve the patient’s lung function and exercise 
capacity  [18]. The combination of DB and PLB is a simple 
and low‑cost physical therapy measure, which should be used 
as a daily treatment for many respiratory diseases  [18]. Thus, 
we suggest that DB and PLB should be applied in patients 
with COVID‑19.

Physical activity training
Physical activity training is a core component of PR. It 

is recommended to design exercise training for patients to 
perform during isolation [10]:
1.	 Frequency: One to two times a day, executed 1  h after 

meals
2.	 Intensity should not be too high in the acute stage of 

COVID‑19. The target intensity is based on the dyspnea 
Borg Scale of  ≤3 during activity training. In addition, 
there should be no feeling of fatigue the next day. After 
every three to four training sessions, the intensity can be 
gradually increased to the dyspnea Borg scale of 4–5. 
However, there should still be no feeling of fatigue when 
the training intensity is increased

3.	 Type: There is no specific type of training. Because patients 
are isolated in the ward, indoor sports must be designed. 
If infection control issues are considered, try to focus on 
training that does not require equipment such as walking, 
stepping, dancing, Tai Chi, or yoga. If necessary, exercises 
with equipment such as exercise bikes or steppers can still 
be used

4.	 In the first three to four sessions, 10–15 min each session 
is suggested. After that, the training duration can be 
gradually increased as the patient’s tolerance. The goal of 
the training duration should be 15–45 min for each session, 
with a training duration of 30–60 min per day

5.	 Educate patients to use DB and PLB to make exercise 
more efficient.

Criteria for training termination
Training must be terminated if they meet the criteria of 

termination listed in Figure 1 [10].

Pulmonary rehabilitation of critically ill 
patients with coronavirus disease 2019 in 
intensive care units
Situation faced by critically ill patients with coronavirus 
disease 2019 in intensive care units
1.	 Critically ill patients with COVID‑19 admitted to an 

ICU are often under mechanical ventilation, high doses 
of sedation, and neuromuscular blockers, which cause 
obvious muscle weakness and physical dysfunction [19].

2.	 Due to this muscle weakness and physical dysfunction, 
they may take months or years to recover. Early PR is 
recommended to restore physical function as soon as 
possible.

3.	 Although early PR in ICUs is important, it requires careful 
consideration and should not be at the expense of the 
safety of medical staff [20].

Airway clearance techniques
ICU‑acquired neuromuscular weakness, loss of 

consciousness, or respiratory muscle weakness may reduce 
the patient’s ability to clear respiratory secretions. Therefore, 
ACTs are important. For patients who have not yet been 
intubated, all the ACTs, including ACBT, FET, PD, MT, AD, 
PEP, OPEP, and HCWO  [15‑17]. However, if the patient has 
been intubated with a mechanical ventilator, the most common 
method for these patients is chest percussion combined with 
PD or HFCWO. Li et al. evaluated 13 patients with COVID‑19 
that were breathing on high‑flow nasal oxygenation or nasal 
cannula in an ICU [21]. They performed ACTs and found that 
ACTs were safe and associated with improved respiratory and 
physical function [21].

Physical activity and exercise training
Critically ill patients in ICUs are sometimes unstable, 

and the safety of performing PR must be evaluated 
carefully [Figure 2] [10].

Four training levels  (Level I to IV) can be designed 
for critically ill patients  [Figure  3]  [22]. Level I is for 
unconscious patients. The caregivers only perform passive 
range of motion  (PROM) on all upper and lower limb joints. 
Five repetitive PROMs for each joint, three times a day, are 
recommended.

Levels II‑IV are for conscious patients. Patients must 
correctly respond to nurses’ or therapist’s commands before 
being considered for activity training. If the patient’s level of 
consciousness and the physical condition improves, they can 
increase their participation. Active activity training can be 
provided, and the training level can be gradually increased 
to level III to IV. Training activities are increasingly focused 
on functional activities, such as transferring to the edge of the 
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bed, safely transferring to a chair or toilet, and seated balance 
activities. Activity training can progress to standing activities 
and walking around in the isolation room. It is important 
to carefully monitor whether patients meet the criteria for 
terminating training  [Figure  2]  [10,13]. In addition to activity 
training, breathing exercises can also be performed if the 
patient can respond to the order.

Clinical studies of early pulmonary 
rehabilitation in patients with coronavirus 
disease 2019

Clinical studies on the early PR of patients with 
COVID‑19 in isolation wards or ICUs are limited. There is 
an observational study from a large England hospital, Queen 
Elizabeth Hospital Birmingham  [23]. They included 177 
critically ill patients in the ICU. All adults with confirmed 
COVID‑19 and mechanical ventilation used for more than 
24 h. Of these 177 critically ill patients, 110 patients survived 
and they were included in the analysis. The duration of 
mechanical ventilation was 19 ± 10 days. Most patients (90%) 
received neuromuscular blocking agents. There were 67% 
of patients performed at least one prone position. All these 
patients were assessed by physical therapists within 24  h of 
admission to the ICU for initiation and progress of PR. The 
care team assisted patients in repositioning, including prone 
position, and provided chest physical therapy and activity 
training. At ICU discharge, 50% of patients were able to stand 
and step around to a chair. They further analyzed the factors 

affecting the effects of activity training and revealed that those 
with high body mass index, elderly patients, and patients 
with more comorbidities were more likely to require further 
rehabilitation after discharge [23].

There is an observational study from the National Taiwan 
University Hospital and College Medicine, Taiwan  [24]. 
Chuang et  al. shared the experience of multi‑disciplinary 
PR in critically ill patients  [24]. There were four critically 
ill patients with COVID‑19 who used high‑flow oxygen 
nasal cannula, noninvasive positive pressure ventilation, or 
intubation using mechanical ventilator. The number of days 
in the ICU was 12⎯39  days. All patients received physical 
therapy, occupational therapy, and speech therapy. The 
duration of patients who received PR was 11⎯44  days. The 
score of the Barthel Index at admission was 17.5  (0⎯40), and 
the score at discharge was 63.8  (40⎯65). They also suggested 
that PR should be performed early during admission [24].

Qi et  al., recruited 80 critically ill COVID‑19  patients in 
Chongqing, China, who received PR or usual care within 72 h 
of ICU admission  [25]. They found no significant differences 
between the PR and usual care groups in terms of mortality 
rates, and lengths of stay in the ICU and hospital. However, 
early PR enhanced the duration of ventilator‑free days. Total 
lung capacity, diffusing capacity, Barthel index, health‑related 
quality of life by St. George’s Respiratory Questionnaire, and 
functional independence at hospital discharge and 1  month 
after discharge were better in the PR group than those in the 
usual care group [25].

Recently, there was a retrospective observational study of 
early PR in patients with COVID‑19  [9]. The PR programs 
included limbs training, respiratory muscle training, and 
ACTs  (PEP and AD). A  total of 159  patients were included 
and PR was performed on 108 patients, 32 patients with early 
PR and 76  patients with nonearly PR. The mean length of 
hospital stay was 19 days for the early PR group and 34 days 
for the nonearly PR group. Obesity, invasive mechanical 
ventilation, and nonearly PR were identified as independent 
factors associated with the prolonged hospital stay. They 
suggested that early PR is safe and could reduce the length 
of hospital stay. However, the outcomes of dyspnea, walking 

Figure 2: Inclusion and termination criteria for activity training for critically ill 
patients in intensive care units

Figure 3: Airway clearance techniques, breathing exercise and physical activity 
training in intensive care units. *Adapted from “Early intensive care unit 
mobility therapy in the treatment of acute respiratory failure. Crit Care Med 
2008; 36: 2238-43”
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capacity, quality of life, and lung infiltrates by chest X‑ray 
did not differ between early and nonearly PR groups. In 
addition, both groups showed a decrease in oxygen therapy 
and corticosteroid requirements at 2 months [9].

Table 1 summarizes the patient’s character, duration, types, 
and outcomes of PR in these studies.

Conclusions
Appropriate PR should be provided for carefully selected 

patients with COVID‑19 during hospitalization in isolated 
wards or ICUs. Early PR including education, airway 
clearance, and physical activity training may help maintain 
functional status, improve symptoms of dyspnea, relieve 
anxiety, and maintain health‑related quality of life for these 
patients after discharge. Proper PR programs, criteria for 
inclusion, and termination for early activity training are 
important. This review provides these important issues for 
early PR in patients with COVID‑19 during admission.
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