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ABSTRACT
Introduction Both physical and mental disorders may 
be exacerbated in patients with COVID-19 due to the 
experience of receiving intensive care; undergoing 
prolonged mechanical ventilation, sedation, proning and 
paralysis. Pulmonary rehabilitation is aimed to improve 
dyspnoea, relieve anxiety and depression, reduce the 
incidence of related complications, as well as prevent and 
improve dysfunction. However, the impact of respiratory 
rehabilitation on discharged patients with COVID-19 is 
currently unclear, especially on patients who have been 
mechanically ventilated over 24 hours. Therefore, we aim 
to investigate the efficacy of respiratory rehabilitation 
programmes, initiated after discharge from the intensive 
care unit, on the physical and mental health and health- 
related quality of life in critical patients with COVID-19.
Methods and analysis We have registered the protocol 
on PROSPERO and in the process of drafting it, we 
strictly followed the checklist of Preferred Reporting 
Items for Systematic Review and Meta- Analysis Potocols. 
We will search the PubMed, EMBASE, Web of Science, 
the Cochrane Central Register of Controlled Trials, 
China National Knowledge Infrastructure, WanFang, 
VIP information databases and Chinese Biomedical 
Literature Database. Additionally, ongoing trials in the 
WHO International Clinical Trials Registry Platform,  
ClinicalTrials. gov and ISRCTN registry will be searched 
as well. Studies in English or Chinese and from any 
country will be accepted regardless of study design. 
Two review authors will independently extract data and 
assess the quality of included studies. Continuous data 
are described as standard mean differences (SMDs) 
with 95% CIs. Dichotomous data from randomised 
controlled trials are described as risk ratio(RR) with 95% 
CIs; otherwise, it is described as odds ratio(OR) with 
95% CIs. I2 and the Cochrane’s Q statistic will be used 
to conduct heterogeneity assessment. The quality of 
evidence of main outcomes will be evaluated according 
to the Grading of Recommendations, Assessment, 
Development and Evaluation(GRADE) criteria. When 
included studies are sufficient, we will conduct subgroup 
analysis and sensitivity analysis; the publication bias will 
be statistically analysed using a funnel plot analysis and 
Egger’s test.
Ethics and dissemination Our review, planning to 
include published studies, does not need the request to the 

ethical committee. The final results of this review will be 
published in a peer- reviewed journal after completion.
Patient and public involvement No patient involved.
PROSPERO registration number CRD42020186791.

INTRODUCTION
In December 2019, Wuhan city, the capital of 
Hubei province, first witnessed the outbreak of 
pneumonia caused by the novel coronavirus. 
In March 2020, the WHO declared COVID-19 
to be a pandemic.1 Although the majority 
of infected people develop mild or simple 
symptoms of COVID-19, it is estimated that 
approximately 14% are associated with severe 
respiratory tract illness and may require inpa-
tient treatment and oxygen support.2 Further-
more, 5% of patients require intensive care.3 
Patients discharged from critical care may 
present with chronic musculoskeletal impair-
ments and experience profound anxiety, 
depression or post- traumatic stress disorder 
in subsequent months or years.4 This could 
deteriorate into delirium.5 Hence, it can be 
hypothesised that both physical and mental 
disorders may be exacerbated in patients with 

Strengths and limitations of this study

 ► This review and meta- analysis is intended to pro-
vide useful recommendations for patients with 
COVID-19 discharged from the acute care to man-
age this disease from the perspective of respiratory 
rehabilitation.

 ► The findings in the future on this topic may be a crit-
ical first step in promoting and optimising the man-
agement of intensive care unit discharged adults 
with COVID-19.

 ► The main limitation may be the current lack of high- 
level evidence, such as well- designed randomised 
controlled trials.

 ► These intervention studies may be frequently limited 
by short follow- up times and high dropout rates.
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COVID-19 due to the experience of receiving intensive 
care; undergoing prolonged mechanical ventilation, 
sedation, proning and paralysis; isolation from families; 
rapid transfers and physical deconditioning.

According to the monthly updated systematic reviews 
with improvement in methodology, it is obvious that 
global knowledge on the needs and effects of rehabilita-
tion against this new disease has been increasing.6–11 The 
recent update until August 2020 revealed that the second 
common limitations in functioning of rehabilitation 
interest (25.5%) were respiratory structures and related 
functions.11 As described by two micro- level cohort 
studies, cardiopulmonary rehabilitation therapy is safe 
and feasible and effective in both acute and post- acute 
patients with COVID-19.12 13

There is an urgent need to provide specialist, tailored 
and targeted rehabilitation for COVID-19 survivors after 
critical care to improve health- related outcomes. Pulmo-
nary rehabilitation is a comprehensive intervention based 
on a thorough patient assessment followed by patient- 
tailored therapies that include, but not limited to, exer-
cise training, education and behaviour change.14 It is 
aimed to improve dyspnoea, relieve anxiety and depres-
sion, reduce the incidence of related complications, as 
well as prevent and improve dysfunction. Respiratory 
rehabilitation delivered during hospital admission and 
after discharge has shown to be an effective non- drug 
therapy for patients with chronic respiratory diseases.15 16

However, the impact of respiratory rehabilitation on 
discharged patients with COVID-19 is currently unclear, 
especially on patients who have been mechanically 
ventilated for more than 24 hours. In addition, there is 
currently no systematic review and meta- analysis that have 
evaluated the effects of respiratory rehabilitation on this 
specific population. Therefore, we aim to investigate the 
efficacy of respiratory rehabilitation programmes, initi-
ated after discharge from the intensive care unit (ICU), 
on the physical and mental health and health- related 
quality of life in critical patients with COVID-19.

METHODS
Registration
We have registered the protocol on PROSPERO. In the 
process of drafting the protocol, we strictly followed the 
checklist of Preferred Reporting Items for Systematic 
Review and Meta- Analysis Protocols.17

Patient and public involvement
No patient involved.

Search strategy
We intend to search the following databases: PubMed, 
EMBASE, Web of Science, the Cochrane Central Register 
of Controlled Trials, China National Knowledge Infra-
structure, WanFang, VIP information databases and 
Chinese Biomedical Literature Database. In addition, we 
shall search for ongoing trials in the WHO International 

Clinical Trials Registry Platform,  ClinicalTrials. gov and 
ISRCTN registry and also explore the reference lists of 
included studies and contact primary authors to obtain 
further information regarding potentially eligible studies. 
Moreover, we will conduct a wider literature search of 
post- ICU rehabilitation including the Cochrane reviews. 
Studies published in English or Chinese and from any 
country will be included. The specific search strategy for 
PubMed is depicted in table 1, for Cochrane is presented 
in table 2.

Eligibility criteria
Study design
The study design will include published randomised 
controlled trials (RCTs), quasi- RCTs, cluster trials, 
controlled clinical trials, prospective and retrospective 
comparative cohort studies that have compared respira-
tory rehabilitation after ICU discharge versus any other 
intervention or a control or ‘usual care’ programme 
in adults (aged ≥18 years) with COVID-19 who have 
been mechanically ventilated for more than 24 hours, 
including studies presented only in abstract or letter 
form. We are accepting all types of trial design to enable 
an early comprehensive systematic review of the emerging 
literature.

Participants
Our study participants will be adult (aged ≥18 years) 
patients with COVID-19 diagnosed based on positive swab 
test results or clinical diagnostic criteria, of any gender 
and race, who had been discharged from an ICU or crit-
ical care environment. The duration of ICU stay should 
be at least 48 hours, and the participants should have 
received mechanical ventilation for at least 24 hours. 
Patients receiving palliative care, who were pregnant or 
having severe comorbidities that caused their probable 
immobility, will be excluded.

Interventions
Chest physiotherapy includes Airway Clearance Tech-
niques (ACTs), respiratory techniques, postural manage-
ment, early mobilisation or active exercise of any duration, 
initiated at any time point after ICU discharge, designed 
to start earlier and/or to be more intensive than the care 
received by the control group.

We will include studies of interventions that focus solely 
on one or any combination of more of the following:
1. ACTs: Active Cycle of Breath Techniques, positive ex-

piratory pressure (PEP), oscillating PEP, intermittent 
PEP, postural drainage, clapping, high- frequency chest 
wall oscillation and mechanical insufflator/exsufflator 
device.

2. Respiratory techniques: inspiratory or respiratory mus-
cle training and incentive spirometers.

3. Postural management.
4. Early mobilisation: passive range of motion exercise, 

passive cycle ergometry, active- assisted exercises, ac-
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tive range of motion exercises, activities of daily living 
(ADLs) and transfer training.

5. Other active exercise modes: aerobic exercise, endur-
ance exercise, strength training, respiratory rehabili-
tation gymnastics, which are a type of aerobic exercise 
that integrates the mind, body and spirit, and theoreti-
cally based on the dynamic response of the respiratory 
system.

Outcomes
Primary outcomes
1. Functional exercise capacity (with physical objective 

assessment and/or subjective assessment): measures of 
physical performance, such as walking tests for exam-
ple, the 6 min walk test (6MWT) and the incremental 
and endurance shuttle walk tests (ISWT and ESWT); 
or cardiopulmonary exercise test, measures of func-
tion, such as stair climbing, gait speed, stair climbing, 
sit- to- stand exercises and strength.

2. Pulmonary functional test: such as carbon monox-
ide diffusion capacity (DLCO)%, total lung capacity 

(TLC)%, forced expiratory volume in the first second 
(FEV1)%, forced vital capacity (FVC)% and FEV1/
FVC% .

3. Adverse events (non- mortality): the risk of readmis-
sion, disability, pain, discomfort, relapses, whether 
expected or unexpected; or study related, possibly 
study- related or not study- related.

Secondary outcomes
1. Respiratory muscle function parameters measured 

on the body function level of the International 
Classification of Functioning, Disability and Health, 
such as maximal expiratory pressure (MEP) and maxi-
mal inspiratory pressure (MIP).

2. Mortality (defined as death at any time point during 
the trial duration).

3. Health- related quality of life: measured by stan-
dardised questionnaires of established reliability and 
validity, such as the Short- Form 36 (SF-36) (physical 
component score and mental component score) and 
the EuroQOL.

Table 1 Search strategy for PubMed

Search Query

#1 “COVID-19” [Mesh Terms]

#2 “2019 novel coronavirus disease”[Title/Abstract]OR “COVID19”[Title/Abstract]OR “COVID-19 pandemic”[Title/
Abstract]OR"COVID-19 pandemic”[Title/Abstract]OR
OR"SARS- CoV- 2infection”[Title/Abstract]OR"COVID- 19virusdisease”[Title/Abstract]OR"2019 novel coronavirus 
infection”[Title/Abstract]OR"2019- nCoV infection”[Title/Abstract]OR "coronavirus disease 2019”[Title/Abstract]
OR” coronavirus disease-19”[Title/Abstract]OR"2019- nCoV disease “[Title/Abstract]OR “COVID-19 virus 
infection”[Title/Abstract]

#3 “severe acute respiratory syndrome coronavirus 2”[Supplementary Concept]

#4 “Intensive Care Units”[Mesh]

#5 “Ventilator Weaning”[Mesh]

#6 “critical care”[Mesh]

#7 “critical illness”[Mesh]

#8 “Sepsis”[Mesh]

#9 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8

#10 (“critical care”[ Title/Abstract]) OR (“intensive care unit “[Title/Abstract]) OR (ICU[Title/Abstract]) OR (“critical 
illness”[Title/Abstract]) OR (“ventilator”[Title/Abstract]) OR (ARDS[Title/Abstract]) OR (" acute respiratory distress 
syndrome”[Title/Abstract]) OR (sepsis[Title/Abstract])

#11 #9 OR #10

#12 “Physical Therapy Modalities”[Mesh]

#13   (“respiratory rehabilitation”[Title/Abstract]) OR (“pulmonary rehabilitation”[Title/Abstract]) OR (“Modality, 
Physical Therapy”[Title/Abstract]) OR (“Physical Therapy Modality”[Title/Abstract]) OR (Physiotherapy 
(Techniques)(Title/Abstract)) OR (Physiotherapies (Techniques)[Title/Abstract]) OR (“Physical Therapy 
Technique*“[Title/Abstract]) OR (“Techniqu*, Physical Therapy”[Title/Abstract]) OR (“Modalit*, Physical 
Therapy”[Title/Abstract]) OR (“Physical Therapy Modality”[Title/Abstract]) OR (“Physiotherap* 
(Techniques)“[Title/Abstract]) OR (“Physical Therapy Technique*“[Title/Abstract]) OR (“Techniques, 
Physical Therapy”[Title/Abstract]) OR (“respiratory therap*“[Title/Abstract]) OR (“pulmonary rehabilitation 
program*“[Title/Abstract]) OR (“exercise*“[Title/Abstract]) OR (“mobili*ation”[Title/Abstract]) OR (“chest 
physio*“[Title/Abstract]) OR (“airway clearance technique*"[Title/Abstract])

#14 #12 OR #13

#15 #11 AND #14

MeSH, Medical Subject Headings.
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Table 2 Search strategy for Cochrane

Search Query

#1 MeSH descriptor: [COVID-19] explode all trees

#2 MeSH descriptor: [critical care] explode all trees

#3 MeSH descriptor: [intensive care unit] explode all trees

#4 MeSH descriptor: [critical illness] explode all trees

#5 MeSH descriptor: [ventilator weaning] explode all trees

#6 MeSH descriptor: [Respiratory Distress Syndrome, Adult] explode all trees

#7 MeSH descriptor: [Sepsis] explode all trees

#8 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7

#9 “COVID-19”:ti,ab,kw

#10 “intensive care unit”:ti,ab,kw

#11 “critical care”:ti,ab,kw

#12 ICU:ti,ab,kw

#13 “critical illness”:ti,ab,kw

#14 ventilator:ti,ab,kw

#15 ARDS:ti,ab,kw

#16 “acute respiratory distress syndrome”:ti,ab,kw

#17 sepsis:ti,ab,kw

#18 #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17

#19 #8 OR #18

#20 MeSH descriptor:[Exercise]explode all trees

#21 MeSH descriptor:[Exercise therapy]explode all trees

#22 MeSH descriptor:[Rehabilitation]explode all trees

#23 MeSH descriptor:[Physical fitness]explode all trees

#24 MeSH descriptor:[Physical Therapy Modalities]explode all trees

#25 #20 OR #21 OR #22 OR #23 OR #24

#26 exercise:ti,ab,kw

#27 rehabilitation:ti,ab,kw

#28 “physical fitness”:ti,ab,kw

#29 training:ti,ab,kw

#30 mobilization:ti,ab,kw

#31 mobilisation:ti,ab,kw

#32 “physical therapy”:ti,ab,kw

#33 physiotherapy:ti,ab,kw

#34 “respiratory therapy”:ti,ab,kw

#35 “electrical muscle stimulation”:ti,ab,kw

#36 “neuromuscular electrical stimulation”:ti,ab,kw

#37 “respiratory muscle training”:ti,ab,kw

#38 “inspiratory muscle training”:ti,ab,kw

#39 “cycle ergometer”:ti,ab,kw

#40 bridging:ti,ab,kw

#41 rolling:ti,ab,kw

#42 “lying to sitting”:ti,ab,kw

#43 marching:ti,ab,kw

#44 ambulation:ti,ab,kw

#45 “activities of daily living”:ti,ab,kw

Continued
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4. Activities of daily living: assess using standard measures 
such as the function independence measure, Barthel 
index scores and Katz ADLs scale.

5. Symptom assessment: modified Medical Research 
Committee Questionnaire; absolute Visual Analogue 
Scale; rating of perceived exertion scale; Borg Dys-
pnoea Scale.

6. Arterial blood gases and non- invasive pulse oxygen sat-
uration: arterial oxygen partial pressure (PaO2), oxy-
gen saturation and oxygenation index (PaO2/fraction-
al inspired oxygen).

7. Anxiety (Generalised Anxiety Disorder); depression 
(Patient Health Questionnaire); post- traumatic stress 
symptoms (Trauma Screening Questionnaire).

8. Discharge time: according to the length of hospital 
stay after ICU discharge.

Study selection
The databases listed above will be initially searched 
according to the eligibility criteria. Two review authors 
will independently screen these titles and abstracts, of 
those are not relevant will be excluded. If necessary, 
we will contact the authors of these studies in order to 
assist in the screening. Microsoft Excel will be applied to 
record initial decisions regarding which studies should 
be excluded and included, including information about 
database, author, title, year, journal and reasons for exclu-
sion. We will try to obtain full- text versions of potentially 
relevant studies and independently demined final eligi-
bility by joint agreement of two review authors.

For the specific process of study selection, see figure 1.

Data extraction
Two review authors will independently extract data from 
all selected studies using a standardised paper form that 
include information about study design, participants, 
trial characteristics, descriptions of intervention and 
outcomes. During this process, we will contact the primary 
authors of included studies if necessary. After completion 
of data extraction, a third reviewer will be responsible for 
finalising any discrepancies.

Quality assessment of included studies
Two review authors shall independently assess the risk of 
bias of all included studies using the new Cochrane Risk- 
of- Bias Tool V.2.0 for RCTs and other quality assessment 

tools, which may be used, such as the Newcastle–Ottawa 
Scale for non- RCTs.18

Quality assessment of each study will be categorised as 
‘low risk of bias’ (yes), ‘uncertain risk of bias’ (unclear) or 
‘high risk of bias’ (no) for the following domains:
1. Randomisation process.
2. Deviations from intended intervention.
3. Missing outcome data.
4. Measurement of the outcome.
5. Selection of the reported result.
6. Overall.

The quality of the evidence of 6MWT/ISWT/ESWT, 
DLCO%, MIP, MEP and SF-36 will also be evaluated 
according to the Grading of Recommendations, Assess-
ment, Development and Evaluation criteria; and clas-
sified as high, moderate, low or very low. Mortality and 
adverse events will be described as OR from non- RCTs or 
risk ratio (RR) from RCTs. We will present all the catego-
ries in the Risk of bias section.

Data synthesis and statistical analysis
Data synthesis
We will use RevMan V.5.3 to combine data. Considering 
the section of outcome covers several types, we would 

Search Query

#46 walking:ti,ab,kw

#47 #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR 
#37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44 OR #45 OR #46

#48 #25 OR #47

#49 #19 AND #48

MeSH, Medical Subject Headings.

Table 2 Continued

Figure 1 Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses flow diagram.
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calculate the standardised mean difference with 95% CIs. 
Dichotomous data from RCTs are described as RR with 
95% CIs; otherwise, it is described as OR with 95% CIs.

Assessment of heterogeneity
A p value of <0.1 will be considered as statistically signif-
icant. For trials with statistically significant heteroge-
neity, random- effects models will be used to reduce the 
effects of heterogeneity between studies; otherwise, the 
Mantel- Haenszel fixed- effects model will be applied. The 
combined results will be presented using forest plots. 
Inconsistency among included studies will be assessed 
using I2 statistic with substantial heterogeneity being indi-
cated with an I2 >50%. We will also use the Cochrane’s Q 
statistic if it is possible to conduct a meta- analysis.19

Subgroup analysis
Subgroup analyses will be planned in the event of a suffi-
cient number of studies, and separate analyses will be 
focused on rehabilitation in ICU (adults with COVID-19 
who have received protocolised respiratory rehabilita-
tion in the ICU, and patients who have not received it 
in the ICU), the timing of the commencement of the 
intervention (in hospital or after hospital discharge), 
the intervention duration (8 weeks or less, and over 8 
weeks), intervention frequency (fewer than five times/
week, and five times/week or more), and type of control 
(no intervention and usual care). As we plan to include 
different trial designs, another subgroup analysis will also 
be conducted according to study design (ie, RCTs and 
non- RCTs).

Sensitivity analysis
When studies are in sufficient numbers, we intend to 
perform a sensitivity analysis to determine whether the 
estimate of effect can be affected by the level of risk of 
bias as follows:
1. Exclusion of studies using imputed statistics.
2. Exclusion of studies with high or unclear risk of bias.

We will also include sensitivity analysis on different 
interventions or complexity of interventions if possible.

Assessment of publication bias
Only when more than 10 studies show outcome data, 
the publication bias will be statistically analysed using a 
funnel plot analysis and Egger’s test. The funnel plot can 
be used to visually measure the bias caused by the sample 
size.

ETHICS AND DISSEMINATION
Our review, in which we are planning to include published 
studies, does not require ethical committee approval. 
The final results of this review will be published in a peer- 
reviewed journal after completion.

DISCUSSION
Accumulating evidence in the literature has indicated 
that persistent disorders of pulmonary function are a vital 

source of deconditioning in critical patients suffering 
from COVID-19. There is an increasing interest in the 
role of a patient- tailored rehabilitation therapy that 
might improve respiratory outcome in acute and post- 
acute patients with COVID-19.11Although the role of 
respiratory rehabilitation in managing patients with 
different chronic respiratory diseases has been scientifi-
cally confirmed,20 its effectiveness and safety when initi-
ated after ICU discharge for adults with COVID-19 have 
not been established. Therefore, this review and meta- 
analysis is intended to provide useful recommendations 
for patients with COVID-19 discharged from the acute 
care to manage this disease from the perspective of respi-
ratory rehabilitation.

The primary limitation might be the current lack of 
high- level evidence, such as well- designed RCTs. Remark-
ably, it may be a little early to find an adequate number 
of scientific papers on this topic. Therefore, we intend to 
extend our search protocol beyond 31 December 2020, 
and we shall continuously focus on the relevant scientific 
progress.
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