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Background: ICU-acquired weakness (ICU-AW) is characterized by neuromuscular damage such as limb 
weakness, yet the cause of ICU-AW remains unclear, which significantly increases the time a patient spends 
on mechanical ventilation (MV)/in ICU and can even affect a patient’s survival rate and quality of life after 
being discharged. Pulmonary rehabilitation (PR)-related measures can effectively improve the ICU-AW 
situation, but in the specific implementation actions, many obstacles have been produced, and the treatment 
effect has been controversial, especially in the application process of mechanically ventilated patients. This 
study aims to confirm the efficacy of using MV alongside PR for patients with ICU-AW.
Methods: We obtained related randomized controlled trials (RCTs) from Chinese and English databases. 
All RCTs relevant to the use of PR in ICU-AW patients were retrieved from the following databases from 
their date of inception through January 31th, 2021: PubMed, EMBASE, The Cochrane Central Register 
of Controlled Trials, CINAHL, Joanna Briggs Institute (JBI), Web of Science, The Wanfang Database, 
and CNKI. This literature underwent screening, quality evaluation, and index data extraction by two 
independent researchers. The evaluation data were meta-analyzed with RevMan 5.3 software (Cochrane, 
London, UK).
Results: In total, we analyzed 15 articles which included 1,710 patients. We found that using PR alongside 
MV can effectively improve a patient’s Medical Research Council (MRC) muscle strength score [mean 
difference (MD) =4.92, P=0.07], reduce the prevalence of ICU-AW [odds ratio (OR) =0.24, P<0.001], and 
shorten both MV duration [standardized mean difference (SMD) =−1.50, P<0.001] and ICU stay (SMD 
=−0.68, P=0.03).
Discussion: Implementing PR alongside MV can effectively reduce ICU-AW in patients. However, our 
standardized cluster PR study still requires further clarification to confirm how various intervention methods 
can reduce ICU-AW.
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Introduction

ICU-acquired weakness (ICU-AW) is characterized by 
neuromuscular damage such as limb weakness, yet the cause 
of ICU-AW remains unclear. ICU-AW is a clinical diagnosis, 
refers to the presence and severity of muscle weakness, 
common risk factors are drugs (such as neuromuscular 
blocking drugs, glucocorticoids, steroids), diabetes, long-
term ventilation and prolonged immobility lead to axon 
neurodegenerative disease (1). The incidence rate of ICU-
AW is 25–85%, especially in patients undergoing mechanical 
ventilation (MV). ICU-AW significantly increases the time a 
patient spends on MV/in ICU and can even affect a patient’s 
survival rate and quality of life after being discharged (2,3). 
Previous research has found that pulmonary rehabilitation 
(PR) can help ICU-AW patients with weaning, accelerate 
discharge time, and improve muscle strength (4,5). In 
2013, the American Thoracic Society (ATS) redefined the 
concept of PR (6). In recent years, scholars around the 
world have questioned the impact of early intervention 
methods for ICU-AW patients; however, through our 
preliminary research, we found that PR measures such as 
nutritional support, psychological intervention, and muscle 
stimulation can have a positive impact on ICU-AW (7-9).  
At present, there is a lack of unified, standardized, and 
systematic schemes for using MV alongside PR, which has 
amounted to MV’s benefits for ICU-AW remaining unclear. 
In addition, the implementation of PR can pose many risks, 
such as activity intolerance, decannulation, etc., which 
can aggravate the occurrence of ICU-AW and seriously 
compromise patient safety. We ask a series of scientific 
questions? Does comprehensive PR work for critically ill 
patients with MV? Secondly, in what aspects? Finally, is the 
effect of comprehensive PR training equivalent to that of 
single rehabilitation training? From our previous research, 
no meta-analysis of PR has been performed to study its 
function on ICU-AW. Therefore, this study aims to improve 
the clinical and theoretical understanding of using MV 
alongside PR in patients with ICU-AW. We present the 
following article in accordance with the PRISMA reporting 
checklist (available at https://dx.doi.org/10.21037/apm-21-
1928).

Methods

Retrieval policy

For this study, relevant data published were retrieved 
from the following databases from their date of inception 

through January 31th, 2021 was retrieved from Chinese 
databases including CNKI, The Wanfang Database, China 
Science and Technology Journal Database (VIP), and China 
Biology Medicine Disc (CBM), the China Biomedical 
Literature Database; and English databases including 
PubMed, the Cochrane Library, the ATS website, the 
Joanna Briggs Institute (JBI) Library for Evidence-Based 
Healthcare (EBHC), EMBASE, CINAHL, the British 
Thoracic Society (BTS) website, and Web of Science. Our 
search used the following keywords: “Intensive care unit”, 
“ICU”, and “Critical illness”; “Artificial Ventilation” and 
“Mechanical Ventilation”; “Pulmonary Rehabilitation”, 
“Respiratory Rehabilitation”, “Chest physical therapy”, and 
“Chest Physiotherapy”; and “Intensive Care Unit acquired 
weakness” and “ICU-AW”. Our search first assessed 
systematic reviews from the Cochrane Library and JBI 
Library, with the titles, abstracts, keywords, and subject 
words from this search analyzed to confirm we had accurate 
keywords for our literature search. These subject words 
and keywords were then searched in the above databases to 
determine if they met the inclusion criteria. Full texts were 
then read to confirm their suitability for the study.

Criteria for inclusion and exclusion

Research design
We analyzed randomized controlled trials (RCTs) of ICU-
AW patients who underwent PR with MV.

Subjects included
We selected ICU patients who were over 18 years old and 
had undergone PR with MV for more than 24 hours. MV 
patients who had completed the PR program were chosen 
as the experimental group, while patients who were treated 
at the same time and who underwent PR without MV were 
nominated as the control group. In order to clarify the effect 
of PR intervention, we used one or more of the combined 
measures aimed at promoting PR and increasing a patient’s 
Medical Research Council (MRC) muscle strength score (6).  
The following types of studies were excluded: articles 
regarding single implementation measures; patients who 
did not undergo MV or were under the age of 18; repetitive 
publications, conference papers, and review articles; articles 
with only abstracts, improper data collection, or statistical 
analysis errors.

Outcome measures
ICU-AW is the most common neuromuscular injury that 

https://dx.doi.org/10.21037/apm-21-1928
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affects the clinical course and prognosis of ICU patients. 
Its definitions vary. It is expressed as “Clinically, there is 
no other reasonable cause of symmetrical disease except 
critical illness”, a syndrome that affects the symptoms of 
limbs and respiratory muscle strength. The MRC Scale 
and Grip Strength Test are the gold standard for diagnosis,  
therefore (10). Main outcome measures: the ICU-AW 
diagnostic criteria, evaluated by (I) MRC score (10); (II) grip 
strength; (III) ICU-AW prevalence. Secondary outcome 
measures: (I) ICU time; (II) mortality; (III) MV duration.

Data extraction

Two raters used a pre-designed data collection form 
(Microsoft Office Excel 2013) to extract all the data 
independently. The following information was extracted: 
First author, publication year, study design, PR type, 
participant characteristics, sample size, PR approach in 
the intervention group, PR approach in the control group, 
outcomes, and the duration of study. This data was cross-
checked.

Literature quality evaluation

The authenticity of the included literature was evaluated 
using the Cochrane risk-of-bias tool for RCTs. The 
evaluation content included: (I) random sequence 
generation; (II) allocation concealment; (III) blinding 
of participant and personnel; (IV) blinding of outcome 
assessment; (V) incomplete outcome data (VI) selective 
reporting; (VII) other biases (11). Two researchers evaluated 
each item separately and categorized them by low bias risk, 
high bias risk, or unclear risk. If a study fully met the above 
criteria, it was given the quality grade of A, but if it only 
partially satisfied the criteria, it was given a B grade, and if 
it did not meet the criteria at all, it was given a C grade. For 
any conflicts between the evaluation of the two independent 
researchers, a third researcher was consulted. Any material 
found to be of low quality after reading the full text was 
directly eliminated from the study to guarantee the quality 
of the literature used.

Statistical methods

Meta-analysis was conducted using RevMan 5.3 software. 
The same results of the included literature are combined. 
The odds ratio (OR) and 95% confidence interval (CI) were 
applied for binary variable evaluation, and the weighted 

mean difference (WMD), or standardized mean difference 
(SMD) and 95% CI were applied to evaluate continuous 
variables. To evaluate quartiles, we used the estimation 
formula of Hozo et al. (12) and estimated it in the online 
calculator formula (13). Chi-square test was applied to 
test heterogeneity (P<0.05, I2>50%), and if it was found to 
exist, sensitivity analysis was applied to find out the cause. 
A random-effects model was used again if heterogeneity 
still could not be eliminated. Sensitivity analysis, subgroup 
analysis, or just descriptive analysis were applied when 
meeting significant clinical heterogeneity. A fixed-benefit 
model was used for data with no significant heterogeneity 
(P≥0.05, I2≤50%) (14). Sensitivity analysis will use the 
method of excluding documents one by one and recording 
the changes in heterogeneity. If each document is removed 
one by one, the heterogeneity will not change, indicating 
that the results are relatively robust. The subgroup 
analysis will compare the clinical characteristics (countries, 
intervention methods, literature quality scores) included in 
all the included literature as sub-sites to see the source of 
heterogeneity.

Results

Search results

From our preliminary search, 977 Chinese and English 
articles were obtained, and 343 duplicate articles were 
removed by EndNote software. After reading through 
abstracts and full texts, we excluded reviews, non-RCT 
studies, and studies where patients did not undergo MV. 
This left us with 15 (4,9,15-27) studies for our analysis 
(Figure 1).

Basic information and methodological quality evaluation 
of included literature

Of the 15 studies included (4,9,15-27), 4 were in Chinese 
(24-27) and 11 were in English (4,9,15-23). The literature 
was selected from six different countries and the years 
of publication varied between 2009 and 2020, with 80% 
published in the last 10 years (Table 1). RCTs were used in 
all of the selected literature, intervention methods were 
described in detail, and outcome indicators were clear. 
Furthermore, in each study, the baseline data of the trial 
and control groups were comparable. Regarding literature 
quality, 3 articles were given an A grade, while the rest were 
given a B (Table 2, Figures 2,3).

http://www.comp.hkbu.edu.hk/~xwan/median2mean.html
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Records identified from databases (n=977): 
CNKI (n=194); Wanfang (n=239); VIP (n=95);  
CBM (n=20); Cochrane (n=12); JBI (n=7);  
PubMed (n=114); EMBASE (n=104);  
CINAHL (n=96); Web of Science (n=94);  
ATS (n=2)
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Identification of studies via databases and registers

Records screened
(n=344)

Reports sought for retrieval
(n=178)

Reports assessed for eligibility
(n=132)

Studies included in review
(n=15)

Reports of included studies
(n=15)

Records removed before screening:
Duplicate records removed (n=343)
Records marked as ineligible by automation 
tools (n=241)
Records removed for other reasons (n=49)

Records excluded
(n=166)

Reports not retrieved
(n=46)

Reports excluded:
Low-quality (n=38)
Non-random controls (n=50)
no matched research object (n=27)
No full text (n=2)

Figure 1 Schematic of literature search and screening. JBI, Joanna Briggs Institute; ATS, American Thoracic Society.

Influence of PR on ICU-AW patients with MV

ICU-AW occurrence was evaluated by an MRC score 
in 6 articles (17,18,23-26), while muscle strength 
was used to determine an MRC score in 8 articles 
(9,15,17,18,20,24,26,27), and grip strength used in 3 articles 
(4,9,17). The key results of each category were as follows: (I) 
ICU-AW prevalence: 6 RCT studies (17,18,23-26) reported 
that PR affected ICU-AW prevalence amongst patients 
with MV in ICU. The heterogeneity of each study was low 
(P<0.001, I2=43%), so the analysis was completed via a fixed-
benefit model (Figure 4). These results show that PR can 
reduce ICU-AW [OR =0.24, 95% CI: (0.15, 0.38), P<0.001]. 
(II) MRC score: 8 studies (9,15,17,18,20,24,26,27) reported 
that PR affects the MRC score of patients with MV in 

ICU. The heterogeneity of this combined analysis was high 
(P<0.001, I2=90.00%). Subgroup analysis was conducted 
according to intervention measures, publication time, and 
place, and no clinical heterogeneity existed. Therefore, 
the random-effects model was applied. It showed that PR 
could effectively strengthen muscles [MD =3.10.0, 95% CI: 
(−0.272.13, 6.747), P=0.07] (Figure 5). (III) Grip strength: 3 
studies (4,9,17) reported the grip strength of patients. The 
heterogeneity of this combined analysis was high (P<0.001, 
I2=95.00%). This was because the grip strength result 
reported in the eliminated study was significantly different 
from the other two. However, these reports show that PR 
did not influence the grip strength of patients with MV in 
ICU [SMD =−0.68, 95% CI: (−1.27, 0.08), P=0.03].



9598 Huang et al. Effect of the PR of ICU patients

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(9):9594-9606 | https://dx.doi.org/10.21037/apm-21-1928

T
ab

le
 1

 B
as

ic
 in

fo
rm

at
io

n 
of

 in
cl

ud
ed

 s
tu

di
es

N
um

be
r

A
ut

ho
r 

an
d 

 
pu

bl
ic

at
io

n 
da

te
C

ou
nt

ry
S

am
pl

e 
si

ze
R

es
ea

rc
h 

ob
je

ct
s

In
te

rv
en

tio
ns

O
ut

co
m

e 
 

m
ea

su
re

s
E

xp
er

im
en

ta
l g

ro
up

C
on

tr
ol

 g
ro

up

1
A

bu
-K

ha
be

r 
H

A
,  

20
13

, (
15

)

E
gy

pt
80

M
V

 ti
m

e 
>

24
 h

, r
es

pi
ra

to
ry

 fa
ilu

re
, t

yp
e 

I, 
II

P
ul

m
on

ar
y 

fu
nc

tio
n 

th
er

ap
y 

+
 m

us
cl

e 
el

ec
tr

ic
al

 
st

im
ul

at
io

n 
+

 ro
ut

in
e 

nu
rs

in
g

R
ou

tin
e 

nu
rs

in
g 

m
ea

su
re

s
①

④

2
S

ch
w

ei
ck

er
t 

W
D

,  
20

09
, (

9)

A
m

er
ic

a
10

4
M

V
 ti

m
e 

>
27

 h
, b

ar
th

el
 ≥

70
P

hy
si

ca
l t

he
ra

py
 +

 p
ul

m
on

ar
y 

fu
nc

tio
n 

th
er

ap
y 

+
 

ro
ut

in
e 

nu
rs

in
g

R
ou

tin
e 

nu
rs

in
g 

m
ea

su
re

s
①

③
④

⑤

3
D

al
l’ 

A
cq

ua
 

A
M

,  
20

17
, (

16
)

B
ra

zi
l

25
M

V
 ti

m
e 

>
24

 h
, r

es
pi

ra
to

ry
 fa

ilu
re

, 
ga

st
ro

in
te

st
in

al
 d

is
ea

se
E

le
ct

ric
al

 s
tim

ul
at

io
n 

th
er

ap
y 

+
 m

us
cl

e 
m

ov
em

en
t +

 
ro

ut
in

e 
nu

rs
in

g
R

ou
tin

e 
nu

rs
in

g 
m

ea
su

re
s

④
⑤

⑦

4
K

ho
 M

E
,  

20
15

, (
17

)
A

m
er

ic
a

34
M

V
 ti

m
e 

>
24

 h
, t

he
 le

ng
th

 o
f s

ta
y 

in
 

IC
U

 >
48

 h
E

le
ct

ric
al

 s
tim

ul
at

io
n 

th
er

ap
y 

+
 m

us
cl

e 
m

ov
em

en
t +

 
ro

ut
in

e 
nu

rs
in

g
R

ou
tin

e 
nu

rs
in

g 
m

ea
su

re
s

①
③

⑤

5
R

ou
ts

i C
,  

20
10

, (
18

)
G

re
ec

e
52

A
ll 

pa
tie

nt
s 

ad
m

itt
ed

 to
 IC

U
 (e

xc
ep

t 
on

e 
pa

tie
nt

 w
ith

ou
t M

V
)

M
us

cl
e 

el
ec

tr
ic

al
 s

tim
ul

at
io

n 
+

 ro
ut

in
e 

nu
rs

in
g

R
ou

tin
e 

nu
rs

in
g 

m
ea

su
re

s
①

④
⑤

⑦

6
D

on
g 

Z
H

,  
20

14
, (

19
)

C
hi

na
60

Tr
ac

he
al

 in
tu

ba
tio

n 
or

 tr
ac

he
ot

om
y 

≥4
8 

h,
 a

dm
itt

ed
 to

 IC
U

M
us

cl
e 

m
ov

em
en

t +
 ro

ut
in

e 
nu

rs
in

g
R

ou
tin

e 
nu

rs
in

g 
m

ea
su

re
s

④
⑤

⑦

7
M

or
ris

 P
E

,  
20

16
, (

4)
A

m
er

ic
a

30
0

A
cu

te
 re

sp
ira

to
ry

 fa
ilu

re
 p

at
ie

nt
s,

 
w

ith
 e

nd
ot

ra
ch

ea
l t

ub
e 

M
V

 o
r 

m
as

k 
no

ni
nv

as
iv

e 
ve

nt
ila

tio
n

M
us

cl
e 

m
ov

em
en

t +
 ro

ut
in

e 
nu

rs
in

g
R

ou
tin

e 
nu

rs
in

g 
m

ea
su

re
s

③
⑤

8
K

ay
am

bu
 G

,  
20

15
, (

20
)

A
us

tr
al

ia
50

M
V

 ti
m

e 
≥4

8 
h,

 s
ep

tic
em

ia
M

us
cl

e 
el

ec
tr

ic
al

 s
tim

ul
at

io
n 

+
 P

ul
m

on
ar

y 
fu

nc
tio

n 
th

er
ap

y 
+

 ro
ut

in
e 

nu
rs

in
g

R
ou

tin
e 

nu
rs

in
g 

m
ea

su
re

s
①

④
⑤

9
P

at
m

an
 S

,  
20

01
, (

21
)

A
us

tr
al

ia
21

0
P

at
ie

nt
s 

w
ith

 M
V

 a
ft

er
 e

le
ct

iv
e 

or
 s

em
i 

em
er

ge
nc

y 
ca

rd
ia

c 
su

rg
er

y
R

es
pi

ra
to

ry
 fu

nc
tio

n 
tr

ai
ni

ng
 +

 ro
ut

in
e 

nu
rs

in
g

R
ou

tin
e 

nu
rs

in
g 

m
ea

su
re

s
④

⑤

10
Z

an
ot

ti 
E

,  
20

03
, (

22
)

Ita
ly

24
C

hr
on

ic
 h

yp
er

ca
pn

ia
 c

au
se

d 
by

 C
O

P
D

, 
re

sp
ira

to
ry

 fa
ilu

re
, t

ra
ch

eo
to

m
y 

fo
r 

M
V

 
an

d 
se

ve
re

 p
er

ip
he

ra
l m

us
cl

e 
at

ro
ph

y 
ex

is
te

d

M
us

cl
e 

el
ec

tr
ic

al
 s

tim
ul

at
io

n 
+

 p
ul

m
on

ar
y 

fu
nc

tio
n 

th
er

ap
y 

+
 ro

ut
in

e 
nu

rs
in

g
R

ou
tin

e 
nu

rs
in

g 
m

ea
su

re
s

①
⑤

11
P

at
el

 B
K

,  
20

14
, (

23
)

A
m

er
ic

a
10

4
M

V
 ti

m
e 

≥7
2 

h,
 a

dm
itt

ed
 to

 IC
U

M
us

cl
e 

m
ov

em
en

t +
 p

ul
m

on
ar

y 
fu

nc
tio

n 
th

er
ap

y 
+

 
nu

tr
iti

on
al

 s
up

po
rt

 +
 ro

ut
in

e 
nu

rs
in

g
R

ou
tin

e 
nu

rs
in

g 
m

ea
su

re
s

④
⑤

12
H

ua
ng

 H
Y,

  
20

16
, (

24
)

C
hi

na
10

0
A

dm
itt

ed
 to

 IC
U

 o
n 

th
e 

da
y 

of
 M

V,
 a

nd
 

M
V

 ti
m

e 
≥2

4 
h

M
us

cl
e 

m
ov

em
en

t +
 p

ul
m

on
ar

y 
fu

nc
tio

n 
th

er
ap

y 
+

 
nu

tr
iti

on
al

 s
up

po
rt

 +
 ro

ut
in

e 
nu

rs
in

g
R

ou
tin

e 
nu

rs
in

g 
m

ea
su

re
s

①
②

④
⑤

13
Li

 Y
L,

 2
01

8,
 

(2
5)

C
hi

na
84

M
V

 ti
m

e 
≥2

4 
h ，

le
ng

th
 o

f s
ta

y 
in

 IC
U

 
≥2

4h
M

us
cl

e 
m

ov
em

en
t +

 p
ul

m
on

ar
y 

fu
nc

tio
n 

th
er

ap
y 

+
 

ro
ut

in
e 

nu
rs

in
g

R
ou

tin
e 

nu
rs

in
g 

m
ea

su
re

s
②

④
⑤

14
Li

an
g 

Y
Q

,  
20

20
, (

26
)

C
hi

na
85

M
V

 ti
m

e 
≥2

4 
h,

 le
ng

th
 o

f s
ta

y 
in

 IC
U

 
≥7

2 
h

M
us

cl
e 

m
ov

em
en

t +
 p

ul
m

on
ar

y 
fu

nc
tio

n 
th

er
ap

y 
+

 
nu

tr
iti

on
al

 s
up

po
rt

 +
 p

sy
ch

ol
og

ic
al

 in
te

rv
en

tio
n

R
ou

tin
e 

nu
rs

in
g 

m
ea

su
re

s
①

②
④

⑤

15
G

uo
 T

,  
20

17
, (

27
)

C
hi

na
39

8
Le

ng
th

 o
f s

ta
y 

in
 IC

U
 ≥

24
 h

, M
V

 ti
m

e 
≥2

4 
h

M
us

cl
e 

m
ov

em
en

t +
 p

ul
m

on
ar

y 
fu

nc
tio

n 
th

er
ap

y 
+

 
ro

ut
in

e 
nu

rs
in

g
R

ou
tin

e 
nu

rs
in

g 
m

ea
su

re
s

①
②

④
⑤

①
: 

m
us

cl
e 

st
re

ng
th

 (
M

R
C

 s
co

re
); 

②
: 

IC
U

-A
W

 o
cc

ur
re

nc
e 

ra
te

; 
③

: 
gr

ip
; 

④
: 

M
V

 t
im

e;
 ⑤

: 
ho

sp
ita

liz
at

io
n;

 ⑥
: 

fa
ta

lit
y 

ra
te

. 
M

V,
 m

ec
ha

ni
ca

l v
en

til
at

io
n;

 M
R

C
, 

M
ed

ic
al

 
R

es
ea

rc
h 

C
ou

nc
il;

 IC
U

-A
W

, I
C

U
-a

cq
ui

re
d 

w
ea

kn
es

s.



9599Annals of Palliative Medicine, Vol 10, No 9 September 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(9):9594-9606 | https://dx.doi.org/10.21037/apm-21-1928

T
ab

le
 2

 M
et

ho
do

lo
gi

ca
l q

ua
lit

y 
ev

al
ua

tio
n 

of
 in

cl
ud

ed
 li

te
ra

tu
re

N
um

be
r

A
ut

ho
r 

an
d 

pu
bl

ic
at

io
n 

da
te

Is
 it

 r
an

do
m

  
(s

el
ec

tio
n 

bi
as

)?
A

ss
ig

n 
hi

dd
en

 
(s

el
ec

tio
n 

bi
as

)
B

lin
d 

m
et

ho
d 

(p
er

fo
rm

an
ce

 b
ia

s)

Is
 th

e 
ou

tc
om

e 
da

ta
 

co
m

pl
et

e 
 

(d
et

ec
tio

n 
bi

as
)?

S
el

ec
tiv

e 
re

po
rt

 
re

su
lts

  
(a

tt
rit

io
n 

bi
as

)

B
ia

s 
fr

om
 o

th
er

 s
ou

rc
es

 
(re

po
rt

in
g 

bi
as

)

1
A

bu
-K

ha
be

r 
H

A
, 2

01
3,

 (1
5)

Lo
w

 r
is

k 
of

fs
et

U
nc

le
ar

U
nc

le
ar

U
nc

le
ar

Lo
w

 r
is

k 
of

fs
et

Lo
w

 r
is

k 
of

fs
et

2
S

ch
w

ei
ck

er
t W

D
, 2

00
9,

 (9
)

Lo
w

 r
is

k 
of

fs
et

Lo
w

 r
is

k 
of

fs
et

Lo
w

 r
is

k 
of

fs
et

Lo
w

 r
is

k 
of

fs
et

Lo
w

 r
is

k 
of

fs
et

Lo
w

 r
is

k 
of

fs
et

3
D

al
l’ 

A
cq

ua
 A

M
, 2

01
7,

 (1
6)

Lo
w

 r
is

k 
of

fs
et

Lo
w

 r
is

k 
of

fs
et

Lo
w

 r
is

k 
of

fs
et

Lo
w

 r
is

k 
of

fs
et

Lo
w

 r
is

k 
of

fs
et

Lo
w

 r
is

k 
of

fs
et

4
K

ho
 M

E
, 2

01
5,

 (1
7)

Lo
w

 r
is

k 
of

fs
et

U
nc

le
ar

U
nc

le
ar

Lo
w

 r
is

k 
of

fs
et

U
nc

le
ar

U
nc

le
ar

5
R

ou
ts

i C
, 2

01
0,

 (1
8)

Lo
w

 r
is

k 
of

fs
et

U
nc

le
ar

U
nc

le
ar

Lo
w

 r
is

k 
of

fs
et

Lo
w

 r
is

k 
of

fs
et

U
nc

le
ar

6
D

on
g 

Z
H

, 2
01

4,
 (1

9)
Lo

w
 r

is
k 

of
fs

et
U

nc
le

ar
U

nc
le

ar
U

nc
le

ar
U

nc
le

ar
U

nc
le

ar

7
M

or
ris

 P
E

, 2
01

6,
 (4

)
Lo

w
 r

is
k 

of
fs

et
U

nc
le

ar
U

nc
le

ar
Lo

w
 r

is
k 

of
fs

et
Lo

w
 r

is
k 

of
fs

et
Lo

w
 r

is
k 

of
fs

et

8
K

ay
am

bu
 G

, 2
01

5,
 (2

0)
Lo

w
 r

is
k 

of
fs

et
Lo

w
 r

is
k 

of
fs

et
U

nc
le

ar
U

nc
le

ar
U

nc
le

ar
U

nc
le

ar

9
P

at
m

an
 S

, 2
00

1,
 (2

1)
Lo

w
 r

is
k 

of
fs

et
Lo

w
 r

is
k 

of
fs

et
U

nc
le

ar
U

nc
le

ar
U

nc
le

ar
U

nc
le

ar

10
Z

an
ot

ti 
E

, 2
00

3,
 (2

2)
U

nc
le

ar
U

nc
le

ar
U

nc
le

ar
Lo

w
 r

is
k 

of
fs

et
Lo

w
 r

is
k 

of
fs

et
U

nc
le

ar

11
P

at
el

 B
K

, 2
01

4,
 (2

3)
U

nc
le

ar
U

nc
le

ar
U

nc
le

ar
Lo

w
 r

is
k 

of
fs

et
Lo

w
 r

is
k 

of
fs

et
U

nc
le

ar

12
H

ua
ng

 H
Y,

 2
01

6,
 (2

4)
Lo

w
 r

is
k 

of
fs

et
U

nc
le

ar
U

nc
le

ar
Lo

w
 r

is
k 

of
fs

et
Lo

w
 r

is
k 

of
fs

et
U

nc
le

ar

13
Li

 Y
L,

 2
01

8,
 (2

5)
Lo

w
 r

is
k 

of
fs

et
U

nc
le

ar
U

nc
le

ar
U

nc
le

ar
Lo

w
 r

is
k 

of
fs

et
U

nc
le

ar

14
Li

an
g 

Y
Q

, 2
02

0,
 (2

6)
U

nc
le

ar
U

nc
le

ar
U

nc
le

ar
Lo

w
 r

is
k 

of
fs

et
Lo

w
 r

is
k 

of
fs

et
U

nc
le

ar

15
G

uo
 T

, 2
01

7,
 (2

7)
U

nc
le

ar
U

nc
le

ar
U

nc
le

ar
Lo

w
 r

is
k 

of
fs

et
Lo

w
 r

is
k 

of
fs

et
U

nc
le

ar



9600 Huang et al. Effect of the PR of ICU patients

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(9):9594-9606 | https://dx.doi.org/10.21037/apm-21-1928

Ana M. 2017 

Bhakti K. Patel 2014 

Christina Routsi 2010 

Ercole Zanotti 2003 

Geetha Kayambu 2015 

Guo Tao 2017

Hassan Abdelaziz Abu-Khaber 2013 

Huang Haiyan 2016 

Liang YaQian 2020 

Li Yaling 2018 

Michelle E. 2014 

Peter E. Morris 2016 

Shane Patman 2001 

William D Schweickert 2009 

Ze-hua Dong 2014

R
an

do
m

 s
eq

ue
nc

e 
ge

ne
ra

tio
n 

(s
el

ec
tio

n 
bi

as
) 

A
llo

ca
tio

n 
co

nc
ea

lm
en

t (
se

le
ct

io
n 

bi
as

) 

B
lin

di
ng

 o
f p

ar
tic

ip
an

ts
 a

nd
 p

er
so

nn
el

 (p
er

fo
rm

an
ce

 b
ia

s)
 

B
lin

di
ng

 o
f o

ut
co

m
e 

as
se

ss
m

en
t (

de
te

ct
io

n 
bi

as
) 

In
co

m
pl

et
e 

ou
tc

om
e 

da
ta

 (a
tt

rit
io

n 
bi

as
) 

S
el

ec
tiv

e 
re

po
rt

in
g 

(re
po

rt
in

g 
bi

as
) 

O
th

er
 b

ia
s

Random sequence generation (selection bias) 

Allocation concealment (selection bias) 

Blinding of participants and personnel (performance bias) 

Blinding of outcome assessment (detection bias) 

Incomplete outcome data (attrition bias) 

Selective reporting (reporting bias) 

Other bias

0% 25% 50% 75% 100%

Low risk of bias Unclear risk of bias High risk of bias

Figure 3 Risk bias assessment chart.

Figure 2 Risk bias diagram.

Effect of PR on MV and ICU time

Fourteen studies (4,9,15,16,18-27) addressed the effect 
of PR on the amount of time ICU patients spent on MV. 
Due to the difference in the mean unit of each study, 
high heterogeneity (P<0.001, I2=98%) was determined 
by using SMD combined with effect volume. After 
excluding the study with largest sample size from 
analyses, the effects observed in the primary analysis 
were not changed. Therefore, a random-effects model 
was used (Figure 6). It showed that PR could effectively 
reduce the amount of time ICU patients spend on 
MV [SMD =−1.50, 95% CI: (−2.42, −0.57), P=0.002].  
Regarding the length of a patient’s stay in ICU, 12 Studies  
(4,9,16,18-22,24-27) reported on the effect PR has on 
the ICU time of patients with MV. Because the mean 
units of each study were not unified and the differences 
were large, high heterogeneity (P<0.001, I2=96%) was 
determined by using SMD combined with effect volume. 
After excluding the study with largest sample size from 
analyses, the effects observed in the primary analysis 
were not changed. Therefore, we again applied the 
random-effects model (Figure 7). It showed that PR could 
effectively reduce the ICU length of stay [SMD =−0.68, 
95% CI: (−1.27, −0.08), P=0.03].

Effect of PR on the mortality of ICU patients with MV

Four studies (9,16,19,20) researched the relationship 
between PR and mortality in ICU patients with MV. We 
also used the fixed-effects model here as the heterogeneity 
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Figure 5 PR effect on MRC score. PR, pulmonary rehabilitation; MRC, Medical Research Council; CI, confidence interval.

Figure 4 PR effect on ICU-AW. PR, pulmonary rehabilitation; ICU-AW, ICU-acquired weakness; CI, confidence interval.

Figure 6 PR effect on MV time. PR, pulmonary rehabilitation; MV, mechanical ventilation; CI, confidence interval.

of each study was low (P=0.42, I2=0%). From this, we found 
PR had no influence on the mortality of ICU patients with 
MV [OR =0.74, 95% CI: (0.36, 1.52), P=0.42].

Sensitivity and publication bias analysis

All literature with a large heterogeneity were eliminated 

one by one, leaving us with a smaller amount of research 
to conduct our meta-analysis to analyze the cause of 
heterogeneity. The results showed no significant change, 
indicating that the merged results were relatively stable. 
More than 10 results of studies were combined, and a funnel 
plot was drawn from these results. It showed that the results 
of PR on the combined results of MV time and ICU time of 
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Figure 8 Funnel plot of MV time (A) and ICU time (B). MV, mechanical ventilation; SMD, standardized mean difference.

Figure 7 Effect of PR on length of stay in ICU. PR, pulmonary rehabilitation; CI, confidence interval.

patients were biased. As a result, we should be careful about 
concluding the meta-analysis results of our study’s index, as 
shown in Figure 8A,8B.

Discussion

PR can increase patients’ muscle strength with MV to a 
certain extent, but it is not enough to significantly improve 
the grip strength

As the results of our study show, when compared with the 
control group, the experimental group that underwent PR 
with MV can be seen to have improved muscle strength, 
thus reducing ICU-AW prevalence and improving their 
MRC scores. This was consistent with other systematic 
reviews (28,29). However, among the 8 included studies that 
gave MRC scores, one double-blind, single-center RCT (17)  
presented no difference in MRC scores between an MV 

and non-MV group. The reason may be that the trial 
was terminated before reaching the specified sample size 
(n=34) of the study due to insufficient capital investment, 
so the real difference could not be detected. The other 
7 studies (9,15,18,20,24,26,27) showed that PR could 
effectively improve a MV patient’s MRC score through 
electrical muscle stimulation (9,15,18,20), exercise training 
(9,20,24,27), psychological intervention (24,27), respiratory 
function training (9,15,24,27), nutritional support (24,27), 
and body position management (9,20,24,27). The reason 
may be that most of the above interventions are physical 
therapies, which effectively improve the microcirculation of 
local and systemic skeletal muscles. In addition, inspiratory 
muscle training and inspiratory resistance training were 
included in PR, which was helpful to avoid diaphragmatic 
dysfunction (DD). From another perspective, DD and 
ICU-AW can be considered two sides of the same coin, 
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with infection/inflammation and MV, considered the 
pathophysiological cause of DD (30,31). This is because 
infection led to cytokine release, inducing mitochondrial 
free radical survival, thus reducing muscle endurance 
and strength. In its pathology, muscle fiber injury and 
muscle strength injury are included in considering DD. 
Furthermore, relevant studies have found that using 
MV within 38–40 hours can lead to atrophy of patients’ 
diaphragm muscle fiber, edema, and airway damage (32), 
which is similar to the pathological characteristics of ICU-
AW. Therefore, PR can exercise the muscle strength of 
limbs and improve lung condition and reduce difficulty 
during ventilator extubation.

Compared with the routine nursing of the control group, 
PR failed to increase the grip strength of patients. This is 
exemplified by 2 of the included studies (4,17) (P>0.05). 
The reason may be that the current concept of intensive 
care is being strengthened by “routine care” over time 
and that the concept of “early rehabilitation training” is 
now included in routine nursing plans, thus reducing the 
difference in the effects of control intervention. Secondly, 
the patients did not get the rehabilitation course according 
to the safety standard of intervention screening, and the 
best rehabilitation time was not defined, resulting in the 
difference not being enough to affect the increase of 
handgrip strength. Therefore, it is suggested that different 
grading schemes should be added to intervention measures 
to improve the knowledge of how different schemes should 
be implemented at different age groups (5).

PR can improve lung function, shorten MV and ICU time, 
but it cannot reduce mortality

We found that PR can shorten MV and ICU time when 
compared with the routine nursing control group. This is 
consistent with the results of other meta-analyses (33,34). 
Fourteen studies (4,9,15,16,18-27) included here described 
the difference of MV time between an experimental and 
control group; however, no obvious difference was found 
in the MV time of 5 studies (4,16,20-22) (P>0.05). The 
reason may be that although patients with severe diseases 
included in 2 of the studies (16,20) were diagnosed with 
chronic obstructive pulmonary disease (COPD) in acute 
exacerbation, and they also partly had sepsis. Excessive 
protein catabolism in the muscles of sepsis patients can 
lead to the loss of respiratory muscle volume, multiple 
organ dysfunction syndromes, and the use of sedatives (35),  
which ultimately leads to the MV time not changing 

significantly. Therefore, it is suggested that a further 
subgroup analysis should be carried out in the screening of 
patients to distinguish whether the difference exists due to 
other factors such as sepsis and multiple organ failure. For 3 
of the included studies (4,21,22), the sample size was small, 
and the inclusion criteria were not strictly reviewed, which 
led to an increase in confounding factors. However, we also 
found that sedation, narcotic drugs, and other diseases had 
a certain impact on respiratory muscles, yet resulted in no 
statistical significance in the test results (P>0.05).

Ultimately, PR could not reduce the mortality of patients 
with MV. Four studies (9,16,19,20) reported the mortality 
outcomes of MV, and 3 of them (16,19,20) showed there 
was no significant relationship between mortality and PR 
(P>0.05). This is consistent with the study of Dres et al. (3).  
The reason may be that the long-term independent risk 
factors of ICU-AW are long-term MV and the effects 
of drugs such as norepinephrine and fentanyl. ICU-AW 
was not an independent risk factor of mortality, and its 
influencing factors spoke more to its ability to change the 
original disease. Although the occurrence of ICU-AW 
can aggravate a patients’ death process and make it easier 
for limb muscle damage to cause hemorrhagic shock, we 
need to further explain its pathological role through the 
differences of chemokines and oxidative stress-free radicals 
in animal models. Moreover, these results may also relate 
to the small sample sizes of the included studies, thereby 
failing to provide strong data to show the difference in 
mortality among patients with MV.

Limitations and prospects of this study

Before concluding, it is important to address the limitations 
of our study. Firstly, in the research literature included in 
our analysis, the intervention methods were not strictly 
unified. This was the main reason for high heterogeneity, 
which can impact our data analysis results. Another factor 
impacting our analysis is the small sample sizes and a small 
number of outcome indicators included in some studies. 
Secondly, single intervention rehabilitation measures were 
not compared with comprehensive rehabilitation measures, 
and the correlation between ICU-AW and muscle 
metabolism, nutrition, psychological intervention, and DD 
was also not further analyzed and explained. Although there 
is high heterogeneity in the results of the meta-analysis, 
this may be due to the different countries included, leading 
to positional bias. When we processed the meta-analysis 
results, we also conducted a subgroup analysis and found 
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that different countries have affected the research results to 
a certain extent, although this is not enough to fully explain 
the reasons for the high heterogeneity.

We reviewed the therapeutic effects of PR on ICU-
AW, and noticed that muscle training, exercise therapy, 
electrical stimulation therapy, and nutritional therapy were 
used as the most commonly used treatment items in the 
PR program. Most of these projects have been bundled 
treatment. However, the role played by each of these items 
alone is not explained. We suggest that the intervention 
scheme of using MV alongside PR should be further 
clarified for future research. This could include carrying 
out a series of cluster non-drug interventions in terms of 
respiratory function exercises, early activities, nutritional 
support, psychological intervention, and so on. This 
evaluation should also be based on the best-standardized 
treatment period, appropriate intervention intensity and 
duration, and long-term observations should be carried out 
by using core outcome indicators, such as muscle strength, 
muscle thickness, and self-care ability (36).

Conclusions

In ICU patients with MV, PR can effectively reduce ICU-
AW prevalence, strengthen muscles, and shorten MV 
and ICU duration. However, whether it can increase 
muscle strength and reduce mortality still requires 
further verification. At present, there is no standardized 
PR program for ICU-AW patients, although it has been 
suggested that a series of cluster PR programs be formed in 
the future. To conclude, we also feel it is necessary to clarify 
further the roles and tasks of various intervention methods 
in comprehensive PR and clarify their relationship with 
ICU-AW.
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