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Abstract

Objective

This study aimed to investigate the effects of different types and frequencies of physiother-
apy on ventilator weaning among patients in the intensive care unit (ICU) and to identify the
optimal type and frequency of intervention.

Data sources
PubMed, Cochrane Library, EMBASE, and Airiti Library.

Study selection

Randomized controlled trials that provided information on the dosage of ICU rehabilitation
and the parameters related to ventilator weaning were included.




PICO
* P(participant)
IQUpatient with MV
* |(intervention)
physictherapy with high frequency or intenaity exercise
» Clconparison)
physiotherapy with low frequency or intensity exercise,
usual care
 Oloutcome)
Ventilation duration, extubation rate




Appraisal tool : CASP
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Critical Appraisal Skills Programme (2018). CASP (insert name of checklist i.e. Systematic Review) Checklist.
[online] Available at: URL. Accessed: Date Accessed.
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I Three broad issue

° Are the results of the study valid?




Section A: Are the results of the review valid?

1. Od the review address a dearly focused question?

Study selection PICORRTEIR/R

The study selection criteria were based on the Population, Intervention, Comparison, and
Outcome (PICO) method. The PICO parameters for this article were as follows: Population,
critically ill patients; Intervention, physiotherapy (e.g., active mobilization) with high intensity
and high frequency; Comparison, physiotherapy (e.g. passive mobilization) with low intensity
and low frequency or control (e.g. medical usual care); Outcome, ventilator weaning. The fol-
lowing inclusion criteria were used for study selection: (1) The target population was the criti-
cally ill patients with MV in the ICU rather than in a chronic care center. (2) The interventions
had to compare the control programs with lower intensity or frequency with experiment pro-
grams with higher dosage. (3) The outcome measures were focused on MV, such as ventilator
duration or extubation rate. (4) Randomized controlled trials (RCTs) in English or Chinese
published in peer-reviewed journals and the studies provided information on the intervention
protocol and dosage. Unpublished manuscripts and conference abstracts were not eligible for
study selection. The exclusion criteria were studies without physiotherapy interventions or
ventilator-related outcomes, and those focusing on interventions after extubation.
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Section A: Are the results of the review valid?

1. Od the review address a dearly focused question?

Yes l?

Can’t Tell

No

W S B RE AR R R

Ventilator weaning is a goal for clinicians of all disciplines in the ICU; however, the optimal
protocols of early rehabilitation for effective ventilator weaning remain unclear. The present
systematic review and meta-analysis aimed to investigate the effects of different types and fre-
quencies of early rehabilitation on ventilator weaning of patients in the ICU and to identify thé&
optimal type and frequency of intervention.
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Section A: Are the results of the review valid?

2.0d the authars look for the nght type of papers?

KIZPICON BT EMAIR
Y5 EE R E i

Yes

7

Can’t Tell

No

and low frequency or control (e.g. medical usual care); Outcome, ventilator weaning. The fol-
lowing inclusion criteria were used for study selection: (1) The target population was the criti-
cally ill patients with MV in the ICU rather than in a chronic care center. (2) The interventions
had to compare the control programs with lower intensity or frequency with experiment pro-
grams with higher dosage. (3) The outcome measures were focused on MV, such as ventilator

duration or extubation rate. (4] Randomized controlled trials (RCTs)

in English or Chinese

published in peer-reviewed journals and the studies proyided information on the intervention
protocol and dosage. Unpublished manuscripts and conference abstracts were not eligible for

study selection. The exclusion criteria were studies withgut physiotherapy interventions or

ventilator-related outcomes, and those focusing on interventions after extubation.
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Records identified through database Additional records identified
Table 1. Demographics of included patients.
Demographics | Total n = 2,567
Geographical region (%) Europe: 914 (35.61%)

USA: 645 (25.13%) p Sl Sia
Asia: 542 (21.11%) %WAyh%k{quICOWé
Australia: 380 (14.80%)

South America: 56 (2.18%)

Turkey: 30 (1.17%) Ag@55'65

Setting (%) ICU: 1,045 (40.71%)

MICU: 833 (32.45%)

SICU: 609 (23.72%)

RICU: 80 (3.12%)

Participants’ type (%) Critical llness: 1,955 (76.16%)

Post-cardiac surgery: 370 (14.41%)

 Pulmonary: 196 (7.64%)

Bed-ridden elderly: 28 (1.09%)

ICUAW: 18 (0.7%)

Intervention type (%) CPT: 767 (29.89%)

EPT: 0 (0%)

NMES: 74 (2.88%)

PM: 350 (13.63%)

| Multi-component: 1,376 (53.60%)

CPT: Conventional physical therapy; EPT: Exercise-based physical therapy; ICU: Intensive Care Unit; ICUAW:
Intensive Care Unit-Acquired Weakness; MICU: Medical Intensive Care Unit; NMES: Neuromuscular Electrical
Stimulation; PM: Progressive mobility; RICU: Respiratory Intensive Care Unit; SICU: Surgery Intensive Care Unit

https://doi.ora/10.1371/journal.pone.0284923 1001 ) ) o _
than ventilator Effects of different types and frequencies of early rehabilitation on ventilator

duration, n=4 weaning among patients in intensive care units: A systematic review and



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10124886/

Section A: Are the results of the review valid?

3. Doyouthink all the inportant, relevant studies were
included? AEEFERE 7

AN = Yes
Data sources and searches (@ 2ALHESE
The concatenation of keywords and synonyms by “OR” and “AND" were searched in the fol- Can’t Tell
lowing four databases on January 15, 2022: PubMed (1946-2021/12/31), Cochrane Library
(1995-2021/12/31), EMBASE (1947-2021/12/31), and Airiti Library (1979-2021/12/31). The No

keywords included critical illness, intensive care unit, rehabilitation, physical therapy, early
mobility, ventilator weaning, and extubation. Every synonym of the keywords was checked
with MeSH and the same search protocol was used in each database. The detailed search strat-
egy is shown in S1 Appendix.

Two reviewers (RYW and KJC) independently screened the titles and abstracts of the col- EE 21]7_ ;_,E.%A:t

lected articles. Disagreement was resolved by consensus. Subsequently, a full-text review was ﬁgu zﬁ ﬁ?&?ﬁ- E’fﬁ

conducted. In addition, handsearching was performed on the reference lists of included arti- .
cles and previously published reviews. =

Study recruitment

A total of 3,673 articles were eligible in the electronic search, and additional 18 articles were included

from handsearching. Ninety-eight articles were selected after screening the titles and abstracts. Dur-

ing the full-text review process, 74 articles were excluded (i.e., non-RCTs, articles recruiting chroni AA EE ‘E-E ﬁ% ];gg % ;‘a
patients, lacking physiotherapy intervention, lacking ventilator-related outcomes, and focusing on i
post-extubation interventions). A total of 24 articles were included for review (Fig 1). ﬁﬂ -
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Section A: Are the results of the review valid?

4. Od the reviews authors do enough to assessguality of
the included studies?

Risk of bias 2.0 was used to assess the methodological quality of the recruited articles [28],
which was independently scored by two reviewers (RYW and KJC). The assessment items
included bias arising from the randomization process, bias due to deviations from intended
interventions, bias due to missing outcome data, bias in the measurement of outcome, and
bias in the selection of the reported result. If no consensus was reached, a third reviewer
(MWT) made the final determination. The inter-reviewer agreement score for quality assess-
ment was calculated as kappa statistics and percentage agreement. If the value of kappa

was > 0.75, the inter-reviewer agreement was recognized as “excellent” [29].
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Section A: Are the results of the review valid?

4. Od the reviews authors do enough to assessguality of
the included studies?
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Fig 3. Risk of bias graph.
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Section A: Are the results of the review valid?

5. If the results of the reviewhave been combined was it

reasonable to do so?

NEMDS which was the rarest intervention ( Lable 1).

As summarized in S1 Table, seven (29%) of 24 studies were found to have positive effects
on the ventilator duration, ventilator-free days, or extubation rate during hospitalization [3]-
37]. All 4 studies using the PM approach had significantly shorter ventilator duration in the
intervention group; however, differences in the ventilator-free days were not significant [31-
33, 35]. One of the studies using early mobilization with/without an ‘elastic band was beneficial
with respect to ventilator duration when compared to multiple components including passive
and active range of motion and breathing exercises [34]. A study usingrotation therapy
(changing position continuously for 18 h/day) and percussion showed significantly shorter
ventilator duration and longer ventilator-free days than that of routine position changing
every 2-4 h [36]. A study using multimodality chest physical therapy showed a higher extuba-
tion rate when compared to studies using manual hyperinflation and suctioning [37]. Regard-
ing multiple-component treatments as early rehabilitation intervention, 83% (10/12) of studies
did not show significant benefit either in the outcomes related to ventilator weaning, when
compared to the low dosage of intervention, medical treatment, or usual care as the control
group [38-48]. Three studies using CPT, which were primarily comprised of chest physical
therapy and range of motion exercise, did not show significant improvement in weaning out-
comes [19-51]. All four studies using NMES alone or combined exercises as an intervention
did notshow significant benefit on ventilator weaning {41, 42, 52, 53]. Only one study indi-

ratad that treatment coamhining nhudical tharane and airwav clsarancs tochninnee mav load tna

Yes

Can’t Tell

No

Ml R B 7

publication bias#Y
#Et B (funnel plot)

EMAXERE LS (1*>50%) @
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Section B: What are the results?

6. What are the overall results of the review?

A. Physical therapy compared to medical treatment Yes
Medical treatment Pllysical therapy Std. Mean Difference std.meanDifere Can’t Tell
Random, 95% Cl IV, Random, 95°
1.1.1 Conventional PT vs Medlcal S —
Chang 2011 68 53 16 B4 4 18 103% 010 [-0.57, 0.78] — No
Patman 2001 127 47 109 13 48 101 14.0% -0.06 [-0.33, 0.21) —=r
Pattanshetty 2011 68 446 86 76 397 87 13.8% 018048, 0.11] —
Staudinger 2010 14 23 75 8 5 75 : —=
Subtotal (95% Cl) 286 281 0.04 [- 022 o 291 <
Heterogeneity: Tau?= 0.04; ChP = 6.53, df = 3 (P = 0.09); "= 54%
Test for overall effect Z= 0.27 (P = 0.79)
1.1.2 PM VS. Medical treatment or Usual care
Dong 2014 73 28 30 56 21 30 118% 0.68 (0.16, 1.20] —_—
Dong 2016 138 41 §3 B1 33 63 126% 1.55[1.11,1.98) —_—
Dong 2021 1037 6532 41 831 28 38 , —-——
Subtotal (95% Cl) 124 122 0.91[0.23, 1 58] e
Heterogeneity: Tau®= 0.30; Ch* = 12.59, df = 2 (P = 0.002); F= 84%
Testfor overall effect Z= 2.63 (P = 0.009)
1.1.3 NMES VS. Medical treatmemt
Fischer 2016 B 1096 27 333 47 27 11.89 0.31 [-0.22, 0.85] —_—
Subtotal (95% Cl) 27 27 11.% 0.31[-0.22, 0.85] =
Heterogeneity. Not applicahle
Testfor overall effect Z=1.14 (P = 0.25)
Total (95% CI) 437 430 100, 0.39[0.01, 0.78] g
Heterogeneity: Tau®= 0.26; Ch*= 51,57, df=7 (P < 0.00001); = 86% 5 ; : :

Test for overall effect Z= 2.01 (P =0.04)
Testfor subgroup differences: Chi*=5.87, df= 2 (P=0.05), F= 65.9%

BT ER - ZRtEIREARNHE

Favours Medical treatment Favours Physical therapy
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Section B: What are the results?

6. What are the overall results of the review?

B. Low-dose physical therapy compared to high-dose physical therapy

Control Experimental Std. Mean Difference Std. Mean Difference
b d 3 : % 95% CI IV, Random, 95% Ci
1 2 1 CPT VS CPT+NMES IPMVS PM+NMES
Kho 2015 16 15 18 20 18 16 17.3% -0.24 [-0.91, 0.44] _
KURTOGLU 2015 1813 11.08 15 1486 1097 15 16.5% 03 — . %

Subtotal (95% Cl) 33 31 33.84 0.02[- 0.51, 0,50 i
Heterogeneity. Tau*=0.02; Chi*=1.18,df=1 (P=0.28), F=16%
Test for overall effect Z=0.08 (P= 0.93)

1.2.2 CPT+PMVS. CPT+PM+EPT

Denehy 2013 102 85.39 76 1245 12438 74 24 2% -0.21 [-0.53, 0.1 1] == =

Moss 2016 12 91 61 11.67 8.36 59 =

Subtotal (95% CI) 137 133 ‘

Heterogeneity. Tau*= 0.00; Chi*=1.02, df=1 (P=0.31), F=

Testfor overall effect. Z=0.81 (P=0.42)

1.2.3 CPTVS. CPT+PM+EPT

Pinkaew 2020 1282 5869 23 B.52 44 25 S ek
Subtotal (95% Cl) 23 25 =g

Heterogeneity. Not applicable
Test for overall effect: Z= 3.86 (P = 0.0001)

Total (95% Cl) 193 189 100.0% .19 [-0.27, 0. ’

Heterogeneity. Tau*=0.20; Chi*=17 .45, df= 4 (P=0.002), F=77% - 1 0 1 2
Testfor overall effect. Z= 0.82 (P = 0.41) Favours low-dose Favours high-dose
Testfor subgroup differences: Chi*=15.20, df= 2 (P = 0.0005), *= 86.8%

Fig 4. Forest plot: The effects of different types of physiotherapy on ventilator duration. (A) Physical therapy compared to medical treatment; (B)
low-dose physical therapy compared to high-dose physical therapy.
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Section B: What are the results?

6. What are the overall results of the review?

A. Physical therapy compared to medical treatment

Medical treatment Physical therapy Std. Mean Difference

Std. Mean Difference

Study or Subgroup  Mean SD _Total Mean SD Total Weig IV, Random, 95% Cl IV, Random, 95% CI

1.3.1 High frequency

Dong 2014 7.3 28 30 56 21 30 13.7% 0.68[0.16,1.20]

Dong 2016 139 41 53 81 3.3 53 146% 1.55[1.11,1.98] e
Fischer 2016 6 1096 27 333 47 27 136% 0.31 [-0.22, 0.85) ]

Pattanshetty 2011 68 446 86 76 397 87 158% -0.19[-0.49,011) oA =

Staudinger 2010 14 23 75 8 5 75 15.6% J.36 [0.04, UB® —m—
Subtotal (95% Cl) 271 272 T73(3% 0.53 [-0.06, 1.12] ".‘
Heterogeneity. Tau*= 040, ChF= 4278, dl= 4 (P < 0.00001), F=91%

Test for overall effect Z=1.77 (P=0.08)

1.3.2 Moderate frequncy

Chang 2011 6.9 5.3 16 6.4 4 18 122% ox Reyam. o

Dong 2021 1037 532 41 831 28 39 14/8% 0.48[0.03,0.92 .
Swtgotai (95% CI) 57 57 26 0.36 15.01. 0.73} i
Heterogenelty. Tau*= 0.00; ChF=0.81,df=1 (P=0.37), F=0%

Test for overall effect Z=1.92 (P = 0.05)

Total (95% CI) 328 329 100.0 0.47 [0.03, 0.91] "’
Heterogeneity: Tau®= 0.30; Chi*= 43.61, df= 6 (P < 0.00001); *= 86% . > i

Testfor overall effect Z=2.09 (P =0.04)
Testfor subgroup differences: Chi*=0.22, df=1 (P=0.64), F=0%

BT ER - ZRtEIREARNHE
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Section B: What are the results?

6. What are the overall results of the review?

B. Moderate-frequency physical therapy compared to high-frequency physical therapy

Moderate frequency High frequency Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD __ Total Mean _ SD Total Weight IV, Random, 95% Cl IV, 95% ClI
Wright 2017 433 2.24 158 467 299 150 543% -0.13 0.35, 0.09]
Yosef-Brauner 2013 16.22 2 9 9 5 9 457% 1 2.95] =

Total (95% CI) 167 159 100. 0.75 [-1.13, 2.64]

2 4 0 1 2
Favours Moderate Favours High

Heterogeneity: Tau*=1.70; Chi*=10.66, df=1 (P=0.001), F=91%
Test for overall effect Z=0.78 (P=0.43)

Fig 5. Forest plot: The effects of different frequencies of physiotherapy on ventilator duration. (A) Physical therapy compared to medical treatment;

20
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Section B: What are the results?

1. FHowprecise are the resits?

Yes
Can’t Tell
Total (95% CI) 437 430 100.0% 0.39 [0.01, 0.78] |‘
Heterogeneity Tau® = 0.26; Ch= 51.57, df = 7 (P < 0.00001); F= 86% 3 g z No
Testfor overall effect Z= 2.01 (P = 0.04) . Medical treatment F P
Test for subgroup differences: Chi*=5.87, df= 2 (P = 0.05), = 65.9% Ao I DA
Total (95% CI) 193 189 100.0%  0.19[-0.27, 0.66] #
Heterogenelty: Tau®= 0.20; Chi*= 17.45, df= 4 (P = 0.002); F= 77% 3 g 7 g :
Test for overall effect. Z= 0.82 (P = 0.41) Favours low-dose Favours high-dose
Test for subgroup differences: Chi*=15.20, df= 2 (P = 0.0005), F= 86.8%
Fig 4. Forest plot: The effects of different types of physiotherapy on veptilator duration. (A) Physical therapy compared to medical treatment; (B)
low-dose physical therapy compared to high-dose physical therapy.
Total (95% CI) 328 329 100.0% 0.47 [0.03, 0.91] S
Heterogeneity: Tau®= 0.30; Chi*= 43.61, df= 6 (P < 0.00001); "= 86% 3 j > : ;
Testfor overall eﬂec't Z=208(P=0.04) Favours Medical treatment Favours Physical therapy
Test for subgroup differences: Chi*=0.22,df=1 (P=0.64), F=0%
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Section C: Will the results help locally?

8. Can the results be applied to the local population?
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Section C: Will the results help locally?

9. Were all inportant outcomes considered? | Ve
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Section C: Will the results help locally?

10. Are the benefits worth the harms and costs?

Yes
Can’t Tell
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Summary

Chtical Appraisal Skills Progranmme
1. Od the review address a clearly focused question?
2. Did the authars look for the right type of papers?
3. Doyouthink all the inpartant, relevant studies were included?

4. 0id the review's authars do enough to assess quality of
the included studies?

B. If the results of the review have been combined was it
reasonable to do so?

6. \hat are the overall results of the review?

1. Fow precise are the results?

8. Can the resuilts be applied to the local population?
9. Were all inportant outcomes considered?

10. Are the benefits worth the harms and costs?

Yes
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