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BACKGROUND

In Norway, almost 8 500 patients received mechanical ventilation in 2019. We
have investigated the effect of early activity in mechanically ventilated adults in
intensive care units on the duration of ventilation, weaning time from
mechanical ventilation, mortality, length of stay, and adverse events.

METHOD

We conducted a systematic literature search for randomised controlled trials in
nine databases. Two authors selected studies, extracted data and then rated the
certainty of evidence according to the GRADE framework.

RESULTS

A total of 3 270 titles and abstracts were read, and 17 studies with

1 805 patients and a low-to-moderate risk of bias were included. The analyses
showed that early mobilisation reduced both the mean duration of ventilation
(-1.43 days; 95 % CI —2.68 to —0.18, p = 0.02) and the ICU length of stay
(-1.08 days; 95 % CI —1.95 to —0.21, p = 0.02), with the certainty of evidence
rated as moderate. Inspiratory muscle training had no effect on the duration of
mechanical ventilation (-0.11; 95 % CI —1.76 to 1.53, p = 0.89) or on the
weaning time from mechanical ventilation (-0.33; 95 % CI —1.31 t0 0.65, p =
0.51), with the certainty of evidence rated as low. Neither early mobilisation nor
inspiratory muscle training affected mortality. Few adverse events were
reported.

INTERPRETATION

The analyses show that early mobilisation is safe and can shorten the duration
of mechanical ventilation and the ICU length of stay, but has no effect on
mortality. Inspiratory muscle training had no effect on any of the outcome
measures.
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In 20109, a total of 14 354 patients in Norway were registered as receiving
treatment in an intensive care unit (ICU), of whom 59.2 % received mechanical
ventilation (1). Mechanically ventilated patients in the ICU are vulnerable to
wasting of skeletal and respiratory muscles as part of ICU-acquired weakness
(2, 3). Muscle wasting may begin only a few hours after the start of intensive
care treatment, and the degree of wasting can affect the hospital length of stay,
survival, and the duration and outcomes of rehabilitation (2). In recent times
there has been a move in intensive care medicine towards discontinuing
sedation earlier in patients who are able to tolerate this, with patients
encouraged to move and breathe as actively and as safely as possible (4). At the
same time, those working in the ICU perceive a number of barriers to
performing such interventions (5).

'Early mobilisation' encompasses interventions ranging from passive exercises
and positioning to active exercises and transfers. Inspiratory muscle training
refers to specific training of inspiratory muscles that can be performed while
the patient is receiving mechanical ventilation.

Previous reviews have shown that early mobilisation and inspiratory muscle
training in ICU patients can support the process of weaning from the ventilator
and can improve outcomes (5—7). However, the methodological quality of the
studies included in these reviews has been mixed, and in some cases, low. Only
a few of the reviews assessed the certainty of the evidence using the GRADE
approach (Grading of Recommendations Assessment, Development and
Evaluation) (8). A number of relevant primary studies have also been published
since the most recent systematic review. In addition to using the GRADE
approach, we included only randomised controlled trials with active
interventions in intubated or tracheotomised patients, and excluded studies of
low methodological quality.

The aim of our review was to compare early, active mobilisation (hereafter
referred to as early mobilisation) and inspiratory muscle training with standard
treatment in mechanically ventilated adults in the ICU.

Method

The review has been prepared in accordance with the PRISMA checklist for
systematic reviews (9). The protocol has been published in PROSPERO
(International Prospective Register of Systematic Reviews) with registration
number CRD42017058780 (10). Prior to initiation of the work, a protocol
amendment was made to add weaning time to the primary outcome measures.

To be selected, studies had to include patients over 18 years of age who received
mechanical ventilation — following oral intubation or a tracheostomy — in an
ICU setting. The interventions included were respiratory muscle training;
active or active-assisted exercises for the extremities; mobilisation to the edge
of the bed, or to a sitting (chair), standing or ambulatory position, and in-bed
cycle ergometry. The control groups received no treatment, a different
treatment or sham treatment. Primary outcome measures were the duration of
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mechanical ventilation, weaning time from the ventilator and mortality in the
hospital, at 1—3 months, 1—6 months and after one year. Secondary outcome
measures were ICU length of stay and hospital length of stay, as well as adverse
events. Cochrane defines an adverse event as an unfavourable or harmful
outcome that occurs during or after an intervention, but which is not
necessarily caused by it. A distinction is made between serious and less serious
adverse events (11). We included only published randomised controlled trials
(RCTs).

With assistance from a senior librarian, we conducted a systematic search for
literature published in the period 1 January 2006—27 April 2020 in the
databases Ovid MEDLINE, Ovid EMBASE, Cinahl, PubMed, PEDro, SweMed+,
Allied and Complementary Medicine Database (AMED), the Cochrane Library
and OTseeker. We combined words from the text and keywords describing the
population and intervention. The search was limited to English and
Scandinavian languages, and to randomised controlled studies and systematic
reviews (see Appendix 1 for detailed search strategy). In addition, we
performed manual searches of UpToDate, Mobilization Network and Intensive
Care Medicine, the journal of the European Society of Intensive Care Medicine.
Studies were selected by two authors independently reviewing the titles and
abstracts, and then the full-text articles. The selection was based on predefined
and piloted criteria (Box 1).

Box 1 Criteria for study selection.

Design

Randomised controlled trials
Participants

Patients aged over 18 years

Patients who received mechanical ventilation in an ICU, with oral intubation or
tracheostomy

Interventions

Respiratory muscle training

Active or active-assisted exercises for the extremities

Mobilisation to the edge of the bed, to sitting in a chair, or to a standing or
ambulatory position

In-bed cycle ergometry

Comparison

Control group receiving a different treatment or no treatment
Primary outcome measures

Duration of mechanical ventilation

Weaning time from ventilator

Mortality in the hospital, at 1—3 months, 1—6 months and after 1 year
Secondary outcome measures

ICU length of stay

Hospital length of stay
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Patient safety, adverse events

Publication date and language

Publication date 1.1.2006—27.4.2020

English or Scandinavian language

Only published studies were included

Exclusion criteria

Patients with injury- or disease-specific muscle wasting
Intervention was passive or almost exclusively passive

Studies with other outcome measures or publication years, or in other
languages

Studies with high risk of bias

The extraction of data on study characteristics (Table 1) was performed by one
author and verified by another. Data for the meta-analyses were extracted by
two authors independently. The data were analysed in Review Manager 5
(RevMan 5) in a random effects model, as the studies showed relatively high
clinical heterogeneity (12). For continuous variables, the overall effect was
presented as the mean difference between the groups (MD) and the 95 %
confidence interval (CI). For dichotomous variables, the overall effect was
presented as an odds ratio (OR), an effect measure for the odds of an event at a
given point in time, and 95 % CI. The statistical heterogeneity across studies is
given as a percentage, 1.

Table 1

Overview of the randomised controlled trials included in the analysis (n = 17).

First author, Country Participants Intervention Control

year

Amundadottir, Iceland n =50 Early mobilisation  Early mobilisation 96

2019 (31) Mixed 48 hours after hours after inclusion,
inclusion, once daily + standard
20 minutes or more treatment
twice daily +

standard treatment

Burtin, 2009 Belgium n =90 Bedside cycle Standard treatment
(15) Surgical and ergometry for (respiratory
medical 20 minutes, 5days  physiotherapy and
aweek + standard  passive/active
treatment mobilisation of

extremities +
mobilisation out of bed
if appropriate)
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First author, Country
year

Participants Intervention

Control

Condessa, Brazil n=92 Inspiratory muscle  Standard treatment
2013 (22) Not training twice daily, (respiratory
described 7 days a week + physiotherapy and
standard treatment passive/active
mobilisation of
extremities +
positioning)
Dantas, 2012 Brazil n=28 Early mobilisation  Standard treatment
17) General according to (passive exercises for
standard protocol  the extremities)
twice daily, 7 days a
week, including
exercises for the
extremities and in-
bed cycle
ergometry
Dong, 2014 China n =60 Early mobilisation ~ Not described
(27) General twice daily
Dong, 2016 China n =106 Pre-surgical Rehabilitation with
(16) Coronary information and assistance from family
artery early mobilisation  following discharge
bypass twice daily from intensive care
surgery
Dos Santos1, Brazil n=28 Active exercises Passive exercises and
2018 (23) General with resistance positioning
bands
Eggmann, Switzerland n=15 Early progressive Standard treatment
2018 (29) Mixed mobilisation with (early mobilisation,
in-bed cycle respiratory
ergometry up to physiotherapy and
three times daily passive/active exercises)
on weekdays +
standard treatment
Hodgson, Australia/New n =50 Early mobilisation  Unit's standard
2016 (18) Zealand Mixed according to interventions: passive
standard protocol = movement
for one hour a day
Kho, 2019 (30) Canada n=66 In-bed cycle Standard treatment
Surgical and ergometry + (passive/active exercises
medical standard treatment and early mobilisation)
Martin, 2011 USA n =69 Inspiratory muscle Breathing exercises with
(21) General training 5 days a a sham inspiratory
surgery and  week muscle training device 5
burns times a week.
Morris, 2016 USA n =300 Intensive early Standard treatment on
(20) Medical mobilisation weekdays when

according to
standard protocol
three times a day

prescribed
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First author, Country Participants Intervention Control
year

Moss, 2016 USA n =120 Level-appropriate  Standard treatment
(19) Mixed early mobilisation  three times a week
once a day (passive exercises,
positioning and
functional

rehabilitation)

Schaller, 2016 Germany n =200 Early mobilisation ~ Mobilisation in
(25) Surgical across five levels accordance with
departmental guidelines

Schweickert, USA n =104 Early mobilisation  Standard treatment
2009 (26) Medical once a day when prescribed
Tonella, 2017 Brazil n=19 Electronic Intermittent nebuliser
(24) Mixed inspiratory muscle therapy

training twice daily

Wright, 2018 UK n =308 Intensive early Standard treatment for
(28) Mixed mobilisation for 30 minutes on weekdays
90 minutes on
weekdays

!0One intervention group and one control group selected from a four-arm study

Continuous variables that were stated as medians and interquartile ranges were
converted into means and standard deviations (SD) to enable them to be
included in the meta-analyses (13). Sensitivity analyses were performed to
determine whether the results of the meta-analyses were affected by the
inclusion of these studies. Methodological quality was assessed independently
by two authors according to the criteria in the Cochrane risk-of-bias tool (14). A
third party was consulted in the event of any disagreement. Sensitivity analyses
were performed to examine whether the results were affected by the risk of
bias. Subgroup analyses were performed within the early mobilisation studies,
with respect to the number of treatments and the degree of activity in the
control interventions. Two authors rated the certainty of evidence in the studies
with low risk of bias using the GRADE approach (8). Publication bias was
assessed as part of this approach.

Results

A total of 3 270 unique titles and abstracts were identified and read. Ninety of
the articles were read in full text, with 17 studies included in the meta-analysis
(15—31) and thus 73 excluded (Figure 1).
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Publications identified Publications identified
via database search via other sources

(n=4289) (n=93)

Voo

Publications after
removal of duplicates

(n=3270)
Publications screened Publications excluded
——
(n=3270) (n=3180)
v
Pull dexk articles read Full-text articles excluded
(n=90) (n=73)
Ineligible design n=32
Ineligible population n=12
v Ineligible intervention n =13
Ineligible outcome measure
o n=7
Studies included Unpublished n=2
(n=17) High risk of bias n=7

Figure 1 Flowchart summarising the selection of articles for inclusion in the meta-
analysis

A total of 1 805 patients were included, with the number of participants per
study ranging from 19 to 308. Results were presented for 1 782 patients. The
average age was just under 60 years and 56.2 % of the participants were men.
Thirteen of the studies included patients from mixed ICUs or ICUs of
unspecified type (15), (17—19), (21—24), (27—31). Two of the studies included
patients from medical ICUs (15, 17) and two from surgical ICUs (19, 21).
Morbidity varied somewhat among the participants (Appendix 2). The
intervention comprised inspiratory muscle training in three studies (24, 27)in-
bed cycle ergometry in four studies (20, 26) and other forms of early
mobilisation in ten studies (16), (18—20), (23), (25—28), (31). No studies of
expiratory muscle training were identified that met our selection criteria. The
control group interventions are referred to in the analyses as standard
treatment, and consisted of no treatment, a different treatment or sham
treatment. Common to participants in the control groups was that they received
training that was more passive, less intensive, or administered later than the
training in the intervention groups.

The risk of bias was low in nine of the studies included, and moderate in eight
(Figure 2). None of the funnel plots indicated publication bias in the analyses
(Appendix 3). The results of the studies with a low risk of bias are presented as
follows.
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Figure 2 Overview of the risk of bias.

Primary outcome

Compared with standard treatment, early mobilisation reduced the duration of
mechanical ventilation (-1.43 days; 95 % CI —2.68 to —0.18, p = 0.02, four
studies, 335 patients), with the certainty of evidence rated as moderate (Figure

3).

First author Early mobilisati s SN Mean difference, Mean difference,

(vear) Mean sD N Mean sD N 95% CT 95% CI

Eggmann (2018) 72 73 58 6,81 631 57 0,37(-2,12; 2,86] —_—

Hodgson (2016) 63 507 29 80 557 21 -1,70{-4,75;1.31] —_—

Kho (2019) 10,17 9,27 36 10,67 10,9 30 -0,50[-544; 4,44]

Schweickert (2009) 433 382 49 6,57 426 55 -2,24[-3,79;-0,69] il

Total (95 % KI) 172 163 -1,43[-2,68;-0,18] - :
Heterogeneity: Tau® =0,12; Chi-squared test = 3,21; degrees of freedom (df) =3 (p =0,36); I*= 6% -10 -5 ] 5 0

Test for effect: =225 (p=0,02) Early mobilisation  Standard treatment

Figure 3 Forest plot for the outcome measure duration of mechanical ventilation
expressed as number of days. Comparison between early mobilisation and standard
treatment. The studies included have a low risk of bias.

The inclusion of studies with a moderate risk of bias markedly increased the
statistical heterogeneity, 1% = 78 %. The overall effect of early mobilisation was
somewhat larger, but more uncertain (-1.76 days; 95 % CI —-3.48 to —0.03, p =
0.05, eight studies, 671 patients) (Figure 4).
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First author Early = WG Mean difference, Mean difference,

(vear) Mean sD N Mean sD N 95% CI 95% CI
Low risk
Eggmann (2018) 72 73 58 6,83 6,31 57 0,37[-2,12; 2,86] e
Hodgson (2016) 63 507 29 80 557 21 1,70 [-4,71;1,31] | _—
Kho (2019) 10,17 927 36 10,67 109 30 -0,50 [-5,44; 4,44]
Schweickert (2009) 433 3,82 49 6,57 4,26 55 -2,24[-3,79;-0,69] —
Total (95%KI) m 163 -143(-2,68;-0,18] ) : ’A H
Heterageneily: Tau? = 0,12; Chi-squared test=321; degrees of freedom (df) =3 (p=036); P=6 %

Test foreffect: Z=2,25 (p=0,02)

Moderate risk

Amundadottir (2019) 1,5 10,06 29 10,3 9,78 21 1,20 - 4,36; 6,76] f

Dong (2014) 56 21 30 7.3 28 30 -1,70 [-2,95; - 0,45] i ==

Dong (2016) 81 33 53 13,9 4,1 53 -5,80 [-7,22;-4,38] i —=r

Moss (2016) 1,67 8,36 59 12,0 9,11 61 -0,33[-3,46; 2,80] —_—

Total (95%KI) 171 165 -2,16[-5,18; 0,86] i i
Heterogeneity: Tau®=7,35; Chi-squared test=24,06; degrees of freedom (df)=3 (p <0,0001); P=88 % i
Test foreffect: Z=140 (p=0,16)

Total (95 % KI) 343 28 -1,76[-3,48;-0,03] i =
Heterogeneity: Tau® =4,19; Chi-squared test =32,05; degrees of freedom (df) =7 (p <0.0001); P=78 % i
Test for effect: Z=1,99 (p=0.05)

Test for differences between subgroups: Chi-squared test=0,19; degrees of freedom (df)=1({p<0,66); F=0%

-10 -5 0 5 (]

Early mobilisation  Standard treatment

Figure 4 Forest plot for the outcome measure duration of mechanical ventilation
expressed as number of days. Comparison between early mobilisation and standard
treatment. Studies with a moderate risk of bias are included (subgroups).

Compared with standard treatment, inspiratory muscle training had no effect
on the duration of mechanical ventilation (-0.11 days; 95 % CI —1.76 to 1.53, p
= 0.89, two studies, 146 patients), with the certainty of evidence rated as low
(data not shown, available from first author on request).

Weaning time was not reported in the early mobilisation studies with a low risk
of bias. No difference was seen in weaning time with inspiratory muscle
training versus standard treatment (-0.33 days; 95 % CI —1.31 to 0.65, p = 0.51,
one study, 77 patients), with the certainty of evidence rated as low (data not
shown, available from first author on request).

Meta-analyses based on moderate certainty evidence found no effect of the
training on mortality (data not shown, available from first author on request).

Secondary outcomes

Compared with standard treatment, early mobilisation reduced the ICU length
of stay (-1.08 days; 95 % CI —1.95 to —0.21, p = 0.02, seven studies,

1 143 patients), with the certainty of evidence rated as moderate (Figure 5).

First author Em tymmbiiat] J R e Mean difference, Mean difference,
(vear) Mean sD N Mean sD N 95% CI 95% I
Eggmann (2018) 7,47 6,31 58 8,63 7.68 57 116 [-3,73; 1,41]
Hodgson (2016) 10,67 8,58 29 12,67 875 b1 2,00([-6,87;2,87]
.E-(ZOIQJ 155 13,9 36 14,33 11,68 30 E‘[_-S.GO.' 7.34]
Morris (2016) 85 749 150 833 6,74 150 0,17[-1,44;1,78] —=
Schaller (2016) 80 526 104 10,33 6,77 96 -2,33[-4,02;-0,64] —a—
Schweickert (2009) 7.87 6,65 49 8,97 518 55 L10[-3,41;1,21] : g
Wright(2017) 14,0 973 150 1533 n22 158 -1,33-3,67;1,01] i I p—
Total (95 % KI) 576 567 - 1,08[-1,95;-0,21] Q‘ ;
Heterogeneity: Tau® = 0,00; Chi-squared test =5,11; degrees of freedom (df) =6 {p=0,53); P =0 % 0 5 0 5 10

Test for effect: Z=2,43 (p=0,02
foreff (k ) Early mobilisation ~ Standard treatment

Figure 5 Forest plot for the outcome measure ICU length of stay expressed as number
of days. Comparison between early mobilisation and standard treatment. The studies
included have a low risk of bias.
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The inclusion of studies with a moderate risk of bias markedly increased the
statistical heterogeneity, I* = 76 %. The overall effect of early mobilisation was
somewhat larger, but more uncertain (-1.74 days; 95 % CI —3.32 to —0.15,p =
0.03, 13 studies, 1 597 patients) (Figure 6). There was no effect on hospital
length of stay (data not shown, available from first author on request), with the
certainty of evidence rated as moderate. No studies reported the effect of
inspiratory muscle training on length of stay.

Early mobilisation Standard treatment

First author Mean difference, Mean difference,

(vear) Mean sD N Mean sD N 95% CT 95% CI

Low risk

Eggmann (2018) 747 6,31 58 8,63 7,68 57 -1,16[-3,73;1,41] T

Hodgson (2016) 10,67 8,58 29 12,67 875 21 -2,00[-6,87;2,87]

Kho (2019) 155 13,9 36 14,33 11,68 30 1,17[-5,00; 7,34]

Morris (2016) 85 749 150 833 6,74 150 0,17 - 1,44,1,78] =

Schaller(2016) 80 5,26 104 10,33 6,77 96 -233[-4,02;-0,64] e

Schweickert (2009) 7,87 6,65 49 8,97 518 55 1,10 [-3,41; 1,21] e

Wright (2017) 14,0 9,73 150 15,33 1,22 158 -1,33[-3,67;1,01] .

Total (95% KI) 576 567 ~1,08[-1,95;-0,.21] L J

Heterogeneity: Tau*=0,00; Chi-squared test=5,11; degrees of freedom (df) =6 (p=0,53); =0 %

Test foreffect: Z=2,43 (p=0,02)

Moderate risk

Amundadottir (2019) 13,47 873 29 13,7 12,32 21 -0,23[-6,38;5,92]

Burtin (2009) 25,67 16,85 45 250 13,02 45 0,67]-5,55;6,89]

Dong (2014) 127 41 30 15,2 45 30 -2,50 [-4,68;-0,32] ——

Dong (2016) 1,7 32 53 18,3 42 53 - 6,60 [-8,02;-518] —

Dos Santos (2018) 103 87 3 14,2 9,7 5 -3,90[-10,72; 2,92]

Moss (2016) 16,67 1,4 59 16,67 10,63 61 0,00 (-3,95;3,95] o —

Total (95%KI) 229 225 -2,56 [-5,49;0,36] B

Heterogeneity: Tau® = 8,51; Chi-squared test = 21,13; degrees of freedom (df)=5(p=0,0008); I’ =76 %

Test for effect: Z=1,72 (p=0,09)

Total (95 %KI) 805 792 -1,74[-3,32;-0,15] -

Heterogeneity: Tau?=5,38; Chi-squared test = 50,053; degrees of freedom (df) =12 (p<0.0001); =76 %

Test for effect: Z=2,15(p=0.03)

Test for differences between subgroups: Chi-squared test = 0,91; degrees of freedom (df) =1(p<0,34); P=0% t H
-10 =5 0 5 10

Early mobilisation  Standard treatment

Figure 6 Forest plot for the outcome measure ICU length of stay expressed as number
of days. Comparison between early mobilisation and standard treatment. Studies with a
moderate risk of bias are included (subgroups).

The certainty of the evidence according to GRADE is summarised in Tables 2a

and b, along with the reasons for downgrading the evidence

Table 2a

Overall results and rating of evidence certainty according to GRADE. MD = mean
difference, OR = odds ratio.

Outcome Absolute effect (95 % Relative Number of Certainty of
measure CI) effect participants evidence
Risk Risk (95 % (number of (GRADE)
associated associated CD studies)
with with early
standard mobilisation
treatment
Duration of - MD - 335 (4) Moderate'
mechanical 1.43 lower
ventilation (2.68 lower to
0.18 lower)
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Outcome Absolute effect (95 % Relative Number of Certainty of

measure CI) effect  participants evidence
Risk Risk (95 % (number of (GRADE)
associated associated CDh studies)
with with early
standard mobilisation
treatment
Hospital 161 per 12 per1000 OR 0.90 835 (6) Moderate?
mortality 1000 (55 to 42) (0.61to
1.33)
Mortality after 73 per 34 per1000 OR 0.51 200 (1) Moderate3
1-3 months 1000 (62 to 51) (014 to
1.80)
Mortality after 200 per 20 per 1000 OR 0.95 723 (3) Moderate?
1-6 months 1000 (70 to 45) (0.54 to
1.65)
ICU length of = MD = 1143 (7) Moderate?
stay 1.08 lower
(1.95 lower to
0.21 lower)
Hospital length - MD - 1143 (7) Moderate?
of stay 0.62 lower
(2.89 lower to
1.65 higher)

ITotal number of participants < 400
2Wide confidence intervals

30nly one study in the analysis

Table 2b

Overall results and rating of evidence certainty according to GRADE. MD = mean
difference, OR = odds ratio.

Outcome Absolute effect (95 % Relative Number of Certainty of
measure CI) effect participants evidence
Risk Risk (95 % (number of (GRADE)
associated associated cD studies)
with with

standard inspiratory
treatment muscle

training
Duration of - MD - 146 (2) Low™ 2
mechanical 0.11 lower
ventilation (1.76 lower
to1.53
higher)
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Outcome Absolute effect (95 % Relative Number of Certainty of

measure CI) effect participants evidence
Risk Risk (95 % (number of (GRADE)
CI) studies)

associated associated
with with
standard inspiratory
treatment muscle

training
Weaning time - MD - 77 (1) Low'"3
from ventilator 0.33 lower
(1.31 lower
to 0.65
higher)
Hospital 99 per 36 per 1000 OR 0.62 161 (2) Moderate?
mortality 1000 (78 to 77) (0.19to

2.03)

Total number of participants < 400
2Wide confidence intervals

30Only one study in the analysis

Subgroup analyses

Subgroup analyses of continuous variables were performed for all studies of
early mobilisation, with the subgroups based on the number of treatments and
how active the control interventions were. None of the resulting forest plots
showed significant differences between the subgroups (data not shown,
available from first author on request).

Patient safety

Thirteen of the 17 studies reported whether adverse events had occurred (15),
(18—22), (24—30). However, the reporting was inadequate in several studies
(Appendix 4). Only two serious adverse events were reported: bradycardia and
a fall in oxygen saturation to below 80 % (15, 18). No adverse events were
reported in studies of inspiratory muscle training (22, 24). The number of
training sessions was not stated. Seven studies of early mobilisation reported
both the number of adverse events and the number of training sessions in the
intervention groups (20, 26)(28—30). In these studies, a total of 79 adverse
events were reported over the course of 5 675 training sessions, which
corresponds to an incidence rate of 1.4 %. We have included in the calculations
35 events in two studies that resulted in the intervention being discontinued
prematurely (21, 22, 24). In the control groups, there was inadequate reporting
of the number of adverse events and/or sessions. As a result, we found that the
interventions resulted in a low number of adverse events; however, there was
an insufficient basis for comparison to the control groups. A complete overview
of all adverse events is presented in Appendix 4.
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Sensitivity analysis

In the studies with a low risk of bias, there was an insufficient basis for
sensitivity analyses of the converted values (data not shown, available from first
author on request).

Discussion

This systematic review included 17 randomised controlled trials of inspiratory
muscle training and early mobilisation. The meta-analyses show that early
mobilisation can reduce the duration of mechanical ventilation and the ICU
length of stay. On the basis of a single study, we found no effect of early
mobilisation on the weaning time. Early mobilisation also had no effect on
mortality or hospital length of stay. The analyses revealed no effect of
inspiratory muscle training on duration of mechanical ventilation or ventilator
weaning, or on hospital mortality.

The evidence base for analysing the effects of inspiratory muscle training was
small, and the results must be interpreted with caution. Few adverse events
were described in association with the use of early mobilisation or inspiratory
muscle training, and only two serious adverse events were reported.

We found that early mobilisation reduced the duration of mechanical
ventilation by an average of 1.5 days compared with standard treatment.
Connolly et al. also reported a positive effect of early mobilisation on the
duration of mechanical ventilation in their review of systematic reviews (32).
We found no effect of inspiratory muscle training on the same outcome
measure. Reducing the duration of mechanical ventilation is a stated aim of the
Norwegian Intensive Care Registry in their annual report from 2019 (1).
Shorter ventilation time is likely to lead to fewer complications, as well as
increased capacity and reduced costs for ICUs.

We were unable to identify any studies with a low risk of bias that had
examined the effect of early mobilisation on weaning time, and we found only
one study that had examined the effect of inspiratory muscle training on this
outcome measure. In systematic reviews, Vorona et al. found an effect of
inspiratory muscle training on weaning time (33), while Elkins et al. found that
it increased the proportion of successful weaning attempts (34). Weaning time
from mechanical ventilation depends on several factors, including the criteria
used to confirm the patient as ready for weaning, as well as the manner in
which the weaning is performed (34).

Our analyses showed no effect on mortality of either early mobilisation or
inspiratory muscle training. Two previous systematic reviews comparing early
mobilisation with standard treatment also found no differences in mortality
between the groups (35, 36).

Early mobilisation reduced the length of ICU stays by about one day, but we
were unable to demonstrate an effect on the total length of stay in hospital.
Kayambu et al. found an effect on length of stay both in the ICU and in hospital
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(36). Shorter stays in the ICU will, like a shorter duration of mechanical
ventilation, lead to fewer complications for patients and potentially give rise to
increased capacity and reduced costs for hospitals.

We found few adverse events. They were reported in only 1.4 % of all
mobilisation sessions across the studies. A previous systematic review and
meta-analysis found that adverse events occurred in 2.6 % of mobilisation
sessions, with negative consequences for the patient in 0.6 % of cases (37). No
adverse events were reported in the studies of inspiratory muscle training.
Allowance must be made for the possibility that some adverse events went
unreported. Another challenge is that adverse events were defined differently
across the studies, and in some studies they were not predefined (11). However,
primary research studies have shown that early mobilisation in the ICU is safe
and feasible (37, 38).

Our analysis has certain methodological limitations. The treatments used in the
studies of early mobilisation varied across both the intervention and the control
groups, and were poorly described for the control groups in several studies.
These factors may have affected the results, which may have become more
heterogeneous. We performed subgroup analyses in an attempt to group
together studies that were more similar to one another, but found no significant
differences between the groups. A known problem in intensive care research,
where there is relatively high early mortality is that it can be difficult to obtain
good follow-up data. This may have confounded the outcome measures in the
current review (39).

Blinding was performed in only two of the studies included in the meta-
analyses (21, 23). It is difficult to blind participants and personnel to the
interventions featured in this study. We scored the lack of blinding as high risk,
but did not deduct for it when deciding the GRADE rating, because we do not
believe it affected the results. In their meta-epidemiological review of 146 meta-
analyses, Wood et al. found little evidence to suggest that lack of blinding leads
to exaggerated intervention effect estimates when objective outcome measures
are used (40).

We reported hard outcome measures that say nothing about quality of life, self-
reliance and other patient-reported outcomes. Such outcome measures are
clinically relevant and are of great importance to patients and their families.
Tipping et al. found that intensive early mobilisation was associated with
increased quality of life after six months (35).

Our systematic review and meta-analysis have a number of strengths. We
conducted a thorough, systematic literature search. Study selection, data
extraction and quality assessment were performed by two authors
independently, thereby increasing the quality of the work. The quality of the
studies themselves is also relatively high, as we excluded all those with a high
risk of bias.

Our findings have clinical implications in that they suggest that mechanically
ventilated adults in the ICU should undergo early mobilisation. Studies have
shown that this is safe and feasible (38, 41). However, there are a number of
perceived barriers to early mobilisation in the ICU (42), and point-prevalence
studies have shown that early mobilisation of ICU patients is rarely performed
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in practice (43, 44)- In a study of mobilisation practices in the ICU at Stavanger
University Hospital, @vrebg found that patients were first mobilised after an
average of eight days of mechanical ventilation. Five days passed on average
from the point at which the patients were ready for mobilisation until they were
first mobilised. On day shifts, 40 % of ventilated patients who were ready for
mobilisation were in fact mobilised, and only 21 % on evening shifts. This study
reveals a need in Norway, too, for quality assurance work with regard to early
mobilisation of ICU patients receiving mechanical ventilation (45).

All the interventions in our meta-analyses are currently the subject of ongoing
studies. It will be particularly interesting to see the results of studies of in-bed
cycle ergometry, as most studies to date have focused solely on the safety and
feasibility of this type of mobilisation.

Conclusion

This systematic review and meta-analysis show that early mobilisation of
mechanically ventilated adult ICU patients probably shortens the duration of
mechanical ventilation and the ICU length of stay. Early mobilisation and
inspiratory muscle training probably have no effect on mortality. Inspiratory
muscle training may have little or no effect on the duration of mechanical
ventilation or weaning time. Relatively few studies have examined inspiratory
muscle training to date, however, and further studies are required. Additional
studies should be conducted on long-term patient-reported outcome measures,
and studies will hopefully provide more information about the effects of in-bed
cycle ergometry.

Thank you to Mikaela Aamodt for assistance with updated searches, and to
Kristin Brautaset for valuable input and for advice on methodology.

This article has been peer-reviewed.

Main findings

Early mobilisation of mechanically ventilated patients probably results in a
slightly shorter duration of ventilation.

Inspiratory muscle training may have little or no effect on the weaning time
from mechanical ventilation.

Early mobilisation and inspiratory muscle training probably have no effect on
mortality, and few adverse events have been reported.
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