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Abstract

trials.

ventilation or discharge destination.

Registration of protocol number: CRD42015029836.

Purpose: Early active mobilisation and rehabilitation in the intensive care unit (ICU) is being used to prevent the
long-term functional consequences of critical illness. This review aimed to determine the effect of active mobilisa-
tion and rehabilitation in the ICU on mortality, function, mobility, muscle strength, quality of life, days alive and out of
hospital to 180 days, ICU and hospital lengths of stay, duration of mechanical ventilation and discharge destination,
linking outcomes with the World Health Organization International Classification of Function Framework.

Methods: A PRISMA checklist-guided systematic review and meta-analysis of randomised and controlled clinical

Results: Fourteen studies of varying quality including a total of 1753 patients were reviewed. Active mobilisation and
rehabilitation had no impact on short- or long-term mortality (p > 0.05). Meta-analysis showed that active mobilisa-
tion and rehabilitation led to greater muscle strength (body function) at ICU discharge as measured using the Medical
Research Council Sum Score (mean difference 8.62 points, 95% confidence interval (Cl) 1.39-15.86), greater prob-
ability of walking without assistance (activity limitation) at hospital discharge (odds ratio 2.13, 95% Cl 1.19-3.83), and
more days alive and out of hospital to day 180 (participation restriction) (mean difference 9.69, 95% Cl 1.7-17.66).
There were no consistent effects on function, quality of life, ICU or hospital length of stay, duration of mechanical

Conclusion: Active mobilisation and rehabilitation in the ICU has no impact on short- and long-term mortality, but
may improve mobility status, muscle strength and days alive and out of hospital to 180 days.

Keywords: Intensive care units, Critical illness, Early mobility, Rehabilitation, Mortality

Introduction

Patients admitted to intensive care units (ICUs) often
require multiple treatments that result in immobility
and bed rest [1]. One of the consequences of bed rest
in critically ill patients is profound muscle weakness,
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termed ICU acquired weakness (ICU-AW) which occurs
within 24 h and continues to progress [2]. ICU-AW is
not yet fully understood, but is likely due to a combina-
tion of muscle atrophy and inflammatory processes [3, 4].
Patients at ICU discharge have significant muscle weak-
ness and decreased functional status [5] and it can take
1-2 years to reach peak functional recovery [6] and in
some cases patients never fully recover [7].

There are many factors which may impact on func-
tional recovery post critical illness, including premorbid
health status (i.e. frailty [8], co-morbidities [9, 10] and
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functional status) and factors occurring during critical
illness (i.e. medications provided, presence of sepsis [7],
length of mechanical ventilation) [11].

The use of mobilisation as an intervention to improve
muscle strength and function in ICU patients is fea-
sible and safe, with very few adverse events recorded
[12, 13]. A previous meta-analysis found that there
was no significant association between mobilisation
in the ICU and improvements in functional status,
muscle strength, quality of life or healthcare utiliza-
tion [14]. However mobility in the ICU was associated
with improved walking ability compared to usual care
at hospital discharge [14]. There have been several
recently published randomised controlled trials (RCTs)
that have not yet been included in a systematic review
or meta-analysis.

Because of the complexity of acute and critical illness
it is possible that there may be adverse outcomes of reha-
bilitation starting early in the ICU stay [15]. Although the
mechanism by which rehabilitation in ICU might impact
on mortality and morbidity is not clear, it is important
to establish whether rehabilitation during critical illness
results in beneficial or harmful effects and whether it dif-
fers for interventions commenced early or later during
the ICU stay or in higher or lower doses.

The aims of this systematic review and meta-analy-
sis were to determine the impact of active mobilisation
and rehabilitation in the ICU on (1) patient mortality
(measured at ICU discharge, hospital discharge, 3 and
6 months) compared to standard care; (2) patient’s func-
tional status, mobility status, muscle strength, quality of
life, number of days alive and out of hospital to 180 days,
duration of mechanical ventilation, ICU and hospital
length of stay and discharge destination compared to
standard care.

Methods

The PRISMA guidelines for systematic reviews and
meta-analysis [16] (Electronic Supplementary Material
(ESM) 1, Table 1) and the Cochrane Handbook [17] were
followed and the protocol was registered [18].

Search strategy

A comprehensive electronic search of MEDLINE,
CINAHL, EMBASE, LILACS, Scopus and Web of Sci-
ence was undertaken, using a detailed search strategy
(ESM 2, Table 1). Clinical trials websites [19, 20] were
also searched. All resources were searched from incep-
tion to June 2016. The reference list of included articles
and systematic reviews were searched for additional
studies. Authors of eligible studies were contacted for
clarification of methodology and results in the case of
unpublished or missing data.

Inclusion and exclusion criteria

Types of studies

Studies were included if they were randomised or con-
trolled clinical trials written in English.

Type of patients
Adult patients admitted to the ICU for greater than 24 h.

Interventions
Active mobilisation and rehabilitation delivered in the
ICU by any members of the ICU team. This could include
any combination of active exercises in bed, bed mobility
practice, progression of mobility from sitting, to standing
and ambulation, tilt table therapy or hoisting to a chair.
Studies were excluded if they investigated passive ther-
apies only, started rehabilitation after discharge from the
ICU, or were conducted in long-term weaning centres or
rehabilitation facilities. Cycle ergometry and functional
electrical muscle stimulation used as the sole rehabilita-
tion therapy were not included, as they do not involve the
same complexities surrounding sedation and cardiovas-
cular and respiratory stability that are encountered with
out-of-bed active exercise.

Control

For studies to be eligible the control group needed to be
receiving standard physical therapy as determined by the
treating centre during the ICU admission and standard
medical and nursing care.

Types of outcome measures

The primary outcome was mortality measured at hospi-
tal discharge. The secondary outcomes were mortality
at ICU discharge and 6 and 12 months after admission;
functional status, mobility, muscle strength and quality of
life and mood state at ICU discharge, hospital discharge
and 6 and 12 months follow-up (ESM 2). Days alive and
out of hospital to 180 days, length of stay (ICU and hos-
pital), duration of mechanical ventilation and discharge
destination were also included. Outcomes were catego-
rised using the World Health Organization International
Classification of Functioning, Disability and Health
(WHO ICF) components into Body Functions (b1-8),
Activity Limitation (d1-4) and Participation Restriction
(d5-9) [21].

Selection of studies

Titles and abstracts were screened by two independent
reviewers (CT, TN). Disagreements were resolved by
consensus. Covidence was used to manage and review
citations [22]. The full text of eligible and uncertain refer-
ences were then reviewed (CT, TN), with a third reviewer
(CH) as necessary.
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Data extraction

A data extraction form was developed and piloted (CT).
Data were extracted by two independent researchers.
Disagreements were resolved using consensus, and by
a third reviewer if necessary. Where the data extraction
was unclear or required further detail, study authors
were contacted by email for clarification of results. One
of the included studies [23] was co-authored by three of
the authors on this paper; therefore two external inde-
pendent reviewers completed data extraction and the risk
of bias assessment.

Assessment of methodological quality

The studies were independently assessed by two research-
ers for methodological quality using the Cochrane risk of
bias tool [17]. This tool assesses seven domains of bias as
high, low or unclear risk; selection, performance, detec-
tion, attrition and reporting bias. Any other potential
bias can also be reported [17].

Data synthesis and analysis

Meta-analysis was performed using Review Manager 5.3
(RevMan 5.3). Dichotomous variables were presented as
relative risks or odds ratios, whilst continuous variables
were expressed as mean differences between groups and
associated confidence intervals (CI).

Data that were presented non-parametrically were
assessed for suitability for conversion to parametric statis-
tics to allow for meta-analysis [17]. The data were converted
by replacing the median with mean, and the standard
deviation (SD) was calculated by dividing the interquar-
tile range by 1.35. The skew was then assessed by calculat-
ing the ratio of mean/SD. A ratio less than 2 demonstrates
some skew, and less than 1 demonstrates strong evidence of
skewed deviation and data was not converted [24].

Meta-analysis was performed when data were pre-
sented for the same outcome at the same time point,
providing the studies were clinically and statistically
homogenous. Clinical heterogeneity was determined by
reviewing the setting, participants, intervention and con-
trol therapies and statistically by assessing the I* value
[17]. I values were interpreted as 0—40% might not be
important, 30-60% may represent moderate heterogene-
ity, 50-90% may represent substantial heterogeneity and
75-100% considerable heterogeneity [17]. As a result of
the high level of heterogeneity across all studies, random
effects methods were used for all meta-analysis.

Subgroup analyses were undertaken for all outcomes,
where able, in two predefined subgroups:

+ Early active mobilisation and rehabilitation defined
as commencing <3 days of admission, compared to
late starting after the first 3 days of ICU admission

+ High dose of rehabilitation defined as completing
over 30 min of active rehabilitation daily, compared
to those receiving less than 30 min daily

Subgroups were determined on the basis of the positive
results of trials commencing rehabilitation early [12] and
preliminary data on inflammatory changes in early reha-
bilitation [25] and from the results of high dosage reha-
bilitation studies [15].

A post hoc analysis was completed to determine if
methodological quality was a cause for the statisti-
cal heterogeneity observed in the meta-analysis. This is
described in detail in ESM 2.

Results

Study selection

The search of all databases resulted in 8380 articles, of which
13 studies of active mobilisation and rehabilitation in the
ICU were included (Fig. 1) [12, 23, 25-35]. There were five
studies identified from clinical trials registries; one of these
studies was completed prior to publication of this systematic
review and therefore was included [36] (ESM 2, Table 2).

No further articles were found from hand searches.
One study [12] was published in two reports, one for
inpatient hospital data [12] and another for the long-term
follow-up [37] and both were reported in Fig. 2 risk of
bias assessment.

Risk of bias assessment

The risk of bias assessment is outlined in Fig. 2. Three
studies were of low quality with four or five sources of
bias [28, 31, 32], two studies were controlled clinical trials
and therefore had a high risk of bias for many of the cri-
teria [29, 35], four studies were of moderate quality with
three sources of bias [25, 33, 34, 36], and the remaining
studies had minimal sources of bias [12, 23, 26, 27, 30].

Patients

In total, 1753 patients were represented across the 14 stud-
ies (880 intervention and 873 control). They represented a
range of medical, surgical and trauma patients, recruited in
nine different countries and across 25 sites. Patient demo-
graphics are presented in Table 1 and details of the study
centres and further patients demographics in ESM 2,
Table 3. The patients in the intervention and control groups
in each study were similar at baseline, except for two studies
where the intervention patients were significantly older [23,
30] and had poorer muscle strength and bed mobility on
enrolment; however this difference was not significant [30].

Intervention therapy
Details of the therapies received are outlined in Table 1.
Commencement of the intervention ranged from 1 to
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Fig. 1 Consort diagram

8380 records from database
search postremoval of
duplicates
v
8380 of titles and abstracts N 8349 records excluded based on
screened title and abstract
v
5§ studies identified from clinical N 36 full text articles assessed for 22 records excluded based on full text
trial registries eligibility review
i - Abstract only with insufficient
- - . detail (1)
14 articles included in . .
. . - Review article only (2)
qualitative analysis - Wrong study design (4)
v - Wrong intervention (2)
14 articles included in - Wrong outcomes (1)
quantitative analysis (meta- - Conference abstract with full
analysis) results published else where (8)
- Not yet completed or published (4)

8 days after admission to the ICU. Therapy was pro-
vided at least daily in the intervention groups and ranged
from an average of 15 to 31 min of therapy per day. Fur-
ther details of timing and duration of the interventions
delivered in the studies are outlined in ESM 2, Table 3.
Eleven studies used a protocol to guide the intervention
therapies [23, 26, 27, 29-36], whilst the other three indi-
vidually tailored therapy to each patient [12, 25, 28]. Pro-
gression of exercise was determined by sedation [25, 26,
34], strength [30-32, 35], fatigue [33], level of mobility
(IMS [38]) [23], function [27] or a combination of these
factors [36]. One study aimed to exercise patients at an
intensity of 3—5 on the modified Borg scale whilst in the
ICU [27], whilst another aimed for 12—-13 on the Borg
scale [32].

One study had two intervention arms, namely physical
therapy alone and physical therapy combined with cogni-
tive therapy [26]; results from the cognitive therapy group
were not included. Five of the studies had little detail
regarding the timing of the intervention [31, 32, 34-36]
and seven studies had little detail regarding duration of
intervention [28, 31-36] and therefore, despite attempts
to contact the corresponding authors, were not included
in the subgroup analyses. A post hoc analysis was com-
pleted to investigate whether methodological quality was
a cause for the detected statistical heterogeneity across
the studies. These results are outlined in ESM 2.

Control therapy

There was large variation in the standard therapy pro-
vided in the control groups. The control group in six
studies received daily therapy as part of standard care
[23, 25, 27, 31, 32, 35]. This mainly involved passive or

active assisted range of motion and was individually tai-
lored. The other eight studies received therapy one to
three times a week, with limited resources [12, 26, 28—30,
33, 34, 36]. One study reported that physical therapy was
not routinely provided in patients mechanically venti-
lated for less than 2 weeks [12].

Effects of intervention

Mortality

All studies reported mortality at one or more time points
(Fig. 3). One study reported the p value only and there-
fore could not be included in the meta-analysis [29]. As
not all centres used central death registries to report
mortality, no assumptions were made for the patients
who were not followed up at 6 months. Mortality was cal-
culated by the number of patients at risk and therefore at
6 months was influenced by the number of patients who
withdrew or were lost to follow-up. In a pooled analysis
no significant difference was found in mortality at any
time point (Fig. 3). Subgroup analysis showed that early
mobilisation and high dose rehabilitation had no signifi-
cant effect on mortality (ESM 2, Table 4).

Measures of body function

Five of the studies reported three different measures of
body functions at relevant time points [12, 23, 25, 31,
32] (ESM 2, Table 5). Four studies reported MRC-SS at
ICU discharge [23, 25, 31, 32]; however, raw results for
one study were unable to be obtained and could not
be included in the meta-analysis [31]. Analysis of the
three studies demonstrated an improvement in mus-
cle strength favouring rehabilitation in the ICU (pooled
mean difference (MD) 8.62, 95% CI 1.39-15.86, p = 0.02,
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Fig. 2 Risk of bias assessment. Red denotes high risk, yellow unclear
risk and green low risk. 'Very little detail given regarding the therapy
received in the control group. No details given regarding the duration
and intensity of the therapy. “Historical controls, therefore could be
some added bias. *Health-related quality of life outcome does not
account for non-survivors

2 = 73%, three studies, n = 120) [23, 25, 32]. When one
study of high risk of bias was removed the I? decreased
to 0% and the result was still significant (ESM 2, Fig. 1).
Three studies reported strength using the hand-held

dynamometer at ICU discharge [12, 31, 34]; however, the
raw values could not be obtained for one study [31] and
the data from one study was severely skewed and was
not appropriate for conversion to mean and SD [12]. No
other meta-analyses were appropriate.

Measures of activity limitation

Nine studies reported 14 different measures of activ-
ity limitations (ESM, Table 6) [12, 23, 25-27, 30, 31, 34,
36]. Two studies reported ability to walk independently
at hospital discharge [12, 29]. One study presented the
information graphically [12]; therefore the numeri-
cal results were gathered from a previous systematic
review [14]. In a pooled analysis, patients in the reha-
bilitation group had a higher probability of mobilising
without assistance at hospital discharge (OR 2.13, 95%
CI 1.19-3.83, p = 0.01, > = 0%, two studies, n = 189).
Three studies reported the PFIT at ICU discharge. Pooled
analysis demonstrated no significant difference between
the intervention and control group (MD —0.19, 95% CI
—0.69 to 0.32, > = 0%, three studies, n = 207) [23, 25,
27]. There were no differences between groups for any of
the subgroup analysis [23, 25, 27] (ESM 2, Table 4).

Two studies report TUG at hospital discharge [26, 27]
and two studies at 6 months [27, 30]. The data from one
of the studies at hospital discharge was highly skewed
[26] and not appropriate for meta-analysis. The pooled
analysis at 6 months showed no difference between the
rehabilitation and standard care groups (MD 0.11, 95%
CI —5.96 to 6.19, I* = 66%, two studies, n = 146) [27, 30].
No subgroup analysis or other meta-analysis could be
performed.

Measures of participation restriction

Nine studies reported 13 different measures of participa-
tion restriction at the time points of interested for this
review (ESM 2, Table 7) [12, 23, 25-27, 29, 30, 34, 36].
Four studies reported the SF-36 at 6 months [25, 27, 30,
34]; however, one study only reported physical function
and the physical and mental component score [34]. One
study reported non-parametric results which were con-
verted to mean and standard deviation for meta-analysis
[17, 30]. The pooled analysis of the four studies showed
no significant difference between the intervention and
control groups (ESM 2, Table 8) [25, 27, 30, 34]. In the
social functioning domain, when one study of high risk of
bias was removed the I* value decreased to 0%. There was
no change in the > when separating by methodological
quality in the other three domains (ESM 2, Table 8). The
subgroup analysis of three studies (n = 177) showed sig-
nificantly higher SF-36 results favouring the intervention
group in the role physical and role emotional domains for
high dose rehabilitation [25, 30], compared to low dose
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Rehabilitation  Standard Care Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Mortality at ICU discharge
Brummel 2014 5 22 5 22 16% 0.00[-0.25, 0.25)
Dantas 2011 12 26 19 33 15% -0.11[-0.37,0.14]
Denehy 2013 2 74 0 76 51.0% 0.03[-0.02,0.07) i
Dong 2014 0 30 0 30 256% 0.00[-0.06, 0.086) —
Hodgson 2016 2 29 1 21 6.0% 0.02[0.11,0.15) I R —
Kayambu 2015 3 26 1 24 47% 0.07 [-0.07,0.22) I B —
Moss 2016 10 59 6 61 6.8% 0.07 [-0.05,0.19] I e —
Yosef-Brauner 2015 0 9 0 9 28% 0.00[0.19,0.19]
Subtotal (95% ClI) 275 276 100.0% 0.02 [-0.01, 0.05] <
Total events 34 32
Heterogeneity: Tau®= 0.00; Chi*= 2.82, df=7 (P = 0.90); F= 0%
Test for overall effect: Z=1.33 (P=0.18)
1.1.2 Mortality at hospital discharge
Brummel 2014 6 22 6 22 1.4% 0.00[-0.26, 0.26)
Denehy 2013 5 74 7 76 13.4% -0.02[-0.11,0.08) I
Dong 2014 2 30 3 30 51% -0.03[0.17,0.11] e E—
Dong 2016 2 53 3 53 15.4% -0.02[-0.10,0.06) .
Hodgson 2016 2 29 1 21 6.0% 0.02[0.11,0.15) I R —
Morris 2008 20 165 30 165 16.9% -0.06 [-0.14,0.02)] e
Marris 2016 18 150 18 150 18.5% 0.00[-0.07,0.07) —
Moss 2016 10 59 6 61 6.8% 0.07 [-0.05,0.19] I e —
Schaller 2016 17 104 8 96 12.4% 0.08[0.01,017) D
Schweickert 2009 9 49 14 55  4.0% -0.07 [-0.23,0.09]
Subtotal (95% Cl) 735 729 100.0% -0.00 [-0.04, 0.03] <
Total events 91 96
Heterogeneity: Tau®= 0.00; Chi*=8.26, df=9 (P=0.51); F=0%
Test for overall effect: Z=0.31 (P=0.76)
1.1.3 Mortality at 6 months
Denehy 2013 10 59 14 64 201% -0.05[0.19,0.09] . E—
Hodgson 2016 2 29 1 21 225% 0.02[0.11,0.15) I L —
Kayambu 2015 9 22 3 23 76% 0.28[0.03,0.53] >
Morris 2016 33 17 33 114 26.2% -0.01 [0.12,0.11] I E—
Moss 2016 15 43 13 40 10.7% 0.02[0.18,0.23]
Wolfe 2013 14 48 19 52 12.8% -0.07 [0.26,0.11)
Subtotal (95% ClI) 318 314 100.0% 0.01 [-0.06, 0.08] ~al—
Total events 83 83
Heterogeneity: Tau®*= 0.00; Chi*=6.14, df=5 (P =0.29); F=19%
Test for overall effect: Z=0.20 (P = 0.85)

1 } 1 1
02 014 0 01 02
Favours rehabilitation Favours standard care
Fig. 3 Forest plot for mortality at intensive care discharge, hospital discharge and 6-month follow-up

rehabilitation (ESM 2, Table 8). SF-36 results at 6 months
had large statistical heterogeneity for the physical func-
tioning, role physical, social functioning and role emo-
tional domains.

Five studies reported days alive and out of hospital to
6 months [23, 25, 29, 30, 37]. A pooled analysis of the five
studies showed a significant mean difference favouring
the rehabilitation group (MD 9.63, 95% CI 1.68-17.57,
p = 0.02, P = 0, five studies, n = 509). However the data
from one of the studies was highly skewed and required
conversion to mean and SD to allow meta-analysis [25].
Therefore a pooled analysis was also completed for the
remaining four studies, demonstrating a significant MD
of 9.69 (Fig. 4) favouring the rehabilitation group [23, 29,
30, 37]. No subgroup differences were identified (Fig. 4).

Length of stay, mechanical ventilation duration
and discharge destination
The individual results of each study are outlined in
ESM 2, Table 8. Because the majority of the length of stay
and duration of mechanical ventilation data were signif-
icantly skewed, a meta-analysis was not able to be per-
formed. Several studies did not report LOS for survivors
and non-survivors separately, thereby introducing bias
[23, 25-27, 29, 30, 32—-34, 36]. Two studies had no deaths
in ICU and reported significantly shorter ICU length of
stay in the rehabilitation group compared to the standard
care group (ESM Table 9) [28, 31].

No difference was found in the pooled analysis of dis-
charge destination (proportion of patients discharged
home, OR 1.35, 95% CI 0.98-1.87, p = 0.07 I = 40%,
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Rehabilitation Standard Care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.26.1 Early and low dose rehabilitation
Hanekom 2012 160 43 96 151 55 97 32.8% 9.00[-4.92 2292 I
Hodgson 2016 156 27 29 143 27 21 276% 13.00(-2.16,28.16] B e E—
Waolfe 2013 115 78 48 91 83 48 6.1% 24.00[8.22, 56.22)
Subtotal (95% CI) 173 166 66.6% 12.04[2.27,21.81] -
Heterogeneity: Tau®= 0.00; Chi*=0.73, df= 2 (P = 0.69); = 0%
Test for overall effect. Z=2.42 (P=0.02)
1.26.2 Late and high dose rehabilitation
Moss 2016 151 31 59 146 45 61 334% 5.00[-8.79,18.79] I
Subtotal (95% CI) 59 61 33.4% 5.00[-8.79,18.79] —~i—
Heterogeneity: Not applicable
Testfor overall effect. Z=0.71 (P=0.48)
Total (95% Cl) 232 227 100.0%  9.69[1.71,17.66] e
TN 2 — . 2= - - 2= } + + }
?et?;ogeneltyl.lT?fu t-.é]._og,?(')8h|P-_10.3092, df=3(P=071);F=0% 0 5 ) 75 50
estfor overall effect: Z=2.38 (P = 0.02) Favours standard care Favours rehabilitation
Test for subaroup differences: Chi*= 0.67, df=1 (P=0.41), F=0%
Fig. 4 Forest plot for days alive and out of hospital to 180 days

eight studies, n = 1255) [12, 23, 26, 27, 30, 34-36]. The
subgroup analysis showed no difference in proportion of
patients discharged home (ESM 2, Table 4).

Adverse events

One serious adverse events was reported (desaturation
less than 80%) [12]. Six studies reported adverse events
during the intervention; these are described in ESM 2.

Discussion

Key findings

This meta-analysis found that active mobilisation and
rehabilitation in the ICU had no effect on patient mortal-
ity [12, 23, 25-37]. However, the intervention improved
body function (muscle strength) at ICU discharge [23, 25,
32], reduced activity limitations (walking ability) at hos-
pital discharge [12, 29] and reduced participation restric-
tion (days alive and out of hospital) at 6 months [23, 29,
30, 37]. Studies of high dose rehabilitation showed that
rehabilitation in the ICU may lead to improved quality of
life at 6 months in the role physical and role emotional
domain [25, 30]. Meta-analysis showed no difference in
function at ICU discharge or discharge destination.

Clinical implications of results
This meta-analysis demonstrates that active mobilisation
and rehabilitation in the ICU does not increase mortality
in a research setting. However, there is still not enough
evidence to determine long-term morbidity. In clinical
practice active mobilisation and rehabilitation in the ICU
may be an appropriate treatment strategy, when safety
consensus guidelines are followed and a team approach is
used to ensure safety [39].

There was very limited information available regard-
ing the dosage provided in many of the studies and this
limited the meta-analysis. There was a trend for higher

SE-36 results in the role physical and role emotional
domains in a pooled analysis of studies of high dose reha-
bilitation [25, 30]. However there was only one study in
the low dose subgroup and therefore it may have been
underpowered [27]. More studies are needed to specifi-
cally assess appropriate dosages and timing of therapy.
This information will better inform clinicians and assist
in prescribing therapy in clinical practice.

Relationship to other studies
This review showed that mobilisation and rehabilitation
in ICU does not increase short- or long-term mortality
but has shown promising improvements in patient-cen-
tred outcomes across three components of the WHO
ICF framework [21]; however, its full impact is not yet
understood, particularly in regards to long-term out-
comes. An RCT of early rehabilitation in acute exacerba-
tions of chronic obstructive pulmonary disease showed
higher 1-year mortality in the early rehabilitation group
compared to the control group [40]. Similarly a recent
early rehabilitation study in stroke patients found that
patients in the intervention group had a higher level of
disability compared to the patients in the control group
at 3 months after stroke [15]. As a result of the complex-
ity of acute and critical illness it is possible that there may
be adverse outcomes of rehabilitation commenced in the
ICU, and large RCTs need to be completed in the ICU
setting to appropriately determine the impact of active
mobilisation and rehabilitation in this patient population.
Premorbid status can influence functional recovery fol-
lowing critical illness, with frail patients and those with
co-morbidities having worse long-term function [8, 10].
Whilst the studies included in this review did not measure
frailty, six of the studies only included patients who had
independent mobility prior to ICU admission [12, 23, 30—
32, 34, 36] and therefore may have been more responsive
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to rehabilitation, thereby influencing the results. One of the
RCTs included in this review [27] has since completed a
secondary analysis of their cohort, showing significant ben-
efits both in previously healthy patients and those with pre-
existing chronic disease [9]. It is possible that those with
pre-existing chronic disease may require targeted rehabili-
tation tailored to their premorbid functional status [9, 10].

Previous meta-analyses have assessed the short-term
effect of rehabilitation in the ICU. The inclusion crite-
ria for these previous meta-analyses differed from this
current study, in regards to the types of interventions
included (cycling and electrical muscle stimulation [14,
41], compared to functional active rehabilitation only)
and the timing of therapy (commencing early in hospital
stay compared to late). Castro-Avila et al. [14] showed
in a meta-analysis that, despite some conflicting indi-
vidual study results, rehabilitation in the ICU was asso-
ciated with an increased probability of walking without
assistance at hospital discharge. Kayambu et al. [41]
reported increased function and quality of life at hospital
discharge and more ventilator-free days in the interven-
tion group. However, the meta-analysis pooled a wide
range of treatment techniques in the intervention group
and had varying time of commencement of the therapy.
Our meta-analysis focused specifically on the effect of
active mobilisation and rehabilitation within the ICU
and included several recently published studies, and the
results highlight a significant improvement in muscle
strength at ICU discharge and increased number of days
alive and out of hospital to day 180.

Strengths and limitations
The strengths of this study stem from a comprehensive
search strategy, clear and targeted inclusion and exclu-
sion criteria and rigour in the data extraction and risk of
bias assessment. The results of this review are highly gen-
eralisable owing to nine countries being represented and
detailed patient demographic data presented. This review
specified studies that included patients during acute crit-
ical illness and ICU stay, as we wanted the results to be
relevant to the care provided and the challenges associ-
ated with managing an acutely unwell patient population.
Nine of the studies included in this review have not
yet been included in other systematic reviews of active
mobilisation and rehabilitation in the ICU [23, 25, 28,
30-32, 34—36]; there were also five studies identified that
are still being completed. The results contributing to the
meta-analysis in this review were mostly from moderate
to high quality studies [12, 23, 25, 30, 36, 37] and the out-
come measures reported in this review have been linked
to the WHO ICF framework.

Weaknesses include the small sample size of the
included studies (z < 50 in five of the studies [23, 25,
26, 31, 32]) and heterogeneity was present with a range
of outcome measures collected at varying time points,
limiting the ability to complete meta-analysis. Sub-
group analysis in this systematic review was limited as
the timing, amount and intensity of therapy received
by both the intervention and control groups across
the studies were varied and in some cases details were
unavailable. The full impact of early or late mobilisa-
tion and rehabilitation on patients in the ICU remains
unknown.

The range of admission diagnoses represented across
the studies could limit the validity of the results as par-
ticular patient populations may have a different likeli-
hood and trajectories of recovery. Mortality collected at
6 months may have been affected by loss to follow-up
in some studies; however, the primary outcome was not
affected by loss to follow-up. Length of stay data were
highly skewed and not always reported for both survi-
vors and non-survivors, making it difficult to interpret, as
death can influence the results.

Future directions

Currently there is limited evidence on the long-term
effect of active mobilisation and rehabilitation in the
ICU on morbidity or the appropriate dosage, intensity
and progression of exercise. It remains unclear whether
there are particular patient population that may show
greater benefits from physical rehabilitation during
ICU. Ideally a well-designed large multi-centre RCT
needs to be conducted, with appropriate sample size
to determine the effect of active mobilisation and reha-
bilitation in the ICU on long-term patient-centred out-
comes. In order for better comparison of results across
studies, future trials would benefit from a core set of
outcome measures [42] collected at consistent time
points.

Conclusion

Active mobilisation and rehabilitation in the ICU
improved body function, reduced activity limitation and
improved participation measured using muscle strength,
walking ability and days alive and out of hospital respec-
tively. No differences in short- or long-term mortality
were evident.

Further research should determine the overall impact
of mobilisation and rehabilitation in the ICU on long-
term patient-centred outcomes. Specific studies also
need to determine the most effective protocols, intensity
and progression of rehabilitation.
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