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Abstract

Background: This systematic review and meta-analysis aimed to determine the effectiveness of systematic early
mobilization in improving muscle strength and physical function in mechanically ventilated intensive care unit (ICU)
patients.

Methods: We conducted a two-stage systematic literature search in MEDLINE, EMBASE and the Cochrane Library
until January 2019 for randomized controlled trials (RCTs) examining the effects of early mobilization initiated within

7 days after ICU admission compared with late mobilization, standard early mobilization or no mobilization. Priority
outcomes were Medical Research Council Sum Score (MRC-SS), incidence of ICU-acquired weakness (ICUAW), 6-min
walk test (6BMWT), proportion of patients reaching independence, time needed until walking, SF-36 Physical Function
Domain Score (PFS) and SF-36 Physical Health Component Score (PCS). Meta-analysis was conducted where sufficient
comparable evidence was available. We evaluated the certainty of evidence according to the GRADE approach.

Results: We identified 12 eligible RCTs contributing data from 1304 participants. Two RCTs were categorized as com-
paring systematic early with late mobilization, nine with standard early mobilization and one with no mobilization. We
found evidence for a benefit of systematic early mobilization compared to late mobilization for SF-36 PFS (MD 12.3;
959% Cl13.9-20.8) and PCS (MD 3.4; 95% Cl 0.01-6.8), as well as on the proportion of patients reaching independence
and the time needed to walking, but not for incidence of ICUAW (RR 0.62; 95% Cl 0.38-1.03) or MRC-SS. For systematic
early compared to standard early mobilization, we found no statistically significant benefit on MRC-SS (MD 5.8; 95%
Cl =14 t0 13.0), incidence of ICUAW (RR 0.90; 95% Cl 0.63-1.27), SF-36 PFS (MD 8.1;95% Cl — 15.3 to 31.4) or PCS (MD
—24,95% Cl —6.1 to 1.3) or other priority outcomes except for change in 6MWT from baseline. Generally, effects
appeared stronger for systematic early compared to late mobilization than to standard early mobilization. We judged
the certainty of evidence for all outcomes as very low to low.
Conclusion: The evidence regarding a benefit of systematic early mobilization remained inconclusive. However, our
findings indicate that the larger the difference in the timing between the intervention and the comparator, the more
L likely an RCT is to find a benefit for early mobilization.
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Study Registration: PROSPERO (CRD42019122555).
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Background

Patients in intensive care units (ICUs) frequently suf-
fer from ICU-acquired weakness (ICUAW) and lasting
physical and neurocognitive impairment, resulting in
difficulties in achieving full functionality in their social
and professional lives [1-3]. As a consequence, ICU
stays are associated with a reduced quality of life as
well as increased utilization of medical care, costs and
mortality [2, 3].

The systematic early mobilization of ICU patients
is commonly advocated as an intervention to improve
patient outcomes [1, 4] and is part of various clinical
practice guidelines [5-9]. There is evidence from sev-
eral studies that early mobilization may improve physi-
cal function, decrease the risk of acquiring ICUAW
or delirium and shorten the time to weaning from
mechanical ventilation [10-13]. However, some sys-
tematic reviews found no or inconclusive evidence for
a benefit [14, 15]. It is not fully clear how the inconsist-
ency in effects between studies arises. While hetero-
geneity in study populations and modality or intensity
of study interventions may play a role [15], the timing
of early mobilization has been discussed as an impor-
tant factor for the effectiveness of the intervention,
with earlier interventions showing greater benefit [4].
However, the definition of standard care is not consist-
ent between trials and may have changed over time as
early mobilization was increasingly adopted in clinical
practice. Thus, standard care may involve mobilization
approaches that are also provided early, but less sys-
tematically [4, 15]. This may complicate the evaluation
of the effects of early mobilization.

In this systematic review and meta-analysis, we
aimed to determine the effectiveness of systematic
early mobilization in mechanically ventilated adult
ICU patients, while explicitly considering the timing of
the delivery of the comparator intervention.

Methods

We conducted this systematic review in line with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) and Cochrane Collaboration
recommendations [16, 17]. A protocol was registered a
priori on PROSPERO (CRD42019122555).

Eligibility criteria

Population

We included studies conducted in adult ICU patients
(aged>18 years) requiring invasive or non-invasive
mechanical ventilation at enrollment or during the ICU
stay. We excluded studies that enrolled relevant propor-
tions (>10%) of patients with burn injuries, neurological
conditions or transplant patients, as well as studies con-
ducted in postoperative patients requiring ventilation for
less than 24 h on average, as we considered these patients
to have different needs or be at higher risk for adverse
events than other ICU patients.

Intervention

The experimental intervention of interest was systematic
early mobilization, which we defined as any physical or
occupational therapy targeting muscle activation, initi-
ated within 7 days after ICU admission and performed
according to a clearly defined protocol or specific clinical
criteria in all eligible patients. Neurocognitive interven-
tions, speech therapy and ICU diary keeping were con-
sidered eligible as part of an early rehabilitation approach
including systematic mobilization. Studies examining
interventions primarily targeted at preventing pressure
ulcers or joint stiffness, or respiratory therapy alone were
not included.

Comparators

Based on a priori-defined criteria, eligible comparators
were categorized as: (i) late mobilization (i.e., mobiliza-
tion initiated 7 days or more after ICU admission), (ii)
standard early mobilization (i.e., mobilization initiated
within 7 days but less systematically, as outlined above)
or (iii) no mobilization (i.e., sham intervention or no
rehabilitative intervention).

Outcomes

As part of a comprehensive assessment, we prespecified
multiple primary outcomes related to muscle strength
and functional mobility and secondary outcomes related
to quality of life, mortality, length of stay and safety (see
Additional file 1). Follow-up time points considered
included ICU discharge, hospital discharge, as well as 3,
6 and 12 months after hospital discharge. Out of all out-
comes, the most clinically important and patient-relevant
outcomes were prioritized by four ICU experts involved
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as stakeholders in this project without prior knowledge of
the data. Here, we primarily report on these priority out-
comes, which include the Medical Research Council Sum
Score (MRC-SS) at ICU discharge, proportion of patients
developing ICUAW during hospitalization, 6-min walk
test (6MWT) performance, time needed until walking
for the first time, proportion of patients returning to
independence from assistance, SF-36 Physical Function
Domain Score (PES) and SF-36 Physical Health Compo-
nent Summary Score (PCS) at 6 months after discharge.

Study types

Only randomized controlled trials (RCTs) published
in English, German, French or Italian language were
included. We did not consider observational evidence as
we assumed a high probability of confounding by indica-
tion and differences in the provision of early mobilization
between patients in a non-standardized, non-randomized
setting.

Information sources and search strategy

To identify relevant studies, we followed a two-stage sys-
tematic search process based on previously published
high-quality systematic reviews. In the first stage, we
systematically searched the MEDLINE and Cochrane
Library databases for relevant systematic reviews pub-
lished between 2015 and 2019. We assessed the identified
systematic reviews in full text for eligibility and selected
high-quality systematic reviews based on the Assess-
ing the Methodology of Systematic Reviews (AMSTAR
2) assessment checklist [18]. The selected high-quality
systematic reviews were then used as a basis to identify
potentially eligible RCTs. All records identified in these
reviews were included in the full-text assessment in the
second stage of our systematic review.

In the second stage, we performed a systematic follow-
up search in the MEDLINE, EMBASE, CINAHL and
CENTRAL databases to identify more recently pub-
lished studies. We adopted the search strategies of the
high-quality reviews, additionally applying the Cochrane
sensitivity and precision-maximizing RCT filter [19].
Each search was conducted for a timeframe starting two
months prior to the last search in the respective review
up to January 17, 2019, to account for a potential lag in
the indexing of publications (see Additional file 1 for
detailed search strategies). Additional references were
identified through bibliographies of included studies
and registry records. We screened the title and abstract
of all records retrieved through the update searches
and pooled potentially eligible records with the records
retrieved from the high-quality systematic reviews. After
deduplication, we assessed the pooled references in full
text to select eligible studies. All study selection processes
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were carried out independently and in duplicate by three
reviewers. Disagreements were resolved by consensus
with an experienced senior reviewer.

Data extraction

We extracted information regarding the study design,
study population characteristics, intervention and
comparator details (i.e, modality, timing, frequency,
duration), measured outcomes and follow-up. Where
reporting of intervention, comparator or results was
insufficient to allow judgments about the categorization
of studies, we consulted study protocols and contacted
authors for additional information. Data extraction was
performed in duplicate by three reviewers.

Risk of bias assessment

We assessed the risk of bias of included RCTs using the
Cochrane risk of bias tool [17, 20] and evaluated study-
level bias as recommended by the Agency for Healthcare
Research and Quality (AHRQ) [21]. As blinding of per-
sonnel is commonly not possible in the context of reha-
bilitative interventions, this domain was not considered
for the study-level assessment.

Data synthesis
We primarily used a narrative synthesis due to the high
heterogeneity between RCTs, measured outcomes and
follow-up time points. As we considered the comparator
interventions to be a major source of heterogeneity, we
report results stratified by comparator category (i.e., late
mobilization, standard early mobilization or no mobili-
zation). Studies were categorized according to the timing
and the nature of the comparator intervention. Studies in
which the comparator did not meet the definition of early
mobilization were assigned to the late mobilization cat-
egory. Studies in which the comparator was also admin-
istered early, but in a less protocol-driven and consistent
manner, according to less strict criteria or not in all eli-
gible patients, were assigned to the standard early mobi-
lization category. Studies that could not be categorized
with respect to the timing of the comparator were also
assigned to the standard early mobilization category, in
order to enable separate evaluation of studies in which a
clear timing difference between groups was present (i.e.,
comparing early with late mobilization). Studies with a
sham procedure or no rehabilitative intervention as com-
parator were assigned to the no mobilization category.
We conducted pairwise fixed- and random-effects
meta-analyses for outcomes that were reported by at
least three studies. Studies reporting median and inter-
quartile range (IQR) only were not included in the meta-
analyses. We report risk ratios (RRs) for dichotomous
outcomes and mean differences (MD) for continuous
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outcomes. Study heterogeneity was assessed visually
using forest plots and statistically using the I*-statistic.
We further conducted sensitivity analyses to explore het-
erogeneity. We planned to conduct heterogeneity assess-
ment based on predefined factors (continuation of the
intervention post ICU discharge, intervention type, study
population characteristics, study-level risk of bias) and to
assess small study effects using funnel plots and Egger’s
test, where appropriate. However, the number of studies
for each reported outcome was too low to allow a mean-
ingful assessment. Preplanned subgroup analyses based
on age and length of ICU stay were not possible because
no separate data were reported for these populations. We
used R (version 3.5.2) for all statistical analyses.

Confidence in evidence

We assessed the confidence in the evidence using the
Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) approach for the priority
outcomes [22].

Results

Study selection

In the first stage of the literature search, we found three
high-quality systematic reviews published between 2015
and 2019 [12, 14, 15], through which we identified 108
references. In the second stage, the systematic update
search yielded further 2,299 records, and six references
were identified through bibliographies from relevant
publications. Twelve studies were finally included in the
qualitative and quantitative analysis [23-34]. Figure 1
shows the study selection process and the main reasons
for exclusion at the different stages.

Study characteristics
The included studies provided data from 679 people ran-
domized to systematic early mobilization and 625 peo-
ple receiving one of the comparators. We categorized
two studies as comparing systematic early against late
mobilization [23, 32] and the majority of studies (9 out
of 12) as comparing systematic early against standard
early mobilization [24-29, 31, 33, 34]. Six studies did not
report information on the time from ICU admission to
first mobilization in the intervention group [24, 25, 27—
29, 33]. Information about the timing difference between
intervention and comparator group was unavailable for
six studies [25-29, 33], which were thus included in the
standard early mobilization category. One study was
categorized as comparing systematic early mobilization
against no mobilization, but contributed data to second-
ary outcomes reported in Additional file 3 only [30].

An overview of the included studies, study participant
characteristics and interventions is provided in Tables 1
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and 2. There was considerable heterogeneity in the base-
line characteristics of participants in terms of gender, age
and disease severity, both between studies and between
intervention and comparator groups within studies.
While most studies included a diverse mix of diagnoses,
three studies focused on specific populations such as car-
diothoracic surgery [29, 30] or sepsis patients [28]. While
interventions primarily involved physical therapy, one
study additionally investigated combined physical and
cognitive therapy in one of the intervention groups [26].
Two studies involved occupational therapy [23, 26] and
two included neuromuscular electro-stimulation [28, 30].
None of the studies involved speech therapy or ICU diary
keeping in addition to early mobilization.

Risk of bias and certainty of evidence

We considered nine out of twelve RCTs to be at high
risk of bias in one or more criteria and therefore rated
them as of 'poor overall quality’ [24-32]. Two studies
were judged to be of ‘good overall quality’ [23, 34] and
one study of 'fair overall quality’ [33]. The most frequent
issues apart from the blinding of participants and person-
nel were incomplete outcome data and concerns related
to selective reporting. Figure 2 shows an overview of the
risk of bias assessment (see Additional file 2 for details).
While the number of RCTs reporting results for each
priority outcome was low, we found no indication for a
small study effect that may have influenced our results.
The GRADE assessment of the certainty of evidence is
presented in Table 3.

MRC Sum Score

Five studies reported on MRC-SS [23, 24, 28, 31, 34] at
ICU discharge. Four studies found no statistically sig-
nificant difference between systematic early mobilization
and late mobilization [23] or standard early mobiliza-
tion [28, 31, 34]. Dantas et al. reported a statistically sig-
nificantly higher MRC-SS in favor of systematic early
mobilization compared with standard early mobilization
[24]. However, the mean MRC-SS of participants in the
systematic early mobilization group was already higher
at baseline compared to the comparator group. Meta-
analysis including data from four studies (203 patients)
[24, 28, 31, 34] showed no statistically significant differ-
ence in MRC-SS at ICU discharge between systematic
early mobilization and standard early mobilization (MD
5.8 points, 95% confidence interval (CI) —1.4 to 13.0;
p=0.12; P=81.7%; very low certainty; Fig. 3). In a sen-
sitivity analysis, we excluded the study by Dantas et al.
due to the baseline imbalance in MRC-SS, which may
have affected their results. We found no evidence for a
between-group difference in this analysis (MD 2.2; 95%
CI —-2.5t06.9; p=0.36; P=41.2%; low certainty).
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RCTs and search strategies (n=3)

—
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Fig. 1 PRISMA flow diagram of the study selection process. ICU intensive care unit, SR systematic review, RCT randomized controlled trial

Proportion of patients developing ICUAW 25, 31, 33], none of these found a statistically significantly
during hospitalization lower rate of ICUAW in the systematic early mobilization
While four studies published results on the proportion of  group compared to late mobilization [23] or standard
patients developing ICUAW during hospitalization [23, early mobilization groups [25, 31, 33]. A meta-analysis of
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Brummel 2014

@ | Blinding of outcome assessment (detection bias)

@ | Other bias

~ . Blinding of participants and personnel (performance bias)

~ ‘ Random sequence generation (selection bias)

~ | @ | Selective reporting (reporting bias)

~ | @ | Allocation concealment (selection bias)
@ | @ | Incomplete outcome data (attrition bias)

Dantas 2012

-~
)

Denehy 2013

Y @
~
~ @

Dong 2014

-~
~

Dong 2016

Eggmann 2018

~N
V000 e
~N

Fischer 2016

000

Hodgson 2016

)

Kayambu 2015

Morris 2016

-~
~ 00

Schaller 2016

Fig. 2 Risk of bias assessment for the included studies

Schweickert 2009

all four studies (499 patients) showed no statistically sig-
nificant difference in the incidence of ICUAW between
groups (Fig. 3). However, the effects may be clinically
meaningful, with a 38% reduction in the risk for devel-
oping ICUAW for systematic early mobilization com-
pared with late mobilization (RR 0.62; 95% CI 0.38-1.02;
p=0.06; P =0.0%; one study; low certainty), and a 10%
risk reduction for systematic early compared with

Page 13 of 24

standard early mobilization (RR 0.90; 95% CI 0.63-1.27;
p=0.54; > =33.3%; very low certainty).

6-Min walk test

Only two studies reported results on 6MWT [25, 34],
both comparing systematic early with standard early
mobilization. 6MW T distances achieved by study partici-
pants were comparable between the two studies. Denehy
et al. demonstrated an increase in 6MWT distance in
both groups from ICU discharge up to 12 months of
follow-up [25]. While there was no difference in 6MW T
distances between groups beyond ICU discharge, they
reported a statistically significantly higher mean change
from baseline at 3 months (MD 63.7 m; 95% CI 14.2—
113.2; p<0.05) and 12 months (MD 72.7 m; 95% CI
9.3-135.8; p<0.05) in the systematic early mobilization
group. Eggmann et al. did not find evidence for a differ-
ence in 6MWT distance between groups at hospital dis-
charge [34]. We judged the certainty of evidence for a
benefit of systematic early mobilization on 6MWT com-
pared to standard early mobilization as low.

Time needed until walking

Three studies reported on the time needed by patients
until walking for the first time [23, 31, 34]. Schweickert
et al. reported a statistically significantly shorter time to
walking in the systematic early mobilization group when
compared to late mobilization (low certainty) [23]. In
contrast, Hodgson et al. did not find a between-group
difference when comparing systematic early with stand-
ard early mobilization (very low certainty) [31]. Data
from Eggmann et al. were insufficient to draw a conclu-
sion [34].

Proportion of patients returning to independence

from assistance

Only the study by Schweickert et al. reported the pro-
portion of patients returning to independence from
assistance during hospitalization [23]. They found a
statistically significantly higher proportion of patients
reaching independence in the systematic early mobiliza-
tion group compared to the late mobilization group (low
certainty).

SF-36 Physical Function Domain Score

Four studies reported results on SF-36 PFES achieved by
study participants at 6 months after hospital discharge
[25, 28, 32, 34]. There were considerable differences
between studies, as Kayambu et al. and Eggmann et al.
measured higher scores than Denehy et al. and Morris
et al. While Morris et al. found a statistically significant
difference between the systematic early mobilization
group and the late mobilization group [32], none of the
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MRC Sum Score

Author & Year Mean Difference

Systematic early vs. standard early mobilization

Dantas et al., 2012 ——a—» 15.57[9.60, 21.54]
Kayambu et al., 2015 —_— 4.60 [-2.69, 11.89]
Hodgson et al., 2016 .y 5.20 [-1.07, 11.47]
Eggmann et al., 2018 —— —2.00 [-7.36, 3.36]
Fixed—Effects Model (p=0.000) ——— 5.47[2.42, 8.53]
Random-Effects Model (p=0.115) -‘ 5.80 [-1.41, 13.02]

Heterogeneity: Q=18.53, df=3, p=0.00; 1’2 =81.71%

-10.00 0.00 5.00 15.00
<«
favors comparator favors intervention

Incidence of ICU-Acquired Weakness

Author & Year Comparator Intervention Risk Ratio

Systematic early vs. late mobilization

Schweickert et al., 2009 27/55 15/49 —— 0.62[0.38, 1.03]
Subgroup Model (p=0.064) i 0.62[0.38, 1.03]
Heterogeneity: Q=0.00, df=0, p=1.00; I'2 =0.00%

Systematic early vs. standard early mobilization

Denehy et al., 2013 13/76 16/74 —_— 1.26 [0.65, 2.44]
Hodgson et al., 2016 10/20 7/25 —— 0.56 [0.26, 1.20]
Schaller et al., 2016 51/96 50/104 — 0.90[0.69, 1.19]
Subgroup Model (p=0.542) —~ 0.90 [0.63, 1.27]

Heterogeneity: Q=2.50, df=2, p=0.29; 1'2 =29.71%

Fixed-Effects Model (p=0.120) 0.84[0.68, 1.05]

-
Random-Effects Model (p=0.203) - 0.82[0.60, 1.11]
Heterogeneity: Q=4.20, df=3, p=0.24; 1'2 =33.87%

T

[ T T T 1
0.10 0.25 0.50 1.00 2.00 4.00

< _—
favors intervention favors comparator

Fig. 3 Meta-analysis results on MRC Sum Scores at ICU discharge and proportion of patients developing ICU-acquired weakness during
hospitalization

other studies found such a difference compared with  meta-analysis (Fig. 4), which showed a statistically signifi-
standard early mobilization [25, 28, 34]. The results from  cant improvement of SF-36 PFS at 6 months after hospi-
three studies (287 patients) [25, 28, 32] were included ina  tal discharge in the systematic early mobilization group
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compared to the late mobilization group (MD 12.3; 95%
CI 3.9-20.8; p=0.004; one study; very low certainty).
However, we found no evidence for such an effect for the
comparison of systematic early with standard early mobi-
lization (MD 8.1; 95% CI —15.3 to 31.4; p =0.50; very low
certainty). Heterogeneity for the latter comparison was
considerable (I*=83.1%) due to large between-study dif-
ferences in measured SF-36 PFS [25, 28].

SF-36 Physical Health Component Summary Score

Out of the three studies reporting results on achieved
SE-36 PCS at 6 months after hospital discharge [25, 32,
34], only Morris et al. showed a statistically significant
difference between groups [32]. When pooling data from
all three studies in a meta-analysis (313 patients), there
was some evidence that participants receiving system-
atic early mobilization achieved higher SF-36 PCS com-
pared to those receiving late mobilization (MD 3.4; 95%
CI 0.01-6.8; p=0.050; one study; low certainty). How-
ever, there was no evidence for a difference when com-
paring systematic early with standard early mobilization
(MD —2.4; 95% CI —6.1 to 1.3; p=0.20; *=0.0%; low
certainty).

Additional outcomes

In summary, the evidence regarding the benefits of sys-
tematic early mobilization was inconclusive across
various other outcomes related to muscle strength and
physical function (see Additional file 3 for details). While
rather weak in general, the evidence was commonly
stronger for the comparison between systematic early
and late mobilization than for the comparison between
systematic early and standard early mobilization. We
found no conclusive evidence for an effect on quality
of life, cognitive and mental health outcomes, length of
ICU or hospital stay, duration of mechanical ventilation
or in-hospital or postdischarge mortality. Adverse effects
were reported infrequently, with no apparent difference
between studies investigating systematic early compared
to late mobilization and studies investigating systematic
early compared to standard early mobilization.

Discussion

Summary of main results

In this systematic review and meta-analysis, we only
found little evidence for a beneficial effect of systematic
early mobilization on MRC-SS, incidence of ICUAW,
6MWT performance, time needed until walking, pro-
portion of patients returning to independence from
assistance, SF-36 PFS and SF-36 PCS. While there
was a general trend for an improvement in patient
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outcomes across trials, we found no evidence in sup-
port of systematic early mobilization when compared
with standard early mobilization. Effects were generally
stronger for the comparison of systematic early with
late mobilization, and there was low to very low cer-
tainty evidence for a benefit with respect to the time to
walking, return to independence, as well as SF-36 PES
and PCS at 6 months after discharge (see Additional
file 4). Results were similar between groups for further
outcomes related to muscle strength and physical func-
tion outcomes, cognitive and mental health outcomes,
health-related quality of life, length of stay, duration
of ventilation and mortality. Systematic early mobili-
zation appeared safe when conducted under adequate
monitoring.

Interpretation

We found considerable heterogeneity between the
included studies. First, there were important dif-
ferences in study populations. While most studies
included a mixed ICU collective, three were limited
to postoperative [27, 30] or septic patients [28]. There
were large differences between studies in the average
length of ICU and hospital stay, as well as in the dura-
tion of mechanical ventilation, indicating marked dif-
ferences in patient recovery between studies. However,
on a study level, longer hospitalization and ventilation
were barely associated with higher disease severity, as
reflected by average Acute Physiologic Assessment
and Chronic Health Evaluation (APACHE) scores. We
thus consider it likely that these differences were due to
variations in standard ICU practices, reasons for ICU
admission or other patient characteristics.

Second, there were differences in the interven-
tions provided in the studies. While almost all stud-
ies described a diverse set of exercises, tailored to the
patient’s capability and increasing intensity over time,
the systematic early mobilization interventions differed
markedly in their scope, intensity and composition
between studies. Furthermore, the allocated interven-
tion extended beyond hospital discharge in two stud-
ies [25, 26], which did not appear to result in stronger
effects on muscle strength or physical function.

Third, the definition of ‘early mobilization’ and its
distinction from ’standard care’ were often unclear
and varied strongly between studies. Standard care was
often poorly described, and not all studies reported
on differences in the timing of the first mobilization
between study arms. Our approach of categorizing
studies in comparing systematic early mobilization with
either late mobilization or standard early mobilization
partially accounted for this issue and revealed that the
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Author & Year

SF-36 Physical Function Domain Score (PFS)

Mean Difference

Systematic early vs. late mobilization
Morris et al., 2016
Subgroup Model (p=0.004)
Heterogeneity: Q=0.00, df=0, p=1.00; 1'2 =0.00%
Systematic early vs. standard early mobilization
Denehy et al., 2013
Kayambu et al., 2015

Subgroup Model (p=0.500)
Heterogeneity: Q=5.88, df=1, p=0.02; 1'2 =83.01%

—. 12.30 [ 3.85, 20.75]
———— 12.30 [3.85, 20.75]
—— -2.30 [-7.98, 3.38]

—————— 805 [-15.33, 31.43]

21.80 [ 3.18, 40.42]

Fixed—Effects Model (p=0.142)

Random-Effects Model (p=0.202)
Heterogeneity: Q=11.87, df=2, p=0.00; 1’2 =83.07%

-20.00

Author & Year

e 3.43 [-1.15, 8.00]
e — 8.71 [-4.68, 22.09]
[ T I T T 1
0.00 10.00 20.00 30.00

favors comparator

SF-36 Physical Health Component Score (PCS)

favors intervention

Mean Difference

Systematic early vs. late mobilization

after hospital discharge

Morris et al., 2016 —— 3.40[0.01, 6.79]
Subgroup Model (p=0.050) — 3.40[0.01, 6.79]
Heterogeneity: Q=0.00, df=0, p=1.00; I'2 =0.00%

Systematic early vs. standard early mobilization

Denehy et al., 2013 —a— -2.80 [-7.66, 2.06]

Eggmann et al., 2018 —— -1.90 [-7.49, 3.69]
Subgroup Model (p=0.197) o -2.41 [-6.08, 1.25]
Heterogeneity: Q=0.06, df=1, p=0.81; 1'2 =0.00%

Fixed-Effects Model (p=0.573) - 0.72 [-1.77, 3.21]
Random-Effects Model (p=0.997) e 0.01 [-3.97, 3.98]
Heterogeneity: Q=5.26, df=2, p=0.07; 1'2 =56.41%
[ T i T T ]
-20.00 0.00 10.00 20.00 30.00
P
favors comparator favors intervention

Fig. 4 Meta-analysis results on SF-36 Physical Function Domain Scores (PFS) and Physical Health Component Summary Scores (PCS) at 6 months

timing of mobilization in the comparator group may
be an important explanatory factor for differences
in effects between trials. It is possible that standard

practice has evolved after earlier studies on early mobi-
lization found strong effects compared with late mobi-
lization, such as the one by Schweickert et al. [23].
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This may have resulted in smaller differences in effects
between intervention and control groups, especially in
more recent trials which we categorized as comparing
systematic early with standard early mobilization.

Finally, we judged most studies to be at risk of bias,
which also affected our confidence in most estimates in
the GRADE assessment. However, considering results
from studies at low risk of bias only would have led to the
same conclusions.

Results in context

Several systematic reviews have addressed early mobili-
zation in recent years [12-15, 35, 36]. Conclusions drawn
by these reviews differ as to whether or not the evidence
is sufficiently strong to conclude that early mobilization
provides a benefit on muscle strength, physical func-
tion, quality of life, mortality, length of stay and other
outcomes. While Doiron et al. and Castro-Avila et al.
reported no statistically significant effects on outcomes
related to muscle strength and physical function [14, 15],
Fuke et al., Okada et al. and Zang et al. found a statisti-
cally significant benefit with early mobilization [12, 13,
35]. This discrepancy primarily stems from slight dif-
ferences in the inclusion of RCTs. Our review excluded
some studies that were included in other reviews due to
ineligibility of the study population [37-39] or late initia-
tion of the mobilization intervention [40]. Conversely, we
included the recent study by Eggmann et al. [34], which
found no evidence for a benefit comparing early mobi-
lization with standard care with a very small timing dif-
ference between groups (median 47 vs. 52 h). This may
explain why our review did not find sufficient evidence
to conclude an effect of early mobilization on muscle
strength or physical function outcomes.

As discussed by other authors, the definition of early
mobilization’ varies strongly across studies. [4, 41].
While there is no uniform consensus, the field appears to
increasingly define early mobilization as starting within
72 h of ICU admission [4, 6]. Ding et al. attempted to
identify the optimal starting time for early mobilization
in a network meta-analysis of 15 RCTs, from which they
concluded that initiation of mobilization within 72-96 h
of mechanical ventilation would be most beneficial for
the improvement of ICUAW [36]. Unfortunately, their
analysis did not account for timing differences between
intervention and comparator groups.

However, the difference in timing between intervention
and comparator group may be an important determi-
nant for identifying a benefit of systematic early mobi-
lization in studies. Our findings suggest that systematic
early mobilization may be effective when compared to
late mobilization, but there was insufficient evidence for
a benefit of systematic early mobilization compared to
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standard early mobilization. Thus, the difference in tim-
ing between intervention and comparator groups may
be at least as important as the absolute timing of the first
mobilization in the intervention group. We consider the
separate analysis of different comparator categories a
unique strength of our systematic review, as this contrast
sheds light on an important issue when interpreting the
available evidence on early mobilization. Treatment rec-
ommendations on early mobilization need to consider
comparator group interventions in trials to judge whether
more systematic or earlier mobilization approaches may
provide additional clinical benefits over standard care
and are cost-effective in the respective context.

Limitations
Several limitations should be considered when interpret-
ing our findings. First, we defined ’early mobilization’ as
mobilization starting within 7 days of ICU admission in
line with previous reviews on the subject [12, 14]. Using a
stricter definition limiting the intervention to early mobi-
lization within 72 h after ICU admission would have led
to the exclusion of one study [25] and re-categorization
of two studies into the late mobilization category [26,
31]. This would have resulted in an even weaker evidence
base for systematic early mobilization compared to both
late mobilization and standard early mobilization. How-
ever, it would not have altered our main conclusions.

Second, we categorized studies into comparator cat-
egories based on predefined criteria. Due to the hetero-
geneity of ’early mobilization’ between studies, it could
occur that the comparator in one study was similar in
timing or nature to the experimental intervention in
another study, or vice versa. This was especially the
case in the standard early mobilization category. Alter-
native assessments showed that if studies for which the
timing difference between intervention and compara-
tor group was unclear were excluded from analysis, this
would not have altered our conclusions for any of the
priority outcomes. Had these studies been assigned to
the late mobilization category, we would have found
smaller and not statistically significant effects on MRC-
SS, incidence of ICUAW, SF-36 PFS and PCS for the
comparison between systematic early and late mobili-
zation. However, our conclusions regarding the com-
parison between systematic early and standard early
mobilization would have remained unchanged. Since
our categorization may not fully reflect the timing dif-
ferences between studies, a more detailed considera-
tion of interventions and comparators in the individual
studies may be warranted when making recommenda-
tions for practice.

Third, we excluded studies with relevant proportions of
neurological, burns, transplant or postoperative patients
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requiring only short ventilation. This, as well as the lan-
guage restriction, may have led to the exclusion of some
studies that would have provided additional evidence and
could have altered our results.

Fourth, we did not conduct a more detailed analysis of
the frequency, duration and intensity, or exact implemen-
tation of the interventions. While these factors are likely
to influence the effectiveness of interventions, the availa-
ble information did not provide a sufficient basis for such
comparisons.

Finally, we did not perform subgroup analyses other
than by comparator category. While it is possible that
specific patient subgroups may benefit more strongly
from early mobilization than others, the available data
were insufficient to conduct such subgroup analyses.

Conclusion

This systematic review and meta-analysis found a ben-
eficial effect of systematic early mobilization in mechani-
cally ventilated adult ICU patients on muscle strength
and physical function when compared to late mobiliza-
tion, but did not find evidence for such an effect when
compared to standard early mobilization initiated within
7 days of ICU admission. This contrast widens the per-
spective on early mobilization in the ICU, highlighting
the need to consider the characteristics of comparator
interventions when interpreting RCT-based evidence to
make recommendations for clinical practice.
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