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Background: In recent years, there are increasing number of new studies and researches about early
mobilization, an update meta-analysis based on high quality studies and focusing on the effectiveness of
early mobilization is quite necessary. The purpose of the article is to explore the effect and safety of early
mobilization on reducing the length of stay (LOS) and duration of mechanical ventilation in patients
undergoing mechanical ventilation in intensive care unit.

Methods: The databases PubMed, Scopus, EBSCO and Embase were systematically searched. We designed
a search strategy for PubMed that consists of terms related to early mobilization and intensive care unit (ICU).
We reported mean difference (MD) and 95% CI for LOS in ICU and hospital, the duration of mechanical
ventilation, and reported odds ratio (OR) and 95% CI for mortality at hospital discharge.

Results: In total, there were 18 research articles included in the meta-analysis. The early mobilization in
intervention group appeared to have positive influence on hospital outcomes with the LOS in ICU (MD
=-1.75, 95% CI: -2.70 to -0.79; P=0.0003) and duration of mechanical ventilation (MD =-1.64, 95% CI:
-2.41 to -0.87; P<0.0001) significantly decreased. And there was no statistical difference in the analysis of
length of hospital stay (MD =-1.58, 95% CI: -4.02 to 0.86; P=0.21) and mortality at hospital charge (OR
=1.10, 95% CI: 0.76 to 1.59; P=0.62).

Conclusions: Early mobilization in ICU has positive and safe influence on hospital outcomes in
mechanical ventilation patients. It confers significant benefit in decreasing the duration of mechanical
ventilation and the LOS in ICU. Furthermore, the early mobilization therapy in ICU will not increase

mortality at hospital discharge in a research setting.
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Introduction suffer long-term poor physical and psychological outcomes
. o . . associated with the ICU experience (1,2). For critical ill
With the treatment measures in intensive care unit W P (1,2)

(ICU), more and more critically ill patients survived patients undergoing mechanical ventilation (MV) in ICU,

and discharged from hospital. The increasing rate of it is common to keep complete or nearly complete limb
survivors in the ICU brings 1 new problem; recent studies immobilization. The muscle inactivity has been pI'OVCd
of recovery after ICU found that many survivors of ICU to be an important risk factor for intensive care unit-
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Table 1 PubMed search strategy

1 Intensive care units [MeSH Terms] or critical care [Title/
Abstract] or critical illness [Title/Abstract] or intensive care
[Title/Abstract] or ICU [Title/Abstract] or respiration, artificial
[MeSH Terms] or mechanical ventilation [Title/Abstract]

2 Early ambulation [MeSH Terms] or rehabilitation [MeSH
Terms] or early mobilization [Title/Abstract] or mobility [Title/
Abstract] or exercise therapy [Title/Abstract] or mobilization
[Title/Abstract]

3 Humans [MeSH Terms] and adult [MeSH Terms] not animals
[MeSH Terms]

4 Randomized controlled trial [MeSH Terms] or randomized
controlled trial [Title/Abstract] or clinical trial [Title/Abstract]
or cohort studies [MeSH Terms] or study [Title/Abstract]
or comparative study [MeSH Terms] or comparative study
[Title/Abstract]

5 1and2and3and4

ICU, intensive care unit.

acquired weakness (ICU-AW) (3). And the ICU-AW tends
to extend the duration of MV, prolong the length of ICU
and hospital stay, increase the risk of mortality at hospital
discharge (4,5).

A widely accepted definition of early mobilization is the
application of physical activity within the first 2 to 5 days of
critical illness or injury (6). The safety consideration used
to be a major barrier to generalize the early mobilization in
clinical practice (7). But recent systematic reviews and meta-
analysis have proved conclusively that early mobilization
for ICU patients is safe, with low incidence of adverse
events (8,9). The application of early mobilization for
patients could maintain the muscle strength and improve
physical function (6). For this reason, we can infer that early
mobilization could have positive effect on hospital outcomes
like increasing the weaning success rate, decreasing the
duration of MV, shortening the length of stay (LOS) in ICU
and hospital. Previous meta-analysis pointed out the early
mobilization appears to have benefit in improving hospital
outcomes and quality of life (10,11).

And in recent years, there are increasing number of new
studies and researches about early mobilization, an update
meta-analysis based on high quality studies and focusing
on the effectiveness of early mobilization is quite necessary.
Hence, the purpose of this meta-analysis was to explore
the effect of early mobilization for critical ill patients on
duration of MV, ICU and hospital LOS, patient mortality at
hospital discharge.
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Methods
Inclusion criteria

The studies fulfilled all of the criteria would be included:
(D) the patients enrolled should be adults (at least 18 years
old), and they were mechanically ventilated in any type of
ICU; (1) the study should be the randomized controlled
trial (RCT), cohort study or other comparative study
with concurrent controls; (III) the intervention should be
mobilization, active or passive exercise such as stretching
exercises in-bed, bedside sitting training, bed to chair
transferring and walking training; (IV) the control group
should receive standard medical and nursing therapy.
Exclusion criteria: (I) animal studies; (II) the patients are
minors (under 18 years of age); (IV) studies haven’t reported
the concerned outcomes.

Outcome

Primary outcomes are the ICU and hospital LOS, the
duration of MV. Secondary outcome is the mortality at
hospital discharge.

Search strategy

We searched the electronic databases of PubMed, Scopus,
EBSCO and Embase from the earliest available date until
November 2017. We designed a search strategy for PubMed
and the detailed search strategy is included in the Table 1.
There is no restrictions in language.

Study selection

"Two authors independently conducted the initial search and
selection by reading the titles and abstracts. And potential
relevant studies were further checked based on the inclusion
criteria previously described. All these review authors
conducted searches and evaluated the full text of each
record independently. Differences in assessment screening
were resolved by a third opinion.

Data extraction

The data extraction was accomplished independently by
three authors by using a predesigned data extraction form
(Table 2). If the data was incomplete or needed further
details, review authors would send e-mails to the article
author for clarification of results. The primary study end
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points of included studies were the ICU and hospital LOS,
the duration of MV. The secondary study end point was the
mortality at hospital discharge. Relevant information such
as the Acute Physiology and Chronic Health Evaluation
(APACHE) II Score, patients enrollment and interventions
were abstracted from original articles.

Quality assessment

The risk of bias for these included studies were
independently assessed by two authors. The Physiotherapy
Evidence Database (PEDro) scale (29) was used in the
quality assessment. We assessed every potential source of
bias as “yes” or “no” according to the articles, every “yes”
got 1 point and “no” got 0 point. Finally, a score out of 10
was obtained and a higher score showing high quality trials.
We also made a “Assessment of quality by the PEDro score”
(1able 3) to show the quality assessment result.

Statistical analysis

We used the Review Manager 5.3 to implement the meta-
analysis. For the primary outcomes, we reported mean
difference (MD) between groups and 95% Cl in the article.
And the mortality at hospital discharge was reported by
odds ratio (OR) and 95% CI. To investigate the potential
publication bias, we used the Begg’s rank correlation test
and the Egger’s regression test in the study (31). The
I’ statistic was calculated to evaluate the heterogeneity
between studies and we could conclude substantial
heterogeneity when I°’>50% (32). Due to the obvious
heterogeneity, we performed subgroup analysis stratified
by ethnic group, mean age, mean APACHE II Score, and
disease groups to explore the potential contributing factors.
In addition, we conducted a sensitivity analysis to find out
the influence of one study on the overall risk.

Results
Study selection

Our initial search identified 1,253 potentially relevant
articles from electronic databases and no further articles
were included from other sources, of which 17 studies
(12-28) of early mobilization in the ICU were finally
included. Within the 17 studies, there are 12 RCTs
(12-14,16-19,22,24-26,28) and 5 observational study
(15,20,21,23,27). The selection process was presented in the

© Journal of Emergency and Critical Care Medicine. All rights reserved.
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Figure 1. These studies were published from 2008 to 2016.
Some important characteristics of included articles were
showed in Table 2. Of the 17 studies, the sample size ranged
from 27 to 2,176, and the mean age ranged between 50 and
70 years. The APACHE II score had no statistical difference
between the intervention and control group in included
studies.

Risk of bias assessment

The risk of bias assessment was outlined in Table 3. Ten
RCTs (14,16-19,22,24-26,28) had good quality and
tiny bias with the scores ranged 6 to 8. One historical
controlled study (30) had a high risk of bias so we excluded
it. Other studies’ (12,13,15,20,21,23,27) bias assessment
scores ranged 4 to 5. All included studies had eligibility
criteria for the included patients, reported between-group
difference, measured point estimate and variability. But
subject blinding and therapist blinding were impossible
to implement for these studies. All the RCTs were
random allocated while three trials (17,24,28) didn’t
reported whether the allocation was concealed. Six RCTs
(14,18,19,22,24,26) had assessor blinding and eight RCTs
(17-19,22,24-26,28) had measured the key outcomes >85%
subjects after allocation. For the observational studies
(15,20,21,23,27,30), the scores ranged from 3 to 5. These
studies didn’t have random or concealed allocation, and
the assessor blinding were not mentioned.

Sensitivity and subgroup analysis

We found substantial heterogeneity among studies of LOS
in ICU and hospital. Our sensitivity analyses for included
RCTs (Figure 2) suggested that one study (17) might
contribute to the heterogeneity. The study’s participants
were patients who had been operated coronary artery bypass
surgery. The highly similarities of patients’ disease types
between the intervention and control group in the study
would overestimate the effect of early mobilization and we
decided to exclude the study.

We also did the subgroup analyses stratified by ethnic
group, mean age, mean APACHE II Score and cause of ICU
stay, and the heterogeneity disappeared when we divided
the studies into three subgroups by the participants’ disease
types. Thus, the different kinds of diseases are the source of
heterogeneity among included studies. We also compared
the difference between the RCTs and observational studies
in the effect of early mobilization.

jeccm.amegroups.com J Emerg Crit Care Med 2018;2:9
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Records identified through databases
searching
(n=1,253)

Additional records identified through

other sources
(n=0)

y

(n=974)

Records after duplicates removed

Records excluded
(n=945)

Y

Y

(n=29)

Full-text articles assessed for eligibility

Full-text articles excluded with reasons
(n=11)
-Unconcerned outcomes (n=3)

\]

Y

-Wrong intervention (n=3)
-Wrong participate (n=2)

(n=18)

Studies included in qualitative synthesis

-Incomplete data report (n=1)
-Uncompleted or unpublished (n=2)

Y

(n=17)

Studies included in quantitative
synthesis (meta-analysis)

[ Include ] [ Eligibility ] [ Screening ] [Identification]

Figure 1 Flow chart of database search and study selection.

Hospital outcomes

Nine RCTs (12-14,18,22,24-26,28) and four observational
studies (15,20,21,23) provided the LOS in ICU and we used
a fixed effects model to analyse the data (P=0.43, I’=1%). The
LOS in ICU had a significant reduction in intervention group
MD =-1.75, 95% CI: -2.70 to -0.79; P=0.0003, Figure SI).
There are four observation studies (15,20,21,23) recorded the
LOS in ICU and we used a random model to compare the
difference between RCTs and observation (Figure S2). We
found the decrease in the observational group is more obvious.
Through subgroup analysis for included RCTSs, the impact of
early mobilization for patients in respiratory intensive care unit
(RICU) is lower than other groups (Figure S3).

Eight RCTs (12-14,18,24-26,28) reported data for the
duration of MV measured in number of days with data
pooled using a fixed effects model (P=0.46, I’ =0%). Through
analyzing the results we found the duration of MV was
significant shortened in intervention group (MD =-1.64,
95%: CI -2.41 to ~0.87; P<0.0001, Figure SI). Three
observation studies (15,21,23) also reported the data and
the result (MD =-1.64, 95% CI: -2.59 to -0.68; P=0.008,
Figure S2) had no statistical difference with the RCTs.

Six RCTs (12,18,22,24-26) and five observational studies
(15,20,21,23,27) provided the LOS in hospital data and we
used a random effects model to pool the data (P<0.00001, I’
=82%). By analyzing the data from RCTs, we found there

© Journal of Emergency and Critical Care Medicine. All rights reserved.

is no statistical difference in patient’s hospital LOS between
the intervention and control group (MD =-1.58, 95% CI:
-4.02 to 0.86; P=0.21, Figure SI). But observation studies
discovered the early mobilization could shorten the LOS in
hospital (MD =-3.87, 95% CI: -5.23 to -2.51; P<0.00001,
Figure S2). The subgroup analysis found the early
mobilization for the patients in surgery intensive care unit
(SICU) or RICU couldn’t evidently decrease the LOS in
hospital, but medical intensive care unit (MICU) patients’
hospital LOS was obviously reduced (Figure S3).

Nine RCTs (12,14,16,18,19,22,25,26,28) provided
hospital mortality data and we used a fixed effects model to
pool the data (P=0.49, I’=0%). According to the analytical
result (OR =1.10, 95% CI: 0.76 to 1.59; P=0.62, Figure SI),
there is no statistical difference in mortality risk between the
intervention and control group. However, the observation
studies (15,20,23) demonstrated that early mobilization
could slightly decrease the mortality risk in the intervention
group (OR =0.80, 95% CI: 0.65 to 0.99; P=0.04, Figure S2).
The subgroup analysis found early mobilization might
increase the hospital mortality for the patients in SICU
(OR =1.98, 95% CI: 1.00 to 3.91; P=0.05, Figure S3).

Publication bias

Visual inspection of the Begg’s funnel plot did not find

jeccm.amegroups.com J Emerg Crit Care Med 2018;2:9
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Figure 2 Sensitivity analyses. CI, confidence interval; LOS, length of stay; ICU, intensive care unit.
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substantial asymmetry (Figure 3). For the LOS in ICU,
Egger’s test showed 0.776 and Begg’s test showed 0.260.
For the LOS in hospital, Egger’s test showed 0.139 and
Begg’s test showed 0.537. For the duration of MV, Egger’s
test showed 0.242 and Begg’s test showed 0.951. For the
mortality at hospital discharge, Egger’s test showed 0.689
and Begg’s test showed 0.837. There was no evidence of
publication bias among included studies.

Discussion

This meta-analysis synthesized data from 1,837 intervention
group patients and 1,579 control group patients, described
an assessment of early mobilization intervention on hospital
outcomes. We found that early mobilization therapy for
patients receiving MV in ICU had a positive effect on
hospital outcomes such as decreasing the LOS in ICU
and reducing the duration of MV. And early mobilization
therapy in ICU appears to be safe and did not increase
mortality at hospital discharge in research settings.

There is a widely accepted consensus that patients
undergoing MV in ICU for prolonged periods of time and

© Journal of Emergency and Critical Care Medicine. All rights reserved.

are likely to have weak muscle strength. The prolonged
immobilization and bed ridden take an important part in
the ICU-acquired weakness. The early mobilization therapy
for critical ill patients could prevent muscle atrophy,
enhance muscle force and better muscle coordination. With
the benefits of early mobilization therapy, patients could
improve functional status with lower MV demands and
increase the weaning rate (33). In the meta-analysis, eight
RCTs (12-14,18,24-26,28) and three observation studies
(15,21,23) compared the duration of MV in intervention
group with control group. The duration of MV was
consistently shorter in patients receiving early mobilization
therapy. These improvements could also possibly shorten
the LOS in ICU and hospital. By analyzing the data from
included studies (12-14,18,22,24-26,28), for the patients
in intervention group, the LOS in ICU had a significant
reduction but there was no statistical for the LOS in
hospital. And improving muscle function is a long-term
process so it might not have instant positive influence on
the mortality rate. The comparison of hospital mortality
risk between intervention and control group demonstrated
that early mobilization had no significant positive or

jeccm.amegroups.com J Emerg Crit Care Med 2018;2:9
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negative effect on hospital mortality.

Our subgroup analysis demonstrated that difference
disease and ICU types may have potential influence on the
outcomes (Figure S3). For the surgical patients in SICU,
the hospital mortality in intervention group had distinctly
increased. That demonstrated early mobilization therapy
should be more careful and adjust the protocol by the
patients’ wounds and illness, some improper mobilization
therapy will lead to adverse events or mortality. For the
patients without respiratory system diseases, the impact of
reducing the LOS in ICU and hospital is more significant
than the RICU patients with respiratory system diseases.
And different study design also had effect on the outcomes
(Figure S2), the observational studies tend to report over-
rated results compared with the RCTs. Especially for the
hospital mortality, three observation studies (15,20,23)
found early mobilization could decrease the mortality rates
while the RCTs suggested there was no statistical difference
between intervention and control group.

Similarly, a recent study in pediatric intensive care
unit (PICU) found that the early mobilization is safe
and beneficial like improving the functional status and
decreasing the LOS in PICU (34). Engel e a/. (35) found
that early mobilization could significantly improve the
physical and neurocognitive outcomes. Tipping et 4l. (9)
proved conclusively that early mobilization for ICU patients
is safe. Our study pays specific attention to the effect of
early mobilization in ICU with quantitative results and
included five up-to-date studies (18,21,22,24,25). And the
subgroup analysis demonstrated that difference disease
and ICU types may have potential influence on the clinic
outcomes. Finally, we reported the differentia between the
RCTs evidence and observational studies evidence.

Study strengths and limitations

The study strengths stem from the clear, targeted inclusion
and exclusion criteria, credibility in the data extraction and
analysis, comprehensive sensitivity and subgroup analyses.
Five of the studies (18,21,22,24,25) included in this study
are newly published and have good quality with low risk
of bias. Our subgroup analysis found that different disease
group may be an influence factor on the outcomes and
observational studies might over-rated the effect of early
mobilization.

Weakness include there are six (12-14,18,19,28) of the
included studies with small sample size (n<100), which
may cause small-study effects and tend to report larger

© Journal of Emergency and Critical Care Medicine. All rights reserved.
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beneficial effects (36). In subgroup analysis, there were
only two studies in the minimal subgroup and therefore it
might cause some bias. The intensity and amount of early
mobilization therapy for the intervention group in different
studies were manifold and some specific factual information
was unavailable, that limited the subgroup analysis in this
meta-analysis.

Conclusions

The early mobilization for critical ill patients undergoing
MV in ICU can improve hospital outcomes like shortening
the duration of MV, decreasing the LOS in ICU. The result
also suggests the early mobilization therapy is safe and
won’t increase the mortality at hospital discharge.

Further study should determine the effect of different
early mobilization protocol for critical ill patients. More
specific studies should be assessed to find out the most
effective and safe mobilization protocols.
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Figure S2 Subgroup analysis comparing the result of RCTs and observational studies. RCTs, randomized controlled trial; SD, standard deviation; IV, inverse variance; CI, confidence interval; MV, mechanical ventilation;

LOS, length of stay; ICU, intensive care unit.
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Figure S3 Subgroup analysis comparing the result of different ICU type. SD, standard deviation; IV, inverse variance; CI, confidence interval; MV, mechanical ventilation; LOS, length of stay; ICU, intensive care unit;

SICU, surgery intensive care unit; RICU, respiratory intensive care unit; MICU, medical intensive care unit.



