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Objective: To determine the effect of early mobilization (EM) in trauma patients admitted to the ICU.
Outcomes of interest included mortality, hospital and ICU length of stay (LOS), and duration of
mechanical ventilation.
Methods: We performed a systematic review of 4 electronic databases (Ovid MEDLINE, Embase, CINAHL,
Cochrane Library) and the grey literature. Eligible study designs included randomized control trials,
prospective cohorts, or retrospective cohorts. Studies must have compared EM to usual care (i.e., delayed
or no mobilization) in trauma patients admitted to ICU. Overall, there were 2982 articles screened and
9 were included in the analysis. Two authors independently performed data extraction using a
standardized form. Pertinent study design and population characteristics were recorded, as were
prespecified outcome measures. Meta-analyses were performed using random effects models. Study
quality was assessed using the Newcastle-Ottawa Scale.
Results: Study cohorts ranged from 15 to 1132 patients (median 63) and varied in their inclusion criteria.
Most studies utilized a progressive mobility protocol as their intervention. Mortality was reported in
5 studies, of which 3 observed a lower rate with EM; however, meta-analysis showed no difference
in mortality between patients mobilized early and those receiving usual care. Eight studies reported on
LOS (in-hospital and ICU); although all 8 studies found EM reduced LOS, the difference in LOS was not
significant on meta-analysis. Finally, 3 studies reported on ventilator days, all of which observed a
reduction in the EM group. On meta-analysis, duration of mechanical ventilation was significantly lower
with EM (mean difference —1.18 days, 95% CI, —2.17 - —0.19).
Conclusions: Few studies have investigated the effects of EM in trauma ICU patients. The available
evidence suggests that patients who receive EM require fewer days of mechanical ventilation, but have
similar mortality and LOS compared to those receiving usual care.

© 2019 Published by Elsevier Ltd.
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Introduction multiple organ systems and increase the risk of delirium and ICU-
acquired weakness (ICUAW) [4-6].
Development of ICUAW can reduce strength and muscle mass

early and rapidly in the critically ill [7,8], and is associated with

Current management of critically ill patients focuses on rapid
resuscitation and reversal of physiologic deterioration with an aim

to minimize mortality, length of stay (LOS) in the ICU and hospital,
and duration of mechanical ventilation [1]. Traditionally, ICU
patient management involves bed rest or immobilization [2]. It is
estimated that fewer than 25% of mechanically ventilated patients
are mobilized [3]. However, immobility can have negative effects in
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mortality, prolonged LOS and greater need for mechanical
ventilation [9,10]. Practices such as daily wakening and minimiza-
tion of sedation can help to prevent ICUAW [11,12]; however,
ICUAW remains a frequent occurrence with its incidence among
critically ill patients estimated at 40% [13]. Given the extent and
speed with which immobilization causes problems, there has been
growing interest in the benefits of early mobilization (EM) in the
critically ill including those who remain mechanically ventilated or
require ongoing vasopressor support [14-18].

Mobilization in the ICU is defined as physical activity of
sufficient intensity to produce physiological benefits including
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enhanced circulation, central and peripheral perfusion, ventilation,
muscle metabolism and alertness [19]. Early mobilization in the
ICU can involve passive and active rehabilitation modalities
including range of motion (ROM), active side-to-side turning,
chair sitting, cycle ergometry, exercises in bed, standing, walking,
hoist therapy, tilt table, active resistance exercises and neuromus-
cular electrical stimulation [18,20,21]. Mobilization should be
viewed as a medical treatment, taking into consideration the
quantity, frequency, duration, and importantly the timeliness of
first administration [22]. While mobilization and rehabilitation are
often deferred until later in the patient’s hospital course, delayed
initiation of mobilization may decrease its benefits and result in
less than optimal patient outcomes.

In comparison to the general ICU population, trauma patients
are typically younger and healthier with fewer comorbidities
[23,24]. Considering their pre-injury health status, early initiation
of mobilization could help trauma patients avoid unnecessary
additional decline and promote quicker return to functional status
after recovery from their initial injury. These patients often endure
injuries to multiple organ systems and therefore require special
consideration as the need to treat an injury to one organ system
may confound treatment of another [25]. As well, complex and
extensive injuries such as multiple orthopedic injuries can create
additional barriers to mobility [26]. Despite these challenges,
trauma patients may benefit from a focused mobility program
early in the critical phase following injury.

Previous reviews suggest EM in the general ICU population is
feasible, safe, and may decrease mortality, LOS and duration of
mechanical ventilation [14-17]. The aim of this systematic review
was to assess the effect of EM on mortality, LOS and duration of
mechanical ventilation in adult trauma patients admitted to the
ICU.

Methods

This review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [27], and was registered with PROSPERO
(CRD42018100819).

Data sources and search strategy

The search strategy was developed by the authors with
assistance from an Evidence Synthesis and Information Services
Librarian at the [blinded for review] (Appendix 1). Key words and
subject headings pertaining to the research question were adapted
in accordance with the syntax for each database. We did not
impose any restrictions on publication language or date. The search
was executed in the Ovid MEDLINE, EMBASE, CINAHL, and the
Cochrane Library databases in June 2018. The database search was
complemented by searches of the grey literature, bibliographies
of full-text articles, and critical care and trauma conference
presentations and poster abstracts. The search was repeated prior
to completion of the analysis to identify any articles published after
the initial search.

Article screening

Titles and abstracts from the literature search were imported
into Covidence systematic review software (Veritas Health
Innovation, Melbourne, Australia) for initial screening by two
authors [blinded for review]. Criteria for inclusion were studies of
adult trauma ICU patients which compared the effect of EM with
either delayed or no mobilization, and examined at least one
outcome measure of interest (mortality, hospital LOS [HLOS], ICU
LOS [ILOS], duration of mechanical ventilation). Early mobilization

was defined as any mobilization in the ICU delivered earlier than
that received in standard care. We excluded case series or reports,
studies including pediatric patients (<18 years of age), and studies
where EM was delivered as part of a bundle intervention. Any
disagreements between reviewers during the initial screening
were resolved by mutual review and discussion. If a study was not
limited to trauma patients but met all remaining inclusion criteria,
we contacted the authors to request data specifically for the
trauma subgroup.

We obtained the full text of all articles deemed relevant based
on initial screening. A second stage of screening consisted of full-
text review using the same eligibility criteria. We corresponded
with multiple study authors in an effort to obtain methodologic
clarification, unreported data (e.g., mean and standard deviations
if medians were reported), and trauma subgroup data. Inability to
provide clarification or data, or failure to respond despite follow-
up resulted in study exclusion. Inter-rater agreement for article
screening was calculated using unweighted Cohen’s kappa.
Agreement interpretation was based on established categories:
poor (k <0.00), slight (0.00-0.20), fair (0.21-0.40), moderate
(0.41-0.60), substantial (0.61-0.80), and almost perfect (0.81-
1.00).

Quality assessment

Two authors (blinded for review) independently assessed study
quality using the Newcastle-Ottawa Quality Assessment Scale
(NOS) which evaluates studies based on selection of study groups,
comparability, and assessment of outcomes [28]. All studies that
met eligibility criteria were included in the analysis regardless of
NOS score. We compared inter-rater agreement of total NOS scores
between reviewers using weighted Cohen’s kappa. To further
evaluate study quality, we converted the NOS scores to the Agency
for Healthcare Research and Quality (AHRQ) standards of “good”,
“fair”, and “poor” [29].

Data extraction and analysis

A standardized data extraction form was designed in Microsoft
Excel and used to collect the following information: study design,
location, institution type and setting, study period, inclusion and
exclusion criteria, data sources, description of intervention (EM in
ICU) and control (delayed or no mobilization), contraindications
to mobilization, sample size, patients’ age, sex, ISS, Glasgow Coma
Scale (GCS) score, injury type and mechanism, hospital mortality,
HLOS, ILOS, duration of mechanical ventilation, and limitations. For
included studies, two reviewers (blinded for review) extracted
data and carried out checks for accuracy.

Simple descriptive statistics were used to report the results.
Meta-analysis of patient outcomes (mortality, HLOS, ILOS, duration
of mechanical ventilation) was performed using RevMan Version
5.3 (The Cochrane Collaboration, Oxford, UK). If a study did not
report the mean and standard deviation for HLOS, ILOS, or duration
of mechanical ventilation, or if this data could not be obtained from
the authors, the study was not included in the meta-analyses.
Statistical heterogeneity was evaluated with the I? statistic. We
used Comprehensive Meta-Analysis V3.0 (Biostat, Inc., Englewood,
NJ, USA) to assess for publication bias using funnel plots and
Egger’s test.

Results
Study and patient characteristics

The searchyielded 2975 records from the 4 electronic databases
and 7 records from grey literature and bibliographic searches
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Fig. 1. Selection of articles for inclusion. EM = early mobilization, ICU = intensive
care unit.

(Fig.1). Following Covidence deduplication of 594 records, manual
deduplication of 45 records, and exclusion of 2303 irrelevant
articles, 40 articles remained for full text review. A further 31
records were excluded (unweighted k value, 0.83; almost perfect
agreement), leaving 9 articles for analysis.

Characteristics of the 9 included studies are shown in Tables 1
and 2. Most studies were conducted the United States [30-35],
with the remaining studies conducted in China [36], Norway [37]
and Italy [38]. All were conducted at a single hospital or trauma

Table 1
Characteristics of included studies.

center with the exception of 1 study [38]. Research designs
included retrospective cohort [31,34,36], prospective cohort
[32,37], prospective observational [35,38], bidirectional case-
control [30], and 1 study having a retrospective control arm and
prospective experimental arm [33]. Study populations included
neurotrauma [30,33,37,38], blunt abdominal trauma [34,35],
burns [36], and 2 studies with mixed injury types [31,32]. Study
cohorts ranged in size from 15 to 1132 patients (median 63) and
varied in inclusion criteria. Patients were more likely to be male
and under the age of 50. Reporting of injury severity was variable.

The majority of included studies used some form of a stepwise
progressive mobility protocol (PMP); this technique introduces
passive ROM for unconscious patients and advances them to active
ROM exercises as they become more interactive. Two studies used
simple ambulation as the mobilization measure [34,35], and
Gillick et al. employed upright sitting as their only intervention
[30]. Time to commencement of the intervention was variable
across studies (Appendix 2). The timing of mobilization initiation
was only specified in 2 studies; Wang et al. reported EM beginning
within 24 h of admission [35], whereas Gillick et al. indicated an
average of 12.7 days between admission and upright sitting [30].
Few studies described the amount, frequency, or duration of
mobilization; the PMPs in some studies specified the duration and
number of mobility sessions per day, but only 2 studies reported
the actual time spent mobilizing [33,37].

Outcomes

Table 3 shows the outcomes of trauma ICU patients who received
EM or usual care. Mortality was reported in 5 studies [31-34,38].
Although 3 of these studies observed a lower proportion of deaths
with EM [31,32,38], none found that mortality was significantly
different between the two groups. Eight studies assessed HLOS [30-
37], and while all 8 observed a decrease in HLOS with EM, this
decrease was significantin 4 studies [31,34-36]. One of these studies

Study (year) Location Study Period Design & Setting Injury Type Injury Mobilization in the ICU
Mechanism
Usual care Early mobilization
Gillick (2011) Illinois, Late 1990's Bidirectional case- Neurotrauma MVC, fall, Ad hoc PT Upright sitting
[30] USA control; pedestrian, mobility program
Neurotrauma ICU GSW, assault
Andelic Norway 2005-2007 PC; Neuro ICU Neurotrauma MVC, other Subacute or no rehab Early &

(2012) [37] comprehensive rehab
in ICU and continuous
chain

Clark (2013)  Alabama, USA 2008-2010 RC; Trauma and Blunt, NR Bed rest standard activity level, no PMP
[31] Burns ICU penetrating, mobility protocol. PT as needed,
burn average 2-3 days/week
Taylor (2013) Michigan, USA 2012 PC; Trauma and Burn, trauma NR NR PMP
[32] Burns ICU post- op, trauma
non-op, other
Booth (2016) Virginia, 2010-2013 RC control arm, PC Neurotrauma NR NR PMP
[33] USA experimental arm;
Neurotrauma ICU
Deng (2016) Chongqing, 2011-2013 RC; Burn ICU Burn NR Passive ROM Passive/active ROM,
[36] China transfer and tilt,
ambulation
Bartolo Italy 2014 Prospective Neurotrauma NR NR Sitting on bed/chair,
(2017) [38] observational; ICU tilt table
Teichman Pennsylvania, 2008-2014 RC; ICU Blunt abdominal MV, fall, Bed rest for >3 days prior to Ambulation once
(2018) [34] USA solid organ assault mobilization hemoglobin stable
injuries
Wang (2017) California, 2014-2016 Prospective Blunt abdominal MVC, assault,  Ambulation >24h Ambulation <24 h
[35] USA observational; ICU solid organ pedestrian,
injuries motorcycle, fall

PC: prospective cohort; RC: retrospective cohort; MVC: motor vehicle collision; GSW: gunshot wound; NR: not reported, PT: physiotherapy; PMP: progressive mobility
protocol; ROM: range of motion.
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Table 2

Characteristics of trauma patients receiving usual care or early mobilization in the intensive care unit.

Study Patients Age % Male Injury Severity
uc EM uc EM uc EM
Gillick 2011 uc: 15 51+17.7 48 +20.6 66% 80% GCS 9-12: 53% GCS 9-12: 53%
EM: 15 GCS <8: 47% GCS <8: 47%
Andelic 2012 uc: 30 31.2+11.7 27.7+10.9 76% 77% ISS: 35.1 +£10.5 ISS: 36.3 £11.5
EM: 31 GCS: 5.0 + 1.7 GCS: 53+19
Clark 2013 UC: 1044 44.1 +18.57 46.6 +19.6% 75.1%° 70.5%° ISS: 23.6 +12.8 1SS:22.2+12.8
EM: 1132 GCS: 11.9+4.9 GCS: 11.9+4.9
Taylor 2013 UC: 180 NR NR NR NR NR NR
EM: 225
Booth 2016 UC: 184 5294214 56 +23.2 67% 66% ISS: 20.66 + 11.36 ISS: 20.99 + 10.61
EM: 159
Deng 2016 UC: 49 40.76 + 10.76 38.92+935 85.7% 95.8% NR NR
EM: 24
Bartolo 2017 uc: 10 471 +24.8 53.3+243 80% 73% NR NR
EM: 11
Teichman 2018 uc: 77 479 473 49% 56% ISS: 10.1 ISS: 9.9
EM: 107
Wang 2017 ucC: 43 31 (IQR 20-54) 32 (IQR 19-44) 72.2% 65.1% ISS: 19 (IQR 10-25)° ISS: 13 (IQR 6-17)¢

GCS: 15 (IQR 15-15) GCS: 15 (IQR 15-15)

UC: usual care; EM: early mobilization; GCS: Glasgow Coma Scale; NR: not reported; IQR: interquartile range.
Data for age (in years) and injury severity are presented as mean + standard deviation (if available) and/or median (IQR). Any comparisons reported to be significantly

different are indicated with superscript letters.
Note: ?p <0.01; °p=0.02; “p=0.005.

Table 3
Outcomes of trauma ICU patients receiving usual care or early mobilization.

Study Mortality Hospital LOS ICU LOS Ventilation Duration
uc EM uc EM uc EM
Gillick 2011 NR 26.4 20.5 219 16.4 NR NR
Andelic 2012 NR 120.3 £66.2, 91.03 +32.0, 15.0+7.9, 13.48 +74, NR NR
123.5 (IQR 109) 88 (IQR 48) 13.5 (IQR 10) 12 (IQR 10)
Clark 2013 UC: 13.2% 19.2 +28.2¢ 16.8 +18.4* 11.0+16.2 10.4 +14.0 8.9+174 78+13.4
EM: 11.8%
Taylor 2013 UC: 5.56% 13.5 1047 5.76 423 NR NR
EM: 4.00%
Booth 2016 UC: 14.7% 13.63 +18.3 9.85+9.02 6.52 +7.96 5.68 +5.73 741 +£9.18 6.50 £ 6.58
EM: 15.1%
Deng 2016 NR 184.4 + 140.68, 100.75 +41.89, 65.49 + 38.34, 39.33 £16.11, 5.53+7.62 2.71+6.73
150 (IQR 78-219)° 100 (IQR 64.25-119.5)" 58 (IQR 40.5-84.5)° 38.5 (IQR 29.25-51)°
Bartolo 2017 UC: 20% NR NR 179+ 14.8 23.6+124 NR NR
EM: 0%
Teichman 2018 ucC: 1.3% 4,534 3.46¢ 1.70 1.75 NR NR
EM: 1.9%
Wang 2017 NR 5 (IQR 4-7)° 2 (IQR 1-3)¢ 3 (IQR 2-3)f 0 (IQR 0-2)f NR NR

UC: usual care; EM: early mobilization; LOS: length of stay; NR: not reported; IQR: interquartile range.
Data for LOS and ventilation duration are presented (in days) as mean + standard deviation (if available) and/or median (IQR). Any comparisons reported to be significantly

different are indicated with superscript letters.
Note: ?p=0.02; °p=0.01; p=0.002; p=0.005; °p <0.001; ‘p=0.001.

(Clark et al.) reported their finding of decreased HLOS in the EM
group was rendered insignificant after they adjusted forISS[31]. All9
studies evaluated the duration of ICU stay. In 7 studies [31-33,35,31-
37], ILOS was decreased in the EM group, though only 2 studies
reported this difference to be significant [35,37]. The duration of
mechanical ventilation was reported in 3 studies, all of which
observed a nonsignificant decrease in the number of ventilator days
among patients receiving EM [31,33,36].

Results of the meta-analyses are shown in Fig. 2. There were 5
studies included in the meta-analysis for mortality [31-34,38]. We
did not detect a difference in mortality between EM and usual care
groups (0.90, 95% CI 0.74-1.09, 12 0%) (Fig. 2A). Meta-analyses for
HLOS and ILOS included 4 [31,33,36,37] and 5 [31,33,36,38]
studies, respectively. There was no difference in HLOS (mean
difference —6.61 days, 95% CI —13.48 - 0.25, 12 83%) (Fig. 2B) or ILOS
(mean difference —1.68 days, 95% CI —4.44 - 1.08, 12 77%) (Fig. 2C)
between the EM and usual care groups. Finally, the meta-analysis

for mechanical ventilation included 3 studies [31,33,36]. The
duration of mechanical ventilation was lower in trauma ICU
patients who received EM, and heterogeneity between studies was
low (mean difference —1.18, 95% CI —2.17 - —0.19, 12 0%) (Fig. 2D).

Risk of bias

We assessed risk of bias using the NOS for cohort studies
(Appendix 3). Inter-rater agreement between the two reviewers
was substantial (weighted k =0.69). Only 1 study was judged as
good quality with low risk of bias across the 3 domains of selection,
comparability, and outcome. The remaining studies were catego-
rized as poor quality because of the high risk of bias for
comparability of cohorts on the basis of design or analysis. Out
of a possible total score of 9, 1 study scored 9 [31], 3 studies scored
7 [30,34,38], 3 studies scored 6 [33,35,36], and 2 studies scored 5
[32,37]. Upon converting NOS scores to AHRQ standards, only 1
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A. Outcome: in-hospital mortality

1813

Experimental Control Risk Ratio Risk Ratio

Study Events Total Events Total Weight ~ M-H, Random, 95% ClI IV, Random, 95% CI

Bartolo 2017 0 1 2 10 0.5% 0.18[0.01, 3.41]

Taylor 2013 9 225 10 180 5.1% 0.72[0.30, 1.73]

Clark 2013 133 1132 138 1044 78.6% 0.89[0.71, 1.11]

Booth 2016 24 159 27 184 15.2% 1.03[0.62, 1.71] —T

Teichman 2018 2 107 1 77 0.7% 1.44[0.13, 15.59] E—

Total (95% ClI) 1634 1495 100% 0.90 [0.74, 1.09] L

Total events 168 178 t t t j
0.01 0.1 10 100

Heterogeneity: Tau? = 0.00; Chi? = 1.81, df = 4 (P = 0.77); I = 0%
Test for overall effect: Z = 1.09 (P = 0.27)

B. Outcome: length of in-hospital stay (in days)

Favors [experimental] Favors [control]

Experimental Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
Andelic 2012 91.03 32 31 1203 66.2 30 6.0% -29.27 [-55.50, -3.04] _—
Booth 2016 9.85 9.02 159  13.63 18.31 184  44.7% -3.78 [-6.77, -0.79] L
Clark 2013 168 184 1132 19.2 28.2 1044 46.9% -2.40 [-4.42, -0.38] L
Deng 2016 100.75 41.89 24 184.41140.68 49 2.4% -83.66 [-126.47, -40.85] —
Total (95% CI) 1346 1307 100% -6.61 [-13.48, 0.25] <
Heterogeneity: Tau? = 25.10; Chi? = 18.09, df = 3 (P = 0.0004); I = 83% oo 5 00

Test for overall effect: Z = 1.89 (P = 0.06)

Favors [experimental] Favors [control]

C. Outcome: length of stay in the intensive care unit (in days)

Experimental Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
Andelic 2012  13.48 7.4 31 15 79 30 21.8% -1.52 [-5.36, 2.32] -
Bartolo 2017 236 124 1 17.9 1438 10 4.8% 5.70 [-6.04, 17.44] -—
Booth 2016 568 573 159 652 796 184 34.1% -0.84[-2.29, 0.61] L
Clark 2013 10.4 14 1132 11 162 1044 34.9% -0.60 [-1.88, 0.68] L
Deng 2016 39.33 16.11 24 65.49 38.34 49 4.3% -26.16[-38.68, -13.64] —_
Total (95% Cl) 1357 1317 100% -1.68 [-4.44, 1.08] L
Heterogeneity: Tau® = 5.27; Chi = 17.16, df = 4 (P = 0.002); I = 77% } " ; |
Test for overall effect: Z = 1.19 (P = 0.23) -100 50 0 S0 100

D. Outcome: duration of mechanical ventilation (in days)

Favors [experimental] Favors [control]

Experimental Control Mean Difference Mean Difference

Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI

Booth 2016 65 6.58 159 741 918 184 34.9% -0.91 [-2.58, 0.76]

Clark 2013 78 134 1132 89 174 1044 56.8% -1.10[-2.41, 0.21]

Deng 2016 271 6.73 24 553 7.62 49 8.3% -2.82[-6.26, 0.26]

Total (95% CI) 1315 1277 100% -1.18 [-2.17, -0.19] *

Heterogeneity: Tau? = 0.00; Chi? = 0.99, df = 2 (P = 0.61); I = 0% ; ; | ; ;
20 -10 0 10 20

Test for overall effect: Z = 2.33 (P = 0.02)

Favors [experimental] Favors [control]

Fig. 2. Forest plots of risk ratio for mortality and mean difference for hospital length of stay, intensive care unit length of stay, and duration of mechanical ventilation in
patients treated with early mobilization compared with controls.

study was deemed to be good quality [31]; the remaining 8 studies
were judged to be poor in quality due to a lack of stars awarded in
the comparability domain.

Publication bias was evaluated using funnel plots and Egger’s
test (Appendix 4). Although Egger’s test suggests the potential for
publication bias among the 4 studies reporting HLOS (intercept
—2.54,t=10.93, p=0.008), these results are not reliable due to the
small number of studies included in the analysis.

Discussion

This is the first systematic review to synthesize evidence from
the literature on the effects of EM in critically ill trauma patients.
An earlier review by Engels et al. investigated the evidence for use
of EM to rehabilitate polytrauma patients in the ICU and did not
identify any relevant articles [39]. We employed a comprehensive
search strategy and corresponded at length with study authors to
collect as much data as possible. The results of our meta-analyses
suggest that EM is associated with reduced duration of mechanical
ventilation in trauma ICU patients, but no difference in mortality or
LOS. Further research utilizing more robust study designs is

necessary to generate higher quality data regarding the effect of
EM on outcomes in the critically ill trauma population.

This systematic review has several important limitations that
must be taken into consideration. Several investigations of
mobilization in trauma ICU patients were excluded because EM
was performed as part of an ABCDE bundle consisting of
Awakening and Breathing coordination, Choice of sedative and
analgesic exposure, Delirium monitoring and management, and
Early exercise and mobility. Overall, few studies met all inclusion
criteria and most of these were lacking in methodologic rigour. The
type, intensity, timing, and progression of mobilization varied
among included studies; thus, it was difficult to accurately assess
the amount of mobilization received by patients. Study authors did
acknowledge the challenge in capturing mobilization efforts by
all members of the allied health team. One study used physical
therapy billable units as a means to quantify the mobilization
delivered, but the authors noted that this failed to capture the
patients’' mobility throughout the day with nursing and respiratory
therapy, or on their own [31]. Small sample sizes, lack of blinding of
investigators, and variable or inadequate description of the
mobilization regimens further limit the generalizability of our
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results. In addition, the pre- and post-intervention study design
makes it difficult to account for institutional changes or advances
in general ICU care between the two assessment periods.

There is growing evidence that EM in the general ICU population
improves quality of life, increases ventilator-free days, and decreases
hospitaland ICU stay [ 14-17]. Many critical care survivors experience
impairment in cognition, psychiatric, and physical function, known
as post-intensive care syndrome (PICS) [40]. Patients recovering
from PICS may experience decreased quality of life, persistent
functional impairment, and perceived muscle weakness years after
discharge from hospital [41-43]. Physiologic rationale supports
mobilization as an intervention to reduce PICS, including a reduction
in oxidative stress and inflammation and improvement in respira-
tory mechanics [44,45]. Therefore, some centers have instituted EM
as part of the ABCDE bundle approach [46,47]. While some studies
may endeavor to examine EM independently without any explicit
changes to sedation management practices, more frequent sedation
interruption is nevertheless required to facilitate participation in the
later stages of the mobility protocols. Thus, the components of this
bundle are inextricably linked, and it is difficult to ascribe benefit
solely to mobilization itself.

For the trauma ICU patient, there are often restrictions to
mobilization; patients with cervical spine injuries, elevated intra-
cranial pressure, open abdomen, traumatic aortic injuries, and in situ
lumbar drains are examples of cases where certain aspects of
mobilization may need to be limited [39]. For this reason, it is
essential to have a clear understanding of a patient’s injuries,
documented limb weight-bearing statuses, and specialized equip-
ment required [33]. Mobilization for trauma ICU patients often
requires a team approach since it can be a labor-intensive process.
Safety factors to consider include intrinsic factors related to the
patient (e.g., hemodynamic stability, cardiovascular and respiratory
reserve, and hematological considerations) and factors extrinsic to
the patient (e.g., patient attachments, environment, and staffing)
[48]. Although mortality, LOS and duration of mechanical ventilation
are clearly defined and easily measurable outcomes, the long-term
goals of trauma care include the ability of patients to return to their
way of life. In addition to survival, return to work, recreation, and the
capacity to perform activities of daily living are important measures
of trauma center success [49]. Functional measures such as these
were not included in the scope of this review due to limited reporting
and significant heterogeneity in assessment tools.

Conclusions

In summary, few studies have investigated the effect of EM on
the outcomes of trauma patients admitted to the ICU. The results
of the meta-analyses showed a reduction in the duration of
mechanical ventilation among patients who received EM, but no
difference in mortality or LOS. Larger controlled trials of higher
quality are needed to verify the potential benefits of EM on trauma
ICU patient outcomes.

The authors listed here (SH, ME, SC, RG) declare they have no
conflicts of interest, financial or otherwise, related to this study.

Declaration of Competing Interest

The authors listed here (SH, ME, SC, RG) declare they have no
conflicts of interest, financial or otherwise, related to this study.

Acknowledgements

The authors thank Robin Parker for assistance with developing
the search strategy, and Nelofar Kureshi for support with statistical
analysis. SH was employed by the Canadian Armed Forces, SC
received a research studentship from Dalhousie University Faculty

of Medicine (Halifax, Canada), ME was an employee of Trauma
Nova Scotia, and RG was supported by a Clinician Scientist Award
from Dalhousie University Faculty of Medicine (Halifax, Canada).
The study sponsors had no involvement in any aspect of this study.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.injury.2019.09.007.

References

[1] KressJP, Hall JB. Approach to the patient with critical illness. In: Kasper D, Fauci
A, Hauser S, Longo D, Jameson JL, Loscalzo ], editors. Harrison's principles of
internal medicine. 19th ed. New York: McGraw-Hill Education; 2015. p. 1729~
36.

[2] Brower RG. Consequences of bed rest. Crit Care Med 2009;37:5422-8.

[3] Nydahl P, Ruhl AP, Bartoszek G, Dubb R, Filipovic S, Flohr HJ, et al. Early
mobilization of mechanically ventilated patients: a 1-day point-prevalence
study in Germany. Crit Care Med 2014;42:1178-86.

[4] Allen C, Glasziou P, Mar CD. Bed rest: a potentially harmful treatment needing
more careful evaluation. Lancet 1999;354:1229-33.

[5] Hermans G, Van den Berghe G. Clinical review: intensive care unit acquired
weakness. Crit Care 2015;19:274.

[6] Kress JP, Hall JB. ICU-acquired weakness and recovery from critical illness. N
Engl ] Med 2014;370:1626-35.

[7] Puthucheary ZA, Rawal ], McPhail M, Connolly B, Ratnayake G, Chan P, et al.
Acute skeletal muscle wasting in critical illness. JAMA 2013;310:1591-600.

[8] Gruther W, Benesch T, Zorn C, Paternostro-Sluga T, Quittan M, Fialka-Moser V,
et al. Muscle wasting in intensive care patients: ultrasound observation of the
M. Quadriceps femoris muscle layer. ] Rehabil Med 2008;40:185-9.

[9] Hermans G, Van Mechelen H, Clerckx B, Vanhullebusch T, Mesotten D, Wilmer
A, et al. Acute outcomes and 1-year mortality of intensive care unit-acquired
weakness. A cohort study and propensity-matched analysis. Am ] Respir Crit
Care Med 2014;190:410-20.

[10] Ali NA, O’Brien Jr JM, Hoffmann SP, Phillips G, Garland A, Finley JC, et al.
Acquired weakness, handgrip strength, and mortality in critically ill patients.
Am ] Respir Crit Care Med 2008;178:261-8.

[11] Barr ], Fraser GL, Puntillo K, Ely EW, Gélinas C, Dasta JF, et al. Clinical practice
guidelines for the management of pain, agitation, and delirium in adult
patients in the intensive care unit. Crit Care Med 2013;41:263-306.

[12] Baron R, Binder A, Biniek R, Braune S, Buerkle H, Dall P, et al. Evidence and
consensus based guideline for the management of delirium, analgesia, and
sedation in intensive care medicine. Revision 2015 (DAS-guideline 2015) -
short version. Ger Med Sci 2015;13: Doc19.

[13] Appleton RT, Kinsella J, Quasim T. The incidence of intensive care unit-acquired
weakness syndromes: a systematic review. ] Intensive Care Soc 2015;16:126-
36.

[14] Adler ], Malone D. Early mobilization in the intensive care unit: a systematic
review. Cardiopulm Phys Ther ] 2012;23:5-13.

[15] Kayambu G, Boots R, Paratz J. Physical therapy for the critically ill in the ICU: a
systematic review and meta-analysis. Crit Care Med 2013;41:1543-54.

[16] Li Z, Peng X, Zhu B, Zhang Y, Xi X. Active mobilization for mechanically
ventilated patients: a systematic review. Arch Phys Med Rehabil 2013;94:551-
61.

[17] Stiller K. Physiotherapy in intensive care: an updated systematic review. Chest
2013;144:825-47.

[18] Cameron S, Ball I, Cepinskas G, Choong K, Doherty TJ, Ellis CG, et al. Early
mobilization in the critical care unit: a review of adult and pediatric literature.
J Crit Care 2015;30:664-72.

[19] Gosselink R, Bott ], Johnson M, Dean E, Nava S, Norrenberg M, et al.
Physiotherapy for adult patients with critical illness: recommendations of the
European Respiratory Society and European Society of Intensive Care Medicine
Task Force on Physiotherapy for Critically Ill Patients. Intensive Care Med
2008;34:1188-99.

[20] Schober AE, Thornton KC. Early mobilization in the intensive care unit. Curr
Anesthesiol Rep 2013;3:73-8.

[21] Hodgson CL, Berney S, Harrold M, Saxena M, Bellomo R. Clinical review: early
patient mobilization in the ICU. Crit Care 2013;17:207.

[22] Morris PE. Moving our critically ill patients: mobility barriers and benefits. Crit
Care Clin 2007;23:1-20.

[23] Medam S, Zieleskiewicz L, Duclos G, Baumstarck K, Loundou A, Alingrin J, et al.
Risk factors for death in septic shock: a retrospective cohort study comparing
trauma and non-trauma patients. Medicine (Baltimore) 2017;96:9241.

[24] Guidry CA, Swenson BR, Davies SW, Dossett LA, Popovsky KA, Bonatti H, et al.
Sex- and diagnosis-dependent differences in mortality and admission
cytokine levels among patients admitted for intensive care. Crit Care Med
2014;42:1110-20.

[25] Deitch EA, Dayal SD. Intensive care unit management of the trauma patient.
Crit Care Med 2006;34:2294-301.

[26] Saunders CB. Preventing secondary complications in trauma patients with
implementation of a multidisciplinary mobilization team. ] Trauma Nurs
2015;22:4.



S.D. Higgins et al. / Injury, Int. ]. Care Injured 50 (2019) 1809-1815 1815

[27] Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. Ann
Intern Med 2009;151(264-9):W64.

[28] Wells G, Shea B, O’Connell D, Peterson ], Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. Ottawa, Canada: Ottawa Hospital Research Institute.
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.

[29] Likis FE, Andrews ]C, Collins MR, Lewis RM, Seroogy JJ, Starr SA, et al. Nitrous
oxide for the management of labor pain. Agency for Healthcare Research and
Quality. https://effectivehealthcare.ahrq.gov/sites/default/files/pdf/labor-
nitrous-oxide_research.pdf.

[30] Gillick BT, Marshall W], Rheault W, Stoecker J. Mobility criteria for upright
sitting with patients in the neuro/trauma intensive care unit: an analysis of
length of stay and functional outcomes. Neurohospitalist 2011;1:172-7.

[31] Clark DE, Lowman JD, Griffin RL, Matthews HM, Reiff DA. Effectiveness of an
early mobilization protocol in a trauma and burns intensive care unit: a
retrospective cohort study. Phys Ther 2013;93:186-96.

[32] Taylor S, Pelham L, Dickinson S. Can the utilization of an early mobility protocol
improve outcomes in the burn patient? J Burn Care Res 2013;34:597.

[33] Booth K, Rivet ], Flici R, Harvey E, Hamill M, Hundley D, et al. Progressive
mobility protocol reduces venous thromboembolism rate in trauma
intensive care patients: a quality improvement project. ] Trauma Nurs
2016;23:284-9.

[34] Teichman A, Scantling D, McCracken B, Eakins J. Early mobilization of patients
with non-operative liver and spleen injuries is safe and cost effective. Eur
J Trauma Emerg Surg 2018;44:883-7.

[35] Wang E, Inaba K, Byerly S, Mendelsberg R, Sava ], Benjamin E, et al. Safety of
early ambulation following blunt abdominal solid organ injury: a prospective
observational study. Am ] Surg 2017;214:402-6.

[36] DengH, Chen J, Li F, Li-Tsang CW, Liu Q, Ma X, et al. Effects of mobility training
on severe burn patients in the BICU: a retrospective cohort study. Burns
2016;42:1404-12.

[37] Andelic N, Bautz-Holter E, Ronning P, Olafsen K, Sigurdardottir S, Schanke AK,
et al. Does an early onset and continuous chain of rehabilitation improve
the long-term functional outcome of patients with severe traumatic brain
injury? J Neurotrauma 2012;29:66-74.

[38] Bartolo M, Bargellesi S, Castioni CA, Intiso D, Fontana A, Copetti M, et al.
Mobilization in early rehabilitation in intensive care unit patients with severe
acquired brain injury: an observational study. ] Rehabil Med 2017;49:715-22.

[39] Engels PT, Beckett AN, Rubenfeld GD, Kreder H, Finkelstein JA, da Costa L, et al.
Physical rehabilitation of the critically ill trauma patient in the ICU. Crit Care
Med 2013;41:1790-801.

[40] Needham DM, Davidson ], Cohen H, Hopkins RO, Weinert C, Wunsch H, et al.
Improving long-term outcomes after discharge from intensive care unit:
report from a stakeholders’ conference. Crit Care Med 2012;40:502-9.

[41] Fan E, Dowdy DW, Colantuoni E, Mendez-Tellez PA, Sevransky JE, Shanholtz C,
et al. Physical complications in acute lung injury survivors: a two-year
longitudinal prospective study. Crit Care Med 2014;42:849-59.

[42] Fletcher SN, Kennedy DD, Ghosh IR, Misra VP, Kiff K, Coakley JH, et al. Persistent
neuromuscular and neurophysiologic abnormalities in long-term survivors of
prolonged critical illness. Crit Care Med 2003;31:1012-6.

[43] Dowdy DW, Eid MP, Sedrakyan A, Mendez-Tellez PA, Pronovost PJ, Herridge
MS, et al. Quality of life in adult survivors of critical illness: a systematic review
of the literature. Intensive Care Med 2005;31:611-20.

[44] Gomez-Cabrera MC, Domenech E, Vina J. Moderate exercise is an antioxidant:
upregulation of antioxidant genes by training. Free Radic Biol Med
2008;44:126-31.

[45] Costa DK, White MR, Ginier E, Manojlovich M, Govindan S, Iwashyna T]J, et al.
Identifying barriers to delivering the awakening and breathing coordination,
delirium, and early exercise/mobility bundle to minimize adverse outcomes
for mechanically ventilated patients: a systematic review. Chest
2017;152:304-11.

[46] Pandharipande P, Banerjee A, McGrane S, Ely EW. Liberation and animation for
ventilated ICU patients: the ABCDE bundle for the back-end of critical care. Crit
Care 2010;14:157.

[47] Morandi A, Brummel NE, Ely EW. Sedation, delirium and mechanical
ventilation: the ‘ABCDE’ approach. Curr Opin Crit Care 2011;17:43-9.

[48] stiller K. Safety issues that should be considered when mobilizing critically ill
patients. Crit Care Clin 2007;23:35-53.

[49] Livingston DH, Tripp T, Biggs C, Lavery RF. A fate worse than death? Long-term
outcome of trauma patients admitted to the surgical intensive care unit. J
Trauma 2009;67:341-9.



