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Abstract

Skeletal muscle wasting and weakness are major complications of critical illness and underlie the profound physical and func-
tional impairments experienced by survivors after discharge from the intensive care unit (ICU). Exercise-based rehabilitation
has been shown to be beneficial when delivered during ICU admission. This review aimed to determine the effectiveness of
exercise rehabilitation initiated after ICU discharge on primary outcomes of functional exercise capacity and health-related
quality of life. We sought randomized controlled trials, quasi-randomized controlled trials, and controlled clinical trials compar-
ing an exercise intervention commenced after ICU discharge vs. any other intervention or a control or ‘usual care’ programme
in adult survivors of critical illness. Cochrane Central Register of Controlled Trials, Medical Literature Analysis and Retrieval Sys-
tem Online (MEDLINE), Excerpta Medica Database, and Cumulative Index to Nursing and Allied Health Literature databases
were searched up to February 2015. Dual, independent screening of results, data extraction, and quality appraisal were per-
formed. We included six trials involving 483 patients. Overall quality of evidence for both outcomes was very low. All studies
evaluated functional exercise capacity, with three reporting positive effects in favour of the intervention. Only two studies
evaluated health-related quality of life and neither reported differences between intervention and control groups. Meta-
analyses of data were precluded due to variation in study design, types of interventions, and selection and reporting of out-
come measurements. We were unable to determine an overall effect on functional exercise capacity or health-related quality
of life of interventions initiated after ICU discharge for survivors of critical illness. Findings from ongoing studies are awaited.
Future studies need to address methodological aspects of study design and conduct to enhance rigour, quality, and synthesis.
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Introduction

Ever improving standards of care and improved patient selec-
tion for admission to the intensive care unit (ICU) are reducing
rates of mortality amongst critically ill patients. However, as a
consequence, the prevalence of impairment and disability

among survivors has significantly increased. A substantial vol-
ume of longitudinal observational follow-up data has now
characterized the profound impairments that survivors of crit-
ical illness experience for many years following ICU discharge
across multiple domains including physical,1–4 cognitive,5–7

psychological,8,9 and health-related quality of life.10,11 In
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addition, critical illness impacts on healthcare utilization and
socioeconomic status1,12,13 and can result in notable burden
for family and caregivers.14–16 Recently, an international
multi-disciplinary stakeholder consensus assigned the term
‘post-intensive care syndrome’ to encompass the multi-
faceted sequelae following critical illness.17

Intensive care unit-acquired weakness, stemming from the
deleterious effects of peripheral skeletal muscle dysfunction
secondary to critical illness, contributes to the persistent def-
icits observed in physical function. Significant muscle wasting
has been observed to occur early, rapidly, and most severely in
patients in multi-organ failure18 and is one example of how
peripheral skeletal muscle architecture can be affected.19

Rehabilitation is the cornerstone of management of post-
critical illness morbidity,20 and exercise-based interventions
are advocated to target physical and functional disability. Ide-
ally, rehabilitation should be delivered in a seamless pathway
from ICU admission, transitioning to the ward, and following
hospital discharge.21 In the ICU, physical rehabilitation is typ-
ically characterized by early mobilization encompassing an
increasingly functional hierarchy of activities ranging from
bed-based exercises, sitting over the edge of the bed, stand-
ing, and ultimately walking. Adjunctive technologies including
electrical muscle stimulation22 and cycle ergometry23 may
also be employed. The safety and feasibility of early mobiliza-
tion have been well documented,24–28 and its efficacy has
been examined in a number of systematic reviews demon-
strating significant benefit in health-related quality of life,
physical function, respiratory and peripheral skeletal muscle
strength, length of ICU and hospital stay, and duration of me-
chanical ventilation.29–32 However, the post-ICU discharge
stages of recovery have been relatively under-examined,
and given the residual impairments in physical function evi-
dent in ICU survivors, there is rationale for the ongoing deliv-
ery of exercise-based rehabilitation interventions.30

This paper provides an executive summary of a recent
Cochrane Collaboration systematic review,33 which synthe-
sizes evidence for exercise-based rehabilitation initiated after
ICU discharge. The aim was to determine the effectiveness of
exercise-based rehabilitation, compared with usual care, on
primary outcomes of functional exercise capacity and
health-related quality of life in survivors of critical illness.

Methods

Eligibility criteria

Criteria for review entry were randomized controlled trials,
quasi-randomized controlled trials, and controlled clinical tri-
als that compared any exercise intervention initiated after
ICU discharge vs. any other intervention or a control or ‘usual
care’ programme in adult (≥18 years of age) survivors of

critical illness who had been mechanically ventilated for
24 h or longer during an ICU admission.

Outcome measures

Primary outcomes were functional exercise capacity (with
physical objective and/or subjective assessment) and health-
related quality of life measured by reliable assessment scales.
Secondary outcomes included rates of withdrawal, adherence
and mortality, loss to follow-up, and adverse events.

Search strategy

Search strategies were based on a combination of controlled
vocabulary and free-text terms related to the population and
intervention. The following databases were searched from
inception until 15 May 2014: Cochrane Central Register of
Controlled Trials, Ovid SP Medical Literature Analysis and
Retrieval System Online, Ovid SP Excerpta Medica Database,
and the Cumulative Index to Nursing and Allied Health Liter-
ature. Searches were re-run in February 2015. Ongoing and
studies pending classification were identified for inclusion in
the update of the full review (scheduled 2017). We identified
ongoing studies by using Clinical Trials (www.clinicaltrials.gov)
and Current Controlled Trial (www.controlled-trials.com.
isrctn/) registries and additionally searched the reference lists
of included studies and the personal libraries of the review
authors for additional potentially relevant studies. We
contacted authors of studies where data were only available
in abstract form to determine full publication status.

Data collection and analysis

The lead author (BC) initially screened results for de-
duplication and removal of non-relevant subject material.
Subsequently, two review authors (BC, and BO’N) indepen-
dently screened firstly titles and abstracts, and then full-text
versions of potentially relevant studies, and independently
determined final eligibility by joint agreement by using a
bespoke standardized form. Two review authors (LG and LS)
independently extracted data pertaining to study design, par-
ticipants, trial characteristics, intervention detail, and out-
comes. Original authors were contacted for missing data.
Two review authors (BB and LS) independently assessed risk
of bias by using criteria outlined by the Cochrane Handbook
for Systematic Reviews of Interventions.34 Where a review
author was the primary author of an included study (LS), data
extraction and risk of bias were conducted by a different re-
view author (BC).

Data management was performed by using RevMan, and
the GRADE approach was used to assess the quality of the
total body of evidence. Data were reported descriptively.
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Insufficient study numbers and heterogeneity across those in-
cluded, precluded meta-analyses, subgroup and sensitivity
analyses.

Results

We identified 4298 results of which 276 underwent title and
abstract screening (Figure 1). Twenty two of these were
reviewed in full-text format. Six studies were identified as

eligible for inclusion in the qualitative synthesis, involving
483 participants.35–40 Three studies were identified as ongo-
ing41–43 and a further three awaiting classification.44–46

Risk of bias was variable for all domains across all included
trials (Figure 2). Risk of performance bias was high in all stud-
ies. For remaining domains, at least half of the studies dem-
onstrated low risk of bias. One study was at high risk of
selection bias, attrition bias, and other sources of bias. Risk
of bias was unclear for the remaining studies across domains.

Exercise-based interventions in included studies were de-
livered on the ward in two studies: both on the ward and in

Figure 1 Flow diagram of study selection.
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the community in one study and in the community in three
studies, and were of variable duration. Control group partici-
pants in all included studies were documented as receiving
standard practice care for post-critical illness management,
albeit exact descriptions were limited (Table 1).

We were unable to undertake meta-analyses of data due
to variability in study design, type and nature of interven-
tions, outcome measures and associated metrics, and data
reporting across included studies and therefore presented a
narrative description of findings for individual studies for
each outcome.

All six studies assessed functional exercise capacity. Overall
quality of the evidence was very low. Individually, three stud-
ies reported positive results in favour of the intervention.
Batterham et al.35 found a small short-term benefit in anaer-
obic threshold [mean difference (MD) 1.8mLO2/kg/min, 95%
confidence interval (CI) 0.4 to 3.2; P value = 0.02]. In a second
study, both incremental (MD 4.7, 95% CI 1.69 to 7.75W; P
value = 0.003) and endurance (MD 4.12, 95% CI 0.68 to

7.56min; P value = 0.021) exercise testing results were im-
proved with intervention.39 Finally, self-reported physical
function increased significantly following use of a rehabilita-
tion manual (P value = 0.006).38 Remaining studies found no
effect of the intervention.

Only two studies evaluated health-related quality of life,
and neither study reported differences between intervention
and control groups.35,36. Overall quality of the evidence was
very low.

Four studies reported rates of withdrawal, which ranged
from 0% to 26.5% in control groups and from 8.2% to
27.6% in intervention groups.35–37,39 The quality of evidence
for the effect of the intervention on withdrawal was low. In-
tervention adherence did not apply to control participants,
and only one study made some reference to adherence rates
in the intervention group,35 and quality of evidence was very
low. Quality of evidence for mortality was low, with mortality
reported by all studies and ranging from 0% to 18.8%. Loss to
follow-up, also reported in all studies and with low quality of
evidence, ranged from 0% to 14% across all participants. Only
one non-mortality adverse event was reported across all par-
ticipants in all studies (a minor musculoskeletal injury), and
the quality of the evidence was low.

Discussion

The aim of this Cochrane Review was to evaluate the effec-
tiveness of exercise-based rehabilitation initiated after ICU
discharge on functional exercise capacity and health-related
quality of life in survivors of critical illness. We identified six
completed and fully published trials for inclusion in the cur-
rent review and six further pending trials that will be subse-
quently evaluated when the review is updated, indicating
an expanding evidence base for this clinical field. Meta-
analyses of findings were precluded due to quantity of data,
and wide variability in characteristics of interventions and
metrics of outcome measure selection and reporting, and
hence, we were able to report a qualitative description of
findings only. Consequently, we were unable to conclude
the efficacy of post-ICU discharge exercise-based rehabilita-
tion on our selected outcomes. Most included studies failed
to show a significant difference between intervention and
control groups. Where significant differences were evident,
these were noted only in physiological outcomes following
specific types of exercise training programmes, and which
were non-generalizable. Methodological variation in inter-
vention ‘dose’ and outcomes used for evaluating effective-
ness was considered contributing factors to the non-
significant differences seen between groups in the remaining
studies.

The quality of the evidence was inconsistent. For most do-
mains, low risk of bias ranged from 50% to 75%. All included

Figure 2 Cochrane Risk of Bias summary.
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studies demonstrated high risk of bias for blinding on par-
ticipants and trial personnel, although it is acknowledged,
such blinding in therapeutic rehabilitation trials can be
pragmatically challenging. Notably, several studies reporting
non-significant findings failed to meet intended sample size
or were intended as pilot, feasibility studies to provide
data to inform larger-scale trials; hence, these results could
be attributable to type II error. Examination of screening
and enrolment rates highlighted the challenges associated
with recruitment into post-critical illness rehabilitation
trials.

Conclusions

There was insufficient evidence to determine an overall ef-
fect on functional exercise capacity or health-related quality
of life of an exercise-based intervention initiated after ICU
discharge for survivors of critical illness. The degree of het-
erogeneity across included studies precluded a meta-
analysis of data, and individual study findings were inconsis-
tent with regards a beneficial effect on functional exercise
capacity. No effect on health-related quality of life was re-
ported. The methodological rigour of included studies was
variable with risk of bias present in several domains. Results
of ongoing studies, and those awaiting classification, will
contribute to a further update of this Cochrane Collabora-
tion systematic review. Future studies must address

methodological aspects of identifying the target population,
optimum dose of intervention, detailed characterization of
usual care, and standardization of outcomes and reporting
to enhance methodological rigour of investigations.
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Table 1 Summary of interventions evaluated in included studies

Study

Intervention characteristic

Delivery Duration Content Follow-up

Batterham et al.35 Hospital-based,
PT-supervised

8weeks Cycle ergometry Weeks 9 and 26

2× PT
sessions/week
1×unsupervised
session/week

Elliott et al.a36 Home-based,
self-delivered

8weeks Endurance walk
training; strength
training

Weeks 8 and 26

3× clinicians visits,
4× TC

Jackson et al.37 Home-based,
6× clinician visits

12weeks Lower extremity
functional exercise;
endurance training

3months

Jones et al.38 Home-based,
self-delivered,
3× TC/week

6weeks Rehabilitation
manual and diary

Week 8 and
6months

Porta et al. 39 Hospital-based,
clinician-supervised,
15×daily 20min
sessions

Admission
length of stay

Upper arm cycling Discharge

Salisbury et al.a40 Hospital-based Ward length
of stay

Passive, active, and
strengthening exercises,
functional activities

3months

aDetail provided of physical component only of rehabilitation package. Abbreviations: PT, physiotherapist; TC, telephone call.

524 B. Connolly et al.

Journal of Cachexia, Sarcopenia and Muscle 2016; 7: 520–526
DOI: 10.1002/jcsm.12146



Funding

BC, AD and NH are supported by the National Institute for
Health Research (NIHR) Biomedical Research Centre based
at Guy’s and St Thomas’ NHS Foundation Trust and King’s Col-
lege London. The views expressed are those of the review au-
thor(s) and are not necessarily those of the NHS, the NIHR or
the Department of Health.

Conflict of interest

B.C. is lead author of one study awaiting classification,45

which may be included in a future update of the full review.

L.S. is lead author of one included study.40 L.S. did not extract
data from this study nor check interpretation against the
study report. L.S. is also a co-author of one study awaiting
classification,44 which may be included in a future update of
this review. B.O’N. is lead author of one currently ongoing
study,43 which may be included in a future update of this re-
view. L.G., A.D., M.P.W.G.: none known. N.H. is senior author
for one study awaiting classification,45 which may be included
in a future update of this review. T.S.W. is senior author for
one included study.40 T.S.W. did not extract data from this
study nor check interpretation against the study report. T.S.
W. is also lead author for one study awaiting classification,44

which may be included in a future update of this review. B.
B. is co-author of a currently ongoing study,43 which may be
included in a future update of the full review.

References

1. Cheung A, Tansey C, Tomlinson G,
Diaz-Granados N, Matte A, Barr A, et al.
Two-year outcomes, health care use, and
costs of survivors of acute respiratory dis-
tress syndrome. Am J Resp Crit Care Med
2006;174:538–544.

2. Herridge MS, Cheung AM, Tansey CM. One-
year outcomes in survivors of the acute re-
spiratory distress syndrome. N Engl J Med
2003;348:.

3. Herridge MS, Tansey CM, Matté A,
Tomlinson G, Diaz-Granados N, Cooper A,
et al. Functional disability 5 years after
acute respiratory distress syndrome. N Engl
J Med 2011;364:1293–1304.

4. Needham DM, Dinglas VD, Morris PE, Jack-
son JC, Hough CL, Mendez-Tellez PA, et al.
Physical and cognitive performance of pa-
tients with acute lung injury 1 year after
initial trophic versus full enteral feeding.
EDEN trial follow-up. Am J Respir Crit Care
Med 2013;188:567–576.

5. Hopkins RO, Suchyta MR, Farrer TJ,
Needham D. Improving post-intensive
care unit neuropsychiatric outcomes.
Am J Respir Crit Care Med 2012;186:
1220–1228.

6. Hopkins RO, Weaver LK, Collingridge D,
Parkinson RB, Chan KJ, Orme JF Jr. Two-year
cognitive, emotional, and quality-of-life
outcomes in acute respiratory distress syn-
drome. Am J Respir Crit Care Med
2005;171:340–347.

7. Pandharipande PP, Girard TD, Jackson JC,
Morandi A, Thompson JL, Pun BT, et al.
Long-term cognitive impairment after criti-
cal illness. N Engl J Med
2013;369:1306–1316.

8. Sukantarat K, Greer S, Brett S, Williamson
R. Physical and psychological sequelae of
critical illness. Br J Health Psychol
2007;12:65–74.

9. Wade D, Howell D, Weinman J, Hardy R,
Mythen M, Brewin C, et al. Investigating
risk factors for psychological morbidity
three months after intensive care: a

prospective cohort study. Crit Care
2012;16:R192.

10. Cuthbertson B, Roughton S, Jenkinson D,
MacLennan G, Vale L. Quality of life in the
five years after intensive care: a cohort
study. Crit Care 2010;14:R6.

11. Oeyen SG, Vandijck DM, Benoit DD,
Annemans L, Decruyenaere JM. Quality of
life after intensive care: a systematic re-
view of the literature. Crit Care Med
2010;38:2386–2400.

12. Griffiths J, Hatch R, Bishop J, Morgan K,
Jenkinson C, Cuthbertson B, et al. An ex-
ploration of social and economic out-
come and associated health-related
quality of life after critical illness in gen-
eral intensive care unit survivors: a 12-
month follow-up study. Crit Care
2013;17:R100.

13. Unroe M, Kahn JM, Carson SS, Govert JA,
Martinu T, Sathy SJ, et al. One-year trajec-
tories of care and resource utilization for
recipients of prolonged mechanical ventila-
tion: a cohort study. Ann Intern Med
2010;153:167–175.

14. Davidson J, Jones C, Bienvenu OJ. Family
response to critical illness: postintensive
care syndrome-family. Crit Care Med
2012;40:618–624.

15. de Miranda S, Pochard F, Chaize M,
Megarbane B, Cuvelier A, Bele N, et al.
Postintensive care unit psychological bur-
den in patients with chronic obstructive
pulmonary disease and informal caregivers:
a multicenter study. Crit Care Med
2011;39:112–118.

16. Kentish-Barnes N, Lemiale V, Chaize M, Po-
chard F, Azoulay E. Assessing burden in
families of critical care patients. Crit Care
Med 2009;37:S448–S456.

17. Needham DM, Davidson J, Cohen H, Hop-
kins 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;40:502–509.

18. Puthucheary ZA, Rawal J, McPhail M,
Connolly B, Ratnayake G, Chan P, et al.
Acute skeletal muscle wasting in critical ill-
ness. JAMA 2013;310:1591–1600.

19. Connolly B, MacBean V, Crowley C, Lunt A,
Moxham J, Rafferty GF, et al. Ultrasound
for the assessment of peripheral skeletal
muscle architecture in critical illness: a sys-
tematic review. Crit Care Med
2014;43:897–905.

20. Babc C. Describing and measuring recovery
and rehabilitation after critical illness. Curr
Opin Crit Care 2015;21:445–452.

21. NICE: Rehabilitation after critical illness.
NICE Clinical Guideline 83. National Insti-
tute for Health and Care Excellence,
London, UK 2009, available at http://
www.nice.org.uk/guidance/cg83.

22. Parry S, Berney S, Granger C, Koopman R,
El-Ansary D, Denehy L. Electrical muscle
stimulation in the intensive care setting: a
systematic review. Crit Care Med
2013;41:2406–2418.

23. Kho ME, Martin RA, Toonstra AL, Zanni JM,
Mantheiy EC, Nelliot A, et al. Feasibility
and safety of in-bed cycling for physical re-
habilitation in the intensive care unit. J Crit
Care 2015;30:1419.e1411–1419.e1415.

24. Bailey P, Thomsen GE, Spuhler VJ, Blair R,
Jewkes J, Bezdjian L, et al. Early activity is
feasible and safe in respiratory failure pa-
tients. Crit Care Med 2007;35:139–145.

25. Berney S, Haines K, Skinner EH, Denehy L.
Safety and feasibility of an exercise pre-
scription approach to rehabilitation across
the continuum of care for survivors of crit-
ical illness. Phys Ther 2012;92:1524–1535.

26. Bourdin G, Barbier J, Burle JF, Durante G,
Passant S, Vincent B, et al. The feasibility
of early physical activity in intensive care
unit patients: a prospective observational
one-center study. Respir Care
2010;55:400–407.

27. Pohlman MC, Schweickert WD, Pohlman
AS, Nigos C, Pawlik AJ, Esbrook CL, et al.
Feasibility of physical and occupational

Exercise rehabilitation following intensive care unit discharge 525

Journal of Cachexia, Sarcopenia and Muscle 2016; 7: 520–526
DOI: 10.1002/jcsm.12146

http://www.nice.org.uk/guidance/cg83
http://www.nice.org.uk/guidance/cg83


therapy beginning from initiation of me-
chanical ventilation. Crit Care Med
2010;38:2089–2094.

28. Sricharoenchai T, Parker A, Zanni J, Nelliot
A, Dinglas V, Needham D. Safety of physical
therapy interventions in critically ill pa-
tients: a single-center prospective evalua-
tion of 1110 intensive care unit
admissions. J Crit Care 2014;29:395–400.

29. Calvo-Ayala E, Khan BA, Farber MO, Ely EW,
Boustani MA. Interventions to improve the
physical function of ICU survivors: a system-
atic review. Chest 2013;144:1469–1480.

30. Connolly B, O’Neill B, Salisbury L, Black-
wood B: Physical rehabilitation interven-
tions for adult patients during critical
illness: an overview of systematic reviews.
Thorax 2016, Published Ahead of Print.

31. Kayambu G, Boots R, Paratz J. Physical ther-
apy for the critically ill in the ICU: a system-
atic review and meta-analysis. Crit Care
Med 2013;41:1543–1554.

32. Li Z, Peng X, Zhu B, Zhang Y, Xi X. Active mo-
bilization for mechanically ventilated pa-
tients: a systematic review. Arch Phys
Med Rehabil 2013;94:551–561.

33. Connolly B, Salisbury L, O’Neill B, Geneen L,
Douiri A, Grocott M, et al. Exercise rehabil-
itation following intensive care unit dis-
charge for recovery from critical illness.
Cochrane Database Syst Rev 2015 doi:
10.1002/14651858.CD008632.pub2.

34. Higgins J, Green S, edsEditors. Chapter 8:
Assessing risk of bias in included studies.
In Cochrane Handbook for Systematic Re-
views of Interventions wwwcochrane-
handbookorg The Cochrane Collaboration
Version 510; 2011.

35. Batterham AM, Bonner S, Wright J, Howell
SJ, Hugill K, Danjoux G. Effect of supervised
aerobic exercise rehabilitation on physical
fitness and quality-of-life in survivors of
critical illness: an exploratory minimized
controlled trial (PIX study). Br J Anaesth
2014;113:130–137.

36. Elliott D, McKinley S, Alison J, Aitken L, King
M, Leslie G, et al. Health-related quality of
life and physical recovery after a critical ill-
ness: a multi-centre randomised controlled
trial of a home-based physical rehabilita-
tion program. Crit Care 2011;15:R142.

37. Jackson J, Ely EW, Morey M, Anderson V,
Denne L, Clune J, et al. Cognitive and phys-
ical rehabilitation of intensive care unit sur-
vivors: results of the RETURN randomized
controlled pilot investigation. Crit Care
Med 2012;40:1088–1097.

38. Jones C, Skirrow P, Griffiths R, Humphris G,
Ingleby S, Eddleston J, et al. Rehabilitation
after critical illness: a randomized, con-
trolled trial. Crit Care Med
2003;31:2456–2461.

39. Porta R,Vitacca M, Gilè LS, Clini E, Bianchi L,
Zanotti E, et al. Supported arm training in
patients recently weaned from mechanical
ventilation. Chest 2005;128:2511–2520.

40. Salisbury L, Merriweather J, Walsh T. The
development and feasibility of a ward-
based physiotherapy and nutritional reha-
bilitation package for people experiencing
critical illness. Clin Rehabil
2010;24:489–500.

41. Battle C, James K, Temblett P, Hutchings H.
Early results of a 6-week exercise pro-
gramme in post-ICU patients. Crit Care
2013;17:P541.

42. McWilliams D, Benington S, Atkinson J.
Outpatient-based physical rehabilitation
for survivors of prolonged critical illness -
a randomised controlled trial. J of the In-
tensive Care Society 2013;14:S-9.

43. O’Neill B, McDowell K, Bradley J, Black-
wood B, Mullan B, Lavery G, et al. Effec-
tiveness of a programme of exercise on
physical function in survivors of critical ill-
ness following discharge from the ICU:
study protocol for a randomised controlled
trial (REVIVE). Trials [Electronic Resource]
2014;15:146.

44. Walsh TS, Salisbury LG, Merriweather JL,
Boyd JA, Griffith DM, Huby G, et al. In-
creased hospital-based physical rehabilita-
tion and information provision after
intensive care unit discharge: the recover
randomized clinical trial. JAMA Intern Med
2015;175:901–910.

45. Connolly B, Thompson A, Douiri A,
Moxham J, Hart N. Exercise-based rehabili-
tation after hospital discharge for survivors
of critical illness with intensive care unit-
acquired weakness: a pilot feasibility trial.
J Crit Care 2015;30:589–598.

46. Jones C, Eddleston J, McCairn A, Dowling S,
McWilliams D, Coughlan E, et al. Improving
rehabilitation after critical illness through
outpatient physiotherapy classes and es-
sential amino acid supplement: a random-
ized controlled trial. J Crit Care
2015;30:901–907.

47. von Haehling S, Morley JE, Coats AJS, Anker
SD. Ethical guidelines for publishing in the
Journal of Cachexia, Sarcopenia and Mus-
cle: update 2015. J Cachexia Sarcopenia
Muscle 2015;6:315–316.

526 B. Connolly et al.

Journal of Cachexia, Sarcopenia and Muscle 2016; 7: 520–526
DOI: 10.1002/jcsm.12146

http://dx.doi.org/10.1002/14651858.CD008632.pub2

