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ments.  7-9   Immobility, depression, and cognitive and 
neuromuscular impairments have been postulated as 
risk factors for long-term PF impairment in survi-
vors of critical illness.  10   Post-ICU PF impairments 
are a major burden for patients, their families, and 
the health-care system because of high rates of insti-
tutionalization, frequent repeat hospitalizations, and 
other increased health-care services use.  10   

 There has been enhanced interest in studying the 
etiology, pathophysiology, prevention, and treatment 
of PF impairment of ICU survivors,  11   punctuated by 
the publication of three systematic reviews (SRs) in 
this fi eld.  12-14   Two of these reviews focused on describ-
ing the frequency, clinical features, and short-term 
outcomes (mortality, duration of mechanical venti-
lation, and length of hospitalization) related to the 
occurrence of neuromuscular abnormalities related 

      More than 4 million ICU admissions occur annu-
ally in the United States.  1   ICU beds account for 

10% of all hospital beds and result in at least 20% 
of hospital operating costs amounting to $90 billion 
annually.  2   Since our population is progressively aging, 
and most ICU patients are  .  65 years of age, ICU care 
is expected to keep expanding in the next 2 decades.  3,4   
This increase in the numbers of critically ill patients, 
along with improvement in ICU mortality, is creating 
a growing number of ICU survivors.  5   

 ICU survivors suffer from a variety of serious seque-
lae following their ICU stay, including late mortality, 
ongoing morbidity, neurocognitive defects, impaired 
mental health, poor functional capabilities, decreased 
quality of life, and decreased return to work and usual 
activities.  6   Up to 69% of ICU survivors have clinically 
important long-term physical function (PF) impair-

  Background:    ICU admissions are ever increasing across the United States. Following critical illness, 
physical functioning (PF) may be impaired for up to 5 years. We performed a systematic review 
of randomized controlled trials evaluating the effi cacy of interventions targeting PF among ICU 
survivors. The objective of this study was to identify effective interventions that improve long-
term PF in ICU survivors. 
  Methods:    MEDLINE, Excerpta Medica Database (EMBASE), Cumulative Index to Nursing and 
Allied Health Literature (CINAHL), and Physiotherapy Evidence-Based Database (PEDro) were 
searched between 1990 and 2012. Two reviewers independently evaluated studies for eligibility, 
critically appraised the included studies, and extracted data into standardized evidence tables. 
  Results:    Fourteen studies met the inclusion criteria. Interventions included exercise/physical 
therapy (PT), parenteral nutrition, nurse-led follow-up, spontaneous awakening trials, absence of 
sedation during mechanical ventilation, and early tracheotomy. Nine studies failed to demon-
strate effi cacy on PF of the ICU survivors. However, early physical exercise and PT-based inter-
ventions had a positive effect on long-term PF. 
  Conclusions:    The only effective intervention to improve long-term PF in critically ill patients is 
exercise/PT; its benefi t may be greater if started earlier. Further research in this area comparing 
different interventions and timing is needed.    CHEST 2013; 144(5):1469–1480   
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applied to any patient in the ICU was compared with placebo, no 
treatment, or a different treatment; and (3) the primary or sec-
ondary outcomes were long-term measures of PF or its surrogates 
that occurred after the intervention was applied (a baseline func-
tional assessment alone would not meet the study eligibility). 
Acceptable measures of PF included but were not limited to mus-
cle strength testing, functional tests and walk tests, and patient-
centered outcomes, such as health-related quality of life.  11   For 
purposes of this review, an outcome was defi ned as long-term if it 
occurred on or after hospital discharge. 

  Exclusion Criteria:   Studies were excluded (1) if they enrolled 
patients  ,  18 years of age; (2) if they were done primarily in patients 
with acquired brain injury (defi ned as head trauma, hypoxia, infec-
tion, tumor, substance abuse, degenerative neurologic disease, 
stroke, intracranial bleeding) or underlying neuropathies/myopa-
thies; (3) if the reported outcome was measured before the day of 
hospital discharge or the specifi c time of measurement in relation 
to hospital discharge was not mentioned; (4) if the intervention 
was not generalizable to all patients in the ICU (eg, cardiac revas-
cularization); or (5) if the studied population was recruited from 
long-term acute-care hospitals. 

 Data Abstraction and Quality Assessment 

 Titles and abstracts were screened by two reviewers (E. C.-A., 
B. A. K.). Full text of potentially relevant studies was assessed. 
Original authors were contacted for additional information if a 
long-term outcome measurement was described in the Methods 
section of the article but its results were not available in the 
Results portion or if they were reported in a way that treatment 
groups were not compared. The reviewers independently assessed 
and abstracted pertinent data from trials in duplicate using a stan-
dardized, predefi ned form. Abstracted data included each study’s 
methodology, setting, baseline patient characteristics, intervention, 
outcomes, and follow-up. The methodological quality of each trial 
was assessed using the PEDro scale (e-Appendix 2). This is an 
11-item tool, developed to measure the methodological quality of 
randomized and quasi-randomized controlled trials of physiotherapy 
interventions, deriving a score of 0 to 10, with higher scores indi-
cating higher quality. The PEDro scale was used given the nature 
of some therapies that were included (where double-blinding is 
often not possible because of their nature), because it breaks down 
the levels of blinding and accounts for concealed allo cation.  18-21   
The risk of bias was intrinsically evaluated with the methodolog-
ical assessment, because the PEDro score includes the domains 
recommended by the Cochrane Handbook for this purpose.  22   

 Any disagreements related to either inclusion or exclusion cri-
teria and quality assessment were resolved by discussions and 
consensus between the reviewers. The studies included in this 
review were heterogeneous in regard to their interventions, con-
trol intervention, clinical setting, and population, and therefore 
were not amenable to be merged into a pooled meta-analytic sum-
mary. Hence, we were unable to perform a funnel plot to detect 
publication bias. 

 Results 

 The original search strategy identifi ed 319,957 poten-
tial eligible studies ( Fig 1 ). After application of study 
terms, the majority were excluded. A manual detailed 
review of the remaining 10,138 abstracts and full-text 
versions revealed 14 trials that met all inclusion crite-
ria and were considered appropriate for inclusion in 
our SR. 

to critical illness, without a particular focus on treat-
ment strategies.  12,14   The third SR aimed to assess the 
effect of any intervention, studied in a randomized 
controlled trial (RCT), on the incidence of critical ill-
ness polyneuropathy, critical illness myopathy, or both, 
which were diagnosed before hospital discharge.  13   
However, a review of effective therapies that may 
improve PF on or after hospital discharge in ICU sur-
vivors and the best timing to implement them, to our 
knowledge, has not been performed. We, therefore, 
performed a comprehensive, up-to-date SR looking 
for RCTs performed in critically ill subjects in which 
long-term PF (defi ned as PF assessed at the time of 
hospital discharge or later) was assessed as an out-
come. Our primary goal was to identify therapies that 
were effective in improving PF while assessing the 
relationship between the timing of these therapies and 
the improvement in PF. 

 Materials and Methods 

 Search Strategy 

 We used a combination of controlled vocabulary and free text 
terms to search the following databases: MEDLINE, Excerpta 
Medica Database (EMBASE), Cumulative Index to Nursing and 
Allied Health Literature (CINAHL), and Physiotherapy Evidence-
Based Database (PEDro) (e-Appendix 1). We fi ltered our search for 
treatment studies  15-17   and all review articles, and cross-referenced 
studies from retrieved articles were screened for pertinent infor-
mation ( Fig 1  ). We restricted the search to articles published in 
the English language between January 1990 and December 2012. 

 Study Selection 

  Inclusion Criteria:   RCTs were included if they met each of 
the following criteria: (1) Subjects were adults aged  �  18 years 
admitted at some point to an ICU; (2) a treatment that can be 
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  Tables 1 and 2    show the characteristics of the 
14 included studies.  23-36   Trials were conducted in six 
countries (Australia, Belgium, Denmark, France, United 
Kingdom, and United States). There were fi ve multi-
center studies (range, 2-12 centers per study).  24,25,28,32,34   
Study sizes ranged widely (16-4,640 subjects), with 
only three trials enrolling  .  300 patients.  24,27,29   The 
study participants encompass a broad distribution of 
adult ICU patients evidenced by the variations in the 
mean APACHE (Acute Physiology and Chronic Health 
Evaluation) II score (range, 9-28) and the mean age 
of studies’ subjects (48-66 years). 

 Described interventions were exercise/physical 
ther apy (PT),  23,26,28,30,32-34   parenteral nutrition,  24   nurse-
led follow-up,  25,27   intensive insulin therapy,  29   sponta-
neous awakening and breathing trials,  31   absence of 
sedation during mechanical ventilation,  35   and early tra-
cheotomy.  36   PF was evaluated most commonly through 
the Short Form-36 PF questionnaire (SF-36 PF) 
(eight stud ies).  23,25,26,28,30,32,35,36   Other PF outcomes 
included the Barthel Index,  34   the 6-min walk distance 
(6MWD),  23,24,26,30,31,34   and the ability to perform activ-
ities of daily living (ADL).  24,30,31,34   

 None of the studies reached the maximum PEDro 
score of 10 for quality assessment. This was most com-
monly due to the lack of double-blinding associated 
with the nature of the studied interventions (eg, exer-

  Figure  1. Search results  .   

cise, physical therapies, self-help manual, and telephone 
follow-up). In fi ve trials, the baseline characteristics 
of the population were dissimilar among the studied 
groups.  23,27,30,33,36,37   In only two of the studies were the 
study subjects blinded to the intervention.  29,32   Five 
of the studies failed to report at least one measured 
key outcome (not necessarily PF outcome) in at least 
85% of the allocated subjects,  23,25,29,31,35   and only four 
of the trials reported a PF outcome in  .  80% of the 
recruited subjects.  28,30,32,34   PF or its surrogate was not 
the primary outcome measured in six of the trials 
(as defi ned as the outcome used for sample size cal-
culation or, if this was not reported, defi ned as the 
outcome described in the manuscript as primary 
outcome).  24,29,31,32,35,36   

 Only fi ve of the 14 included studies reported posi-
tive effects on PF outcomes ( Fig 2  ).  23,26,30,32,34   All the 
positive trials studied exercise/PT protocols in the 
treatment arms. The fi rst study that provided positive 
results was published in 2003 by Jones et al.  32   This 
multicenter trial tested the effectiveness of a 93-page 
self-help rehabilitation manual provided after ICU 
discharge to subjects who were on mechanical venti-
lation for  .  48 h; this intervention was associated with 
a statistically signifi cant improvement of the SF-36 
PF scores at 8 weeks and 6 months after hospital dis-
charge compared with control subjects ( P   5  .006). Two 
positive trials were published in 2009.  23,34   Burtin et al  23   
performed a trial in critically ill subjects from a uni-
versity hospital with an expected prolonged ICU course 
using a daily exercise training session during the ICU 
stay as intervention compared with usual care. The 
intervention group had better SF-36 PF scores ( P   ,  .01) 
and was able to walk more distance in the 6MWD 
( P   ,  .05), but there was no statistically signifi cant dif-
ference in handgrip force or Berg Dyspnea Scale. 
The study by Schweickert et al  34   was performed in 
two university hospitals and included sedated adults 
with baseline functional independence who had been 
on mechanical ventilation for  ,  72 h and were ran-
domly assigned to early exercise and mobilization dur-
ing periods of daily interruption of sedation vs usual 
care. At hospital discharge, the proportion of subjects 
who were able to walk and perform six ADL was higher 
in the intervention group ( P   5  .02); also, the Barthel 
Index Score and the walking distance outcomes were 
better in the intervention group ( P   5  .05 and  P   5  .004, 
respectively). Denehy et al  26   disclosed preliminary data 
in 2011 of a single-center trial of subjects admitted to 
an ICU for  �  5 days, in which an “intensive rehabilita-
tion protocol” was compared with usual care. Interven-
tion subjects were able to cover a longer distance in 
the 6MWD test, which was statistically signifi cant after 
correcting for time effect. There were no statistically 
signifi cant differences in quality-of-life scores (SF-36) 
or the Timed Up and Go (TUG) test. The most recent 
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  Figure  2. Timing of interventions and physical function assessment of the included trials.   

positive report was published in 2012 by Jackson et al  30  ; 
this was a single-center trial that included adult sub-
jects who had an ICU length of stay  .  5 days and were 
recruited after ICU discharge. The examined inter-
vention was a multicomponent rehabilitation program 
that was started after hospital discharge. A statisti-
cally signifi cant difference favoring the intervention in 
the Functional Assessment Questionnaire was found; 
however, there were no differences between groups 
in ADL or TUG scores. 

 There were two reports of trials that used exercise/PT 
as the studied intervention that failed to demonstrate 
a positive treatment effect. Salisbury et al  33   did a 
small trial of 16 patients comparing an “enhanced 
rehabilitation” (which consisted of interventions con-
sidered additional to usual care, such as “supervised 
passive, active and strengthening exercises, facilitation 
of additional transfers and mobility practice, balance 
exercises and advice”) with usual care. No signifi cant 
differences were found between the studied groups 
for any of the PF outcomes (Rivermead Mobility 
Index, TUG test, 10-min walk test, and incremental 
shuttle walk test). The other study that failed to show 
an advantage of exercise/PT as an intervention was 
performed by Elliot et al,  28   who randomized adults 
admitted to the ICU for at least 48 h and mechani-
cally ventilated for  �  24 h to receive usual care vs an 
individualized endurance and strength training program 
for 8 weeks after hospital discharge. After 8 weeks of 

intervention, no signifi cant differences were found in 
6MWD or SF-36 scores between the studied groups. 

 None of the trials studying medications or devices 
showed better outcomes for long-term PF. Timing 
of interventions and their relationship with the PF 
assessment can be seen in  Figure 2 . Interventions 
were performed (1) only during ICU stay in fi ve stud-
ies,  23,29,31,35,36   (2) started in the ICU but continued after 
ICU stay in three studies,  24,26,34   and (3) started after 
ICU discharge in the remaining six studies.  25,27,28,30,32,33   
Four of the fi ve trials with positive fi ndings described 
interventions that were started before hospital dis-
charge (one performed the intervention during ICU 
stay only,  23   two started treatment in the ICU that was 
continued after ICU discharge,  26,34   and one started 
the protocol after ICU stay but before hospital dis-
charge).  32   A dose-dependent effect for effective inter-
ventions could not be estimated, given that only three 
reports of exercise/PT interventions described the fre-
quency and/or duration of treatment.  23,26,34   In three of 
the studies with positive results, frequency and dura-
tion of the therapy was variable, as it was either indi-
vidualized after assessment by a therapist  30,34   or it relied 
on the compliance of each subject with a manual.  32   

 Discussion 

 Our SR found that the only effective intervention 
in improving long-term PF is exercise/PT. Based on 
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 It is diffi cult to predict how easily the presented 
results will be applied and implemented into regular 
clinical practice. Although the topic of long-term 
poor outcome after critical care has been a subject of 
discussion in the last decade,  6,43,44   the   implementation 
of strategies to reduce physical dysfunction after crit-
ical illness seems challenging. For example, to imple-
ment some of the effective inpatient interventions, 
an assumption that there are dedicated personnel for 
PT in the critical care setting all days must be made. 
Previous reports have documented the variability in 
the availability of therapists on a daily basis in ICUs  45   
and the low frequency of PT occurrence in critically 
ill patients.  38   The cost-effectiveness of having a dedi-
cated therapist in the ICU still needs further assessment 
for these therapies to be implemented successfully in 
routine clinical settings. It is well known that inter-
ventions that have shown positive outcomes in studies 
of ICU subjects (eg, daily interruption of sedation), 
often have not been implemented in the commu-
nity after years of proven benefi t  46  ; thus, the applica-
tion of a treatment requiring a dedicated therapist, 
although important, seems diffi cult to implement in 
regular clinical practice. Similarly, interventions like 
the one described by Jackson et al,  30   which require 
remote follow-up of patients at their homes using tele-
technology and a trained social worker, are diffi cult to 
implement outside of a research setting. 

 We identifi ed gaps and biases in available evidence 
that suggest directions for future research. First, the 
fact that only two pharmaceutical interventions have 
been assessed for their effect on long-term PF of crit-
ical care survivors is striking. Both failed to show 
an advantage in chronic PF outcomes.  24,29   However, 
these studies were not powered to show an improve-
ment specifi cally in the PF outcome. The case of the 
tracheotomy intervention is similar (not effective, yet 
not powered to demonstrate an advantage in PF). It 
would be interesting to see if critical care survivors 
enrolled in trials of other pharmaceutical interven-
tions could be followed long-term for improved PF 
outcomes. Other interventions that have been tested 
for ICU-acquired weakness (eg, electrical muscle 
stimulation)  47   may have a role in preventing and treat-
ing long-term physical dysfunction in ICU survivors. 

 Another gap identifi ed in the available evidence is 
the lack of consensus regarding the setting, timing, 
and duration of follow-up survivors of critical illness. 
This is easily demonstrated by the different instru-
ments used to assess PF, the different points and length 
of time that the subjects were followed in every study, 
and the different interventions tested. Similarly to 
the case of ICU-acquired weakness,  48   there is a need 
to defi ne the best tools and timing to make trials and 
interventions comparable in the future. 

the reviewed studies, it seems that if the intervention 
is started earlier, better outcomes may be obtained, 
although no trials comparing early vs late PT inter-
vention directly were identifi ed. We were unable to 
establish a dose-dependent effect, as most of the 
reports had individualized programs that varied from 
subject to subject, with different intensities and 
frequencies within each study. Other studied ther-
apies (tight glucose control, early parenteral nutri-
tion, tracheotomy, disease management program) 
failed to show a statistically signifi cant effect. Our 
fi ndings are in agreement with previous narrative 
reviews,  38,39   expert opinions,  40,41   and clinical practice 
guidelines.  42   

 The quality of the included trials was not the best 
for variety of reasons. First, the intrinsic characteris-
tics of the studied interventions make blinding to 
subjects and investigators diffi cult. Also, there was a 
high rate of drop-outs, which may refl ect the tech-
nical diffi culty of performing clinical trials in critical 
care survivors due to known issues of this population 
(eg, high mortality rates, loss to follow-up) and a sur-
vivor bias (patients who died before the assessment 
may have had worse physical impairment than those 
who survived and were assessed). 

 The strengths of our review include a comprehen-
sive and very sensitive search strategy (avoiding the 
exclusion of potential studies), the inclusion of the 
best available evidence by including only RCTs, and 
attempts to identify unpublished data. However, our 
review has limitations. Although our literature search 
procedures were extensive, other trials may have 
appeared in non-English-language publications or 
may have not been published. Publication bias may 
occur, resulting in an overestimation of the effi cacy 
of these treatments. As for the research itself, many 
studies investigating critical care survivors have usu-
ally measured short-term PF outcomes, but only few 
have evaluated long-term PF outcomes. Given the 
heterogeneity of the included studies (size, interven-
tions, and outcomes), and the quantity and quality of 
the available evidence, drawing solid conclusions is 
diffi cult. This is probably intrinsic to our SR design, 
because we were looking at “any” intervention that 
reported certain outcomes (which is opposite to most 
SRs, which look for certain interventions that report 
certain outcomes). Also, our defi nition of long-term 
follow-up (at hospital discharge or later) is arbitrary 
and probably does not refl ect the actual needs of long-
term follow-up for these patients, which still need to 
be established. Because of this defi nition, we may have 
included trials that may not be clinically relevant to real-
life long-term follow-up. Six trials reported outcomes 
at  �  6 months after hospital discharge,  25,26,28,29,32,36   and 
from these only two were positive.  26,32   
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 In conclusion, based on available evidence, early 
exercise/PT seems to be the only treatment yet shown 
to improve long-term PF of ICU survivors. The feasi-
bility of implementation for these effective therapies 
in the community still needs to be proven. Efforts in 
the critical care community to standardize long-term 
follow-up in terms of tools, frequency, and length 
of time are required. New multicenter trials, testing 
head-to-head early vs late interventions, assessing 
patients for longer periods of time after discharge, 
and comparing these proven therapies with new ones 
are needed. 
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