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Introduction

Significant physical sequelae exist for some survivors of a critical illness. There are, however,
few studies that have examined specific interventions to improve their recovery, and none have
tested a home-based physical rehabilitation program incorporating trainer visits to participants’
homes. This study was designed to test the effect of an individualised 8-week home-based
physical rehabilitation program on recovery.

Methods

A multi-centre randomised controlled trial design was used. Adult intensive care patients (length
of stay of at least 48 hours and mechanically ventilated for 24 hours or more) were recruited from
12 Australian hospitals between 2005 and 2008. Graded, individualised endurance and strength
training intervention was prescribed over 8 weeks, with 3 physical trainer home visits, 4 follow-
up phone calls, and supported by a printed exercise manual. The main outcome measures were
blinded assessments of physical function; SF-36 physical function (PF) scale and 6-minute walk
test (6MWT), and health-related quality of life (SF-36) conducted at 1, 8 and 26 weeks after
hospital discharge.

Results

Of the 195 participants randomised, 183, 173 and 161 completed the 1, 8 and 26 weeks
assessments, respectively. Study groups were similar at week 1 post-hospital; for the intervention
and control groups respectively, mean norm-based PF scores were 27 and 29 and the 6MWT
distance was 291 and 324 metres. Both groups experienced significant and clinically important
improvements in PF scores and 6MWT distance at 8 weeks, which persisted at 26 weeks. Mixed
model analysis showed no significant group effects (p=0.84) or group by time interactions

(p=0.68) for PF. Similar results were found for 6MWT and the SF-36 summary scores.



Conclusions

This individualised 8-week home-based physical rehabilitation program did not increase the
underlying rate of recovery in this sample, with both groups of critically ill survivors improving
their physical function over the 26 weeks of follow-up. Further research should explore
improving effectiveness of the intervention by increasing exercise intensity and frequency, and

identifying individuals who would benefit most from this intervention.

Trial registration

Australian and New Zealand Clinical Trials Register ACTRN12605000166673



Introduction

A critical illness requiring admission to a general intensive care unit (ICU) affects approximately
119,000 adult Australians per year.[1] While survival rates approximate 89% at hospital
discharge, [2] functional recovery for individuals is delayed often beyond six months post-
discharge. [3, 4] Physical de-conditioning and neuromuscular dysfunction [5, 6] as well as
psychological sequelae [7] are common, adding to the burden of illness for survivors, carers, the

health care system and broader society.[8]

Reviews of numerous observational studies confirm delayed recovery in health-related quality of
life (HRQOL),[e.g. 3, 4, 9] and anxiety (12-43%),[10] depression (median 28%) [11] and distress
(including post-traumatic stress symptoms; 5-64%)[12] are prevalent. While significant sequelae
therefore exist for a substantial proportion of critical illness survivors, little evidence is currently
available to support specific interventions for improving their recovery, [8, 13] with very few
published interventional studies focusing on the post-hospital discharge period; e.g. follow-up
clinics,[14] a patient self-managed rehabilitation manual.[15] No studies have tested the effects

of home-based rehabilitation involving trainer visits on patient recovery.

We proposed that a focused home-based approach to physical rehabilitation in addition to usual
community-based health services, would improve the HRQOL and recovery of individuals
surviving a critical illness. The rehabilitation program for this cohort reflected similar successful
programs in cardiac and respiratory disease [16, 17] by optimising functional recovery,

particularly during the first few months after a critical illness.



Materials and methods
Design, hypothesis and secondary aims

A multi-centre randomised controlled trial (RCT) design was used to test the effects of an eight-
week home-based rehabilitation program on HRQoL and physical function for individuals who
survived a critical illness. The primary research hypothesis was: Survivors of a critical illness
who participated in the physical rehabilitation program have better physical function, as
measured by a difference of 10 points on the Physical Functioning (PF) scale of the Short-
Form-36 Health Survey (SF-36), when compared to those who received usual care at eight
weeks after hospital discharge (short-term effect); and that this group difference would persist at
26 weeks (long-term effect). Secondary aims were to test the program effectiveness for:
improvement in other domains of HRQOL (Component Summary scores of SF-36[18]); and

better functional exercise capacity, measured by the six-minute walk test (6MWT) [19].

The study protocol was published previously [20] and the flow of participants reflects the
CONSORT statement.[21] Human Research Ethics Committee approvals were obtained from
each of the recruitment site hospitals and the universities of the investigators. A safety protocol

ensured assessor and trainer safety during home visits.[20]
Participants and sample size

Participants were initially recruited from ICUs in Sydney and Brisbane (4 teaching and 3
district hospitals) with other recruitment sites added progressively from Sydney and Perth (2
teaching, 2 district and 1 private hospital). Sample size was calculated for the SF-36 PF scale

for a two-sided hypothesis test with a Type | error rate of 0.05 and a Type Il error rate of 0.20



(80% power). The clinically important difference and the standard deviation estimates used

were based on our pilot data [22, 23] and reports for similar cohorts and contexts.[15, 24-26]

At baseline (1 week post-hospital discharge), we anticipated that both groups would have mean
PF scores of 45. We postulated that the control group would improve by 5 points at 8 weeks,
with the intervention group improving by 15 points, giving a difference of 10 points between
the two study groups using the traditional non-normalised raw score for SF-36. Using the 10
items that comprise the PF scale of SF-36, this improvement represents a change from ‘limited
a lot’ to ‘limited a little’ on three items in the scale, for example in climbing stairs or walking
particular distances. These changes reflect significant clinical improvement in physical

function.[27]

A sample of 100 patients per study group was required to detect this difference, assuming similar
group variance (SD=25). [22, 28] We planned to over-enrol by 20% to account for losses to
follow-up (10% study attrition;[15] 10% mortality at 6-months post-hospital discharge following

a critical illness).[1, 29] The total planned recruitment was therefore 240.

To be eligible for enrolment, participants: 1) were aged 18 years or older; 2) had an ICU length of
stay (LOS) of = 48 hours; 3) received mechanical ventilation for = 24; 4) were discharged home
to self-care or carer (non-institutional care); 5) resided within the hospitals’ local geographical
areas to enable home visits (approximately 50 km radius); 6) had no neurological, spinal or
skeletal dysfunction preventing participation in physical rehabilitation; 7) were not receiving
palliative care; 8) had no organised rehabilitation related to ongoing chronic disease management
(e.g. pulmonary rehabilitation, cardiac rehabilitation); and 9) were cognitively able to complete

the self-report measures and comply with physical testing instructions.



Randomisation

Eligible patients were approached following ICU discharge; informed voluntary consent was
either obtained at that time or following agreement to be contacted at home after hospital
discharge. After participant consent, the site project officer contacted an independent telephone
randomisation service for the participant study number and group allocation. The service used a
blocked random allocation sequences (one for each recruitment site) generated using SAS

software[30] by our study statistician (MK).

Intervention

Participants in the control group received usual community-based care after hospital discharge
(e.g. visits to their general practitioner), as well as the three study assessment visits, but no other
placebo or sham interventions. Following the first home-based assessment, participants
randomised to the intervention group received an 8-week home-based physical rehabilitation
program that focused on strength training and walking. A qualified trainer (physiotherapist,
exercise physiologist or registered nurse with additional specific training for this project) visited
participants at home in weeks 1, 3 and 6 to provide individualised verbal and written instructions
on their planned exercise program. Each home visit session was 60-90 minutes in duration. The
trainer also telephoned intervention group participants in weeks 2, 4, 5 and 7 to monitor their

progress.

The program reflected standard approaches for improving muscle strength and endurance within
cardiac and pulmonary rehabilitation settings.[31, 32] Exercise prescription and supervised
physical rehabilitation training involved graded, individualised endurance and strength training
designed by a pulmonary rehabilitation physiotherapist. Training focused initially on walking

(endurance training) and lower limb exercises (strength training). As participants progressed, core



stabilisation and upper limb exercises were introduced. The remaining 2 trainer home visits and
telephone contacts in non-visit weeks assessed participant progress and compliance, prescribed

progression and reinforced the exercise program.[20]

An illustrated exercise manual supported the participant’s training and graded progression,
structured in 3 parts: Part 1 described how to gauge exercise intensity based on a level of
‘moderate’ to ‘somewhat heavy’ perceived exertion (score of 3-4 on the modified Borg Scale)
[33] and also provided information about participant safety; Part 2 provided a detailed exercise
program; and Part 3 described how to progress the endurance and strength training. The exercise
program consisted of 5 components — endurance exercise (walking), lower and upper limb
strengthening, core stabilisation, flexibility, and stretches. A total of 16 different exercises were
numbered, named, illustrated and described, to facilitate participant-trainer communication and
exercise progression. This included four stretching, three flexion, and three core stabilisation
exercises, which were included in the trainer’s exercise prescription based on assessment of the

participant’s capabilities and needs.
Endurance (walk) training

Exercise prescription for endurance training was based on the results of each participant’s 6MWT
during the week 1 assessment visit. Training intensity commenced at 80% of peak walking speed.
Extra activities were prescribed based on a level of perceived exertion of 3-4 using the modified
Borg scale.[33] A walk-rest-walk approach was used, with the duration of walking varying
according to the participant’s ability and condition; 12 levels of walking were described ranging
from 1-60 minutes. Participants worked towards an optimal goal of training for 5 days per week

for 20-30 minutes of walking by the end of the program.



Strength training

This training included upper (biceps, triceps, shoulder abductors/adductors) and lower limb
(quadriceps, hamstrings, hip abductors and extensors) muscle groups. Initial prescription was one
set of eight-repetition maximum (8RM) for each activity, progressing to three sets. Further
progression was based on increasing weight (0.25 — 1.5 kg for arm exercises using cans of food
or bags of rice), and increasing the step height or weight for lower limb exercises. Levels of

progression were described in the exercise manual.

Outcomes

Each participant was assessed in-home within one week of hospital discharge by an assessor
blind to group allocation, with follow-up assessments at 8 and 26 weeks post-discharge. The
primary outcome measure was the physical functioning of study participants, using the SF-36 PF
scale (version 2).[18] SF-36 has demonstrated reliability, validity and responsiveness in the post-
ICU population, [34] and is the most common instrument used for assessing health status in this

patient cohort.[3, 4, 8, 9]

Secondary outcome measures were exercise capacity measured using the 6MWT; [19] and
HRQOL. The 6MWT was performed twice at each assessment, to account for any learning effect,
with the best result recorded for analysis. During the 6MWT, participants were directly observed
and monitored continuously by the assessor using a portable pulse oximeter (measuring pulse rate
and oxygen saturation), with their exertion level assessed and documented during the test [19]
using the Borg perceived exertion scale. [33] Additional aspects of HRQOL were measured using
the Physical Component Summary (PCS) and Mental Component Summary (MCS) scales, which

combine information from all eight domains of SF-36.[18]



Statistical methods

Data were entered into a purpose-built MS Access database at the 3 coordinating sites; monthly
site reports on enrolment, randomisation and participant follow-up were submitted to one central
site and monthly summaries of the whole cohort reviewed by our team. Analysis was by
intention-to-treat, and was conducted for the primary outcome (SF-36 physical functioning; PF)
and three secondary outcomes, the 6MWT distance, the physical component summary (PCS) and
the mental component summary (MCS) scores of SF-36. The SF-36 scales (PF, PCS and MCS)
were calculated as per the user’s manual.[18] The eight raw domain scores were transformed to a
score range of 0-100 (a higher score represents better functioning / HRQOL). Domain scores
were then further summarised into PCS and MCS scores using z-scores with each domain mean
and standard deviation derived from Australian normative data.[35, 36] The component aggregate
score was calculated by summing the weighted z-scores using factor score coefficients from
normative population data as weight. The aggregate component scores and the PF domain z-score
were then converted to norm-based scores (NBS) as: NBS =50 + (z-score x 10).[36] Norm-based
scores are interpreted in relation to the population mean of 50 and a standard deviation of 10.
Baseline characteristics of both groups were described in terms of percentages for categorical

variables and mean and standard deviation for continuous variables.

Study hypotheses were tested with mixed linear regression models estimated by residual
maximum likelihood using SAS Proc Mixed.[30] Fixed effects were estimated for randomisation
group (to test for differences between groups at 8 weeks), time (to test for change from 8 to 26
weeks), and a group by time interaction (to test for differences in change by group), with the
baseline level of the outcome variable included as a covariate. Each model included a random

person specific intercept to account for within person correlation. Patient characteristics



considered to be potential confounders (age, gender, APACHE Il scores, days in ICU, days in
hospital) and site were included as covariates. Covariates were retained if: 1) there was evidence
of confounding (estimates of treatment effect differed markedly between adjusted versus
unadjusted models); 2) they explained significant variation in the outcome; 3) they improved the
precision of the estimates of treatment effect. The F-test was used to test for the significance of
effects and the adjusted mean levels of each outcome variable were calculated for each group at 8
and 26 weeks (adjusted for baseline levels). As a secondary descriptive analysis, individual
change scores were calculated between baseline (week 1 post-hospital discharge) and at 8 and 26
weeks. Within-group effect size was calculated as mean change from baseline/standard deviation
at baseline, and between-group effect size was calculated as the difference between groups in

mean change from baseline divided by the pooled standard deviation for change.[37]

Results

Study recruitment occurred from June 2005 — August 2008, with final follow-up data collection
completed in February 2009. Of the 5,980 patients screened, 5,655 were excluded; the main
reasons were excessive distance from the study sites precluding home visits, neurological or
spinal dysfunction precluding physical training, and palliative care / not expected to survive ICU
admission (Figure 1). Of the 195 patients randomised during their post-ICU hospitalisation, 93%
provided primary outcome data at week 1 post-hospital discharge. Their subsequent response rate
was 95% (97% control and 92% intervention) at 8 weeks and 88% (93% of control and 85% of

intervention) at 26 weeks. Eleven patients died and 16 withdrew during the study period (Figure

1).



Characteristics for the intervention and control groups were similar at baseline (Table 1). The
mean age of the sample was 57 years, and 61% were male. Both groups had a median ICU length
of stay of 6 days and median hospital length of stay of 18.5 days. The overall median period of
mechanical ventilation was 90 hours, with a mean Day 1 APACHE 11 score of 19.5. Fifty-five
percent of participants had a non-operative diagnosis. The most prevalent APACHE IlI
diagnostic groups on admission were gastrointestinal (30%), respiratory (24%) and
cardiovascular (20%), with 8% sepsis and 6% trauma diagnoses. The baseline (week 1) mean
norm-based PF scores were 27.1 and 28.8 for the intervention and control groups respectively,
and the 6MWT distance was 291 and 324 metres (Table 1). Physical functioning at baseline did
not differ significantly between those with complete and incomplete data (p=0.86).

There were no significant group effects or group by time interactions (see Table 2) for PF, and no
significant covariates after adjusting for baseline PF. This was also the case for 6MWT, MCS and
PCS (Table 2). Other domains for SF-36 were also comparable between groups at all time points
(Table 4 details the domain scores for the two groups). The time effect was significant for PF
(p=0.034) and 6MWT (p=0.0003), but not for PCS (p=0.06) or MCS (p=0.97). Both control and
intervention groups showed similar improvements between week 1 and week 8, and week 1 and
week 26 for the PF and 6MWT, and the PCS and MCS (see Table 3). Clinically important change
scores of 12 (control) and 13 (intervention) for the mean PF were noted at 8 weeks. The change
scores between weeks 1 to 26 were 14 and 15 respectively, with little additional improvement
from the 8 week assessment. Change scores for 6MWT distance were 80 and 89 metres at 8
weeks, and 116 and 126 metres at 26 weeks, for the control and intervention groups respectively
(Table 3). Effect sizes for the impact of the intervention were very small for all measures at 8 and

26 weeks (Table 3), consistent with the mixed linear regression models (Table 2).



Discussion
Major findings

Our main findings were that this home-based rehabilitation intervention had no significant effect
on physical recovery and functional status, when compared to significant improvements over
time, particularly during the first 8 weeks post-hospital discharge. Both groups improved their

physical endurance and HRQOL with a similar trajectory at 8 and 26 weeks.

Possible reasons for lack of difference between the groups were: 1) Natural recovery in this cohort
overwhelmed any differences afforded by training; 2) Lack of compliance by intervention group
participants, as exercise training was unsupervised except for 3 occasions during the 8 weeks; 3)
Prospective measurement of the control group at 8 and 26 weeks may have influenced outcomes
by encouraging participation in exercise; 4) Training intensity was not adequate, although this was
unlikely given that this was individualised, based on 6MWT results and progressed as able. Even
at 8 weeks the 6MWD was only approximately 408 metres suggesting that using 6MWD as a way
of prescribing intensity was still adequate. Had the 6MWD been near to predicted normal (600m)
this might have suggested that other means of exercise training where intensity could be higher
e.g. running, treadmill exercise, would have been required. Some of these issues are discussed in

the ‘study limitations’ below.

This sample of survivors of a critical illness was broadly representative of the 83,000 patients
admitted to public-sector general adult ICUs in Australia each year, in terms of APACHE Il score
(19.5 vs 15) and mechanical ventilation hours (91 vs 71), with our study inclusion criteria of > 48

hours of ICU admission and > 24 hours of mechanical ventilation probably accounting for these



differences. (An additional 36,000 adults are admitted to ICUs in private hospitals but their
clinical profile is different [APACHE Il = 13; median mechanical ventilation hours = 44; ICU
mortality = 2.7% vs 7.5%][1]). The mortality rate for study participants at 6 months was 6%
(11/183), within our a priori expectations of 10%, although we have no data on those participants
who withdrew prior to (n = 12) or after the week 1 assessment (n = 16) or were lost to follow-up

(n=7).

A recent systematic review[38] of 53 observational studies noted decreased HRQOL in survivors
of a critical illness compared to age and gender-matched populations. In relation to other
intervention studies from the United Kingdom, our participants at week 1 and week 26 were
remarkably similar to a recent equivalent randomised clinical trial of nurse-led ICU follow-up
clinics in 3 hospitals (median age = 57 years; 60% males; APACHE Il = 19; ICU LOS was
higher in our study, 6 vs. 3 days; mechanical ventilation hours not reported).[14] Their
intervention also included a manual-based, self-directed physical rehabilitation program from in-
hospital to 3 months post-hospital discharge, and clinic appointments at 3 and 9 months. The PCS
at week 1 was 32 in our study, compared to 33 (n=286) in the U.K. study. At week 26, the PCS in
our study was 43, compared to 40 (n=220). Interestingly, this trial also did not demonstrate an
intervention effect, and noted the possible reasons for this null finding as an ineffective
intervention package, timing of the first intervention, no account for cognitive factors that may

influence recovery, or too broad an inclusion criteria (particularly in relation to ICU LOS).[14]

In contrast, an earlier study of a 6-week self-help rehabilitation manual with phone follow-up
compared to usual care (ward visits, 3 post-discharge phone-calls, and ICU follow-up clinics at 8
weeks and 6 months), demonstrated an effect on the PF at 6 months; scores for the control and

intervention groups were 40 and 50 respectively (n = 44 and 58).[15] These scores for the control



group were again similar to our findings of approximately 42 for both groups. Only modest
improvements on the PF were also noted from 8 weeks to 6 months,[15] again similar to our

findings from 8 to 26 weeks. Neither of these two studies assessed walk function.

Overall, participants from both the control and intervention groups improved their 6MWT
distance by 27% at 8 weeks and 39% at 26 weeks from the week 1 assessments. These
improvements of 89 and 120 metres compared favourably with increases from pulmonary
rehabilitation programs for patients with moderate-severe lung disease (35 metres; 10%
improvement)[17] and diffuse lung disease (34 metres).[39] In an observational study of ARDS
patients (n=109), a median 6MWT distance of 396 metres at 6 months (n=78; APACHE Il = 23;
ICU LOS = 25 days; mechanical ventilation = 21 days) compared favourably to the 430 metres in

our sample of less sick patients.[40]

The 8 week intervention of 3 home visits for at least 1 hour of supervised training, 4 telephone
follow-ups, and an expected 2-3 unsupervised participant training sessions per week for the 8-
week program was consistent with studies of COPD patients.[41, 42] Recent clinical practice
guidelines recommend high-intensity aerobic training (60-80% of peak effort) and strength

training for COPD patients.[43]

A small RCT of early physical therapy in ICU in combination with daily interruption of sedation
demonstrated that the intervention group participants were 2.7 times more likely to return to
independent functional status at hospital discharge. Median walking distance at hospital
discharge for the intervention group (n=49) was 33 metres (range 0-91m), compared to 0 metres
(0-30m) for the control group (n=55).[44] Findings from a current single-site randomised study

of a post-ICU and outpatient clinic rehabilitation program is anticipated to add further



understanding to the effect of these types of interventions on function across the continuum of

recovery.[45]

A recent systematic review of 12 RCTs of cardiac rehabilitation noted superior adherence to a
home-based program, with centre-based programs having sub-optimal participation because of
access, dislike of groups and other commitments.[16] However, others have noted that an
individually tailored exercise level was not sufficient to influence functional outcomes in

hospitalised acute medical patients aged 65 years or older.[46]

The burden for survivors of a critical illness has been well documented in many observational
studies, where the recovery trajectory is often prolonged and sub-optimal.[4] Intervention studies
with this clinical cohort are however less common. To our knowledge this was the first study
internationally to use a home-based rehabilitation program with trainer visits in this patient
group. An individualised, home-based program negates the need to attend an outpatient clinic
located in a hospital on a regular basis. This is particularly important for individuals who reside
in regional or rural areas but were treated in a metropolitan ICU, as well as those who choose not
to or are unable to participate in hospital-based programs for other reasons such as lack of
mobility. The provision of a program through local community health services would allow
survivors of a critical illness to engage in the program regardless of place of residence and other

mobility and access constraints.
Study limitations

A number of limitations are noted. Although based on previous equivalent work,[15] our
hypothesised treatment ‘effect’ of a 10-point difference in the PF was optimistic, with no
clinically or functionally important differences noted between groups at either post-intervention

measurement; both groups improved by an average 12 points at 8 weeks (not 5 and 15 points for



the control and intervention groups, respectively). Effectiveness of the rehabilitation program
may be improved by increasing the intensity, frequency and training support, but this requires
further investigation, particularly in relation to participant safety in a home-based context.
Importantly and similar to an earlier study, [14] our collective knowledge of physical
rehabilitation in this cohort has advanced significantly since we designed our intervention,

including a recent focus on in-ICU mobility. e.g. [47-50]

Our target recruitment sample of 240 was not achieved despite screening almost 6000 patients
over 39 months, including a 12-month extension of the project from the grant funding body and
inclusion of additional recruitment sites (recruitment ceased because of timeframe and funding
constraints). Our screening data noted a significant proportion (28%) of patients admitted to the
city-based recruitment ICUs resided outside metropolitan areas. Following analysis, and as noted

above, the effect size and resulting sample size calculations were too small.

As detailed in Figure 1, large numbers of patients were excluded from this study. Approximately
half of these exclusions were due to the patient not being suitable for rehabilitation (e.g. palliative
care), or having a condition that required different rehabilitation (e.g. neurological dysfunction or
cardiac disease where rehabilitation was provided). Some of the exclusions were the result of
limitations of a research setting (e.g. living too far away from a study hospital), and these
individuals living distant from tertiary level hospitals could benefit if an effective intervention is

able to be identified.

The three assessment visits for the control group were additional to ‘usual care’. While this
contact was unavoidable and may have had a placebo effect, any effect would reduce the
apparent effectiveness of the intervention. The treatment effect was therefore measured relative to

the control group in the study, while in practice the comparator would be usual care without



assessment contact. Measurement of physical activity in a trial can also influence participant
behaviour.[51] We have no way of knowing how participants in our control group responded to

their BMWT assessments, possibly changing their physical activity behaviour.

We were unable to objectively assess the compliance of training for the intervention group, and
relied on self-reports of participants during trainer home visits and follow-up phone calls. Finally,
given that we demonstrated no added effectiveness from the intervention compared to the control,

the lack of an economic evaluation was of no practical consequence.
Implications for practice

From a practice perspective, the benefits of a systematic approach and equitable access to post-
ICU rehabilitation services remains unclear for facilitating the recovery of survivors to their
optimal physical, psychological and social function. While not demonstrating effectiveness of the
intervention, actual delivery of this home-based program was feasible for participants and
trainers. If an effective intervention can be identified, then using a home-based approach may be
of value for some individuals unable to attend hospital outpatient clinics because of location,

travel limitations or other reasons.
Recommendations for future research

Future research should explore strategies to increase the effect size of any proposed intervention,
and implement appropriate screening processes to identify individuals who would benefit most
from a rehabilitation program; that is those with demonstrated functional weakness or

impairment.



Conclusions

This study used a multi-centre randomised controlled trial design to examine the efficacy of a
novel application of physical rehabilitation practices to an important but often heterogeneous
group of patients — survivors of a critical illness. The study addressed outcomes that are
meaningful for patients and society — functional ability and well-being following a critical illness,
and also targeted a health problem that is likely to increase as the population ages, contributing to

an area in which there are currently minimal rigorous intervention studies.

While these null findings noted no significant effect on physical recovery when compared to
improvement over time, the results do provide a baseline to further develop and test interventions

aimed at improving the recovery trajectories for survivors of a critical illness.

Key messages

= Reviews of observational studies confirm significant physical and psychological sequelae
for a substantial proportion of critical illness survivors

= There are mixed findings from the limited number of intervention studies that tested the
effectiveness of physical rehabilitation programs for survivors of a critical illness, and no
studies have tested a home-based program using trainer visits

= This study demonstrated that a home-based physical rehabilitation program was no more
effective than usual care in improving physical function or health-related quality of life
for survivors of a critical illness at 6 months following hospital discharge

= Further work is required to improve the effect of any interventions for survivors of a

critical illness



Competing interests

The authors declare that they have no competing interests.

Abbreviations

6MWT; Six Minute Walk Test, 8RM;8-repetition maximum, APACHE; Acute Physiology and
Chronic Health Evaluation, ARDS; Acute Respiratory Distress Syndrome, CONSORT;
Consolidated Standards of Reporting Trials, COPD; Chronic Obstructive Pulmonary Disease,
HRQOL,; Health Related Quality of Life, LOS; Length of Stay, MCS; Mental Component
Summary score (of SF-36), NBS; Norm-Based Scoring (of SF-36), PCS; Physical Component
Summary score (of SF-36), PF; Physical Function scale (of SF-36), RCT; Randomised
Controlled Trial, SAS; Statistical Analysis Software, SD; Standard Deviation, SF-36 (Medical

Outcomes Study); Short Form-36 Health Survey.

Authors’ contributions

DE conceived the study and took responsibility for the design, implementation and reporting of
the study. DE, SM, JA, LA and MK developed the study design and methods. All authors
contributed to the conduct of the study including participant recruitment and follow-up, data
collection and management. JA specifically led development of the exercise manual. MK, SM
and DE contributed to the statistical analysis plan and power calculations. Analyses were
conducted by PK and EB. DE, SM, JA, LM, MK had full access to all of the data in the study and

take responsibility for the integrity of the data and the accuracy of the data analysis. PT was the



project manager, and GL, PT, RF and EB acted as site coordinators. DE drafted the manuscript
and all other authors critically revised it for important intellectual content and approved the final

version for publication.
Author affiliations for PT and RF were for at the time of the project.

All authors declare that they accept full responsibility for the conduct of the study and controlled
the decision to publish. All authors declare that they have no conflicts of interest (financial or

personal relationships or affiliations) that could influence our decisions, work, or the manuscript.

Acknowledgements

Thanks to our participants and families for their involvement during a stressful time in their lives.
Thanks to our project staff, including Selina Hole, David Wastell, Mary Fien, Anne Limpic,
Mary Maxwell, Eleanor Rose, Jacelle Lang, Lydia Gawa and Teresa Williams for screening and
enrolment of patients and data collection; Dena Hogben, Marianne O’Reilly, Kylie Leach, Ashley
Job, Naomi Hammond, Nicohle Kenney, Jennie King, Jacquie Hyslop, Sheridan Hatter, Leonie
Weisbrodt, Debbie Carney, Leanne Jack, Renae Deans, Claire Bertenshaw, Janine Stuart, Melissa
Lassig-Smith, Mary Nolan, Leeona Smith for screening and enrolment of patients; Jill Dent,
Monika Fluckiger, Elizabeth Robertson, Sally Cumming, Renee Subacius and Belinda Green for
data collection; Linda Parker, Ann Tully, Shane Patman, Meagan Jerome, Tenille Ricketts and
Amanda Simmonds for provision of the study intervention; and Phillip Johnson for assistance

with database construction.

This work was supported by the Australian National Health and Medical Research Council

(Project Grant 352407).



References

1.

10.

11.

12.

13.

14.

15.

16.

Drennan K, Hicks P, Hart GK: Intensive care resources and activity: Australia & New
Zealand 2007/2008. Melbourne: Australian and New Zealand Intensive Care Society;
2010.

Williams TA, Dobb GJ, Finn JC, Knuiman MW, Geelhoed E, Lee KY, Webb SAR:
Determinants of long-term survival after intensive care. Crit Care Med 2008,
36:1523-1530.

Adamson H, Elliott D: Quality of life after a critical illness: a review of general ICU
studies 1998-2003. Aust Crit Care 2005, 18:50-60.

Dowdy DW, Eid MP, Sedrakyan A, Mendez-Tellez PA, Pronovost PJ, Herridge MS,
Needham DM: Quality of life in adult survivors of critical illness: a systematic review
of the literature. Intensive Care Med 2005, 31:611-620.

Stevens RD, Dowdy DW, Michaels RK, Mendez-Tellez PA, Pronovost PJ, Needham
DM: Neuromuscular dysfunction acquired in critical illness: A systematic review.
Intensive Care Med 2007, 33:1876-1891.

De Jonghe B, Lacherade JC, Durand MC, Sharshar T: Critical illness neuromuscular
syndromes. Neurologic Clinics 2008, 26:507-520.

Griffiths RD, Jones C: Delirium, cognitive dysfunction and posttraumatic stress
disorder. Current Opinion in Anesthesiology 2007, 20:124-129.

Angus DC, Carlet J: Surviving intensive care: a report from the 2002 Brussels
Roundtable. Intensive Care Med 2003, 29:368-377.

Elliott D: Measuring the health outcomes of general ICU patients: a systematic
review of methods and findings. Aust Crit Care 1999, 12:132-140.

Griffiths JA, Morgan K, Barber VS, Young JD: Study protocol: The Intensive Care
Outcome Network(*ICON') study. BMC Health Services Research 2008, 8:132.
Davydow DS, Gifford JM, Desai SJ, Bienvenu OJ, Needham DM: Depression in general
intensive care unit survivors: a systematic review. Intensive Care Med 2009, 35:796-
809.

Griffiths J, Fortune G, Barber V, Young JD: The prevalence of post traumatic stress
disorder in survivors of ICU treatment: a systematic review. Intensive Care Med
2007, 33:1506-1518.

Rubenfeld GD, Curtis JR: Health status after critical illness: Beyond descriptive
studies. Intensive Care Med 2003, 29:1626-1628.

Cuthbertson BH, Rattray J, Campbell MK, Gager M, Roughton S, Smith A, Hull A,
Breeman S, Norrie J, Jenkinson D, Hernandez R, Johnston M, Wilson E, Waldmann C:
The PRaCTICal study of nurse led, intensive care follow-up programmes for
improving long term outcomes from critical illness: a pragmatic randomised
controlled trial. British Medical Journal 2009, 339:b3723.

Jones C, Skirrow P, Griffiths RD, Humphris GH, Ingleby S, Eddleston J, Waldmann C,
Gager M: Rehabilitation after critical illness: a randomized, controlled trial. Crit
Care Med 2003, 31:2456-2461.

Dalal HM, Zawada A, Jolly K, Moxham T, Taylor RS: Home based versus centre based
cardiac rehabilitation: Cochrane systematic review and meta-analysis. British
Medical Journal 2010, 340:b5631.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.
31.

32.

Puhan M, Scharplatz M, Troosters T, Walters EH, Steurer J: Pulmonary rehabilitation
following exacerbations of chronic obstructive pulmonary disease. Cochrane
Database Syst Rev 2009, 1:CD005305.

Ware JE, Snow KK, Kosinski M: SF-36 Version 2 Health Survey: Manual and
Interpretation Guide. Lincoln: Quality Metric Incorporated; 2000.

American Thoracic Society: Guidelines for the six-minute walk test. Am J Resp Crit
Care Med 2002, 166:111-117.

Elliott D, McKinley S, Alison JA, Aitken LM, King MT: Study protocol: Home-based
physical rehabilitation for survivors of a critical illness. Crit Care 2006, 10:R90 (97
pages).

Schulz KF, Altman DG, Moher D: CONSORT 2010 statement: updated guidelines for
reporting parallel group randomised trials. . British Medical Journal 2010, 340:698-
702.

Kelly MA, McKinley S: Patients' recovery after critical illness at early follow-up. J
Clin Nurs 2010, 19:691-700.

Boyle M, Murgo M, Adamson H, Gill J, Elliott D, Crawford M: The effect of chronic
pain on health related quality of life amongst intensive care survivors. Aust Crit Care
2004, 17:104-113.

Schelling G, Richter M, Roozendaal B, Rothenhausler HB, Krauseneck T, Stoll C, Nollert
G, Schmidt M, Kapfhammer HP: Exposure to high stress in the intensive care unit
may have negative effects on health-related quality-of-life outcomes after cardiac
surgery. Crit Care Med 2003, 31:1971-1980.

Schelling G, Stoll C, Haller M, Briegel J, Manert W, Hummel T, Lenhart A, Heyduck M,
Polasek J, Meier M, Preuss U, Bullinger M, Schiiffel W, Peter K: Health-related quality
of life and posttraumatic stress disorder in survivors of the acute respiratory distress
syndrome. Crit Care Med 1998, 26:651-659.

Ware JE: SF-36 health survey update. Spine 2000, 25(24):3130-3139.

Needham DM, Dennison CR, Dowdy DW, Mendez-Tellez PA, Ceisla N, Desai SR,
Sevransky J, Shanoltz C, Scharfstein D, Herridge MS, Pronovost, PJ: Study protocol:
The improving care of acute lung injury patients (ICAP) study. Crit Care 2006,
10(R9):1-11.

Murgo M, Adamson H, Blaszczyk M, Boyle M, Crawford M, Elliott D, Fairbrother, G,
Gardner, G, Gill, J, Kerr, S, Kingsbury, A: The incidence of chronic pain amongst
intensive care survivors and its relationship to health related quality of life
[abstract]. Aust Crit Care 2003, 16:155.

Chelluri L, Im KA, Belle SH, Schulz R, Rotondi AJ, Donahoe MP, Sirio CA, Mendelsohn
AB, Pinsky MR: Long-term mortality and quality of life after prolonged mechanical
ventilation. Crit Care Med 2004, 32:61-69.

SAS Institute Inc: SAS/STAT 9.22 User's Guide. Cary, NC: SAS Institute Inc.; 2010.
Alison J, Barrack C, Cafarella P, Frith P, Hanna C, Hill C, on behalf of the Australian
Lung Foundation: The Pulmonary Rehabilitation Toolkit. 2009
[http://www.pulmonaryrehab.com.au].

Leung R, Alison JA, McKeough ZJ, Peters M: Ground walk training improves
functional exercise capacity more than cycle training in people with chronic
obstructive pulmonary disease (COPD): a single blind randomised controlled trial. J
Physiother 2010, 56:105-112.


http://www.pulmonaryrehab.com.au/

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Borg GA: Psychophysical bases of perceived exertion. Medicine and Science in Sports
and Exercise 1982, 14:377-381.

Chrispin PS, Scotton H, Rogers J, Lloyd D, Ridley SA: Short form 36 in the intensive
care unit: assessment of acceptability, reliabilty and validity of the questionnaire.
Anaesthesia 1997, 52:15-23.

Australian Bureau of Statistics: National Health Survey: SF36 Population Norms,
Australia, 1995. In. Canberra: Australian Bureau of Statistics; 1997.

Hawthorne G, Osborne RH, Taylor A, Sansoni J: The SF36 Version 2: critical analyses
of population weights, scoring algorithms and population norms. Qual Life Res 2007,
16:661-673.

Yancy WSJ, Almirall D, Maciejewski ML, Kolotkin RL, McDuffie JR, Westman EC:
Effects of two weight-loss diets on health-related quality of life. Qual Life Res 2009,
18:281-289.

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

Holland AE, Hill CJ, Conron M, Munro P, McDonald CF: Small changes in six-minute
walk distance are important in diffuse parenchymal lung disease. Respiratory
Medicine 2009, 103:1430-1435.

Herridge MS, Cheung AM, Tansey CM, Matte-Marmtyn A, Diaz-Granados N, Al-Saidi
F, Cooper AB, Guest CB, Mazer CD, Mehta S, Stewart TE, Barr A, Cook D, Slutsky AS:
One-year outcomes in survivors of the acute respiratory distress syndrome. New
England Journal of Medicine 2003, 348:683-693.

Maltais F, Bourbeau J, Shapiro S, Lacasse Y, Perrault H, Baltzan M, Hernandez P,
Rouleau M, Julien M, Parenteau S, Paradis B, Levy RD, Camp P, Lecours R, Audet R,
Hutton B, Penrod JR, Picard D, Bernard S: Effects of home-based pulmonary
rehabilitation in patients with Chronic Obstructive Pulmonary Disease. Annals of
Internal Medicine 2008, 149:869-878.

Solanes I, Guell R, Casan P, Sotomayor C, Gonzalez A, Feixas T, Gonzalez M, Guyatt G:
Duration of pulmonary rehabilitation to achieve a plateau in quality of life and walk
test in COPD. Respiratory Medicine 2009, 103:722-728.

Ries AL, Bauldoff GS, Carlin BW, Casaburi R, Emery CF, Mahler DA, Make B,
Rochester CL, ZuWallack R, Herrerias C: Pulmonary Rehabilitation. Chest 2007, 131(5
suppl):4S-42S.

Schweickert WD, Pohlman MC, Pohlman AS, Nigos C, Pawlik AJ, Esbrook CL, Spears
L, Miller M, Franczyk M, Deprizio D, Schmidt GA, Bowman A, Barr R, McCallister KE,
Hall JB, Kress JP: Early physical and occupational therapy in mechanically
ventilated, critically ill patients: a randomised controlled trial. Lancet 2009,
373(9678):1874-1882.

Denehy L, Berney S, Skinner E, Edbrooke L, Warrillow S, Hawthorne G, Morris ME:
Evaluation of exercise rehabilitation for survivors of intensive care: protocol for a
single blind randomised controlled trial. The Open Critical Care Medicine Journal
2008, 1:39-47.

de Morton NA, Berlowitz J, Jackson B, Lim WK: Additional exercise does not change
hospital or patient outcomes in older medical patients: a controlled clinical trial.
Aust J Physiother 2007, 53:105-111.



47.

48.

49.

50.

51.

Hopkins RO, Spuhler VJ: Strategies for promoting early activity in critically ill
mechanically ventilated patients. AACN Adv Crit Care 2009, 20:277-289.

Burtin C, Clerckx B, Robbeets C, Ferdinande P, Langer D, Troosters T, Hermans G,
Decramer M, Gosselink R: Early exercise in critically ill patients enhances short-term
functional recovery. Crit Care Med 2009, 37:2499-2505.

Bourdin G, Barbier J, Burle J, Durante G, Passant S, Vincent B, Badet M, Bayle F,
Richard J, Guerin C: The feasibility of early physical activity in intensive care unit
patients: a prospective observational one-center study. Respiratory Care 2010,
55:400-407.

Pohlman MC, Schweickert WD, Pohlman AS, Nigos C, Pawlik AJ, Esbrook CL, Spears
L, Miller M, Franczyk M, Deprizio D, Schmidt GA, Bowman A, Barr R, McCallister K,
Hall JB, Kress JP: Feasibility of physical and occupational therapy beginning from
initiation of mechanical ventilation. Crit Care Med 2010, 38:2089-2094.

van Sluijs EMF, van Poppel MNM, Twisk JWR, van Mechelen W: Physical activity
measurements affected participants' behavior in a randomized controlled trial. J
Clin Epidemiol 2006, 59:404-411.



Table 1: Sample baseline characteristics

Variable Control Intervention
(n=91) (n=92)
Age mean (sd) 57.5 (15.1) 57.2 (17.0)
Gender % M: 61 M: 62
APACHE Il mean (sd) 19.5 (7.2) 19.4 (12.6)
MV hours mean (sd) 135 (117) 142 (159)
median® (IQR) 91 (48-179) 76 (41-180)
ICU LOS days  mean (sd) 8.6 (7.5) 9.4 (8.7)
median (IQR) 6 (4-10.5) 6 (4-11)
Hospital LOS mean (sd) 23.2 (16.9) 24.8 (20.4)
days
median (IQR)  18.5(12-27.5)  18.5(12-30)
SF-36 PF? mean (sd) 28.8 (10.2) 27.1 (12.3)
6MWT distance mean (sd) 324 (143) 291 (129)
metres ®
SF-36 PCS " mean (sd) 32.7 (8.6) 31.7 (10.0)
SF-36 MCS® mean (sd) 39.8 (13.5) 36.7 (15.1)

APACHE = acute physiology and chronic health evaluation; MV = mechanical ventilation hours;
LOS = length of stay; PCS = physical components summary; MCS = mental components
summary.

# Measured at 1 week post-hospital discharge
® Norm-based score; Australian normative population mean = 50; standard deviation = 10
¢ Medians included only for those variables with skewed distributions



Table 2 Mixed linear regression model: mean outcomes adjusted for week 1 (baseline)

levels
Outcome Week Control Treatment p-value
Physical Functioning 8 41.0 39.9 Group 0.84
26 41.8 42.6 Time 0.034
Group x time 0.68
6 Minute Walk Test 8 395.6 402.5 Group 0.92
distance
26 431.4 428.3 Time 0.0003
Group x time 0.55
Physical Component 8 42.5 40.7 Group 0.39
Summary
26 43.2 42.7 Time 0.06
Group x time 0.37
Mental Component 8 47.1 46.9 Group 0.95
Summary
26 47.0 47.0 Time 0.97
Group x time 0.89
Table 3 Mean change from baseline and effect size at 8 and 26 weeks following
discharge
Control Effect Intervention Effect Difference  Effect
(95%CI) Size? (95%CI) Size? (95%Cl) Size
8 weeks
PF 12.2 (9.9,145) 1.17 12.9 (10.7,15.1) 1.02 0.7 (-2.5,3.8) 0.07

6MWT 80.3(52.3,108.3) 0.55 88.7 (62.6,114.8) 0.69 8.4(-29.6,46.4) 0.07
PCS® 9.9 (7.6,12.2) 1.10 8.6 (6.6,10.5) 0.87 -1.3(-4.3,1.7) -0.14
MCS* 7.8(4.8,10.9) 0.59 9.7 (6.4,12.9) 0.66 1.8(-2.6,6.2) 0.13
26 weeks

PF 13.7 (11.4,16.0) 132  14.6(11.7,17.6) 116  09(-2.7,46) 0.8
6MWT 116.2 (85.6,146.8) 0.80 125.8(98.7,152.9) 0.98 9.6 (-31.4,50.5) 0.08
PCS* 10.6 (8.4,12.8) 1.18 10.9 (8.2,13.6) 1.11 03(-3.2,3.7) 0.03
MCS* 8.1(5.0,11.2) 0.61 9.6 (6.1,13.1) 0.65 15(3.1,6.2) 0.10

CI = confidence interval, PF = physical functioning, 6BMWT = 6 minute walk test distance
(metres), PCS = physical component summary, MCS = mental component summary.

a

Effect size=mean change from baseline/standard deviation at baseline
b

Effect size=(Intervention mean change-Control mean change)/ pooled standard deviation for
change
Norm-based score for Australian normative population mean=50, standard deviation=10.



Table 4 Mean norm-based® SF-36 scores by assessment time point and group

SF-36 Domains Week 1 Week 8 Week 26

Groups C | C | C |
Physical Function 29.1 27.3 41.0 399 418 42.6
Role Function - Physical 25.5 25.1 38.0 38.2 409 42.1
Bodily Pain 43.0 38.7 49.0 46.7 46.9 445
General Health 43.5 41.7 46.0 44.7 45.3 44.8
Vitality 38.1 36.0 46.9 455 47.0 47.6
Social Function 30.1 27.9 449 43.0 445 445
Role Function — Emotional 32.0 28.0 42.4 41.1 42.9 43.6
Mental Health 43.4 40.1 48.2 48.0 48.1 48.4

Physical Component Summary 33.0 316 427 405 429 428
Mental Component Summary 400 36.6 475 469 472 480

C = control, | = intervention.

% Norm-based scores for domain and summary scores are calculated from raw scores using
population-based data for the Australian population; scores are interpreted in relation to a

population mean of 50 and a standard deviation of 10.

Figure 1 : Consort flow diagram of patient recruitment and retention



Satisfied inclusion criteria (n=5980)
18 years old
48 hours ICU length of stay

» 24 hours mechanical ventilation

Excluded (n=5655)
= Not discharged home (n=198)
= Living> SOkm away (n=1652)

Organized rehabilitation (n=846)

Neurological | spinal dysfunction (n=1084)

Insufficient English (n=170)

Palliative care | not expected to survive (n=967)
History of mental illness | noncompliance (n=299)

Other (n=438)

Declined: (n=130)

Randomised
=195
Intervention (n ) Control
Allocated (n =97) Allocated (n=98)
Week 1 (baseline) assessment Week 1 (baseline) assessment
Responded (n=92) Responded (n=91)
Withdrawal (n=3) 183 Withdrawal (n=6)
Lost to follow-up (n=1) Lost to follow-up (n=0)
Died (n=1) Died (n=1)
Week 8 assessment Week 8 assessment
Responded (n=85) Responded (n=88)
Withdrawal (n=3) 173 Withdrawal (n=0)
Lost to follow-up (n=2) Lost to follow-up (n=1)
Died (n=2) Died (n=2)
Week 26 assessment Week 26 assessment
Responded (n=76) Responded (n=85)
Withdrawal (n=2) 161 Withdrawal (n=2)
Lost to follow-up (n=2) Lost to follow-up (n=1)
Died (n=S) Died (n=0)

Figure 1




