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Abstract: Introduction: Intensive care (ICU) survivors have poor quality of life (QoL) and physical outcomes compared 

to people of the same age and sex [1]. Although rehabilitation of patients in ICU is now advocated as routine clinical prac-

tice [2] there are few randomised controlled trials (RCTs) examining patient outcomes. The primary aim of this single 

blind randomised controlled trial is to investigate the efficacy of a comprehensive rehabilitation intervention begun in ICU 

compared to standard care on health related quality of life (HRQoL) and physical function. 

Method: Participants who have been in one tertiary ICU for  5 days, aged 18 years, who can understand written and 

spoken English, will be randomly allocated to receive either standard care or a comprehensive physiotherapy rehabilita-

tion program beginning in ICU and continuing upon discharge to the ward and as an out patient (OP). Blinded assessment 

of the primary outcome measures physical function, health status and HRQoL will be performed at baseline, 3, 6 and 12 

months after discharge. Physical function measures will be obtained at ICU and hospital discharge and for the intervention 

group, pre and post OP classes. The intervention will include individualised exercises prescribed by physiotherapists in 

ICU and on the ward and given by an exercise physiologist and physiotherapist in OP. 

Results: We aim to enrol 200 participants over two years. The study will determine whether comprehensive physiotherapy 

rehabilitation from ICU to discharge and OP attendance will improve physical functioning, health status and quality of life 

in critical care survivors. The cost utility (CUA) and cost effectiveness of such a program will also be evaluated using util-

ity scores and a purpose designed economics questionnaire. Secondary outcomes related to proxy and subject HRQoL 

comparisons, mechanical ventilation, critical illness neuromyopathy, ICU readmission and discharge destination will also 

be examined. 

Conclusion: The outcomes measured are of significance to critical care patients. The CUA of the intervention will be of 

interest to health service providers. The results will enable development of clinical practice guidelines for the appropriate 

exercises in survivors of ICU. 

Registered with the Australian and New Zealand Clinical Trials Network [ACTRN 12605000776606]. 

INTRODUCTION 

 Enhanced life saving technologies in Intensive Care Units 
(ICU) have significantly reduced mortality over the past two 
decades [1-4]. Improved life saving ability in conjunction with 
external factors, such as rapid population ageing in Western 
societies, has increased the demand for Intensive Care [5]. 
Intensive care services can be expensive for many hospitals 
and the cost of ICU has recently been estimated at 0.56% of 
GDP in the United States [6]. People who remain in ICU for 
prolonged periods of time (> 10-14 days) disproportionately 
consume resources. In Australia, for example, the average 
daily cost of an ICU bed is AUD$2500 -$3000 per day and 
this comprises 20% of hospital expenditure [7]. 
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 Previous ICU evaluations have mainly focused on mor-
tality as an outcome. There has been less focus on the health 
related quality of life (HRQoL) of ICU survivors [8]. Where 
high rates of survival are achieved, optimising good quality 
of life should be a goal of management [5, 9-12]. It can be 
argued that interventions need to be developed that not only 
improve survival, yet also improve the HRQoL of these sur-
vivors. There are few intervention studies where the HRQoL 
and physical function of ICU survivors have been reported 
or an economic evaluation carried out, particularly in Austra-
lia. 

 Several observational studies have shown poor physical 
outcomes and HRQoL in ICU survivors [1, 13-15]. Usually 
the physical performance of survivors is most affected [11, 
16]. At six and 12 months follow up, health status measured 
using the SF36V2 is lower in patients compared with the 
population norm [1, 17]. 
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 A possible contributor to poor outcomes is that critically 
ill patients can experience muscle weakness and decondition-
ing. These may result from prolonged periods of inactivity, 
catabolism and drug administration (e.g. sedative and neu-
romuscular blocking agents, corticosteroids) and can last for 
months post ICU discharge [18]. Severe and prolonged 
weakness is present in up to 25% of patients mechanically 
ventilated for greater than seven days [19]. This ICU ac-
quired weakness is also an independent predictor of pro-
longed weaning from mechanical ventilation [20, 21]. Ac-
quired ICU weakness may last for months post ICU dis-
charge [18]. This may impact on physical function of survi-
vors of ICU and may be associated with poor HRQoL post 
discharge. 

 Physiotherapy is integral to patient management in the 
ICU of hospitals in developed countries [19, 22, 23]. Current 
research is directed towards the acute respiratory manage-
ment of patients. This shows improved short term physio-
logical outcomes when compared with no treatment or posi-
tioning alone [24-27]. The assessment and management of 
neurological and musculoskeletal complications and the pro-
vision of exercise are other important components of the 
physiotherapist’s role [23, 28]. 

 Exercise in ICU aims to mobilise patients early and fa-
cilitate weaning from mechanical ventilation [29], optimise 
oxygenation [30], and improve function by increasing 
strength and endurance [31]. There is no reliable and valid 
exercise outcome measure to aid exercise prescription and 
measure early patient outcomes, making research in the area 
difficult. As a result, there are currently no exercise guide-
lines for rehabilitation of ventilated patients and few trials 
investigating the effect of physiotherapy rehabilitation upon 
function [18, 32-34]. As far as we are aware there are no 
published economic evaluations of physiotherapy rehabilita-
tion in ICU. 

 Studies are therefore needed that evaluate the longer term 
outcomes for ICU survivors, particularly physical function, 
HRQoL and economic analyses using specifically designed 
exercise programs from early hospital admission to beyond 
discharge [2, 35]. Thus the primary aims of this trial are to: 

(1) Investigate the outcomes of an intensive early ICU, 
hospital and outpatient exercise intervention com-
pared to standard care on HRQoL and physical func-
tion in patients with an ICU length of stay (LOS)  5 
days 

(2) Establish the HRQoL and physical function of Aus-
tralian critical care survivors up to 12 months after 
ICU discharge and to 

(3) Evaluate the cost effectiveness (CUA) of the exercise 
intervention as a treatment for ICU survivors. 

Research Hypotheses for the Primary Aims 

(H1) Patients who undergo intensive rehabilitation, when 
compared with standard care, will have improved 
physical function and HRQoL. 

(H2) Improvements in HRQoL will be maintained for 12 
months following the comprehensive physiotherapy 
rehabilitation program. 

(H3) The physiotherapy intervention will be more cost 
effective than standard care. 

 The secondary aim is to investigate the effect of an early 
ICU exercise intervention on the duration of mechanical ven-
tilation, length of ICU stay and rate of ICU re-admission. 

 The study will yield useful information based upon these 
secondary outcomes but apriori hypotheses have not been 
formulated as there is insufficient research available upon 
which to base the hypotheses for these aims. 

MATERIALS AND METHODS 

 This single blinded randomised controlled trial (RCT) at 
Austin Health in Melbourne, Australia, will evaluate a com-
prehensive physiotherapy rehabilitation intervention in survi-
vors of ICU compared with current standard care including a 
12 month follow up. Health status is measured using the Short 
form 36 version 2 (SF36v2) [36] and health related quality of 
life (HRQoL) using the Assessment of Quality of life and util-
ity instrument (AQoL), [37]. Physical function is measured 
using the ‘PFIT’ test [38], six minute walk test (6 MWT, 
[39]), timed up and go test (TUG, [40]) and physical function-
ing subscale of the SF36v2. Quality-adjusted life years (QA-
LYS) will be calculated from the SF36V2 using Brazier et al's 
SF6D [41] and also the AQoL. Costs will be assessed using a 
purpose-designed health economics questionnaire and a cost-
utility analysis (CUA) and cost effectiveness analysis (CEA) 
conducted alongside the clinical trial. 

PARTICIPANTS 

Sample Size 

 Based on the primary outcome of physical function 
measured using the 6 minute walk test, using preliminary 
results from [42] (n =54) but reducing improvement between 
groups to 50m (from 80m) with a standard deviation of 
110m, the required sample is 152. Six months post ICU dis-
charge is the time point used for this sample size calculation. 
Based on the primary outcome of HRQoL as assessed by the 
AQoL, the critical effect size is greater than 0.13 utilities 
[43]. Using alpha = 0.05 and power = 0.80, and an effect size 
of 0.2 in AQoL, the required sample size is 160 cases [44]. 
Allowing for 20% mortality [45] for the Austin Hospital ICU 
Melbourne Australia from the period January 2004 to August 
2005 and 15% from drop outs the total number of partici-
pants in the sample size will be increased to 200 if necessary. 
Over 2 years of recruitment this number of participants is 
feasible since the Austin Hospital is a level 3 ICU with 20 
beds and has an estimated 250 patients per year who stay 
five days or more in the ICU [45]. 

Inclusion and Exclusion Criteria 

 Two hundred participants in the ICU at Austin Health in 
Melbourne, Australia and meeting the inclusion criteria will 
be recruited. 

 Inclusion criteria: i) age 18 years, ii) ICU length of stay 
 5 days, iii) able to understand written and spoken English, 

iv) reside in greater Melbourne defined as within a radius of 
50km from Austin Health in Heidelberg and v) the intensive 
care specialist agrees to their participation. An ICU length of 
stay  5 days was deemed to represent patients with a ‘pro-
longed ICU stay’. This was defined as double the average 
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length of stay for ICU survivors in a recent 18 month period 
(2.5 days) at Austin Health, Melbourne. Patients will be ex-
cluded if they i) have major disorders which affect the cen-
tral nervous system resulting in permanent weakness that is 
not responsive to exercise training for example neurosurgical 
intervention, spinal-cord injury (these patients have existing 
tailored multidisciplinary rehabilitation programmes), ii) 
have conditions that would render participation in exercise 
hazardous, such as unstable fractures, iii) are assessed by 
medical staff as approaching imminent death or withdrawal 
of medical management is being considered within 48 hours, 
iv) have an ICU length of stay greater than 5 days due solely 
to the lack of a suitable general ward bed and v) would have 
been unable to perform the study physical outcome measures 
pre-morbidly due to a condition impairing their mobility. 

Recruitment and Randomisation 

 Patients meeting the above criteria will be asked to par-
ticipate. Written informed consent from the patient or their 
next of kin will be sought. If the next of kin provides initial 
consent, the participant will be asked to consent once they 
are able. Information regarding screening including the 
numbers of participants screened and the reasons for exclu-
sion will be recorded following CONSORT guidelines [46]. 

 Within strata, participants will be randomly assigned to 
receive either standard care plus comprehensive rehabilita-
tion or standard care alone. Participants are not informed 
about their group allocation, however, once asked to return 
to out patient exercise classes after discharge the group allo-
cation may be deduced. The strata are diagnosis classifica-
tion (medical/surgical) and mechanical ventilation at day five 
(Yes/No), giving four possible randomisation groups. A stat-
istician from the Department of Mathematics and Statistics at 
The University of Melbourne will perform the randomisation 
by creation of a random numbers table and use of colour 
coded (for stratification) opaque numbered envelopes. The 
intervention physiotherapist will receive an appropriate col-
oured envelope from the physiotherapy administrative offi-
cer once they report on the diagnosis and mechanical ventila-
tion status of the participant. A third independent person will 
confirm the envelope matches the stratification group neces-
sary prior to opening. Once opened the group allocation and 
envelope number are recorded and the envelope stored. 

PROCEDURE 

 The Human Research Ethics Committee of Austin Health 
approved the study and the protocol is registered with the 
Australian and New Zealand Clinical Trials Registry 
ACTRN 12605000776606. 

 The planned flow of participants through the study is given 
in Fig. (1). Once consent is obtained participants will be re-
ferred to a physiotherapist who will administer the HRQoL 
questionnaires to the patient and/or the patient proxy (next of 
kin) before randomisation. If the patient is awake they will 
also perform the baseline ‘PFIT’ test. Participants will then be 
randomly assigned to receive the intervention or standard care. 

Standard Care 

 Both groups will receive usual medical, physiotherapy 
and nursing care in the ICU ward and upon discharge home. 
Standard physiotherapy care in the ICU involves assessment 

and treatment of the respiratory system and may include po-
sitioning, hyperinflation techniques and suctioning [35]. The 
physical function of the patient is assessed and active bed 
exercises and mobility are encouraged as soon as possible 
and may include sitting out of bed, marching on the spot or 
ambulating. In the ward functional activities are encouraged, 
with an emphasis on mobility. Participants may participate in 
functional maintenance exercise classes. Any participants 
may be transferred to a rehabilitation facility if deemed nec-
essary as per standard care. The ward physiotherapist is in-
volved in discharge planning for all participants. 

Physiotherapy Rehabilitation (Intervention) 

 The intervention group will receive an intensive rehabili-
tation protocol commencing during their ICU stay. Once 
participants fulfil the inclusion criteria and are safe to exer-
cise according to defined criteria (refer to Table 1) they will 
commence the intensive rehabilitation program in the ICU. 
The intervention protocol will consist of an exercise regimen 
based on performance of the baseline ‘PFIT’ test. Exercises 
will include sitting out of bed, sit to stand exercise with or 
without assistance, marching on the spot and active shoulder 
elevation. These exercises are consistent with regimens used 
by Australian physiotherapists as reported in pilot data ob-
tained from an Australia wide survey [38] undertaken prior 
to study commencement. For participants unable to sit out of 
bed or stand up, upper and lower limb active and active as-
sisted exercises will be performed. The use of a tilt table or 
standing frame may be employed. Treatment in the ICU will 
involve exercise for up to a total of fifteen minutes per day 
for each participant. Exercise will increase to twice daily 
once subjects are able to be disconnected from the ventilator 
for > 4 hours or until they are considered to be successfully 
weaned from mechanical ventilation. Weaning from me-
chanical ventilation will proceed according to a standardised 
unit weaning protocol. Once discharged to the general ward 
the physiotherapist will continue and progress the intensive 
rehabilitation program. Exercise will be progressed accord-
ing to performance on the 6 MWT, calculating 6 minute 
walk work or if able, a submaximal V02 test undertaken on a 
stationary cycle using a standardised protocol [47]. 

 The physiotherapist will treat each participant twice daily 
aiming to exercise for 30min at each session with gradual pro-
gression toward one 60min exercise session until discharge 
from hospital. Upon discharge home participants will be 
booked to commence their outpatient program. This will be 
offered for eight weeks with the aim of attending two one hour 
classes per week out of the three offered. Exercise at home in 
the form of a walking program will be encouraged on days not 
attending the program and a printed laminated instruction 
sheet provided. Out patient programs will be commenced 
within two weeks of the participant being discharged from 
hospital. Programs will be individualized by the physiothera-
pist but run in an exercise class structure. Ward and outpatient 
exercise classes will comprise functional, resistance and aero-
bic components with intensity set using the modified Borg 
scale [48]. Exercise prescription will be based upon a further 
submaximal cycle test or 6 MWT. 

OUTCOME MEASURES 

 Baseline descriptive data collection will include age, sex, 
body mass index, smoking and social history, diagnosis, 
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Acute Physiological Chronic Health Evaluation (APACHE 
II) score and date of admission to ICU. Mechanical ventila-
tion hours, length of ICU stay (days/hours), incidence of 
ICU readmission, discharge destination and survival will be 
also be recorded. 

 The primary outcome measures are physical function and 
HRQoL. All primary outcome measurements will be under-
taken at baseline, 3, 6 and 12 months after ICU discharge. 
Research assistants blinded to group allocation will perform 
all outcome assessments. The success of blinding will be 
assessed using a short outcome assessor questionnaire for 

each time point and the number of ‘un-blinding’ occasions 
will be recorded. This is deemed necessary as complete 
blinding in a clinical environment is often difficult to 
achieve. Physical function measures will also be performed 
upon ICU discharge and hospital discharge and for the inter-
vention group additionally pre and post out patient classes. 

Health Status 

 The Australian version of the SF36v2 [36] will be used to 
measure health status. It comprises 36 items which provide 
health status profile scores in eight dimensions (Physical 

 

Fig. (1). Participant enrolment and retention flow diagram.  
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function, Role physical, Bodily pain, General health, Vital-
ity, Social function, Role emotion and Mental health). Un-
like the SF36V1, the SF36V2 is more sensitive in those 
items assessing problems with work or daily activities be-
cause the dichotomous response categories for these items 
have been replaced with 5-point response scales. It also dif-
fers from the SF36V1 in that scores are presented as T-
scores (mean 50, SD = 10). For a full discussion of the dif-
ferences between the international and Australian versions of 
the SF36V2 including Australian norms and scoring weights 
the reader should consult Hawthorne et al. (2007) [49]. The 
clinimetric properties of the SF36V1 have been well estab-
lished on samples from diverse populations, including stud-
ies in critical care populations [14, 50]. The reliability coef-
ficients for SF36 in 166 adult patients in ICU were reported 
to be greater than 0.75 [50]. Construct and content validity 
were also reported to be acceptable. 

Table 1. Safety Guidelines for Exercise Sessions 

 

Safety Guidelines: Exercise Should Not be Delivered or Should be 

Ceased When: 

1. Patient mean arterial blood pressure (MABP) < 65mmHg or > 
120mmHg or 10mmHg lower than normal systolic or diastolic in 
renal patients 

2. Patient heart rate is < 50 or > 140 beats/minute and/or a new ar-
rhythmia developed (including frequent ventricular ectopics or new 
onset atrial fibrillation) 

3. Patient requiring > 5 μg/minute noradrenaline (or equivalent vaso-
pressor/inotrope) 

4. FiO2 > 0.6 with PaO2 < 70 mm Hg 

5. PEEP > 8 cm H2O 

6. Patient suffers a 10% oxygen desaturation below their resting SaO2 
or if SaO2 < 85%. 

7. Patient respiratory rate > 35 breaths/minute 

8. Patient temperature > 38 degrees 

9. Patient not to exercise if they have suffered an acute clinical dete-
rioration (eg. requiring reintubation) or an acute bout of sepsis. 

10. Patient is drowsy, unco-operative or unable to follow com-
mands/instructions 

11. Patient suffers a fall during transfer to the chair or walking 

12. Patient became pale and sweaty and/or the patient specifically re-
quested to stop due to feeling acutely unwell 

13. Patient complained of new onset chest pain 

 

HRQoL and Utility 

 The AQoL instrument is a multi-attribute utility instru-
ment comprising 15 items in 5 dimensions. The first three 
items which assess health care resource consumption are not 
used in computing the utility score. The life-death utility 
scale score range is from 1.00 (best possible HRQoL equiva-
lent state), to 0.00 (death equivalent state) and -0.04 (worse 
than death equivalent state) [37]. AQoL utility scores will be 
compared with Australian population norms [43]. The AQoL 
utility score was designed to allow the calculation of QALYs 
for use in a cost-utility analysis, which will be conducted 
alongside the clinical trial. The AQoL has undergone exten-

sive validation in different populations, but has not been pre-
viously used in ICU survivors. The minimal important dif-
ference in utility is reported to be 0.06 [43]. 

 The SF6D, which uses 12 items from the SF36v2, will 
also be used to provide utilities. The SF6D life-death scale 
score range is from 1.00 (full health) to 0.30 (worst health 
state measured by the SF6D) [41]. Recent research shows 
that there are theoretical difficulties with the SF6D utilities 
leading to very different utility estimates than those provided 
by the AQoL [51]. 

 Both the AQoL and SF6D estimates will be used in the 
CUA, thus comparing the two most recently developed util-
ity measures in a longitudinal study. The SF6D has not to 
our knowledge been utilised previously in ICU survivors. 

 Health status and HRQoL data will be collected at base-
line, 3, 6 and 12 month follow up. Several studies report the 
need for a long term follow up in this patient population [5, 
52, 53]. At baseline, the questionnaires will be completed by 
a proxy (next of kin) and the participant where possible. At 
all other time points the data will be collected from both par-
ticipants and proxies because while the literature shows that 
proxy assessments are moderately correlated (kappa >0.6) 
with patient assessments [54, 55] it is not well researched 
how proxy and patient assessments vary in relation to each 
other over time. One of the few studies to report this found 
that agreement was highest for pre-surgery and 6-months 
discharge and worse at 12-month follow-up [56]. 

Economic Evaluation Incorporating a CU Study 

 A health economist from the School of Population Health 
at The University of Melbourne will advise the study team 
on the economic evaluation, specifically in relation to as-
signment of health service data collection, costs and the 
CUA. Based on this advice the perspective of the study will 
be societal, as recommended by the International Panel on 
Cost-Effectiveness [57]. All health service delivery costs 
(including intervention costs, such as the training of physio-
therapists) associated with the ICU will be collected. These 
include clinician, nursing and other ICU staff, direct treat-
ment medical aides and theatre, pharmaceutical and hospital 
stay costs. Follow up treatment costs will also be collected. 
Use of services (including intervention services) during this 
period will be identified through patient records. Non-
recorded service use will be ascertained through patient in-
terview at each of the follow up periods. Where costs are not 
directly available from the hospital, service use will be 
costed using annual national benchmark costs published by 
the Australian Institute of Health and Welfare. In addition, 
costs will be assigned to patient time receiving treatment, the 
costs of care giving (both paid and unpaid), and other treat-
ment-related costs (e.g. travel, domestic duties, changes in 
accommodation, repairs). Wages foregone will be included 
where the patient was working prior to admission to the ICU. 

 Four levels of consequences will be assessed: improve-
ments in functional capacity on the physical function tests, 
changes in health status (the SF36V2), presumed ‘costs 
saved’ as a result of the intervention (e.g. lower unplanned 
re-admissions during the study period), and gains in utility 
(as measured by the AQoL and SF6D). 
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 A cost-effectiveness analysis (CEA) of the intervention 
will be undertaken based on the cost per health unit outcome 
for functional capacity, health status changes and costs 
saved. A CUA will also be conducted, based on QALY gains 
as a result of the intervention, where the QALY gains are 
derived from utility gains during the follow up period and 
modelled life expectancy. Two analyses will be conducted 
and compared, based respectively on the AQoL and the 
SF6D. 

Physical Function 

 Will be assessed using several different methods: 

(i) ‘PFIT’ test is a test comprising four elements: march-
ing on the spot (MOS), moving from sitting to stand-
ing, an upper limb endurance activity and measure-
ment of muscle strength. Each element is rated by re-
cording the time for MOS, the number of assistants 
needed to stand from sitting, the time taken and num-
ber of repetitions that shoulders can be flexed and 
strength using the score on the Oxford muscle scale 
[58] for two muscle groups. This test was previously 
found to be reliable (ICC= 0.99-1.0) and responsive 
to change (p<0.05) in our pilot study conducted in 12 
participants and will be used to measure function in 
the ICU [38]. This is a novel test and further devel-
opment of the test using results from the current study 
will be undertaken. 

(ii) The 6 minute walk test is a commonly used practical 
and simple test that requires a 25m hallway but no 
specific exercise equipment. It measures the distance 
that a person can quickly walk on a flat, hard surface 
in 6 minutes, is self paced and submaximal and re-
flects the functional exercise level for daily physical 
activities. It correlates moderately with peak oxygen 
uptake measured by formal exercise testing (r=0.5-
0.7) [59] in populations with cardiorespiratory im-
pairment. Two tests will be performed to reduce the 
variability due to practice [60]. The 6-minute walk 
test has been used in diverse populations, including a 
recent report in ICU [61]. 

(iii) The timed up and go test (TUG) records the time 
taken in seconds for participants to stand from a chair, 
walk three metres return and sit down again [40]. It is 
simple to perform and inexpensive, standardised in-
structions are used and two tests are performed. Val-
ues can be compared to normal age related times [62]. 
It is a test of functional mobility in older adults and 
has good correlation with gait speed (r = 0.745) [63] 
and the Berg Balance test (r = 0.47) [64]. Inability to 
complete the TUG has been reported to predict hospi-
tal length of stay in one recent study [65]. Although 
the TUG has been validated in older persons the re-
sponsiveness of this test has not previously been re-
ported in an ICU population. 

PARTICIPANT RETENTION STRATEGIES 

 Long term follow up is an important challenge for re-
searchers studying ICU survivors, to reduce the possibility of 
selection bias resulting from loss to follow up [66]. 

 All participants will be contacted by the trial co-ordinator 
to make appointments for follow up and standardised proto-
cols for follow up telephone contact with participants will be 
employed. If participants are unable to travel to the hospital, 
taxi vouchers, volunteer drivers or parking permits will be 
offered to help them to attend for classes or outcome meas-
ure appointments. A letter will be sent one month prior to 
follow up appointments to inform participants that telephone 
contact will be made to make an appointment. Three at-
tempts will be made to contact participants by telephone. If 
contact is not made then a further letter will be sent asking 
for participants to contact the trial co-ordinator. The Austin 
Health Medtrak  system will be checked prior to all follow 
up to check whether any trial participant has been entered 
into the system as being re-admitted or deceased. In addition, 
a quarterly newsletter will be developed and sent to all par-
ticipants. 

SAFETY PROTOCOLS 

 All physiotherapists providing intervention in the trial are 
experienced ICU clinicians. Both therapists involved in the 
intervention arm of the study and those performing outcome 
measures will undertake routine safety training including 
basic life support and calling an emergency code at the Aus-
tin Hospital. Written manuals of protocols and safety guide-
lines will be made available to all research personnel. Crite-
ria for commencing and ceasing exercise or outcome meas-
urement are outlined in Table 1. If any adverse event occurs 
either during or up to an hour following intervention or out-
come measurement e.g. fall or onset of acute illness, the 
chief investigators will be notified. 

 Serious adverse events are defined in the trial as “adverse 
events which result in a medical emergency team (MET) call 
being made. These events could include: death, a fall result-
ing in injury, cardiac arrest or stroke. Serious adverse events 
may require: admission to a critical care area or surgical in-
tervention”. These events will also be reported to the Austin 
health human research ethics committee. 

 A data monitoring committee will examine trial safety by 
reviewing any adverse events at regular intervals. Data proc-
ess indicators, based on the consort diagram, will be pre-
sented monthly by research personnel to identify potential 
safety, recruitment, treatment, drop out rates and follow up 
contact issues. 

DATA MANAGEMENT 

 All data will be entered into a purposefully designed Ac-
cess data base and exported to SPSS version14 for analyses. 
Descriptive statistics will first be used to examine the distri-
butions for the two groups comparing baseline scores, to 
describe mean outcomes and to test whether the assumptions 
for use of parametric tests have been met. Analyses will be 
by intention to treat and per protocol. Repeated measures 
analysis of variance (or covariance) with planned compari-
sons will be used to compare all continuous variables that are 
normally distributed. Where data are non-normally distrib-
uted, log transformation or non-parametric analyses will be 
conducted. Categorical variables will be analysed using the 
chi square statistic. Where appropriate, analyses will be re-
ported with mean difference and 95%CIs. A sensitivity 
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analysis will be used with the economic evaluation data and 
the marginal costs reported. 

RESULTS 

 We aim to enrol 200 participants over two years. The 
study will determine whether comprehensive physiotherapy 
rehabilitation from ICU to discharge and OP attendance will 
improve physical functioning, health status and quality of 
life in critical care survivors. The CUA and cost effective-
ness of such a program will also be evaluated using utility 
scores and a purpose designed economics questionnaire. 
Secondary outcomes related to proxy and subject HRQoL 
comparisons, mechanical ventilation, critical illness neuro-
myopathy, ICU readmission and discharge destination will 
also be examined. 

DISCUSSION 

 Advances in technology and the application of research 
outcomes into clinical practice have resulted in improved 
survival rates for patients in the ICU [4]. The provision of 
intensive care services is expensive and in the current cli-
mate of limited health resources, it is important to provide 
interventions that not only sustain life but lead to reasonable 
life quality in ICU survivors. The HRQoL, physical function 
and long-term outcomes of survivors of ICU has not yet been 
studied in an intervention trial in Australia, although the in-
ternational literature reports poor health status and HRQoL 
outcomes compared to age-matched controls in this hetero-
geneous population. 

 This research will be the first intervention study to evalu-
ate the effect of a comprehensive physiotherapy exercise 
program for patients from ICU through to discharge home. It 
will also provide information on the cost-effectiveness of 
such an intervention. The important primary outcomes for 
the patient are expected to be improved physical function, 
health status and improved HRQoL. Given the potentially 
devastating effects of a critical illness on the survivor and 
their carers [67], gaining improved function and enhanced 
QoL will be important outcomes for all ICU survivors. 

 The results will be used to develop guidelines for the 
rehabilitation of ventilated patients for translation into clini-
cal practice. Currently no specific guidelines except for 
safety of exercise [68] exist to guide clinicians in the type, 
intensity or clinical value of exercises during ICU admission. 
Furthermore, apart from a recent examination of functional 
maintenance programs for medical patients [69], there is 
little research relating to the outcomes of application of an 
intensive exercise program once ICU patients are discharged 
to the general hospital ward. Having ICU survivors return to 
an eight week outpatient program after discharge is based 
upon successful rehabilitation strategies in other cardiorespi-
ratory patient populations [70]. If the study findings are posi-
tive and cost effective it is possible that rehabilitation pro-
grams may be set up elsewhere. Patients returning for exer-
cise could also potentially be assessed by other health pro-
fessionals to monitor their HRQoL, physical and psychologi-
cal functioning, providing an ICU follow up clinic [2]. 

 The use of only one tertiary referral centre is a possible 
limitation of this study. However, the variability in approach 
to patient management between ICUs, particularly in appli-
cation of mechanical ventilation strategies and weaning may 

impact on this already heterogeneous patient population re-
sulting in difficulties in managing such a project and achiev-
ing conclusive outcomes. The ICU at Austin Health, Victo-
ria, Australia is similar in bed size, staffing and patient 
demographic to other major metropolitan mixed medi-
cal/surgical units in Australia (ANZICS data base, 2005). 
Additionally we utilised the types of exercises that were con-
sistent with those reportedly provided by physiotherapists in 
our pilot work which surveyed exercise prescription in Aus-
tralian and New Zealand ICUs. 

CONCLUSION 

 This single blinded RCT will evaluate an intensive 
physiotherapy rehabilitation intervention in survivors of ICU 
compared with current standard care including a 12 month 
follow up. The strengths of the project are that the outcomes 
being measured are of significance to the patient cohort and 
the cost utility of the intervention will be of interest to health 
service providers. This is important given the limitation of 
health care resources and the anticipated increased demand 
from an aging population. The findings will provide the po-
tential to develop future clinical practice guidelines for the 
provision of exercise in survivors of ICU. 

KEY MESSAGES 

• Poor physical outcomes and HRQoL in ICU survivors 
have been reported 

• This study tests the effects of an exercise program 
commenced in ICU, continued on the general ward 
and out patients compared with standard care 

• Participants in the intervention group will receive 
graded, individualised strength and endurance exer-
cises, aiming at improvement in function 

• Standardised instruments for physical function and 
HRQoL will be used to measure outcomes at base-
line, 3, 6 and 12 months from ICU discharge. 

• Cost utility and cost effectiveness analyses will be 
performed alongside the clinical trial 
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