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Although the data from several recent
trials have informed our understanding
of early intensive care unit (ICU) exercise
treatment. There remains a distinct lack
of clarity in terms of the dose, duration,
and frequency of exercise therapy that
should be provided to the ICU survivor.1–4

Indeed, the coordination and integration
of care for the critically ill patient, from
early ICU exercise therapy and mobilisa-
tion to post-ICU rehabilitation, will be
key going forward. In Thorax, McDowell
et al5 report on the REVIVE trial, which
provides insight into the management of
the post-ICU survivor and, in particular,
the effectiveness of exercise on physical
function (PF) in patients discharged from
hospital following critical illness. The
target population had received invasive
ventilation for at least 4 days in the ICU
with the exercise intervention delivered in
the outpatient setting after hospital dis-
charge. As with all outpatient-based UK
exercise training programmes, the majority
of sessions were supervised by a rehabilita-
tion physiotherapist. It was delivered as a
bespoke and personalised intervention
that was modified based on the response of
the individual patient to exercise. The
intervention consisted of two directly
supervised exercise sessions and one inde-
pendent unsupervised session per week
over 6 weeks. Importantly, there was a
standard operation procedure for delivery
of the multimodal exercise therapies to
ensure uniform delivery of the interven-
tion. More specifically, the training sched-
ule for the rehabilitation physiotherapists
included targeted exercise treatments
based on the physical capability of the
patient with an instruction to deliver goal-
directed therapy and progress the patient
through the exercises over multiple ses-
sions. The detail of the dose, duration and
frequency of the exercise therapy were
recorded to permit the investigators to
interpret the relationship between these
factors and outcome in terms of PF. This is

the strict controlled approach that we
would expect to be used in a drug study,
but appears to be absent from many of the
exercise therapy and rehabilitation studies.
As REVIVE5 was focused on exercise

therapy, and in line with previous studies of
exercise therapy, the primary end point of
REVIVE was the PF subscale of the Short
Form-36 following 6 weeks of treatment.
Disappointingly, the primary outcome did
not demonstrate a difference between the
intervention and control group but interest-
ingly a number of the secondary outcomes
showed a difference favouring the exercise
therapy intervention. This deserves
comment and indeed we should be cautious
in our interpretation of these data. As a
number of others in the field have high-
lighted, care should be taken when inter-
preting the data from clinical trials, in
particular, when there are multiple second-
ary end point measurements. In general,
ICU and post-ICU, exercise and rehabilita-
tion studies have multiple subjective and
objective measurements, which are subject
to reporting bias. Investigators should be
diligent in their approach and indeed they
should not to limit their discussion to the
positive secondary outcomes, as is
common, but the investigators should detail
the reasons that provide a rationale as to
the failure to show a difference between the
intervention and control groups in terms of
the primary outcome. A common theme
for clinical trialists currently is to state that
there are ‘no negative trials’ and a tendency
to categorise these ‘no negative trials’ as
‘neutral trials’. Trials, whether ‘negative’ or
‘neutral’, still provide a prospectively gath-
ered robust cohort dataset that always
inform researchers in the field. Importantly,
the investigators of the REVIVE feasibility
study5 have been careful in their discussion
of the primary outcome and they have
given appropriate weight to the secondary
outcomes. As optimists in an area that
needs to find effective treatments for an
increasing number of debilitated ICU survi-
vors, the interpretation of REVIVE5 as a
feasibility study provides a foundation to
design and deliver a robust exercise inter-
vention trial following critical illness.
The data from previous rehabilitation

trials targeting post-ICU survivors have
reported differing time points to start
treatment from ICU admission, when the

patient is transferred from the ICU to the
ward, to several weeks after hospital dis-
charge.1–9 None of these trials, whether
in the acute or postacute stage, has shown
an improvement in outcome in terms of
exercise capacity or PF. The REVIVE
investigators5 delivered intervention in the
outpatient setting, which allowed stand-
ardisation in the duration of the interven-
tion delivered. Importantly, this design
avoided the intervention being artificially
altered based on the length of hospital
stay, which is variable based on a number
of clinical and non-clinical factors.
Previous rehabilitation trials in this area
have had been limited in their design as
they only delivered the intervention as an
inpatient, limiting the duration of inter-
vention delivery.

An essential component of any clinical
trial is to ensure that the intervention is
delivered and adequately reported, as a
failure to show a difference between the
intervention and control group could be
misinterpreted as a failure of the interven-
tion rather than a failure of delivery of
the intervention. The REVIVE investiga-
tors5 included an a priori definition of
study adherence, which defined the
number of sessions that needed to be
completed by an individual to be consid-
ered as adherent to the protocol. This
allows clinical trialists to consider
intention-to-treat as well as per-protocol
analysis and also to consider the relation-
ship between the outcome variables and a
‘dose effect’, which provides greater
detailed interpretation of the data. The
investigators of the current study defined
the minimum number of sessions neces-
sary as 75% of therapy sessions offered.
The investigators, as an a priori analysis
plan, were able to report the effect of the
intervention (per-protocol analysis) com-
pared with the change in the intervention
group as a whole (intention-to-treat ana-
lysis). The reasons for failure to deliver
the intervention can then be discussed,
which is an essential component of a
well-designed feasibility study.

The target population of the REVIVE
trial5 was critically ill patients who had
survived ICU after 4 days of mechanical
ventilation. Importantly, the investigators
defined their exclusion criteria, and
enriched their target population, by
excluding patients who would otherwise
have been enrolled into an outpatient
Pulmonary or Cardiac Rehabilitation
Program. In the design of future trials, we
need to be cognizant of the standard clin-
ical management delivered as part of the
ICU survivor’s usual disease management
plan.9 In addition, we need to have a
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threshold for inclusion such that patients
who are on a trajectory of enhanced
recovery should be excluded as these
patients will reduce the effect size if they
are randomised to the control group and
enhance the effect size if randomised to
the treatment group. The same is true
for those patients who are unlikely to
achieve physical recovery. Either way, it
will ‘add noise’ to the data. In addition,
future work in this field needs to
accommodate for the pre-ICU condi-
tion which can be managed at random-
isation with minimising the groups
based on specific chronic diseases such
as chronic heart failure and COPD.
This approach of target population
enrichment will reduce the numbers of
patients required to demonstrate a
primary outcome signal.

If we can establish a clear approach to
trial design for these post-ICU rehabilita-
tion studies in terms of target population
enrichment and intervention adherence
and delivery, then we must also consider
the standardisation of the outcomes mea-
sured. The ICU rehabilitation literature
describes over 250 subjective and object-
ive measurement tools reported in over
425 published studies.10 A priority is to
characterise selection and then define the
outcomes used in existing trials of phys-
ical rehabilitation after critical illness and
then obtain consensus on a core outcome
set for future trials of post-ICU physical
rehabilitation.11 This will allow studies to
be compared across the recovery con-
tinuum from ICU admission, post-ICU
discharge and posthospital discharge. The
current outcome diversity negatively
impacts on our ability to compare across

studies and interpret the data which is
contributing to the delay is translating the
outcome from trials into routine clinical
practice to improve the outcome of our
patients.
The REVIVE trial5 has demonstrated it

is feasible and safe to deliver exercise
therapy to patients following critical
illness in the outpatient setting.
Furthermore, the investigators have
shown that functional improvement can
be achieved by delivering a specified dose
and duration of an outpatient exercise
programme in ICU survivors. Although
this trial provides the framework for
designing further clinical trials in this
area, it is essential that clinical researches
focus on enriching the target population
as well as developing a core outcome set
to ensure that data from these trials can
be compared and have immediate clinical
impact. Supervised sessions with an
operating procedure that standardises
delivery of this complex intervention
must be a priority. The REVIVE trial is
another step in the right direction and
we hope that the future rehabilitation
trials will achieve improved function for
post-ICU survivors.
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