Hindsight and moving the needle
forwards on rehabilitation trial design

Bronwen Connolly,"***> Linda Denehy’

Hindsight: the ability to understand, after
something has happened, what should
have been done or what caused the event.'

The first randomised controlled trials
(RCTs) of physical rehabilitation in crit-
ically ill patients in the intensive care
unit (ICU) were published nearly 10
years ago demonstrating favourable
results and heralding a groundswell
of clinical and research activity in the
field.”* Ensuing RCTs continued to inves-
tigate the peri-ICU period*® but addition-
ally mapped the rehabilitation pathway
to include post-ICU discharge on the
ward® and community” ® and across the
continuum of care.” However, this impres-
sive body of literature has challenged a
transformation in clinical practice. Recent
studies have failed to show a difference in
primary outcome,*’ but is this truly failure
of interventions to demonstrate effect
or failure of intervention delivery within
an appropriately designed study? Hind-
sight is a valuable perspective to interpret
this premise. Triallists need to pre-empt
advances in knowledge and understanding
of the topic in order to future-proof their
research. It is easy to lament what could
have been done differently. Acknowl-
edging this, these trials have contributed
greatly to our current understanding of
the intricacies of design, conduct and eval-
uation of trials of complex rehabilitation
interventions in critical care.

Against this backdrop, Wright and
colleagues present their Intensive versus
standard physical rehabilitation therapy
in the critically ill (EPICC) study, a multi-
centre RCT investigating intensive versus
standard physical rehabilitation therapy
in the ICU."™ This is the first UK trial of
its kind, recruiting 308 participants to
receive either intervention (target 90 min
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per day) or control (target 30min per
day) physical rehabilitation treatment.
The primary outcome was health-related
quality of life measured using the Physical
Component Summary (PCS) of the Short-
Form-36 (SF-36) at 6 months. Intention-
to-treat analysis revealed no difference
between groups, mean (SD) PCS in inter-
vention (37 (12.2)) and control (37 (11.3))
groups, respectively.

Several major strengths of this trial
include a study design with high internal
validity, notable approaches to minimise
bias and embedded process evaluation, and
there is transparency around key limita-
tions, namely separation between groups
for dose of received intervention, attri-
tion and blinding of key trial personnel.
Nonetheless, what can we learn from this
trial, where again no difference in primary
outcome is reported? Here we examine
four key methodological aspects with the
lens of hindsight, namely the population
studied, timing and dose of intervention
and selection of primary outcome.

The current trial identified a target
population broadly in keeping with eligi-
bility criteria adopted by previous trials.
Randomisation was then stratified by
admitting ICU, admission type and level
of prehospitalisation independence for
activities of daily living. However, high
levels of independence were evident
across both groups. Notably, the authors
did not capture data on comorbidity of
enrolled patients; recent analyses have
demonstrated that comorbidities, frailty
and overall health trajectory may modify
the rehabilitation outcomes of ICU survi-
vors.!! 12 Restricting phenotypical data of
enrolled patients in the current study to
relatively simple counts of organ dysfunc-
tion, and a functional measure that priori-
tises sarcopaenia without consideration of
dynapaenia, is a limitation to interpreting
findings. A more detailed profile of the
cohort would have been valuable to assist
in untangling the influence of these factors
on trial endpoints.

The timepoint at which mobilisation is
considered ‘early’ is controversial; trial
interventions of active mobilisation or
rehabilitation are reported as commencing
between 1 and 8 days after ICU admis-
sion."”® In EPICC, participants receiving

the intervention had an average preceding
ICU admission of 6 days, with a further
3 days from enrolment to the commence-
ment of physical rehabilitation.'” This
represents a somewhat later intervention
than previous similar trials®*® and a time-
point that may exceed the point of effi-
cacy in ameliorating the onset of muscle
weakness and functional deficit. Exten-
sive data now exist supporting safety and
feasibility of mobilisation activities in
patients receiving multiple forms of organ
support. Our current knowledge directs us
towards commencing rehabilitation early
following medical stabilisation. However,
determining the optimum timepoint
requires additional understanding of the
underlying biological effects of intensive
care unit-acquired weakness including
mitochondrial dysfunction, excitation—
contraction uncoupling and muscle
membrane excitability," the optimum
nutritional regimen" and how to distin-
guish true fatigue from psychological
factors influencing patient motivation to
participate.

Determining the necessary ‘dose’ of
rehabilitation intervention is one of the
most challenging features of study design.
To date, there is no consensus on optimal
prescription parameters to direct a person-
alised training approach. Intervention
group patients in EPICC had an a priori
target of 90 min of physical rehabilitation,
compared with 30 min in those receiving
standard care, the additional duration of
session time acting as the ‘enhanced inten-
sity’. At the time of study conception,
this was a novel approach to address the
question of increasing intensity of reha-
bilitation and attempt separation between
groups. Importantly, the authors discrimi-
nated between time spent in ‘active’ phys-
ical rehabilitation and non-participatory
activities. This is valuable detail, exceeding
that previously reported in other trials,
which facilitates distinguishing ‘true’ reha-
bilitation and avoids unintentional over-
estimation of intervention duration. In
the future, all rehabilitation trials should
follow this approach and explicitly report
their protocols in line with the Template
for Intervention Description and Replica-
tion (TIDieR) guidelines.'®

Nonetheless, the results demonstrate
the striking gap between intended and
actual delivery of physical rehabilitation;
patients received a median (IQR) of 23
(16-28) min and 13 (10-17) min per day
in intervention and standard care groups,
respectively, and whether there is true
separation between groups is unclear. In
the intervention group, only 8% of treat-
ment days included >45 min of therapy,
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The evolution of critical care rehabilitation trial design. Examples of trials 2009-2011 include physical therapy/exercise-based

interventions, excluding electrical muscle stimulation adjuncts. ICU, intensive care unit; LOS, length of stay; RCTs, randomised controlled trials.

and 82% of treatment days for standard
care included =20min. That the main
limitation to delivery of physical rehabili-
tation stemmed from observed or reported
patient fatigue is not uncommon.!
However, detailed reasons for termination
of treatment sessions were not collected,
and this information should be included in
future RCTs to further enhance our under-
standing of patient responses.

So were the EPICC a priori targets
realistic’ The authors based their deci-
sion making on clinical rationale, centred
around defining an intervention that
exceeded an existing level of rehabilitation as
standard care, inherently more difficult than
when standard care is merely the absence of
the intervention. Previous trials have typi-
cally adopted shorter treatment times,® ’
and in keeping with the experience of other
authors,” standard care in the current study
was greater than the intervention dose in
trials from other countries.” As a UK-based
study, what is also notable from the current
findings is that even under trial conditions,
the recommended national guidelines of
45 min, 5 days per week were not able to be
achieved.’ How therefore can such guide-
lines infiltrate ‘real world’ clinical practice
where exponential variability in treatment
delivery exists?

The primary outcome in EPICC was
the SF-36 PCS measuring patient-reported
health-related quality of life at 6 months;
the SF-36 is a generic instrument, commonly
used in this population and a priority
measurement instrument for this outcome. "’
The PCS comprises data from multiple

domains of the SF-36, including specific
physical function ability for activities such
as walking and stair-climbing and broader
questions around pain, general health and
work-related effort. The current authors
found no difference between groups, high
variability and little change across time in this
outcome. Additionally, there was substantial
attrition at 6 months, with only 116 (62%)
of the 308 patients enrolled contributing
data (equally from each trial arm) to the final
analysis. The authors compare their attri-
tion to other recent trials,* 2° although the
primary outcome was measured at ICU,*
and 1month following hospital,* discharge
respectively for these trials where retention
was greater. Adopting multiple retention
strategies during longitudinal follow-up is
paramount in future trials to ensure statis-
tical power of the findings is achieved.”!
Furthermore, the SF-36 PCS can only be
measured in survivors. Accounting for death
when measuring patient-reported outcomes
over time is critical, especially given that both
survival and quality of life are recommended
core outcomes for studies of acute respi-
ratory failure survivors.”* EPICC did not
account for deaths in their analyses and use
of differing data management approaches
impede comparisons between trials.

SF-36 data from EPICC also contrast
to recently published rehabilitation
trial data using this outcome measure,’
although differing population heteroge-
neity and attrition, timing of intervention
delivery and timing of data acquisition in
relation to intervention delivery may be
explanatory factors. In the current study,

the intervention ceased at ICU discharge
with the primary outcome captured at 6
months, with no intervening data collec-
tion to explain confounding factors.
Trajectories of recovery in SF-36 PCS
vary across this and previous studies. In
the current trial, recovery was relatively
flat for the first 3 months, with a slight
increase by 6 months. Similar patterns are
evident in the chronic respiratory disease
population following pulmonary rehabili-
tation and may reflect return to an inac-
tive lifestyle or burden of comorbidities
on health status. To date, little explora-
tion of the most sensitive component of
the SF-36 to use in trials of rehabilitation
interventions has been conducted. More
research related to outcome timepoints
across the trajectory of recovery, and in
relation to delivery of interventions, is
warranted to inform future trial design.
Since EPICC was commenced in 2012,
we have advanced our knowledge around
critical care rehabilitation as a complex
intervention. Hindsight has allowed us
the opportunity to explore the many
unanswered methodological questions
surrounding our delivery of rehabilitation
trials relating to population (establishing

patient phenotypes of ‘responders’),
intervention  (determining  optimum
‘dose’), comparator (accounting for

variability in ‘usual’ care) and outcomes
(adopting relevant core outcome sets)
and, consequently, the future direction
of investigation (figure 1). This knowl-
edge was unbeknownst to Wright er al
when designing their trial pre-2012 and
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is important to remember in the inter-
pretation of their findings. However, a
cautionary lesson is learnt from this and
previous trials of physical rehabilitation
in critical illness. Further RCTs are not
warranted without at least addressing one
or more of these unanswered questions,
in order that we ascertain the right inter-
vention, delivered in the right dose and
to the right patient. This is after all our
raison d’etre.
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