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Abstract

Survivors of critical iliness suffer a range of physical, psychological
and social problems known together as the post-ICU syndrome. Phys-
ical weakness is common, long lasting, and interferes with quality of
life for many ICU survivors. Physical weakness observed close to
the time of ICU discharge is likely be caused by the disordered phys-
iology and immobility associated with critical iliness. These factors
may be less important in the long term, where pre-existing frailty
may be more important. A large number of trials have tested physical
interventions (exercise, passive and active mobilization, and neuro-
muscular electrical stimulation) delivered during and after critical
iliness. At this time, the evidence suggests that early mobilization
can improve important short-term outcomes (such as length of stay,
duration of mechanical ventilation, functional independence and
mobility), but have not been shown to affect long term outcomes.
No physical intervention delivered after ICU discharge has demon-
strated effectiveness. This article describes the physical problems
experienced by ICU survivors, and provides an up to date review of
critical care physical intervention trials.
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Rehabilitation requirements in ICU survivors

Survival from critical illness continues to improve but patients
surviving critical illness suffer a range of adverse issues including
physical, psychological, and social that define the post-intensive
care syndrome (PICS). These issues are prevalent and ultimately
prevent patients returning to pre-ICU levels of function and
employment and can be associated with readmission to hospital
soon after discharge. It is now recognized that ICU survivors
have substantial rehabilitation needs, but due to the lack of in-
tegrated rehabilitation pathways (like those available to patients
suffering from strokes, heart attacks, or head injuries), these
needs are not routinely addressed.
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After reading this article, you should be able to:

e describe the physical problems faced by ICU survivors

e outline the causes of intensive care unit acquired weakness

e describe key evidence supporting physical rehabilitation in
critically ill adults

Rehabilitation can be defined as the process of returning to a
normal (or as close to normal) life after a critical illness. This
topic review focuses on physical rehabilitation, although readers
should be aware that common psychological complications (such
as depression and post-traumatic stress disorder), may prevent
patients participating in physical rehabilitation, will likely com-
pound ongoing disability, and should also be considered as part
of a holistic rehabilitation package.

Physical weakness after critical illness

Physical deficits are common in survivors of critical illness. They
are long lasting and are severe enough to impair quality of life.
An acquired muscle weakness (intensive care unit acquired
weakness [ICUAW]) is considered to be the major cause of early
post-ICU functional impairment and results in delayed weaning
from mechanical ventilation and increased mortality. Pre-critical
illness health and function may be more important determinants
of long-term physical function. The pathological processes
involved in ICUAW are not consistent. The majority of patients
experience muscular atrophy, termed critical illness myopathy
(CIM), whereas a smaller number experience axonal damage,
termed critical illness neuropathy (CIPN). In addition to struc-
tural damage, reversible impairments in ion channel transport,
and mitochondrial function, contribute to weakness.

In contrast to the onset of ICUAW, our understanding of the
resolution of ICUAW is less complete. It is difficult to know the
true reversibility of ICUAW in the average ICU survivor and
impossible to know the contribution of residual CIP and CIPMN
to long-term functional deficits. It follows that the design of
treatments to improve function have been based on an incom-
plete understanding of the natural history of ICUAW and this
likely explains why the majority of interventional studies have
failed to show long-term benefit. There exists a complex inter-
play between acute muscle atrophy, chronic poor health and
short- and long-term outcomes. Rehabilitation interventions
delivered to patients while they are in ICU seem to be of benefit
in the short term, whereas long-term outcomes have so far been
difficult to alter by interventions delivered at any point in a pa-
tient’s critical illness journey.

Summary of evidence from ICU rehabilitation trials

In recent years there has been an expansion in the volume of
literature evaluating rehabilitation interventions during and after
intensive care. Important trials are discussed in the following
sections and are summarized in Table 1. An overview of sys-
tematic reviews published in 2016 comprehensively evaluated
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Key trials investigating the effects of physical rehabilitation interventions

n Patients

Physical interventions delivered during intensive care
Schweickert 2009° 104 ICU patients ventilated <72 h

Kayambu 2015° 50
Schaller 20174 200

Septic ICU patients
ICU patients ventilated <48 h

Physical interventions delivered after intensive care
Jones 2003° 126  ICU patients

Elliot 2011° 195  ICU patients, ventilated >24 h

Batterham 2014’ 59

Walsh 2015° 240  ICU patients ventilated >48 h ready for ICU
discharge
McDowall 2017° 60 ICU patients ventilated >96 h.

ICU patients 8—16 weeks after discharge

Intervention

Progressive exercise and mobilization

Early physical rehabilitation
Early goal-directed mobilization directed by
nominated facilitator

Ward visits, telephone calls, clinic
appointments

Individualized endurance and strength
training, physical trainer home visits, phone
calls, exercise manual

3 x 2 h cycle ergometry sessions per day

Hospital based complex rehabilitation
involving generic rehabilitation assistant
6 week individualized community based
physical intervention

Physical interventions started during ICU and continued into the in the post-ICU period

Denehy 2013"° 150  ICU patients with length of stay >5 days
Morris 2016"" 300  ICU patients ventilated for respiratory failure.
Table 1

Intensive exercises in ICU, on the ward, and
after hospital discharge

Protocolized rehabilitation therapy started at
ICU admission and continued until hospital
discharge

Control

Routine

Routine
Routine

Routine

Routine

Routine

Routine

Routine

Routine

Routine

care

care
care

care

care

care

care

care

care

care

Findings

Higher proportion returned to independence
by hospital discharge. No effect on physical
outcomes

No difference between groups. Underpowered.
Improved ICU mobilization

Shortened ICU length of stay

Improved functional mobility at hospital
discharge

Positive effect on physical function score of
medical outcomes study short form 36 (SF-36)
No effect on physical function

No effect on physical outcomes, anaerobic
threshold, or health-related quality of life

No effect on physical function, health-related
quality of life or symptoms at 3 months

No effect on self-reported physical function

No effect on 6 min walk test, timed up and go
test, or health-related quality of life

No effect on length of stay, ventilator days,
muscle strength, or health-related quality of
life but there were possibly some small
differences on physical function at 6 months
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studies of physical interventions delivered across the entire re-
covery period (i.e. interventions delivered at any time after the
onset of critical illness). The review reported high-quality evi-
dence that physical rehabilitation (e.g. strengthening exercises,
functional activities such as lying to sitting, cycle ergometers,
and electrical muscle stimulation) delivered early during critical
illness are probably effective at improving some short-term out-
comes (ICU length of stay, hospital length of stay, hospital
mortality). The evidence for improvement in physical impair-
ment, activity limitation and participation restriction was
weaker. There was a suggestion that long-term outcomes might
also be improved by early rehabilitation but the heterogeneity in
the included trials made this finding tentative at best. A number
of important studies have been published since the included
systematic reviews were published and are discussed in the
following sections.’

Physical interventions delivered during ICU

In 2009, Schweichert and colleagues published a trial of 104
ventilated patients in ICU testing the effect of an early mobili-
zation intervention (<72 hours of mechanical ventilation). They
found a greater proportion of patients in the intervention group
returned to independent function, that they had less delirium,
and a shorter period of mechanical ventilation.” Kayambu and
colleagues recruited 50 patients to their pilot study of early
physical rehabilitation in septic patients, but were underpowered
to detect a difference in physical function between the two
groups.” A large multicenter randomized controlled trial was
conducted of early goal-directed mobilization provided by a
mobility ‘facilitator’ in patients requiring mechanical ventilation
in surgical ICU. In this study patients in the intervention group
had shorter periods of mechanical ventilation, improved ICU
mobilization and improved functional mobility at hospital
discharge. However, there were more adverse events (mainly
hypotension) reported in the intervention group. There was no
effect on health-related quality of life 3 months after hospital
discharge, or the incidence of ICUAW.*

Physical interventions delivered after ICU

Jones and colleagues tested a post-ICU follow up intervention
that included provision of a rehabilitation self-help manual and
found an improvement in physical components of health-related
quality of life 6 months after ICU discharge.’ In an 8-week home-
based physical rehabilitation trial of 195 patients, Elliot and
colleagues found no effect on physical function or quality of life.®
Batterham and colleagues tested the effect of a post-ICU ward-
based physical intervention that included the use of supervised
cycle ergometer training for 60 minutes each day plus an addi-
tional unsupervised exercise session. They observed no
improvement in anaerobic threshold, physical function or quality
of life.” Walsh and colleagues published their RECOVER trial in
2015 which tested a complex ward-based rehabilitation inter-
vention that included physical rehabilitation delivered by dedi-
cated rehabilitation assistants, finding no effect on physical
recovery or health-related quality of life.® Trials of interventions
delivered after hospital discharge have had conflicting results.
The REVIVE clinical trial studied the effect of a 6-week exercise
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programme in 60 patients discharged home after critical illness
and found no effect on physical health-related quality of life.’

Physical interventions started during ICU and

continued in the post-ICU period

Denehy and colleagues randomized 150 participants to intensive
ICU and ward based exercise or standard ward care. They found no
difference in physical function or health-related quality of life be-
tween groups.'® Morris and colleagues randomized 300 adult ICU
patients to a standardized daily exercise and mobilization pro-
gramme initiated in ICU and continuing until hospital discharge
with the primary aim of reducing hospital length of stay. Although
there was no effect on length of stay, ventilator days, muscle
strength, or health-related quality of life there were possibly some
small differences on physical function at 6 months.""

Neuromuscular stimulation (NMS)

In recent years, neuromuscular electrical stimulation has
emerged as a possible treatment. In an early study, Kho and
colleagues noted improvements in walking distance and muscle
strength when NMS was delivered during ICU."? Routsi went on
to test the treatment in ICU of 140 patients. Although there was
high attrition in this study, a reduction in patients developing
ICUAW was noted.'® Neuromuscular stimulation has not been
shown to be of benefit when delivered after ICU discharge.

Conclusions and recommendations

There is convincing evidence that physical rehabilitation should
be started soon after patients are admitted to ICU, and that these
measures are likely to improve short term outcomes. At this time,
there is little evidence to suggest that these measure improve
long-term physical function, and interventions initiated after ICU,
have not been shown to be of benefit so far. *
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