
Is rehabilitation post critical illness
a new anti-inflammatory agent?
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Physical recovery following a critical
illness is important for patients, family and
clinicians.1–3 However, there is limited
beneficial effect demonstrated from the
intervention studies that have investigated
physical rehabilitation across the con-
tinuum of critical illness recovery, starting
in the intensive care unit (ICU) and con-
tinuing to the community setting with
home-based rehabilitation and follow-up
clinics4–8 What is the reason for this lack
of treatment effect? As with all trials that
show a lack of effect, we must consider a
number of factors, including the interven-
tion delivered, the target population and
the outcome measure used.

In the recent RECOVER trial,8 there
was an improvement in the functional
status of patients following critical illness,
as evidenced by the Rivermead Mobility
Index (RMI); however, the delivery of a
post-ICU bundled therapies intervention
did not enhance the physical outcome
over and above the normal trajectory of
recovery. As there was clear demonstration
that the treatment was delivered, this
raises the question of whether the target
population was appropriate and, in par-
ticular, whether we can identify cohorts
of patients that are more or less likely to
respond to rehabilitation treatment.

In Thorax, Griffith et al9 report an a
priori secondary analysis of the
RECOVER trial.8 In this substudy, 193
representative patients were included. The
key observation was that a pro-inflamma-
tory state persisted up to 3 months post
discharge and that hydroxyonenal and C
reactive protein (CRP) were independ-
ently associated with persistent limitations
at 3 months post-ICU discharge for mobil-
ity, as measured by the RMI, and muscle
strength, as measured by handgrip
strength. Furthermore, previous exposure
to human cytomegalovirus (CMV) was
associated with a pro-inflammatory
phenotype of persistent inflammation that
may influence functional recovery.9 The

authors acknowledge that the measure-
ment of muscle recovery was limited to
functional assessment only and there were
no structural or biological measures
undertaken, which limits full interpret-
ation of the observation. As with all obser-
vational studies, a causal link between
persistent systemic inflammation and
physical function outcome can only be
postulated.
What can we postulate from these find-

ings? Although the potential stratification
of patients may be possible in terms of per-
sistent systemic inflammation as almost a
third of the observational cohort demon-
strated a CRP value >10 mg/L, the rela-
tionship between systemic inflammation
functional ability at 3 months was incon-
sistent, being different for the objective
and subjective assessment of physical func-
tion. While associations were demonstrated
between systemic inflammation and the
RMI and handgrip strength, there was no
relationship with the physical component
score of short-form 12. The reasons for
these divergent findings remain unclear,
and this will need further investigation.
The current study9 highlights the im-

portance that persistent systematic inflam-
mation has on physical recovery and
supports a recent systematic review10 dem-
onstrating systemic inflammation and the
systematic inflammatory response syndrome
in patients at ICU discharge. It is perhaps
not surprising that there is a focus on the
area of persistent inflammation in terms of
muscle biology and function as it is known
that inflammation depresses muscle protein
synthesis in both human11 12 and animal
models.13 This inflammatory process results
in impairment of the muscle protein syn-
thetic response to exercise and nutrition.
Complex interactions between systemic and
local inflammation and age may further
influence muscle protein homeostasis with
older patients likely to have age-related ana-
bolic resistance.14 In addition, systemic
inflammation may exacerbate the observed
fasciitis15 and myonecrosis,15 impairing
muscle repair16 and functional outcome.17

However, the actual picture may not be
so clear for individuals exposed to a critical
illness. Raised interleukin (IL)-6 levels
increase fatty acid oxidation (increasing ATP
production) and stimulate translocation of
the glucose transporter protein GLUT-4 to

the plasma membrane.18 In this setting, we
may be witnessing metabolic recovery from
the physiological derangements of critical
illness19 20 and a raised IL-8 perhaps
marking autophagy of damaged necrotic
tissue,21 suggesting that there may be an
appropriate rehabilitation window.22

In addition to the observation of per-
sistent systemic inflammation, previous
exposure to CMV was associated with a
pro-inflammatory state. CMV activation
can shift macrophage function from anti-
inflammatory to pro-inflammatory,23 pre-
venting recovery from muscle necrosis
and damage that occurs in up to 40% of
patients. This is supported by lower con-
centrations of the anti-inflammatory cyto-
kine transforming growth factor beta 1
(TGF-β1) in those with previous CMV
exposure. The potential role of CMV in
preventing effective rehabilitation has bio-
logical plausibility, but the demonstration
of CMV activation and the mechanism
through which CMV infection inhibits the
generation of TGF-β1 would strengthen
these findings considerably.

Patient heterogeneity therefore needs to
be carefully considered as this will influ-
ence the inflammatory profile and trajec-
tory of recovery. Patients with and without
pre-existing chronic disease states have dif-
ferent recovery profiles in terms of phys-
ical activity24 and therefore controlling
confounders such as interindividual vari-
ation is essential in complex rehabilitation
interventional trials.25 Our current under-
standing of patient heterogeneity and the
process of stratification has been facilitated
by the reporting of functional recovery
and survival trajectories in patients who
received invasive mechanical ventilation
for >7 days.26 Although the data from
Griffith and colleagues indicate that the
inflammatory profile is unrelated to either
comorbidity or function,9 these data high-
light that inflammatory biomarkers, as
well as age and comorbidity, need to be
considered for stratification of the
patients who are likely to benefit from
rehabilitation. Previous data would
support the concept that the severity of
the acute illness determines the degree
of skeletal muscle wasting21 and patient
comorbidity influences the trajectory of
recovery,24 but now we must consider
the mechanism through which persistent
systemic inflammation plays a key role in
outcome.

These data strongly support the require-
ment for biological science to provide the
rationale for stratification of rehabilitation
treatment interventions, and perhaps we
should consider that rehabilitation be tar-
geted as an anti-inflammatory treatment
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in those patients with persistent systemic
inflammation post critical illness.
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