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The physical, psychological and cognitive morbidities 
occurring after critical illness are well identified, although 
they may have been overly attributed to the index critical 
illness and its treatment in the intensive care unit (ICU) 
[1–3]. How to prevent or treat these morbidities is less 
clear and there is still no clear signal for benefit from 
interventions commenced in, or after, the intensive care 
[4–7].

The strategy with the most promise is early rehabilita-
tion (ER) commencing in the ICU or immediately after 
discharge. There is some supportive evidence that seems 
to suggest benefit for this regimen [4, 5], although the 
signal is far from consistent [7–11]. The biological ration-
ale for benefit relates to the proposed impact of ER on 
the muscle dysfunction that occurs with prolonged bed 
rest (muscle atrophy) and during critical illness (muscle 
inflammation and necrosis) as well as the neuropathic 
changes also identified [12]. It seems credible that exer-
cise could, at least partially, reverse the muscle atrophy 
seen in these patients, but whether it can reverse the 
more pathological changes related to inflammation and 
necrosis is less clear. Identifying the clinical or muscle 
phenotypes that may benefit from such early rehabilita-
tion is still a major challenge and previous studies have 
tended to include heterogeneous groups of critically ill 
patients, not all of whom are likely to benefit [13].

This identified heterogeneity leads us to reflect on 
whether the concept of heterogeneity of treatment effect 
may well apply to this area of study [14]. That is to say 
that patients benefit from the treatment and some 
patients are harmed (or fail to benefit) with a net lack of 
treatment effect. Heterogeneity of treatment effect has 
most often been considered in mortality outcomes, but 

the principle is equally useful here. If the baseline risk of 
an outcome (e.g. poor physical function) is very hetero-
geneous, which we know to be true in survivors of criti-
cal illness [15], and the relative effect of ER is constant, 
it stands to reason that some patients do not benefit (or 
may even be harmed). Randomized trials are, by defini-
tion, underpowered to identify subgroup effects and 
treatment heterogeneity is often missed by subgroup 
analyses, even with meta-analysis [14].

The recent AVERT study of ER in acute stroke raises 
concerns about the balance of benefits and harm 
related to ER strategies in acutely ill patients [16]. This 
study shows harm in the treatment group with regard 
to “favourable (neurological) outcome” (46% vs 50%; 
p  =  0.004) and a possible trend for excess mortality 
(8% vs 7%, p =  0.113). The study was not able to fully 
explain the aetiology of this mortality signal but worsen-
ing neurological outcomes in the treatment group may 
contribute.

In the literature on ER in the ICU, a recent study 
demonstrated a benefit for ER in surgical ICU patients 
[5]. However, there was also a non-significant increase 
in hospital mortality in the treatment group (16% vs 
8%, p =  0.09). This excess mortality may act as a com-
peting risk for the study’s primary and some second-
ary outcomes, potentially biasing these outcomes away 
from the null. Further, in a study by Kayambu et al., the 
90-day mortality was higher in the treatment group (16% 
vs 4%, p =  0.08) [17]; a study by Moss et  al. showed a 
hospital mortality that was non-significantly higher in 
the treatment group (17% vs 10%, p =  0.25) [10], and a 
recent study of inspiratory muscle training by Bissett 
et  al. showed an excess in-hospital mortality also in the 
treatment group (12% vs 0%, p  =  0.051) [18]. Impor-
tantly, other studies have not demonstrated such a signal 
and overall meta-analysis shows this signal to be non-
significant. One explanation of this is that the observed 

*Correspondence:  Brian.Cuthbertson@sunnybrook.ca 
Department of Critical Care Medicine, Sunnybrook Health Sciences 
Centre, Toronto, Canada

http://crossmark.crossref.org/dialog/?doi=10.1007/s00134-017-4904-z&domain=pdf


1879

effect on mortality may be simply spurious. However, 
with absolute mortality differences of up to 12% [17], it 
is imperative to consider that this effect could be real. It 
is certainly possible that the baseline mortality risk is not 
uniform, resulting in a net result of “no effect” in indi-
vidual studies and meta-analysis [4, 10, 19]. All existing 
analyses are underpowered for a mortality outcome, but 
unless we can accurately risk stratify patients and identify 
at-risk subgroups, this may be difficult to overcome.

As stated, there is a biological rationale for ER improv-
ing mobility outcomes, but there is also a plausible 
rationale by which ER could cause harm that relates to 
the potential for adverse cardiorespiratory events during 
critical illness whilst exercising. We know that myocar-
dial events are related to outcome after critical illness [20] 
and that using dobutamine to drive oxygen delivery to 
supranormal levels in sepsis is associated with an excess 
mortality [21]. Of note, there is a moderate amount of 
accumulated safety data for ER, which has largely focused 
on events occurring during rehabilitation episodes [22]. 
These data are reassuring, but yet limited by low observa-
tion rates, possible publication bias and the very low level 
of detailed physiologic and electrocardiographic data on 
the impact of ER both during and after exercise sessions, 
which is essentially an exercise stress test [23–25].

We propose that there is a complex relationship 
between muscle-related outcomes and cardiorespira-
tory outcomes in our patients. In some patients muscle 
function and cardiorespiratory function may improve in 
a positively correlated manner during ER and this will 
likely lead to improved patient outcomes (Fig.  1, north-
east quadrant). On other occasions the increased cardi-
orespiratory workload associated with ER may lead to 
harmful changes in myocardial oxygen supply/demand 
ratios or cause respiratory inadequacy causing low tissue 
oxygen delivery states leading to harm through adverse 
cardiac events (including death) (Fig. 1, south-west quad-
rant). Such cardiorespiratory limitations could occur 
even when muscle function is improving (Fig.  1, south-
east quadrant). At very least such limitations may limit 
the patients’ ability to exercise and an excess mortality 
may act as a competing risk for the ER outcomes.

It is similarly possible that ER may increase mortality 
in stroke patients through variations in blood pressure or 
oxygen delivery related to such cardiorespiratory events, 
leading to cerebral hypoperfusion states causing fur-
ther stroke and other adverse neurological events which 
would worsen outcomes [16]. This result may be gener-
alizable to patients with other severe neurological condi-
tions in the ICU.

Despite the signal for excess mortality associated with 
ER not being statistically significant at this time, it must 

act as a warning to those undertaking studies in this field 
and for teams delivering these interventions in their daily 
practice; there is at least some biological rationale for 
harm from ER interventions. We strongly recommend 
that future studies identify mortality as a key outcome 
and have reasonable power to explore this outcome that 
is now key to the rigorous assessment of both the efficacy 
and the safety of these interventions. While this would 
require larger sample sizes, it is worth noting that a large 
trial of early rehabilitation in stroke patients recruited 
over 1000 patients per arm at multiple centres, demon-
strating that large trials of complex rehabilitation inter-
ventions are feasible (although certainly expensive) [16]. 
Understanding the cause of death will also be important 
in elucidating attribution. Further, when patients with 
severe neurological conditions are being considered 
for inclusion into future studies, special consideration 
should be given to the justification for their inclusion, 
and there should be consideration to whether these 
patients warrant stratification at the time of group allo-
cation and their outcomes treated as a key a priori sub-
group analysis.

Enhanced 
cardio-respiratory funcon 

Deteriorang 
Cardio-respiratory funcon 

Deteriorang 
Muscle funcon 

Enhanced  
Muscle funcon 

NE quadrant 
Good outcome 

SW quadrant 
Poor outcome 

NW quadrant 
Muscle funcon 

limitaon 

SE quadrant 
Cardiac funcon 

limitaon 

Fig. 1 The “myocardial” plane showing the proposed relationship 
between muscle function and cardiorespiratory function during early 
rehabilitation (ER). In studies of ER in ICU, net patient outcomes may 
depend on both muscle-related functional outcomes and cardiores-
piratory outcomes (that may include cardiac death). It seems rational 
that these outcomes would move in the same direction, improved 
muscle function and improved cardiorespiratory function leading to 
a net outcome benefit i.e. the north-east quadrant of the myocardial 
plane. At times though, perhaps in the presence of higher levels of 
acute cardiac morbidity or co-morbidity, muscle-related outcomes 
may improve whilst cardiac outcomes worsen (south-east quadrant) 
with unpredictable effects on net patient outcome. Indeed both 
outcomes may worsen together (south-west quadrant) and lead to 
very poor net outcomes that could include death.
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