
Introduction

“In all aff airs, it’s a healthy thing now and then 

to hang a question mark on the things you 

have long taken for granted.”

Bertrand Russell

Th e roundtable meeting held in Brussels in March 2010 

was designed specifi cally to challenge established dogma 

and evaluate new ideas for advancing critical care 

practice. Participants submitted provocative and icono-

clastic ideas, off ering a broad sweep of ideas involving 

changes in specifi c practices, new concepts in the process 

of care delivery, and paradigm shifts with regard to 

understanding of critical illness and current management 

approaches. Th e rules were simple; a scientifi c basis had 

to be off ered to underpin assertions with subsequent 

debate impelling defence or modifi cation of the stance.

Some of these hypotheses may turn out to be misguided 

and others will require more refi nement and evaluation. 

We are nevertheless grateful to the participants listed at 

the end of this article for raising their heads above the 

parapet and making us ‘think outside the box’. Th is article 

summarizes the potpourri of novel thinking off ered at the 

meeting. For more depth, we refer you to the individual 

articles provided in a supplement of Critical Care Medicine.

Have we got the right constructs?

A disease is a process of deranged physiological or bio-

chemical function, often with an identifi able cause and a 

pathological signature. However, critical illness with its 

syndromic manifestations (for example, acute respiratory 

distress syndrome (ARDS), sepsis) are often deliberate 

consequences of the aggressive interventions infl icted 

upon patients to save their lives, rather than simply the 

natural progression of the precipitating condition. For 

instance, fl uid resuscitation restores organ perfusion in 

severe haemorrhage but, due to increased capillary 

permeability, may be at the cost of pulmonary oedema 

with compromised lung function. Subsequent sedation, 

intubation and mechanical ventilation may, in turn, 

produce haemodynamic, immune and other perturba-

tions with increased risks of secondary infection, muscle 

wasting and delirium. Antibiotic therapy, combined with 

routinely prescribed gastric protectants, will alter gut 

colonization patterns and trigger further infections, 

systemic infl ammatory surges through micro-aspiration 

and gut translocation, and/or bouts of diarrhoea. Th e 

consequent inability to establish enteral nutrition may 

aggravate muscle wasting and compromise weaning.

Th is patient, presenting with a ‘simple’ gastrointestinal 

bleed, has spiralled out of control into multiple organ 

dysfunction. If critical illness itself is acknowledged as 

being, in many instances, an intrinsically iatrogenic dis-

order shaped and defi ned by the same interventions used 

to sustain life, then better means of prevention or disease 

modifi cation could be delineated. Th e implications of an 

iatrogenic model of critical illness extend beyond check-

lists and management bundles, and suggest the need for 

nuanced changes in approach, not only in managing 

critical illness, but in how we describe it. A primary 
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research focus should be on minimization of harm rather 

than optimization of benefi t, a subtle but important shift 

in approach.

Patients should also be considered in terms of their 

individual response to an external stressor, rather than 

coalescing them into broad populations. Th is point will 

be revisited later in terms of trial design but we should 

recognize how diff erences in genotype, age, comorbidity 

and environmental factors all combine uniquely within 

an individual patient to dictate the degree of systemic 

infl ammatory response, not only to the stressor but also 

to the raft of therapeutic interventions delivered.

Epidemiological studies suggest that sepsis-related 

mortality is decreasing, though perhaps not as much as 

anticipated from advances in resuscitation strategies, 

supportive techniques, and general improvements in 

process of care. Th is implies that relatively constant path-

ways still lead to death in many patients, regardless of our 

improved ability to reverse shock, oxygenate and feed. 

Th e magnitude of the individual’s biological response also 

appears to dictate prognosis, even at an early stage of 

their critical illness. Many studies (for example, [1-4]), 

albeit predominantly single-centre and limited in size, 

have predicted outcome using laboratory or physiological 

measures made soon after ICU admission, or even in the 

Emergency Department. Biomarkers range from poly-

morphisms to altered gene expression profi les, and from 

circulating cytokine levels to a variety of hormones, 

metabo lites and markers of immune function, endothelial 

and epithelial injury, and coagulopathy.

Confi rmation in larger populations will carry important 

implications. If death is largely predetermined and critical 

care is simply delaying the inevitable, should we not 

direct resources elsewhere, sparing the patient and their 

loved ones unnecessary suff ering and false hope? Should 

we be re-designing intervention studies that have a 

primary endpoint of survival to focus primarily on patients 

predicted to die? Apart from making large multicentre 

trials more manageable in terms of sample size, those 

predicted to live cannot benefi t further, at least not in 

terms of survival, which can only be compromised by 

treatment side eff ects. How does the time to death relate 

to underlying predisposition? Should patients dying early 

or late from a particular condition be considered 

separately? Deaths occurring soon after the onset of a 

shock condition will diff er mechanistically from late 

deaths occurring weeks later that may relate to secondary 

complications or therapeutic fatigue after no apparent 

recovery? Perhaps early deaths may require a therapeutic 

approach aimed at combating pathogen virulence and 

modifying the cellular predisposition response identifi ed 

by rapid biomarker tests, whereas patients with a recog-

nized predisposition for late-onset death may benefi t 

from strategies that accelerate mechanisms involved in 

recovery and healing, and that minimize interventions 

hindering recovery, for example, sedatives?

Novel diagnostics

Traditionally, the plasma compartment is predominantly 

used to measure drug concentrations to establish pharma-

co kinetics and dosing regimens, and for biological 

markers to establish diagnosis and treatment response. 

However, the most relevant concentration of both small 

and large molecules occurs in the pericellular environ-

ment, so this should be preferentially targeted. Based on 

experience gained with markers of tissue oxygenation, 

interstitial concentrations can be measured using probes 

and solid-state sensors sited percutaneously or inserted 

into subcutaneous tissue [5], fat or muscle. Microdialytic 

methods can measure glucose, antibiotic concentrations, 

lactate, pyruvate and other biologically important 

molecules [6]. Th e normal electrolyte, protein, gas and 

pH compositions of the interstitial space diff er from 

plasma and may off er more appropriate targets. Would 

interstitial free cortisol concentrations direct replace-

ment therapy better than either free or total (including 

protein-bound) plasma cortisol [7]? Would interstitial 

antibiotic concentrations be more appropriate [8]?

Another useful diagnostic would be to determine 

bacterial load and virulence. Current microbiological 

testing for pneumonia relies primarily upon blood 

cultures and microscopic examination and culture of 

tracheal/bronchoalveolar aspirates. Th e time-frame for 

these analyses ranges from 12 to 48 hours. Newer 

molecular diagnostics will enable more rapid acquisition 

of data. Quantitative assessment of bacterial load may be 

be a useful prognosticator. Th is is routinely performed 

for HIV and could be readily extended to bacterial 

pneumonia. Asso ciations are reported between a high 

load of Streptococcus pneumoniae in blood samples, 

increased sepsis severity and higher mortality [9]. 

Regular testing of bacterial load may be used to assess 

treatment response. Virulence factors could also be 

measured, particularly for S. pneu moniae, Staphylococcus 

aureus, and Pseudomonas aeru ginosa, to determine 

whether antibiotic therapy is actually needed in the fi rst 

place, or whether the patient may benefi t from either a 

more limited or more prolonged course of treatment.

Similarly, viral infection should be sought more 

aggressively. Whereas latent cytomegalovirus (CMV) is 

harmlessly present in 60 to 70% of healthy people, 

reactivation is associated with substantial morbidity and 

mortality in the immunocompromised host. However, 

CMV may be a common infecting organism in critically 

ill patients not formally recognized as immuno com pro-

mised, although they usually exhibit evidence of 

depressed immune function, if sought [10]. CMV 

infection may be an important confounding factor in 
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culture-negative sepsis for which antibacterials are 

inappropriately prescribed. Future severe sepsis trials 

should prospectively consider active CMV infection as a 

relevant covariate.

A more radical approach to diagnosing disease relies 

on the fact that biological systems are highly complex yet, 

in health, display seemingly chaotic behaviour patterns 

that are actually predictable in their intrinsic variability. 

Th ese patterns change in disease states and, with modern 

computer and modelling technology, would be detected 

far sooner than conventional physiological or bio-

chemical variables.

A major benefi t of complexity within a system is its 

ability to self-organize. Th is occurs spontaneously and 

off ers robustness and resilience such that a single point of 

failure rarely results in total system failure. An adaptive 

system fi nds an acceptable alternative promptly as 

decisions need to be taken while they are still relevant. 

Th is ability to adapt off ers a survival advantage in a 

chang ing environment. Traditionally, disease is con sidered 

to cause marked fl uctuations in the body’s systems; 

however, studies using complexity theory demonstrate 

the opposite, with loss of chaos and increasingly constant 

behaviour. Arguably, disease refl ects a loss of the ability 

to adapt adequately (see discussion on allostasis in the 

‘Decatecholaminization’ section below). External 

stressors - for example, exercise, temperature change and 

anxiety - decrease the intrinsic variance of many 

biological systems such as immune, vascular and limbic. 

Indeed, death is the ultimately stable and static condition. 

Loss of normal heart rate variability, used frequently as a 

measure of decreased biological fl uctua tion, occurs in 

acute illnesses such as myocardial infarc tion [11], brain 

injury [12] and sepsis [13]; the degree of loss is strongly 

associated with mortality.

Th is approach may off er a powerful tool to defi ne 

determinants of instability, to determine why disease is 

unhealthy, and to identify potentially eff ective treatment 

options regardless of known pharmacology and physio-

logy. Without even fully understanding the processes 

underlying a disease, treatments that restore a ‘healthy’ 

pattern may be eff ective.

Managing respiratory failure

Although lung-protective ventilation with low tidal 

volumes and lower plateau airway pressures has markedly 

improved outcomes in acute lung injury, any type of 

positive pressure ventilation may be detrimental. However, 

is positive pressure ventilation generally safe? Should we 

be pressing harder for alternatives? Th e former viewpoint 

challenges the mantra that mechanical ventilation is 

invariably harmful and that a safe limit for airway 

pressure may not even exist. Th ough now fi rmly 

enshrined in the literature, this dogma does not appear to 

be based on hard fact. Many questions require answers. 

Does lung damage develop proportionally to the stress/

strain applied (for example, transpulmonary or plateau 

pressure, or tidal volume), or only when a critical 

threshold is exceeded? What is the role, if any, of 

ventilatory rate, the application of stress/strain over time, 

in causing ventilator-induced lung injury? In terms of 

biological response, does it matter whether a given stress/

strain is applied intermittently as with tidal ventilation, or 

continuously with positive end-expiratory pressure 

(PEEP)? Th ough often considered separately in trial 

design, end-inspiratory and end-expiratory stresses and 

strains are interwoven; the amount of lung tissue remain-

ing open at end-expiration, or that undergoes intra-tidal 

opening and closing, depends on tidal volumes being 

delivered, corresponding inspiratory pressures, and the 

degree of pulmonary consolidation and atelectasis.

Th e validity of heterogenous randomized controlled 

trials (RCTs) in acute lung injury can be challenged. 

While low tidal volume ventilation is promoted as 

‘standard-of-care’, this carries its own risks, including 

overuse of sedative drugs and formation of atelectasis, 

especially when applied to patients who could otherwise 

tolerate higher volumes. Because of the heterogeneity of 

the acute lung injury (ALI)/ARDS population, tidal 

volume should be tailored to the specifi c characteristics 

of each individual patient. As ventilator-induced lung 

injury can only occur in open lung units, knowledge of 

the actual size of each patient’s ‘baby lung’ is vital so that 

delivered tidal volumes do not expand the baby lung to or 

beyond its total capacity. In this situation, mechanical 

ventilation is likely to be safe. However, in a limited 

number of patients total capacity may be exceeded by 

tidal volumes as low as 6 ml/kg; subsequent over-

distention may be injurious [14]. Likewise, PEEP may be 

protective provided it keeps open lung regions that would 

otherwise collapse at end-expiration. In the absence of 

lung recruitability, however, PEEP may solely increase 

stress/strain with no benefi t or even harm to the patient. 

Notwithstanding this, as a general rule unsafe limits of 

end-inspiratory and end-expiratory stress/strain are 

uncom monly reached in the ALI/ARDS population 

overall.

A strong counter-argument runs that positive pressure 

breathing itself contributes directly to lung trauma, 

haemodynamic perturbations and local and systemic 

cytokine responses. Th e need to sedate, immobilize, 

suppress cough and insert endotracheal tubes upon 

which biofi lms develop will all predispose to infection. 

Application of extrapulmonary gas exchange techniques 

have generally focused upon their use as a rescue therapy 

for severe hypoxaemia. Th is requires high blood fl ows 

(up to 5 L/minute) and correspondingly demanding 

vascular access to add only a quarter or so of the total 
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carrying capacity of oxygen. By contrast, CO
2
 removal 

requires low blood fl ows but a high fl ow of fresh gas. In 

theory, only 500 ml of blood needs to be treated per 

minute to completely replace the lung’s role for CO
2
 

elimination as this volume contains the amount of CO
2 

equivalent to that of a minute’s production by body 

metabolism. Th is target could be achieved through 

removing sodium bicarbonate by ultrafi ltration and 

replacing it with sodium hydroxide [15]. Alternatively, 

blood could be loaded with a metabolisable acid (such as 

lactic acid) to convert bicarbonate ion to carbonic acid 

that, in turn, would dissociate to dissolved CO
2
 [16]. By 

substantially increasing CO
2
 tensions on the blood side of 

the extracorporeal membrane, the gradient for passive 

transfer of CO
2
 to the gas compartment would be 

markedly increased.

It may be feasible and safe to institute extracorporeal 

carbon dioxide removal at a much earlier stage to control 

ventilatory needs, allow acceptable levels of arterial blood 

gases and pH with spontaneous breathing with or with-

out continuous positive airway pressure, and to avoid the 

need for intubation and heavy sedation. By removing 

CO
2
 independent of alveolar ventilation, mechanical 

ventilatory requirements will be signifi cantly decreased. 

Th e CO
2
 dialysis-like system would only need to be 

comparable in complexity and invasiveness to continuous 

renal replacement therapy [17].

Sedated, ventilated patients are traditionally rolled or 

rotated to prevent pressure sores and to facilitate thera-

peutic postural drainage. However, in the early phase of 

an acute, suppurative, unilateral bacterial pneumonia, 

secretions may spill over to the contralateral lung, 

extending the pneumonia and lung injury to previously 

uninvolved lung segments [18,19]. Arguably, the lung has 

evolved in distinct segments to trap infection and prevent 

spread through local consolidation and obstruction of 

airways. Once bacteria have been phagocytosed and 

cleared, the debris can be more safely expectorated. We 

should perhaps avoid gravitational drainage of secretions 

from one infected lung (or region thereof ) into unaff ected 

lung zones, particularly in the fi rst 24 to 48 hours.

Furthermore, small tidal volumes, associated with 

lower peak expiratory fl ows, tend to limit proximal 

expulsion of biological fl uids. Larger tidal volumes and 

forceful exhalation increase peak fl ows, creating an 

expira tory fl ow bias that could encourage migration of 

secretions to the trachea and possible cross-aspiration 

[20]. Th e value of maintaining infected lung zones in a 

dependent position plus the use of smaller tidal volumes 

and higher PEEP levels to prevent propagation of 

infl ammatory and infected secretions probably declines 

over 2 to 3 days due to transformation of mobile and 

infl ammatory oedema fl uid to more pro-coagulant and 

gelatinous secretions.

Off -the-wall therapies

Cell-based therapy can repair or replace damaged tissues. 

Recent preclinical studies suggest that allogeneic mesen-

chymal stem cells may have therapeutic value for sepsis 

and ALI [21,22]. Outcome benefi t currently appears to 

depend primarily upon secreted paracrine factors, 

including anti-infl ammatory cytokines, growth factors 

and other molecules that decrease tissue injury and/or 

enhance repair. To date, allogeneic mesenchymal stem 

cells have been given to over 2,000 patients by Osiris 

Th erapeutics, Inc. (Baltimore, MD, USA) with no serious 

safety issues. Th e safety of giving allogeneic mesenchymal 

stem cells to patients one month post-myocardial infarc-

tion was recently demonstrated with some limited, albeit 

statistically signifi cant, evidence for improvement in 

cardiac rhythm disorders and cardiac function [23]. A 

cautious, step-by-step approach is needed, including 

further preclinical work to determine mechanisms of 

action, optimal delivery systems and dosing regimens, 

plus carefully performed clinical trials.

Another novel approach is giving oestrogen, either as a 

therapeutic or a preventative strategy. Oestrogen off ers 

anti-infl ammatory, anti-apoptotic and anti-oxidant eff ects 

that may be benefi cial in ischaemic and infl am ma tory 

insults. Oestrogen protects mitochondria and can stimu-

late mitochondrial biogenesis. Epidemio logical studies 

suggest that women of childbearing age fare better after 

cardiac arrest and trauma, with loss of this advantage 

after the menopause [24]. Considerable preclinical data 

show that oestrogen may be an eff ective intervention for 

a spectrum of severe physiological insults - for example, 

multiple trauma, head and spinal cord injury, burns, and 

sepsis (for example, [25,26]). Clinical studies are currently 

ongoing to verify the effi  cacy of oestrogen in severely 

head-injured patients with and without haemodynamic 

compromise.

What about hyperoxia as a therapy? While physicians 

fret about high concentrations of inspired oxygen and the 

potential for harm, animal data suggest that ventilation 

with 100% oxygen as a supportive measure during the 

fi rst 12 to 24 hours of septic shock may be benefi cial, and 

that pulmonary toxicity is not an issue [27,28]. Pure 

oxygen ventilation induces peripheral vasoconstriction; 

while this may aff ect regional perfusion, it could counter-

act shock-induced hypotension and reduce vasopressor 

requirements. Tissue hypoxia has a marked proinfl amma-

tory eff ect while hyperoxia is anti-infl ammatory, for 

example, attenuating nuclear factor kappa-B activation, 

lowering expression of endothelial adhesion molecules, 

decreasing leukocyte rolling and adherence, reducing 

release of IL-6 and HMG-B1, and increasing production 

of the anti-infl ammatory IL-10. While hyperoxia may 

increase reactive oxygen species production, resulting in 

oxidative damage, contradictory data show that hyper oxia 
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can trigger repair mechanisms and increase anti oxidant 

capacity. Th ough studies are confl icting, hyper oxia can 

reduce the incidence of postoperative wound infections 

[29], probably through an antibiocidal eff ect as oxygen is 

crucial for phagocyte-dependent microbial killing via 

reac tive oxygen species [30,31]. Hyperoxic precondition ing 

can also reduce apoptosis [32]. Hyper oxia may not simply 

be the ‘bad guy’, as largely viewed at present. Further 

studies are warranted in selected patient groups to assess 

safety and benefi t, and how it should be best employed.

Decatecholaminization

Are catecholamines safe? Is there detriment from push-

ing blood pressure (BP) too high? Should patients remain 

in a stressed state driven by both endogenous and 

exogenous catecholamines? Should patients be ‘decate-

chol aminized’ with greater emphasis on catecholamine 

dose reductions, targeted use of beta-blockade and 

general de-stressing?

Critically ill patients are frequently treated with cate-

cholamines, yet these drugs have deleterious eff ects on 

immune function, thrombogenicity and metabolic 

effi  ciency, on stimulating bacterial growth, and on causing 

myocardial injury [33]. Guidelines recommend mean BP 

values ≥65 mmHg for patients with severe sepsis, albeit 

with no fi rm scientifi c basis. However, data from septic 

shock studies indicate that these pressure targets are 

regularly exceeded, often by ≥20 mmHg [34]. Higher 

mortality was noted in those where higher mean BP 

values were generated using progressively higher cate-

chol amine doses [34]. Over-adjustment of BP and un-

necessary vasopressor use may thus harm. Studies are 

needed to re-evaluate the lowest tolerable BP in patients 

with severe sepsis, acknowledging this will vary between 

patients.

Because septic patients are often vasodilated and hypo-

tensive, beta-blockers are traditionally not used. However, 

preclinical studies demonstrate that beta-blockers reduce 

the infl ammatory response and the degree of lung injury 

without creating further hypotension [35]. Furthermore, 

they can prevent down-regulation of adrenergic recep-

tors, thus preserving cardiac function, and improving 

outcomes [35,36]. In limited studies in septic patients, 

beta-blockade compromised neither oxygen utilization, 

ATP availability, nor the macrocirculation [37,38]. 

Studies are needed to establish the safety and effi  cacy of 

beta-blockade in the critically ill, and to assess alternative 

vasopressors.

Th ese concepts tie in well with the paradigm of allo-

stasis [39,40] and its applicability to critical care. 

Allostasis is an adaptive phenomenon whereby the body 

adjusts and adapts itself to various stressors (for example, 

exercise, emotion, hunger) to maintain homeostasis in 

systems essential for life. More stress will increase 

allostatic load, placing greater pressure on these adaptive 

systems. Severe and/or prolonged stress can result in 

allostatic overload, a decompensation with pathological 

eff ects on various systems, for example, immune, hor-

monal, metabolic, cardiovascular and gut. High sympa-

thetic overload is core to this systemic deterioration. 

Several examples exist, including Takotsubo cardio myo-

pathy, a heart failure condition associated with high 

catechol amine levels yet normal coronary arteries that 

can follow acute emotional stress but which responds to 

beta-blockade [41].

Similar concepts to allostasis have been described over 

the past 70 to 80 years. For example, Selye [42] described 

how severe, prolonged stress leads to ‘organ distress’. 

With relevance to critical illness, the body attempts to 

deal with ‘type I allostatic overload’, where metabolic 

demands exceed supply, by entering a state of metabolic 

shutdown to restore the energy imbalance. Th is 

hibernatory-type condition may represent an important 

pathological process underlying multi-organ failure [43]. 

Apart from avoiding catecholamines where possible, and 

considering beta-blockade, we should also recognize and 

act upon other commonplace stressors suff ered by ICU 

patients, including sleep deprivation [44], pain, boredom, 

and communication problems.

The animated ICU - preparing for survival

Reduced time on mechanical ventilation, shorter lengths 

of stay and survival benefi t are demonstrated through 

more judicious use of sedation. Likewise, the incidence of 

ICU delirium, a risk factor associated with poor out-

comes, long-term cognitive impairment and behavioural 

problems, is also signifi cantly reduced [45]. Apart from 

simply re-evaluating sedation requirements on a regular 

basis, we must address the broader picture of recognizing 

delirium in both agitated and hypo-agitated forms, plus 

preventing and treating it through a three-step approach 

of screening, prevention and restoration of brain func-

tion. Prevention of acute and chronic brain dysfunction 

requires implementation of an ‘ABCDE’ core model of 

care focusing on Awakening and Breathing, Coordination 

with target-based sedation (and Choice of sedative), 

Delirium monitoring, and Exercise/Early mobilization. 

Treatment should not stop on ICU discharge. A continu-

ing program of regular neuropsychological screening 

with active intervention is needed for survivors at high 

risk of ongoing brain dysfunction. Th is includes cognitive 

and physical rehabilitation directed towards improving 

executive and memory defi cits. While no specifi c drug 

therapies have yet been trialled in ICU survivors, some 

possibilities do exist, for example, cholinesterase inhibi-

tors that are currently used in dementia [46].

It is not solely the brain that needs active protection 

and support. As we have frequently highlighted, the 
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various impacts of ICU treatments extend beyond 

keeping the patient alive. Th ey actively contribute 

towards critical illness in its assorted guises [47] and have 

implications not just for the short term, in terms of ICU 

survival, but also for long-term quality and quantity of 

life. Traditionally, patients have been kept immobilized as 

a necessary evil to facilitate support technologies such as 

mechanical ventilation. However, this long-standing 

dogma is unfounded, or at least overplayed, as increasing 

awareness of the adverse eff ects of immobilisation 

become increasingly apparent. Apart from the issues 

surrounding sedation described earlier, there is an 

increased risk of nosocomial infection, pressure sores, 

joint contractures, muscle wasting and weakness. Th ese 

iatrogenic complications hinder recovery and contribute 

to late-onset deaths. With the advent of more sophis-

ticated, synchronisable ventilators that enable comfor-

table modes of spontaneous breathing, there is a 

dwindling need to apply neuromuscular blockade and 

maintain extreme immobilization. With the ventilated 

patient being awake and cooperative, physiotherapy 

involving active mobilization can be instituted earlier, 

expediting the recovery process [48]. New drug 

approaches could be implemented - for example, the mu-

receptor antagonist methylnaltrexone to block the 

peripheral, non-analgesic actions of opiates [49], or 

increased use of the opiate-sparing, less sedating alpha
2
 

adrenergic agonist dexmedetomidine [50].

In addition to early reanimation, can recovery from 

muscle wasting be facilitated? Th e incidence of ICU-

acquired bilateral symmetrical limb weakness was 50% at 

the time of wakening in patients mechanically ventilated 

for 7 days or more, and persisted in half of these patients 

a week later [51]. Th is limb weakness is associated with 

delayed weaning. Potential strategies to decrease muscle 

weakness include either anti-atrophy agents or pro-

hypertrophy agents. Muscle-specifi c ubiquitin ligases 

such as MuRF1 and Atrogin-1 could be targeted as these 

are essential for muscle atrophy [52], while testosterone 

or myostatin inhibitors could be assessed for their 

hypertrophic eff ects [53]. For non-pharmacological 

strategies, apart from re-training, neuromuscular elec trical 

stimulation may prove a useful rehabilitation tool [54].

Randomized clinical trials - reappraised

Most of the large multicentre ‘phase III’ trials over the 

past 15 years have been negative, with no signifi cant 

diff erences shown between treatment and placebo 

groups, even when powered adequately [55]. In only 10% 

or so was the intervention benefi cial, while a similar 

percentage indicated harm, despite a seemingly sound 

biological rationale. Flaws in study design have obviously 

contributed in many cases. Yet, these repeated failures 

may have concealed patient subsets that benefi ted yet 

were diluted out by non-responders, or even counter-

balanced by subsets that were harmed.

Th e concept of lumping patients by ‘syndrome’ is 

outdated. More homogeneous patient groups should be 

studied - for example, those with ALI related to an 

infectious cause - rather than enrolling all-comers who 

fulfi l radiological and physiological criteria but include 

non-infectious aetiologies such as trauma or aspiration. 

For sepsis trials, enrolment has previously relied upon 

physiological and biochemical criteria, but greater eff orts 

should be made to identify the patient’s immunological/

biological phenotype to reduce heterogeneity. Rather 

than fi xed dosing regimens, treatments should be titrated 

to the individual. Th is will depend on the particular 

phenotype being modulated, not only in terms of dosage 

but also in the timing of commencement and cessation of 

the intervention. While sepsis trials often enrol patients 

on the basis of number of organ failures accrued, acute 

physiology only contributes a third of the explanatory 

power of outcome prediction; predisposition of the 

patient (for example, cancer, diabetes, heart failure) 

accounts for nearly half [56]. Th e Predisposition, Insult/

infection, Response, and Organ dysfunction (PIRO) 

concept of risk assessment may prove more useful than 

APACHE (Acute Physiology and Chronic Health Evalua-

tion) or SOFA (Sequential Organ Failure Assessment) 

scores for enrolment and stratifi cation [57].

A stepwise approach is needed before commencing 

large phase III RCTs. Th is will enhance understanding of 

underlying mechanisms and will justify the time, expense 

and validity of assessing the intervention in a clinical 

setting. Biological plausibility needs to be demonstrated 

with supportive animal data from more than one species 

and using more than one model of disease that needs to 

be both representative of the human condition and with 

appropriate timing of the intervention. Human models of 

critical illness should also be considered, for example, 

low dose endotoxin challenge administered to volunteers, 

endotoxin installation into lung specimens resected for 

cancer, ex vivo perfused human lung preparations, or 

pulmonary infl ammation following coronary artery 

bypass surgery or with one lung ventilation in the setting 

of lung resection or oesophagectomy. Such models have a 

limited ability to provide data on surrogate clinical 

outcomes or safety, but can help determine whether a 

putative therapy can modulate pathologically relevant 

mechanisms.

More phase II exploratory trials are thus needed to 

fi rmly establish a sound rationale. High-quality proof-of-

concept studies should be supported by assessment of 

the impact on mechanistically relevant surrogate 

biomarkers. Ideally, such studies should only be 

undertaken in a limited number of ICUs to control the 

potential confounding eff ect of variations in standard 
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practice. Conservative estimates of treatment eff ect size 

should be adopted when planning larger phase II studies 

to confi rm effi  cacy for clinically important endpoints, to 

better determine treatment eff ects, to support the 

biological rationale underpinning the intervention, to 

support safety data, and to better inform sample size 

calculations, feasibility and design for subsequent phase 

III trials.

Observational studies, oft-criticized and dismissed as 

merely hypothesis-generating, may also off er more than 

currently believed. Findings are generalisable to ‘real life’ 

practice as entire patient populations can be enrolled 

without exclusion. Informed consent is usually unneces-

sary, allowing prompt and relatively inexpensive enrol-

ment of large patient numbers. Th ey can only demon-

strate association and are open to the possibilities of bias, 

confounding and reverse causality, and of overestimating 

the benefi cial eff ects of treatments. However, results 

obtained from some observational studies and RCTs 

comparing the same treatments have reported similar 

estimates of treatment eff ect [58,59].

Th e large RCT is still needed, albeit with refi nements 

such as those described above that will enhance the 

likelihood of success. Increasing awareness of their 

limita tions within the critical care setting and inherent 

diffi  culties in recruiting suffi  cient numbers of tightly 

defi ned patients will, by necessity, require incorporation 

of other forms of evidence. Th e challenge lies in steering 

an appropriate course, not over-extrapolating trial results 

to the ICU population in general, and focusing clinical 

trials on a strong biological rationale.

Process of care - what should we be doing 

diff erently?

We should re-examine current processes of care. At one 

level this could relate to removal or reduction of un-

necessary and costly procedures and interventions - do 

patients need routine daily chest X-rays or whole-body 

‘diagnostic’ CT scans with liberal use of nephropathic 

dyes? Do they need routine arterial and central venous 

cannulation? Th ere is also the bigger picture that needs 

to address the burgeoning demand for, and cost of, 

critical care. Particularly in the US, intensive care 

provision is regarded as an individual patient decision, 

even when futile. Some ethicists and clinicians would 

argue this is an inalienable human right. However, in 

these straightened economic times when ICUs are often 

struggling to fi ll staffi  ng rosters, critical care can no 

longer be viewed as an unlimited resource. Delivery of 

futile care can occur at the expense of others, even in the 

absence of resource limitation. For example, antibiotic 

resistance is encouraged through aggressive treatment of 

infection in patients receiving futile care. ‘Never events’, 

such as catheter-related sepsis and pressure sores, can 

readily occur in patients with serious underlying illnesses 

whose lives are being prolonged by futile care. Th e threat 

that insurance payers will withhold funding after such an 

event means that the hospital will have less fi nance to 

treat other patients without futile illness. Clearly, we 

should discriminate between futile and marginal care, 

but we should not shy away from this important issue.

Likewise, the concept of care bundles merits further 

scrutiny. A bundle represents a number of separate 

interventions packaged together and promoted as best 

practice. ICUs should be standardizing many aspects of 

critical care management, taking into account local 

factors such as staffi  ng levels, expertise, facilities, specifi c 

infections and patient case mix. High compliance rates 

should be mandated, with performance and outcomes 

routinely audited to support likely benefi t and exclude 

obvious harm to the patient population as a whole. 

However, should there be a headlong rush to instigate 

specifi c packages as standards of care using positive 

outcome studies of varying quality? No attempt has been 

made to formally validate each bundle as a whole, nor to 

acknowledge the often weighty degree of contradictory 

data. Findings are being extrapolated to patient subsets 

that are often quite distinct from those in whom they 

were generated. Furthermore, what may be appropriate 

management at one timepoint in the patient’s critical 

illness may be inappropriate at another. Th ere is often 

minimal regard of the context in which the underlying 

evidence was generated, and the problems created by 

diff erences between effi  cacy (what works in the best 

possible hands/circumstances) and eff ectiveness (what 

works in ‘real life’). Increasing pressure is now being 

exerted by governmental bodies, healthcare funders and 

patient safety groups to fast-track their implementation. 

Instead of the clinical practice improvements for which 

they were originally intended, there is increasing anxiety 

that care bundles will be used inappropriately as a quality 

control marker for ICU benchmarking, with medicolegal 

and reimbursement ramifi cations. If you do not 

implement a proscribed bundle of measures, are you a 

bad ICU that should be penalized?

Th e challenge lies in when to deviate outside guidelines 

and protocols. What may benefi t a population in general 

terms may be disadvantageous to an individual at a 

certain point in time. For example, should enteral 

nutrition be attempted, or even forced using prokinetics, 

when the gut manifests signs of intolerance (high 

aspirates, abdominal distention, diarrhoea) [60]? Mortality 

in such patients is considerably higher. Is this gut 

dysfunction simply refl ective of a sicker patient or do we 

contribute directly to poor outcomes by attempting to 

force-feed an unhappy bowel?

Smoothing out inconsistency is one of the original, and 

still most potent, arguments for care bundles. 
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Incon sis tency continues to dominate much of our 

decision-making and is likely to impact negatively upon 

patient outcomes. Th e patchy uptake of evidence into 

daily practice suggests inherent prejudices that are often 

diffi  cult to surmount. Applying behavioural psychology 

will expose our cognitive biases, facilitate use of data and 

deliver a more consistent and less stressful series of 

decisions to the benefi t of both patient and caregiver. 

Choice depends on information, the framing of which - 

the ‘task environment’ - will infl uence decision-making.

Judgment combines processing of information and esti-

mation of probabilities. Intuitive judgments (heuristics) 

are mental shortcuts that allow simplifi cation of complex 

problems, providing quick solutions at relatively low 

cognitive cost. Clinicians use heuristics to aid diagnosis; 

examples include pattern recognition and ‘indexing keys’ 

that associate elements of history and physical exami-

nation to specifi c conditions. However, this can lead to 

errors in judgment, or biases, for example, not consider-

ing all possible options or by introducing a preference for 

one. Importantly, heuristics tend to dominate when the 

clinician is fatigued or under time pressure. Knowledge, 

attitudes and incentives do relatively little to disrupt 

these instinctive cognitive strategies. Individuals can 

overcome their heuristic tendencies if information is 

made easier to use, and if they have to explicitly construct 

rule-based analyses to problem-solve. Training will make 

people aware of their own biases and can instil rule-based 

behaviour through repetitive practice with feedback. 

Standard izing ICU care requires compensation of 

cognitive biases and restructuring of the task environ-

ment to make the easy choice the right one. Behavioural 

psychology can provide important insights into these 

biases and could readily be utilized to improve the quality 

of delivered care.

Apart from self-improvement, we should also reduce 

‘machine friction’ in the system by improving on organi-

zational underperformance. A focus on simple, readily 

implementable process-of-care measures will deliver 

greater patient outcome benefi t, and at lesser cost, than 

many technological advances of recent years. Variations 

in performance between ICUs are not simply due to 

diff erences in case mix and facilities, but also to varia-

tions in process and behaviour patterns. With regard to 

the above debate over protocolised care and bundles, a 

reasonable middle ground is to avoid extremes and 

acknowledge that protocolisation is likely to benefi t some 

elements of routine practice, whereas an individualized 

approach is needed for others. Th e balance will, however, 

vary between ICUs depending on staffi  ng, available 

expertise, case mix, and other factors.

Certain ‘givens’ are mandated in oiling the wheels. 

Apart from eff ective education to inform decision-

making, management plans must be communicated to, 

and delivered by, the rest of the ‘machine’ both inside and 

outside the ICU. At each interface there is the oppor-

tunity for success or a potentially compromising friction. 

Th is applies to interactions between day and night shifts, 

between multi-disciplinary care team members, and with 

external specialists. Studies have shown outcome 

improve ments simply by an ICU physician doing daily 

rounds [61]. Error in all its forms should be understood 

and minimized. Again, poor communication is often at 

fault but institution of simple procedures such as 

checklists, daily goals, feedback of compliance rates, and 

non-blame error reporting will contribute to more 

eff ective delivery of care. We must foster a culture in 

which junior members and multi-disciplinary colleagues 

feel they can voice concerns and opinions. Importantly, 

we need to lead in the overall sense, a skill for which 

specifi c training is rarely, if ever, provided.

Conclusion

We hope this article has provided some new food for 

thought. We neither expect nor demand immediate 

imple men tation but rather a re-consideration of current 

practices, a re-evaluation of available evidence, and 

eff ective testing to confi rm or refute the validity of the 

proposed hypotheses.
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