
Introduction

Intensive care is an increasingly important component
within health services which in most countries are oper-
ating in a climate of cost-containment [1]. In common
with other disciplines, intensive care needs to be able
to demonstrate cost-effective use of the medical com-
mons. However, a significant proportion of medical
practice in intensive care is directed towards achieving
marginal benefits at high cost. This is an inevitable con-
sequence of the link between increasing severity of ill-
ness and dependence on organ-system support driving
higher costs of care and worse outcomes. As it may
cost twice as much to generate a non-survivor as a survi-
vor amongst emergency admissions to intensive care [2],
a substantial proportion of the ICU budget can be lost in
this way [3]. This is undesirable. The purpose of this arti-
cle is to examine the potential for improving the cost-ef-
ficacy of intensive care through earlier identification
and prophylactic management of the high-risk patient.
To do this we must examine what is meant by `risk' at
the level of the individual patient.

Interpreting risk: reserve, response and therapy

Methods of measuring severity of illness have contribut-
ed substantially to intensive care research during the
last two decades. The ability of such systems to explain
mortality risk for large cohorts of patients is impressive,
and it is difficult now to imagine conducting research
and audit without them. However, this contrasts with
the lack of apparent clinical utility at the level of the in-
dividual patient [4]. This difference between the group
and the individual is easy to explain in methodological
terms: group mortality risk is a continuous variable,
whereas for the individual patient outcomes are dichot-
omous. However, this disguises a more interesting ques-
tion: why should two patients with the same disease pro-
cess and identical physiological severity (for example, a
50% risk of death) have different outcomes? Why
should one die and the other survive? Is it because of
differences in quality of care, or differences between
the two patients which have not been captured by the
risk adjustment method? And in any case, does it mat-
ter?
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It may be easier to answer these questions if we con-
sider the relationships between the factors which influ-
ence individual patient outcomes. Outcomes (which in-
clude death, survival, organ-system failures, disability,
quality of life and so on) are evidently the product of
three important variables: the magnitude or severity of
the acute insult, the treatment provided, and the pa-
tient's degree of reserve or susceptibility ± `constitution-
al' factors (Fig.1). The interplay between the acute dis-
ease and the patient's reserve determines the physiolog-
ical expression of the process of becoming critically ill,
and it is this which is measured by physiological scoring
systems, not the acute disease itself. Thus, an elderly
and infirm individual with impaired organ system func-
tion is likely to demonstrate a greater degree of physio-
logical disturbance than someone younger and healthi-
er, for the same level of insult. Alternatively, patients
can share the same degree of severity of disease mea-
sured using physiology scoring despite having very dif-
ferent diseases and states of prior health. This is why
chronic ill health appears to contribute so little to over-
all predictive power using physiological scoring systems
[5] but remains a major determinant of resuscitation sta-
tus and decisions to limit treatment [6]. Thus, while one
of the main strengths of scoring systems is their ability
to reduce the heterogeneity of intensive care to a com-
posite measure, it also makes it more difficult to identify
those background factors which could influence the sus-
ceptibility of patients to critical illness, their prior risk.
Before discussing what these factors might be, we
should first consider why we might need to measure pri-
or risk of critical illness independently of the acute dis-
ease.

Why measure prior risk of critical illness?

One of the main problems facing intensive care is the
fact that skilled organ system support defers, but may
not prevent, death in an increasingly dependent popula-
tion of sick patients. As stated above, this results in mis-
direction of scarce resources. The conventional way of
solving this problem is to withdraw support earlier
from patients identified as unlikely to survive. However,
given the known difficulty of translating group risk esti-
mates into individual predictions [7], this is not a simple
option. A more attractive approach would be to identify
patients at risk of critical illness earlier, in order to apply
preventative intensive care at lower cost with better out-
comes. A measure of `physiological reserve' or suscepti-
bility would facilitate this. It would also alert medical
staff to the need to discuss with a particular patient
whether admission to intensive care was appropriate,
while the patient was still competent. It might also
make it easier to differentiate potential survivors from
non-survivors in the chronic stages of critical illness.
Given the shift in hospital case mix towards a more de-
pendent patient population with less reversible disease,
a proactive approach to critical illness has much to com-
mend it in theory. What are the opportunities in prac-
tice?

Prevention: `market opportunities'

Evidence of opportunities for earlier intervention
amongst emergency admissions to intensive care comes
from studies demonstrating unsatisfactory ward care in
the UK before referral to ICU [8] and avoidable ward
deaths even in the USA [9], and the existence of early
warning signs in such patients including those who sub-
sequently suffer cardiorespiratory arrest [10, 11]. Others
have documented the adverse effect on outcomes of ra-
tioning [12] or delay in receiving treatment [13, 14].
While it is possible that only those countries which
spend less on intensive care might have a higher propor-
tion of late referrals, the principles of prevention are ap-
plicable to all, because prior risk may explain some of
the individual differences in severity-equivalent out-
comes. The importance of emergency admissions is the
high mortality combined with substantial resource con-
sumption. ICUs with a high proportion of admissions
from the wards or emergency departments are therefore
likely to find scope for practising interventional or pre-
ventative intensive care.

In addition to emergency admissions to intensive
care, there is also now an extensive literature on the im-
portance of flow-related variables as predictors of risk
[15, 16, 17, 18], and of physiological optimisation of
these variables for improved survival in high risk sur-
gery [19, 20, 21, 22, 23, 24]. Optimisation predominantly
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means maximising tissue oxygen supply in patients with
suboptimal oxygen delivery from cardiovascular disease
or hypovolaemia. ICUs with a case mix skewed toward
this sort of patient should therefore look for opportuni-
ties to collaborate with surgeons and anaesthetists to de-
velop agreed protocols for identifying and managing
such patients before surgery. As these techniques seem
to have little benefit when applied late in the course of
critical illness [25, 26], it emphasises the importance of
identifying patients at risk early on.

The concept of preventing multiple organ failure by
earlier intervention in patients at risk of critical illness
is attractive, but a number of practical obstacles need
to be overcome. First, we need to identify those risk fac-
tors which contribute to susceptibility to critical illness.
Second, risk must be calibrated against specific out-
comes given different levels of support (ward care, high
dependency care, intensive care). Third, identification
of risk needs to be followed by timely intervention using
effective treatments. Fourth, the risk:benefit:costs ratios
should be better for prevention than for reactive treat-
ment of established organ-system failures. Finally, de-
nominator information is required to test the hypothesis
that perceived risk factors are indeed associated with
worse outcomes, and this adds substantially to the costs
of research.

Which factors determine prior risk of critical illness?

Risk of critical illness can be assessed at two levels. The
usual approach is to identify the overt physiological de-
rangements that accompany acute disease, such as hy-
potension, hypoxaemia and so on. These are the usual
triggers for referral of sick patients to intensive care,
and they also form part of the physiological measure-
ment of severity. The other component is the back-
ground level of health or constitutional reserve of an in-
dividual, which is an important determinant of the de-
gree to which an acute disease achieves clinical expres-
sion, as the Figure implies.

Physiology

Acute physiological derangements are valuable indica-
tors of risk because they are comparatively easy to mea-
sure and understand. Those reported to be associated
with critical illness are tachypnoea, hypoxaemia, and
hypotension [10, 11], though this may also reflect avail-
ability and sampling frequency. Identification of a meta-
bolic acidosis may be useful [27], and medical staff need
to be encouraged to perform this simple test. The prob-
lem is that these variables suffer from the obvious limi-
tations that they tend to be measured late or not at all,
usually well after a disease process has started, and

may be documented inaccurately. Moreover, conven-
tional vital signs may be poor surrogates for the vari-
ables which really matter ± the adequacy of oxygen sup-
ply to the tissues, and the presence or absence of an in-
flammatory response. Despite these disadvantages, ab-
normal acute physiology will remain the most common
precipitant for referral to intensive care. The challenge
is to ensure a prompt and appropriate therapeutic re-
sponse from ward staff.

Background health, constitutional reserve and genetic
susceptibility

It is evident that individuals differ in their response to
disease. These differences are a consequence of heredi-
ty and environment, both of which contribute to physio-
logical reserve. We assess these differences intuitively
when patients are referred for intensive care. They in-
clude biological (as opposed to chronological) age, loss
of physical and social independence, co-morbid disease
and immunosuppression. Two of the most important
are the degree of cardiovascular fitness, and the nature
of the inflammatory response.

Cardiovascular reserve

As described above, it is now well accepted that failure
to respond to the hypermetabolism of life-threatening
illness, trauma, or surgery by increasing cardiac output
and oxygen supply to the tissues is associated with an in-
creased mortality [15, 16, 17, 18]. Similarly, if this re-
duced physiological reserve is enhanced `artificially' by
plasma volume expansion and inotropic drugs either be-
fore or at an early stage in the evolution of critical ill-
ness, survival rates improve [19, 20, 21, 22, 23, 24]. Pa-
tients with a low anaerobic threshold determined by
graded exercise have a higher morbidity and mortality
following major vascular surgery [18], and in popula-
tion-based studies, physical exercise and cardiovascular
fitness are associated with a marked reduction in age-
adjusted risk of death [28].

These differences are not just the result of a healthy
lifestyle. The gene responsible for expression of angio-
tensin converting enzyme (ACE) demonstrates poly-
morphism based on the presence or absence of 287
base pairs. The `insertion' form of the gene produces
low levels of ACE, the `deletion' variant high levels.
The homozygous deletion variant has been associated
with a reduced 5 yr survival following diagnosis of con-
gestive cardiac failure [29], and a marked left ventricu-
lar hypertrophic response to standardised physical train-
ing amongst army recruits [30]. It is interesting to specu-
late that this genetic difference might account for some
of the mortality differences in iso-risk groups, and may
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also have some relevance to myocardial dysfunction
complicating weaning from prolonged mechanical ven-
tilation.

The inflammatory response

One of the messages to emerge from the failure of anti-
cytokine therapies in intensive care [31] is that respons-
es to inflammatory stimuli vary between individuals.
Some of these variations are acquired, some are inherit-
ed, and most will be both. A study of adult adoptees has
demonstrated a five-fold increase in risk of premature
death from infectious causes if one of the natural (rather
than the adopting) parents had also died for this reason
[32]. Different levels of acquired immunity to endotoxin
[33] might explain the absence of a relationship between
plasma levels and clinical outcomes seen in certain pa-
tient groups susceptible to endotoxaemia [34]. Whether
the newly discovered Toll-R2 receptor [35] which medi-
ates leukocyte cytokine responses to endotoxin will
demonstrate polymorphism remains to be seen, but
there are certainly genetic differences in cytokine pro-
duction in inflammatory states which appear to influ-
ence outcome. At present the data are inconsistent. In
a study [36] of meningococcal meningitis, endotoxin
stimulation produced high levels of interleukin-10 and
low levels of tumour necrosis factor (TNF) in blood
samples taken from the relatives of patients who subse-
quently died, an `anti-inflammatory' profile. However,
in critically ill septic adults [37], polymorphism of the
TNF gene appears to show the converse: patients ho-
mozygous for the allele TNF-B2 had higher circulating
TNF concentrations, more organ system failures, and a
higher mortality rate than heterozygous (TNF-B1/-B2)
patients; similar results have been obtained in another
study of children with meningococcal meningitis [38].
Further studies are required to define the frequency
and importance of these genetic differences.

Linking cardiovascular reserve and the inflammatory
response

One of the most striking features of the association be-
tween impaired tissue oxygenation and critical illness is
the efficacy of preventative strategies when applied ear-
ly or to non-septic patients, and the apparent failure of
the same techniques when applied later in the evolution
of the septic state [25, 26]. Although a metabolic block
to oxygen consumption in sepsis may explain some of
this paradox, poor cardiovascular performance still re-
mains a risk factor for death; the ability to maximise ox-
ygen supply distinguishes survivors from non-survivors
independently of therapy [39], suggesting that good car-
diovascular reserve is a precondition for survival from

sepsis. The fact that nuclear factor kappa-B (NFkB) can
be activated by hypoxia [40] as well as endotoxin [41]
may provide a theoretical basis for this difference in
therapeutic efficacy: cardiovascular optimisation might
prevent NFkB activation in the non-septic state, but
may be unable to reverse it once the process is stimulat-
ed through accessory routes.

Population health: socio-economic factors

The existence of regional (national and international)
differences in population health is well recognised by
health service administrations [42, 43, 44]. They can be
attributed to a range of cultural and environmental in-
fluences, including diet, exercise, employment status, al-
cohol consumption and smoking. Dietary factors such as
glutamine [45, 46], arginine [47] and anti-oxidant status
[48] may all play a part in modifying the inflammatory
response, and could predispose patients to more severe
forms of illness.

Practical issues: evaluating risk factors and implementing
early intervention

There are several reasons for trying to identify factors
that contribute to risk of critical illness. These are to fa-
cilitate earlier intervention, prevent organ system fail-
ures, avoid inappropriate admission to intensive care,
and to understand why it is that some patients fail to re-
cover despite appropriate treatment. Improved knowl-
edge of risk:benefit relationships would ensure that
treatment limitation decisions could then be discussed
with patients and relatives with much greater clarity
[49, 50]. The approaches described below need to be
combined in a comprehensive approach to risk assess-
ment and reduction which involves the entire hospital
service.

Genetic profiling

It is already possible to test for a number of genetic
polymorphisms, using techniques similar to those em-
ployed for characterising HLA tissue type before trans-
plantation. As the range and speed of testing increases,
near-bedside evaluation of genetic markers of suscepti-
bility will become a practical proposition, and combined
with demographic and life-style data could form the ba-
sis for quantifying prior risk of critical illness. Research
projects currently under way will help to define the util-
ity of these methods.
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Assessment of cardiac reserve

Dynamic tests of cardiac function are better indicators
of outcome than static tests such as electrocardiography
or measurements of arterial and central venous pres-
sures. Exercise testing using the anaerobic threshold
[18, 51, 52] and dobutamine stress-testing [53] are useful
in selected populations, but there is really no simple
clinical test applicable to large numbers of patients,
which accurately measures the ability of the heart to in-
crease oxygen delivery in stress states. Although self-re-
ported exercise ability is unreliable [54, 55], and needs
to be supplemented by an objective measure for accu-
rate assessment, a history of even modest regular exer-
cise appears to be protective from cardiac events [56].

Cardiorespiratory optimisation

Perhaps one of the problems for preventing critical ill-
ness is that it is comparatively simple and unglamorous.
In addition to the basic principles of resuscitation, the
main element is optimisation of cardiac output using in-
travascular volume expansion. Additional benefit may
be obtained by using inodilators such as dopexamine or
dobutamine prophylactically in high risk groups, for ex-
ample those undergoing major surgery [19, 20, 21, 22,
23, 24], or phosphodiesterase inhibitors to facilitate
weaning from prolonged mechanical ventilation in the
presence of ventricular dysfunction [57]. Angiotensin
converting enzyme inhibition might also play a role in
this respect. Whether this represents prevention of an ox-
ygen debt or inhibition of an inflammatory response [58,
59], or both, is uncertain; volume optimisation is proba-
bly the more important element. Another prophylactic
population-based approach is to encourage a healthy
life-style in terms of regular exercise, which appears to
benefit patients with impaired ventricular function [60].

Enhancement of host defences

Approaches being investigated include immunonutri-
ents such as glutamine supplementation [45, 46], probi-
otic feeds containing lactobacilli [61], granulocyte colo-
ny stimulating factors [62], and immunisation against
bacterial products such as endotoxin [63]. All these ap-
proaches either require a method for detecting patients
at risk, or they must be applied once the disease process
has started which may limit their efficacy.

Delivering early intervention: education,
training and resources

Early intervention involves setting up a system of care
starting with a method for quantifying risk such as a
scoring system, training staff to use it, and ensuring
that there is an appropriate therapeutic response. This
involves giving junior doctors and nurses some expe-
rience of intensive care so that they acquire the skills to
identify patients with unstable and deteriorating physi-
ology. The medical emergency team has been proposed
as the means for delivering care outside the ICU [64],
the USA with its emphasis on narrow specialisation pre-
fers the concept of the `hospitalist' as a trouble-shooting
general practitioner [65]. In addition to human skills,
adequate facilities in terms of intermediate level (high
dependency) care are needed to allow treatment to be
delivered conveniently, efficiently and safely. High de-
pendency care has the added merit that it is easier for
less experienced junior staff to refer patients for care at
this level than it is for them to get access to the more in-
timidating environment of the ICU.
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