
Evidence should not be viewed in isolation

Rui Moreno, MD, PhD; Andrew Rhodes, FRCP, FRCA

It’s more important to know what sort of
person this disease has, than what sort of
disease this person has.

—William Osler (1849–1919)

T he care of critically ill patients
is complex. Although many of
those patients present with
similar syndromic patterns,

the pathophysiological processes under-
pinning these phenotypes are highly
complex, in particular in the myriad of
ways that these interact with the geno-
typic makeup of the patients and their
often multiple premorbid disease pro-
cesses. Even when taking all the above
into account, the multiple variations in
treatment modalities and organ support
techniques used on each separate patient
makes them highly individual in their
own right. This makes our attempts to
get homogeneous groupings for compar-
ison extremely difficult. It should there-
fore not be a surprise to learn that the

history of intensive care medicine is one
of failed or negative randomized con-
trolled studies.

History of trial design in
intensive care medicine

In the 1980s and 1990s, a long series
of studies were published with one factor
in common: they were all negative. This
was especially the case for randomized
controlled trials (RCTs) of severe infec-
tion, sepsis, and septic shock. The time,
efforts, and resources expended on these
studies were hugely relevant to our small
and relatively impoverished specialty, so
this series of “failed” attempts at identi-
fying evidence-based approaches gener-
ated both significant controversy and dis-
cussion. Fortunately, we learned a lot
from these discussions, and the design
and process control of RCTs has changed
significantly in subsequent decades. In-
deed, the debate challenged nearly all of
our previously held assumptions under-
lying the appropriateness and control of
phase III, placebo-controlled, double-
blind RCTs, especially those using 28-
day hospital mortality as a primary end
point (1).

The situation changed dramatically in
the early 2000s with the publication on
March 8, 2001, of the Recombinant Hu-
man Activated Protein C Worldwide Eval-
uation in Severe Sepsis (PROWESS)
Study demonstrating a significant reduc-
tion in mortality in patients with severe

sepsis treated with drotrecogin alfa acti-
vated compared with placebo (2). In less
than a decade, many new interventions,
or new ways of applying old interven-
tions, have been proposed to decrease the
mortality and/or morbidity of sepsis. The
interventions proposed, based on studies
with very different levels of evidence and
different methodologic characteristics,
include the use of early goal-directed re-
suscitation of the septic patient during
the first 6 hrs after recognition in the
emergency department (3), the adminis-
tration of broad-spectrum antibiotic ther-
apy as soon as possible after diagnosis of
infection-related hypotension (if possible
within 1 hr of the diagnosis) (4), the use
of low-dose steroid therapy given to pa-
tients with more severe forms of the syn-
drome (for example, patients who remain
hypotensive despite adequate fluid resus-
citation and vasopressors) (5), and the
rigid control of glycemia in postoperative
patients (6). Many more interventions
have been evaluated and published, rang-
ing from ventilatory strategies to renal
replacement therapy with different levels
of evidence and impact on clinician be-
havior.

The Surviving Sepsis Campaign

In 2004, the Surviving Sepsis Cam-
paign group published a set of recom-
mendations based on the group analysis
of the available literature (7). This effort
was then further updated and expanded
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with new methods to access and weigh
the evidence in 2008 (8). Although these
recommendations were grounded in evi-
dence-based processes, the publication
has proved subsequently to be highly
controversial and has further engendered
debate that questions not only our ability
to perform robust studies, but also our
methodologies of appraising and grading
evidence to generate rational evidence-
based practice guidelines (9). Leaving the
question of the origins of, and motiva-
tions for funding the most contentious
part of the whole Surviving Sepsis Cam-
paign was the translation of the evidence-
based recommendations into a “bundle”
methodology with the attempt of chang-
ing clinicians’ behaviors and practices
(10). The motivation behind this process
change was fundamentally correct; how-
ever, the perception of it being used as a
marketing tool by industry and the in-
consistent levels of evidence that under-
pinned the individual components of the
bundles led to much criticism in aca-
demic journals and in the lay press. The
publication of these “sepsis” bundles and
subsequent attempts to force clinicians to
adopt each individual component of the
bundle generated the greatest contro-
versy we have seen in our specialty (9).
This has been far more heated than pre-
vious ‘hot topics’ such as the importance
of tissue oxygen debt as a determinant of
postoperative organ failure (11) or the
uproar surrounding the linkage of the
pulmonary artery catheter to excess mor-
tality (12). The temperature was raised to
such an extent that major bodies felt im-
pelled to speak out with pleas for moder-
ation, e,g., the European Society of In-
tensive Care Medicine (13), the Society of
Critical Care Medicine (14), and the Aus-
tralian and New Zealand Intensive Care
Society (15). Central to these debates was
the concern held by many about our lim-
ited knowledge and expertise in translat-
ing data extracted from RCTs into clinical
recommendations that could be trusted
and relied on.

Risk assessment in trial design

A major issue that trial designers have
had to face is how to direct and test a
therapy in the most appropriate risk
group of patients. Vincent (16) describes
a bell-shaped curve whereby a tested
treatment is only likely to benefit patients
within the middle part of the risk–benefit
ratio. If the risk is too high, the patient
will probably die anyway; too low and it is

unlikely that the treatment effect can be
proved in a conventionally sized trial. Our
ability to predict the correct risk grouping
of patients within a trial setting is thus
vitally important and sadly our skills, al-
though improving, are still lacking.

Traditionally researchers have used
general severity scores and outcome pre-
diction models such as the Acute Physi-
ology and Chronic Health Evaluation
(APACHE) model (17) or the Simplified
Acute Physiology Score (18) for risk as-
sessment in a trial setting. We believe
that this is fundamentally flawed.
APACHE II was originally designed to as-
sess the risk of a patient dying within the
hospital inpatient episode. It was not de-
signed to assess survival at a discrete time
point such as 28 days, which is what
many studies have as their primary end
point. This difference may only be small
but fundamentally affects the logistically
derived variables within the equation. In
other words, the risk assessment is likely
to be imprecise. This has been clearly
demonstrated by us when comparing pre-
dictions based on logistic regression
models with those based on multilevel
Cox models, the former aiming to fore-
cast a certain outcome at a given point in
time, while the latter looked for a precise
duration of follow-up (19). On top of this,
the APACHE II score (as with similar
models) was derived after the collection
of the worst data within the 24-hr period
after intensive care admission. Again, this
is not how it is often used in clinical trial
settings. The summation of these issues
results in a risk assessment that allows
some patients with a risk too high to be
enrolled and some who would potentially
benefit to be excluded. This fact has been
well explored by the developers of these
models, but the lessons have tended to be
forgotten over time (20–23). A good ex-
ample of where the use of the APACHE II
score for this purpose can cause problems
is in the interpretation of the PROWESS
and ADDRESS studies. The PROWESS
study demonstrated that survival benefit
increased as the APACHE II quartiles in-
creased. This led the Food and Drug Ad-
ministration to license activated protein
C in the United States for patients with
severe sepsis or septic shock and an
APACHE II score !25. To better under-
stand the lower-risk group of patients,
the Administration of Drotrecogin Alfa
(Activated) in Early Stage Severe Sepsis
study was initiated. This study was a pla-
cebo-controlled RCT for patients with a
lower risk of death. This study was

stopped early on grounds of futility. Of
note, however, was the fact that some
patients deemed to be at a low risk of
death were enrolled although they had a
high APACHE II score. The subgroup of
patients in this study with an APACHE II
score !25 seemed to derive no benefit
from the drug. It is difficult to disentan-
gle exactly what this means; did the ini-
tial study overestimate the treatment ef-
fect or was the risk assessment tool
giving false information? It is clear that
clinicians are able to identify factors as-
sociated with improved survival that were
not included in the APACHE II score and
were of importance to the patients’ out-
come.

New models for risk
assessment

In recent years, many groups have
studied these risk assessment tools to
better refine the equations so that they
can be used to provide a better risk as-
sessment both for hospital and 28-day
survival. In a general population of criti-
cally ill patients, it was possible to iden-
tify from the Simplified Acute Physiology
Score 3 model a number of factors that
were already present on hospital admis-
sion (in other words, predisposition) and
that were responsible for 46% of the ex-
planatory power of the model (24). This
compares with the 45% found in the
model specifically for patients with severe
infection and sepsis (25). Although, for a
number of methodologic reasons, these
two models should not be directly com-
pared (26), a striking observation does
become apparent, namely that acute
physiology seems to contribute far less to
outcome than it is often given credit for
(27.4% in the general model and 35.3%
in the sepsis model). This clearly differs
from the 73% contribution attributed to
these variables in the old APACHE III
model (17). This is of direct relevance to
many ongoing trials with inclusion and
exclusion criteria based mainly on the
presence, severity, and duration of organ
failures rather than on either the predispo-
sition of the patient or on the characteris-
tics of the infection such as the agent, site,
or extension (27). It is clear that in future
years we will have to give far greater cre-
dence to the predisposition of patients to
critical illness and the characteristics of
particular infections rather than the ulti-
mate response in terms of organ dysfunc-
tion and failure. This has recently been
validated by several groups who have devel-
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oped models based around the Predisposi-
tion, Insult/infection, Response, and Organ
dysfunction (PIRO) concept of risk assess-
ment (25, 28).

This lack of strict baseline evaluation
of the patient characteristics to which the
intervention (or the bundle of interven-
tions) will be applied probably explains
why apparently similar studies achieve
different results. An example of this is the
discrepancy between the results of the
Corticosteroid Therapy of Septic Shock
study, comparing the use of hydrocorti-
sone with placebo in patients with septic
shock (29), with a negative result of the
intervention on all cause, 28-day mortal-
ity when compared with almost the same
design in a much more severe cohort of
patients (5). Despite many arguments
that can be raised resulting from different
amounts of hydrocortisone or the con-
comitant use of fludrocortisone, it is
probably the baseline risk of death of the
patients in both studies that explains the
different results, as shown by the death
rate in the placebo arms of both studies:
61% in Annane’s study and 31% in
Sprung’s study. The same is true for
other recent studies, a classic example
being the discordance in outcomes of a
policy designed to rigidly control blood
glucose levels when tested by Van den
Berghe (6) and a German network (30).
Consequently, new trial designs are
needed to minimize some of these prob-
lems (31–33), but it is possibly more im-
portant to better understand the prog-
nostic determinants of the patient with
sepsis, severe sepsis, and septic shock,
and more important than that, that these
determinants are changing.

The changing face of intensive
care medicine

We must realize that our field of sci-
ence faces some unique challenges. Con-
trary to the impact of natural diseases on
physiology, which usually evolves slowly
over decades or centuries, our models
become old and outdated very quickly.
Changes in the baseline characteristics of
the populations, driven more often by
changes in lifestyle than by true (genetic)
changes, changes in the way we organize
and deliver health care, and in the way we
prevent, diagnose, and treat major dis-
eases all have a major impact on the
accuracy of our instruments. One of the
consequences of these changes is a con-
tinuous pressure on the representative-
ness of our patient databases and in the

way we model the outcome of our pa-
tients based on a set of predictive vari-
ables. Life is made of change, and in re-
gard to intensive care medicine, most of
the change has been positive.

The case-mix of a modern day ICU is
very different to that of 20 years ago. The
mean age of the admitted patients has
increased, as have the number and sever-
ity of their comorbidities. The diagnoses
have changed, as has the complexity of
interventions being offered. The empha-
sis has shifted towards early detection
and correction of physiological derange-
ments as the degree of physiological re-
serve of our patients is lower today than it
used to be, and toward a more multidis-
ciplinary approach with a stronger focus
upon effectiveness and safety of our prac-
tices. The final result of this complex and
poorly understood interaction between
patient characteristics and medical inter-
ventions has been a globally positive im-
pact on outcomes. Examples include sep-
sis and the acute respiratory distress
syndrome where risk-adjusted mortality
is lower today than ever before (34). For
developers of outcome prediction models,
these changes in patient characteristics,
healthcare delivery models, and out-
comes have required them to regularly
reinvent the wheel–first, to assure that
the databases in which the models are
developed reflect the underlying charac-
teristics of patients and healthcare deliv-
ery systems and, second, to assure that
the relationship between patient-related
characteristics and outcome is taken into
account.

All new severity scores are more com-
plex than their old counterparts, having
been developed in larger databases, and
built using more complex modeling tech-
niques. They are, on the other hand,
more bound to the specificities of their
development databases, a fact that can
affect their use outside their development
population. The Simplified Acute Physi-
ology Score 3 admission model was built
based on a database of 19,577 patients
consecutively admitted to 307 ICUs all
over the world from October 14 to De-
cember 15, 2002 (24, 35); the APACHE IV
model was based on a database of 110,558
consecutive admissions during 2002 and
2003 to 104 ICUs in 45 United States
hospitals participating in the APACHE III
database (36); the updated Mortality
Probability Admission Model (MPM0-III)
resulted from a retrospective analysis of
data from 124,855 patients admitted to
135 ICUs in 98 North American hospitals

participating in the Project IMPACT
(Cerner, Bel Air, MD), a USA database of
data from ICU patients registered be-
tween 2001 and 2004 (37); and the Inten-
sive Care National Audit & Research
Centre (ICNARC) model is based on pro-
spective data from 216,626 critical care
admissions from 163 adult, general crit-
ical care units in England, Wales, and
Northern Ireland, December 1995 to Au-
gust 2003 (38). For all these developers,
compromises had to be made regarding
the heterogeneity of the databases (and
better generalizability of the results) vs.
homogeneity and a more limited range of
application, as recently discussed by
Hutchings et al (39).

It is too soon to be sure whether this
third generation of outcome prediction
models will perform better in the long
run than their old counterparts, as has
been shown for the second generation of
outcome prediction models over their
predecessors (40), or to know the degree
of confidence in using these instruments
in populations that differ from the devel-
opment population, a crucial issue when
choosing which method to use in a par-
ticular ICU. Our knowledge and level of
expertise in medical statistics is still too
crude to allow us to control completely
for differences in patient characteristics
and healthcare delivery models that are
present when we compare demographic
data from patients admitted to an ICU in
Boston with those in one from Sydney, or
from an ICU in Hong Kong with one from
Lisbon. By so doing, we can be sure that
outcome assessment models will provide
us with an important framework for as-
sessing the severity of illness of our pa-
tients, and that this may eventually help
the individual ICU to spot and to monitor
the consequences of such activity, which
in the past was known as the continuous
need to reinvent the wheel (41).

The challenge of converting
data into recommendations

There are many parallels between the
development of the scoring systems as
described previously and the assessment
of evidence generated from RCTs. In par-
ticular, it is vitally important to under-
stand the concepts of internal and exter-
nal validity within the trial setting. The
internal validity describes the accuracy of
the conclusions regarding an interven-
tion’s effect on a given group of patients
under that study’s specific circum-
stances. It is highly dependent on how
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controlling how the study was conducted,
how biases were prevented, and other fac-
tors that may have influenced the out-
come. The external validity describes how
generalizable the results of the study are
to the wider population. Many studies
strive to homogenize their recruitment
by having stringent inclusion and exclu-
sion criteria. This, by definition, will re-
duce the external validity of the conclu-
sions. Unless these factors are taken into
account when weighing the evidence in
the round, then extrapolating these con-
clusions can lead to poor clinical practice
recommendations and potential harm.

Over the last few years, despite signif-
icant improvements in our methods for
evaluating and weighing evidence gener-
ated from clinical research such as the
Grading of Recommendations Assess-
ment, Development and Evaluation
(GRADE) system (42) or more recently
the GRADE grid system (43), no signifi-
cant research results has been published
about how to analyze the incorporation of
different interventions into a single bun-
dle of care and, more importantly, in de-
fining as to which patients this single
bundle of care is potentially beneficial. In
the natural enthusiasm and academic
bias of rushing from the results of a RCT
(usually with a very select population that
does not compare with the baseline char-
acteristics of the population to which the
bundle will be applied), and in the wish to
increase the target population, research-
ers can be tempted to forget the ultimate
aim of any intensive care clinician: to
decrease the morbidity, the mortality,
and the consequences of critical illness to
the patients and their relatives and to
achieve that aim in a socially responsible
and equitable fashion.

The bundle of care

Central to this whole discussion is the
concept of bundles of care. Originally
proposed by the Institute of Healthcare
Improvement, a “not-for-profit organiza-
tion driving the improvement of health
by advancing the quality and value of
healthcare,” bundles have been defined as
“a group of interventions related to a
disease process that, when executed to-
gether, result in better outcomes than
when implemented individually. The in-
dividual bundle elements are built on
upon [sic] evidence-based practices. The
science behind the elements of a bundle
is so well-established that their imple-
mentation should be considered a gener-

ally accepted practice” (44). Although the
described controversy surrounds the sep-
sis bundles, similar controversies have
been generated by other bundles of care.
These include the ventilator bundle or
the ventilator-associated pneumonia
bundle, a series of measures to prevent
ventilator-associated pneumonia (45),
and the catheter bundles, a series of mea-
sures to prevent catheter-related blood-
stream infections (46). As pointed out
recently by Marwick and Davey (47), dis-
tinguishing the proposed use of any bun-
dles for quality improvement, research,
or judgment can be extremely difficult.
Even more controversial is the slow but
constant movement to change the aim of
bundles from methods for changing clin-
ical practice to methods for measuring
clinical or organizational performance,
especially when data demonstrate clearly
that not all elements of a bundle are
equally important; in the future, some
may even be shown to be antagonist (48,
49). This raises the question as to
whether similar standards that have been
used to assess evidence have been applied
to bundle generation. Here the answer is
clearly no.

It is imperative that when assessing
evidence for incorporation into a bundle,
the grounding and rationale of that evi-
dence must be robust. To do this we need
to have reliable, open, and transparent
instruments that can weigh the evidence,
taking into account both the internal and
external validity of the underpinning
studies. If the rationale for using any spe-
cific variable is not strong, then the bun-
dle methodology may force its use in in-
appropriate patients with resulting harm
(50, 51). This key concept is the differ-
ence between the efficacy of an interven-
tion and its effectiveness in clinical prac-
tice. It is also a difference between
studying a single intervention (the classic
field of RCT) or a complex package of
interventions (the last step in clinical re-
search before the results can be incorpo-
rated in standard care). Only after all
these effects have been taken into ac-
count can a tentative bundle of care be
drafted. We strongly believe that any bun-
dle of care, once drafted, should then
enter a validation phase in an indepen-
dent cohort of patients before being used
to mandate any change in practice. This
is especially important before administra-
tors or funders of healthcare take control
of these tools to drive quality control,
legal or benchmarking issues, or for re-
imbursement purposes. This validation

should test the effect of the different el-
ements of the bundle in patients with
different baseline characteristics and be
evaluated with the same rigor that we
demand for other fields of science.

Summary

Clinical trial design has improved
markedly in recent years, although we
believe that there are still major improve-
ments that must be made. One area that
has often been neglected in our rush for
positive results has been the skill, or sci-
ence, of assessing evidence and bringing
heterogeneous studies together and mak-
ing clinical practice recommendations.
All too often we rush into incorporating
the latest result into our therapeutic ar-
mamentarium, often with subsequent re-
gret. This attitude creates a paradox: we
test individual interventions; we add these
interventions together and apply them to
patients; and we forget the fact that the
patient is treated with packages of interven-
tions, never previously evaluated together.

Also, we test different interventions
independently from the place and timing
of their original application, and usually
without a proper interrogation of base-
line patient characteristics that can act as
a confounder or (worse) as an effect mod-
ifier, and we expect that the placebo
group remains static, which means that
medical practice should remain static
during the trial and in the years that
follow when the results of the trial are
incorporated into the definitions of “best
practice.”

Consequently, we must return to real
life: take interventions and integrate
them at a local level in a local package;
using cumulative deviation between
groups to decide if and how much it af-
fects mortality or other outcome mea-
sures; and to continually model out-
comes in the control and intervention
groups, testing whether the new inter-
vention increases the explanatory power
of the model (i.e. it has an effect on the
outcome of interest, either positive or
negative).

Now is the time to address and resolve
the issue. We should never evaluate evi-
dence in isolation but always within the
context of the patient’s individual charac-
teristics before assuming that the whole is
better than the sum of the individual parts,
that compliance is assured, and that the
effectiveness of the bundle is greater than
its potential side effects. Reading the liter-
ature, it seems to be based more on reli-
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gious belief than on scientific grounds.
Now, it is the time to change.

Science never proves a hypothesis. It of-
fers various levels of disproof.

—Karl Popper
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