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W hether or not we should
use severity scores as an
entry criterion for clinical
trials or in deciding

whether to start a specific therapeutic
intervention is a timely question. The ra-
tionale for using severity scores in this
way is the seemingly logical proposition
that the intervention should be limited to
the sickest group of patients, who pre-
sumably would be the most likely to ben-
efit. This approach has been applied to
drugs already available and is currently
being used in ongoing trials of new ther-
apeutic agents. One key example of how

severity scores have been used in this
context is shown in the package insert for
drotrecogin alfa (activated), which indi-
cates that the drug should be restricted to
the sickest patients, that is, those with an
Acute Physiology and Chronic Health
Evaluation (APACHE) II score �25. This
recommendation followed a subgroup
analysis of the data from the initial ran-
domized, controlled clinical trial (PROW-
ESS) (1), which showed that patients
with an APACHE II score �25 were more
likely to benefit from the drug. Future
clinical trials of new therapeutic inter-
ventions may limit enrollment to patients
with a severity score above a threshold
value to maximize the chances of success.

In an analysis of clinical trials of anti-
inflammatory agents in patients with sep-
sis, Eichacker et al reported that treatment
efficacy was dependent on the risk of death
(2). These authors propose that the patho-
physiological events found in the sickest
patients closely reflect the pathology found
in preclinical animal models of sepsis, in
which placebo mortality rates approach-
ing 100% are the norm. However, the
assumption that there is a linear relation-
ship between severity and potential to
respond to therapy may be too simplistic.
Indeed, some interventions may have
greater benefit in patients with moderate
disease severity. As examples, antibiotics

may be more effective in less severely ill
patients (3) and in the Transfusion Re-
quirements in Critical Care trial, the ben-
efits of the restrictive transfusion strategy
were more marked in the group with low
APACHE II scores (4). One could, there-
fore, consider the relationship between
disease severity and potential to respond
to an intervention to be bell-shaped
rather than linear (Fig. 1B). At both ex-
tremes of disease severity, the chances of
detecting a survival benefit from any new
therapy are limited with patients highly
likely to survive (low severity) or die
(high severity) regardless of the thera-
peutic intervention. In this case, study
enrollment should be limited to a
midrange of severity scores to focus on
patients who are sick enough to benefit
but not so sick that they are about to die.
An approach based on this suggested bell-
shaped relationship has been proposed in
an ongoing sepsis trial and has already
been used in some studies. As one exam-
ple, Gutierrez et al (5), in a study of
gastric tonometry, selected patients with
an APACHE II score between 15 and 25;
they showed that prevention of a decrease
in intramucosal pH was associated with
reduced mortality rates.

In view of this, we believe that a cutoff
severity score threshold should not be
used as a criterion for patient inclusion in
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Objective: Severity scores such as Acute Physiology and
Chronic Health Evaluation II have been advocated as entry criteria
for clinical trials and in clinical decision-making. We present ten
reasons why we believe this approach is not appropriate and may
even be detrimental.

Data Sources: Available relevant literature from authors’ per-
sonal databases and personal knowledge of past and future
clinical trial development.

Data Synthesis: Severity scores were not designed for use in
individual patients or for therapeutic decision-making for specific
interventions. Difficulties with the time window needed to calcu-
late these scores and the need to administer therapies early
further limit their use in this context. The complex nature of the
scores makes it difficult to use them at the bedside and there is

considerable interobserver variability in score calculation. Inclu-
sion of chronic health and age points in severity scores may
prevent younger, previously healthy patients, with similar acute
physiological dysfunction and therefore total lower severity
scores, from trial inclusion or from receiving therapies that may
be beneficial.

Conclusions: We believe severity of illness scores are poor
surrogates for risk stratification and should not be used as a
criterion for patient enrollment into clinical trials or as the basis
for individual treatment decisions. (Crit Care Med 2009; 38:
000–000)

KEY WORDS: APACHE II; risk prediction; clinical trial; sepsis
studies; organ failure scores; outcomes; critical illness
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clinical trials or to direct therapy and will
put forward ten arguments against this
approach. Importantly, although we fo-
cus on the APACHE II score (6), because
it is the most frequently used and is the
favored system for assessing mortality
risk by the Food and Drug Administration
in the United States, these arguments
could apply equally to the Simplified
Acute Physiology Score (7) or even the
Mortality Probability Model (8); more
modern scores such as the APACHE 3 or
4 or the Simplified Acute Physiology
Score 3 will be confronted with the same
problems.

Arguments Against Use of Scoring
Systems for Trial Inclusion or to Deter-
mine Therapy. Severity scores were not
designed for this purpose. APACHE, Sim-

plified Acute Physiology Score, and Mor-
tality Probability Model scores are com-
posite scores developed to assess the risk
of hospital death and calibrated to maxi-
mize predictive capacity across a spec-
trum of illnesses rather than to detect
differential clinical response of a specific
intervention for a particular disease. De-
spite well-recognized difficulties and po-
tential pitfalls in measurement, severity
scores have proved to be remarkably re-
liable predictors of short-term mortality
for cohorts of patients admitted with crit-
ical illness. However, selecting patients
for a given therapy based on severity of
illness cutoff points may exclude a wider
group of patients who might benefit. We
believe that the decision to treat such
patients might be better based on knowl-

edge of potentially reversible pathophys-
iological processes and measures of organ
dysfunction, which on some occasions
might be poorly represented by acuity
scores. We are interested not only in the
risk of death, but even more importantly
in the probability that the therapy can
favorably alter that risk. Although it is
intuitively apparent that the greater the
mortality risk, the greater the potential
signal for benefit if an intervention is
efficacious in that disease, the corollary
that mortality risk predicts efficacy, does
not follow. There may be better options
to predict response to therapy based on
the actual pathophysiology of the disease
state rather than on a simple severity of
illness score. Furthermore, these predic-
tors of response may be specific to the
therapy planned. This principle is embed-
ded in contemporary multimodal treat-
ment of cancer in which surgical interven-
tion is generally limited to those patients
without evidence of distant spread, adju-
vant chemotherapy is given to those at
higher risk for distant recurrence (pre-
dicted, for example, by the presence of vas-
cular invasion or regional nodal metasta-
ses), and salvage therapy is provided only to
those with advanced disease.

Generic severity scores are not exclu-
sively measures of the severity of physio-
logical dysfunction but are risk predictors
that combine measures of potentially
modifiable severity (the acute physiology
score) and nonmodifiable patient risk fac-
tors of age and comorbidities. The value
can be heavily influenced by the latter (up
to 11 points can be obtained for age and
comorbidities in APACHE II, for exam-
ple), but this does not necessarily reflect
the potential to benefit from the thera-
peutic intervention. Because age is an
important part of the score, when other
components of the score are the same,
older patients will have higher scores
than younger patients. Therefore, older
patients are intrinsically more likely than
younger patients to receive interventions
that are reserved for use only in patients
above a certain cutoff score. Further-
more, younger patients are less likely to
have chronic health points related to co-
morbid illnesses. Although chronic
health points clearly contribute to the
global assessment of intensive care unit
mortality risk, it is less clear whether
such patients are optimal candidates for
therapeutic interventions with experi-
mental agents.

For example, consider two intensive
care unit patients. The first is an 82-yr-
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Figure 1. Schematic representation of two models of the potential benefit of a therapeutic intervention
versus the severity of the disease state as assessed by a severity score. A, A direct correlation between
sepsis severity and the potential to respond to therapy. This type of treatment to disease severity
interaction corresponds with the findings in the PROWESS study (1), which reported greatest benefit
in patients with greatest disease severity. B, The chances of deriving a survival benefit from a new
treatment intervention in patients with a very low, or very high, disease severity are low in contrast
to those patients with moderate disease severity in which the likelihood of treatment benefit is
greatest. This model corresponds with the findings from the Transfusion Requirements in Critical Care
trial (4), in which benefit was seen in patients who were moderately sick.
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old, nonambulatory woman residing in a
skilled nursing facility with multiple co-
morbid illnesses and a minor infection
who now develops acute kidney injury.
She is admitted to an intensive care unit
with a calculated APACHE II score of 28
and a predicted risk of death of approx-
imately 42%. The second patient is a
previously healthy 40 yr old who pre-
sents with invasive pneumococcal dis-
ease complicated by hypotension, acute
kidney injury, thrombocytopenia, and
lactic acidosis. The risk of death is sim-
ilar (approximately 42%), but the
APACHE II is 21 (normally it is 0 � no
age points, no chronic health points, no
Glasgow Coma Scale points).

The first patient is a typical patient we
see in geriatric medicine with multiple
medical illnesses, medications, and com-
plications of disease, age, and therapies.
The second patient has a disease process
that presents in a similar way to animal
models of severe infection and sepsis.
Like in animal models, in this case, the
patient was previously healthy and be-
came septic as a result of massive patho-
gen exposure. Both patients might bene-
fit equally well from antimicrobial
therapy. The second patient might bene-
fit substantially from an adjuvant anticy-
tokine agent, whereas the first patient
might not benefit at all or may be made
worse by the same anticytokine agent.
Some time after the 28-day study period
has concluded, the first patient (if she
survives) will eventually go back to the
nursing home in a more fragile state with
the same pre-existing morbidities and
with further loss of residual physiological
reserve. The second patient (assuming he
survives) may need a long convalescent
period but will likely recover eventually,
go back to work, and return to society
with a good long-term prognosis.

Do these two patients have the same
likelihood of response to the experimen-
tal therapy? Let us assume that the ex-
perimental agent actually works to pre-
vent ongoing inflammation-induced
remote organ injury. The first patient has
fixed organ disease that will not recover.
The second patient might have entirely
reversible physiological injury resulting
from systemic inflammation and might
respond dramatically to the test agent.
What if the entry criterion is solely based
on an arbitrary cutoff point such as an
APACHE II score of 24? The first patient
is eligible, but the second patient, who is
more likely to respond to the therapy, is
not. The study is populated with patients

like the first and excludes patients like
the second.

Overall mortality risk is likely to be
correlated to some degree with respon-
siveness to an experimental therapy, but
a linear observed-to-expected response
relationship across a broad range of
APACHE II scores is not likely. The acute
physiology score component of the
APACHE II score might prove to be a
better predictor of individual responsive-
ness with specific therapies than the en-
tire score. This could readily be tested in
future clinical trials.

The relationship between severity
scores and outcome is not straightfor-
ward. Although innovations and advances
in the process of supportive care in crit-
ical illness have improved outcomes over
time, inappropriate applications of sever-
ity scores further compromise their pre-
dictability. Although a rise in score is
often associated with increased hospital
mortality, severity scores and their asso-
ciated calculated risk of death are not
synonymous (9). This issue is illustrated
by two recent studies with drotrecogin
alfa (activated): the PROWESS (1) and
the ADDRESS (10) trials show that the
same APACHE II scores can result in
quite different mortality rates. For pa-
tients with an APACHE II score between
25 and 29, the mortality rates were 35.8%
in the PROWESS study but only 22.0% in
the ADDRESS trial; for patients with
APACHE II scores �29, mortality rates
were 49% in the PROWESS but only 32.5%
in the ADDRESS study. This was consistent
with the spirit of the ADDRESS trial; if an
investigator thought that the patient was at
low risk for death despite a high APACHE
II score or multiorgan failure, the proto-
col permitted enrollment of the patient.
Furthermore, because management has
improved since the APACHE II score was
developed, it may now overestimate ex-
pected mortality. Potentially, therefore,
the risk of mortality associated with an
APACHE II score of �25 may now be less
than it was and patients may therefore be
allocated to treatments that should in
fact now be reserved for patients with a
higher risk of death. Recent revisions of
the APACHE and Simplified Acute Phys-
iology Score scores have tried to address
this issue (11, 12), but frequent calibra-
tions would need to be performed to limit
this effect.

The APACHE II score is observer-
dependent with several studies showing
that different physicians calculate differ-
ent APACHE II values from the same data

(13–15); even the same physician can
achieve different scores when reviewing
the same data at different times (16). The
scores may even be manipulated to fit a
required APACHE II cutoff point (15). One
of the components of the APACHE II score,
the Glasgow Coma Scale score, is also no-
toriously subjective (17, 18), particularly in
patients receiving sedation (19).

Most severity scores are designed to be
calculated during the first 24 hrs in the
intensive care unit. Many physiological
and biochemical abnormalities used in
calculating the acute physiology score of
APACHE II can be corrected or controlled
by expert supportive care measures in the
days after intensive care unit admission.
How valid an indicator of mortality is the
APACHE II score calculated at day 7 in
the intensive care unit versus day 1? Age
and chronic health points are unchanged,
but the acute physiology score compo-
nent may be markedly different. The use
of the APACHE II score when the patient
is already in the intensive care unit has
never been properly validated, although
some studies have suggested using the
changes in (delta) APACHE II (20, 21). In
the PROWESS/ENHANCE studies, the se-
verity score used was calculated over the
24 hrs before study entry and not within
24 hrs of admission; this is an incorrect
application of the APACHE II score.

A related inaccuracy, particularly in
scores that include diagnostic category, is
that the correct diagnosis may not be
immediately obvious. When such scores
are used correctly, the diagnostic cate-
gory should be selected according to the
diagnosis made on admission and not the
diagnosis, which becomes apparent after
several days on the intensive care unit with
the benefit of laboratory or imaging results.
Again, in the PROWESS/ENHANCE stud-
ies, the incorrect timing of the APACHE II
score may have affected its diagnostic cat-
egory component.

The 24-hr window, chosen to collect
the worst values over a reasonable time
period, can result in artifactual increases
or decreases in the score. Increasingly,
we are encouraged to start therapies
early, even before intensive care unit ad-
mission when the patient is still in the
emergency room. Acutely ill septic pa-
tients who undergo effective early resus-
citation such as suggested in the random-
ized trial conducted by Rivers and
colleagues (22) will have lower acute
physiology score values than patients
who do not undergo early resuscitation as
a result of the effective therapy, although
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the two groups may in fact have had
comparable illness severity on entry into
the emergency department. Other scor-
ing systems such as Mortality Probability
Model0, which are measured on admis-
sion, do not have this bias but are seldom
used in the context of clinical trials.

The use of a severity score cutoff as an
entry criterion or indication for therapy
penalizes for good early care. Values will
be influenced by treatments initiated dur-
ing the 24-hr period and may, therefore,
reflect bad (or good) management rather
than actual disease severity. Hence, cen-
ters with less optimal early care may be
more likely to either apply the new inter-
vention (if already available) or to enroll
patients in the clinical trial. In the latter
case, this may result in more patients
being included by centers with poorer
performances putting the robustness of
the treatment effect at risk.

The calculation of the score typically
requires the collection of the worst data
obtained during the specified time inter-
val (as indicated previously, optimally 24
hrs). Thus, a longer collection time or
more frequent data sampling is more
likely to result in a higher score. It may,
therefore, be tempting to delay study en-
rollment and repeat the measurement to
increase the score above the given
threshold. As an example, one could re-
peat blood gas measurements to obtain
an oxygenation index that would increase

the score. Furthermore, this may encour-
age initiation of treatment to be post-
poned, although benefit is usually greater
when therapy is started early.

Severity scores are influenced by
the lead time bias. In particular, the
ENHANCE trial (23) has shown that the
APACHE II score decreases with time de-
spite similar disease severity. An impor-
tant difference between ENHANCE and
PROWESS (1) was the time delay be-
tween the onset of severe sepsis and the
administration of the drug; it was longer
in ENHANCE than in PROWESS (26.1 vs.
17.5 hrs) as a result of a difference in
protocol. However, the criteria used to
define organ failure were identical. The
APACHE II score was slightly lower in the
ENHANCE than in the PROWESS study
(22.0 versus 24.6), yet the patients
seemed sicker in terms of the higher
number of patients with circulatory
shock (76% vs. 70%), patients treated by
mechanical ventilation (82% vs. 73%), or
any organ-related Sequential Organ Fail-
ure Assessment score (Table 1).

Furthermore, data were analyzed ac-
cording to the time delay between the
onset of organ failure and the interven-
tion (� or �24 hrs); one can anticipate
that patients treated later were more se-
verely ill; indeed, one would be less likely
to consider enrollment of patients who
have already improved substantially than
patients who are still critically ill. This
observation was supported by the fact
that patients treated later were more
likely to need vasopressor support, were
more commonly treated with mechanical
ventilation, and were more likely to have
multiple organ failure with a higher
number of failing organs and a higher
total Sequential Organ Failure Assess-
ment score (10.1 vs. 9.3, p � 0.001), but
a somewhat lower APACHE II score (21.6
vs. 22.5, p � 0.01; Table 2). The most
likely explanation is that many elements
included in the APACHE II score are cor-
rected with time such as hypotension
(masked by vasopressor therapy), meta-
bolic acidosis, and sodium abnormali-
ties. The APACHE II score was devel-
oped and calibrated for use within the
first 24 hrs of intensive care unit ad-
mission. It should still be used in this
fashion regardless of the time of enroll-
ment of intensive care unit patients
into a clinical trial.

Severity scores were developed for as-
sessment of the mortality risk of popula-
tions of patients and not for decisions
concerning individuals within those pop-

ulations. They are particularly useful to
compare populations of patients with
similar sets of risk factors and still have a
place in clinical trials that include several
groups of patients to ensure that disease
severity is similar among groups and to
enable comparability between different
studies. It is less clear whether they can
be effectively applied to make clinical judg-
ments about treatment options regarding
individual patients. Although this does not
necessarily invalidate the use of prediction
models to assess the risk of individual pa-
tients, the confidence interval for predic-
tions for an individual patient will be con-
siderably wider than the confidence
interval for the average outcome for a
group of patients with identical risk fac-
tors. Hence, application of severity scor-
ing systems to individual patients results
in frequent misclassification (15), and
changing patient mixes can affect the
performance of severity scores (24).

Do We Have Alternatives? It is not our
intention to criticize severity scores per
se; they are valuable tools when used for
the purpose for which they were devel-
oped. Variation of observed mortality
rates from predicted outcomes between
treatment and placebo groups in a clini-
cal trial, using a correctly calculated
APACHE II score from the first 24 hrs in
the intensive care unit, can be highly
informative. Our aim is to challenge their
use, out of their original context, for clin-
ical trial enrollment and therapeutic de-
cision-making. We do not suggest that
scores should be replaced by a clinician’s
opinion or “gestalt.” There could be bet-
ter measures to assess responsiveness to
new therapies based on sets of physio-
logically relevant biomarkers, tran-
script profiles, or other systems’ biol-
ogy methodologies. Furthermore, it is
intuitively plausible that the optimal
approach to risk stratification will vary
with the therapy under consideration.
These questions will need to be evalu-
ated in future clinical trials.

We believe that, at present, clinical
judgments on individual patient deci-
sions rest primarily on the physician’s
reasoning at the bedside, taking into ac-
count all the available evidence, espe-
cially if specific diagnostic criteria can be
identified. When decision tools and tech-
nologies have been shown to improve
those clinician decisions, they should
rapidly be brought to the bedside to im-
prove patient care. Until such time as
new methodologies and scoring systems
have been clinically validated to improve

Table 1. Differences in disease severity between
patients enrolled in the PROWESS (1) and
ENHANCE (23) studies

PROWESS
(treatment)

ENHANCE
(treatment)

No. of patients 850 2378
APACHE II score 24.6 22.0
Shock 70% 76%
Vasopressors 61% 74%
Mechanical ventilation 73% 82%
SOFA respiratory 2–4 88.9% 89.6%
SOFA cardiovascular

2–4
68.0% 78.9%

SOFA renal 2–4 34.3% 40.7%
SOFA hepatic 2–4 17.6% 21.2%
SOFA hematology

2–4
22.2% 26.8%

Mean no. of organ
failures

2.4 2.7

No. of organ
failures

�2 75% 84%
�3 43% 55%

APACHE, Acute Physiology and Chronic
Health Evaluation; SOFA, sequential organ
failure assessment.
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individual patient care (“personalized
medicine”), such measures should be
considered research methods and not
standards of care. In clinical trial enroll-
ment, more objective criteria are needed.
For this purpose, organ failure scores
may be better than severity scores, al-
though this is not proven and needs to be
explored further. The use of organ failure
scores can avoid a number of problems
related to chronic health points and the
24-hr period, but some of the same lim-
itations would still apply. An alternative
would be the use of one or more biomar-
kers to establish that a process is present
and to identify differential potential to
respond to treatment. The concept of
PIRO (25) is also grounded in the need
for better risk stratification.

In clinical practice, cutoff thresholds
of scores are never used to decide on a
therapeutic intervention, with the possi-
ble exception of a Glasgow Coma Scale
score �8 to decide whether intracranial
pressure monitoring should be started in
a patient with severe head injury, but the
Glasgow Coma Scale is still relatively
simple (calculated mentally), and not the
only factor taken into consideration
(other elements like the computed to-
mography scan are also considered). Se-
verity scores cannot be calculated men-
tally; they ideally need computer support,
which although widely available, has not
been used clinically. Ultimately, severity
scores are surrogates for the true risk
factors we are trying to identify. Their
validity as surrogate measures for indi-

vidual risk prediction and as entry crite-
ria for interventional trials can be rigor-
ously tested. The regulatory agencies
argue against surrogate outcomes in tri-
als and need, therefore, to recognize that
severity scores have the same limitations.
More specific entry criteria are needed
and will become the standard of care as
systems biology becomes an integral part
of clinical trials.
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0–24 Hrs �24 Hrs p

Male, % 55.9 60.2 0.03
Age, years 57.8 60.4 0.004
Surgical, % 36.6 44.9 �0.001
Vasopressors, % 71.2 75.9 0.009
Mechanical

ventilation, %
75.4 87.8 �0.001

No. of failing
organs

2.6 2.8 �0.001

MOF, % 79.4 89.1 �0.001
SOFA total 9.3 10.1 �0.001
APACHE II 22.5 21.6 0.01

MOF, multiple organ failure; SOFA, sequen-
tial organ failure assessment; APACHE, Acute
Physiology and Chronic Health Evaluation.
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