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Background and Objectives: Sepsis is the leading cause of mor-
bidity and mortality for patients admitted to an intensive care unit.
The evaluation of new therapies has been hampered by the under-
development of outcome measures used to detect biological activity
and patient-centered benefit in a complex and highly heterogeneous
patient population. We sought to evaluate existing approaches and to
draw on insights from other disciplines to propose a comprehensive
approach to outcome evaluation in sepsis clinical trials.

Methods: An expert colloquium organized by the International
Sepsis Forum brought together sepsis researchers, clinical epi-
demiologists, and experts in the development and implementation
of outcome measures in rheumatology, neurology, and oncology.

Results: The translation of an evolving understanding of the
biology of sepsis into effective new therapies for critically ill patients
requires a reevaluation of the end points used to determine response
to intervention. These represent a continuum that measures biolog-
ical activity against the target at one end and sustained improvement
in survival or quality of life at the other. Early phase research should
determine whether an intervention works in vivo, using measures
that are responsive and informative to provide proof of principle, to

aid in selecting optimal patient populations for study, and to gain
insights into optimal dose and duration of therapy. After in vivo
biology has been demonstrated and the possibility of efficacy in-
ferred by plausible improvements in surrogate physiologic measures,
definitive studies should seek robust evidence of benefit using end
points that measure important, patient-centered benefit, including
intermediate and longer term survival and health-related quality of
life. Nonmortal measures of benefit assume particular importance for
populations, such as children, whose mortality risk is low, or who
have significant rates of comorbidities that independently limit sur-
vival. Composite measures that integrate morbidity and mortality
effects may provide the most meaningful information about thera-
peutic efficacy.

Conclusions: The development of explicit, hypothesis-driven,
and iterative approaches to outcome measure development, pat-
terned on approaches used in the fields of rheumatology and
oncology, may improve the conduct of clinical studies in the
critically ill. (Crit Care Med 2005; 33:1708–1716)
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LEARNING OBJECTIVES

On completion of this article, the reader should be able to:
1. Describe direct measures of outcomes in sepsis.
2. Describe surrogate measures of outcomes in sepsis.
3. Use this information in a clinical setting.
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Sepsis is the leading cause of
morbidity and mortality for pa-
tients admitted to an intensive
care unit (ICU) (1, 2). Defined

as the systemic host response to invasive
infection, sepsis is considered to be se-
vere when it results in organ dysfunction;
when that dysfunction jeopardizes oxy-
gen delivery to the tissues, septic shock is
said to be present (3). The syndrome has
proven challenging to characterize (4),
and beyond measures directed toward the
eradication of its infectious causes—
antibiotics and surgical source control—
treatment is essentially supportive. Rec-
ognition that sepsis arises through the
activation of innate immunity has raised
the prospect of targeting specific host-
derived mediators of this response (5, 6).
However, although billions of dollars
have been spent in the evaluation of doz-
ens of promising strategies, only one new
therapeutic agent has been licensed for
the treatment of sepsis (7).

The study of sepsis presents unique
challenges. Sepsis is a syndrome, not a
disease, and lacks a reliable measure of
disease activity, comparable, for example,
to viral load in AIDS, tumor burden in
oncology, or left ventricular function in
cardiology. The inflammatory response
that mediates the syndrome is both adap-
tive and injurious, containing infection,
but at the cost of bystander injury. Fi-
nally, sepsis is often a complication of
other diseases occurring in patients with
life-limiting comorbidities, and an inter-
vention that increases survival may not
improve quality of life but merely prolong
suffering.

Clinical trials of novel sepsis therapies
typically recruit heterogeneous popula-
tions of patients, using the nonspecific
physiologic criteria of sepsis syndrome
(8) or the systemic inflammatory re-
sponse syndrome (3); therapeutic efficacy
is measured as a reduction in 28-day all-
cause mortality. The relative risk reduc-
tion seen with a diverse group of inter-
ventions in this heterogeneous

population has never exceeded 20% and
more typically averages 5–15% (5). Most
phase III trials have been underpowered
to detect such a small effect. Equally im-
portant, therapeutic efficacy varies across
patient subgroups (9), yet little has been
done to understand this variability in or-
der to improve trial design and to facili-
tate the use of new therapies.

These considerations prompted the
International Sepsis Forum to convene a
colloquium on outcome measures for
sepsis research, bringing together experi-
enced clinical researchers in sepsis and
experts in outcome measures in other
disciplines. We review the unique chal-
lenges of sepsis research, provide an over-
view of the basic principles of outcome
measurement in clinical trials and the
insights that have arisen through work in
other disciplines, and develop an inte-
grated model for measuring the impact of
intervention on outcomes relevant to
sepsis that span a spectrum from biolog-
ical proof of principle to documentation
of robust and sustained clinical benefit.

SEPSIS: NATURAL HISTORY
AND BURDEN OF ILLNESS

Sepsis is common, and its incidence in
the developed world is increasing (10),
affecting up to 30–50% of ICU patients
(11–14). Severe sepsis rivals myocardial
infarction as a modifiable cause of mor-
tality in the United States and generates
costs to the health care system that ap-
proach $17 billion annually (2).

The increased mortality risk of sepsis
starts early and persists for years. Pooled
data from the placebo arms of five large
multiple-center trials show that mortality
rate increases from 4% at 24 hrs, to 9%
by 3 days, and to 16% by the end of the
first week. By 28 days, the landmark time
point favored for pivotal trials for drug
registration, mortality rate is approxi-
mately 30% (Fig. 1). There is consider-
able international variation in mortality
rates, with higher rates in Greece, Portu-
gal, and Italy than in Scandinavia or
Switzerland (15). The elevated risk of
death is prolonged: Quartin et al. (16)
found that the mean life span of sepsis
survivors was reduced by 4 yrs; a similar
reduction has been reported for patients
hospitalized with community-acquired
pneumonia (17). Premorbid health sta-
tus, acute organ dysfunction, and devel-
opment of the acute respiratory distress
syndrome are all independent predictors
of long-term survival (18).

The early morbidity of sepsis is re-
flected in deranged organ function and
the need for ICU supportive care; how-
ever, this morbidity is not experienced
primarily by the patient but rather by the
patient’s family and loved ones. After the
acute illness resolves, the patient may
still require a lengthy hospital stay and
subsequent rehabilitation, with the atten-
dant physical, emotional, and financial
burdens; long-term morbidity is reflected
in reduced health-related quality of life
(19–21). Reduced physical function and
muscular weakness persist for �1 yr fol-
lowing the acute illness (22, 23), and sur-
vivors experience difficulties with work
and normal activities of daily living (18).

OUTCOME MEASURES: A
TEMPLATE FOR CLINICAL
RESEARCH

Outcomes in clinical trials are events
or states that are potentially modified by
an intervention. Outcome measures are
chosen to capture treatment effects that
are important to the patient and/or infor-
mative about the disease process and the
consequences of intervention in the pop-
ulation studied. Clinical outcomes may
be of direct importance to the patient
(death, time to death, morbidity, quality
of life), or they may be surrogate mea-
sures, important because they are caus-
ally linked to the outcome of interest,
capture the impact of the intervention on
that outcome, are believed to be directly
related to patient-important outcomes,
and are easier or more efficient to mea-
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Figure 1. Kaplan-Meier curves of placebo mortal-
ity rates in three recent large, multiple-center
trials of novel therapies for sepsis (7, 46, 73).
Differences in early mortality rate reflect differ-
ences in study entry criteria; however, maximal
mortality rates occur over the first 2 wks follow-
ing diagnosis, but those rates continue to in-
crease to 28 days and, although not measured in
these studies, even beyond 28 days.
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sure (24, 25). However, improvement in a
surrogate measurement does not neces-
sarily translate into clinical benefit (26).
Although growth hormone induces posi-
tive nitrogen balance, its use increases
mortality rate (27). Similarly, high tidal
volume mechanical ventilation normal-
izes arterial blood gases but increases
mortality rate (28), as does blood trans-
fusion to correct anemia (29) or inhibi-
tion of nitric oxide to increase blood pres-
sure (30).

Patient-centered benefit implies im-
proved survival and/or an improved qual-
ity of life. Since an efficacious interven-
tion does not ultimately prevent but only
delays death, mortality end points actu-
ally reflect differential times to death; the
relevant time frame depends on the dis-
order being treated. Survival to 1 hr may
be a relevant measure of efficacy for a
therapy for cardiac arrest (31), whereas
the survival benefit of therapies for can-
cer or diabetes is typically measured in
years or decades. The optimal timeframe
for the ascertainment of mortality should
be that during which the intervention
can plausibly be expected to affect sur-
vival and should encompass the potential
impact of the intervention—both posi-
tive and negative.

In sepsis research, 28-day all-cause
mortality has been used as the primary
measure of clinical effect. But survival to

day 28, only to die in the ICU of the
complications of a nonresolving illness, is
not truly therapeutic success; conversely,
since sepsis is frequently a complication
of other life-limiting diseases, death de-
spite resolution of the septic episode is
not necessarily therapeutic failure. In-
deed short-term survival can be consid-
ered a surrogate measure, for it is only
desirable if it predicts long-term survival
with an acceptable quality of life. On the
other hand, long-term survival is con-
founded by deaths from other causes.

As the duration of survival increases,
so does the importance of the quality of
that survival. Nonmortal, patient-cen-
tered outcomes are typically specific to
the disease studied and to the anticipated
activity of the intervention studied—for
example, rates of reinfarction or stroke in
cardiology trials (32) or symptom scales
in studies of inflammatory bowel disease
(33) or chronic lung disease (34). Longer
term health-related quality of life can be
measured using well-validated measure-
ment tools such as the short form-36
(35). The morbidity of sepsis is surpris-
ingly poorly characterized. Certain
causes of sepsis result in characteristic
morbidity, for example, digit or limb loss
in meningococcemia or fistulas and ab-
dominal wall defects in peritonitis. The
early morbidity of sepsis primarily re-
flects the interventions, such as ventila-

tion, dialysis, or vasoactive therapy, used
to support failing organ function,
whereas late morbidity—neuromuscular
weakness, cognitive dysfunction, and
neuropsychiatric sequelae—is a conse-
quence of prolonged ICU care.

Insights From Other Disciplines

The need for outcome measures that
encompass the full burden of illness, and
that are responsive to change associated
with therapy or disease progression, is
not unique to sepsis.

Cancer is a potentially lethal disease
whose mortality risk evolves over many
years. Phase I clinical trials of novel ther-
apies determine the maximum tolerated
dose and toxicity using standardized cri-
teria. Phase II trials evaluate antitumor
activity using the objective response rate
as the primary end point, with duration
of response and acute toxicity as second-
ary outcomes. The Response Evaluation
Criteria in Solid Tumors (RECIST) guide-
lines (36), developed jointly by European
and North American organizations, pro-
vide a measure of overall response to
treatment. Outcome measures for phase
III trials are chosen to detect benefit that
is important to the patient and include
duration of survival, time to progression,
time to treatment failure, toxicity, quality
of life, and symptom control; cost-
effectiveness may also be evaluated. End
points in oncology trials vary with the
disease stage and the treatment being
tested. For early-stage cancers, the pri-
mary focus is cure; in more advanced
stages, it may be tumor shrinkage, and in
end-stage disease, palliation. The FDA ac-
cepts end points other than survival—for
example, tumor response, disease-free
survival, time to tumor progression, and
pain relief—for the approval of new on-
cology drugs (37).

Patients with stroke experience both
acute mortality and long-term disability.
Recognizing that therapy can affect mul-
tiple outcome domains, the criteria of the
World Health Organization consider ill-
ness from the perspectives of pathology,
impairment, activity level, participation,
and quality of life. However, optimal cut-
offs are poorly defined, and arbitrary de-
cisions regarding the minimal acceptable
change have important implications for
drug registration. For example, recombi-
nant tissue plasminogen activator was ap-
proved by the FDA for use in stroke pa-
tients on the basis of a clinical trial
showing improved outcome at 3 months

Table 1. Outcome measures in sepsis clinical research

Domain of Interest Examples

Biological activity of the intervention
On therapeutic target ● Alteration in target (e.g., reduced TNF)

● Change in downstream marker (e.g., IL-6)
On physiologic consequences ● Extent, or time to resolution, of study entry criteria

● Alterations in individual physiologic variables (e.g., PO2/
FIO2 ratio, MAP)

● Aggregate physiologic scores (e.g., MODS, APACHE)
Clinical alterations

On short-term morbidity rate ● Alterations in individual measures of ICU intervention
(e.g., duration of ventilation, ICU stay, intervention-free
days)

● Aggregate intervention scores (e.g., SOFA)
● Potential adverse consequences of therapy (e.g., rates of

superinfection, recurrence, resistance, opportunistic
infection)

● Toxicity directly related to mode of action (e.g.,
hemorrhage)

Patient-centered benefit
Short-term mortality rate ● 14-, 28-, or 30-day mortality rate
Long-term mortality rate ● 90-day, 6-month, 1-yr, 3-yr
Patient-centered morbidity rate ● Health-related quality of life

● Time course of return to premorbid function
Costs ● Cost-effectiveness

TNF, tumor necrosis factor; IL, interleukin; MAP, mean arterial pressure; MODS, Multiple Organ
Dysfunction Syndrome; APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive
care unit; SOFA, Sequential Organ Failure Assessment.
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(38). Tissue plasminogen activator failed
to meet two different primary end points
in a second European trial (39), and the
drug was not licensed in Europe. Had the
American outcome measures been ap-
plied to the European population, the
trial would have been considered positive
(40).

Finally, since rheumatic diseases
rarely kill, outcome measures focus ex-
clusively on morbidity. The World Health
Organization and the International
League Against Rheumatism in 1993 rat-
ified a core set of seven outcome mea-
sures for rheumatoid arthritis: three
health care provider measures, three pa-
tient-centered measures, and one labora-
tory measure, a development facilitated
by the OMERACT initiative (discussed
subsequently) (41). Measures were se-
lected based on criteria for validity, reli-
ability, responsiveness, and feasibility.
From these measures responder criteria
were developed (42, 43) that are now

widely used and accepted by regulatory
agencies (44).

OUTCOME MEASURES FOR
SEPSIS RESEARCH: A
CONCEPTUAL FRAMEWORK

Industry-funded trials in sepsis are
undertaken primarily to achieve regula-
tory approval for novel therapeutic
agents. They are inherently inefficient in
addressing the questions that may move a
novel strategy forward in development or
that define how an effective therapy is
best used in practice. Multiple domains of
interest are relevant to the development
and evaluation of new therapies for sepsis
(Table 1). They represent a continuum
that addresses the questions, “Does it
work?”—an efficacy analysis—and “Does
it help?”—an effectiveness analysis (Fig.
2).

Clinical trials proceed from the ge-
neric hypothesis that an intervention

having a particular biological activity can
modify a pathologic state in a patient
with a disease and so improve outcomes
that are important to the patient. For
example, since myocardial infarction re-
sults from occlusion of a narrowed coro-
nary artery, myocardial ischemia can be
treated by measures that increase coro-
nary blood flow (angioplasty, thromboly-
sis, or bypass grafting) or that reduce the
oxygen demands of the myocardium (�-
blockers), and the risk of subsequent
myocardial infarction can be reduced by
agents that inhibit intravascular throm-
bosis (aspirin or anticoagulants) (45).
Each strategy targets a discrete aspect of
a well-defined pathologic process and will
only benefit patients in whom that patho-
logic process is present. Not all patients
will benefit: Ischemic damage may be ir-
reversible despite restoration of blood
flow, the antithrombotic effect may be
short-lived and nonsustained, or the ad-
verse bleeding sequelae associated with
therapy may cause greater morbidity
than that resulting from the original dis-
ease. However, it is implausible that a
therapy that lacks in vivo biological effi-
cacy will provide robust long-term clini-
cal benefit. For example, a treatment for
arthritis that does not reduce markers of
inflammation is unlikely to improve joint
symptomatology, a treatment for stroke
that does not reduce infarct size is un-
likely to improve functional outcome,
and a treatment for cancer that does not
inhibit tumor growth is unlikely to im-
prove progression-free survival.

This therapeutic model is sufficiently
ingrained in clinical thinking that its ap-
plication is almost reflexive. In a complex
disease such as sepsis, a particular inter-
vention may help some patients, harm
others, and have no effect in the remain-
der, and the “Does it work?” analysis be-
comes a prerequisite to identify an appro-
priate population to test the “Does it
help?” question.

“Does It Work?”

Measures of Biological Activity. It is
intuitively obvious that a new therapy
must have biological activity in the pop-
ulation of interest—an anti-pseudomonal
antibiotic should kill the organism in pa-
tients with Pseudomonas infection, or an
inhibitor of nuclear factor-�B should re-
duce the transcription of nuclear factor-
�B-dependent genes in vivo. Biological
activity in vivo can be established by dem-
onstration of a change in the immediate

Figure 2. End points in clinical trials reflect a spectrum of questions, ranging from whether an
intervention is biologically active through to whether it produces long-term clinical benefit. In sepsis
research, where biological activity may not translate into clinical benefit, it is important that a
systematic evaluation of the various domains of efficacy be undertaken.

Figure 3. In a randomized, double-blind, multiple-center, placebo-controlled trial of the efficacy of an
antibody to tumor necrosis factor (TNF) in septic shock (46), patients receiving the antibody (open
bars) showed no evidence of in vitro neutralization of TNF bioactivity (mean � SD).
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target of therapy or in a downstream
marker whose expression is directly de-
pendent on the target of therapy. These
basic proof of concept studies has been
strikingly absent from many sepsis trials.
In the NORASEPT II study of an antibody
to tumor necrosis factor (TNF) (46), for
example, only 40% of patients had detect-
able levels of circulating TNF, and al-
though treated patients had detectable
levels of antibody, TNF activity as mea-
sured by bioassay was not altered (Fig. 3).
Thus, the absence of a significant impact
on mortality rate may simply reflect re-
cruitment of patients who would not be
expected to benefit from therapy and a
biologically inactive intervention.

Documentation of the biological con-
sequences of intervention both estab-
lishes proof of principle and points to
potential harm that might be minimized
through careful articulation of exclusion
criteria. For example, granulocyte colo-
ny-stimulating factor induces neutro-
philia and so might accelerate bacterial
clearance at the cost of neutrophil-
mediated tissue injury (47). Evidence of
the former could be obtained by quanti-
tative cultures of airway secretions and of
the latter through measurement of the
PO2/FIO2 ratio. A therapy that neutralizes
TNF may lower circulating levels of in-
terleukin-6 but at the cost of impaired
microbial clearance or increased suscep-
tibility to subsequent infection, (48).

Measures of Physiologic Effect and
Organ Dysfunction. If sepsis syndrome or
systemic inflammatory response syn-
drome criteria delineate a discrete pro-

cess that therapy can modulate, then a
therapy that works should reverse these
physiologic criteria more rapidly or more
completely. This hypothesis has been ex-
plicitly tested in a sepsis trial only once,
in a study of ibuprofen in sepsis (49).

The acute physiologic sequelae of sep-
sis produce the multiple organ dysfunc-
tion syndrome; prevention of new organ
dysfunction, or the more rapid resolution
of existing dysfunction, provides a mea-
sure of immediate physiologic efficacy.
The severity of organ dysfunction can be
measured using an organ dysfunction
scale (50–54). Each of the commonly
used scales incorporates the same six or-
gan systems—lung, cardiovascular, re-
nal, hepatic, coagulation, central nervous
systems—and many of the same vari-
ables. Their differences lie in the mea-
surement of cardiovascular dysfunction,
the use of physiologic derangements only
as in the multiple organ dysfunction
score (50) or both physiologic and ther-
apeutic variables as in the sequential or-
gan failure assessment (51), the method
of development (systematic literature re-
view for multiple organ dysfunction syn-
drome, consensus process for sequential
organ failure assessment), and the time
of data acquisition—whether the worst
value on a particular day or a representa-
tive value. Their performance is similar,
with minor differences arising from the
measurement of cardiovascular and renal
dysfunction (55).

An organ dysfunction scale can be
used to stratify patients at study entry
and to model outcome in a variety of ways

(56, 57) (Table 2). In particular, it can be
used to define the specific domains of
physiologic function that are most af-
fected by therapy. In the PROWESS trial
of activated protein C, for example, the
greatest physiologic effects were seen in
the respiratory, cardiovascular, and he-
matologic domains of the sequential or-
gan failure assessment score (58),
whereas in the MONARCS trial of an an-
tibody to tumor necrosis factor, therapy
had the greatest impact on the neuro-
logic and respiratory components of the
multiple organ dysfunction score (59),
and a study of pentoxifylline in severe
sepsis showed that treatment improved
the respiratory and cardiovascular com-
ponents (60). In general, organ dysfunc-
tion scales have not proven to be more
sensitive than mortality measures in de-
tecting the aggregate effects of interven-
tion (7, 28, 29, 61); an exception has been
the MONARCS trial, where an early and
strongly significant improvement in se-
quential organ failure assessment and
multiple organ dysfunction scores was
seen in treated patients, although the fi-
nal mortality benefit was of borderline
statistical significance (62).

Does It Help?

Mortality. Mortality is an intuitively
attractive outcome measure for a disease
process that claims the lives of a third of
its victims over the first month. However,
the use of mortality as the sole, or even
primary, end point in sepsis research has

Table 2. Modeling outcome in critical illness: Using the construct of organ dysfunction

Objective Approach Uses

To quantify the baseline severity of organ
dysfunction

Calculate organ dysfunction score on day of
admission (admission score)

To evaluate comparability of populations at
baseline and assess extent of preexisting
derangement

To quantify severity of organ dysfunction at a
point in time

Calculate score on a particular ICU day
(daily score)

To determine the intensity of resource
utilization or the evolution or resolution
of organ dysfunction at a discrete point
in time

To measure aggregate severity of organ
dysfunction over ICU stay

Sum the individual worst scores for each
organ system over a defined time interval
(aggregate score)

To determine severity of physiologic
derangement over a defined time interval
(e.g., ICU stay)

Sum daily scores over a defined period of
time or measure area under curve

To quantify new organ dysfunction arising
following ICU admission

Calculate difference between aggregate and
admission scores (� score)

To measure organ dysfunction attributable
to events occurring following ICU
admission

To provide a combined measure of morbidity
and mortality rate

Adjust aggregate score so that all patients
dying receiving maximal number of points
(mortality-adjusted score)

To create a single measure that integrates
impact of morbidity in survivors and
mortality for nonsurvivors

ICU, intensive care unit. Adapted from Ref. 56.
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important limitations (63), particularly
when mortality rates are low.

First, mortality is time-dependent and
confounded by unrelated intercurrent
events. Measured early, mortality differ-
ences may fail to include late disease-
related deaths; later mortality estimates
are increasingly contaminated by deaths
unrelated to the disease that the therapy
targets. Second, although mortality is de-
finitive, it is not informative and so is of
little use to define optimal populations
for study or determine the optimal dose
or duration of treatment. Finally, for pa-
tients with significant life-altering co-
morbidities, mortality may not be the
most important patient-centered out-
come. Patients and families frequently
express a wish for aggressive ICU treat-
ment if a return to an independent exis-
tence is possible but opt for comfort mea-
sures if the outcome is likely to be a
further diminution in independent qual-
ity of life (64, 65).

Clinically Important or Patient-
Centered Measures of ICU
Morbidity

Nonmortal measures of ICU outcome
are particularly relevant when mortality
rates are low. The length of ICU stay
provides an aggregate measure of disease
burden for survivors of sepsis but is con-
founded by differences in criteria for ICU
discharge between institutions and the
variable availability of step-down beds
within institutions. Pediatric meningo-
coccemia results in a low mortality rate
but significant tissue loss, and so func-
tional outcome is a relevant measure of

therapeutic efficacy (66). Beyond this,
however, the patient-centered benefits of
reduced ICU morbidity are poorly defined
and outcome measures correspondingly
underdeveloped (67).

Composite Measures

Failure-Free Days. A treatment that
reduces mortality rate may also reduce
morbidity rate, but it may paradoxically
increase net morbidity, because of the
salvage of patients who would otherwise
have died. Evaluation of the net effects of
therapy would ideally integrate morbidity
and mortality rates.

End points other than mortality are
potentially confounded, because data are
no longer available for patients who have
died and because the deaths do not occur
randomly but are disproportionately
more common in patients with comorbid
events of interest. The morbidity-free day
concept avoids this confounding by mea-
suring the number of days over a speci-
fied time interval that a patient is both
alive and free of the morbid event. They
are counted as 0 if patient dies before day
28 or experiences the morbidity of inter-
est (e.g., ventilation) for �28 days, and
28- the number of days the patient is free
from that morbidity or intervention if the
patient survives beyond 28 days. The con-
cept can be applied to many morbid out-
comes, for example, ventilator-free, dial-
ysis-free, or ICU-free days. The time
frame can be modified to reflect the an-
ticipated interval for resolution of the rel-
evant morbidity. In a trial of ventilation
with lower tidal volumes, the number of
ventilator-free days, and other organ fail-

ure-free days, was increased in patients
treated using the low tidal volume strat-
egy (28). Inhaled nitric oxide was ap-
proved for use in neonates based solely on
increased extracorporeal membrane oxy-
genation-free days (68). The free-day out-
come requires complex statistical model-
ing but may detect clinically important
effects using smaller sample sizes (69).

Morbidity and mortality can be inte-
grated using an organ dysfunction scale
by calculating a mortality-adjusted score:
Measured scores are recorded for surviv-
ing patients, whereas nonsurvivors re-
ceive the maximum possible score plus
one. This approach has been used to show
the early benefits of anti-TNF therapy
(62) and of a conservative transfusion
strategy in critically ill patients (29).

Finally, more than most other ill-
nesses, sepsis is associated with a need for
intensive medical support, convales-
cence, and rehabilitation over a variable
period of time. The aggregate morbidity
of sepsis might be quantified simply by
tracking the temporal course of the pa-
tient’s progress through the hospital and
convalescent care. Using a scale anchored
at one end in death and at the other in a
full return to premorbid health status in
a time-dependent analysis, a therapy
would be demonstrated to be effective if it
delayed death and/or accelerated recov-
ery.

Integrating Mortality With
Quality of Life Impairment

Multiple-attribute utility indexes inte-
grate death and quality of life impairment
and work well across diseases, conditions,

Table 3. Conclusions and recommendations

1. Patients with sepsis comprise a highly heterogeneous population that lacks a single distinctive clinical phenotype or an objective histologic or
biochemical marker. Clinical trials in this population evaluate interventions that target disparate biochemical mediators, physiologic processes, or
clinical complications. It is therefore important that the selection of outcome measures reflect the specific pathophysiologic abnormality being
treated, emphasize effects that can plausibly be anticipated to occur, and be maximally informative and important.

2. Early-phase clinical trials in sepsis should emphasize outcome measures that are informative—that detect biologic activity in the population of
interest and identify specific populations in whom biologic activity is maximized.

3. Phase III clinical trials should emphasize outcomes that are important—primarily to patients but also to families and caregivers. In addition to
conventional mortality outcomes, nonmortal outcomes, including health-related quality of life, should be used as secondary endpoints and as
primary outcomes when the baseline risk of death is low.

4. Although 28-day all-cause mortality is a useful measure of clinical benefit, it has important limitations: It may fail to capture longer term mortality
effects, ignores the substantial patient-centered morbidity of sepsis, and is insensitive to nonmortal benefits in populations at lower risk of death,
including children.

5. Because the increased mortality risk of sepsis is prolonged, and treatments that improve short-term survival may do so at the cost of increased
patient-centered morbidity and longer term mortality, composite measures that integrate morbidity and mortality effects may provide the most
meaningful information about therapeutic efficacy.

6. The development and validation of outcome measures for sepsis research present unique and particularly complicated challenges. Future research
would benefit from the establishment of a dedicated, investigator-driven collaboration analogous to the Outcome Measures in Rheumatology
(OMERACT) collaboration, with the active involvement of patients or their representatives, regulatory agencies, and organizations charged with the
articulation of global health priorities.
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and health states. These measures exist in
a variety of disciplines and are anchored
in death and full health, scoring optimal
health statues according to societal val-
ues and preferences (70). The develop-
ment of comprehensive measures specific
to ICU patients would necessitate such
modifications as using family members to
provide responses on the patient’s behalf
but would ground ICU outcome measure-
ment within a well-established theoreti-
cal and practical model of health status
measurement that facilitates economic
analysis.

OUTCOME MEASURES—
DEVELOPMENT, VALIDATION,
AND IMPLEMENTATION

Sepsis research has been conducted
largely through large, multiple-center,
industry-funded trials, undertaken with
the objective of bringing a specific ther-
apeutic strategy to market and using en-
try criteria and outcome measures devel-
oped by ad hoc consensus processes. An
alternate approach to outcome measure
development is the Outcome Measures in
Rheumatology (OMERACT) collaboration
(www.omeract.org), an informal interna-
tional network of investigators in rheu-
matology whose aim is to define areas of
agreement and disagreement and to pri-
oritize the research agenda for outcomes
in rheumatologic diseases (71). OMER-
ACT operates under the aegis of the In-
ternational League for Rheumatology and
the World Health Organization, with the
active involvement of regulatory agencies
and industry. OMERACT initiatives focus
on the selection of outcome measures for
studies in specific rheumatologic dis-
eases, using the OMERACT filter that
considers candidate measure from three
perspectives: truth, discrimination, and
feasibility (72). The process is iterative,
with the assumption that future data may
refine or modify the recommendations.

CONCLUSIONS AND
RECOMMENDATIONS

The challenge inherent in evaluating
novel treatments for sepsis is that we do
not know a priori which, if any, sub-
groups of patients might benefit from
therapy or how that benefit might be
manifest early in the course of disease so
that therapy can be titrated or modified.
Recognizing this, the colloquium pro-
posed six explicit recommendations (Ta-
ble 3).

Preclinical data from animal models of
sepsis do not provide sufficient proof of
principle to justify large clinical trials
whose primary objective is demonstra-
tion of patient-centered benefit. This con-
ventional approach to sepsis research has
almost certainly resulted in the abandon-
ment of potentially useful therapeutic ap-
proaches and has rendered the uptake of
new therapies more difficult. An interme-
diate, translational research program
may increase the probability that truly
efficacious therapies will be successfully
shepherded through to clinical practice,
whereas ineffective or even harmful ap-
proaches will be abandoned at an earlier
stage.

The primary objectives of early-stage
clinical research in sepsis should be to
define an appropriate at-risk population,
confirm biological activity in vivo, opti-
mize the dose and duration of therapy,
and demonstrate plausibility reflected in
attenuation of the biochemical and phys-
iologic consequences of the disease and
reversal of the study entry criteria. Such
studies require the use of outcome mea-
sures selected for their biological rele-
vance and sensitivity to the anticipated
consequences of intervention—both ben-
eficial and detrimental. Measures of pa-
tient-centered benefit are important sec-
ondary outcomes in such studies, whose
primary focus is documenting activity
and identifying a population in whom
that activity is maximal: The principle
objective is to answer the question, “Does
it work?”

Patient-centered outcome assumes
primary importance in subsequent stud-
ies undertaken to determine whether an
intervention that has biological activity
in vivo will yield net clinical benefit and
so answer the question, “Does it help?”
Sepsis is a lethal disease, and prevention
of its significant mortality rate will always
remain a primary objective of the treating
clinician. The excess mortality rate at-
tributable to sepsis evolves over pro-
longed period, and so pivotal trials should
assess mortality beyond 28 days, measur-
ing it at least until 90 days and preferably
longer.

However, survival is not the only or
even the most important objective of
therapy. Patient-centered morbidity is
difficult to quantify, because the patient
is frequently unaware of his or her con-
dition. A diminishing dependence on sup-
portive technology and a return to an
independent existence are intuitively at-
tractive objectives, and the rate at which

this independence is achieved might be
readily measured. Patients are rarely con-
scious participants in the early manage-
ment of sepsis, but as the victims of the
longer term effects of the disease, they
are the best arbiters of what constitutes
therapeutic benefit. Future initiatives in
outcome measure development must
make a conscious effort to incorporate
their perspectives.

Initiatives such as OMERACT under-
line the value of developing explicit and
iterative mechanisms to identify the need
for new study end points and to develop
and validate these for use in clinical tri-
als. The OMERACT model is clearly ap-
plicable to critical care. The active in-
volvement of clinical researchers,
industry, regulatory agents, and patients
will ensure that measures developed are
optimally relevant and acceptable.
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