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Introduction

The selection and definition of outcome measures (endpoints) is a critical factor for the successful execution of
clinical trials. An outcome is defined as either a measurement (i.e., serum creatinine) or an event (i.c., death, need
for dialysis) that is potentially modifiable by a defined intervention. Several criteria must be considered in the
selection of outcome measures including clinical importance, responsiveness to the intervention, precision of their
definition, accuracy of measurement, and completeness of ascertainment. Since multiple outcomes may be affected

by a single intervention, a hierarchical ranking is required.

It is critical that the primary outcome be prospectively identified. This outcome is the measure by which the success
or failure of the therapeutic intervention will be judged and the predicted magnitude of the intervention on this

endpoint is the primary factor determining the number of patients required for a clinical trial.

Secondary endpoints are outcomes that may be related to the primary endpoint (for example Kaplan-Meier survival
in a study where 30-day all cause mortality is the primary endpoint) or may provide an independent indication of the
therapeutic benefit of the intervention (for example, recovery of renal function in a study where 30-day all cause
mortality is the primary endpoint). In general, however, clinically or statistically significant differences in a
secondary outcome, in the absence of important changes in the primary outcome, will not be interpreted as strong
evidence of a therapeutic benefit. Outcomes that are more exploratory in nature may be considered as additional

(tertiary) endpoints.

In establishing this hierarchical ranking for clinical trials on the prevention or treatment of acute renal failure several
key questions should be considered. Is the outcome causally related to acute renal failure? Is it clinically relevant?
Can it be accurately determined? Has it been precisely defined? Has its clinical validity been established? Will it
provide adequate discrimination between the experimental groups? Will the outcome be affected by its

measurement?
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The selection and hierarchical ranking of endpoints frequently involves tradeoffs. For example, variations in the
definition of acute renal failure alter its sensitivity and specificity as an endpoint. Increasing the specificity of the
definition (e.g. a 50% versus a 25% increase in the serum creatinine) will decrease the event rate and increase the
number of patients required for a trial. The definition of mortality provides another example. Mortality in patients
with acute renal failure is strongly influenced by factors other than either the renal failure or the therapeutic
intervention. While all-cause mortality may lack a degree of specificity, it is objective and can be easily and
accurately determined. In contrast, cause-specific mortality is difficult to define and introduces a need for subjective

adjudication.

In prior studies of both prevention and treatment of acute renal failure the selection and definition of endpoints has
varied widely. As a result, comparison between studies has been difficult. In the remainder of this article we will
review the selection and definition of specific endpoints appropriate to large-scale clinical trials of acute renal
failure. Intermediate (surrogate) endpoints, that may be more appropriate for smaller scale, preliminary or pilot
studies, which are based on changes in physiologic parameters that are biologically closer to the disease process, are

discussed elsewhere in this issue.

While the most appropriate endpoints for an individual study are dependent upon the specific hypothesis and study
design, the primary endpoint in prevention trials needs to be based on an objective assessment of renal function
(Table 1), while mortality and renal functional assessment may serve as the primary endpoints in studies of

established acute renal failure (Table 2).

Assessment of Renal Function

Development of Acute Renal Failure

A precise definition of ARF is required in order to use its development as an endpoint in clinical trials. Published
studies have utilized a wide variety of definitions, based primarily on absolute or relative changes in the serum
creatinine concentration. While it is accepted that variations in the definition of ARF alter the sensitivity and
specificity of this endpoint, good data does not exist to correlate variations in the definition of ARF with morbidity

or mortality.

Measurement of Renal Function

As an alternative to a categorical definition of acute renal failure, a continuous variable such as serum creatinine,
blood urea nitrogen or determination of glomerular filtration rate may be used to assess change in renal function.
Their use as clinical outcomes requires strict definition of the timing of measurement (e.g., change in serum

creatinine at 48 hours, peak serum creatinine within 7 days, etc.).

Requirement for Renal Replacement Therapy

There is no consensus regarding the optimal timing for initiation of renal replacement therapy or specific criteria for

the discontinuation of therapy. These issues need to be prospectively evaluated in clinical trials. If the initiation or



discontinuation of renal support is used as a clinical endpoint, strict criteria for these clinical decisions must be

defined as part of the study design.

Recovery of renal function

Recovery of renal function can be defined as the lack of need for continued renal replacement therapy. This can be
defined based on a GFR in excess of 15-20 mL/minute. Based on published studies, the majority of recovery of renal
function occurs within 30 days of onset [1-4]. Because of the long-term implications for development of chronic
progressive kidney disease, we believe it is appropriate to stratify recovery of renal function as complete and partial.
There is no clear consensus, however as to what degree of recovery of renal function should be defined as
“complete”. Thresholds of a serum creatinine that is no more than 0.5 mg/dL or 1.0 mg/dL greater than baseline
may be reasonably selected as definitions of “complete” recovery. Alternatively, a threshold based on measured
GFR could also be applied. Partial recovery is defined as a serum creatinine greater than baseline by the defined

threshold, but not dialysis dependent.

Assessment of Survival / Mortality

Patient survival (or its reciprocal, mortality) has been commonly used as the primary endpoint in clinical trials of
renal replacement therapy in acute renal failure. The definition for timing of mortality, however, has varied widely
between studies, including survival to hospital discharge [2,5], ICU-survival [5], and survival for a fixed time-period
after discontinuation of renal replacement therapy [3,4]. Decisions regarding ICU or hospital discharge may be
affected by factors other than disease progression, including local practice variation, cultural factors and economic
issues. The use of survival for a defined time-period following study enrollment obviates the variability resulting
from subjective decisions regarding ICU transfer, hospital discharge and termination of renal replacement therapy,

however the optimal time-point for this assessment is not defined [6].

In critically ill patients without acute renal failure, 28-day survival may miss in excess of 20% of acute mortality [7].
In acute renal failure, a stable survival rate is not achieved until after 30-60 days [2,3,8]. The use of a later time-
point, however, may result in increased numbers of patients lost to follow-up, and may result in inclusion of deaths
not directly related to the acute renal failure or study intervention. For these reasons we recommend that optimal
time point for evaluating all-cause mortality should be between 60 and 90 days of study entrance. In addition to
evaluating mortality as a categorical endpoint, survival analysis (e.g. Kaplan-Meier) should also be performed.

Evaluating mortality at multiple time-points should also be considered.

Assessment of Morbidity

Several scoring systems for assessment of organ dysfunction and morbidity (e.g., MODS, LODS, and SOFA) have
been validated in the general ICU population [9-13] and also been used on ARF patients, although validation studies
in the ARF setting are rare [14]. There is insufficient data to recommend any single specific scoring system for
patients with ARF. For this reason, morbidity scoring systems should probably not be used as primary outcomes in

AREF trials, although they may be appropriate as secondary endpoints.



Organ dysfunction scoring systems have been found to be useful to assess morbidity in a variety of ways, including
quantification of baseline severity of organ dysfunction, detection of organ dysfunction developing during the ICU
stay, measurement of aggregate severity of organ dysfunction over the ICU stay, and measurement organ
dysfunction free intervals. Assessment of morbidity should be done on a day-to-day basis using a validated organ
dysfunction scoring system. A variety of measurements may be useful as clinical endpoints, including maximum

achieved score, maximal change in score, time-averaged score, and organ dysfunction free days.

In contrast to organ dysfunction scoring systems, the majority of severity of illness scoring systems (e.g., SAPS II
[15], APACHE II [16]) were developed and validated for calculation on ICU admission. The assumed association
between the physiologic derangement at admission and subsequent outcome is predicated on the assumption that the
patient has not received treatment. This assumption does not apply at subsequent time-points. For this reason, it is
not appropriate to use these severity of illness scoring systems to assess morbidity longitudinally during the ICU

stay without additional validation.

Economic Analysis

There are only a few studies that have attempted to calculate ICU costs. However, when these publications are
examined in detail [17] it is clear that the methodologies employed are not comparable. Some studies included
nursing staff costs or medical staff costs whereas others did not. There are also differences in the inclusion of
supplies, medications and many other aspects of treatment. Economic differences and variations in care between
countries or regions also confound comparisons between ICU’s. Only a limited number of studies have evaluated
the costs of ARF or renal replacement therapy in the ICU setting [18-22]. In order to make meaningful cost
comparisons it will be essential to develop standard costing methodologies that can be applied across ICU’s in any
(or most) countries. Such a method is currently under development by the Working Group of Cost-Effectiveness of

the European Society of Intensive Care Medicine, in cooperation with other societies [23].

An alternative approach is to calculate patient related costs using a cost proxy. Nursing costs are closely related to
the severity of illness of ICU patients. The level of care, measured by systems such as TISS [24] or TISS-28 [25] has
therefore often been used for that purpose. It has, however, been shown that although TISS (and other related
systems) correlate with overall ICU population costs, the relationship for individual patients is weak [26]. In
addition, these proxies correlate with direct costs of care, not with total cost. The limitations of these scoring
systems therefore have to be considered when they are used in research projects that compare small populations

[27].

Assessment of Functional Status

There are multiple tools available for the assessment of functional status in the general ICU population. These have
not been validated in ARF patients and we cannot make any statements about an optimal tool. However, long-term
functional status is an important outcome in the evaluation of care of critically ill patients and is necessary in

performing cost-effectiveness analyses.
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Table 1. Potential Endpoints for Studies Evaluating the Prevention of ARF

Primary Endpoints

- Development of ARF (categorical)

- Quantification of renal function (continuous variable)

- Requirement for renal replacement therapy (surrogate for severity of ARF)
Secondary Endpoints

- Survival

- Morbidity (organ dysfunction measurements)

- Length of stay (hospital, ICU)

- Economic analysis

- Functional status assessment

Table 2. Potential Endpoints for Studies Evaluating the Treatment of Established ARF

Primary Endpoints

These will vary depending on the setting of the trial and/or primary hypothesis (e.g. pharmacologic
treatment of ARF vs renal support)

- Survival

- Assessment of renal function
- Recovery of renal function
- Requirement/duration of renal replacement therapy
- Measurement of renal function

Secondary Endpoints

- Morbidity (organ dysfunction measurements)

- Length of stay (hospital, ICU)

- Composite endpoint (dialysis free survival)

- Functional status assessment

- Economic analysis
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