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Understanding and Improving Clinical Trial Outcome
Measures in Acute Respiratory Failure

The critical care community conducts significant research, with over
850 trials in the National Institutes of Health registry (1). To
facilitate the synthesis and interpretation of findings across these
studies, and effectively and efficiently advance clinical research
toward improved patient outcomes, randomized controlled trials
(RCTs) must be performed using valid and comparable outcome
measures.

The Call for Standardization of Outcome
Measures in RCTs

RCTs demonstrate substantial variability in outcome measures
across many different clinical specialties (2). Within critical care
medicine, there has been relatively little critical evaluation of
outcome measures used in clinical research. This finding has led to
recommendations from a number of national and international
groups, including Roundtable conferences (1, 3), two workshops of
the National Heart, Lung, and Blood Institute (NHLBI) (4, 5), the
Society of Critical Care Medicine (6), and the Multisociety Task
Force for Critical Care Research (7). These recommendations call
for researchers to critically evaluate outcome measures, and use
valid, appropriate, standardized measures across studies.

Outcome Measures in Trials of Patients with
Acute Respiratory Failure

In this issue of the Journal, Blackwood and colleagues
(pp. 886–893) (8) and Contentin and colleagues (pp. 998–1002)
(9) each publish reports critically evaluating mechanical
ventilation–related outcome measures from trials published
in high-impact journals. Findings from these reports
are consistent, demonstrating that no more than 25% of
mechanical ventilation trials reported a definition for
mechanical ventilation duration, and approximately 65%
reported a definition of ventilator-free days. Among those
reporting definitions, importantly, there was substantial
variability in both the definition used and the time point of
evaluation. Furthermore, the report by Contentin and colleagues
(9) provides a detailed description of seven items requiring
consideration when defining and calculating mechanical ventilation
duration and ventilator-free days as outcome measures.

In addition to standardizing definitions, important issues
remain regarding appropriate, standardized timing of outcome
assessments and the associated methods for patient follow-up over
this time period. This issue of timing is important, because
interventions in critically ill patients may have benefits or harms well
beyond hospital discharge or 28-day follow up (10, 11), and

inferences regarding the effect of critical care interventions may
change with longer durations of follow up (12, 13). Determining
the optimal duration of follow-up will depend on the specific
intervention and outcome being evaluated, and requires additional
empirical research to understand patients’ typical trajectories of
recovery after critical illness (14).

Even after considering issues of definitions and timing, there is
a need for greater recognition that, even without an effect on
mortality or mechanical ventilation duration, interventions in the
intensive care unit may have important effects on survivors’ long-
term functional outcomes (15). These functional outcomes fall
across a wide range of domains, including aspects of physical,
cognitive, and mental health (6). Recent RCTs of patients with
acute respiratory failure provide examples of successful evaluation
of these important functional outcomes over 6- to 12-month
follow-up periods (16, 17).

In evaluating functional outcomes after hospital discharge,
additional methodological considerations arise. Issues such as loss to
follow up and censoring due to death may bias study results. More
specifically, loss to follow up contributes to missing data and
selection bias, whereas censoring due to death can bias the estimated
effect of an intervention when there is differential mortality between
treatment groups (18).

The Way Forward to Improving Outcome
Measurement

Across clinical specialties, there is an international effort for
reaching consensus on outcome measures and establishing “core
outcome sets” that represent agreed-upon, standardized collections
of outcome measures that will be reported in all trials within
a clinical area (19). A well established example of work in this area
comes from rheumatology, where, for more than 20 years, the
Outcome Measures for Rheumatology Clinical Trials collaboration
has been working to establish core outcome sets (20). Moreover,
across clinical specialties, there is the Core Outcome Measures in
Effectiveness Trials (COMET) initiative (http://www.comet-
initiative.org/) that has an active database with more than 490
references of work planned, in process, or completed with respect
to core outcome sets.

For trials of critically ill patients, plans for moving forward are
developing (Figure 1). For instance, within the COMET initiative,
there are at least three projects in the planning or execution phases
that focus on core outcome sets in the areas of: (1) mechanical
ventilation outcomes; (2) rehabilitation outcomes; and (3)
long-term functional outcomes. In addition, the NHLBI has
recently funded a new 5-year, investigator-initiated, national
resource–related research project (R24HL111895) to create and
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disseminate resources related to: (1) establishing core outcome sets
for long-term physical, cognitive, and mental health outcomes in
survivors of acute respiratory failure and acute respiratory distress
syndrome; (2) maximizing cohort retention in long-term, longitudinal
research studies; and (3) developing statistical methods and
programs for addressing censoring due to death in evaluation of
long-term functional outcomes.

The methodological work and efforts to establish core outcome
set projects have potential for international input and uptake
via the existing International Forum for Acute Care Trialists
(InFACT; http://www.infactglobal.org) group. InFACT is a global
collaboration of more than 20 investigator-led clinical research consortia.
InFACT’s Outcomes Measurement Group, with representation from
these research consortia, is actively working in this area.

In summary, there are clear recommendations for greater
standardization of outcome measures in clinical trials evaluating
patients with acute respiratory failure, and objective data in this issue of
the Journal support these recommendations. With recent initiatives,
collaborations, and NHLBI funding, there are exciting new
opportunities to make progress in understanding and improving
clinical trial outcome measures in acute respiratory failure. n
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Figure 1. An approach to understanding and improving clinical trial outcome measures in acute respiratory failure.
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Oxidant-mediated Aggregation of Z a1-Antitrypsin in
Pulmonary Epithelial Cells Amplifies Lung Inflammation

Since the discovery of a1-antitrypsin (AAT) deficiency in 1963
by Laurell and Eriksson (1), a causal relationship between this
inherited condition and pulmonary emphysema development in
early adulthood has been suspected, and subsequently confirmed
by other researchers (2). In 1969, Sharp and colleagues
communicated its association with childhood liver cirrhosis (3). In
1972, Berg and Eriksson first described the association of AAT
deficiency with liver cirrhosis in adults (4). Importantly, in 1991,
Lomas demonstrated that Z-AAT molecules formed polymers that
were retained within the rough endoplasmic reticulum (ER) of
hepatocytes forming periodic acid Schiff–positive and diastase-
resistant inclusions (5), which in turn were associated with liver
disease by leading to activation of ER stress responses (6).

AAT is a pan-antiproteinase protein mainly synthesized and
secreted by hepatocytes (.80%), and in additional quantities by
monocytes, macrophages, pancreas, lung alveolar cells, enterocytes,
and endothelial cells. The specific substrate of AAT is neutrophil
elastase (NE), but it also has the ability to neutralize other
serine proteases stored in the azurophil granules of neutrophils,
that is, proteinase-3, myeloperoxidase, cathepsin G, and
a-defensins (2, 7).

An intriguing characteristic of severe AAT deficiency is the
marked variability of its clinical manifestations and its erratic gene
penetrance. This variability indicates that AAT deficiency is not an
illness itself, but a complex monogenic disorder that predisposes
to the development of different pathologies, especially when other
factors (environmental and/or genetic) are also present (Figure 1).
In the case of chronic obstructive pulmonary disease (COPD),
cigarette smoke is by far the single most important risk factor for
the development of rapidly progressive COPD in patients with
AAT deficiency. Environmental or occupational pollutants (such as
particulate matter, biomass fuels, chemical vapors, and agricultural

dusts), and possibly other modifier genes still not well identified
may also be contributing factors (2).

Classically, the emphysema associated with severe AAT
deficiency has been attributed to an imbalance between proteinases
and antiproteinases in the lungs, and explained by a higher
concentration of free NE in relation to the low concentration of AAT
(2). Besides, Z-type molecules are dysfunctional and take more
than twice as long as the M-type AAT to inhibit NE (8). At present,
it is believed that the interaction between different proteinases is
essential for activating a complex proteolytic cascade that plays an
essential role in the pathophysiology of emphysema. NE has been
situated diagrammatically at the apex of a hierarchical tree of
proteinases, acting as the principal regulator of several classes
of tissue-degrading proteases. For example, free NE can
activate several tissue proenzymes such as cathepsin C and
metalloproteinases, as well as protease-activated receptors 1–4
from cell membranes, and inactivate tissue inhibitors of
metalloproteinases, all of which amplifies inflammation. Increased
activity of NE, cathepsin B, and metalloproteinase-2 in the
bronchoalveolar lavage fluid of ZZ subjects can be normalized by
AAT augmentation therapy (9). In addition, proteinase-3 promotes
endothelial cell apoptosis, and some researchers have even found
evidence suggesting that emphysema could be an autoimmune
disease characterized by the presence of antielastin circulating
antibodies and T-helper type 1 response, which correlates with
emphysema severity (10).

AAT deficiency–related lung emphysema is characterized by
an exaggerated invasion of lungs by activated neutrophils.
Although the mechanism of neutrophil chemotaxis in AAT
deficiency has not been fully elucidated, it has been shown that the
excess free NE induces releases of IL-8 from epithelial cells and
leukotriene B4 from alveolar macrophages, both potent attractors
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