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Coloring by Number? Core Outcome Measures and the Canvas of
Intensive Care Unit Survivorship

There was a time, not long ago, when little was known about what
happened to survivors of critical illness, and our understanding of
outcomes after discharge from the intensive care unit (ICU) was
a blank canvas. However, the past three decades have witnessed a
rapid acceleration of research in this area. More than 400 studies
of outcomes after critical illness have now been published, most
within the last 10 years (1). Unfortunately, a meaningful synthesis of
this jumble of data is limited by the marked heterogeneity of
the approaches used to measure outcomes. A recent scoping review
described over 250 unique instruments used in studies of this
population. For example, investigators have reported a single
outcome—post-traumatic stress—using 15 different instruments
at multiple time points, and various approaches for administration
(1). In addition, many studies have omitted key data points,
which may be inefficient given the significant time, effort, and
costs involved in maintaining a post-ICU cohort (2). Overall,
this approach to assessment of post-ICU outcomes has painted
a picture that is rich but incomplete, chaotic, and difficult
to interpret.

One way to find order in the chaos of outcomes research is to
develop core outcome sets (COSs). COSs are consensus-based,
standardized collections of outcomes for adoption in all trials within
a specific clinical area (3), which for many years have been major
features of successful advances in clinical research conduct in
specialties such as rheumatology (4) and dermatology (5). More
recently, COSs have emerged as a methodological approach in
critical care in response to the need to converge the proliferation in
outcomes assessment of critical-illness survivorship into a more
coherent and streamlined means of evaluation. The proposed
benefits of a COS include a reduced potential for selective outcome
reporting bias, enhanced data meta-analysis, and the inclusion of
priority outcomes valued by stakeholders who were previously
underrepresented in the research design process (6).

The COS development process broadly focuses on two stages:
(1) establishing what outcomes to measure and (2) deciding how to
measure them (3), drawing the outlines and then coloring them in.
In this issue of the Journal, Needham and colleagues (pp. 1122–1130)
address the second stage, reporting the results of their consensus
process to determine core outcome measures for use in clinical
research in survivors of acute respiratory failure after hospital
discharge (7). Preceding work identified eight core domains of
outcomes to be evaluated (7, 8), namely, survival, physical function,
mental health, pulmonary function, pain, muscle and/or nerve
function, cognition, and satisfaction with life or personal

enjoyment (conceptually health-related quality of life). The
authors’ task in the current study was to identify measurement
instruments for outcome evaluation with appropriate psychometric
properties and feasible utility. At present, there is no established,
consistent taxonomy for describing the steps involved in producing
a COS, and different terms are applied to describe collections of
core outcomes and, separately, their measures (3–5). To address the
latter issue, the authors describe their development of a “core
outcome measurement set” (COMS) (7).

With the exclusion of survival (a domain considered to not
require consensus for a measurement instrument), measurement
instruments were agreed upon for three of the remaining seven core
outcomes: the EuroQol five dimensions (EQ-5D) and 36-Item Short
Form Survey version 2 (SF-36v2) for “satisfaction with life and
personal enjoyment” and “pain” outcomes, and both the Hospital
Anxiety and Depression Scale (HADS) and Impact of Event Scale—
Revised (IES-R) for “mental health.” These results were neatly
tabulated by the authors to provide a succinct précis of the estimated
time and financial costs required to complete various configurations
of the COMS, as well as the volume of questions required to reflect
potential patient burden. This is a valuable interpretation of these
findings that should facilitate implementation of the COMS.
Furthermore, the authors provide suggestions for expanding the
COMS with the highest-ranking (albeit nonconsensus) measurement
instruments for other outcomes, such as the Montreal Cognitive
Assessment-Blind tool to evaluate cognition.

The COMS suggested by Needham and colleagues is a
significant step forward. With successful implementation, use of
this COMS across ICU follow-up studies would markedly decrease
heterogeneity, increase opportunities for meta-analysis, and
substantially add to the body of knowledge about the natural history
of recovery after discharge from the ICU, as well as the potential
effects of interventions. Notably, the measurement instruments
that are included in the final COMS are all patient reported by
nature, meaning that it can be completed relatively quickly, simply,
and via telephone, negating the need for in-person testing, which
can restrict longitudinal follow-up of survivors in both trials and
cohort studies. Furthermore, there is confidence that this COMS can
be considered a true reflection of stakeholder opinions, with
minimal attrition evident and response rates of 91–97% across the
three survey rounds from an international multidisciplinary and
patient/caregiver panel.

However, this work is certainly not done. First, as Needham
and colleagues highlight in their “suggestions for a future research
agenda,” measurement properties need to be established for both
included measures (such as the “pain” item in the EQ-5D) and
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candidate measures for the remaining outcomes that failed to garner
consensus (cognition, physical function, muscle and/or nerve
function, and pulmonary function). Second, new approaches are
needed to reduce redundancy in the current COMS—the HADS,
IES-R, EQ5-D, and SF-36 all contain overlapping content. Third,
new instruments, including those that use item response theory and
computer adaptive testing, need to be studied in tandem with the
suggested COMS to allow future growth and improvement of the set.
New instruments may provide an opportunity for recalibration
within the current set, in which measures may not entirely represent
the intent of the outcome; for example, using the SF-36, a measure of
health status, to measure the outcome of “life satisfaction and
personal enjoyment” may be improved upon in the future. Fourth,
the science of developing COSs and measures itself will need to evolve
and establish its own evidence base to guide future versions and
address issues such as how to determine the makeup of the
stakeholder group that is participating in the consensus process (9).
Finally, it will be important to assess the experience of incorporating
the suggested COMS into observational and interventional research.

Although the benefits of adopting the COMS for ICU research
are clearly significant, there are potentially negative consequences
as well. Although the COMS only specifies the minimum
assessment required, and in no way restricts the use of additional
measurements, with limited resources and the risk of increasing
participant burden, opportunities to explore new domains and new
instruments may be reduced, resulting in a “coloring by number”
approach (Figure 1). As a research community, we must remember
that our understanding of ICU survivorship is incomplete, and that
the palette required to paint this landscape has many more than
four—or even eight—colors. Implementation of the COMS
developed by Needham and colleagues will help focus the image of

ICU survivorship. But continued innovations in core outcomes,
their measures, and other assessment methods, will reveal the many
hues and details and depth of the true experience of life after
critical illness. n
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Figure 1. A “coloring by number” of the suggested core outcomes and measures for survivors of acute respiratory failure. Four of eight core domains
of outcomes for follow-up after hospital discharge (7, 8) are “colored in” with agreed-upon core outcome measures. Those for which there is no
consensus on core measures remain blank outlines. HADS=hospital Anxiety and Depression Scale; IES-R= Impact of Event Scale—Revised; EQ-5D=EuroQol
five dimensions; SF-36v2 = 36-Item Short Form Survey version 2.
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Provision of Nutrients to the Acutely Ill
Introducing the “Baby Stomach” Concept

Recent major advances have profoundly changed our understanding
of nutritional needs during a critical illness. Until recently, the
concept of “more is better” was prevailing. Likewise, the use of
high tidal volumes (10–12 ml/kg) was deemed appropriate in
patients with acute respiratory distress syndrome two decades ago,
based on a theoretical background. In the field of acute respiratory
distress syndrome, the clear-cut results of large prospective,
randomized, controlled, well executed, and adequately powered
trials contradicted beliefs based on common sense. Similarly, the
results of the EPaNIC (Early versus Late Parenteral Nutrition in
Critically Ill Adults) trial (1) highlighted the risk of providing an
excess of calories early during the course of a critical illness (2).
Importantly, the patients included in the EPaNIC trial received
the different categories of macronutrients (glucose, lipids, and
amino acids) early or late in “all-in-one” parenteral solutions,
precluding the identification of the differential effects of the three
components. The team in Leuven, Belgium, further refined the
analysis and took advantage of the variable proportions of
macronutrients given to patients in the PEPaNIC (Early versus
Late Parenteral Nutrition in the Pediatric Intensive Care Unit)
trial (3). This post hoc analysis suggested that amino acids played a
major role in the less favorable outcomes associated with early
parenteral nutrition.

The detrimental effects of a high amount of nitrogen were
further supported by findings of fat infiltration and a delayed
recovery from weakness in patients randomized to the early
parenteral nutrition arm of EPaNIC (4). These findings strikingly
contradict the concept of a protective effect of a high protein
intake, which is mainly suggested by retrospective data associating
high protein intakes with a better outcome (5, 6). Hence, the
optimal protein/nitrogen intake is a matter of controversy and can
range from 0.8 to 2–2.5 g protein/kg/day (7, 8). This uncertainty
highlights the weakness of the available evidence, mainly due to the
lack of data from large prospective randomized controlled trials

(8–10). The safety of a high dose of amino acids was suggested by
Doig and colleagues (11), who reported data from a recent large
phase II trial. In this trial, kidney function was not influenced
by a daily dose of 100 g of intravenous amino acids as
compared with standard care. Likewise, such safety was
demonstrated by the unaltered amino acid oxidation observed
during an enhanced provision of intravenous amino acids
(1 g/kg/24 h) (12).

However, in this issue of the Journal, Thiessen and colleagues
(pp. 1131–1143) (13) report the amplification of glucagon production
by exogenous amino acids, together with the amplification of
hepatic catabolism of amino acids by glucagon. In other words, amino
acids provided during the catabolic phase of a critical illness could
fuel the fire and aggravate nitrogen catabolism. As a result
of these findings, future guidelines should be revised to differentiate
between nitrogen intakes during the acute phase and the
prolonged phase of a critical illness, where there are arguments
to recommend a low protein intake initially. The final proof of
the vicious circle involving glucagon and amino acids could be
brought by the use of pharmacological glucagon agonists.

This line of investigation is a good example of how basic science
needs to be fed with clinical data, thereby fueling research into novel
pathophysiological mechanisms whose clinical relevance
requires formal testing by appropriate studies. This constant dialog
between bench and bedside is especially important for studying
the metabolic response to critical illness, which is a very complex
and varying sequence of adaptive events (2). From a clinical
standpoint, the ability to build muscle proteins is probably elusive
during the acute catabolic phase, where protein breakdown exceeds
protein synthesis. In contrast, muscle protein synthesis could be
boosted during the late and recovery phases of critical illness, and
modulated by an individualized combination of proteins and
physical activity. The optimal combination of the two strategies
is presently unknown but is eagerly awaited (14).

The study by Thiessen and colleagues (13) is an excellent
illustration of how basic and clinical research can be combined
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