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Abstract

Background: No evidence exists to date on which to base the selection of outcome measures for assessing
nutritional interventions in critically ill patients. We conducted a systematic literature review to describe the
outcomes used in recent randomised controlled trials (RCTs) assessing nutritional interventions in critically ill
patients. Our objective was to set the foundation for the development of a core set of outcome measures for use
in future RCTs.

Methods: We searched the PubMed/MEDLINE, Cochrane Central Register of Controlled Trials, and ClinicalTrials.gov
databases for RCTs of nutritional interventions in critically ill patients aged 18 years or older, published and/or
registered between January 2000 and August 2018. Outcomes were divided into six categories (mortality, length of
stay, duration of organ dysfunction, complications, functional outcomes, and others) and analysed according to the
study characteristics and publication year.

Results: Of the 885 references retrieved, 170 were included in the review. Of these, 136 (80%) defined a primary
outcome, 114 (67%) defined secondary outcomes (two per study on average), and 34 (20%) did not specify
whether outcomes were primary or secondary. We identified 24 different outcomes in all, of which 19 were
primary. Complications were the most widely used primary outcome (65/136, 48%). Mortality was the primary
outcome in 17/136 (13%) studies, with six different timepoints. The main secondary outcomes were length of stay
(90/114, 79%), mortality (82/114, 72%), and duration of organ dysfunction (75/114, 65%).

Conclusions: This systematic review highlights the heterogeneity of outcomes used in recent randomized
controlled trials evaluating nutritional interventions in critically ill patients. The results of our systematic review may
have implications for designing future RCTs of nutritional interventions in the ICU.
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Background decreased mortality [2, 3]. However, large randomised con-

Patients managed in the intensive care unit (ICU) must
receive nutritional support to ensure that their energy and
nutrient needs are met. There is evidence that
ICU-acquired malnutrition is associated with worse patient
outcomes [1]. In observational studies, providing adequate
amounts of calories and/or protein is associated with
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trolled trials (RCTs) aimed at determining the best timing,
energy target, and route of administration of nutritional
support either found no efficacy or produced apparently
contradictory results [4—9]. These discrepancies are an obs-
tacle to developing consensual clinical nutrition strategies,
and to adherence of physicians to clinical guidelines. One
likely source of discrepancies is the variability in the out-
comes selected to assess the efficacy of nutritional interven-
tions in RCTs. This variability hinders the interpretation of
results, comparisons of RCTs, and the development of
strong evidence-based recommendations.
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In theory, the benefits of adequate nutrition in critic-
ally ill patients should include lower risk of acquired in-
fections including wound infections, pressure sores, and
muscle mass loss; shorter duration of mechanical venti-
lation; shorter ICU and hospital stay; and perhaps lower
mortality. Nevertheless, no accurate and robust data are
available on the benefits of adequate nutrition or adverse
effects of inadequate nutrition in critically ill patients.
To obtain such data, the optimal outcome for assessing
nutritional interventions must be determined. This is a
challenging task, as shown by the broad range of out-
comes used in RCTs. For example, the mortality rate is
often used as the primary outcome in RCTs performed
in critically ill patients, including those evaluating nutri-
tional interventions. However, variability in responses to
the intervention across patient subsets, with lower mor-
tality in some subsets and higher mortality in others,
may produce a net result of no effect. Although the ul-
timate goal of improving the management of critically ill
patients is to improve survival several weeks after the
ICU stay, whether the likelihood of achieving this goal
can be increased by a short-term nutritional intervention
is debatable. Developing a structured, clinically relevant,
consensual, and validated RCT methodology may help
to better define primary and/or secondary outcomes
reflecting improvements in patient outcomes related to
nutritional interventions for use in future RCTs.

The objective of this study was to obtain a clear pic-
ture of the outcomes used in published RCTs of nutri-
tional interventions in the ICU, as a first step towards
selecting optimal outcomes. To this end, we conducted
a systematic review of the recent literature.

Methods

We systematically reviewed recently published RCTs
evaluating nutritional interventions in critically ill pa-
tients, with special attention to the outcomes used. The
complete review protocol was submitted to PROSPERO
and the international prospective register of systematic
reviews (CRD42016036575), and the review was guided
by the Preferred reporting items for systematic reviews
and meta-analyses (PRISMA) statement [10].

Search strategy and article selection

Relevant RCTs published between January 2000 and Au-
gust 2018 were identified by electronically searching
PubMed/MEDLINE (1 January 2000-31 August 2018)
and the Cochrane Central Register of Controlled Trials
(CENTRAL) (2000-2018). The following MeSH and free
text terms were used: “nutrition”, “feeding”, “protein-cal-
orie”, “nutritional support”, “critical care”, “critically ill”,
“critical illness”, “ICU”, “adult”, “randomized controlled
trial”, “controlled clinical trial”, “randomized”, and “trial”.
The search was limited to articles written in English or
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French. The reference lists of retrieved articles were
screened for additional relevant articles. Unpublished
relevant RCTs were identified by searching the Clinical-
Trials.gov registry using the following criteria: adult
(18-65) and senior (66+); from 1 January 2000 to 31
August 2018; completed or terminated or recruiting or
not yet recruiting; interventional studies (clinical trials);
and the key words nutrition, feeding, protein-calorie,
nutritional support, critical care, critically ill, intensive
care, ICU, critical illness, and randomized. The search
strategy is detailed in the online-only supplement
(Additional file 1).

Among articles retrieved using the aforementioned
search strategy, we selected those meeting the following
criteria: RCT, including critically ill adults (age>18
years), evaluating a nutritional intervention, and pub-
lished after 1999. We excluded neonatal or paediatric in-
tensive care studies, studies focussing primarily on the
pharmaceutical properties of enteral nutrition (EN) or
parenteral nutrition (PN) without supplying details on
nutritional support, abstracts, case reports, review arti-
cles, and ancillary studies. Retrieved articles were first
assessed by one of us (GT), who read the titles and ab-
stracts to identify relevant trials. When the title and ab-
stract were considered potentially relevant, the full text
was retrieved by two of us (GT and MM), who worked
independently of each other to apply the aforementioned
criteria for inclusion in our study. Figure 1 is the flow
chart of the retrieved and included articles.

Data collection

For each study, the data were extracted by two of us
(GT and MM, EP, or FT), who worked independently of
each other. The data were recorded on a standardised
form that was pre-tested by one of us (GT) on ten
randomly selected articles and modified as needed. The
following data were recorded: study characteristics
(population, study design, blinding method, source of
funding, number of centres, and geographic region);
main study topic, recorded as clinical nutrition strategy,
composition of nutritional support, or nutritional
supplementation (see examples in Table 2); and primary
and secondary outcomes. Outcomes were classified
using predefined categories including mortality (at any
time, ICU mortality, in-hospital mortality, day-28 mor-
tality, day-90 mortality), length of stay (in the ICU and
in hospital), duration of organ dysfunction (times on
mechanical ventilation, catecholamines, renal replace-
ment therapy; organ failures; and antibiotic therapy),
ICU-associated complications (infections, metabolic
complications, feeding intolerance), functional outcomes
during the study period (muscle strength/walking dis-
tance tests, quality of life, physical function), and other
(metabolic  concentration, feeding measures, tube
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Fig. 1 Flow chart showing the phases of the systematic literature review. RCT, randomised controlled trial

placement success rate, tube placement time, contamin-
ation of packs and glass bottles). Outcomes that were
not described as primary or secondary were classified as
undetermined. All recorded data were cross-checked
after two of us read each study independently of each
other. Discrepancies were resolved by discussion be-
tween the two readers or by adjudication by another of
us (TL) if a consensus could not be reached. Data were
entered into the study database using EpiData Software
(EpiData Association, Odense, Denmark).

Definitions

Metabolic concentration was defined as any outcome
relevant to the blood level of a substance (e.g., a pro-
tein). Short-term and/or long-term metabolic complica-
tions were recorded as related to EN or PN. Infections

were defined according to the International Sepsis
Forum definition of infections in the ICU [11]. Feeding
intolerance was defined as a complication due to the ad-
ministration of nutritional preparations, such as diar-
rhoea or gastrointestinal symptoms. Feeding measures
were all outcomes directly related to the nutritional
intervention, such as feed volume and gastric residual
volume. Physical function refers to any self-reported
capabilities or physical performance. The capabilities
assessed included upper limb function (dexterity), lower
limb function (walking or mobility), spinal function, and
instrumental activities of daily living.

Risk of bias assessment
The methodological quality of each RCT was assessed
using the Cochrane risk of bias tool as indicated in
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chapter 8 of the Cochrane Handbook [12]. Methodo-
logical quality domains were those in the risk-of-bias table,
i.e, randomisation and method of randomisation; alloca-
tion concealment; blinding of participants, healthcare pro-
viders, or outcome assessors; proportion of participants
who did not complete follow up; partial reporting of out-
comes; and any other areas of potential bias. The risk of
bias in each RCT was classified as low, high, or unclear.
RCTs were classified as having an overall high risk of bias
if the risk of bias was high for at least one domain and low
if the risk of bias was low for all domains.

Statistical analysis

The statistical analysis was performed using SAS version
9.4 (SAS Institute Inc., Cary, NC, USA). Qualitative vari-
ables were described as numbers and percentages and
quantitative variables as mean and standard deviation if
normally distributed and median (25th—75th percentiles)
otherwise. Ranges are also reported.

Results

Article selection

The initial electronic search identified 1135 articles. No
additional articles were identified from other sources.
Among the articles found on ClinicalTrials.gov, 250 du-
plicates were removed. Of the 885 remaining articles,
634 were excluded based on the title and abstract and
81 based on the full text (Fig. 1), leaving 170 RCTs for
the study analysis (see Additional file 2).

Characteristics of selected RCTs

Among the 170 selected RCTs, 142 (84%) were published
in 36 different journals and 28 (16%) were registered on
ClinicalTrials.gov. The median date of publication was
2010 (2004—2013), and most RCTs (1 = 89, 52%) were
conducted in Europe. Table 1 reports the main character-
istics of the selected RCTs. Published trials collectively
randomised 30,003 patients (median, 78 (37-157)). Only
54 (32%) RCTs involved multiple centres, with a median
of 11 (4-18). The duration of the intervention was re-
ported in 107/170 (63%) RCTs; median duration was 7
(5-14) days.

Table 2 depicts the distribution of the various topics of
the selected RCTs. The most common topic category
was clinical nutrition strategy (69/170, 40%), with strat-
egies to optimise delivery and minimise the risk associ-
ated with EN being the most common example (n = 36).
Clinical nutrition composition was the second most
common category (66/170, 39%), followed by clinical nu-
trition supplementation (35/170, 21%).

Outcomes (Table 3)
The 170 RCTs used 24 different outcomes, which we
classified into six categories: mortality, length of stay,
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Table 1 Characteristics of the 170 included randomised
controlled trials (RCTs); 142 published trials and 28 protocols
registered on ClinicalTrial.gov

Characteristics (/170 RCT)

Population, 143 RCTs, n (%)

Medical 21 (15)
Surgical 34 (23)
Both 88 (62)
Design, 170 RCTs, n (%)
Parallel-group RCT 155 (91)
Cross-over RCT 7 (4)
Factorial-designed RCT 5(3)
Cluster-designed RCT 3(2)
Blinding, 170 RCTs, n (%)
None 68 (40)
Blinding® 102 (60)
of the patients 88 (86)
of the staff 78 (76)
of the outcome assessors 88 (86)
Funding, 170 RCTs, n (%)
Industry 22 (13)
Public 61 (36)
Both 48 (28)
Not reported 39 (23)
Recruitment, 167 RCTs, n (%)
Single-centre 113 (68)
Multicentre 54 (32)
National 44 (81)
International 10 (19)
Geographic regionb, 167 RCTs, n (%)
Europe 89 (53)
America 48 (29)
Oceania 20 (12)
Asia 17 (10)

Number of randomised patients per RCT and per year, median
[25th-75th percentiles]

2000 (n =183 patients) 30 [20-37]
2005 (n =836 patients) 53 [40-60]
2010 (n=1087 patients) 43 [32-104]
2015 (n =378 patients) 88 [62-127]
2018 (

n = 2534 patients)

1267 [124-2410]

“The sum of the percentages exceeds 100 because some RCTs had several
forms of blinding (blinding of the patient, staff, and assessors)

The sum of the percentages exceeds 100 because some RCTs were
conducted in more than one geographic region

duration of organ dysfunction, complications, functional
outcomes, and other. A single primary outcome was de-
scribed in 136/170 (80%) RCTs and at least one
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Table 2 Distribution of the main topic categories in the 170
randomised controlled trials (RCTs); 142 published trials and 28
protocols registered on ClinicalTrial.gov

Topics Number of RCTs (%)
n=170
Clinical nutrition strategy 69 (40)
Strategies to optimise delivery and minimise 36
risk of EN
Early versus delayed nutrient intake 8
Amount of EN prescribed 14
EN versus PN 7
Strategies to optimise delivery and minimise 3
risk of PN
PN versus standard care 1
Composition of clinical nutrition 66 (39)
Composition of EN 30
Composition of nutrition 21
Composition of PN 15
Supplementation in clinical nutrition 35 (21)
Supplemental glutamine 23
Supplemental antioxidants 8
Supplemental PN 3

Vitamins 1

EN enteral nutrition, PN parenteral nutrition

secondary outcome in 114/170 (67%) RCTs (two per
study on average), whereas 34/170 (20%) RCTs did not
specify whether the outcome was primary or secondary;
we designated these unspecified outcomes “undeter-
mined outcomes”.

Of the 136/170 RCTs with one primary outcome, com-
plications represented the most common primary out-
come (65/136, 48%). Mortality was the primary outcome
in 17/136 (13%) RCTs. Six different mortality time
points were used: in-ICU mortality, in-hospital mortality,
day-28 mortality, mortality between day 29 and day 89,
day-90 mortality, and mortality after day 90. The most
common secondary outcomes were length of stay (90/
114, 79%), mortality (82/114, 72%), duration of organ
dysfunction (75/114, 66%) and complications (74/114,
65%). The primary outcome was functional in 2 (2/136,
1%) of the published trials and 3 (3/136, 2%) of the on-
going or future trials. Figure 2a illustrates the number of
published studies by year from 2000 to 2018 according
to primary outcome category, number of included pa-
tients, and result of the primary outcome. Complications
and mortality were the most widely used defined pri-
mary outcome. Most of the trials with complications as
the primary outcome included fewer than 500 patients,
whereas most of the large trials used mortality as the
primary outcome and found no significant effect of the
tested nutritional strategy. Figure 2b depicts the
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distribution of topic categories by primary outcome ac-
cording to the number of included patients. The studies
including the largest numbers of patients mainly used
length of stay and mortality, with clinical nutrition strat-
egy as the topic. The use of complications as the out-
come was fairly well balanced across topic categories.
Figure 3 shows the primary outcomes in 28 protocols of
future or ongoing (i.e., unpublished) RCTs registered on
ClinicalTrials.gov, according to population size and na-
ture of the nutritional intervention, with the goal of pre-
dicting the forthcoming results. Mortality is the primary
outcome in the largest studies.

Risk of bias in the selected RCTs

Figure 4 shows the risk-of-bias assessments for the indi-
vidual domains of the Cochrane risk of bias tool. Ab-
sence of blinding of participants and personnel (staff)
was the most common reason for a high risk of bias.

Discussion

The aim of this study was to describe the outcomes used
in recent RCTs evaluating clinical nutrition interventions
in critically ill patients. The most commonly used pri-
mary outcome was the complication rate, which was re-
lated to both the efficacy (infectious complications) and
tolerance (metabolic complications and feeding intoler-
ance) of the nutritional intervention. Mortality and dur-
ation of organ dysfunction were the primary outcomes
in a quarter of the trials, whereas functional outcomes
were only very rarely used.

The complication rate may seem relevant to an assess-
ment of both efficacy - as adequate nutrition is believed
to decrease the risk of infectious complications - and
good tolerance with fewer metabolic and feeding compli-
cations. However, the complication rate reflects only
limited and expected effects of nutritional interventions.
In addition, the definition of complications is not
standardised.

In the most recent and largest RCTs, mortality was
widely used as the primary outcome. Mortality is an ob-
jective outcome that is easy to collect, free of interpret-
ation bias, and clinically relevant. These advantages may
increase the chances of obtaining funding. However, the
use of six different mortality time points in the RCTs in-
cluded in our analysis hampers comparisons across stud-
ies. Furthermore, mortality as the primary outcome is
not necessarily associated with quality of care [13]. A
single and usually short-term nutritional intervention
may be unlikely to improve long-term mortality in pa-
tients with severe critical illness. As with many RCTs in
critically ill patients, those using mortality as the primary
outcome showed no significant differences between
groups. One possible explanation is that a nutritional
intervention may have benefits in some patients but
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Table 3 Description of the primary, secondary, and undetermined outcomes used in randomised controlled trials (RCTs)

Outcome Primary® Secondary® Undetermined®
n=136/170 n=114/170 n=34/170
Mortality, n studies (%) n=17/136 (13) 82/114 (72) 22/34 (65)
ICU mortality 2 46 17
Hospital mortality 4 44 13
Day-28 mortality 5 20 4
Day-29 to day-89 mortality 4 5 1
Day-90 mortality 2 7 0
>Day-90 mortality 0 15 6
Length of stay, n studies (%) 4/136 (3) 90/114 (79) 21/34 (62)
ICU length of stay 4 84 21
Hospital length of stay 0 61 9
Duration of organ dysfunction, n studies (%) 12/136 (9) 75/114 (66) 14/34 (41)
Mechanical ventilation 6 56 10
Catecholamine infusion 0 5 1
Renal replacement therapy 0 13 0
Organ failure 6 35 6
Antibiotic therapy 0 13 1
Complications, n studies (%) 65/136 (48) 74/114 (65) 30/34 (88)
Infections 27 48 21
Metabolic 19 24 12
Feeding intolerance 19 24 9
Functional outcome, n studies (%) 5/136 (4) 12/114 (11) 1/34 (3)
Quality of life 1 7 0
Physical function® 2 6 1
Muscle strength 1 6 0
Walking distance 1 2 0
Others, n studies (%) 33/136 (24) 16/114 (14) 12/34 (35)
Metabolic concentration® 12 13 7
Feeding measures® 17 3 4
Tube placement (time needed or success) 3 0 0
Contamination of packs and glass bottles 1 0 0

ICU intensive care unit
2Some studies had more than one secondary and/or undetermined outcomes

bPhysical function was assessed based on self-reported capabilities rather than observed physical performance. The capabilities assessed included upper limb
function (dexterity), lower limb function (walking or mobility), spinal function, and instrumental activities of daily living

“Metabolic concentration was defined as any outcome relevant to the blood level of a substance (e.g., a protein)

4Feeding measures were all outcomes directly related to the nutritional intervention, such as feed volume and gastric residual volume

cause harm in others. Another is that predicted mortal-
ity varies widely across ICU patients included in RCTs.
Mortality and ICU and hospital length of stay are
often used as outcomes in studies of critically ill pa-
tients. However, survivors of critical illness may experi-
ence profound physical, cognitive, and psychological
impairments that may alter their long-term quality of life
[14]. Outcomes other than mortality that are likely to be
important for patients, i.e., patient-important outcomes,
were rarely used in the RCTs included in our review, al-
though they allow a more accurate estimate of the

long-term health burden of critical illness [15]. Assessing
functional outcomes has long been viewed as challen-
ging, due to differences across patients in baseline pa-
rameters (before ICU admission) and to the absence of
validated tools for evaluating post-ICU function. The
emerging concept of frailty in critically ill patients refers
to a limitation of physical and cognitive reserve that im-
pairs the ability to cope with stressors, thereby increas-
ing the risk of adverse events during the ICU stay. The
frailty score categorizes patients according to their
pre-ICU status and helps to assess the risk of lower
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2000 to 2018. b Maps the studies according to population size and nature of the nutritional interventions

J

survival and of poorer intermediate and long-term func-
tional outcomes.

Considering functional outcomes in future trials may
better define the benefits of nutritional interventions.
Muscle strength can be assessed using dynamometry or
the Medical Research Council Scale [16] and muscle mass
by ultrasound or computed tomography. Tools available
for assessing physical function include the 6-min walking
test, Chelsea Critical Care Physical Assessment Tool
(CPAXx) [17], and Functional Status Score for the Intensive
Care Unit (FFS-ICU) [18, 19]. Functional self-sufficiency

can be evaluated using instruments such as the Barthel
Activities of Daily Living Index [20] or the Functional In-
dependence Measure [21]. Quality-of-life scales may also
be useful.

The RCTs included in our study used a broad diversity
of outcomes, with six different categories, each contain-
ing several outcomes. Furthermore, one out of five RCT
reports did not specify whether the outcomes were pri-
mary or secondary. This heterogeneity may reflect
differences in study populations and interventions.
Nutritional interventions cover a vast spectrum of
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Fig. 3 Primary outcomes in 28 protocols of future or ongoing randomised controlled trials registered on ClinicalTrials.gov, according to
population size and nature of the nutritional intervention. EN, enteral nutrition; PN, parental nutrition

treatments that differ in factors such as the energy tar-
get, composition and route of administration of the
preparations, and timing of delivery. This last point is of
special importance. Although the acute and chronic/re-
covery phases are challenging to define in clinical prac-
tice, similar nutritional interventions probably achieve
different goals according to the individual patient’s meta-
bolic response to the insult. Thus, the wide diversity in
outcome measures identified in the present study can be

ascribed to differences in research objectives, patient
populations, and interventions.

Nevertheless, this heterogeneity of outcomes may
complicate the interpretation and comparison of results
across studies, thereby limiting the ability to conduct
valid meta-analyses. It therefore indicates a need to de-
velop a consensus about a minimum core outcome set
(COS) for critical-care nutrition trials, to improve the
consistency of outcome selection and measurement. The

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel
(performance bias)

Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

0O 20 40 60 80 100 120 140 160 180

Low risk of bias Unclear risk of bias W High risk of bias

Fig. 4 Risk of bias in randomised controlled trials of nutritional interventions in critically ill patients published between 2000 and 2018. We used
the Cochrane risk of bias tool to assess the risk of bias for the included trials
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wide spectrum of outcomes identified in our study
shows that much work will be needed to obtain such a
consensus. In the field of paediatric critical care, the
Core Outcome Measures in Effectiveness Trials
(COMET) initiative is working towards identifying core
outcome measures [22]. As most studies in paediatric
critical care are small and conducted at a single centre,
the ability to combine data sets for analysis is of para-
mount importance. The COMET initiative will systemat-
ically describe the outcome measures used in these
paediatric studies then conduct an international Delphi
study to agree on a standard set of core outcomes for fu-
ture trials. Our review was conducted as a preliminary
to developing a set of valid, reliable, and feasible core
outcomes for adults, with the goal of improving the
quality of research results by decreasing study hetero-
geneity and outcome-reporting bias and by increasing
the statistical power of meta-analyses. The development
of a COS is supported by the COMET group and has
been endorsed by the Cochrane Library, World Health
Organisation, and Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) working
group [23, 24]. The use of a COS for clinical nutrition
research in ICUs may help to compare nutritional strat-
egies, effectively pool data from different studies on the
same condition, and encourage more complete reporting
of outcomes.

When developing and applying a COS for critically ill
patients and for specific nutritional interventions, it is
important to consider the setting. For example, studies
of nutrition in the ICU may include death as an essential
outcome. However, as overall mortality declines with ad-
vances in intensive care, mortality may be low in all
groups and therefore less relevant to comparisons of
treatment strategies. Other outcomes, such as quality of
life at discharge and muscle strength, may be more rele-
vant. Therefore, once developed, the COS should be
reappraised continually in the light of changes in prac-
tices, techniques, and patient outcomes. Furthermore,
and importantly, the COS should be viewed as the mini-
mum set of parameters that must be measured and re-
ported. If parameters not included in the COS are
relevant in the setting of a given study, they should also
be measured and recorded. Such additional parameters
may be particularly likely to exist in critical care, given
the complexity of the conditions seen in ICU patients.

To harmonise outcome selection for studies of nutri-
tion in the ICU, we are planning an international Delphi
consensus process in which experts will be asked about
outcome assessments appropriate for different study ob-
jectives, and patients will be asked about the outcomes
they believe are most meaningful. Importantly, the
present study did not focus on heterogeneity in outcome
definitions but, instead, on the diversity of outcomes
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across trials. The main source of bias in the RCTs in-
cluded in our study was absence of blinding of the pa-
tients and staff.

A potential limitation is that our study was confined
to RCTs published in or after 2000. However, our goal
was to capture the most recent practices in RCT design.
In addition, very few RCTs published before 2000 fo-
cussed on nutrition in ICU patients. Our objective was
to obtain an overview of the outcomes used and their
definitions, regardless of the trial results, which our
study was not designed to evaluate.

Conclusion

The work reported here is the first systematic review
providing detailed information on the objectives and
outcomes of RCTs assessing nutritional interventions in
critically ill patients. The results indicate considerable
heterogeneity in selected outcomes. This heterogeneity
can be ascribed in part to the diversity of the study inter-
ventions (in terms of composition, energy targets, route,
and timing) and study populations.

The results of our systematic review have implications
for designing future RCTs of nutritional interventions in
the ICU and may serve as a first step towards developing
a COS including patient-important outcomes for use in
future RCTs [15, 24].

Additional file

Additional file 1: PubMed search, ClinicalTrials.gov and Cochrane library
search strategies. (DOCX 26 kb)

Additional file 2: Characteristics of included published studies (1-142)
and protocols of future ongoing trials registered on ClinicalTrials.gov (143
to 170). (DOCX 67 kb)

Abbreviations

COMET: Core Outcome Measures in Effectiveness Trials; COS: Core outcome
set; EN: Enteral nutrition; PN: Parental nutrition; PRISMA: Preferred reporting
items for systematic reviews and meta-analyses

Acknowledgements

We thank Priscilla Boizeau for assistance with data analysis, Sylvain Gaultier
for assistance with data management, Tania Rilcy for editing the EpiData
mask, and Céline Feger for helping to prepare the manuscript.

Funding
Not applicable.

Availability of data and materials
Available from the corresponding author on reasonable request.

Authors’ contributions

TL, GT, and CA conceived and designed the study. GT wrote the protocol.
GT, MM, EP, and FT acquired the data. GT, TL, and CA analysed and
interpreted the data. GT drafted the manuscript. TL, EP, and CA critically
revised the manuscript. GT performed the statistical analysis. All authors read
and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.


https://doi.org/10.1186/s13054-018-2303-7
https://doi.org/10.1186/s13054-018-2303-7

Taverny et al. Critical Care (2019) 23:12

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

"Paris Diderot University, Sorbonne Paris-Cité, INSERM U1123, Paris, France.
“Unit of Clinical Epidemiology, Assistance Publique-Hopitaux de Paris, CHU
Robert Debré, Paris, France. *Department of Anesthesiology and Critical Care
Medicine, Saint-Antoine Hospital, Assistance Publique-Hépitaux de Paris,
Paris, France. “Sorbonne Université, UPMC Univ Paris 06, Paris, France. *EA
7334 REMES (Recherche Clinique ville hopital, Méthodologies et Sociétés),
Paris Diderot University, Paris, France.

Received: 3 September 2018 Accepted: 26 December 2018
Published online: 14 January 2019

References

1. Villet S, Chiolero RL, Bollmann MD, Revelly J-P, Rn M-CC, Delarue J, et al.
Negative impact of hypocaloric feeding and energy balance on clinical
outcome in ICU patients. Clin Nutr. 2005;24:502-9.

2. Elke G, Wang M, Weiler N, Day AG, Heyland DK. Close to recommended
caloric and protein intake by enteral nutrition is associated with better
clinical outcome of critically ill septic patients: secondary analysis of a large
international nutrition database. Crit Care. 2014;18:R29.

3. Weijs PJ, Looijaard WG, Beishuizen A, Girbes AR, Oudemans-van Straaten
HM. Early high protein intake is associated with low mortality and energy
overfeeding with high mortality in non-septic mechanically ventilated
critically ill patients. Crit Care. 2014;18:701.

4. Casaer MP, Mesotten D, Hermans G, Wouters PJ, Schetz M, Meyfroidt G, et
al. Early versus late parenteral nutrition in critically ill adults. N Engl J Med.
2011;365:506-17.

5. Heidegger CP, Berger MM, Graf S, Zingg W, Darmon P, Costanza MC, et al.
Optimisation of energy provision with supplemental parenteral nutrition in
critically ill patients: a randomised controlled clinical trial. Lancet. 2013;381:
385-93.

6. Doig GS, Simpson F, Sweetman EA, Finfer SR, Cooper DJ, Heighes PT, et al.
Early parenteral nutrition in critically ill patients with short-term relative
contraindications to early enteral nutrition: a randomized controlled trial.
JAMA. 2013;309:2130-8.

7. Arabi YM, Tamim HM, Dhar GS, Al-Dawood A, Al-Sultan M, Sakkijha MH, et
al. Permissive underfeeding and intensive insulin therapy in critically ill
patients: a randomized controlled trial. Am J Clin Nutr. 2011,93:569-77.

8. Harvey SE, Parrott F, Harrison DA, Bear DE, Segaran E, Beale R, et al. Trial of
the route of early nutritional support in critically ill adults. N Engl J Med.
2014;371:1673-84.

9. Singer P, Anbar R, Cohen J, Shapiro H, Shalita-Chesner M, Lev S, et al. The
tight calorie control study (TICACOS): a prospective, randomized, controlled
pilot study of nutritional support in critically ill patients. Intensive Care Med.
2011;37:601-9.

10.  Moher D, Liberati A, Tetzlaff J, Altman DG, Group TP. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement.
PLoS Med. 2009;6:¢1000097.

11, Calandra T, Cohen J. The International Sepsis Forum Consensus Conference
on Definitions of Infection in the Intensive Care Unit. Crit Care Med. 2005;
33:1538-48.

12. Higgins JP, Altman DG. Assessing Risk of Bias in Included Studies. In:
Cochrane Handbook for Systematic Reviews of Interventions [Internet]. John
Wiley & Sons, Ltd; 2008 . p. 187-241. Available from: https://onlinelibrary.
wiley.com/doi/abs/10.1002/9780470712184.ch8.

13. Netzer G, Liu X, Shanholtz C, Harris A, Verceles A, lwashyna TJ. Decreased
mortality resulting from a multicomponent intervention in a tertiary care
medical intensive care unit. Crit Care Med. 2011;39:284-93.

14.  Herridge MS, Cheung AM, Tansey CM, Matte-Martyn A, Diaz-Granados N, Al-
Saidi F, et al. One-year outcomes in survivors of the acute respiratory
distress syndrome. N Engl J Med. 2003;348:683-93.

22.

23.

24.

Page 10 of 10

Gaudry S, Messika J, Ricard J-D, Guillo S, Pasquet B, Dubief E, et al. Patient-
important outcomes in randomized controlled trials in critically ill patients: a
systematic review. Ann Intensive Care. 2017;7:28.

Fan E, Cheek F, Chlan L, Gosselink R, Hart N, Herridge MS, et al. An Official
American Thoracic Society Clinical Practice Guideline: the diagnosis of
intensive care unit-acquired weakness in adults. Am J Respir Crit Care Med.
2014;190:1437-46.

Corner EJ, Wood H, Englebretsen C, Thomas A, Grant RL, Nikoletou D, et al.
The Chelsea critical care physical assessment tool (CPAX): validation of an
innovative new tool to measure physical morbidity in the general adult
critical care population; an observational proof-of-concept pilot study.
Physiotherapy. 2013;99:33-41.

Thrush A, Rozek M, Dekerlegand JL. The clinical utility of the functional
status score for the intensive care unit (FSS-ICU) at a long-term acute care
hospital: a prospective cohort study. Phys Ther. 2012,92:1536-45.

Huang M, Chan KS, Zanni JM, Parry SM, Neto S-CGB, Neto JAA, et al.
Functional Status Score for the Intensive Care Unit (FSS-ICU): an
international clinimetric analysis of validity, responsiveness, and minimal
important difference. Crit Care Med. 2016;44:e1155-64.

Collin C, Wade DT, Davies S, Horne V. The Barthel ADL Index: a reliability
study. Int Disabil Stud. 1988;10:61-3.

Keith RA, Granger CV, Hamilton BB, Sherwin FS. The functional
independence measure: a new tool for rehabilitation. Adv Clin Rehabil.
1987;1:6-18.

Core outcomes measures for studies of nutritional interventions in pediatric
critical care: Core Outcome Measures in Effectiveness Trials Initiative
(COMET). 2018. http://www.comet-initiative.org/studies/details/1106.
Accessed 29 Jun 2018.

Core Outcome Measures in Effectiveness Trials Initiative (COMET). 2011.
http.//www.comet-initiative.org. Accessed 12 Nov 2017.

Williamson PR, Altman DG, Blazeby JM, Clarke M, Devane D, Gargon E, et al.
Developing core outcome sets for clinical trials: issues to consider. Trials.
2012;13:132.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://onlinelibrary.wiley.com/doi/abs/10.1002/9780470712184.ch8
https://onlinelibrary.wiley.com/doi/abs/10.1002/9780470712184.ch8
http://www.comet-initiative.org/studies/details/1106
http://www.comet-initiative.org

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Search strategy and article selection
	Data collection
	Definitions
	Risk of bias assessment
	Statistical analysis

	Results
	Article selection
	Characteristics of selected RCTs
	Outcomes (Table 3)
	Risk of bias in the selected RCTs

	Discussion
	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

