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Abstract

Adult patients who survive critical illness are known to be at risk of several adverse health
consequences, including substantial muscle loss, impaired muscle function and reduced
quality of life. While nutrition interventions for critically ill patients may attenuate muscle
loss, this therapeutic approach remains unproven. Evidence published by others over the
period of this PhD program challenged the existing orthodoxy that greater overall calorie
provision during the acute phase of critical illness improves overall patient outcomes.
Accordingly, the PhD candidate specifically investigated the relationship between protein
provision in critical illness and patient-centred outcomes. This thesis comprises several
discrete but aligned studies, including a systematic and narrative review of the literature,

three observational studies, and a pilot parallel group randomised clinical trial (RCT).

The systematic review and meta-analysis established that current practice guidelines
recommending the amount of enteral protein are not based on strong evidence. Moreover,
there is a lack of high-quality data about the impact of protein provision on functional

outcomes that are important to patients.

The narrative review evaluated the methodologies and outcomes used to quantify the
effect of nutrition therapy in the critically ill. While patient centred and less direct surrogate
clinical outcomes are increasingly being used in the nutrition literature, there remains

substantial variation in the tools used and the outcomes selected.

In a prospective observational study of patients surviving an intensive care unit (ICU)
admission following serious trauma, it was identified that many of the outcomes that would
be desirable to measure were not feasible after ICU discharge in this patient cohort. In
contrast, it was feasible to implement these methodologies in ICU in a separate cohort of
critically ill patients, and cumulative nutrition deficits in the latter study were associated
with inferior nutritional and patient-centred outcomes, including the presence of

malnutrition and ICU-acquired weakness and greater loss of fat-free mass.

To evaluate whether it was feasible to increase the enteral protein received by at-risk ICU
patients to the doses recommended in practice guidelines, and establish point estimates for
the impact of this strategy on patient-centred outcomes, a parallel group RCT was

conducted. This single-centre single-blinded pilot trial compared an intervention of a



‘volume-based’ enteral feeding protocol with protein supplementation to usual care. The
intervention delivered greater amounts of protein and energy than received by the usual
care group, and this was associated with attenuation of muscle loss and reduced prevalence
of malnutrition in survivors at ICU discharge. These data are novel, describing the first
successful delivery of enteral protein within current guideline recommendations and a

consequent favourable effect on muscle mass.

Based on this program of work, a multi-centre randomised clinical trial is required to
explore the signals observed in these studies, and to generate robust evidence regarding
optimal provision of enteral protein during critical illness and the impacts on functional

recovery and quality of life in those who survive.
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Chapter 1: Introduction
1.1 Thesis overview

This thesis describes a research program that generated literature reviews and studies
which have been published in, accepted by or are currently under review at peer-reviewed
journals. It includes a systematic review and meta-analysis, a narrative review of
methodologies, three observational studies and a pilot randomised controlled trial (RCT).
Each chapter represents a defined research project. At the start of each chapter, a
summary outlines why the project was undertaken and how it links to the overall topic.
Whilst the research papers and chapters are presented in this thesis in order for the
reader to follow a logical progression of information, note that this was not the order in
which the projects were conducted. This thesis concludes with a summary of the research
findings, the strengths and limitations of the research, suggested future directions, and

recommendations.

1.2 Research problem and significance

Worldwide, the numbers of people who require intensive care admissions continues to
rise. Each year there are over 190,000 admissions to intensive care across Australian and
New Zealand hospitals (ANZICS, 2019). Over the last two decades mortality rates have
fallen due to ongoing improvements in medical therapy; however, there is an increasing
awareness that those who survive an episode of critical illness frequently develop
substantial muscle loss and weakness, reduced functional ability and lower health-related
quality of life up to five years after discharge (Cuthbertson B. H et al., 2010; Herridge,
2009; Kress, 2014). While mortality remains the gold standard for assessing the effects of
all treatments in critical care, including nutritional therapy, there is growing interest in
therapies that not only increase survival but will improve other outcomes that are
important to survivors. Intuitively, optimal nutrition therapy may reduce mortality and
improve the quality of survivorship due to attenuation of the muscle loss and disability

that occurs during an episode of critical illness; however, this remains to be determined.



Critical illness induces a ‘stress’ response that is characterised by the secretion of
neuroendocrine hormones and pro- and anti-inflammatory cytokines. This milieu causes
marked changes to the metabolism of energy, protein and lipids, which results in increased
catabolism and substrate utilisation and resistance to anabolic processes (Preiser et al.,
2014). These adaptive processes are associated with a rapid depletion of body stores,
muscle wastage, weight loss and anorexia. Observational data suggests that patients lose
approximately 20% of muscle mass within two weeks of commencement of an episode of
critical illness, and muscle loss is greatest in those patients who have the greatest severity
of illness — quantified as multi-organ failure (Puthucheary et al., 2013). Nutrition provision
during critical illness cannot completely prevent these processes, but there is general
agreement that nutrition plays a key role in the provision of adequate substrates, hence

attenuating muscle loss (Preiser et al., 2015).

The current international critical care nutrition guidelines recommend that protein should
be provided at a level of 1.2-2.0g/kg/day and that energy delivery should be guided by
measured energy expenditure determined with indirect calorimetry or, in the absence of
measuring energy expenditure, approximately 25—-30kcal/kg per day (McClave et al., 2016;
Singer et al., 2018). There is general consensus that these targets should be based on
actual weight, but for patients who are overweight or obese, ideal body weight or an
obesity-adjusted weight should be used (Singer et al., 2018). However, until recently little
high-quality RCT data was available to support these recommendations. Furthermore,
older international observational datasets have reported that critically ill patients receive
significantly less nutrition than the international guidelines recommend, with patients only
meeting approximately 50% of protein and 60% of energy targets, but contemporaneous

local data are scarce (Ridley et al., 2018).

Historically, the critical care nutrition literature has mostly focused on energy or calorie
provision. Prior to the commencement of this PhD program, three large RCTs, two
investigating the use of initial tropic enteral feeding versus full enteral feeding and the

other investigating early versus late parenteral nutrition (n=894, 1,000 and 4640



respectively), challenged this dogma (Arabi et al., 2011; Casaer et al., 2011; Rice et al.,
2012). Moreover, toward the end of this program another large RCT (n=4,000), conducted
in the same region in which the work described in this thesis was conducted (thereby
having external validity to this research), showed that there were no differences in
outcomes in those randomised to receive 100% or 70% of estimated energy requirements
(TARGET Investigators*, 2018). Taken together, these data suggest that the amount of
energy delivered in the acute phase of critical illness has negligible effect on mortality
(Casaer et al., 2011; Heyland et al., 2017; Rice et al., 2012; TARGET Investigators*, 2018).
However, there remained insufficient evidence about the effects of protein or optimising
nutrition provision (protein and energy) and outcomes other than mortality that are
important to survivors of critical illness (Bear et al.,, 2017; Heyland et al., 2016).
Accordingly, as data become available during this PhD candidature, there was an

increasing focus on the role of protein and a transition away from energy delivery.

1.3 Research objective

The research presented in this thesis examined protein and energy provision in critically ill
adult patients and explored patient-centred outcomes following critical illness and the
associations between nutrition provision and these outcomes. The specific aims of the

research were to:

a) systematically review the literature to estimate the effect of enteral protein
delivered according to international guidelines, compared to usual care, on patient

centred-outcomes (Chapter 2);

b) review the current available evidence to describe the methods used, and outcomes
available, to quantify the response to nutrition therapy in critically ill patients

(Chapter 3);

c) explore the precision of minimally invasive techniques that can be used in critically

ill people to assess muscle mass (Chapter 4);



d) determine nutritional deficits in critically ill patients in relation to estimated
requirements and measured energy expenditure, and to explore associations

between cumulative energy deficit and patient-centred outcomes (Chapter 5);

e) Determine the feasibility of assessing patient-centred outcomes in a specific cohort
of critically patients following ICU discharge and to explore the relationships

between nutritional provision and these outcomes (Chapter 6).

f) To determine whether a high-protein enteral nutrition intervention delivers greater
protein and energy than usual care to critically ill patients and to evaluate the

effect on patient-centred outcomes (Chapter 7 and 8).
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Chapter 2: Systematic literature review of protein provision in

critical illness
2.1 Chapter summary

This systematic literature review is an important piece of work that makes a substantial
contribution to this field of research. The manuscript was published (in print) in May 2020
(appendix 1). This systematic review was undertaken in the second half of this PhD program,
rather than (as is traditional) at its commencement. For this reason, the review does include

the pilot RCT (chapters 7 and 8), which forms part of this thesis.

This is the first systematic review and meta-analysis to compare the effect on patient-
centred outcomes of protein provision consistent with international guidelines and amounts
of protein provided as part of standard care. This review was undertaken to summarise the

available evidence about the effect of protein provision on patient-centred outcomes.

2.2 Systematic review

A systematic review with meta-analysis of patient-centered outcomes,
comparing international guideline recommended enteral protein

delivery to usual care
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2.3 Abstract

Background: International guidelines recommend that protein be administered enterally to
critically ill patients at doses between 1.2-2.0 g/kg per day. Observational data indicate that
patients frequently receive less protein. The aim of this systematic review was to evaluate
patient-centered outcomes with guideline recommended enteral protein compared to usual
care.

Methods: A systematic review was performed of randomized controlled trials including
critically ill adult patients provided predominately enteral nutrition with mean protein at >
1.2g/kg per day (intervention) and < 1.2g/kg per day (comparator). Random effects models
were applied for outcomes reported in > 3 trials.

Results: Of 1375 abstracts, 69 full-text articles were reviewed and six trials meet the
inclusion criteria, including 511 patients. The intervention group received a mean (SD) of 1.3
(0.08) g/kg per day and the comparator group received 0.75 (0.15) g/kg per day protein.
Insufficient data were available for meta-analyses on the primary outcome (muscle mass or
strength). According to our meta-analyses mortality at 28 days (5 studies) [RR 0.92 (95% Cl
0.63 to 1.35), p = 0.66] and the durations of ICU (6 studies) and hospital admission (4
studies) were similar between the intervention and comparator; with some uncertainty due
to sample sizes and heterogeneity.

Conclusion: There are insufficient data to conclude if protein provision within the current
international guideline recommendations improves outcomes. In a limited dataset, enteral
protein intakes near the lower level of current recommendations, does not appear to reduce

admission duration or mortality when compared to usual care in critically ill.



2.4 Introduction

Recommendations from international critical care guidelines suggest that critically ill
patients should receive at least 1.2 g/kg body weight per day of protein via the enteral route
(Hurt et al., 2017; McClave et al., 2016; Reintam Blaser et al., 2017; Singer et al., 2019).
These guidelines were developed on the assumption that protein delivery > 1.2 g/kg body
weight per day may reduce morbidity and mortality (Hurt et al.,, 2017). However,
observational data suggests that many patients do not meet these recommended protein
targets, with several studies reporting that during usual critical care management patients
only receive a mean of 0.6-0.8 g/kg per day protein, presumably due to interruptions to
feeding, intolerance and limited availability of higher protein formulas (Bellomo et al., 2014;

Compher et al., 2017; Deane et al., 2019; Nicolo et al., 2016; Ridley et al., 2018).

During critical illness the frequent occurrence of muscle loss is associated with inferior
patient-centered outcomes (Hurt et al., 2017). Inflammatory mediators, coupled with
inactivity, may drive an imbalance between protein breakdown and synthesis (Liebau et al.,
2015; Preiser et al., 2015), with rapid muscle loss of up to 1-2% of lean body mass per day
(Liebau et al., 2015; Wandrag et al., 2015). It remains unclear whether increased delivery of
protein may stimulate protein synthesis and attenuate this muscle loss (Liebau et al., 2015),
or otherwise favorably influence important patient-centered outcomes, including acute
illness duration and mortality, or functional capacity and quality of life in survivors

(Allingstrup et al., 2012; Hurt et al., 2017; Yeh et al., 2017).

The aim of this systematic literature review was to evaluate data from all eligible
randomized clinical trials to estimate the effect of enteral protein delivered according to
international guideline recommendations (i.e. > 1.2g/kg per day) when compared to the
care usually administered (i.e. < 1.2g/kg per day). The outcomes of interest were muscle
mass and strength, duration of ICU and hospital admission, requirement for transfer to a

rehabilitation facility, physical function, quality of life and mortality.
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2.5 Methods

This systematic review followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement (Liberati et al., 2009) and methods outlined in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins, 2011) and the Centre
for Research and Dissemination (CRD’s) Guidance ("Centre for Reviews and Dissemination.
System Reviews: CRDs guidance for undertaking reviews in health care," 2009). The protocol

was registered on PROSPERO (registration CRD42018109924).

The research question was: “In critically ill adult patients (population), does protein delivery
equal to or greater than 1.2 g/kg per day of ideal body weight (IBW) via enteral nutrition
(intervention), when compared to less than 1.2 g/kg per day of IBW (comparator), influence
patient-centered outcomes (outcome)?” All of the study procedures were undertaken by
the lead author (KF), with a second reviewer (BG) independently completing title and
abstract screening, full-text review, quality assessment and data extraction, with a third and
fourth reviewer (AMD and LC) resolving any conflicts and discrepancies between the first
and second reviewers. Endnote reference manager software program (version X7.8, USA:

Thomas Reuters, 2014), Covidence 2018 (www.covidence.org) and Review Manager (version

5.3), were used to undertake the review and track processes.

2.5.1 Inclusion and exclusion criteria

Studies were included if they:

e Were randomized clinical trials;

¢ Included only adult patients (> 18 years);

e The participants were admitted to an intensive care unit with the majority receiving
mechanical ventilation;

e One group received greater than or equal to 1.2 g/kg ideal body weight (IBW) per

day of protein via predominately enteral nutrition (more protein cohort), whereas
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the other group received less than 1.2 g/kg IBW per day of protein (less protein
cohort);

e The difference in protein delivery between the two groups was statistically different
(significance set at the 0.05 level); and

e At least one of the pre-defined outcomes was reported as a primary or secondary

outcome.

Studies were excluded if:

e Protein provided was exclusive parenteral nutrition;
e Protein provision was due to glutamine supplementation or other immune
enhancing amino acids such as arginine; and

e The original article could not be located or it was not available in English.

‘Predominately enteral’ protein was a definition used for this systematic review to identify
studies that clearly provided nutritional therapy via the enteral route in preference to
parenteral nutrition. Whilst parenteral nutrition, either as total or supplemental nutritional
support, was not an exclusion criterion, studies were only included if parenteral nutrition
was administered when the enteral route was not possible or insufficient. This approach to
use ‘predominately enteral’ was taken because it is in line with current international
guidelines and local practice (McClave et al., 2016; Ridley et al., 2018). This is in contrast to
the use of parenteral nutrition as part of initial therapy, which does not represent usual care
and the route of protein administration (i.e. intravenous) may be a potential confounding
variable (Derde et al., 2012). The threshold protein provision of >1.2g/kg was based on IBW,
to try to account for studies which included participants with body mass indices (BMlIs)
greater than the healthy weight range. Ideal body weight was selected as there is
uncertainty about what weight (actual or ideal) should be used to dose protein (Weijs et al.,

2012).

2.5.2 Search strategy

A systematic search of the literature was conducted using four databases, MEDLINE (Ovid

SP, from 1948 to current), EMBASE (OVID SP, from 1948 to current), the current issues of
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the Cochrane Central Register of Controlled Trials (CENTRAL), and the Cumulative Index of
Nursing and Allied Health Literature (CINAHL, EBSCOhost, from 1948 to current), including
studies published up until 9™ November 2018. The search strategy was refined to exclude
infant and pediatric patients and animals. No other restrictions or limits were placed on the
search strategy. The search terms used included all variations of critical ill, intensive care,
critical care, nutritional support, enteral nutrition, nasogastric, nasojejunal, dietary protein,
protein and amino acids. A full sample of the MEDLINE search strategy is included in
supplemental appendix 1. Additionally, reference lists from relevant reviews and guidelines
were checked and the Medline search was repeated on the 15" of March 2019 for any
additional studies for inclusion (Davies ML et al., 2017; Ferrie et al., 2013; Lambell et al.,

2018; McClave et al., 2016; Singer et al., 2019).

2.5.3 Outcome measures

The major outcomes of interest were: muscle mass at ICU or hospital discharge, assessed
using ultrasonography of any muscle, such as quadriceps muscle layer thickness as
described by Tillquist and colleagues (Tillquist et al., 2014), or any other validated technique
such as computed tomography and bioimpedance (Price & Earthman, 2019); or muscle
strength at ICU or hospital discharge, assessed using handgrip dynamometry or any other
validated technique (Hermans et al., 2012). The secondary outcomes were physical function
at ICU discharge, quality of life at any time point, the requirement for transfer to a
rehabilitation facility, mortality at any time point, duration of ICU and hospital admission,
and incidence of diarrhea. Following the systematic review and extraction of trials it became
apparent that only the outcomes of mortality, duration of ICU and hospital admission and

incidence of diarrhea provided sufficient data to be included in the meta-analysis.

2.5.4 Data extraction and risk of bias

Data extraction was completed independently by two reviewers (KF and BG). Data collection
included study characteristics (author, year of publication, patient inclusion criteria, trial

objectives, intervention and control methods, protein and energy targets, characteristics of
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participants, protein and energy provision, and all reported outcomes of interest). The
corresponding authors of relevant publications were contacted to clarify missing data and
protein provision if it was not documented in g/kg IBW per day and the mean BMI was
above the healthy weight range. Each included study was assessed independently by the
first and second reviewer for risk of bias in random sequencing generation, allocation
concealment, blinding of participants and personnel, blinding of outcomes assessment,
incomplete outcome data, selective reporting and other sources of bias using The Cochrane
Risk of Bias Tool (Higgins, 2011), with AMD providing assessment when required for

consensus.

2.5.5 Data handling and statistical analysis

Binary data are presented as proportions or percentages. If original studies reported
mortality at different time points, all were noted, however 28-day mortality was selected for
analysis as the most complete outcome data. For continuous variables; mean and standard
deviations (SD) were directly recorded, and median with interquartile range [IQR] data
were converted prior to analysis to approximate mean (SD) data as described by Wan and
colleagues (Wan et al., 2014). All included studies reported protein and energy provision in
g/kg per day and kcal/kg per day; where actual weight was reported and the mean BMI was
within the healthy weight range (BMI 18.5-25 kg/m? < 65 years, 22 — 27kg/m? if >65 year)
the reported mean (SD) protein dose was used in data analyses; if actual weight was
reported and the mean BMI was above the healthy weight range, then calculations were
done to assess the protein provision based on IBW (defined as the upper end of the healthy
weight range); if studies reported IBW or an adjusted IBW for the protein dose this was used
in the data analyses. One author was contacted (Jakob et al., 2017) to further assess their
data to confirm that protein was provided at a level of 1.2g/kg IBW per day in the

intervention.

Random effects meta-analyses were applied to the outcomes of mortality and length of
admission using the package “metan” in Stata statistical software (version 15.1, College
Station Texas, USA). Effect estimates for mortality are presented as risk ratios (RR) with 95%
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confidence intervals (Cls) and the effect estimates of length of stay are reported as
standardized mean differences (SMD) with 95% Cl. Variation in RR and SMD attributable to

heterogeneity was summarized for each of these outcomes using the % statistic.

2.6 Results

There were 2215 records identified from the database searching and no additional papers
from other sources. After duplicates and irrelevant papers were excluded based on titles
and abstracts alone, 69 papers underwent full-text review. Six trials were eligible for
inclusion, which included 511 patients (Figure 1: PRISMA diagram) (Allingstrup et al., 2017;
Eyer et al., 1993; Fetterplace et al., 2018; Jakob et al., 2017; Rugeles et al., 2013; van Zanten
et al.,, 2018).

2.6.1 Study and patient characteristics

The included trials were conducted over a range of years and in various regions (three from
Europe, and one each from the United States of America, South America and Australia) from
1993 to 2018. The study objectives and interventions varied, however all studies except that
of Eyer and colleagues (Eyer et al., 1993) aimed to deliver protein within the guidelines
range from the outset in the intervention group and below the guidelines range in the
comparator group. In order to meet the higher protein requirements, all studies
incorporated the use of a higher protein enteral formula, with two studies also using
supplemental protein powder (Rugeles 2013 and Fetterplace 2018). Three studies aimed to
deliver standardized amounts of energy between groups (Jakob 2017, Fetterplace 2018 and
Van Zanten 2018). Two studies used supplemental parenteral nutrition to meet energy and
protein needs (Jakob 2017 and Allingstrup 2017). The full details of the included study
methodologies are provided in Table 1. All studies, except Van Zanten and colleagues (van
Zanten et al., 2018), were single centre and all studied relatively small cohorts, enrolling
between 38 and 199 participants. The mean (SD) ages for the intervention and control
groups were 57 (7.9) and 57 (8.3) years. The mean (SD) BMlIs for the intervention and
control group were 27 (3.7) and 27 (3.4) kg/m? and the mean (SD) Acute Physiology and
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Chronic Health Evaluation (APACHE) Il scores were 22 (6.0) and 22 (5.4). Details of the

participant characteristics in the included studies are provided in Table 2.

Figure 2-1. PRISMA diagram

Records identified though
database searching (n = 2215)

Duplicates removed (n=840)

\ 4
Records Screened (n=1375) 3] Irrelevant studies excluded
(n = 1306)
y
Full —text articles assessed for
eligibility (n = 69)
63 Excluded
* Intervention not = 1.2g/kg EN Protein
2 (n=26)

* Abstract only (n=9)

* Notin English (n=7)
Studies in qualitative synthesis « Comparator not <1.2g/kg EN Protein
(n=6) (n=5)

* Not Mechanically Ventilated (n=5)

* Exclusive PN (n=3)

* Not a RCT (n=3)

* Not critically ill (n=2)

* Not a statistically significant difference
in protein delivery (n=2)

* Glutamine or immunonutrition (n=1)

Studies including the primary
outcome (h=1)

4
Studies in quantitative synthesis
Meta-Analysis: Mortality (n =5),
LOS (n = 6)

Abbreviations: Kg: kilogram, EN: Enteral nutrition, PN: Parenteral nutrition, RCT: randomised

controlled trial, LOS: Length of Stay
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Table 2-1. Summary and methodology of included studies

Author, Number | Study objective Methods Protein Target per day Energy Target per day
year, of
country centres

Study intervention Study control Intervention Control Intervention Control
Allingstrup, |1 To assess the effects of Standard high protein formula Standard fromula At least 1.5g/kg | Appoximately | Measured 25kcal/kg
2017, individualized energy and (1.5kcal/ml, 75g protein per (1.0kcal/ml, 38g protein actual weight, 0.95g/kg Energy
Denmark protein nutrition optimised by 1000ml), with addition of per 1000ml), if calculated assessed with actual weight expenditure

indirect calorimetry and 24-h
urinary urea excretion (nitrogen
balance) on physical quality of
life at 6 months in acutely
admitted, adult ICU patients

supplemental PN, if required to
reach the goals, up to 90 days
or discharge

goal rate was not met by 7
days supplemental PN was
commenced

urinary
nitrogen

Eyer, 1993,
USA

To assess if early enteral
nutrition will attenuate the
metabolic response after blunt
trauma

Early Nutrition support (Day 0),
Peptide based formula
(1.33kcal/ml, 58g protein per
1000ml), up to discharge

Late nutrition support
(72hr, IV fluid), Peptide
based formula
(1.33kcal/ml, 58g protein
per 1000ml)

1.5 g/kg actual
weight

1.5g/kg actual
weight

(once feeds
commenced)

Approximately
34kcal/kg

Apoximately
34kcal/kg
(once feeds
commenced)

Fetterplace, | 1 To determine whether a high Stadard high protein formula Standard formula 1.5g/kg IBW Appoximately | 25kcal/kg IBW 25kcal/kg IBW

2018, protein volume-based enteral (1.25kcal/ml, 63g protein per (1.0kcal/ml,40g protein Based on BMI 1.0 g/kg IBW Based on BMI Based on BMI

Australia feeding protocol with additional | 1000ml), with a volume based per 1000ml) for age for age, for age
protein supplementation feeding protocol, plus
delivered more protein and supplemental protein powder in For BMI> 32 For BMI> 32 For BMI> 32
energy than a standard hourly- 3 to 4 bolus per day, for up to Adjusted IBW Adjusted IBW Adjusted IBW
rate-based nutrition protocol 15 days or discharge was used = was used = was used =
critically ill patients without IBW + (25% IBW + (25% IBW + (25%
protein supplementation to actual — IBW) actual — IBW) actual — IBW)
mechanically ventilated

Jakob, 1 To test the effect of a new High protein enteral ICU specific | Standard formula Approximately | Approximately | 25kcal/kg 25kcal/kg

2017, enteral formula on the formula (1.5kcal/ml, 94g protein | (1.57kcal/ml, 61g protein 1.55g/kg actual | 0.97g/kg actual weight actual weight

Switzerland frequency of diarrhea and per 1000ml), for up to 10 days per 1000ml) weight actual weight

gastrointestinal tolerance, and
on all diarrhea-related costs in
ICU long-stayers

or discharge
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Author, Number | Study objective Methods Protein Target per day Energy Target Author, year, | Number of Study

year, of per day country centres objective
country centres Study intervention Study control | Intervention | Control Intervention
Rugeles, 1 To compare two enteral Standard enteral feed Standard enteral feed 1.5g/kg actual Approximately | 15kcal/kg 25kcal/kg
2013, nutritional regimens in the (1.3kcal/ml, 66.6g protein per (1.3kcal/ml, 66.6g protein | weight 1.0g/kg actual | actual weight actual weight
Colombia critically ill patient, and their 1000ml), plus supplemental soy | per 1000ml), weight

impact in the development of
severe organic failure, as
measured with the SOFA

protein powder in 2 bolus per
day, for up to 7 days or
discharge

Van Zanten,
2018,
Netherlands

To investigate protein and
energy intake, gastrointestinal
tolerance, and safety of this
new polymeric very high protein
formula

Very high protein formula
(1.25kcal/ml enteral, 100g
protein per 1000ml), up to 28
days or discharge

Standard high protein
formula (1.25kcal/ml, 63g
protein per 1000ml)

Appoximately
2.0g/kg IBW

Approximately
1.25g/kg IBW

25kcal/kg IBW

For BMI > 30
IBW = 30x(Ht
mz)

25kcal/kg IBW

For BMI > 30
IBW = 30x(ht
mz)

Abbreviations: PN, Parenteral Nutrition; IV, Intravenous fluid; IBW, Ideal body weight; BMI, Body mass index; ICU, Intensive Care Unit; SOFA, Sequential

Organ Failure Assessment; Ht, height.
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Table 2-2. Participant characteristics of included studies

Author, No. randomized Age, year, Mean (SD) | Sex, n % males BMI, kg/m2, Mean (SD) | Proportion of | APACHE Il Score,
year Medical admission, | mean (SD)
n (%)

Intervention | Control | Intervention | Control Intervention | Control | Intervention Control Intervention | Control | Intervention | Control
Allingstrup, | 100 99 62 (15.8) 65 (17) | 65 (65) 59 22.7(4.5) 22 (3.8) | 52(52) 43 (43) | N/A N/A
2017 (60)
Eyer, 1993 | 19 19 44 (22) 41 (18) | 14 (73) 8(42) | N/A N/A 0(0) 0(0) N/A N/A
Fetterplac, | 30 30 55 (13) 57 (16) | 23 (77) 21 30(7.1) 29 (5.3) | 21(70) 16 (53) | 22 (6.2) 20 (5.9)
2018 (70)
Jakob, 46 44 64 (17) 61(17) | 33(72) 28 29 (7.0) 28 (6.1) | N/A N/A 28 (8.0) 28 (8.7)
2017 (64)
Rugeles, 40 40 53 (20) 56 (20) | 22 (55) 24 24 (3.3) 24 (4.4) | 40 (100) 40 14 (4.8) 15 (6.2)
2013 (60) (100)
Van 22 22 64 (13) 61 (15) | 9(41) 13 30(4.1) 31(8.4) | 8(36) 9(41) | 25(5.6) 23 (7.1)
Zanten, (59)
2018

Abbreviations: BMI, body mass index; APACHE Il, Acute Physiology and Chronic Health Evaluation.
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2.6.2 Protein and energy provision

The mean duration of the interventions ranged from 7 to 18 days, with an unweighted
pooled mean of 11 (3.8) days. All studies included an intervention group that delivered a
greater amount of protein (Table 3). The intervention group received a mean (SD) protein
delivery of 1.3 (0.08) g/kg per day and the control group received a mean protein delivery
of 0.75 (0.15) g/kg per day, with an unweighted pooled mean difference of 0.55 (95% ClI
0.40 — 0.71) g/kg per day. Energy provision was variable within the two groups with two
studies delivering substantially more energy in the intervention group (Table 3). The
intervention group received an unweighted pooled mean of 21 (6.3) kcal/kg per day and
the control group received a mean of 17 (3.8) kcal/kg per day, with the mean difference in

energy delivery being 3.5 (95%Cl -3.3 to 10.2) kcal/kg per day.

Table 2-3. Energy and protein provision of included studies

Author, year | Duration of | Delivered protein, mean | Delivered energy, mean
Intervention (SD), g/kg/day (SD), kcal/kg/day
mean (SD), | Intervention | Control Intervention | Control
days

Allingstrup, | 11.3 (12.8) 1.4 (0.42) 0.49 (0.30) |24 (6.6) 14 (6.8)

2017

Eyer, 1993 11.8 (7.9) 1.3 (0.30) 0.9 (0.2) 30 (6) 19 (5)

Fetterplace, | 10.6 (8.3) 1.2 (0.30) 0.75(0.11) |23 (5.7) 21 (3.3)

2018

Jakob, 2017 | 7 (2.6) 1.2 (0.47) 0.90 (0.20) | 20 (7.4) 22 (4.9)

Rugeles, 9.5 (5.5) 1.4 0.76 12 14

2013°

Van Zanten, | 18.4 (13.4) 1.3 (0.95) 0.70(0.32) | 16(11) 15 (6.3)

2018

®0Only mean figures for protein and energy delivery were reported in the original paper, the author

was contacted for clarification of the variance, however this was not provided.

2.6.3 Assessment for risk of bias

The risk of bias assessment for each of the included studies can be visualized (Figure 2 and
3). Four studies were considered of high quality (Allingstrup 2017, Jakob 2017, Fetterplace
2018 and Van Zanten 2018) and two studies were of low quality (Eyer 1993 and Rugeles
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2013). Only one study had unequivocally adequate blinding (Van Zanten 2018) and while a
second study reported using double blind methodology (Jakob 2017) it was unclear how

this was achieved.
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Figure 2-2. Risk of bias summary for each included study
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Figure 2-3. Summary of domains for risk of bias for included studies
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2.6.4 Outcomes
2.6.5 Functional outcomes

Muscle mass, muscle strength, quality of life and physical function outcomes were
reported in only one study. Our group (Fetterplace and colleagues) reported that muscle
mass loss, measured using quadriceps muscle layer thickness, was attenuated with greater
protein delivery (Fetterplace et al., 2018). There was no difference in muscle strength and
physical function; however, inferences were limited by significant amounts of missing data
(up to 80% of participants). Allingstrup and colleagues attempted to assess muscle
strength but this was abandoned mid-study due to methodological difficulties (Allingstrup
et al., 2017). The latter study was the only one to assess quality of life; they found there
was no difference between the high and low protein groups at six months post hospital
discharge (Allingstrup et al., 2017), however outcome data were missing in 18% of
survivors. The requirement for transfer to a rehabilitation facility was only reported by a
single study, where greater protein administration did not impact the proportion of

patients who required rehabilitation (Fetterplace et al., 2018).

2.6.6 Mortality

The provision of equal to or greater than 1.2 g/kg per day protein did not reduce 28-day
mortality (Figure 4. 5 studies, 431 participants) (RR 0.92 95% Cl (0.63 to 1.35), p = 0.66, |’=
0.0% p =0.99).
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Relative risk of Events, Events, %

Study mortality (95% Cl) High Standard Weight
:
L d \
Eyer (1993) Ly e 7 1.00 (0.16, 6.38) 2119 2119 4.27
i
Allingstrup (2017) —_— 0.94 (0.55, 1.63) 20/100 21/99 49.32
Hll
Jakob (2017) 0.96 (0.48, 1.90) 12/48 12144 31.29
i
Fetterplace (2018) { T 0.80 (0.24, 2.69) 4130 5/30 9.97
:
1
Van Zanten (2018) { d H 0.67 (0.12, 3.61) 2/22 322 5.15
1
i
Overall {l-sguared = 0.0%, p = 0.994) \L/ 0.92 (0.83, 1.35) 40/217 43/214 100.00
i
1
1
NOTE: Weights are from random effects analysis :
1
I I I : I I I
.25 .5 75 1 15 2 4

Favours high protein Favours standard protein

Figure 2-4. Random effects meta-analysis of mortality, sorted by ascending year of
publication

Abbreviations: High; Higher protein (intervention group), Standard; Usual protein group
(Comparator). Random effects model using the method of DerSimonian & Laird, with the estimate
of heterogeneity being taken from the Mantel-Haenszel model. Analysis using Stata command

metan in Stata version 15.1, College Station Texas, USA.

2.6.7 Length of stay

Greater protein delivery did not reduce length of ICU or hospital admission. The
standardized mean difference for length of ICU admission (Figure 5 (6 studies, 511
participants) was 0.01 days (95% CI -0.39 to 0.38, p = 0.98, I°= 76%, p = 0.001), and for
hospital length of admission (4 studies, 393 participants) the standardized mean difference

was 0.09 days (95%Cl -0.29 to 0.11, p = 0.38, I* = 76%, p = 0.01).
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N, mean N, mean %

Study SMD (95% CI) (SD}; High (SD); Standard Weight
Eyer (1993) 0.26 (-0.38, 0.90) 19,11.8(7.9) 19, 9.9 (6.7) 13.86
Rugeles (2013} -0.17 (-0.61, 0.27) 40, 9.5 (5.5) 40, 10.4 (5) 17.43
Allingstrup (2017) —— 0.41 (0.13, 0.69) 100, 11.3 (12.8) 09, 7.33 (5.28) 20.19
Jakob (2017} H‘_ 0.73(-1.16,-0.31) 46,7 (2.6) 44,10 (5.2) 17,65
Fetterplace (2018) * 0.21 (-0.29, 0.72) 30, 106 (8.3) 30, 8.1 (5.5) 16.18
Wan Zanten (2018) i‘ 0.01 (-0.58, 0.60) 22,184 (134) 22,183 (12.7) 14.68
QOverall (l-squared = 76.2%, p = 0.001) \I,./.- -0.01 (-0.39, 0.38) 257 254 100.00
NOTE: Weights are fram random effects analysis

T T T T

-1 -5 0 5 1

Favours high protein Favours standard protein

Figure 2-5. Random effect analysis of length of admission, sorted by ascending year of
publication

Abbreviations: High; Higher protein (intervention group), Standard; Usual protein group
(Comparator). Random effects model returned by using the method of DerSimonian &
Laird, with the estimate of heterogeneity being taken from the from the Mantel-Haenszel
model. Analysis using Stata command metan in Stata version 15.1, College Station Texas,

USA

2.6.8 Diarrhea

Three studies reported the incidence of diarrhea (Jakob 2017, Fetterplace 2018 and Van
Zanten 2018). Diarrhea was not significantly different between the 2 groups (RR 0.90
(95%Cl 0.71 to 1.1, p = 0.37, I* = 0%).

2.7 Discussion

This systematic literature review and meta-analysis did not detect any effect on mortality

or length of admission with protein provision at the level of international guidelines (21.2
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g/kg IBW per day) when compared to what the majority of patients receive as usual care (<
1.2 g/kg IBW per day). However, confidence in these results is low due to both the small
number of participants that have been included in trials (n=511) and heterogeneity of
study methodology. Importantly, many of the outcomes of interest, including the major
primary outcomes muscle mass and strength, as well as quality of life and the requirement
for transfer to a rehabilitation facility, were not sufficiently reported in the original studies
to enable meta-analyses. Accordingly, this review highlights the lack of trial data available
to evaluate current guideline recommendations regarding optimal enteral protein

administration to the critically ill.

Mean protein provision was consistent across the included studies with the intervention
group receiving a mean of 1.3 (0.08) g/kg per day of protein; inferring that approximately
two thirds of the patients in this group received the minimum recommended amount of
protein (=1.2g/kg per day). Protein delivery was less consistent in the comparator group,
with the mean protein delivery ranging from 0.5-0.9 g/kg per day, (mean 0.75 (1.5) g/kg
per day), this is reflective of variation in clinical practice (Ridley et al., 2018). This review
highlights that to date all studies aiming to achieve higher protein provision with
predominately enteral nutrition have only managed to deliver mean protein at the lower
end of the current international guidelines recommendations and, therefore, a proportion
of patients in the intervention group of this systematic review received less than the
recommendations. No randomized controlled trial has successfully delivered protein at the
upper end of the international guidelines (i.e. 1.6 -2.0 g/kg per day) to all patients using
predominately enteral nutrition and, therefore it is unknown if outcomes would be better
or worse if this occurred. It is also uncertain as to whether it is the protein dose per se
that is important, or whether the route of delivery or type of protein is relevant and what
effect calorie intake has on protein utilization or if protein should be delivered as a
‘package’ of care in combination with exercise (Garza et al.,, 1976; D. K. Heyland et al.,
2019; D. K. Heyland et al., 2017; D. K. Heyland et al., 2018). Furthermore, it remains
unclear whether enteral protein digestion and absorption is impaired during critical illness,

and how any abnormality impacts delivery of protein and outcome (Liebau et al., 2015).
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It should be recognized that energy delivery varied between trials. Energy provision across
the high protein group and the comparator group was not standardized and in most of the
studies the energy delivery was not in-line with the current guideline recommendations
(McClave et al., 2016). Whilst the amount of energy delivered may confound the impact of
protein delivery (Compher et al., 2017; J. L. Hoffer et al., 2017; Nicolo et al., 2016), a recent
large blinded randomized controlled trial reported that augmented energy delivery (i.e.
consistent with international guidelines) when compared to standard care had no impact
on mortality or other patient-centered outcomes when similar amounts of protein were
administered (Ridley et al., 2018; TARGET Investigators*, 2018a, 2018b). However,

functional outcomes for this trial are yet to be published.

The novelty of this systematic review is that only randomized clinical trials that provided
predominately enteral protein; within the guidelines range in the intervention group, were
included. Accordingly, the intervention group approached what current international
guidelines recommend, and the comparator group represents ‘usual’ clinical care, as
established in numerous observational trials in various regions. Three systematic reviews
have previously evaluated the impact of protein provision in the critically ill (Davies ML et
al., 2017; Ferrie et al., 2013; J. L. Hoffer & Bistrian, 2012). The most recent of these was by
Davies and colleagues (Davies ML et al., 2017), who evaluated the effect of two different
protein doses on mortality, length of stay, incidence of pneumonia and length of
mechanical ventilation. Similar to the current review, they reported that greater protein
provision did not appear to influence mortality or any of the other secondary outcomes
(Davies ML et al., 2017). However, this review included studies that administered enteral
or parenteral nutrition, as well as including studies that administered specific amino acids
such as glutamine. This is important as guidelines recommend that parenteral nutrition is
reserved for specific cases and trial data suggests outcomes from exogenous glutamine
supplementation are worse than with standard care D. Heyland et al. (2013). Hence,
including studies using specific amino acids is unlikely to be representative of mixed
protein administration. Davies and colleagues also included all studies that delivered two
different amounts of protein, irrespective of whether this was within the current guideline

recommendations. Of the eight studies included by Davies and colleagues that delivered
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predominately enteral nutrition (Braunschweig et al., 2015; Doig et al., 2015; Hsu et al.,
2009; Huang et al., 2012; Ibrahim et al., 2002; Kearns et al., 2000; Qiu et al., 2017; Rice et
al., 2012), none of these achieved >1.2 g/kg per day protein in the intervention group (i.e.
international guideline recommendations) and <1.2 g/kg per day in the comparator group.
Furthermore, there have been trials recently published in this field, with four out of the six
studies included in the current systematic review published after the review by Davies and
colleagues (Davies ML et al., 2017). The two systematic reviews conducted prior to Davies
and colleagues (Ferrie et al., 2013; J. L. Hoffer & Bistrian, 2012) also incorporated both
enteral and parenteral nutrition and multiple study methodologies. In addition, Ferrie and

colleagues included studies that were not conducted in the ICU (Ferrie et al., 2013).

2.7.1 Strength and limitations

The main strength of this systematic review is that randomized clinical trials that provided
predominately enteral nutrition, with mean protein provision within the current guidelines
range in the intervention and similar to usual care in the comparator, were included. This
removed potential confounders of parenteral nutrition and immune-modulating amino

acids such as glutamine.

There are several limitations to this review. The most substantial limitation is the lack of
data available to facilitate analyses for the primary outcomes. Likewise, many of the other
secondary outcomes of interest were not able to be included in meta-analyses because of
insufficient data; these outcomes included physical function, requirement for
rehabilitation and quality of life. Even when there were sufficient data to conduct meta-
analyses, such as with mortality, point estimates were limited by an inadequate number of
patients, particularly for such a ubiquitous intervention as nutritional therapy (Summers et
al., 2016), leading to wide confidence intervals. The duration of ICU and hospital admission
point estimates were also limited by small sample sizes as well as significant
heterogeneity, resulting in considerable uncertainty in these results. A limitation of meta-
analyses includes clinical heterogeneity (Mgller et al., 2018); clinical heterogeneity that

may have affected the results of this study includes patient factors, pre-morbid nutritional
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state and duration of intervention. Lack of data and heterogeneity within existing data
may explain why the current international guidelines acknowledge that there is some

uncertainty regarding the optimal protein dose (McClave et al., 2016).

2.8 Conclusion

There are insufficient data to conclude if enteral protein provision within the current
international guideline recommendations, improves patient-centered outcomes for
critically ill patients. In a limited dataset of critically ill patients, mean enteral protein
intake at approximately the lower end of the range recommended by international
guidelines did not appear to reduce acute admission duration or mortality when compared
to usual care. Large methodologically rigorous randomized clinical trials evaluating protein
provision within the guideline recommendations, possibly combined with physical therapy
interventions, are required to assess the impact on patient-centered outcomes such as

functional capacity and muscle mass and strength and, thereby, inform clinical practice.
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2.9.1 Supplementary material for chapter 2

Search Strategy
Search completed 13™ November 2018

Database: Ovid MEDLINE(R) ALL <1946 to November 09, 2018> Search Strategy:

1 exp Critical lliness/ or exp sepsis/ or exp respiration, artificial/ or exp critical care/
(244117)

2 (critical* ill* or acute* ill* or icu or intensive care or intensive therapy or critical care
or

mechanical*ventilat* or sepsis or shock or burn unit* or coronary care or respiratory
care).mp. (519027)

3 exp Enteral Nutrition/ (18444)

4 (enteral or nasogastric or nasojejunal or naso-gastric or naso-jejunal or tube feeding or
gastric feeding).mp.

(35119)

5 exp Dietary Proteins/ or protein*.ti,ab. (2818437)

6 1or2(604104)

7 exp Amino Acids/ (773441)

8 5or7(3382855)

9 ((child* or infant* or p?ediatric* or juvenile* or adolescen* or teen*) not adult*).mp.
(2099705)

10 exp animals/ not exp humans/ (4513797)

11 (random™ or trial* or placebo).ti,ab. (1570735)

12 (randomized controlled trial or controlled clinical trial).pt. (559057)

13 exp Randomized Controlled Trial/ (471569)

14 11or12o0r13(1714305)

15 exp Nutritional Support/ (42809)

16 3or4or15(57512)

17 16 and 8 and 6(2180)

18 17 not 9 (1807)

19 18 not 10 (1625)

20 19and 14 (519)

21 from 20 keep 1-519 (519
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Chapter 3: Methods to quantify the response to nutritional therapy

during critical illness
3.1 Chapter summary

This narrative review was completed in the latter part of PhD candidature. The manuscript
was fully accepted for publication on 18th June 2020. This review was undertaken to explore
the methodologies and outcomes used previously in critical care nutrition trials. This review
is important because it summarises the patient-centred outcomes used in previous studies,
the strengths and limitations of each outcome, and identifies the utility of the outcomes,

enabling evaluation the effect of nutrition therapy in the critically ill.

3.2 Narrative review

Quantifying response to nutritional therapy during critical illness:

Implications for clinical practice and research? A narrative review
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3.3 Abstract

Critical illness causes substantial muscle loss that adversely impacts recovery and health
related quality of life. Treatments are therefore needed that reduce mortality and/or
improve the quality of survivorship. The purpose of this review is to describe both patient
centered and surrogate outcomes that quantify responses to nutrition therapy in critically ill
patients. The use of these outcomes in randomized clinical trials will be described, and the
strengths and limitations of these outcomes detailed. Outcomes used to quantify the
response of nutrition therapy must have a plausible mechanistic relationship to nutrition
therapy, and either be an accepted measure for the quality of survivorship or highly likely to
lead to improvements in survivorship. This review identified that previous trials have utilized
diverse outcomes. The variety of outcomes observed is probably due to a lack of consensus
as to the most appropriate surrogate outcomes to quantify response to nutrition therapy
during research or clinical practice. Recent studies have used, with some success, measures
of muscle mass to evaluate and monitor nutritional interventions administered to critically ill

patients.

3.4 Background

3.4.1 Why is nutrition therapy important?

Critical illness activates a ‘stress’ response that is characterized by secretion of
neuroendocrine hormones and inflammatory mediators (Preiser et al., 2014). Such
messaging induces catabolism and resistance to anabolism, with significant changes in
protein, glucose and lipid metabolism (Preiser et al., 2014). The consequence of these
physiological changes in critical illness includes substantial muscle wasting, which occurs to a
much greater degree than is seen with bed rest alone (Puthucheary et al., 2013). Muscle loss
has been associated with less favorable outcomes from critical illness, such as increased

mortality rates and complications, muscle weakness, delayed recovery of physical function
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and reduced quality of life (Cuthbertson B. H et al., 2010; Herridge, 2009; Kress, 2014;
Moisey et al., 2013). Given these consequences of critical illness, some therapies such as
nutrition and early rehabilitation, are administered in the intensive care unit (ICU) to
attenuate deterioration in functional ability and enhance recovery (Rengel et al., 2019;
Turnbull et al., 2016). Intuitively, optimal nutrition therapy may reduce mortality and
improve the quality of survivorship with a reduction in disability; however, this remains to

be determined.

The optimal nutrition therapy for critically ill patients remains unknown (Bear et al., 2017;
Preiser et al., 2015). Recent large randomized clinical trials (RCTs) have challenged the
orthodoxy that greater calorie provision during the early phase of critical illness improves
outcomes (Arabi et al., 2011; Deane et al., 2020; Rice et al., 2012; TARGET Investigators*,
2018). This has resulted in a shifting focus from the study of calorie provision to other
aspects of the composition of nutrition formula, in particular the provision of protein (Hurt
et al., 2017). There is also considerable interest in the timing of nutrition therapy and the
challenge to align nutrition therapy with the ‘phase of illness’, with speculation that
excessive nutrition during the early phase of critical illness may alter adaptive processes,
such as autophagy, which may exacerbate rather than attenuate the impact of critical illness
(Preiser et al., 2015). Furthermore many trials of nutrition therapy have focused only on the
early period of critical illness, where interventions are generally implemented for a relatively
shorter period, and therefore the potential impact of such limited intervention on long term
outcomes needs to be considered (E. J. Ridley et al., 2020; Taverny et al., 2019). In a recent
systematic review it was identified that there is heterogeneity of outcomes reported in
nutrition trials, with limited use of outcomes, other than mortality, that are likely to be
important to patients (Taverny et al., 2019). All of these factors make it difficult to assess the
effect of nutrition interventions in a confounded environment of complex critical illness and
highlights the importance of identifying appropriate outcomes to evaluate nutrition therapy

(Bear et al., 2018).
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The purpose of this review was to describe outcomes available to quantify the response to
nutrition therapy provided to the critically ill (Chapple et al., 2020). While mortality is clearly
of extreme importance to seriously ill patients, this review will focus on other outcomes that
are relevant to the quality of survivorship. The objectives were to detail the outcomes used,
and the strengths and limitations of each of these outcomes. An evaluation of outcomes
that are aligned to health service efficiency, such as duration of ventilation and admission,

are beyond the scope of this review.

3.5 Methods

A literature review was undertaken to identify RCTs of nutrition therapy in critically ill
patients which included at least one of the following outcomes: quality of life, physical
function, muscle strength, muscle mass or nutrition related anthropometric measurements.
These outcomes were selected as they have a possible mechanistic link to nutrition therapy
and they are likely to be important to patients or a surrogate to an important patient
outcome. The MEDLINE database (Ovid SP, from 1948 to current) was searched in December
2019, using the following subject headings and key search terms: variations of critically ill,
intensive care, critical care, nutrition support, enteral nutrition, nasogastric, nasojejunal,
parenteral nutrition, dietary protein, muscle strength, muscle mass, body composition,
quality of life, activities of daily living and physical functional performance (Appendix 1). The
search was limited to adult patients and papers written in English. All titles and abstracts
were reviewed for relevance and reference lists of previous review papers were examined to
maximize the likelihood that all relevant RCTs were included (Bear et al., 2017; Davies ML et
al., 2017; Fetterplace et al., 2019; Lambell et al., 2018; Emma J. Ridley et al.; Taverny et al.,
2019). Seventeen nutrition therapy RCTs in critically ill patients were identified and
subsequently one additional paper was added with an updated search in January 2020
(Allingstrup et al., 2017;