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Abstract
Obesity is increasing in prevalence. Supporting the critically ill obese
patient will become an increasingly important skill in the intensivist’s
armamentarium, and enteral nutritional therapy forms a cornerstone of
this support. Despite this, neither an optimal total caloric goal nor the
macronutrient components of a nutritional strategy for the critically ill
obese patient has been established. The objective of the research
described in this thesis was to systematically review the best available
evidence describing nutritional strategies that target energy and protein
delivery to reduce morbidity and mortality in the obese patient who is
critically ill.

A search for published and grey literature was conducted across a range of
electronic databases including PubMed, Embase, CINAHL, ProQuest
Dissertations and Theses and Conference Papers Index, Cochrane Central
Trials Register, and the WHO Clinical Trials Register, and was
supplemented by a hand search of the reference lists of study publications
retrieved. Studies were selected for inclusion and subsequent assessment
of methodological quality if they evaluated the clinical effect of targeting
calorie and protein delivery in critically ill obese adult patients. In order to
identify studies representative of critically ill patients, only studies
conducted in intensive care units and in which ≥ 50% of recruited patients
were receiving mechanical ventilation for ≥ 24 hours were eligible, while

p. 5 of 216

the World Health Organization definition (body mass Index ≥ 30 kg/m2)
was used to classify obese patients.

The search yielded 1000 unique records that were screened for eligibility.
After removal of duplicates and screening of titles and abstracts, 18
studies were retrieved in full and underwent full text screening, of which
six were excluded. Of the remaining 12 studies, only one recruited an
obese population (albeit with an alternative definition of obesity). The
remaining 11 studies identified recruited ICU patients without stratifying
for, or targeting a particular weight, and therefore a proportion of whom
would be expected to be obese. Contact was attempted with all
corresponding authors to request access to the obese subgroup data for
each study identified. Replies were received from eight authors
representing 10 studies. Only two were able to provide raw data
regarding the obese patients recruited to their studies; however,
heterogeneity in research design of these two studies precluded
meaningful data synthesis.

The augmented versus routine approach to giving energy (TARGET) study
compared two different enteral formulae with different caloric density,
but with an identical protein component, the difference in caloric density
being made up of fat and carbohydrate. The control arm targeted 19.9
kcal/kg/day, while the intervention arm targeted 29.3 kcal/kg/day. In the
second study for which raw data were available, patients were
randomised to either a eucaloric arm in which 100% of their estimated
daily energy requirements were targeted (13 kcal/kg/day), or to a hypop. 6 of 216

caloric arm in which 50% of their estimated daily energy requirements
were targeted (8.8 kcal/kg/day). There was neither a signal for benefit nor
for harm in the primary outcome of interest (mortality), nor in any of the
secondary outcomes for which data were available (length of stay,
nosocomial infection, duration of mechanical ventilation, gastro-intestinal
intolerance or insulin requirement).

In conclusion, there is a paucity of data supporting any approach to
nutritional therapy for the critically ill obese patient. The optimal calorie
and protein target remains elusive and further robust primary research is
urgently required.
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Chapter 1 Introduction
This chapter briefly introduces the historical context from which the
definition of obesity evolved and from which obesity epidemiology is now
described. The burgeoning obesity epidemic is explored within the
context of critical illness. The literature informing the delivery of nutrition
to the critically ill patient is summarised before exploring the role of
nutrition in the critically ill obese patient specifically, providing the
framework for the introduction of the research question.

1.1

Defining Obesity

For most of human history, corpulence has been considered a sign of good
health and affluence, and adipose reserves probably conferred a survival
advantage during feast-famine cycles.(1) At a simple physiological level the
deposition of fat occurs due to an imbalance between caloric intake and
expenditure. This process is confounded by complex interactions between
genetics, epigenetic influences, the environment, economics, market
forces and individual behaviours.(2-6) During the late 19th and early 20th
centuries, however, it was recognised that the excessive deposition of fat
reserves, a phenomenon subsequently labelled “obesity”, predisposes one
to both excess morbidity and mortality.

The recognition that excessive adipose tissue deposition predisposes one
to excess early mortality highlighted the importance of developing a
universally accepted definition of obesity and increased the impetus to
p. 11 of 216

derive an index of relative body weight.(7, 8) It was argued that such an
index would be useful since the proportion of body weight and height
should indicate something about “ … ‘build’ or shape and about obesity
and fatness”.(9)p.329 The underlying assumption upon which this supposition
is based is that an “ideal body weight” (IBW) exists for people of a
particular height. The need for an index that linked an easily measurable
variable (such as height) with body build had long been recognised in the
anthropometric sciences and was vigorously pursued by the insurance
industry after actuaries reported increased mortality in their overweight
policyholders.(1, 7, 8) An appreciation of the historical context from which
the definitions of obesity have evolved is necessary to understand the
existing flaws in these definitions.

1.1.1 Defining ‘Obesity’ – The Historical Context
Adolphe Quètelet, a 19th century statistician, was the first to recognise a
relationship between height and weight.(10) His observations led to the
Quètelet Index, recognising that, apart from growth spurts soon after birth
and during puberty, weight increased as the square of height.(1) Following
his observations, a range of metrics based around the ratio of weight to
height have been suggested, all which assume that an IBW for a particular
height exists. Some of these included the use of 130% of IBW, the
“ponderal index”, and the Rohrer index.(9, 11) A seminal 1972 article
concluded, however, on the basis of empirical measurements carried out
on 7424 healthy (almost exclusively white) men in 12 cohorts across five
countries (most of which were Anglicised), that the ratio of weight in
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kilograms (kg) to height in metres (m) squared (kg/m2), termed the body
mass index (BMI), gave the best index of relative weight.(9) Much of the
data on which this conclusion was based was drawn from the standard
height-weight tables that give the weight at which mortality is lowest
(subsequently generally taken to be the IBW) published by the life
insurance industry on the basis of the “Build and Blood Pressure Study”.(7-9)
Given the importance of this study in deriving IBW, and subsequently in
the justification of BMI, it is worthy of critical analysis.

1.1.2 The Build and Blood Pressure Study – a Shaky Foundation
The “Build and Blood Pressure Study”, published in 1959 by the Society of
Actuaries, represents 25 years of mortality data collected by US insurance
companies and undertaken for underwriting purposes.(8) This large
epidemiological study built on an earlier intra-company investigation of
mortality among insured lives according to build (or body size) that
covered the years 1885 – 1927.(7, 8) The introduction to the study notes
that “(d)uring this time mortality from the infectious diseases… has
declined sharply… In sharp contrast the mortality from heart and other
circulatory diseases – conditions associated with overweight and
hypertension – has shown very little change”.(8)p.1 A number of individual
insurance companies had already identified an association between
overweight policyholders and mortality, and as a result “the committee on
Mortality of the Society of Actuaries invited all United States and Canadian
companies … to contribute their experience to an investigation of
mortality according to build and blood pressure”.(8)p.1
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The details of nearly five million policyholders were included in the build
study, of whom 133 000 had died during the study period 1935 – 1953, a
mortality rate of 2.7%. However, included amongst the exclusion criteria
listed on page 3 of the publication was “(p)olicies issued on the lives of
persons resident outside the United States or Canada”.(8)p.3 As a result,
policyholders from whom these data were collected were almost
exclusively white middle and upper class American and Canadians.(8)
Furthermore, the detailed analysis was undertaken on a subset of
policyholders (290 000 men and 70 000 women). Height was measured
while policyholders were in their shoes, and weight measured while in
their “indoor clothing”, the assumption being that the extra height due to
shoes would be offset by the extra weight from “indoor clothing”. Adding
further to the potential confounders is that a proportion of policyholders
had their weight and height estimated, rather than measured –
approximately 20% on the basis of a post hoc audit of 2% of the sample.(8)
This post hoc audit also revealed that the weight of policyholders who
were actually weighed was, on average, greater than that of policyholders
who had estimated their weight, leading the authors to conclude that it
was likely that policyholders systematically underestimated their own
weight.(8) From these data, standard weight-height tables were produced.
These standard weight-height tables purport to demonstrate the weight
for the height at which the mortality rate is lowest at each octile of age in
this demographic, and which has been subsequently generalised to be an
IBW. Finally, these tables were used to justify the use of the metric
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“weight on height squared” (kg/m2) as the best measure of relative
weight.(8, 9)

A number of formulae, based loosely on data from the Build and Blood
Pressure Study(8) and which as a result bear uncanny similarities, have
been devised to calculate IBW, despite the lack of clarity around what this
term actually means. The most commonly used is a formula devised by
Devine to describe gentamicin pharmacokinetics.(12) However, it later
became apparent that Devine’s formula was based on estimates provided
by his mentor, presumably from the Build and Blood Pressure Study and
not on empirical measures.(13) Another common formula is the Hamwi
equation, which works on the assumption that a woman five feet tall
weighs exactly 100 pounds and that a man who is five feet tall weighs
exactly 106 pounds, also relying on data from the Build and Blood Pressure
Study.(8, 14)

There are a number of potential flaws in using data from the Build and
Blood Pressure Study as the basis for both IBW and defining a “normal”
BMI. Firstly, the population from which the data was derived were almost
exclusively white middle and upper class North Americans. Secondly,
there was a real risk of systematic bias since those with extremes of
“build” (or blood pressure) were likely to be offered policies with higher
premiums leading to a reduced uptake of life insurance. Thirdly, it is
plausible that policyholders may have had multiple policies across a
number of insurance companies. There was insufficient data to
substantiate or refute this and neither was there any attempt to control
p. 15 of 216

for this possible confounding influence. Fourthly, there was a large
disparity between the number of males and females who held life
insurance during the study period. The authors themselves noted that the
mortality tables generated from their data provided “an approximate
measure of the mortality of men who are standard life insurance risks and
overstates greatly the mortality of women who qualify for standard life
insurance”.(8)p.44 Finally, the goal of the study was not to define an IBW but
to identify the weight for height that had the lowest mortality stratified by
age octiles, a subtle but important distinction. Despite this, BMI has
become the standard nomenclature for defining obesity, and IBW the
standardised variable for use in a number of physiological formulae used
in daily critical care practice, including ideal tidal volume and predictors of
energy expenditure.(15)

1.1.3 Ideal Body Weight and Body Mass index – the Flaws
The use of BMI in defining obesity has further limitations, in addition to
being potentially based on flawed processes from the Build and Blood
Pressure Study.(8) These are worth exploring in some depth given that the
definition of obesity is largely built around IBW and BMI. Firstly, BMI fails
to account for non-fat mass, which may include muscle, water or other
non-adipose tissue (such as a foetus). This becomes startlingly obvious
when the BMI of elite professional athletes is calculated. For example,
Stephen Moore, the current captain of the Australian Rugby Union team
(the Wallabies), has a BMI of 32.4 kg/m2 on the basis of his 186 cm 112 kg
frame. There is increasing interest in separating the “fat but fit” individual
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from the obese individual, since being “obese” but physically active may
offset the detrimental health impacts of obesity.(16) Body mass index fails
to account for this, albeit that the concept of the “fat but fit” individual,
like much of obesity literature, is controversial.(17)

Secondly, BMI suffers from a failure of scalability. This is to say that tall
people are not scaled up little people. Quètelet himself recognised this,
postulating that “(i)f man increased equally in all his dimensions, his
weight at different ages would be as the cube of his height” and that the
transverse growth of man is less than the vertical.(10)p.85 In short, mass
increases to the third power of linear dimensions. The absence of a linear
relationship was eloquently demonstrated by Jackson and colleagues in
the Heritage Family Study (Figure 1).(18)

Figure 1: Relationship between BMI and measured percentage body fat for males
and females demonstrating the non-linear relationship between percentage body
fat and BMI
Source: Jackson et al. (with permission)
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(18)

Thirdly, BMI does not distinguish adipose type and distribution.(19) While
total body fat is important, there is evidence that central adiposity
(reflecting visceral fat) is more important as a risk factor for both
cardiovascular disease and mortality.(20)

Fourthly, the “Quetelet Index” upon which BMI is based was derived from
population data and application of this data to the individual may not be
appropriate. As a result, the use of BMI for population based assessments
examining broad trends in large groups of people and as a screening tool
can be justified, but it lacks the sensitivity and specificity to be used as a
diagnostic tool at the individual level.(18, 21)

In addition, there is an assumption that an “optimal weight” exists, and
that this is stable across the age range as well as over time. As discussed
in Section 1.1.2, the basis of an “optimal weight” (or presumably the
weight at which mortality is lowest) is based on epidemiological evidence
that is both old and biased. There has been mixed evidence on the
association between BMI and mortality. The Prospective Studies
Collaboration undertook an analysis of 57 prospective studies
(predominantly from Western Europe and North America) examining the
relationship between BMI and all cause mortality.(22) The results of
combining nearly 90 000 study participants recruited between 1975 and
1985 showed that BMI was associated with increased total mortality in all
age strata from 35 to 89 years, but that this increased mortality was due
to specific causes (ischaemic heart disease, stroke, diabetes and liver
disease), suggesting that BMI was a good screening tool for other disease
p. 18 of 216

processes that ultimately resulted in death.(22) It also highlighted the J
shaped relationship that exists between BMI and mortality in which
individuals with a low BMI (< 18 kg/m2) have a higher mortality risk than
those with a BMI of 25 – 30 kg/m2 (Figure 2).

Figure 2: All cause mortality versus BMI for males and females demonstrating the
increased mortality rate associated with both high and low BMI
Source: The Prospective Studies Collaboration (with permission)

(22)

In contrast, Flicker and colleagues combined two longitudinal studies (the
Health in Men Study and the Australian Longitudinal Study of Women’s
Health) to specifically examine the association between BMI and all cause
mortality in older individuals, finding that the BMI at which mortality was
lowest was in the 25 – 29.9 kg/m2 range, and that the mortality risk in
individuals with class I obesity (BMI 30 – 34.9kg/m2) was similar to those in
the normal range or those who had an “ideal” body weight.(23) Again, the Jp. 19 of 216

shaped relationship between BMI and mortality was evident, but the
“IBW” had shifted to the right (Figure 3).

Figure 3: Hazard ratios for all cause mortality versus BMI for males and females 70
– 75 years of age demonstrating the right shift in the BMI at which mortality is
lowest in an older cohort
(23)

Source: Flicker et al. (with permission)

Furthermore, there is more recent evidence emerging that the association
between BMI and mortality is not stable across time. A large Danish
epidemiological study examined three cohorts spanning 30 years.(24) The
BMI associated with the lowest all cause mortality increased by 3.3 kg/m2
over this period while the hazard ratio for all cause mortality associated
with a BMI of greater than 30 kg/m2 compared to a BMI of 18.5 – 24.9
kg/m2 decreased to 1.0 over the same period.(24) This finding was robust
and remained after controlling for a range of confounders, including age,
sex, smoking status, alcohol consumption and income. Adding further to
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the evidence that BMI is not stable across time or age is the recent study
by Thomson and colleagues who undertook a prospective cohort analysis
within the Women’s Health Initiative examining the relationship between
BMI and mortality in 77 000 woman.(25) After adjustment for ethnicity,
education, alcohol consumption and smoking, the hazard ratio for BMI of
25 – 30 was less than 1, while the hazard ratio for a BMI of 30 – 35 was
1.01.(25)

An interpretation of these data is that there has been an improvement in
chronic disease management of those conditions that are associated with
obesity, or that these data could throw further doubt on the veracity of
BMI and IBW. Which of these two possibilities explains the outcomes
observed in these observational studies cannot be determined; however,
there is mounting evidence from other small observational studies of
improved mortality, functional capacity, and slowed physical and cognitive
decline in older adults at a BMI above the normal range.(26, 27) Finally, BMI
is not universal across all ethnicities.(28, 29)

1.1.4 Obesity - A Flawed but Pragmatic Definition
Despite these flaws, the American Medical Association, in recognising
obesity as a disease in 2013, defines obesity as a BMI ≥ 30 kg/m2, despite a
recommendation against this from the association’s own Council on
Science and Public Health.(30) There has been a call from the (Australian)
Committee of Presidents of Medical Colleges for Australia to follow the
same path.(31) The American Society of Parenteral and Enteral Nutrition
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(ASPEN) also recommend the use of BMI in defining obesity.(32) Yet
defining obesity in this way may be too simplistic, and, as evidenced by the
controversy surrounding the American Medical Association’s decision, a
simple working definition of obesity remains elusive.(9, 19)

The World Health Organisation (WHO) offers an alternative definition in
addition to using a BMI ≥ 30 kg/m2 – the abnormal or excessive fat
accumulation that may impair health.(33) Although widely cited as a
definition, this is difficult to interpret and apply without an associated
empirical measure.(34) As a result, and despite the limitations of using BMI,
it has become the standard nomenclature and is widely used in the
literature.

1.2

Obesity Epidemiology

1.2.1 Prevalence of Obesity and its Effect on Health Care Costs
International epidemiological studies demonstrate that the prevalence of
obesity, as defined by a BMI ≥ 30 kg/m2, has risen over the last three
decades.(33) Current estimates are that there are nearly 2.1 billion people
worldwide who are either overweight (BMI ≥ 25 and < 30 kg/m2) or obese
(BMI ≥ 30 kg/m2).(6, 35) Epidemiological studies demonstrate that this
phenomenon is not exclusive to developed countries, although the rate
appears to have plateaued in these countries, with prevalence increasing
substantially in developing countries.(35) Obesity is associated with a range
of co-morbidities including cardiovascular disease, hypertension, diabetes
mellitus, gallbladder disease, osteoarthritis, sleep apnoea and stroke.(6, 3639)
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In the United States, 35% of adults are obese, and obesity ranks as the 5th
leading cause of death, contributing to 3.4 million deaths in 2010.(36-38) The
cost of managing both obesity and the co-morbid diseases associated with
and exacerbated by obesity is rising. The stimated annual expenditure in
2005 for obesity and obesity related complications was US$190 million.(40)
Supporting this is observational data indicating that obese patients have
46% higher inpatient costs, 27% more outpatient visits and 80% higher
pharmaceutical expenditure compared to their lean counterparts.(41)

Australian data from the 2011 census suggest that 28% of the population
is obese. In some rural areas, the prevalence rises to 44%, with indications
that it is continuing to rise.(42-44) Obesity is the second highest contributor
to the burden of disease, behind dietary risks and ahead of smoking.(45)
While there are no comparable Australian data, it would be reasonable to
assume that the health related costs of managing obesity, while lower
than the US, are also higher than the health costs of lean individuals.

1.2.2 Prevalence of Obesity in the Intensive Care Unit
Managing the critically ill obese patient is more complex than managing
their lean counterparts. There are few, if any, aspects of critical care that
are not impacted by obesity. It alters the pattern of co-morbidities,
impacts on functional status, increases the technical difficulties of
management (vascular access, performing tracheostomy, pressure area
care, and access to and the interpretation of radiological imaging), and
modifies drug pharmacokinetics.(34)
p. 23 of 216

Obesity is associated with a number of chronic medical conditions that
involve most organ systems. There are increased cardiovascular risks,
including concomitant hypertension, biventricular dysfunction or failure
and death.(39, 46) Cardiac output increases by approximately 0.1L/min/kg of
fat to account for both the increased baseline oxygen requirement and to
perfuse the additional mass, which in turn requires its own vascular
supply, estimated to be 1.96 miles of neovascularisation for each 1kg of
adipose tissue.(46-50) There is an increased risk of respiratory compromise
due to concomitant obstructive sleep apnoea, restrictive lung disease,
reduced functional residual capacity, and a need for higher mean airway
pressures when using positive pressure ventilation.(46) There is often
hepatomegaly, usually as a result of fatty infiltration and altered fuel
mobilisation in response to systemic inflammation.(32, 51)

While it seems intuitive that the obese patient, with their increased risk of
concomitant co-morbid disease states, may be at higher risk of requiring
an intensive care unit (ICU) admission for critical illness, the evidence for
this is mixed and probably confounded by inclusion, exclusion criteria and
study population. For example, two recent nutritional studies conducted
in a mixed ICU in Columbia recruited no patient with a BMI ≥ 30 kg/m2.(52,
53)

In contrast, a large multi-national (Saudi Arabia and Canada), multi-

centre nutritional trial recruited a heterogeneous cohort in which the
prevalence of obesity approached 50%.(54) Australian data are lacking, but
Dennis and colleagues reporting the results of a single centre retrospective
observational study found 33% of ICU admissions had a BMI ≥ 30 mg/m2,
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more than the Australian baseline prevalence of 28%.(55, 56) Other trials
conducted in the ICU have recruited samples in which the prevalence of
obesity in the intensive care largely mirrors that of the general
population.(57-60)

It may also seem intuitively plausible that mortality in the obese
population requiring ICU admission for critical illness should be higher,
given the range of associated co-morbidities, the associated
pathophysiological features outlined above and the increased logistical
difficulties involved in both diagnostic and therapeutic interventions.(34)
However, these data are also inconsistent. Some studies have suggested
increased mortality.(61-64) Others, however, show no effect or suggest a
possible survival benefit.(58, 65-68) This phenomenon, where obesity seems
to confer a survival benefit has been called the obesity paradox (Section
4.2.2).

Despite the conflicting results around mortality in the critically ill obese
patent, the literature does indicate increased morbidity associated with
obesity including increased infective complications, prolonged duration of
mechanical ventilation, increased ICU and hospital length of stay (LoS),
and increased risk of organ failure, resulting in greater resource allocation
to this group of patients.(32, 55, 61-63, 69, 70) Given this, any intervention(s) that
reduce the mortality and morbidity associated with a critical illness would
be beneficial.
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1.3

Nutrition in the Intensive Care Unit

Providing nutrition to the critically ill patient is an accepted standard of
care.(71, 72) This recognition is underpinned by a number of studies that
have associated caloric deficit with morbidity and mortality in critically ill
patients, as well as mechanistic data derived from normal physiology.(57, 7381)

There is universal acceptance that the enteral route is the preferred

route of delivery for a number of reasons, including cost as well as the
non-nutritional benefits that derive from delivery of substrate to the gut
(Section 1.3.5).(32, 82-84) For this reason, this thesis focuses on regimens that
preferentially utilise the enteral route of nutritional delivery. In doing so,
it is accepted that tolerance for enteral nutrition may be a marker of
illness severity rather than a mediator of complications and poor
outcomes.(85)

It has long been recognised that the early phases of critical illness are
characterised by a complex neuroendocrine and inflammatory/immune
response associated with an increase in energy expenditure and a
catabolic state driven by the stress response.(86-89) The stress response
involves up-regulation of the sympathetic nervous system and the release
of pituitary hormones resulting in altered cortisol metabolism and
elevated levels of endogenous catecholamines.(90-92) These produce a
range of metabolic disturbances, including stress hyperglycaemia and
proteolysis. Hyperglycaemia arises from both acquired peripheral
resistance to the effects of anabolic factors (predominantly insulin) and
increased hepatic gluconeogenesis.(91-93) Furthermore, there is altered
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mobilisation of fuel stores, futile cycling and evidence of altered
lipoprotein metabolism.(92-96) Proteolysis is accelerated releasing amino
acids that are thought to be important in supporting gluconeogenesis,
tissue repair, immune defence and the synthesis of acute phase reactants,
resulting in net protein losses of 1 – 2 kg of protein over a ten-day ICU
admission.(97-100) In the short term, this is likely to be an adaptive response,
but with time and ongoing inflammation this becomes maladaptive with a
concomitant risk of protein-calorie malnutrition, immunosuppression and
wasting of functional muscle tissue, further compounded by disuse
atrophy.(57, 92, 93, 95, 101, 102) While muscle atrophy and ICU acquired weakness
are complex and poorly understood, it is postulated that the provision of
calories and sufficient protein to offset the negative nitrogen balance that
results from uncontrolled proteolysis may mitigate this process.(99)

While the association between calorie deficit with morbidity and mortality
is largely derived from either observational studies or small randomised
controlled trials, it has nevertheless been used as justification for matching
energy expenditure in the prescription of nutrition for the critically ill
patient.(57, 71, 73-79) The combination of these data and the plausible
physiological rationale has resulted in a near universal acceptance that the
provision of full caloric requirements to the critically ill patient is essential.
Some authors, however, argue that there is a teleological advantage to the
starvation response that occurs in the early phases of critical illness, and
that preservation of autophagy, which is said to be suppressed with the
provision of nutrition, has a physiological advantage.(92, 103)
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Autophagy is a normal physiologic process that serves a “housekeeping”
role for the cell.(104) It allows cells to eliminate large protein aggregates,
microorganisms and excessive fat or carbohydrate stores, providing a
survival mechanism in starvation through energy generation and
promoting protein synthesis.(80, 104) Interference with autophagy has been
postulated as one mechanism behind the mixed results that have been
generated in research studies examining the role of nutrition in critical
illness.(104) Early full dose nutrition theoretically reduces mitochondrial
function and tolerance to oxidative stress, and increases the risk of
multiple organ failure with cell death and increased mortality through
autophagy inhibition.(80, 104) The interaction between autophagy and
feeding, however, appears more complex than currently appreciated and
identifying autophagy inhibition as the sole mechanism for adverse events
and accelerated cellular death is simplistic.(80, 104) There is a complex
interplay between autophagy and the inflammatory response, with each
inducing and suppressing the other.(105) As such, in the well nourished
critically ill patient at least, the preservation of autophagy at the expense
of starvation is not thought to be of significance in the prescription of
nutrition.(104)

Indeed, there is increasing evidence that appropriate and early nutritional
intervention can attenuate the hyper-dynamic systemic response and
depressed immune reaction that accompany critical illness.(82, 92) This
evolving body of evidence around the non-nutritional benefits of providing
nutrition has resulted in nutritional “support” moving beyond simply the
provision of exogenous fuels.(32) Feeding the critically ill patient,
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particularly via the enteral route, is thought to help attenuate the
metabolic response to stress, prevent and/or reduce oxidative cellular
injury, and modulate the immune response.(32, 74, 82) Early delivery of
nutrition is seen as a pro-active therapeutic intervention designed to
favourably impact patient outcomes through reduced disease severity,
diminished complications, and a reduction in ICU length of stay. Nutrition
is not, however, prescribed in isolation from a range of other interventions
in the management of the critically ill patient, reflecting the involvement
of multiple physiologic pathways. The type and extent of such
interventions is dependent on the type and degree of physiological
stressor and the type and degree of inflammatory insult. As such, the
prescription of nutrition to the critically ill patient cannot be examined in
isolation, and must be viewed in the context of a range of interventions,
none of which are independent of the other.

The underlying assumption is that the provision of an exogenous source of
energy for those who are unable to feed themselves (by definition the
critically ill) and minimisation of the protein-calorie deficit that occurs,
particularly during the first week of illness, will result in improved
outcomes for critically ill patients.(74, 82) However, nutritional therapy in the
ICU is complex, and the literature is rife with conflicting data, reflected by
a lack of concordance in international guidelines.(71, 83, 106) Areas of ongoing
controversy include predicting who will best benefit from early nutritional
intervention, the components of an “optimal” nutritional prescription, as
well as how much and how best to feed the morbidly obese population.(82,
107, 108)
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In attempting to untangle the complexities and conflicting data observed
in the nutritional literature, it is useful to consider nutritional therapy in
the same way as any other drug therapy, with consideration given to the
dose (including components), timing of initiation, and route of delivery of
the therapy. It is plausible that some of the variability in outcomes arises
due to the differences in these variables, compounded by the complex
biological, metabolic and physiological changes observed in critical illness,
the heterogenous nature of ICU cohorts, and the observational nature of
much of the published data. As a result, debate continues in the critical
care literature regarding the optimal route of delivery, target dose, and
macronutrient components of nutritional support, leading some authors
to ponder where the “sweet” spot between the provision of too little and
too much nutrition lies.(71)

1.3.1 Determining Energy Expenditure
The ability to estimate energy expenditure underpins the basis for
determining the nutritional targets of the critically ill patient. Two
approaches to this have predominated, and, given the importance that
this has in determining nutritional requirements, they are worth
describing in some detail.

Simple weight based equations or more complex predictive equations
have been the mainstay for nutritional prescription, and a number of
prescriptions are in common use, including the Harris Benedict, Schofield,
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Penn State and Ireton-Jones equations, often modified by the use of
“correction factors” that purport to adjust for the increased catabolic state
associated with critical illness.(109, 110) There are, however, fundamental
problems with the use of an equation based estimate of energy
expenditure; these include whether ideal, actual or adjusted body weight
is used, and the heterogeneity of patients in the intensive care who may
have varying degrees of inflammatory response and at varying stages of
their critical illness depending on the nature of the pathophysiology that
prompted admission. It has been long recognised that the metabolic
response to critical illness changes over time, and this is partly recognised
in the European Society of Parenteral and Enteral Nutrition (ESPEN)
guidelines.(87-89, 92, 93) Finally, these formulae have not been validated in
those at higher risk of complications, including the malnourished, the
elderly and the obese.(72)

Indirect calorimetry (IC), a non-invasive technique that uses gas exchange
measurements (oxygen consumption and carbon dioxide production) to
estimate energy metabolism, has been advocated by some authors as an
alternative to predictive equations. Although showing some promise, the
use of IC has not been widely accepted in clinical practice. There are a
number of reasons for this, not the least of which is that evidence of a
mortality benefit is lacking, while there is the suggestion of increased
morbidity through a longer duration of mechanical ventilation.(111, 112) The
tight calorie control study (TICACOS) , a phase II prospective randomised
study, sought to determine whether nutritional support guided by
repeated measures of resting energy requirement using IC had an impact
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on patient outcomes.(111) The study group received more energy (2086
kcal/day versus 1480 kcal/day) despite the fact that the difference
between mean resting energy expenditure between the two groups was
not statistically different. Most of the difference between the two groups
was in the form of supplemental parenteral nutrition (571 kcal/day versus
164 kcal/day), and the mean protein delivered to the study group was
significantly higher (76 g/day versus 53 g/day), potentially confounding the
results. Duration of ventilation, ICU LoS and rates of infectious
complications were all statistically higher in the study group but the
authors reported a statistically non-significant mortality benefit at 50 days
in the study group. A further phase III trial is underway (TICACOS
International)(113) that may provide a definitive answer about the role of IC
in estimating energy expenditure; however, other logistical reasons are
likely to contribute to the poor uptake of IC in clinical intensive care.
These include equipment costs, the variability of a critically ill patient’s
underlying metabolic rate (likely to vary from day to day, and even hour to
hour, determined by body temperature, level of sedation and other
metabolic processes), its limited utility in moderate to severe respiratory
disease (it cannot be used when the fraction of inspired oxygen exceeds
0.6 or where the positive end expiratory pressure exceeds 10 cmH2O),
interference from the humidification of circuits and when renal
replacement therapy is required.(72, 114) Furthermore, there is evidence that
the accuracy of IC is affected at the extremes of height and weight.(82)

Therefore, if the goal of nutritional therapy is to match resting energy
expenditure, or some fraction of it, with exogenous nutritional support,
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there should be some confidence in how the “target” is derived. However,
this remains contentious, reflected by the different recommendations
from major societies.(32, 83, 112) The American Society of Parenteral and
Enteral Nutrition recommend that “in the absence of IC, … a published
predictive equation or simplistic weight based equation (25 - 30
kcal/kg/day) be used to determine energy requirement”, noting that the
nutritional prescription for the critically ill obese patient differs.(32)p.163 In
contrast, ESPEN recommend 20 - 25 kcal/kg/day during the early “ebb”
phase of the metabolic response, increasing to 25 - 30 kcal/kg as the
metabolic phase shifts to the flow anabolic recovery phase.(83, 86-89) The
Canadian Critical Care Trials Group (CCCTG) have refrained from a
recommendation on how a nutritional target is derived, citing insufficient
evidence but note that, in addition to the high costs associated with IC,
there is a signal for harm associated with its use, including an increased
LoS and increased rates of infective complications.(112) Furthermore,
although suggesting predictive formulae, there is no explicit mention of
which formula is best suited to the critically ill patient.

1.3.2 ‘Dose’ of Nutrition
Notwithstanding the difficulties with determining energy expenditure and
the lack of consensus on how best to measure this, the consequences of
providing both too few and too many calories have an impact on both
morbidity and mortality.(71) Mechanistically, too few calories to meet
energy expenditure over a prolonged period results in increased
catabolism with concomitant muscle wasting, contributes to morbidity and
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is ultimately lethal if left uncorrected.(71) Too many calories results in
deposition of adipose tissue, a response that had teleological advantages
when the species ate to live, but in the critically ill patient is thought to
contribute to increased carbon dioxide production which potentially slows
liberation from mechanical ventilation.(71, 115-117) On the basis of these
observations, prescribing the appropriate “dose” of nutrition with regard
to calories appears important, yet evidence on energy delivery and clinical
outcomes is conflicting.

A number of observational studies have associated caloric deficit with
morbidity and mortality, and it seems to intuitively follow from these
observations that the prescription of sufficient calories to match energy
expenditure will reduce morbidity and mortality, yet this approach
remains unproven.(57, 71, 73-81) Furthermore, there are animal data
demonstrating that caloric restriction may prolong life span and promote
cell survival.(118-121) This has led to a school of thought that the target
calorie prescription should represent a fraction of the energy expenditure
that is less than one, so called hypo-caloric feeding regimens, in which 40 60% of estimated energy requirement is prescribed. The initial versus full
enteral feeding in patients with acute lung injury EDEN study randomised
well-nourished patients with acute respiratory distress syndrome (ARDS)
to either six days of “trophic” feeds (20 ml/hr of a 1 kcal/ml formula) or to
full enteral feeds.(122) Full feeding was defined by applying a simplistic
weight based rate of 25 - 30 kcal/kg using IBW as the variable, although
how IBW was derived was not specified.(122) There was no difference in the
primary outcome (ventilator free days). Of the secondary outcomes only
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daily gastro-intestinal intolerance at days 2 and 3 were statistically
significant (favouring trophic feeds). Generalisation of this result beyond
patients with ARDS is problematic, but the study was nevertheless
hypothesis generating. Subsequently, several other small studies as well
as a meta-analysis suggested that a hypo-caloric feeding regimen might
confer clinical benefit.(123-125) This was tested in the permissive
underfeeding or standard enteral feeding in critically ill adults (PermiT)
trial, a large multi-centre international trial enrolling a heterogenous ICU
population. Despite finding a mortality benefit in an earlier single centre
pilot trial using the same regimen, the PermiT investigators were unable to
demonstrate any difference in either their primary outcome (90-day
mortality) or any of a range of secondary outcomes when patients were
randomised to either a hypo-caloric feeding regimen (40 - 60% of
estimated energy requirements) or standard care (70 - 100% of estimated
energy requirements).(54, 123) Estimated requirements in the PermiT trial
were equation based (Penn-State formula for those with a BMI < 30 kg/m2
and the 1992 Ireton-Jones formula for those with a BMI > 30 kg/m2 using
actual body weight as the variable).(54) A subsequent meta-analysis which
included the PermiT trial also found no difference in the risk of acquired
infections, hospital mortality, ICU LoS or ventilator free days between
patients receiving intentional hypo-caloric feeding regimens compared to
eucaloric regimens, suggesting no benefit from hypo-caloric regimens but
also no significant harm.(107)

Clouding the landscape further are the results of a phase II trial comparing
an energy dense formula with a standard formula.(126) The TARGET
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investigators substituted a 1.5 kcal/ml formula for a standard 1.0 kcal/ml
formula in a double blinded, randomised parallel group trial. The goal
feeding rate was 1ml/kg IBW/hr up to a maximum of 100 ml/hr, where
IBW was derived from a minor variation of Devine’s IBW formula.(12, 126)
Devine’s IBW formula was also used in the the Acute Respiratory Distress
Syndrome Network’s Ventilation with Lower Tidal Volumes as Compared
with Traditional Tidal Volumes for Acute Lung Injury and the Acute
Respiratory Distress Syndrome (ARMA) trial comparing high and low tidal
volumes, and probably the EDEN trial.(15, 122) The primary outcome in this
phase II feasibility study was the daily calorie delivery from study enteral
nutrition while secondary outcomes were addressed at clinically important
outcomes such as LoS, duration of mechanical ventilation and
mortality.(126) Patients randomised to the 1.5 kcal/ml formula received
nearly 50% more calories (but the same amount of protein) than the
patients in the standard formula group. There were no differences
reported for any of the secondary outcomes. The authors did, however,
report a “signal for improved survival” at 90 days for the patients receiving
the energy dense formula.(126)p.8 In a phase II trial, a signal for improved
survival such as this is sufficient support to justify the conduct of a phase
III trial which is currently underway.(126, 127) The evidence base surrounding
which caloric target is optimal for the critically ill patient therefore
remains obscure.

Finally, the assumption that delivery of nutrients to the small bowel is
synonymous with absorption may be an oversimplification. There is
evidence suggesting that the delivery of both carbohydrates and lipids to
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the small bowel does not necessarily ensure that there is systemic
uptake.(128, 129)

The lack of conclusive evidence regarding caloric prescription for enteral
nutrition in critically ill patients has resulted in the optimal feeding goal
being identified as one of the most controversial aspects of care.(71) The
evidence base relies extensively on observational studies, while the
randomised controlled trials that have been undertaken are either
conducted on specific patients groups (for example, ARDS) or are
inconclusive. This has resulted in international guidelines that are either
contradictory or completely silent on important aspects of nutritional
therapy.

1.3.3 Macronutrient Components
In considering the prescription of nutritional therapy for the critically ill
patient, it is not sufficient to consider the caloric prescription in isolation
from the macro-nutrient components – lipid (fat), carbohydrate and
protein – and the ratio of each in the total calorie target. Of particular
importance is the ratio of non-protein and protein calories because of the
different ways in which these are metabolised, and the altered metabolic
profile in critical illness.(51, 91, 128)

The metabolic changes that occur during the stress response are complex
and include impaired fat mobilisation.(91) Due to this, it has long been
believed that carbohydrates are the preferred energy source during the
early catabolic phase of critical illness, although even this long held belief
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is being questioned with an emerging opinion that protein may be more
beneficial in the first 48 hours.(57, 106, 130-135) Notwithstanding this ongoing
controversy, the optimal amount of carbohydrate provision in critical
illness has not been elucidated but is thought to be limited by the maximal
glucose oxidation rate which is 4 - 7 mg/kg/minute.(136, 137) Providing
carbohydrates in excess of this rate inevitably results in hyperglycaemia,
adipose tissue deposition and possibly excess carbon dioxide production,
slowing liberation from mechanical ventilation.(115-117) Conversely, the
minimum exogenous glucose requirement is, in theory, zero.(138) However,
glucose is a universal fuel for all cells, and the complete absence of an
exogenous supply of glucose results in the breakdown of fat and protein to
supply the substrate for glucoenogenesis. Therefore, while there is little
evidence around the minimal carbohydrate requirement in critical illness,
in practice 50-66% of the total caloric target, not exceeding 2000kcal/day,
is delivered as carbohydrate.(137, 139, 140)

Activation of the stress response leads to insulin resistance, which in turn
results in up-regulated gluconeogenesis. Gluconeogenesis is a metabolic
process occurring predominantly in the liver that results in the generation
of glucose from non-carbohydrate substrates, including glucogenic amino
acids. The amino acid substrates are generated predominantly by the
breakdown of skeletal muscle.(85) Provision of adequate protein is, at least
in part, directed at providing an alternative substrate for gluconeogenesis
and reducing the need for the breakdown of lean muscle mass to provide
this amino acid pool for gluconeogenesis.(131) There is empirical evidence,
albeit in a small sample, of substantially increased protein turnover in
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critically ill patients compared to healthy volunteers.(133) Furthermore, the
provision of exogenous protein may provide substrates to complement the
inflammatory response and critical physiological processes.(106) Despite
this, there are conflicting results in studies examining protein intake and
outcome.(98, 141) Although the evidence base is not strong and the most
effective protein-to-energy ratio for critically ill patients remains elusive,
international guidelines based on little more than expert opinion suggest
that 1.2 - 2.0 g/kg/day of protein should be targeted in the critically ill.(32,
83)

Despite this recommendation, there is evidence that current feeding

regimens are not providing this “dose” of protein to critically ill
patients.(106)

1.3.4 Timing
Enteral feeding is successful and usually well tolerated in all ICU patients
that have been fully resuscitated and are haemodynamically stable.(32, 82,
142, 143)

Historically, enteral feeding has been delayed for fear of inducing

gut ischaemia or non-occlusive bowel necrosis due to the increased blood
supply in the splanchnic circulation associated with provision of enteral
nutrition.(80) It has been evident in the last decade, however, that early
commencement of enteral nutrition (within 72 hours) compared to
delayed commencement (after 72 hours) has benefits for both morbidity
and mortality.(143, 144) Indeed a more recent trial suggests that the very
early (within the first six hours of ICU admission) initiation of enteral
nutrition may be safe.(145)

Separating the effects of dose and initiation of nutritional therapy is
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complex. Numerous observational studies demonstrate that critically ill
patients who receive enteral nutrition frequently receive only 60% of
calories prescribed.(57, 146, 147) Reasons that have been identified for the
disparity between the prescribed caloric dose and that delivered include
delays in the initiation of therapy for fear of gut ischaemia, delayed
placement of enteric feeding tubes or replacement following
dislodgement, prolonged fasting for therapeutic or diagnostic procedures,
and gut dysmotility.(72, 82, 92, 126, 148) This results in both a high incidence of
unintentional underfeeding, and further complicates the question of
protein and calorie delivery to the critically ill patient discussed in Sections
1.3.2 and 1.3.3.(72, 142, 147, 149)

1.3.5 Non-Nutritional Benefits of Enteral Feeding
Notwithstanding the debate regarding the dose, components and timing
of nutritional therapy, there is consensus that it should be provided,
initiated early, and preferably via the enteral route. In addition to the
obvious delivery of exogenous macro-nutrients to the patient who is
unable to source their own nutritional support, and providing protein and
energy substrates with the view to maintaining amino acid substrate and
lean muscle mass, there are a number of non-nutritional benefits. These
can be broadly divided into gastro-intestinal benefits, immunological
benefits and metabolic benefits.(82)

Gut dysfunction in the critically ill patient is multi-factorial and involves
segmental or diffuse dysmotility, reduced villous height, loss of the
absorptive surface at the villus tips, as well as alterations in gut
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microbiota.(82, 150) Proposed gastro-intestinal benefits of enteral nutrition
include the maintenance of gut epithelial integrity, reduced bacterial
translocation (in animal models at least), reduced bacterial overgrowth
and a reduction in the incidence of gastric and duodenal stress ulcers.(145,
151-154)

Provision of enteral nutrition assists with the restoration of gut

integrity, enhances contractility, increases the height and density of the
brush border, and assists with the restoration of commensal bacteria.(150,
155)

Furthermore, there are animal data suggesting that providing nutrition

via the enteral route may attenuate the systemic inflammatory response
in response to an ischaemic insult.(156, 157)

Immunological effects include maintenance of humoral (antibody
mediated) immune function, modulation of key regulatory cells to
enhance cellular immunity, and maintenance of mucosa-associated
lymphoid tissue in a number of epithelial surfaces.(155, 158-161) Metabolic
benefits (over and above the provision of an exogenous energy source and
anti-oxidants) include the promotion of insulin release and sensitivity
through the incretin effect, and possibly attenuation of stress metabolism
to reduce futile cycling and physiological fuel utilisation.(162, 163)

The increasing emphasis on enteral nutrition is demonstrated by the fourfold increase in citations that occurred over the years 2006 to 2015
(Figure 4). Despite, or perhaps because of, the increased interest in the
therapeutic effect of nutritional interventions on the morbidity and
mortality of critically ill patients, the results reported in the literature are
frequently conflicting.(71)
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Figure 4: PubMed publications by year demonstrating the increasing number of
publications focussing on nutrition in the critically ill

1.4

Nutritional Therapy for the Critically Ill Obese Patient

Nutrition for the critically ill obese patient may need to differ from that
provided for their lean counterparts. Metabolic processes differ,
particularly in those with underlying insulin resistance, itself a marker of
the metabolic syndrome, which may predispose to futile cycling, altered
fuel utilisation and protein catabolism.(34, 94, 95, 164-168) A study recruiting
from a trauma ICU found that obese patients derived 39% of their resting
energy requirement from fat metabolism, compared to 61% in their lean
counterparts.(169) The shortfall in energy was compensated by increased
protein metabolism, suggesting a greater potential for loss of lean muscle
mass.(169) In the short term, this is likely to be an adaptive response but
with time and ongoing inflammation, this becomes maladaptive with a
concomitant risk of protein-calorie malnutrition, immunosuppression and
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wasting of functional muscle tissue resulting from protein catabolism over
lipolysis and is further compounded by disuse atrophy.(92, 95, 102)

There is, in addition, evolving evidence that hormones derived from both
the gut and adipose tissue are also involved in the response to stress and
critical illness, and that adipose tissue in particular is not a benign tissue
bed but rather could be considered an endocrine organ.(166, 170-172) Some of
these hormones are thought to be pro-inflammatory and some antiinflammatory, but both the net result and clinical significance of these is
yet to be fully elucidated.(92, 166, 170)

It is plausible therefore that the metabolic derangements seen in the
critically ill lean patient are amplified and compounded in the critically ill
obese patient, particularly in the area of accelerated proteolysis and loss
of lean muscle mass. It could be argued that preservation of lean muscle
in the critically ill obese patient has substantial implications, given the
larger mass that is required to be mobilised during the rehabilitation phase
of their critical illness.

Assessing the critically ill obese patient for nutrition risk is difficult.
Current ASPEN guidelines suggest using biomarkers of metabolic
syndrome (serum glucose, triglycerides and cholesterol) as a measure of
potential futile cycling, co-morbidities, and determination/estimation of
the level of inflammatory response.(32) In recognising that obesity is not
protective against malnutrition and in particular protein malnutrition,
early initiation of enteral nutrition is recommended but there is evidence
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that this is substantially delayed in practice.(173) The reasons for this delay
have not been elucidated but may be related to the false assumption that
every obese patient has nutritional reserves due to the presence of
excessive adipose tissue.(173) There is evidence that malnutrition occurs at
both ends of the BMI spectrum, supported by observational data that
reports that up to 57% of overweight or obese hospitalised patients show
signs of malnutrition. A French observational study found that obese
patients have an odds ratio of 1.5 of malnutrition relative to patients
within the normal weight range.(32, 174)

Despite the importance given to the early initiation of nutrition, the
frequency of enteral nutrition (virtually universal), the cost (approximately
$23/day), the biologic rationale, the high mortality in critically ill patients,
the frequency of muscle wasting and the reduced functional outcomes in
survivors, there is a surprising paucity of evidence guiding the prescription
of nutritional therapy in the critically ill obese patient. This is reflected in
International guidelines.(175) The European Society of Parenteral and
Enteral Nutrition and the Canadian Critical Care Trials Group (CCTG) are
silent on the issue of nutritional regimens for the critically ill obese
patient.(83, 112) The American Society of Parenteral and Enteral Nutrition, in
contrast, advocate a hypo-caloric (12 - 14 kcal/kg/day actual body weight),
high protein (> 2 g/kg/day IBW) regimen, acknowledging that the evidence
justifying this approach is of low quality.(32) The lack of evidence in the area
of nutritional therapy for the critically ill obese patient is highlighted in
ASPEN’s most recent guidelines.(32) Of the eight clinical questions posed
around the nutritional management of the critically ill obese patient (Table
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1), all eight recommendations are based on expert consensus and none
could be justified on the quality of evidence alone.(32) Question 4 is the
clinical question of relevance to this thesis (Table 1).

The physiological basis for a high-protein hypo-caloric regimen is two-fold.
Firstly the intentional underfeeding of calories encourages weight loss
while high protein maintains lean muscle mass. The argument is that
weight loss may increase insulin sensitivity, improve glycaemic control,
facilitate nursing care and reduce the risk of co-morbidities.(11, 32) There is
no evidence to support this supposition, and whether sufficient weight
loss can occur across the duration of an ICU admission is questionable.
The median ICU LoS in a recent large nutritional study was 13 days, with
an inter quartile range (IQR) of eight to 21 days, while an Australian study
exploring the role of caloric augmentation in ICU patients reported a
median ICU LoS of 9.6 and 11.8 days in the intervention and control arms
respectively (IQR 6.9 – 22.8 and 5.9 – 22.6 days).(54, 126) The second is
provision of a high protein load. A retrospective study indicated that a
dose of protein of 2.0 g/kg IBW/day was insufficient to achieve a neutral
nitrogen balance when BMI > 40 kg/m2, albeit that this was in a population
receiving enteral nutrition.(176) From this it has been assumed that
providing 2 – 2.5 g/ kg IBW/day should approximate protein requirements,
preserve nitrogen balance and allow for adequate wound healing. The
American Society of Parental and Enteral Nutrition recommend the use of
nitrogen balance studies to titrate the dose of protein to achieve neutral
nitrogen balance, although it was not clear how often this occurs in
practice.(32) Furthermore, it is not clear that any dose of protein will
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completely eliminate the nitrogen deficit that occurs during the early
phases of critical illness which may be a result of the normal stress
response discussed in Section 1.3.3.

A search of the literature and a review of the International consensus
statements published by the major nutritional peak bodies revealed no
other widely used or advocated nutritional approach targeting the
critically ill obese patient.(32, 83, 112) Despite the rising prevalence of obesity
in the general population as well as the ICU, there is a paucity of empirical
data to guide an approach to enteral nutrition that targets energy and
protein delivery with the goal of reducing morbidity and mortality for the
critically ill obese patient.
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Table 1: Clinical questions addressed in the 2016 ASPEN Guidelines(32)
Question
Recommendation

Level of
Evidence

Q1

Do obese ICU patients benefit less from early enteral

Commencement of enteral nutrition within 24 – 48 hours of

nutrition in the first week of hospitalisation, due to

admissions for obese patients who cannot sustain volitional

the their nutrition reserves, than their lean

intake.

Expert opinion

counterparts?
Q2

What additional parameters should be addressed with

Assessment should focus on biomarkers of metabolic

a nutrition assessment in critical illness when the

syndrome, evaluation of co-morbidities, and a

patient is obese?

determination of level of inflammation, in addition to those

Expert opinion

parameters described for all ICU patients.
Q3

What factors on assessment identify obese patients in

Assessment focus on evidence of central adiposity,

the ICU to be at high risk?

metabolic syndrome, sarcopaenia, BMI > 40, systemic
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Expert opinion

inflammatory response, or other co-mobibidities that
correlate with higher obesity-related risk for cardiovascular
disease and mortality.
Q4

Does the use of high-protein hypo-caloric feeding

High-protein hypo-caloric feeding be implemented in the

improve clinical outcomes compared with high-

care of obese ICU patients to preserve lean body mass,

protein eucaloric feeding?

mobilise adipose stores, and minimise the metabolic

Expert opinion

complications of overfeeding.
Q5

What are the appropriate targets for energy and

65 – 70% of target energy requirements as measured by IC.

protein intake?

Where IC is not available then 11 – 14 kcal/kg actual body

Expert opinion

weight. Protein should be provided in a range from 2.0 g/kg
IBW.
Q6

What indications, if any, exist for the use of specialty

If available a low caloric density with a reduced non-protein

enteral formulations?

calories: nitrogen ratio be used.
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Expert opinion

Q7

What are appropriate monitors to follow?

Hyperglycaemia, hyperlipidaemia, hypercapnia, fluid

Expert opinion

overload and hepatic fat accumulation.
Q8

Does the obese ICU patient with a history of bariatric

Supplemental thiamine should be administered prior to

surgery or other malabsorptive condition require any

initiating dextrose containing intravenous fluids or nutrition

additional supplementation?

therapy. In addition, evaluation for and treatment of
micronutrient deficiencies should be considered.

BMI – body mass index
ICU – intensive care unit
IC – Indirect Calorimetry
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Expert opinion

1.5

Sources of Variability Identified in the Literature

In reviewing the literature around both nutritional therapy for the critically
ill patient and the literature pertaining to obesity, a number of issues that
potentially confound outcomes were identified. These may contribute to
the conflicting results that make the evidence base confusing and are
worth exploring.

1.5.1 Which Weight?
As discussed in Section 1.1, weight forms the basis of nutritional
prescription for all equation based methods. Yet there is inconsistency
within the literature regarding which weight is used as the variable. Actual
body weight has been used in some studies, with some making a further
adjustment for the obese (for example, IBW plus 25% of the difference
between ideal and actual body weights). In other studies, an IBW is used
as the variable which has a number of advantages including obviating the
need for a recent weight.

Figure 5 plots the most commonly used IBW formulae across a range of
heights for both men (Panel A) and women (Panel B), respectively.
Although there are marked similarities between the results, for males
there is at least a 10 kg difference (approximately 13%) between the most
conservative and most liberal formulae in the middle of the height range,
increasing to approximately 15 kg in the extremes. For females this
difference is more marked, producing a 15 kg difference in the middle of
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the height range and up to 20 kg in the extremes of height. It can be seen
then that the choice of IBW formula could potentially result in significant
differences in both calorie and protein delivery. Figure 6 converts the
heights to BMI using IBW for males (Panel A) and females (Panel B).
Acknowledging the inherent problems with BMI (Section 1.1), with the
exception of short people, the formulae mostly produce BMIs that fall
within the “normal range”. The inherent flaws of using BMI, including the
lack of stability with both age and over time, have been discussed (Section
1.1.3).

An alternative proposed weight is the “adjusted body weight”, which has
been defined variously as anything between 125 - 138% of IBW.(177) It is
derived from two calculations – a calculation to derive IBW and a
subsequent ratio of the actual body weight to IBW. As it uses two
calculations, it necessarily introduces further error. The most recent
guideline published by ASPEN recommends against the use of adjusted
body weight due to the variability in its definition.(32) For weight-based
interventions, ASPEN’s recommendation is to use actual, usual or IBW, but
they make no recommendation about which IBW formula to use. Figure 5
demonstrates the degree of error that the use of different formulae for
IBW may introduce.

Given the problems of generalising about IBW from insurance data
(Section 1.1), there is an argument that much of what has subsequently
transpired with regard to IBW and BMI should be considered with a
degree of caution. It also follows that the choice of which weight to use
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(actual, ideal or adjusted) as the variable can have significant impacts on
the calorie and protein prescription, while it remains intuitively obvious
that prescribing nutrition to a severely underweight (BMI < 18 kg/m2)
patient on the basis of IBW may result in significant overfeeding. It is
important therefore to be specific about which weight is being used in
calculating a nutritional goal, to acknowledge the limitations of the
method, as well as to consider what is actually delivered to the gut of a
critically ill patient (rather than prescribed).
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Panel A

Panel A

Panel B

Panel B

Figure 5: Ideal body weight (IBW) by commonly used IBW

Figure 6: Body mass index (BMI) against height for IBW by

formulae against height

common IBW formulae

Panel A - Males; Panel B - Females

Panel A - Males; Panel B - Females

1.5.2 The Obesity Paradox
The obesity paradox refers to a phenomenon in which being overweight or
having class I obesity (BMI 30 – 34.9 kg/m2) appears to confer a survival
benefit compared to patients with a normal BMI.(70) The phenomenon may
extend to class II obesity (BMI 35 – 39.9 kg/m2) but patients with class III
obesity (BMI ≥ 40 kg/m2) have a worse outcome.(178) This phenomenon has
been observed in both prospective and retrospective series across a range
of medical conditions including cardiovascular disease and stroke
survivors.(179-183) Intensive care populations in which the “obesity paradox”
has been observed include patients with sepsis, survivors of cardiac arrest,
community acquired pneumonia, surgical ICU patients as well as
heterogenous ICU populations.(58, 61, 184-191) The finding of a protective
effect, however, is by no means universal.(192-194)

The conflicting results of studies examining the obesity paradox may not
simply be the result of using BMI as the variable. Other issues that have
been identified include study design and the introduction of confounding
factors, including selection bias, treatment bias, time-varying exposure or
other confounders such as hip circumference, concurrent
cardiopulmonary dysfunction, physical fitness/physical activity levels (the
fat but fit patient) or socio-economic status.(70, 195-200) There is, in addition,
evolving and increasingly compelling evidence that “optimal” weight may
increase with age.(25, 201) Other potential explanations include using BMI,
which has a number of failings as discussed in Section 1.1, and failing to
account for underlying malnutrition. Body mass index does not describe
the distribution of adipose tissue and is a poor marker of adiposity itself in
p. 54 of 216

the older adult.(60, 70, 172) Finally, many studies have failed to control for
underlying malnutrition. Robinson et al., in a prospective study, failed to
find a protective effect from obesity once malnutrition was assessed and
controlled for.(60)

Contributing further to scepticism about the existence of the obesity
paradox is the absence of a physiological mechanistic model that explains
how mild obesity could be protective. A number of theories have been
postulated including adipose tissue acting as a reservoir for inflammatory
cytokines, lipid “sinks” mopping up endotoxins and the endocrine
functions of adipose tissue synthesising anti-inflammatory hormone.(34, 172)
Although these postulate possible adaptive protective effects that may
contribute to the observed phenomenon, there is little firm evidence
currently.

Nevertheless, any review considering an endpoint of mortality in an obese
population must include the possibility that a mortality benefit could be
due to the “obesity paradox” and not necessarily the intervention. In an
area where much of the data is derived from observational studies, and in
a review in which it is likely that data will be derived from subgroup data
that will have not been stratified for obesity, the presence of the obesity
paradox should be considered as a potential confounding influence.

1.5.3 Dedicated Nutritional Support Services
It is common practice in Australasian ICUs to have a dedicated dietician
within the unit who guides but does not dictate nutritional prescription. In
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the United States, a pharmacist is often involved – generally identified as
pharmacy nutrition support therapists. These therapists may be
responsible for “prescribing enteral and/or parenteral nutrition, laboratory
analysis, and pharmacotherapy integrated with nutrition therapy (e.g. fluid
and electrolytes, pro-kinetic drugs, insulin, antidiarrhoeal and laxative
therapy)”.(202)p.718 In Europe the model is more closely aligned with the
Australasian model.

It is not clear what differences may arise from having non-medically
trained therapists prescribing nutritional and supportive therapy, and this
has not been investigated. However, there is evidence that admission to a
closed ICU under the management of a treating intensivist improves
patient outcomes.(203, 204)

This review will consider studies for inclusion from a variety of countries,
many of which will have vastly different approaches to who prescribes
nutritional therapy and who takes ultimate clinical responsibility for the
decisions around this. What impact this has on clinical outcomes is
uncertain.

1.5.4 Supplemental Parenteral Nutrition
The practice of using supplemental parenteral nutrition when caloric goals
are not being met with nutrition suppled via the enteral route within the
first 72 hours varies considerably within the international critical care
community. While there are a number of reasons why a trial of the
enteral route may fail to meet caloric goals at 72 hours, the subsequent
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management has been controversial. The European Society of Parenteral
and Enteral Nutrition currently recommend the early use of supplemental
PN to minimise the cumulative energy deficit, while ASPEN recommend
withholding any form of parenteral nutrition until days 5 – 7 in a
previously well-nourished patient.(32, 83) The CCCTG have withheld any
recommendation on the timing of supplemental PN, citing a lack of
evidence.(205)

Nevertheless, combining studies from different continents with different
approaches to supplemental PN necessarily introduces a potential
confounding influence. For the purpose of the systematic review
undertaken, this potential confounder was avoided by focussing on studies
that preferentially utilise the enteral route.

1.5.5 Assessment of Nutritional Reserves/Risk of Malnutrition
The issue of patient heterogeneity is further complicated by the
heterogeneity in nutritional risk, particularly in any intervention that
examines nutrition. The importance of providing an exogenous source of
energy (including protein) during the early phases of critical illness where
there is a period of increased energy expenditure and negative nitrogen
balance is heightened by the observation that a number of patients in the
intensive care may be malnourished (or at “nutritional risk”).(72, 78, 111, 206)
Identifying patients for whom the early delivery of nutrition is likely to
benefit most has proven difficult in the intensive care setting but
intuitively it is those who are malnourished who will benefit most.(207, 208)
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Identifying this group in the ICU, however, is recognised as problematic
due to difficulties taking an accurate nutritional history and where fluid redistribution makes interpretation of physical findings difficult. Traditional
means of assessing for “nutritional risk”, such as the subjective global
assessment (SGA) or the malnutrition universal screening tool (MUST),
have been validated inambulatory settings. These methods rely on being
able to obtain a nutritional history and an accurate weight, perform a
physical examination and utilise biochemical markers such as serum
protein, albumin, pre-albumin and transferrin. In the critically ill patient,
these traditional means of assessing for risk are of little use in the critically
ill patient.(82) The critically ill patient is frequently sedated, making it
impossible to obtain an accurate nutritional history. Weight cannot be
measured, unless scales are installed in the bed, , and even when obtained
may be inaccurate due to the accumulation of excess fluid, particularly in
the interstitial tissues. This accumulation and redistribution of fluid also
makes physical examination difficult, while many of the protein
biomarkers of malnutrition are also acute phase reactants and are altered
in critical illness. Paradoxically, despite their adipose tissue reserves,
obese patients may be at risk of malnutrition.(60)

Furthermore, it is now being recognised that not all ICU patients respond
to artificial nutrition in the same manner. As a result, studies that include
heterogeneous ICU populations with a wide spectrum of nutritional risk
are more likely to yield negative or unreliable results.(76)
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Although this has led to the formation of scores that purport to better
identify the critically ill patient who is more likely to benefit from early
aggressive provision of nutrition, considering studies that do not stratify
by nutritional risk may introduce a degree of confounding. It has been
shown, for example, that for patients who remain in ICU for more than
three days, those at higher risk of malnutrition (as determined by the
Nutrition Risk in Critically Ill (NUTRIC) score) had a better outcome with
aggressive nutritional intervention comprising more calories and
protein.(76, 209, 210)

1.5.6 Open and Closed Units
The model of intensive care delivery varies between countries. In the
United States a model of “open ICUs” predominates. Under this model,
the ICU has unlimited access to multiple doctors who are free to admit and
manage their own patients.(211) Full time directors and directors with
qualifications in intensive care medicine are less common in countries
practicing under this model, as are the requirements for a dedicated
doctor around the clock. In Australasia “closed ICUs” predominate. A
closed ICU has admission, discharge and referral policies under the control
of intensivists, and ultimate responsibility for patient care, including all
management decisions, are made by the treating intensivist. In addition,
the 24-hour per day presence of a doctor dedicated to patients in the ICU
is mandated. Cost effectiveness and patient outcomes are improved in
closed units, hence introducing a degree of confounding in the
interpretation of international studies.(203, 204)
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Although the differences between outcomes across countries is likely to
be nullified through the use of treatment and control arms from either
within the same ICU or at least within the same country, differences in
culture, unit design and management intervention will necessarily
introduce a degree of confounding.

1.6

Significance of the Review

Supporting the critically ill obese patient will become an increasingly
important skill in the intensivist’s armamentarium, and enteral nutritional
therapy forms a cornerstone of this support. Despite this, neither the
optimal total caloric goal nor the macronutrient components of a feeding
regimen for the critically ill obese patient is evident. Although suggestions
to alter the macronutrient goals for this vulnerable group of patients
appear to have a sound physiological basis, the level of evidence is low,
and the clinical approach to supporting the critically ill obese patient is
based on expert opinion. The aim of this review is therefore to evaluate
the literature to determine the best available evidence describing a
nutritional strategy that targets energy and protein delivery to reduce
morbidity and mortality in the obese patient who is critically ill.

1.7

Review Question and Objective

The objective of the review was to identify, critically appraise and
synthesise the best available evidence on the effectiveness of enteral
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nutritional strategies targeting protein and calorie delivery for the critically
ill obese patient on morbidity and mortality.

More specifically, the review question guiding the review was:

In the critically ill obese patient, what is the optimal enteral protein
and calorie target that improves mortality and morbidity?

1.8

Methodology Overview

A systematic review is the systematic location, appraisal and synthesis of
evidence from scientific studies in an attempt to evaluate and interpret all
available research evidence pertinent to a particular clinical question. A
systematic review provides an exhaustive and unbiased presentation of
the available evidence by synthesising the results of multiple studies.(212,
213)

The findings and conclusions from systematic reviews are considered

to hold greater validity than those arising from either single studies or
traditional literature reviews as they are based on rigorous methods that
aim to minimise the risk of error and bias throughout the review
process.(214)

Scientific rigour is maintained through the explicit and comprehensive
reporting of the methods that are predefined and reproducible.(215) This
process includes the a priori development of a study protocol which
includes: an explicit statement of the research question(s) to be answered
by the review; clear delineation of the inclusion and exclusion criteria used
to select studies; details of the search strategy used to locate both
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published and unpublished literature; a clear explanation of how studies
are selected and critically appraised; and how the primary data is
extracted and synthesised from the studies chosen for inclusion in the
review.(214-216) The study protocol for the review presented in this thesis
was published in November, 2015 (Appendix 1).(217)

There are at least four major advantages of a systematic review of effects
over clinical trials. Firstly, by combining data it offers increased statistical
power over individual smaller clinical trials, that is, it increases the
probability of identifying an effect when an effect is present.(213) Secondly,
by demonstrating similar effects across a wide variety of clinical settings,
designs and populations, a systematic review of effects can provide
evidence of the robustness and generalisability of the intervention under
investigation.(213) This heterogeneity could be seen either as a weakness of
the systematic review process or an advantage because of its ability to
enhance the generalisability and transferability of data. Thirdly, the
transparent appraisal and systematic assessment of quality allows for a
solid basis on which recommendations about the clinical management of
patients can be made. In areas such as that explored in this thesis – how
best to nutritionally support a critically ill obese patient – a systematic
review of effects offers the advantage of the ability to draw a conclusion
on the basis of the best available evidence about the course of clinical
management from disparate sources. Finally, by focussing on a systematic
review of effects, the utilisation of potentially expensive but ineffective
interventions or, of even more concern, interventions that result in harm,

p. 62 of 216

can be identified. Ultimately, it is about improving the clinical
management of patients and optimising outcomes.
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Chapter 2 Methods
This chapter describes the methods that were used in the conduct of the
systematic review. The eligibility criteria, search strategy, and processes
utilised for critical appraisal, data extraction and data synthesis are
detailed.

The systematic review was undertaken in accordance with an a priori
protocol (Appendix 1).(217) The protocol pre-specified the methods to
identify, appraise and synthesise the best available evidence on the
effectiveness of enteral nutrition targeting calorie or protein targets to
improve mortality or morbidity in the critically ill obese patient.

2.1

Participants

The systematic review considered studies that included critically ill obese
adult patients receiving enteral nutrition at any stage during their ICU
admission for longer than 72 hours. It was expected that this would
primarily include studies that recruited patients during the early phase of
their critical illness when volitional nutrition was not possible.

To ensure that included studies were representative of critically ill
patients, only studies conducted in ICUs and in which ≥ 50% of recruited
patients had been receiving mechanical ventilation for ≥ 24 hours were
eligible. This criteria has been used previously in systematic reviews
examining nutritional outcomes in critically ill patients.(108) In limiting the
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search to studies involving critically ill patients in this way, it was
recognised that the criteria that determine ICU admission differs between
jurisdictions. These criteria are determined in part by resources, in part by
cultural differences and in part by the model of intensive care that
predominates in that jurisdiction (closed versus open ICUs), and often give
rise to diverse populations characterised by heterogeneity in admission
diagnosis, severity of disease, metabolic derangement and therapeutic
intervention(s). This conundrum has been recognised in other
publications describing nutrition in critically ill patients.(83)

Critically ill populations composed of both elective and emergency ICU
admissions were included, as were critically ill populations with a medical
or surgical admission diagnosis.

The WHO definition of obesity, having a BMI ≥ 30 kg/m2, was used. Where
studies published prior to this time were identified that used an
alternative definition of obesity (such as 125% of IBW), contact with the
primary author was attempted to clarify baseline data.

Studies examining a paediatric population or in which the parenteral route
of administration predominated were excluded.

2.2

Interventions of Interest

The systematic review considered all studies that compared any enteral
feeding/nutrition that specified a goal calorie and/or protein target per
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kilogram weight. Despite ASPEN recommendations that IBW be used for
calculating energy requirements in obese patients, wide variation exists in
the use of which weight is used to calculate nutritional requirements
(actual, adjusted, ideal).(32) For the purposes of standardising the “dose” of
nutrition as much as possible, IBW was reported where it could be
determined from the primary source.

Nutritional therapy was defined by both the targeted caloric goal, and/or
the targeted protein goal. With regard to total targeted calories, these
were likely to fall into categories that were defined as hypo-caloric (< 20
kcal/kg/day), eu-caloric (20 – 30 kcal/kg/day) and hyper-caloric (> 30
kcal/kg/day), while targeted protein delivery was categorised as low
protein (< 1 g/kg/day), moderate protein (1 – 2 g/kg/day) and high protein
(> 2 g/kg/day).

Alternatively, the “dose” of nutrition could be defined by the calories
and/or protein actually delivered to the patient since there is a welldocumented disparity between the targeted dose and the dose delivered
to patients.(72, 92, 147, 149) Despite this, the former method (namely the
targeted goal) was used since this is the clinically important component –
clinicians prescribe the target dose, not the dose delivered to the small
bowel. To tease out the effects of this, the “dose” actually delivered to
the patient was also summarised where sufficient detail could be
ascertained from the primary data.
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2.3

Comparators

A single a priori comparator was deliberately not specified in the protocol
(Appendix 1) for a number of reasons.(217) Firstly, there remains
controversy within the critical care literature about the optimal caloric
“dose” and the proportion of non-protein calories of nutritional therapy
for the critically ill non-obese patient, let alone before the additional
metabolic complications of the critically ill obese are introduced (Section
1.4).(71, 72, 107, 108, 126) The paucity of high quality evidence guiding the
optimal caloric “dose” is reflected in the disparities seen in international
guidelines which are vague and often inconsistent, while two recent
systematic reviews and meta-analyses, one addressing the question of
eucaloric versus hypo-caloric targets(107) and the second examining the
effect of caloric delivery on hospital mortality,(108) concluded that the
optimal strategy for providing calories and protein in critically ill patients
has yet to be determined.(32, 71, 83) Secondly, and probably reflecting the
absence of high quality evidence, there is a wide variety of approaches to
nutritional therapy reported in the literature. This in part reflects a shift in
the standard of care as the provision of nutrition is increasingly viewed as
an active therapeutic intervention rather than merely the provision of
support.(32, 74, 82, 92) Thirdly, there is a well-documented disparity between
the “dose” prescribed and that actually delivered.(72, 142, 147, 149)

For these reasons, any study that compared two (or more) different
nutritional prescriptions targeting a calorie or protein goal was considered
for inclusion in the review.
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2.4

Outcomes

Outcomes of interest in this review were chosen primarily for their
importance as patient centred outcomes. In addition, secondary
outcomes were selected for their ability to act as surrogate markers of
morbidity.

2.4.1 Primary Outcome
Mortality at any time point was the a priori primary outcome. Survival is
invariably central to the definition of successful treatment for both
clinicians and patients. Mortality as a primary outcome has a number of
advantages, most notably, that it is less susceptible to bias and
confounders than other surrogate endpoints.

2.4.2 Secondary Outcomes
Although all cause mortality at any time point was chosen as the primary
endpoint, the use of pre-specified, time dependent, mortality endpoints
has become prevalent in critical care literature. These endpoints are often
designed to extend beyond the ICU or hospital admission, and as such
were identified as important secondary outcomes for the systematic
review. The Brussels roundtable consensus statement emphasised the
importance of moving beyond short term ICU or hospital mortality in
considering the success of an admission for critical illness.(218) For this
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reason, alternative time dependent mortality endpoints were sought in
the studies selected, specifically ICU, 30-day, 60-day and 90-day mortality.

Furthermore, given that the likelihood of identifying large multi-centre
trials was a priori considered low, other important patient centred
outcomes that focussed on markers of morbidity were selected. These
included ICU and hospital LoS, as well as duration of mechanical
ventilation or its corollary ventilator free days. In selecting these
endpoints, it was recognised that they are not hard endpoints and that
there are potential confounders in interpreting the results. While ICU and
hospital LoS are important measures for patients, clinicians and hospital
managers, since LoS can also have significant economic implications, they
have limitations since both can be influenced by extraneous factors such
as bed block (the inability to discharge to a ward bed when the patient is
ward ready).(219) Duration of mechanical ventilation (or ventilator free
days) as an endpoint has similar failings, with different facilities or indeed
different clinicians within facilities adopting a different approach to
ventilator weaning and extubation criteria. Despite these considerations,
it was anticipated that similar issues would affect all arms (whether
treatment or control) within each study reducing the effect of
confounding.

Additional secondary outcomes included nitrogen balance, azotaemia
(blood urea nitrogen), acute kidney injury, the incidence of nosocomial
infection, weight loss or change in BMI, gastro-intestinal intolerance (high
gastric residual volume, vomiting or diarrhoea) and insulin requirement.
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Nitrogen balance was chosen as a surrogate marker of the adequacy of
protein supplementation and is calculated using formulae allowing for
protein intake and 24-hour urinary protein excretion.(220) Azotaemia
(serum urea) and renal injury using the Acute Dialysis Quality Initiative
(ADQI) definition (RIFLE) were chosen as markers of potential harm related
to the inability to clear protein metabolites, and the implication that the
presence of acute kidney injury (AKI) may limit protein delivery.(221) The
incidence of nosocomial infection is important since an association
between nutritional status and nosocomial infection incidence was
identified in a number of studies.(73, 222, 223) Since weight loss is one
proposed benefit of the ASPEN recommended prescription of a hypocaloric high-protein regimen, change in weight or a change in BMI was
included, while gastro-intestinal intolerance is a common adverse event
with nutritional interventions, particularly those that are calorie dense.(11,
32, 95)

Finally, given the experimental findings that indicate high glucose

concentrations have a range of negative effects, including increasing the
production or expression (or both) of pro-inflammatory mediators,
decreased chemotaxis and phagocytosis, alteration in leukocyte
adherence, reduced release of reactive oxygen species from neutrophils
and alterations in endothelial integrity, insulin requirement was selected
as a surrogate marker of glycaemic control.(224, 225) In addition, given the
range of metabolic disturbances seen in the critically ill obese patient,
glycaemic control is arguably more important in this group than in their
lean counterparts.(34, 92, 95)
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2.5

Types of Studies

Studies eligible for retrieval included, in the first instance, randomised
controlled studies. In the absence of randomised controlled trials, any
study with a non-randomised control, quasi-experimental, controlled
before and after, or cohort study (whether prospective or retrospective)
design was considered for inclusion in order to provide a sufficient
evidence base to inform the effectiveness of different feeding regimes
targeting calories and protein in the critically ill obese patient.

2.6

Review Method

2.6.1 Search Strategy
The search strategy involving a three-step process commenced in August
2015, culminating in the final database searches reported in this thesis on
16th October 2016. An initial limited scoping search of PubMed and
CINAHL was undertaken using the following key words: (“critically ill” OR
“intensive care”) AND (obese OR overweight) AND (nutrition OR diet OR
feed*). This was followed by an analysis of keywords contained in the
titles and abstracts of articles identified by the scoping search. In addition,
the index terms used to describe the articles were reviewed, and a
Thesaurus search of the commonly used terms undertaken to ensure that
the final search framework was as broad as possible. Logic grids for each
database to be searched were constructed from the terms identified in a
manner described by Aromataris and Riitano.(214)
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A second search with all identified key words was undertaken across
PubMed, Embase, ProQuest Dissertations and Theses and conference
papers index, CINAHL, Cochrane Central Trials Register and the WHO
Clinical Trials Register. Only studies published in English were eligible for
retrieval, and there were no date limits applied.

Finally, the reference lists of all citations retrieved for full text screening
were searched by hand for additional studies.

Details of the databases searched including the complete set of search
strategies and logic grids are presented in Appendix 2.

2.6.2 Study Selection
Citations identified from the search strategy were exported into a
bibliographic citation software (Endnote X7.5, Thomson Reuters, New
York, USA) to facilitate assessment of eligibility for inclusion in the review.

Identification of relevant studies was performed by title and abstract
review of all records retrieved against the a priori inclusion criteria
(Sections 2.1 – 2.4). If there was insufficient information in the abstract to
make a decision about eligibility, the full text article was retrieved and the
full text screened. Records that did not meet the inclusion criteria were
excluded.

2.6.3 Assessment of Methodological Quality
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Studies selected for retrieval were assessed by the author and a second
independent reviewer (Dr S Harley) for methodological validity using a
standardised critical appraisal instrument (Appendix 3) from the Joanna
Briggs Institute Meta Analysis of Statistics Assessment and Review
Instrument (JBI-MAStARI). There was no disagreement between the two
independent reviewers that could not be resolved through discussion, and
therefore no third independent reviewer was required.

Studies selected for retrieval were graded as high, moderate or low quality
on the basis of the score achieved using the JBI-MAStARI tool.(216) A score
of 4 or less was considered low quality, 5 - 7 moderate quality, and 8 or
more high quality. It was decided a priori that studies would not be
excluded from the analysis on the basis of quality, but were retrieved and
analysed. In addition, the GRADE (Grading of Recommendations
Assessment, Development and Evaluation) methodology as outlined by
the British Medical Journal (BMJ) was applied to each retrieved study.(226,
227)

A GRADE score of 1 or less was considered very low quality, 2 low

quality, 3 moderate quality and 4 or more high quality.(226)

2.6.4 Data Extraction
Data were extracted from papers included in the review using a
standardised data extraction tool from JBI-MAStARI (Appendix 3). The
data extracted included specific details about the intervention(s),
populations, study methods and outcomes of significance to the review
question and specific objectives.
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Studies that potentially contained subgroup data that was relevant to the
research question and that could not be extracted directly from the
published paper were identified for subsequent contact with the
corresponding author. Contact was attempted between November 2015
and November 2016. Details of this correspondence are recorded in
Appendix 4.

2.6.5 Data Synthesis
Analysis was conducted for the primary and all secondary outcomes where
data could be obtained. Where data was provided by authors, mean and
standard deviation was calculated for the production of forest plots, and,
given the small sample sizes and to allow for more complete illustration of
the distribution of the available data, median and IQR were calculated and
presented in the accompanying narrative and tables. Outcome data were
entered into Revman v5.3 (Cochrane, 2014) software to produce graphical
visualisation (forest plot) of results (categorical data as odds ratios
[Mantel-Haenszel method] and continuous as mean difference [inverse
variance method]) to complement the accompanying narrative.
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Chapter 3 Results
This chapter presents the results of the systematic review. The results of
the comprehensive search for studies, study selection processes,
assessment of the methodological quality of the included studies, and
important clinical and methodological characteristics of the included
studies are presented. Narrative synthesis of available outcomes with
accompanying figures and tables is also presented.

3.1

Searching and Study Selection

The search for published literature returned a total of 1000 citations from
the included databases (PubMed 183; Embase 722; ProQuest Dissertations
and Theses and Conference Papers Index 13; CINAHL 56; Cochrane Central
Trials Register 12; and the WHO Clinical Trials Register 14). A total of 123
duplicate citations were identified and removed (Figure 7).

Of the remaining 877 unique citations that were screened against the
inclusion criteria, 862 were excluded following review of the title and
abstract, leaving 15 citations. Eighteen full text studies were retrieved and
reviewed in detail for eligibility, including three identified following a hand
search of the references of the 15 citations. Six of these studies were
excluded outright: one contained an ineligible population (Genton et al.
recruited hospitalised patients, not ICU patients(228)); two were of an
ineligible design (Alberda et al. was an observational study describing
current practice and did not include an intervention arm,(57) and Dickerson
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et al. was an observational study comparing old and young patients, all of
whom received the same nutrition prescription(220)); and three presented
no primary data (Charles et al. was a conference abstract containing data
which was subsequently published,(229) and Arabi(230) and a study
sponsored by Nestle(231) were study protocols). Details of these studies and
reasons for exclusion are listed in Appendix 5.1.

Of the remaining 12 studies, only one exclusively recruited an obese
population (Dickerson).(11) This study used a non-standard definition of
obesity (125% of IBW), and, despite subsequent contact with the
corresponding author it was not possible to determine what proportion of
patients were obese by the definition proposed for this review (See
Section 2.1), nor the observational study arm in which they belonged
(Appendix 4).(217) Of the 11 remaining studies, none exclusively recruited
an obese population nor reported outcomes in obese patients
separately.(52-54, 123, 124, 126, 232-235) With the exception of the studies by
Rugeles and colleagues,(52, 53) all of the remaining studies identified in the
search recruited ICU populations of which a proportion was obese (as
would be expected, given the distribution of obesity in the population –
see Section 1.2.2). Given that each study contained a subset of patients
who were obese, contact was attempted with the corresponding authors
in order to obtain the relevant subgroup data.(11, 54, 123, 124, 126, 232-234)
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Figure 7: PRISMA flow diagram illustrating the study selection and inclusion
process

One author (Dickerson(11)) declined on the basis that he did not have time
to locate the data. Two authors (Arabi(54, 123) and Charles(124)) representing
three studies declined the invitation to forward subgroup data on the
basis that they were preparing manuscripts for publication that contained
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the data requested. Charles provided data in the public domain from a
conference presentation.(229) Although it could be elucidated from this
presentation that there were 30 obese patients enrolled in the study, and
that there appeared to be a signal for increased infectious complications in
the hypo-caloric group, there was insufficient information to adequately
describe the characteristics of the obese subgroup. For this reason, the
study was excluded from further analysis. No data were provided by Arabi
who was deemed to have declined involvement. Doig(235) declined to
provide subgroup data. There was no response from either Rice on behalf
of the National Heart, Lung and Blood Institute Acute Respiratory Distress
Syndrome Clinical Trials Network(122) or Ulusoy.(232) Copies of the
corresponding authors responses, where they were received, are
catalogued in Appendix 4.2.

One author replied (Komjathy(234)), but was unable to contribute data
(Appendix 4.2). Unfortunately, despite there being 26 obese patients
(52% of the total study population), it was not possible to extract data on
the obese subgroup from the thesis.(234) Requests for access to the raw
data were unable to be fulfilled as the Institutional Review Board (IRB)
conditions had required that the raw data be destroyed five years after
thesis submission. This study was excluded from further analysis.

Rugeles and colleagues(53) responded (Appendix 4.2); however, after
reviewing their primary data no patients were found in their dataset who
had a BMI ≥ 30 kg/m2. The methodological quality of all the excluded
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studies, as judged by JBI-MAStARI appraisal criteria, is detailed in Appendix
5.3.(216)

Subgroup data were provided by the TARGET investigators on behalf of
Peake et al(126) and by Petros et al(233) for analysis following contact via
email (Appendix 4.1). Inclusion of subgroup data such as this from
randomised controlled trials necessarily reduces the methodological
quality of the data since the subgroups are not randomised, and neither
study reported stratification of patients by weight. Results of the
literature search and the process of study selection and inclusion are
shown in a PRISMA diagram (Figure 7).

3.2

Methodological Quality of the Included Studies

Critical appraisal of the two included studies are summarised in Tables 2
and 3, while results of the critical appraisal of those studies that were
excluded due to an inability to supply data for the obese patients are
presented in Appendix 5. Both of the included studies were prospective
randomised controlled studies. Peake et al.(126) was of high
methodological quality by JBI-MAStARI criteria (Table 2) and moderate
quality by GRADE criteria (Table 3), downgraded for sparse data.(226) Petros
et al.(233) was of high methodological quality by JBI-MAStARI criteria (Table
2) and low quality by GRADE criteria (Table 3), downgraded on the basis of
the lack of blinding and for sparse data.(126, 216, 226, 227, 233)
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Table 2: Results of the critical appraisal of included studies using the JBIMAStARI tool(216)
Question
Number*

1

2

3

4

5

6

7

8

9

10

Total

Included

Peake,
(126)
2014

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

10

Y

^

Petros,
(233)
2016

Y

N

Y

Y

Y

N

Y

Y

Y

Y

8

Y

^

* JBI-MAStARI Critical Appraisal Tool for Randomised Control/Pseudo-randomised Trial (Appendix
(216)
3)
^ subgroup (obese patients) data only
Y – yes, meets criterion
N – no, does not meet criterion

Table 3: GRADE evaluation of included studies
GRADE
(226)
Criteria
Peake,
(126)
2014
Petros,
(233)
2016

3.3

Type of
Evidence
4

Quality

Consistency

Directness

GRADE

0

Effect
Size
0

-1

0

4

-2

0

0

0

2

3

Characteristics of the Included Studies

In this section the study characteristics including the intervention for each
of the studies are described in narrative form and are summarised in Table
4. As phase II trials, both studies recruited relatively a small number of
patients, and contained even fewer obese patients (Peake et al. provided
data for 21 obese patients from their total cohort of 112 patients, while
Petros et al. provided data for 12 obese patients from their cohort of 100
patients).(126, 233)

3.3.1 Geographical Location of the Included Studies
The study by Peake et al.(126) was a multi-centre study undertaken across
five ICUs in Australia, while the study by Petros et al.(233) was a single-
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centre study conducted in a University hospital in Germany. The
geographical location is important since ICU admission criteria are known
to differ across countries, and local practices can differ markedly – for
example, European and Australasian practices diverge, particularly around
the role of supplemental parenteral nutrition and glycaemic targets.(83) The
possible confounding effects of supplemental parenteral nutrition were
gcontrolled for by only including patients in the obese group analysis who
had received enteral nutrition exclusively for the purposes of this review.
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Table 4: Characteristics of included studies
Study Design

Population/Participants

Intervention

Outcome Measure(s)

Results

Comments

Peake et al.(126)

Heterogenous ICU
population recruitment
between January and
May 2013

1.0 kcal Vs 1.5 kcal

Daily calorie delivery (1°)

Subgroup data

Duration: up to 10 days

Mortality (ICU, hospital, 28
& 90 day)

Overall
Increased caloric delivery in
the 1.5 kcal/ml arm.

Prospective randomised double
blind control trial
Inclusion criteria
age ≥ 18 years
invasive ventilation
expected to receive enteral
nutrition for ≥ 48 hours
Exclusion criteria
received ≥ 12 hours nutrition
fluid restriction
requirement for a specific
enteral formula

Multi-centre (Australian)
n = 112
1.0 kcal/ml n = 55
obese n = 7
1.5 kcal/ml n = 57
obese n = 14

Protein delivered was the same
in each arm
IBW used in energy
calculations

ICU LoS
Hosp LoS
VFD’s (D28)

Accounted for “incidental”
calories provided by propofol
and dextrose infusions.

Feasibility

Mortality - trend towards 90
day mortality benefit
ICU / hospital LoS - no
difference
VFD’s - no difference
GI intolerance - no difference
GRV - no difference
Diarrhoea - no difference
Insulin dose - no difference
Obese subgroup
Increased caloric delivery in
the 1.5 kcal/ml arm.
Mortality - no difference.
ICU / hospital LoS - no
difference
VFDs - no difference
GRV - no difference
Intolerance - no difference
Diarrhoea - no difference
Insulin dose - no difference
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Feasibility, pilot study.

Not powered for
mortality

Study Design

Population/Participants

Intervention

Outcome Measure(s)

Results

Comments

Petros et al.(233)

Medical ICU single centre

Nosocomial infection
^
(1°)

July 08 - Dec 10

Overall
Hypo-caloric group
increased nosocomial
infections

Subgroup data

Prospective randomised, non-blinded
control study

Normocaloric
Vs
Hypo-caloric

Inclusion criteria
need for artificial nutrition for ≥ 3 days
Exclusion criteria
malnutrition
age < 18 or > 80
pregnancy
active malignancy
re-admission
DNR in place
refusal
consented too late

Insulin requirement
n = 100
normo n = 54
obese n = 6
hypo n = 46
obese n = 6

Energy target derived from
IC or Ireton-Jones formula
using actual body weight
Duration: up to 7 days
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reduced insulin
requirement
less diarrhoea

Do not specifically mention
calories derived from
propofol, but account for
“non-nutrition calories”
Up to 30% of daily caloric
delivery derived from
supplemental PN*

* no supplemental PN used in the obese subgroup
^ defined by the Centres for Disease Control (CDC) and by consensus between the non(236)
blinded treating intensivist, and blinded microbiologist and infectious diseases specialist.
IC – indirect calorimetry
DNR – Do Not Resuscitate
n – number of patients
ml – millilitres

GI intolerance

Obese subgroup*
Mortality - no difference
Insulin requirement - no
difference.
Nosocomial infection - no
difference
Diarrhoea - no difference
Intolerance - no difference
ICU LoS - no difference
Hospital LoS - no
difference

Feasibility, pilot
study.
Used both IC and
formulae to
estimate caloric
requirements
In the obese
subgroup, 7/12
patients had IC
used to calculate
energy
requirements
Not powered for
mortality

kcal – kilocalories
(12, 15)
IBW – Ideal Body Weight calculated using modified Devine formula.
VFD – ventilator free days
LoS – Length of Stay
GRV – gastric residual volume
1° – primary outcome measure
SOFA – Sequential Organ Failure Assessment

3.3.2 Study Populations of the Included Studies
The two identified studies for which data was provided contributed a total
of 33 obese participants: 21 patients from a mixed (medical/surgical) ICU
(Peake et al.),(126) and 12 recruited from a medical ICU (Petros et al.).(233)
Baseline demographic data from each study are presented in Tables 5
(Peake et al.)(126) and 6 (Petros et al.).(233) Obese patients recruited to the
TARGET study by Peake et al. are younger, heavier and seem to have a
lower acuity of illness as measured by the acute physiology and chronic
health evaluation II (APACHEII) score.
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Table 5: Obese group demographic data derived from raw data provided by Peake et al.(126)
Peake et al.

(126)

1.0 kcal/ml
(n = 7)

1.5 kcal/ml
(n = 14)

p Value

Age (years)

56.0 (48.5 – 67.0)

59 (45 – 67)

0.85

Body weight (kg)

111 (98.0 – 117.5)

104 (97.8 – 125.8)

0.97

Body mass index (kg/m )

41.5 (35.8 – 44.3)

35.6 (33.5 – 41.1)

0.41

Ideal body weight (kg)

56.0 (53.7 – 60.2)

65.1 (61.5 – 73.3)

0.05

APACHE II

15.5 (13.5 – 31.5)

24 (18 – 34.3)

0.39

4 (57%)

6 (42%)

0.88

Neurological

4

1

0.05

Respiratory

1

3

0.84

Cardiovascular

0

3

0.50

Sepsis

0

4

0.33

Gastro-intestinal

1

1

0.79

Other

1

2

0.51

2

Diabetes mellitus, n(%)
APACHE III admission category

APACHE – Acute Physiology and Chronic Health Evaluation
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Table 6: Obese group demographic data derived from raw data provided by Petros et al.(233)
Eucaloric
(13 kcal/kg^/day)
(n = 6)

Hypo-caloric
(8.8 kcal/kg^/day)
(n = 6)

p Value

Age (years)

64 (56.5 - 71.75)

67 (61 - 69.25

0.93

Actual body weight (kg)

95 (95.0 - 107.5)

95 (95.0 - 129.3)

1.0

2

33.8 (33.1 - 35.3)

34.9 (34.0 - 40.6)

0.81

27 (25.5 - 34.3)

27 (25.5 - 37.0)

0.75

3

0

0.18

Sepsis

2

4

0.56

Cardiac failure

1

0

1.0

Cardiac arrest

2

0

0.44

Respiratory failure

1

2

1.0

Body mass index (kg/m )
APACHE II
Diabetes mellitus
Admission diagnosis

APACHE – Acute Physiology and Chronic Health Evaluation
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3.3.3 Study Design and Interventions of the Included Studies
Peake et al.(126) randomised patients to receive either a 1.0 kcal/ml or a 1.5
kcal/ml enteral solution for up to 10 days (Table 4). The difference in
caloric concentration was shared between fat and carbohydrate, while
protein and fibre concentrations of the solutions were approximately the
same. The enteral nutrition was delivered at a goal rate of 1ml/kg/hour
(to a maximum of 100 ml/hr) where weight was IBW determined by a
modified Devine formula, which is the same equation as that used in the
ARDSNet ARMA study.(12, 15) Importantly, unlike Petros et al.,(233) the
protein component in each arm was the same and resulted in ~1.2 g/kg
IBW/day being delivered for patients with an absolute weight of ≤ 100 kg.
For patients > 100 kg, there would be less protein delivered (since delivery
was determine by ml/kg), and this resulted in under-dosing of protein.
Follow=up for the primary outcome (calorie delivery) was up to 14 days,
while 90-day mortality was included as a secondary endpoint.(126)

Petros et al.(233) randomised patients to either a hypo-caloric (50% of
calculated energy requirement) nutritional target or a eucaloric target
(targeting the total daily energy expenditure) at a single centre (Table 4).
Energy expenditure was determined by indirect calorimetry or using the
1992 Ireton-Jones formula in which IBW derived from the Hamwi
calculation was used. The use of IBW in the 1992 Ireton-Jones formula is
an interesting decision since the original formula appeared to use actual
body weight, and other work by Ireton-Jones and colleagues supported
the use of actual body weight in determining caloric requirements.(237, 238)

p. 87 of 216

Subsequent personal correspondence with the author (Appendix 4)
confirmed that actual body weight was used in the Ireton-Jones equation
but that the data published was referenced to IBW at the request of peer
reviewers. Due to technical difficulties (malfunction of the indirect
calorimeter), the majority of patients (63%) had their caloric requirements
calculated from the Ireton-Jones formula. Because a single standard
solution was used, protein delivery would have been reduced by the same
proportion as calories. None of the patients in the subgroup data supplied
by the authors received supplemental parenteral nutrition. The
intervention was limited to seven days or the commencement of volitional
nutritional intake, while follow-up was until ICU discharge for the primary
outcome (nosocomial infection) or 28-day all-cause mortality.(233) The
primary outcome (nosocomial infection) used the Centres for Disease
Control (CDC) definition and was by consensus between the non-blinded
treating intensivist, and the blinded microbiologist and infectious diseases
specialist.(233, 236)

3.4

Outcomes

Neither study identified provided outcome data on all the endpoints
specified in Section 2.4. Outcome data that could be ascertained from data
provided by the authors is shown in Table 7.
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Table 7: Review endpoints that could be ascertained from data provided
by authors of the included studies
Peake et al(126)

Petros et al(233)

Mortality (any time point)

Yes

Yes

Mortality (ICU)

Yes

No

Mortality (30-day)

Yes (28-day)

Yes (28-day)

Mortality (60-day)

No

No

Mortality (90-day)

Yes

No

ICU Length of stay

Yes

Yes

Hospital length of stay

Yes

Yes

Duration of mechanical
ventilation

Yes

No

Nitrogen balance

No

No

Azotaemia

No

No

Acute kidney injury

No

No

Nosocomial infection

No

Yes

Weight loss/change in BMI

No

No

Gastrointestinal intolerance

Yes

Yes

Insulin requirement

Yes

Yes

Endpoint

ICU – Intensive care unit
BMI – Body mass index
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3.4.1 Data Synthesis
Data from the two included studies could not be statistically meta
analysed due to the vastly different delivery of calories and by the
different “dose” of protein provided in each study – Peake et al.(126)
delivered a median 19.9 kcal/kg IBW/day to the “control” arm and 30.1
kcal/kg IBW/day to the “intervention” arm (Table 8), while Petros et al.(233)
delivered a median 13.0 kcal/kg IBW/day to the “control” arm and a
median 8.8 kcal/kg IBW/day to the “intervention” arm (Table 9). The net
result of these observations is a notable difference in the intervention
delivered to trial participants in each of the studies included, and
combining these would not produce meaningful results. For these
reasons, results are presented in the next section in chronological
publication order, firstly with an overview of the study results as a whole,
followed by more detailed results from an analysis of the obese patient
data provided by the authors.

For both studies included in the review, it is important to acknowledge
that the use of subgroup data necessarily substantially reduces the power
of the analysis (in phase II trials that were likely already underpowered).
Furthermore, because obesity was not stratified in the original study,
there can be no guarantee that randomisation had been effective at the
subgroup level.

3.4.2 Peake et al.
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Overall, the study by Peake et al.(126) demonstrated good group separation
with a mean 1504 kcal/day delivered to the 1.0 kcal/ml group, and 2040
kcal/day to the 1.5 kcal/ml group, representing a statistically and clinically
significant difference in the primary outcome a priori specified by the
authors.(126) There were no statistically significant differences reported in
any of the secondary outcomes.

The outcome data for the obese group (seven in the 1.0 kcal/ml group and
14 in the 1.5 kcal/ml group) provided by the authors are presented in
Table 8. Examination of the demographic data presented in Table 5 shows
the groups were reasonably well matched at baseline. There continued to
be good group separation with the 1.0 kcal/ml group receiving a median
19.9 kcal/kg IBW/day compared to 30.1 kcal/kg IBW/day in the 1.5 kcal/kg
group (Table 8). Importantly, both groups received the same amount of
protein (median 62 g/day versus 59.5 g/day; p = 0.97). This is slightly
below international recommendations (1.2 – 2 g/kg/day, and/or > 2 g/kg
IBW/day for the obese).(32, 83) The specific outcomes of interest to the
review are presented in the next section.
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Table 8: Obese group outcome data derived from raw data provided by Peake et al.(126)
Peake et al.

(126)

1.0 kcal/ml
(n = 7)

1.5 kcal/ml
(n = 14)

p Value

1560 (1538 – 1700)
(n = 5)

2034 (1850 – 2369)
(n = 9)

0.43

Estimated protein requirement (grams/day)

84.5 (83.0 – 91.0)
(n = 5)

103.5 (90.0 – 113.0)
(n = 9)

0.25

Targeted calories (kcal/kg*/day)

19.9 (18.3 – 21.6)

29.3 (20.6 – 33.3)

0.17

Targeted EN per day (kcal/day)

1081 (1043.5 – 1173.5)

1670 (1296.75 – 2299.0)

0.05

1.10 (1.01 – 1.19)

1.10 (0.77 – 1.25)

0.55

1114.5 (1092 – 1288.5)

1800 (1371.5 – 2414.8)

0.01

19.9 (18.6 – 24.4)

30.1 (22.3 – 36)

0.01

1073 (1006 – 1278.5)

1798 (1371 – 2415.8)

0.03

59.5 (57.5 – 64.5)

62 (48.3 – 87)

0.97

48 (35 – 102)

168 (51.8 – 280.5)

0.85

200 (165 – 262.5)

150 (42.5 – 315)

0.740

2 (29)

0 (0)

0.19

Estimated energy requirement (kcal/day)

Targeted protein (grams/kg*/day)
Energy delivered (kcal/day)
(all sources)
Energy delivered (kcal/kg*/day)
Energy delivered less GRV
Protein delivered (grams/day)
(all sources)
Aspirate volume (ml per 24 hours)
Largest aspirate (ml)
Regurgitation
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1.0 kcal/ml

1.5 kcal/ml

p Value

Diarrhoea

2 (29)

4 (29)

0.61

Required insulin

4 (57)

8 (57)

0.64

Days with BGL < 2.2 mmol/L (days)

0 (0)

0 (0)

N/A

32 (24.5 – 52.2)

69.1 (43.8 – 131.9)

0.15

22.4 (16.2 – 25.3)

22.6 (0.9 – 25.2)

0.88

ICU LoS (days)

7.7 ( 6.0 – 10.6)

7.5 (5.0 – 10.5)

0.97

Hospital LoS (days)

9.1 (7.7 – 26.3)

16.5 (12.8 – 20.3)

0.25

ICU mortality

1 (14%)

2 (15%)^

0.55

Hospital mortality

1 (14%)

2 (15%)^

0.55

28-day mortality

1 (14%)

2 (15%)^

0.55

90-day mortality

1 (14%)

2 (15%)^

0.55

1

2

0.55

PEAKE et al. (cont’d)

Mean insulin dose (U)
Day 28 VFD

Mortality (any time point)
Data presented as median (and inter-quartile range)
* kilograms ideal body weight
^ one patient lost to follow up, 2 deaths of 13 patients followed up
Mann-Whitney U test (2 sided) for continuous variables
2
Yates corrected χ for dichotomous variables
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GRV – gastric residual volume
LoS – Length of Stay
VFD – Ventilator Free Days
BGL – Blood glucose level

3.4.2.1 Mortality
Considering only the obese patients, there was no difference in the
primary outcome of mortality at any time point (Table 8) nor was there a
significant difference in any of the secondary mortality outcomes (ICU and
90-day mortality) that were ascertainable from the data provided by the
authors (Figure 8, Panels A – C). The review protocol specified 30-day
mortality as a secondary endpoint, while the study by Peake et al.(126)
reported 28-day mortality.(217) There was nevertheless no significant
difference in 28-day mortality between the two groups.

Panel A

Panel B

Panel C

Figure 8: Mortality endpoints derived from data provided by Peake et al.

(126)

comparing a standard feed (1.0 kcal/ml) and an energy dense feed (1.5 kcal/ml) in
2

obese critically ill adult patients (BMI ≥ 30 kg/m )
Panel A - mortality (any time point); Panel B - ICU mortality; Panel C - 90-day
mortality
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3.4.2.2 Length of Stay and Duration of Mechanical Ventilation
When ICU LoS for critically ill obese patients who received a standard feed
(1.0 kcal/ml) was compared to those who received an energy dense feed
(1.5 kcal/ml), there was no statistically significant difference between the
groups (Figure 9, Panel A). Similarly, there was no significant difference
between the two obese groups when hospital LoS was compared (Figure 9,
Panel B). The Forest plot for ventilator free days (at day 28),
demonstrating no significant difference between the groups is displayed in
Figure 9, Panel C.

Panel A

Panel B

Panel C

Figure 9: Secondary endpoints related to hospital course derived from data
provided by Peake et al.

(126)

comparing a standard feed (1.0 kcal/ml) and an

energy dense feed (1.5 kcal/ml) in adult critically ill obese patients (BMI ≥ 30
2

kg/m ) (all mean difference values are in days)
Panel A - ICU LoS; Panel B - Hospital LoS; Panel C - Duration of mechanical
ventilation (recorded as ventilator free days)
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3.4.2.4 Gastro-intestinal Intolerance
Measures of gastro-intestinal intolerance that were recorded by Peake et
al.(126) included gastric residual volumes (recorded as aspirate),
regurgitation (vomiting) and diarrhoea. For the obese groups in each arm
(1.0 kcal/ml Vs 1.5 kcal/ml), there was no significant difference in any of
the measures of gastro-intestinal intolerance (Figure 10, Panels A – C).
Indeed, for the gastric residual volume, there was no difference in the
largest aspirate measured nor in the average daily aspirate (Table 8).

3.4.2.5 Insulin Requirement
Obese patients receiving the energy dense formulation (1.5 kcal/ml) were
no more likely to require insulin (Table 8), but when they did, required a
statistically non-significantly higher daily dose of insulin (Figure 10, Panel
D).
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Panel A

Panel B

Panel C

Panel D

Figure 10: Secondary endpoints related to hospital course derived from data
provided by Peake et al.

(126)

comparing a standard feed (1.0 kcal/ml) and an energy
2

dense feed (1.5 kcal/ml) in obese critically ill adult patients (BMI ≥ 30 kg/m )
Panel A - Gastric residual volume (ml); Panel B - Regurgitant events (vomiting);
Panel C - Diarrhoea; Panel D - Insulin requirement* (IU)
* 4/7 patients in the 1.0 kcal/ml arm and 8/14 patients in the 1.5 kcal/ml arm required insulin

3.4.3 Petros et al.
Overall, the study by Petros et al.(233) also demonstrated good group
separation after day 1, with the hypo-caloric group receiving significantly
fewer calories per day until day 7.(233) The group also received significantly
less protein.(233) There was a significant increase in the incidence of the
primary outcome specified by Petros et al. (nosocomial infection) in
patients randomised to the hypo-caloric group. This group also had a
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significantly lower insulin requirement and less gastro-intestinal
intolerance measured by gastric residual volume (GRV).(233) There was no
statistically significant difference in any of the remaining a priori specified
secondary outcome measures, including ICU, hospital or 28-day
mortality.(233)

In the obese group, IC was used in seven of the 12 patients to calculate
energy requirements (see Section 1.3.1). In the remaining five patients,
the Ireton-Jones formula using actual body weight as the co-efficient was
used. The obese group demographic data provided by the authors,
presented as median and IQR in parenthesis (Table 6), showed the groups
were well matched at baseline. There was group separation with a
significant difference in the calories provided in each arm (median 8.8
kcal/kg actual body weight/day in the hypo-caloric arm versus 13.0 kcal/kg
actual body weight/day in the eucaloric arm; p = 0.01). There was also a
significant difference in the amount of protein delivered in each arm
(median 0.40 g/kg actual body weight/day versus 0.29 g/kg actual body
weight/day; p = 0.05) for the hypo-caloric and eucaloric arms, respectively,
both of which were substantially below current recommendations.(32, 83)
This is consistent with recent observational data showing that protein is
frequently under delivered.(106) The specific outcomes of interest to the
review are presented in the next section and summarised in Table 9.
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Table 9: Obese group outcome data derived from raw data provided by Petros et al.(233)
Eucaloric (13 kcal/kg^/day)
(n = 6)

Hypo-caloric (8.8 kcal/kg^/day)
(n = 6)

p Value

Estimated energy expenditure (kcal/kg*/day)

15.7 (14.4 - 19.8)

17.7 (16.3 - 19.2)

0.58

Calories delivered (kcal/kg^/day)

13.0 (11.4 - 18.6)

8.8 (7.4 - 9.5)

0.01

Protein delivered (grams/kg^/day)

0.40 (0.39 - 0.62)

0.29 (0.25 - 0.33)

0.05

Insulin requirement (IU/day)

84.0 (75.0 - 126.3)

24.5 (15.1 - 65.0)

0.07

1.0 (0.3 - 3.0)

0 (0 - 1)

1.0

4

3

1.0

1 (0.25 - 3)

0 (0 - 1)

0.58

0 (0 - 0)

0 (0 - 0)

1.0

ICU LoS (days)

22.0 (13.8 - 35.3)

31.0 (28.8 - 41.8)

0.17

Hospital LoS (days)

30.0 (25.5 - 57.3)

41 (41.0 - 68.3)

0.57

Mortality (28-day)

1

0

1.0

EN intolerance (days)
Diarrhoea (Y/N)
Diarrhoea (number of days)
Nosocomial infection

#

Data presented as median (and inter-quartile range)
* kilograms ideal body weight
^ kilograms actual body weight
# defined by the criteria published by the Centres for Disease Control, and by discussion
(233, 236)
between treating physicians, a Microbiologist and an Infectious Disease Specialist.
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LoS – Length of Stay
EN – enteral nutrition
ICU – intensive care unit
Mann-Whitney U test (2 sided) for continuous variables
2
Yates corrected χ for dichotomous variable

3.4.3.1 Mortality
Considering only the obese patients, there was no difference in the primary
outcome of mortality at any time point (Table 9). Data for the pre-specified
time points of ICU or hospital mortality were not collected by the authors. The
review protocol specified 30-day mortality as a secondary endpoint, while the
study by Petros et al.,(233) similar to Peake et al.,(126) reported 28-day mortality
(Tables 4 and 7).(214) There was nevertheless no significant difference in 28-day
mortality between the two groups, and, as this was the only mortality outcome
measured is reported as mortality (any time point) for the purposes of this
review (Figure 11).

Figure 11: Mortality at any time point from data provided by Petros et al.

(233)

comparing a hypo-caloric regimen (8.8 kcal/kg/day) and a eucaloric regimen (13.0
2

kcal/kg/day) in obese critically ill adult patients (BMI ≥ 30 kg/m )

3.4.3.2 Length of Stay
When both ICU and hospital LoS for critically ill obese patients who received a
hypo-caloric regimen (8.8 kcal/kg actual body weight) were compared to those
who received a eucaloric regimen (13 kcal/kg actual body weight/day), with
proportionately fewer grams of protein per day (Table 9), there was no
significant difference between the groups for either of the LoS outcomes
(Figure 12, Panels A and B).
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Panel A

Panel B

Panel C

Panel D

Panel E

Figure 12: Secondary endpoints derived from data provided by Petros et al.

(233)

comparing a hypo-caloric regimen (8.8 kcal/kg/day) and a eucaloric regimen (13.0
2

kcal/kg/day) in obese critically ill adult patients (BMI ≥ 30 kg/m )
Panel A ICU LoS (days); Panel B Hospital LoS (days); Panel C Gastric residual volume;
Panel D Diarrhoea; Panel E Insulin requirement

3.4.3.3 Nosocomial Infection
There were no reported episodes of nosocomial infection in either arm.(233)
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3.4.3.4 Gastro-intestinal Intolerance
Petros et al.(233) measured gastro-intestinal intolerance by gastric residual
volumes (recorded as aspirate) and the incidence of diarrhoea. There was no
statistically significant difference in either of these endpoints between the
groups (Figure 12, Panels C and D). Nor was there a statistically significant
difference in the number of days of diarrhoea (Table 9).

3.4.3.5 Insulin Requirement
The obese group receiving a eucaloric regimen (13.0 kcal/kg actual body
weight/day) required a higher daily dose of insulin than the hypo-caloric group
(Figure 12, Panel E), although this was not statistically significant (Table 9).
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Chapter 4 Discussion
This chapter discusses the findings of the systematic review and attempts to
place these findings within the wider context of the nutritional support for the
critically ill obese patient. Limitations and issues that potentially confound the
current literature field, and by extension the limited results obtained from the
systematic review, are also explored. Finally, the strengths and weaknesses of
the systematic review are discussed as well as implications for future research.

4.1

Results in Context

The systematic review was unable to demonstrate a clinical benefit in altering
the nutritional prescription for critically ill obese patients. However, this
finding is limited by the paucity of data available, and was highly reliant on
subgroup data provided by the research groups led by Peake(126) and Petros.(233)
Peake et al.(126) randomly allocated patients to receive either a high density
formula (1.5 kcal/ml) or a standard formula (1.0 kcal/ml). This effectively
resulted in the obese subgroup receiving 20 kcal/kg IBW/day in the 1.0 kcal/ml
arm and 30 kcal/kg IBW/day in the 1.5 kcal/ml arm, while, importantly, protein
delivery was essentially the same. This equates to something more like a
“eucaloric versus hyper-caloric” approach by the definitions proposed in
Section 2.2. Petros et al.(233) randomly allocated patients to either a hypocaloric (50% of energy requirements) or eucaloric (100% of energy
requirements) group and achieved separation of groups. Both studies are,
however, phase II studies powered to detect a statistically significant
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difference in a surrogate outcome (nosocomial infection for Petros et al.(233),
and calorie delivery in Peake et al.).(126) Given that a subset of the patients
recruited to a phase II study (and therefore likely underpowered for rare
outcomes such as mortality) were used for the outcomes in this review, it is
almost certainly the case that the review analysis was also underpowered.

The systematic review clearly demonstrates the dearth of evidence around
nutritional support for the critically ill obese patient. Of the 880 unique
citations identified from the exhaustive search strategy, only one study
(Dickerson)(11) specifically addressed the question of a nutritional strategy in
critically ill obese patients. This study was of poor methodological quality
(Appendix 5) and was not included in the data synthesis since an outdated
definition of obesity was used, and the corresponding author was unable to
provide clarification (Appendix 4). Given that there was no other study that
specifically addressed the review question, the review relied on studies that
included obese patients amongst their participants and contact with the
corresponding authors to obtain data pertaining to this subset of their study
population. In many ways this is symptomatic of the evidence base for
nutritional therapy in the intensive care generally. This evidence base contains
conflicting evidence from small randomised trials and larger observational
trials, complicated by the results of poor quality trials – such as Dickerson’s
retrospective study – that have guided the approach to the nutritional therapy
of the critically ill obese patient following its publication in 2002.(11, 71) In the
recent ASPEN guidelines for the provision and assessment of nutrition support
therapy in the adult critically ill patient, only 10 of the 95 recommendations
were based on evidence judged to be of moderate quality or better, while all
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of the recommendations around nutritional therapy for the critically obese
patient were arrived at by “expert consensus”.(32)

The results from the systematic review examining energy (calorie) and protein
delivery in critically ill obese patients are congruent with two recent research
syntheses examining caloric delivery in the intensive care setting.(107, 108) Marik
and colleagues undertook a systematic review and meta-analysis of the
literature comparing eucaloric and hypo-caloric regimens on a range of
outcomes including nosocomial infections, hospital mortality, ICU LoS and
ventilator free days.(107) Using a search strategy similar to the current review’s,
the same citations were identified, although there was no search of grey
literature, and as a result the thesis by Komjashy(234) was not identified nor the
conference abstract by Ulusoy.(232) The mean BMI across the six studies
recruiting nearly 800 patients included in the meta-analysis was 29.1 kg/m2,
suggesting that a substantial proportion of ICU patients recruited to nutritional
studies were obese.(107) The meta-analysis failed to demonstrate any benefit
from hypo-caloric feeding, and the authors concluded that “the optimal
strategy for providing calories and protein in critically ill patients has yet to be
determined”.(107)p.321 Parikh and colleagues(108) in their systematic review and
meta-analysis, by contrast, examined the effect of calorie delivery on inhospital mortality, ICU and hospital LoS, duration of mechanical ventilation and
nosocomial infections in critically ill patients receiving (predominantly) enteral
nutrition. They identified 16 studies in which there were treatment groups
who had a significant difference in calorie delivery, but failed to demonstrate
any difference in calorie delivery on hospital mortality.(108) Of the secondary
outcomes they examined, only duration of mechanical ventilation was
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statistically significant, with a modest reduction in the groups that had fewer
calories delivered. A multivariate meta-regression analysis failed to
demonstrate a significant interaction with either protein delivery or BMI, both
of which varied substantially between the included studies.(108)

The reviews by Marik et al. and Parikh et al., although recruiting a wider
population than that examined in this thesis, ultimately supported the same
result – altering the caloric target for critically ill patients appears to have little
bearing on short term mortality outcomes. It is possible that this is because of
the heterogeneity of patients recruited to critical care studies (a mix of medical
and surgical patients, with a broad range of age, pre-existing co-morbidity,
weight and build, and variable ICU LoS) that results in small effects in
subgroups being washed out in a broad analysis. It is also possible, albeit
intuitively unlikely, that targeting a caloric and/or protein goal in critically ill
patients indeed makes no difference.

The evidence base supporting a hypo-caloric, high protein regimen – as
recommended by ASPEN – is questionable.(32) Dickerson et al.(11)
retrospectively examined the outcomes in 40 obese patients located in a
surgical intensive care unit at a single centre.(11) The feeding regimen (hypocaloric high protein regimen versus eucaloric feeding) was determined at the
discretion of the nutrition support service. The disparate numbers in each arm
(28 in the hypo-caloric arm versus 12 in the eucaloric arm) and the high rate of
crossover (17% of the eucaloric arm received a hypo-caloric high protein
formula and 35% of the hypo-caloric group received a low protein formula
during their admission) suggest that there may have been a clinician led
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preference of one over the other, introducing the strong possibility of
researcher bias. The vast majority (90%) were trauma patients, while the
remaining 10% were surgical patients.(11) The definition of obesity used for
inclusion in the study (125% of IBW) differed markedly from the definition in
current use (BMI ≥ 30 kg/m2), and, on the basis of the standard deviation
significantly crossing 30 kg/m2, there is a strong possibility that a not
insignificant number of “obese” patients by Dickerson’s definition were not
obese by current definitions (albeit with the caveats and flaws discussed in
Section 1.1.3). Finally, the outcomes reported as statistically significant were
surrogate outcomes (shorter ICU LoS and fewer days of antimicrobial therapy),
both of which are prone to the confounding effects of patient selection.
Basing an intervention on a single centre study with significant methodological
flaws is fraught with risk. Similar interventions that have attracted widespread
uptake in the critical care community have subsequently been shown to be
much less efficacious when subjected to the rigours of a double blind
randomised controlled trial.(146, 239, 240) Recent examples include tight glycemic
control, hypothermia after cardiac arrest and early goal directed therapy, all of
which, although taken up with considerable fervour by the critical care
community, were subsequently shown to be less efficacious in rigorous
heterogeneous multi-centre studies.(146, 239-244)

There is further evidence that the approach advocated by ASPEN is not well
supported in the broader ICU community. Alberda et al., in a large
observational study of nutritional practice across 167 intensive care units in 37
countries, demonstrated that all patients (and not just the obese) were
underfed, but that there was no evidence of protein supplementation in the
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obese group.(57) This is further supported by Borel et al.’s(173) multi-centre
observational study that demonstrated implementation of nutritional therapy
in the critically ill obese patient was significantly delayed compared to their
lean counterparts.

Given that it is not obvious that ASPEN’s recommendations are in broad clinical
use, it is not even possible to postulate that a hypo-caloric high-protein feeding
regimen is safe. Despite an extensive and exhaustive literature search
conducted in the systematic review, no further evidence of the benefit of a
hypo-caloric high-protein regimen could be found. In the context of
Alberda’s(57) observational study, which found that increased intakes of energy
and protein were associated with improved clinical outcomes, restricting
caloric intake in the critically ill obese patient could be harmful.

4.2

Limitations of Research in the Field

A number of factors potentially confound the results of the systematic review,
some of which are likely to contribute to the conflicting results observed in the
literature that describes the nutritional approach to the critically ill patient.

4.2.1 Research Population
The issue of clinical heterogeneity in the ICU population has long been
problematic, and this was observed in the results of the systematic search.(82)
Some research populations in this field have contained exclusively medical
patients such as that by Petros and colleagues,(233) others have recruited
almost exclusively postoperative patients (for example Charles and
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colleagues),(124) while others have been conducted in trauma units, recruiting
almost exclusively a trauma population (for example, Dickerson’s study
comparing a hypo-caloric high protein prescription with a eucaloric
prescription).(11) This is important as there is evidence that the type of
admission influences outcome.(245) Moreover, the complete absence of any
randomised, blinded clinical trials recruiting exclusively obese patient, or any
study that stratified recruitment on the basis of obesity (despite ASPEN’s
guidelines that this population have a modified nutrition prescription) further
clouds this problem.(32) Appropriate randomisation of patients to control and
intervention arms is essential in reducing confounders, yet this crucial
component of research design is absent when evidence is sought for the
optimal calorie and protein goal for the critically ill obese patient.

4.2.2 Use of Observational Data
Observational data have driven the majority of recommendations around
nutritional support, particularly around caloric targets, due to the observation
that energy deficit has been associated with mortality. The use of
observational data in this way, although inherently essential, is potentially
fraught with complications. Patients who have a short ICU LoS are less likely to
require nutritional support and have a substantially reduced risk of death. Any
analysis of observational data that includes these patients is likely to be
skewed towards an association between decreased calorie prescription and
reduced mortality.(71, 76) Furthermore, when patients progress to volitional
nutritional intake, it is routine to cease recording daily calorie delivery which
would then be entered as zero. Inclusion of these data would again skew the
analysis. This is not to underestimate the value of observational data which
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remains an important means of hypothesis generation and investigating
adverse events, but there is a need to be aware of the limitations of these data
in making assumptions about interventions and its impact on trial design.

Given the significant volume of observational data used in generating the
underlying assumptions around nutritional support, a further possible
confounder in the interpretation of results is introduced. In addition, it
becomes clear that the heterogenous nature of the populations that are
included in ICU trials may mask subgroups for whom both early aggressive
nutritional therapies may be appropriate, and/or for whom specialised
macronutrient prescriptions are beneficial. In an attempt to control for this,
only randomised controlled trials were sought in the first instance. When no
trials such as this were identified, despite an extensive search, studies with a
non-randomised control, quasi-experimental, controlled before and after, or
cohort study (whether prospective or retrospective) design were considered
for inclusion in order to provide a sufficient evidence base from which the
effectiveness of different enteral nutrition targets to support the critically ill
obese patient can be informed.

4.2.3 Uncounted calories
Propofol, a common agent used for sedation in the critically ill patient, is
presented in a lipid emulsion.(246) The lipid substrate provides 1.1 kcal/ml of
energy, and if infused at 15 – 20 ml/hour (not uncommon in the critically ill
patient) it could contribute 396 – 528 kcal/day, a not insignificant amount.(247)
Although the caloric load that propofol contributes has been recognised for
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some time, not every nutritional study seems to account for this additional
caloric load, nor for the fact that this caloric load is delivered parenterally and
as lipid (fat). While this is a weakness in the wider nutritional literature, both
studies included in the systematic review accounted for “non-nutritional
calories” (Table 4), which presumably accounted for this source of energy.(126,
233)

4.2.4 The Assumption of Constant Metabolic Demand
In both studies included in the review, the targeted rate of caloric and protein
delivery was assumed to be constant over the study period, yet this
assumption may be flawed. There is a physiological mechanistic process as
well as empirical evidence that suggest that the metabolic needs of a critically
ill patient change over time as the inflammatory insult abates. This is reflected
in the ESPEN guidelines which stipulate a different caloric prescription,
depending on the phase of the critical illness.(83) The early phase of critical
illness is not necessarily a hyper-metabolic state, and as a result caloric
demand may not increase.(134, 248) However, the later chronic or recovery phase
of critical illness is associated with a large increase in metabolic need with total
energy expenditure increasing to as much as 1.7-fold the resting energy
expenditure.(134, 248) An interpretation of these data is that the focus during the
first days of critical illness should not be on the delivery of non-protein calories
but rather on protein delivery, particularly given the evidence that protein
losses are very high during the early phases of critical illness and that
replacement is suboptimal.(57, 106, 134, 135)
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It is not clear how this impacts on the nutritional goals for the critically ill
obese patient. However, it is clear that, until controversy over how best to
feed the critically ill patient is resolved, the optimal calorie and protein goal
for the critically ill obese patient will remain problematic. It certainly justifies
the a priori specified subgroup analysis of lean versus obese patients and the
inclusion of weight as a stratification variable in all future studies of nutrition in
the intensive care unit.

4.2.5 The Use of Ideal Body Weight
As discussed in Section 1.5.1 and depicted in Figures 5 and 6, the choice to use
IBW as the basis for the nutritional prescription and the subsequent choice of
which IBW formula to use can have significant implications. Both Peake et
al.(126) and Petros et al.(233) used IBW. However, while Peake et al. used a
modification of Devine’s formula, Petros et al. used the Hamwi equation
which, for a 180 cm male, would result in a 3 kg (or 4%) difference in IBW.(12, 14,
126, 233)

This has flow-on effects to the total “calorie dose” delivered to the

patient. For example, Peake et al.(126) targeted 29.9 kcal/kg IBW/day using the
Devine formula for IBW, resulting in a 2036 kcal/day target calorie delivery.
Had the Hamwi formula been used instead, this would have resulted in the
delivery of an additional 90 kcal/day.

4.3

Limitations of the Systematic Review

In the National Health and Medical Research Council’s (NHMRC, Australia)
hierarchy of evidence of effectiveness, a systematic review and meta-analysis
of randomised controlled trials occupies the highest level of evidence, and is
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thought to be the gold standard in the framework of evidence based medicine,
albeit with the caveat that the strength of a systematic review is limited by the
strength of the studies included.(212) As such, a systematic review, although
representing the highest level of evidence, should only be assigned a level of
evidence that is as high as the studies it comprises, since the review is highly
likely to contain results that are of poor internal validity and likely to have been
affected by bias.(212)

Despite an exhaustive search strategy, there was a paucity of published
evidence identified that directly addressed the question: what is the optimal
enteral protein and calorie target for the critically ill obese patient that
improves morbidity and mortality? This necessarily weakened the results of
the systematic review. Interpretation of the data sourced for the systematic
review was made difficult by a number of additional factors.

Firstly, the choice of outcomes. There was limited data for the primary
outcome of interest – all cause mortality. Mortality as a primary outcome was
chosen as it has a number of advantages, most notably that it is less
susceptible to bias and confounders than other surrogate endpoints. Studies
of the critically ill often have the “luxury” of being able to use this hard
endpoint since it occurs frequently enough in the intensive care population to
be readily measurable, and therefore enables studies to be powered
sufficiently to achieve this endpoint. Nevertheless, as ICU mortality is currently
falling for some admission diagnoses particularly, it is not infrequent that
single-centre studies, even on the critically ill, fail to achieve sufficient power,

p. 113 of 216

and studies with a large multi-centre design are required to demonstrate
benefits following a therapeutic intervention.(249)

Similarly, there are potential confounders in the interpretation of the results of
the secondary outcomes of interest in this review. While ICU and hospital LoS
are important measures for patients, clinicians and hospital managers, since
LoS can also have significant economic implications, they have limitations since
both can be influenced by extraneous factors such as bed block.(219, 250) The
duration of mechanical ventilation (or ventilator free days) as an endpoint has
similar failings, with different facilities or indeed different clinicians within
facilities adopting a different approach to ventilator weaning and extubation
criteria. Despite these reservations, it was anticipated that similar issues
would affect all arms (whether treatment or control) within each study,
decreasing the effect of confounding.

Secondly, the data used for the review utilises a subgroup drawn from phase II
trials. Phase II trials, by their nature, are underpowered for most important
outcomes. The primary outcome in both phase II trials identified in the
systematic review was a surrogate outcome (nosocomial infection incidence
for Petros et al.(233) and calorie delivery in Peake et al.).(126) The lack of power
within each study as a whole was further hampered by the relatively small
number of obese patients in each study (21 in Peake et al.(126) and 12 in Petros
et al.).(233) This is the necessary, albeit unfortunate, consequence of finding no
appropriate studies that directly addressed the review question.
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Thirdly, in neither study was randomisation stratified for weight. It is therefore
possible that there was not equal distribution of potential confounders, even
though the groups appeared well matched on superficial examination of the
available data (Tables 5 and 6).

Fourthly, the review focussed on studies that delivered nutrition via the
enteral route. This was deliberately done as the enteral route is the preferred
route, and there are a number of non-nutritional benefits (Section 1.3.5). In
doing so, however, it is accepted that tolerance for enteral nutrition may be a
marker of illness severity rather than a mediator of complications and poor
outcomes.(85)

Finally, the analysis did not include all the datasets that were potentially
available including those of Arabi et al.,(54, 123) Ulusoy,(232), Dickerson(11) and
Charles et al.(124) If these datasets had been made available for data synthesis
by the corresponding author, the findings of the systematic review may have
been different – their absence weakens the findings substantially. The
impending introduction of mandated raw data sharing suggested by the
International Committee of Medical Journal Editors would obviate this
weakness, albeit with the possible introduction of a range of further potential
complications.(251)

Had there been sufficient data, further exploratory synthesis and subgroup
analysis performed on the basis of ICU admission type (medical versus surgical
and emergent versus elective) would have been carried out to explore
anticipated heterogeneity across studies.(217) These subgroups were considered
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important as there is evidence that admission type effects ICU mortality.(245)
Furthermore, since it is possible that older patients paradoxically require more
protein to achieve a neutral nitrogen balance while having a lower glomerular
filtration rate, a comparison of outcomes in a cohort of younger patients (< 60
years of age), compared to older patients (> 60 years of age) was thought to be
appropriate.(220) It was unfortunate that sufficient data could not be obtained
to explore these subgroups further.

4.4

Implications for Practice

Given the lack of evidence identified by the systematic review it is difficult to
make strong statements about current practice in this area, particularly given
that there is already a wide variation in current practice.(57) In the absence of a
well designed randomised controlled trial, it seems reasonable to continue
providing enteral nutrition to the critically ill obese patient guided by arbitrary
weight based formulae and to continue using IBW, despite the concerns with
this that have been discussed. This is addressed further in Section 4.5.

Conducting a randomised control trial examining the influence of nutritional
intervention on the outcomes of critically ill obese patients is unlikely to be
undertaken in the foreseeable future given the scarcity of research funding,
the likely size of the study that would be needed and the need for prolonged
follow-up. Given that hospital mortality for ICU patients in Australia and New
Zealand is currently 7.8%, to achieve an absolute risk reduction of 5% and a
power of 0.8, with an alpha of 0.05, a minimum sample size would be 700
patients (Figure 13).(252, 253) The alternative is for researchers in the field to
stratify recruitment by weight, pre-plan subgroup analysis by weight, and
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design data sets that allow data harmonisation so that further individual
patient meta-analyses can be undertaken sourcing similar data from similar
studies.

Figure 13: Power calculation assuming Australia/New Zealand hospital mortality of ICU
patients of 8.4%, and a 5% absolute risk reduction

4.5

(253)

Implications for Future Research

The need for further large-scale research is emphasised by the small number of
identified studies, none of which were designed to directly answer the review
questions. That nutritional prescription remains relatively free of evidence is
further demonstrated by the fact that both included studies were exploratory
or pilot studies in nature, and also by the very small number of
recommendations in the most recent ASPEN guideline that are based on
moderate quality evidence or better.(32)

The influence of a nutritional intervention on clinically important outcomes is
unlikely to be short term. As a result, endpoints of interest should include
both short-term markers encompassing a hospital admission, but more
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importantly also those that extend beyond the walls of the ICU, and preferably
the hospital.(126) Longer term outcomes are more difficult to gather due to loss
to follow-up and necessarily add significant economic costs that need to be
addressed in funding submissions.

All future nutritional studies should plan a priori to analyse obese patients
separately and should stratify patients by obesity in order for this occur in a
meaningful fashion. There is insufficient data to justify a different approach to
the critically ill obese patient compared to their lean peers, despite a
reasonable physiological rationale. This in itself should suggest equipoise and
the basis for further large scale randomised controlled trials, but, as discussed
in Section 4.4, this seems unlikely in the current funding environment,
particularly given the large numbers of patients (Figure 13) that would need to
be recruited to such a study in order to show a clear result.

Studies should clearly distinguish the dose prescribed and the dose delivered
to the gut. In addition, given the virtually ubiquitous use of propofol as the
sedation agent of choice in the intensive care, the contribution to the total
caloric load delivered parenterally through this agent must be allowed for and
explicitly reported.

There is an urgent need, partly addressed in ASPEN’s most recent guidelines,
for the standardisation of both the terminology and approach for the critically
ill patient.(32) This includes which weight is used, how energy requirements are
best estimated and what proportion of the estimated energy requirement
needs to be delivered at any particular stage of the disease process. Finally,
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given the problems that have been identified and discussed with BMI and IBW
(see Sections 1.1.3), and in particular given the evolving evidence that both
BMI and by extension IBW are unstable across both time and age, a reevaluation is overdue.(24, 25) A new term, perhaps “standardised body weight”,
should be introduced to better reflect the changes that are being observed in
the weight at which mortality is lowest and to better denote its use in the ICU.
An extension of this concept is to achieve consensus in clinical practice around
which weight to be used when calculating caloric and protein goals.
Recommendations published by ASPEN cloud this issue, recommending that
caloric goals be based on IBW (or, if using the recommended nomenclature,
standardised body weight), while protein goal is based on actual body
weight.(32) While there is some mechanistic basis to this, it only adds to the
confusion around what goals should be targeted. However, it seems intuitive
that a critically ill obese patient should not have caloric targets based on their
actual body weight, given the reduced metabolic demands of adipose tissue.

There were significant issues in the conduct of the systematic review with
regards to accessing raw data, and the inclusion of studies was reliant on the
goodwill of authors in making subgroup data available. A further three studies
that had been identified could not be included as authors, quite reasonably,
were not prepared to make data available due to their own publication
priorities.(54, 123, 124) The impending availability of raw data to allow subgroup
analysis (even if post hoc) as suggested by the International Committee of
Medical Journal Editors would be welcomed in order to increase the power of
analyses.(251)
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4.6

Conclusions

The systematic review was unable to generate sufficient evidence to clearly
answer the clinical question of the optimal targeted protein and calorie goal
for the critically ill obese patient. However, the evidence from which
recommendations for the utility of a hypo-caloric, high protein regimen are to
be generated is certainly poor, despite the contention from some authors that
this regimen “is emerging as the standard of practice for the critically ill patient
with obesity”.(220)p.342 There is a signal for harm in the observational study by
Alberda et al. which should give clinicians cause for thought.(57) The absence of
evidence is not altogether surprising since the optimal strategy for providing
calories and proteins in any critically ill patient has yet to be determined.(107)

It is far more likely that the approach to the nutritional support of the critically
ill obese patient will require a tailored individualised approach rather than a
one-size-fits-all protocolised one which reflects the heterogenous nature of
critical illness. A tailored approach could consider patient related factors
(including weight and ability to withstand physiological stressors), disease
related factors (including the type and degree of physiological stress resulting
from a trauma, surgical or medical insult), and stage of disease (acute or
convalescent) in the development of the ideal nutritional approach to the
critically ill patient.

Supporting the critically ill obese patient will become an increasingly important
skill in the intensivist’s armamentarium. Yet there is little to no evidence to
guide the prescription of nutritional therapy for this vulnerable group. Further
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research into this evolving and fascinating area of critical care is urgently
required.
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Appendices
Appendix 1 Systematic Review Protocol

Review title
Feeding the Critically Ill Obese Patient: A Systematic Review Protocol

Reviewers
Paul Secombe, Simon Harley, Marianne Chapman, Edoardo Aromataris
1,2,3

1,2,4

2,4

1

1 The Joanna Briggs Institute, Faculty of Health Science, University of Adelaide
2 School of Medicine, University of Adelaide
3 Alice Springs Hospital
4 Royal Adelaide Hospital

Review question/objective
The objective of this review is to identify the effectiveness of enteral nutritional
regimens targeting protein and calorie delivery for the critically ill obese patient
on morbidity and mortality.
More specifically, the review question is:
In the critically ill obese patient, what is the optimal enteral protein and calorie
target that improves mortality and morbidity?
The primary outcome of interest will be a composite measure of mortality
measured at either intensive care unit (ICU) discharge or 60 days.
Secondary outcomes of interest include other markers of morbidity and include:
- ICU or hospital length of stay;
- duration of mechanical ventilation or ventilator free days;
- incidence of nosocomial infection;
- renal injury;
- azotemia (blood urea nitrogen);
- nitrogen balance;
- lean muscle loss, and;
- insulin requirement.
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Background
The World Health Organization (WHO) defines obesity as abnormal or
excessive fat accumulation that may impair health, or, empirically, as a body
mass index (BMI) ≥ 30 kg/m2.

(1,

2)

Twenty-eight percent of the Australian

population is obese with the prevalence rising to 44% in rural areas, and there
is evidence that rates of obesity are increasing.

(3-5)

The prevalence of obese

patients in the intensive care largely mirrors that of the general population.

(6, 7)

There is concern, however, that this may also be rising. A recently published
multi-center nutritional study of critically ill patients reported a mean BMI of 29 in
their sample, suggesting that just under 50% of their intensive care population is
obese. It is inevitable, therefore, that the intensivist will care for the critically ill
(8)

obese patient.
Managing the critically ill obese patient is challenging, not least due to the comorbid disease states frequently associated with obesity, including diabetes
mellitus, cardiovascular disease, dyslipidaemia, sleep disordered breathing and
respiratory insufficiency, hepatic steatohepatitis, chronic kidney disease and
hypertension.

(7, 9-14)

There is also evidence that metabolic processes differ in the

obese patient, particularly in those with underlying insulin resistance, itself a
marker of the metabolic syndrome, which may predispose to futile cycling,
altered fuel utilization and protein catabolism.

(14-21)

These issues are compounded

by altered drug pharmacokinetics, and the additional logistical issues
associated with prophylactic, therapeutic and diagnostic interventions.
It is entirely plausible that the altered metabolic processes observed in the
obese intensify and compound the metabolic changes that occur during critical
illness. The early phases of critical illness are characterized by an increase in
energy expenditure, resulting in a catabolic state driven by the stress
response.

(22-24)

Activation of the stress response involves up-regulation of the

sympathetic nervous system and the release of pituitary hormones resulting in
altered

cortisol

catecholamines.

metabolism

(25-27)

and

elevated

levels

of

endogenous

These produce a range of metabolic disturbances including

stress hyperglycaemia, arising from both peripheral resistance to the effects of
anabolic

factors

gluconeogenesis.

(27, 28)

(predominantly

insulin)

and

increased

hepatic

Proteolysis is accelerated releasing amino acids that are

thought to be important in supporting tissue repair, immune defense and the
synthesis of acute phase reactants.

(29, 30)

There is also altered mobilization of fuel

stores, futile cycling, and evidence of altered lipoprotein metabolism.

(15, 20, 26, 31)

In

the short term this is likely to be an adaptive response, but with time and
ongoing inflammation this becomes maladaptive with a concomitant risk of
protein-calorie malnutrition, immunosuppression and wasting of functional
muscle tissue resulting from protein catabolism and further compounded by
disuse atrophy.

(20, 27, 32)

Muscle atrophy and ICU acquired weakness is complex

and poorly understood, but it is postulated that the provision of calories and
sufficient protein to avoid a negative nitrogen balance mitigates this process.

(29)

Avoiding lean muscle mass loss in the obese intuitively has substantial
implications, given the larger mass that is required to be mobilized during their
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rehabilitation phase.
There is, in addition, evolving evidence that hormones derived from both the gut
and adipose tissue are also involved in the response to stress and critical
illness, and that adipose tissue in particular is not a benign tissue bed, but
rather should be considered an endocrine organ.

(18, 33-35)

Some of these hormones

are thought to be pro-inflammatory and some anti-inflammatory, however both
the net result and clinical significance of these is yet to be fully elucidated.

(18, 27, 33)

The provision of adequate nutrition has become an integral component of
supportive ICU care, but is complex.

(13)

There is ongoing debate within the critical

care literature regarding the optimal route of delivery, the target dose, and the
macronutrient components (proportion of protein and non-protein calories) of
nutritional support.

(13, 27)

A number of studies have associated caloric deficit with

morbidity and mortality, with the resultant assumption that prescribing sufficient
calories to match energy expenditure will reduce morbidity and mortality,
although the evidence base underpinning this assumption is limited to
observational studies and small, randomized trials.

(13, 36-42)

There is research available that suggests hyper-caloric feeding or hyperalimentation, particularly of carbohydrates, may result in increased morbidity
including

hyperglycaemia,

liver

steatosis,

respiratory

insufficiency

with

prolonged duration of mechanical ventilation, re-feeding syndrome and immune
suppression.

(27, 43-48)

But, the results from studies of hypo-caloric and eucaloric

feeding regimens in critically ill patients are conflicting, independent of the
added metabolic complexities observed in the critically ill obese patient.

(8, 13, 40, 49)

Notwithstanding the debate regarding the dose and components of nutritional
therapy, there is consensus that nutrition should be provided, preferably via the
enteral route, and preferably initiated early in the ICU admission.

(27, 50)

The enteral

route is preferred for a variety of reasons, not the least of which is cost. In
addition there is evidence to suggest the enteral route is associated with the
maintenance of gut integrity, a reduction in bacterial translocation and infection
rates, a reduction in the incidence of stress ulceration, attenuation of oxidative
stress, release of incretins and other entero-hormones, and modulation of
systemic immune responses.

(20, 27, 50-55)

Yet there is evidence that the initiation of

enteral nutritional support for the obese critically ill patient is delayed.

(56)

The

reasons for this remain obscure, but may be associated with the false
assumption that every obese patient has nutritional reserves due to their
adipose tissues, and can therefore withstand longer periods with no, or reduced
nutritional support.

(56)

In fact obesity does not necessarily protect from

malnutrition, particularly protein and micronutrient malnutrition.

(7, 20, 57-61)

It has been

suggested by some authors that the malnutrition status of critically ill patients is
a stronger predictor of mortality than BMI per se, and that, once malnutrition
status is controlled for, the apparent protective effects of obesity observed in
several epidemiological studies dissipate.

(7, 62-71)

This would be consistent with the

large body of evidence that associates malnutrition (BMI < 20 kg/m2) with
increased mortality, and has led some authors to postulate that the weightmortality relationship is U-shaped.
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(13, 72-80)

This has proven difficult to demonstrate,

however, due to recognized confounding influences such as chronic comorbidities, baseline nutritional status and the nature of the presenting critical
illness.

(13)

This has led to interest in nutritional regimens targeting alternative calorie and
protein goals to protect the obese critically ill patient from complications arising
from critical illness, and particularly protein catabolism. Although, of the three
major nutritional organizations, the American Society of Parenteral and Enteral
Nutrition (ASPEN) is the only professional organization to make specific
recommendations about providing enteral nutritional support to the critically ill
obese patient recommending a regimen targeting a hypo-caloric, high-protein
goal.

(20)

It is thought that this regimen, in which 60 - 70% of caloric requirements

are provided promotes steady weight loss, while providing sufficient protein to
achieve a neutral, or slightly positive, nitrogen balance, mitigating lean muscle
mass loss, and allowing for wound healing.

(52)

Targeting weight loss is proposed

to improve insulin sensitivity, improve nursing care and reduce the risk of comorbidities, although how this occurs, and whether it can occur over the
relatively short time frame of an intensive care admission (days to weeks)
remains unclear.

(52)

Supporting the critically ill obese patient will become an increasingly important
skill in the intensivist’s armamentarium, and enteral nutritional therapy forms a
cornerstone of this support. Yet, neither the optimal total caloric goal nor the
macronutrient components of a feeding regimen for the critically ill obese patient
is evident. Although the suggestion that altering the macronutrient goals for this
vulnerable group of patients appears to have a sound physiological basis, the
level of evidence supporting this remains unclear, and there are no systematic
reviews of this topic. The aim of this systematic review is to evaluate the
literature to determine the best available evidence describing a nutritional
strategy that targets energy and protein delivery to reduce morbidity and
mortality for the obese patient who is critically ill.

Inclusion criteria
Types of participants
This review will consider studies that include critically ill obese adult patients
receiving enteral nutritional support at any stage during their ICU admission for
a time period of greater than 72 hours. Studies eligible for retrieval will include
intensive care patients in intensive care units or alternatively using a population
of patients in which greater than or equal to 50% of trial participants required
mechanical ventilation. In attempting to limit the search to studies involving
critically ill patients in this way, it is acknowledged that there are differing criteria
that determine ICU admission between countries determined in part by
resources, in part by cultural differences and in part by the model of intensive
care that predominates (closed versus open intensive care units). This is,
however, a universal conundrum of critical care research in which there is often
heterogeneity

in

admission

diagnosis,

severity

of

disease,

metabolic

derangement, therapeutic interventions and has been recognized in other
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publications.

(81)

Critically ill populations composed of both elective and emergency ICU
admissions will be included, as will critically ill populations with a medical or
surgical admission diagnosis.
The WHO definition of obesity will be used in this review, this is to say a BMI ≥
30 kg/m2, where BMI is body mass in kilograms divided by the square of body
height in meters.

(2, 82)

Studies examining a pediatric population, or using parenteral routes of
administration will be excluded.

Types of intervention(s)/phenomena of interest
This review will consider all studies that compare any feeding/nutritional
regimens that specify a goal protein and calorie target directed at the obese
critically ill patient.

Types of outcomes
Endpoints of interest in this review are chosen primarily for their importance in
patient centered outcomes, while secondary endpoints are chosen as surrogate
markers of morbidity.
The primary outcome for this review is a composite mortality outcome (ICU, 60
or 90 day mortality) where they can be identified in studies retrieved.
Secondary outcomes sought that are thought important in patient centred
outcomes include ICU and hospital length of stay, duration of mechanical
ventilation or it’s corollary ventilator free days. Other secondary outcomes will
include include nitrogen balance, azotemia (blood urea nitrogen), acute kidney
injury, the incidence of nosocomial infection and insulin requirement.
Nitrogen balance has been chosen as a surrogate marker of the adequacy of
protein supplementation and is calculated using formulae allowing for protein
intake and 24 hour urinary protein excretion.

(83)

Azotemia (serum urea) and renal

injury using RIFLE criteria as markers of potential harm related to the inability to
clear protein metabolites.

(84)

The incidence of nosocomial infection since an

association between nutritional status and nosocomial infection incidence has
been identified in a number of studies.

(85)

Finally, given the experimental findings

that indicate high glucose concentrations have a range of negative effects,
including increasing the production or expression (or both) of pro-inflammatory
mediators, decreased chemotaxis and phagocytosis, alteration in leukocyte
adherence, reduced release of reactive oxygen species from neutrophils and
alterations in endothelial integrity, insulin requirement has been chosen as a
surrogate marker of glycemic control. In addition, given the range of metabolic
disturbances seen in the critically ill obese patient, glycemic control is arguably
more important in this group than in their lean counterparts.
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(19, 20, 27)

Types of studies
Studies eligible for retrieval will include, in the first instance, randomized
controlled studies. In the absence of randomized controlled trials, any study with
a non-randomized control, quasi-experimental, controlled before and after, or
cohort study (whether prospective or retrospective) design will be considered for
inclusion in order to provide a sufficient evidence base to inform on the
effectiveness of different feeding regimes targeting calories and protein in the
critically ill obese patient.

Search strategy
The search strategy will involve a three step process. An initial limited search of
PubMed and CINAHL will be undertaken, followed by analysis of keywords
contained in the titles and abstracts, and of the index terms used to describe the
article. A second search with all identified key words will be undertaken across
PubMed, Embase, ProQuest Dissertations and Theses and conference papers
index, CINAHL, PyschINFO, Cochrane Central Trials Register, Web of Science,
Australian and New Zealand Clinical Trials Register, the EU Clinical Trials
Register, WHO Clinical Trials Register and ClinicalTrials.gov. Only studies
published in English will be eligible for retrieval, and there will be no date limits
applied. Thirdly the reference list of all identified reports and articles will be
searched for additional studies.
Initial key words to be used will be; (“critically ill” OR “intensive care”) AND
(obese OR overweight) AND (nutrition OR diet OR feed*).

Assessment of methodological quality
Quantitative papers selected for retrieval will be assessed by two independent
reviewers for methodological validity prior to inclusion in the review using
standardized critical appraisal instruments from the Joanna Briggs Institute
Meta Analysis of Statistics Assessment and Review Instrument (JBI-MAStARI)
which is found in Appendix I. Any disagreement will be resolved through
discussion, or with a third reviewer.

Data collection
Quantitative data will be extracted from papers included in the review using the
standardized data extraction tool from JBI-MAStARI (Appendix II). The data
extracted will include specific details about the intervention(s), populations,
study methods and outcomes of significance to the review question and specific
objectives.

Data synthesis
Analysis will be conducted on all primary and secondary outcomes where
possible. Quantitative data will, where possible, be pooled in a statistical metap. 127 of 216

analysis using JBI-MAStARI. All results will be subject to double data entry.
Effect sizes expressed as odds ratio (for categorical data) and weighted mean
differences (for continuous data) and their 95% confidence intervals will be
calculated for analysis. Given the anticipated degree of heterogeneity, it is
expected that a random effects model will be used. Heterogeneity will be
assessed statistically using the standard chi squared, and, given the expected
level of heterogeneity a random effects model will be used. Where statistical
pooling is not possible, the findings will be presented in narrative form.
If there is sufficient data, further exploratory synthesis and sensitivity analysis
performed on the basis of ICU admission type (medical versus surgical and
emergent versus elective) will be carried out to explore anticipated
heterogeneity across studies. These subgroups will be considered as there is
evidence that admission type effects ICU mortality.

(86)

Furthermore, since it is

possible that older patients paradoxically require more protein to achieve a
neutral nitrogen balance, while having a lower glomerular filtration rate, a
comparison of outcomes in a cohort of younger patients (< 60 years of age),
compared to older patients (> 60 years of age) would be appropriate.

(83)
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Appendix 2 Search Strategy
PubMed (16 October, 2016)
PubMED obesity logic grid
Obese

critically ill

nutrition
OR
hypocaloric feeding

obese [tiab] OR obesity [tiab] OR
overweight [tiab] OR bariatric*
[tiab] OR adipos* [tiab] OR body
composition [mh] OR body
composition [tiab] OR body mass
index [tiab] OR BMI [tiab] OR body
weights and measures [mh]

critically ill [tiab] OR critical
illness [mh] OR critical ill*
[tiab] OR critically unwell
[tiab] OR critical care [mh]
OR intensive care [tiab]
OR ICU [tiab] OR intensive
care unit [mh]

nutritional sciences [mh] OR nutritional physiological
phenomena [mh] OR nutrition requirements [mh] OR
nutritional requirements [mh] OR nutritional therapy
[mh] OR enteral nutrition [mh] OR feeding method [mh]
OR dietary proteins [mh] OR diet [mh] OR caloric
restriction [mh] OR energy intake [mh] OR diet,
carbohydrate-restricted [mh] OR diet, reducing [mh]
OR food [mh] OR feeding [tiab] OR nutrition [tiab] OR
hypo-caloric [tiab] OR hypocaloric [tiab] OR high
protein [tiab] OR permissive underfeeding [tiab] OR
normocaloric [tiab] or normo-caloric [tiab] OR eucaloric
[tiab]

(obese [tiab] OR obesity [tiab] OR overweight [tiab] OR bariatric* [tiab]
OR adipos* [tiab] OR body composition [mh] OR body composition [tiab]
OR body mass index [tiab] OR BMI [tiab] OR body weights and
measures [mh]) AND (critically ill [tiab] OR critical illness [mh] OR critical
ill* [tiab] OR critically unwell [tiab] OR critical care [mh] OR intensive care
[tiab] OR ICU [tiab] OR intensive care unit [mh]) AND (nutritional
sciences [mh] OR nutritional physiological phenomena [mh] OR nutrition
requirements [mh] OR nutritional requirements [mh] OR nutritional
therapy [mh] OR enteral nutrition [mh] OR feeding method [mh] OR
dietary proteins [mh] OR diet [mh] OR caloric restriction [mh] OR energy
intake [mh] OR diet, carbohydrate-restricted [mh] OR diet, reducing [mh]
OR food [mh] OR feeding [tiab] OR nutrition [tiab] OR hypo-caloric [tiab]
OR hypocaloric [tiab] OR high protein [tiab] OR permissive underfeeding
[tiab] OR normocaloric [tiab] or normo-caloric [tiab] OR eucaloric [tiab])

Filters
human studies
exclude paediatric
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Embase (16 October, 2016)
Embase obesity logic grid
obese

critically ill

nutrition
OR
hypocaloric feeding

obesity/exp OR adipos*:ab,ti OR “body weight,
excess”:ab,ti OR bariatrics/exp OR obes*:ab,ti OR
“body mass”/exp OR BMI:ab,ti OR obese:ab,ti OR
“body weight disorder”/exp OR “overnutrition"/exp
OR “nutritional disorder”/exp OR bariatric*:ti,ab OR
“body composition”:ab,ti

“critically ill patient”/exp OR
“intensive care”/exp OR
“critically ill”:ti,ab OR “critical
illness”:ti,ab OR critically
unwell:it,ab OR “intensive
care”:ti,ab OR ICU:ti,ab

“artificial feeding”/exp OR
“nutrition”/exp OR “diet therapy”/exp
OR “diet”/exp OR “dietary intake”/exp
or “diet restriction”/exp OR
nutrition:ti,ab OR hypocaloric:ti,ab
OR “high protein”:ti,ab OR
normocaloric:ti,ab

(obesity/exp OR adipos*:ab,ti OR “body weight, excess”:ab,ti OR
bariatrics/exp OR obes*:ab,ti OR “body mass”/exp OR BMI:ab,ti OR
obese:ab,ti OR “body weight disorder”/exp OR “overnutrition"/exp OR
“nutritional disorder”/exp OR bariatric*:ti,ab OR “body composition”:ab,ti)
AND (“critically ill patient”/exp OR “intensive care”/exp OR “critically
ill”:ti,ab OR “critical illness”:ti,ab OR critically unwell:it,ab OR “intensive
care”:ti,ab OR ICU:ti,ab) AND (“artificial feeding”/exp OR “nutrition”/exp
OR “diet therapy”/exp OR “diet”/exp OR “dietary intake”/exp or “diet
restriction”/exp OR nutrition:ti,ab OR hypocaloric:ti,ab OR “high
protein”:ti,ab OR normocaloric:ti,ab)

Filters
Human studies
Young, adult, middle aged, aged, very elderly
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ProQuest Dissertations and Theses (16 October, 2016)
ProQuest dissertations and theses obesity logic grid
obese

critically ill

nutrition
OR
hypocaloric feeding

TI(obese) OR AB(obese) OR TI(overweight)
OR AB(overweight) OR TI("body mass index")
OR AB("body mass index") OR TI(bariatric) OR
AB(bariatric) OR DISKW(obesity) OR
DISKW(overweight) OR DISKW(“body mass
index”) OR DISKW(“weight loss”) OR
DISKW(obese) OR DISKW(weight) OR
DISKW(BMI) OR DISKW(adiposity) OR
DISKW(“body weight”) OR DISKW(adipose
tissue) OR DISKW(“weight status”) OR
DISKW(“body composition”)

DISKW(“intensive care units”)
OR DISKW(“critical care”) OR
DISKW(sepsis) OR
DISKW(“intensive care”) OR
DISKW(“critically ill”) OR
TI(“critically ill”) OR AB(“critically
ill”) OR TI(“intensive care”) OR
AB(“intensive care”) OR TI(ICU)
OR AB(ICU)

DISKW(nutrition) OR DISKW(diet) OR
DISKW(metabolism) OR
DISKW(“dietary intake”) OR
DISKW(“enteral nutrition”) OR
DISKW(nutritional) OR TI(nutrition*)
OR AB(nutrition*) OR TI(protein) OR
AB(protein) OR TI(feed*) OR
AB(feed*) OR TI(calor*) OR AB(calor*)
OR TI(underfeeding) OR
AB(underfeeding)

(TI(obese) OR AB(obese) OR TI(overweight) OR AB(overweight) OR
TI("body mass index") OR AB("body mass index") OR TI(bariatric) OR
AB(bariatric) OR DISKW(obesity) OR DISKW(overweight) OR
DISKW(“body mass index”) OR DISKW(“weight loss”) OR
DISKW(obese) OR DISKW(weight) OR DISKW(BMI) OR
DISKW(adiposity) OR DISKW(“body weight”) OR DISKW(adipose tissue)
OR DISKW(“weight status”) OR DISKW(“body composition”)) AND
(DISKW(“intensive care units”) OR DISKW(“critical care”) OR
DISKW(sepsis) OR DISKW(“intensive care”) OR DISKW(“critically ill”)
OR TI(“critically ill”) OR AB(“critically ill”) OR TI(“intensive care”) OR
AB(“intensive care”) OR TI(ICU) OR AB(ICU)) AND (DISKW(nutrition)
OR DISKW(diet) OR DISKW(metabolism) OR DISKW(“dietary intake”)
OR DISKW(“enteral nutrition”) OR DISKW(nutritional) OR TI(nutrition*)
OR AB(nutrition*) OR TI(protein) OR AB(protein) OR TI(feed*) OR
AB(feed*) OR TI(calor*) OR AB(calor*) OR TI(underfeeding) OR
AB(underfeeding))

Filters
Exclude paediatric
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CINAHL (16 October, 2016)
CINAHL obesity logic grid
obese

critically ill

nutrition
OR
hypocaloric feeding

MH obesity OR MH “body weight
changes” OR MH “bariatric patients” OR
MH “body weights and measures” OR MH
“fat free mass” OR TI obes* OR AB obes*
OR TI bariatric OR AB bariatric OR TI BMI
OR AB BMI OR TI adipos* OR AB adipos*

MH “critically ill patients” OR MH
“critical illness” OR MH “critical care”
OR MH “intensive care units” OR TI
ICU OR AB ICU OR TI “intensive
care” OR AB “intensive care” OR TI
“critical ill*” OR AB “critical ill*”

MH “nutritional support” OR MH
“enteral nutrition” OR MH “nutritional
physiology” OR MH nutrition OR TI
hypo-caloric OR AB hypo-caloric OR
TI hypocaloric OR AB hypocaloric OR
TI protein OR AB protein

(MH obesity OR MH “body weight changes” OR MH “bariatric patients”
OR MH “body weights and measures” OR MH “fat free mass” OR TI
obes* OR AB obes* OR TI bariatric OR AB bariatric OR TI BMI OR AB
BMI OR TI adipos* OR AB adipos*) AND (MH “critically ill patients” OR
MH “critical illness” OR MH “critical care” OR MH “intensive care units”
OR TI ICU OR AB ICU OR TI “intensive care” OR AB “intensive care”
OR TI “critical ill*” OR AB “critical ill*”) AND (MH “nutritional support” OR
MH “enteral nutrition” OR MH “nutritional physiology” OR MH nutrition
OR TI hypo-caloric OR AB hypo-caloric OR TI hypocaloric OR AB
hypocaloric OR TI protein OR AB protein)

Filters
All adult
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Cochrane Central Trials Register (16 October, 2016)
obese AND intensive care OR obesity AND intensive care OR obese
AND critical care OR obesity AND critical care OR bariatric AND
intensive care OR bariatric AND critical care OR BMI AND intensive care
OR BMI AND critical care OR body mass index AND intensive care OR
body mass index AND critical care

WHO Clinical Trials (16 October, 2016)
obese AND intensive care OR obesity AND intensive care OR obese
AND critical care OR obesity AND critical care OR bariatric AND
intensive care OR bariatric AND critical care OR BMI AND intensive care
OR BMI AND critical care OR body mass index AND intensive care OR
body mass index AND critical care
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Appendix 3 MAStARI Critical Appraisal Tool
3.1 Randomised Control / Pseudo-randomised Trial
Reviewer:

Date:

Title:
Author:

Year:

1. Was the assignment to treatment groups truly random?
Yes

Method by which randomisation to treatment or control group was
clearly described by the author(s), and the method is likely to
produce true randomisation (ie: each patient has an equal
probability of allocation to each arm).

No

Methods other than randomisation used to allocate patients to a
nutritional regimen.

Unclear

General terms like “random” and “randomisation” used but the
method by which this was achieved is not clearly defined or was
vague.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________
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2. Were participants blinded to treatment allocation?
Yes

Appropriate methods were employed to ensure that patients were
blinded to which arm (control or experimental) that they had been
allocated (subject blinding).

No

Patients were aware of which arm they had been allocated even
though blinding may have been possible.

Unclear

Description of blinding method was unclear.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________
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3. Was allocation to treatment groups concealed from the allocator?
Yes

Appropriate method used to ensure that the allocator was unaware
of the arm to which patients were being allocated (allocator
blinding) AND a method employed to ensure that the allocator was
likely to be unaware of the order in which patients were allocated to
a study arm (allocation concealment).

No

The allocator was aware of which group patients were being
assigned, or was likely to be able to determine which group a
patient was likely to be allocated.

Unclear

Insufficient information to determine whether allocation blinding
and allocation concealment had occurred satisfactorily.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________
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4. Were the outcomes of people who withdrew described & included in
the analysis?
Yes

The withdrawal of patients reported and the reasons for the
withdrawal described.
Patients who withdrew from the study were analysed in the group
to which they were originally allocated (intention to treat analysis),
preferably with the inclusion of a Consort diagram.
All patients were included in the final calculations including those
patients who had withdrawn from the study regardless of whether
their final outcomes were measured.

No

No explanation of patient withdrawals or the significance of these
withdrawals.
Patients had had withdrawn from the study group were not
analysed in the groups to which they were originally allocated.

Unclear

Incomplete description of patient withdrawals.
Numbers of withdrawn patients fail to match result figures.
Description of withdrawn patients unclear.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________
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5. Were those assessing outcomes blind to the treatment allocation?
Yes

Researchers collecting data on outcome measure(s) were unaware
of the treatment allocation (assessor blinding).

No

Researchers collecting data on outcome measure(s) were aware,
or likely to be aware, the treatment allocation.

Unclear

Insufficient information provided to assess for assessor blinding.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_______________________________________________________________________________
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6. Were the control and treatment groups comparable at entry?
Yes

At a minimum the following baseline data for the patients was
reported, and groups were reasonably matched for these.

• age.
• sex.
• reason for admission to ICU (medical, surgical, trauma,
elective, emergent).

•
•
•
•

weight.
BMI.
severity of illness (APACHE or SOFA score).
co-morbid disease states (particularly diabetes mellitus).

No

No or minimal reporting of baseline data.

Unclear

Insufficient information provided to allow assessment of baseline
data.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________
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7. Were groups treated identically other than for the named
interventions?
Yes

Patients in each arm of the study were treated identically for all
other aspects of their intensive care admission.

No

Patients in each arm of the study were (or were likely to have
been) treated substantially differently as a result of the arm to
which they were allocated.

Unclear

Insufficient information provided to allow assessment of treatment
confounding.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________
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8. Were outcomes measured in the same way for all groups?
Yes

A clear description and definition of the outcome(s) was provided.
A description of how the outcome(s) were measured or proposed
to be measured spefically;

• mortality: deaths at a pre-specific time point or days alive at a
time point;

• ICU length of stay: the time from admission to the ICU till ICU
discharge;

• hospital length of stay: the time from ICU discharge until
hospital discharge;

• duration of mechanical ventilation: days requiring invasive
ventilation or days free of ventilation at a pre-specified time
point;

• nitrogen balance: urinary analysis of nitrogen excretion to
allow calculation of nitrogen balance;

• azotaemia: measures of serum urea in either 𝝻mol/L or mg/dL
• acute kidney injury: measured by RIFLE criteria;(Bellomo,
2004)

• nosocomial infection: standardised definition such as that
proposed by the Centre for Disease Control (CDC) and
confirmed by a blinded third party such as a radiologist or
microbiologist.

• weight change: measured in kilograms or pounds from ICU
admission to a pre-determined time point following ICU
discharge.

• gastro-intestinal intolerance: measured by high gastric
residual volumes (> 250 ml), or diarrhoea (> 4 loose
stools/day).

• insulin requirement: in international units (IU) per hour or daily
requirement (IU/day).
The timing of outcome measure(s) is clearly articulated.
No

The description of what was measured, how it was measured or
when it was measured is different in each group.

Unclear

Insufficient information provided to assess how outcome were
measured.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________
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9. Were outcomes measured in a reliable way?
Yes

All outcomes were measured using standard methods or
instruments.
Outcome measure(s) supported in the literature.
Where instruments were used they have been validated
independently.

No

Estimates or self reported outcomes reported.
Incorrect, inappropriate or non-standard methods or instruments
were used.
The reliability and/or variability and/or validity of the method(s)
used for measuring outcome were no reported.
No training provided to data collectors.

Unclear

Insufficient information provided to assess for the reliability of the
outcome measure.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________
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10. Was appropriate statistical analysis used?
Yes

Appropriate statistical methods were used, described and reported.
Numbers of patients with missing data were reported and there
was an adequate description of how this was dealt with in
reporting.

No

Statistical methods were either not described or inappropriate
methods were used.
Missing patient data was either not reported or not accounted for.

Unclear

Insufficient information provided to assess the appropriateness of
statistical analysis.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________
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Overall Appraisal
Include

Exclude

Seek further information

Comments (including reasons for exclusion)
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Possibly contains
subgroup data

3.2 Cohort (with control)/Case-Controlled Series

Reviewer:

Date:

Title:
Author:

Year:

1. Is the sample representative of patients in the population as a whole?
Yes

The sample described is representative of obese intensive care
populations, particularly with regard to

• age
• severity of illness (as measured by APACHE II, APACHE III
or SOFA or similar scoring system)

• mix of medical, surgical, trauma critically ill patients.
No

The sample is clearly not representative of a critically ill population.
Or
Is limited in its selection to a subspecialty of intensive care
medicine (for example largely trauma, surgical, burns or medical
patients).

Unclear

Insufficient information provided to assess the representativeness
of the sample.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________
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2. Are the patients at a similar point in the course of their critical illness.
Yes

Inclusion in the study has occurred during the patient’s ICU
admission.

No

Inclusion has not occurred during the patient’s ICU admission.

Unclear

Insufficient information provided to assess the time point in the
trajectory of the patient’s illness.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________
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3. Has bias been minimised in relation to selection of cases and
controls?
Yes

There is a clear description of how the groups were selected (such
as a pre-defined cohort with clear follow up period and clear points
of measurement).
Sample sizes are articulated.

No

No description of how the groups were selected.
The methodology introduces an unreasonable risk of systematic
bias including that is not acknowledged and/or has had no attempt
at controlling.

Unclear

Insufficient information provided to assess whether the risk of bias
has been minimised.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________
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4. Are confounding factors identified and strategies to deal with them
stated?
Yes

Potential confounding factor(s) have been identified, measured and
a description provided of the possible impact of the compounding
factor(s).
Potential confounding factors include:

•
•
•
•

the use of supplement parenteral nutrition.
co-morbid disease states.
impact of malnutrition.
samples in which there is an over represented subtype of
critically ill patient (eg: trauma, surgical, medical, burns).

No

No measurement of potential confounding factor(s).

Unclear

Insufficient information provided to assess for the identification and
management of confounding factors.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________
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5. Were outcomes assessed using objective criteria?
Yes

All outcomes were measured using standard methods or
instruments.
Outcome measure(s) supported in the literature.
Where instruments were used they have been validated
independently.

No

Estimates or self reported outcomes reported.
Incorrect, inappropriate or non-standard methods or instruments
were used.
The reliability and/or variability and/or validity of the method(s)
used for measuring outcome were no reported.
No training provided to data collectors.

Unclear

Insufficient information provided to assess for the reliability of the
outcome measure.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________
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6. Was followup carried over a sufficient time period?
Yes

Follow up has occurred until at least hospital discharge or death,
whichever is earlier.

No

Followup has not occurred until hospital discharge or death.

Unclear

Insufficient information provided to allow assessment of followup
time.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________
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7. Were the outcomes of people who withdrew described and included in
the analysis?
Yes

Withdrawal of patients reported and the reasons for the withdrawal
described.
Patients who withdrew from the study were analysed in the group
to which they were originally allocated (intention to treat analysis),
preferably with the inclusion of a Consort diagram.
All patients were included in the final calculations including those
patients who had withdrawn from the study regardless of whether
their final outcomes were measured.

No

No explanation of patient withdrawals or the significance of these
withdrawals.
Patients had had withdrawn from the study group were not
analysed in the groups to which they were originally allocated.

Unclear

Incomplete description of patient withdrawals.
Numbers of withdrawn patients fail to match result figures.
Description of withdrawn patients unclear.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________
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8. Were outcomes measured in a reliable way?
Yes

A clear description and definition of the outcome(s) was provided.
A description of how the outcome(s) were measured or proposed
to be measured spefically;

• mortality: deaths at a pre-specific time point or days alive at a
time point;

• ICU length of stay: the time from admission to the ICU till ICU
discharge;

• hospital length of stay: the time from ICU discharge until
hospital discharge;

• duration of mechanical ventilation: days requiring invasive
ventilation or days free of ventilation at a pre-specified time
point;

• nitrogen balance: urinary analysis of nitrogen excretion to
allow calculation of nitrogen balance;

• azotaemia: measures of serum urea in either 𝝻mol/L or mg/dL
• acute kidney injury: measured by RIFLE criteria;(Bellomo,
2004)

• nosocomial infection: standardised definition such as that
proposed by the Centre for Disease Control (CDC) and
confirmed by a blinded third party such as a radiologist or
microbiologist.

• weight change: measured in kilograms or pounds from ICU
admission to a pre-determined time point following ICU
discharge.

• gastro-intestinal intolerance: measured by high gastric
residual volumes (> 250 ml), or diarrhoea (> 4 loose
stools/day).

• insulin requirement: in international units (IU) per hour or daily
requirement (IU/day).
The timing of outcome measure(s) is clearly articulated.
No

Estimates reported.
Incorrect, inappropriate or non-standard methods or instruments
were used.
The reliability and/or variability and/or validity of the method(s)
used for measuring outcome were not reported.

Unclear

Insufficient information provided to assess for the reliability of the
outcome measure.

Response:
_________________________________________________________

_________________________________________________________
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Comments:
_________________________________________________________

_________________________________________________________
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9. Was appropriate statistical analysis used?
Yes

Appropriate statistical methods were used, described and reported.
Numbers of patients with missing data were reported and there
was an adequate description of how this was dealt with in
reporting.

No

Statistical methods were either not described or inappropriate
methods were used.
Missing patient data was either not reported or not accounted for.

Unclear

Insufficient information provided to assess the appropriateness of
statistical analysis.

Response:
_________________________________________________________

_________________________________________________________

Comments:
_________________________________________________________

_________________________________________________________

Overall Appraisal
Include

Exclude

Seek further information

Comments (including reasons for exclusion)
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Possibly contains
subgroup data

3.3 Data Extraction Template
Reviewer:

Date:

Title:
Author:

Year:

Study Method
RCT

Quasi-RCT

Longitudinal

Retrospective

Observational

Other

Participants
Setting
Population

Sample Size
Group A

Interventions
Intervention A

Intervention B
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Group B

Conclusions
Author’s
Conclusions:

Reviewer’s
conclusions:

Study Results

Dichotomous Data
Outcome

Intervention ( )
number / total number

Intervention ( )
number / total number

Intervention ( )
number / total number

Intervention ( )
number / total number

Continuous Data
Outcome
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Appendix 4 Correspondence
4.1 Included Studies
Peake SL, Davies AR, Deane AM, Lange K, Moran JL, O'Connor SN, et
al. Use of a concentrated enteral nutrition solution to increase calorie
delivery to critically ill patients: a randomized, double-blind, clinical
trial. America Journal of Clinical Nutrition. 2014 Aug;100(2):616-25.

Petros S, Horbach M, Seidel F, Weidhase L. Hypocaloric vs
Normocaloric Nutrition in Critically Ill Patients: A Prospective
Randomized Pilot Trial. JPEN Journal of parenteral and enteral
nutrition. 2016 Apr 3;40(2):242-9.
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4.2 Excluded Studies
Dickerson RN, Boschert KJ, Kudsk KA, Brown RO. Hypocaloric enteral
tube feeding in critically ill obese patients. Nutrition. 2002
Mar;18(3):241-6.

Komjathy CM. Aggressive versus traditional enteral nutrition prescription
in medical intensive care unit patients [M.S.]. Ann Arbor: Rush
University; 2010.

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 Mar;93(3):569-77.
and
Arabi YM, Aldawood AS, Haddad SH, Al-Dorzi HM, Tamim HM, Jones
G, et al. Permissive Underfeeding or Standard Enteral Feeding in
Critically Ill Adults. N Engl J Med. 2015 Jun 18;372(25):2398-408.
PubMed PMID: 25992505.
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National Heart L, Blood Institute Acute Respiratory Distress Syndrome
Clinical Trials N, Rice TW, Wheeler AP, Thompson BT, Steingrub J,
et al. Initial trophic vs full enteral feeding in patients with acute lung
injury: the EDEN randomized trial. JAMA. 2012 Feb 22;307(8):795803.

No response despite multiple email attempts
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Ulusoy H, Ozkan AR, Kucuk AO, Besir A. The effects of hypocaloric
underfeeding in adult ICU patients. Clinical Nutrition. 2014;33:S29.

No response despite multiple email attempts
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Charles EJ, Petroze RT, Metzger R, Hranjec T, Rosenberger LH, Riccio
LM, et al. Hypocaloric compared with eucaloric nutritional support and
its effect on infection rates in a surgical intensive care unit: a
randomized controlled trial. American Journal of Clinical Nutrition.
2014 Nov;100(5):1337-43.

Doig GS, Simpson F, Heighes PT, Bellomo R, Chesher D, Caterson ID,
et al. Restricted versus continued standard caloric intake during the
management of refeeding syndrome in critically ill adults: a
randomised, parallel-group, multicentre, single-blind controlled trial.
The Lancet Respiratory medicine. 2015 Dec;3(12):943-52.

Rugeles SJ, Rueda JD, Diaz CE, Rosselli D. Hyperproteic hypocaloric
enteral nutrition in the critically ill patient: A randomized controlled
clinical trial. Indian Journal of Critical Care Medicine. 2013
Nov;17(6):343-9.
and
Rugeles S, Villarraga-Angulo LG, Ariza-Gutierrez A, Chaverra-Kornerup
S, Lasalvia P, Rosselli D. High-protein hypocaloric vs normocaloric
enteral nutrition in critically ill patients: A randomized clinical trial.
Journal of critical care. 2016 Oct;35:110-4.
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Appendix 5 Excluded Studies
5.1 Following Review of Full Text
Genton L, Dupertuis YM, Romand JA, Simonet ML, Jolliet P, Huber O, et
al. Higher calorie prescription improves nutrient delivery during the
first 5 days of enteral nutrition. Clinical Nutrition. 2004,;23(3):307-15.

Reason for exclusion: Ineligible population - did not include ICU
patients. Recruited hospitalised patients only.

Alberda C, Gramlich L, Jones N, Jeejeebhoy K, Day AG, Dhaliwal R, et
al. The relationship between nutritional intake and clinical outcomes in
critically ill patients: results of an international multicenter
observational study. Intensive Care Medicine. 2009 Oct;35(10):172837.

Reason for exclusion: Ineligible design – no intervention.
Observational study with no intervention arm designed to describe
current practice.

Arabi YM, Haddad SH, Aldawood AS, Al-Dorzi HM, Tamim HM, Sakkijha
M, et al. Permissive underfeeding versus target enteral feeding in
adult critically ill patients (PermiT Trial): a study protocol of a
multicenter randomized controlled trial. Trials. 2012;13:191,

Reason for exclusion: Ineligible design – no intervention. A priori
study protocol only.

Dickerson RN, Medling TL, Smith AC, Maish GO, 3rd, Croce MA, Minard
G, et al. Hypocaloric, high-protein nutrition therapy in older vs
younger critically ill patients with obesity. Journal of Parenteral and
Enteral Nutrition. 2013 May-Jun;37(3):342-51.

Reason for exclusion: Ineligible design – no intervention.
Compared older and younger patients on same nutritional regimen
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Charles EJ, Petroze RT, Hranjec T, Metzger R, Rosenberger LH,
Swenson B, et al. Hypocaloric versus eucaloric nutrition support and
its effect on infection rates in a single-institution surgical ICU. Surgical
Infections. 2013;14:S1.

Reason for exclusion: Ineligible – duplicate study. Conference
abstract containing no data. Subsequently published in 2014 and
included for possible subgroup analysis.

5.2 Following Correspondence with Author (Figure 5)
Dickerson RN, Boschert KJ, Kudsk KA, Brown RO. Hypocaloric enteral
tube feeding in critically ill obese patients. Nutrition. 2002
Mar;18(3):241-6.

Reason for exclusion: Author contacted, but declined to provide
clarification about details of study and declined to provide subgroup
data. There were, in addition, substantial methodological issues
including retrospective design with very high risk of selection bias,
non-blinded, non-randomised sample that was almost exclusively
trauma patients and further complicated by the use of an outdated
definition of obesity (>125% IBW).

Question Number
Dickerson, 2002

*

1

2

3

4

5

6

N

Y

N

N

Y

Y

#

7

8

9

U

Y

N

^

Total

Include

4

N

* JBI MAStARI Critical Appraisal Tool for Cohort (with control)/ Case Controlled Studies (Appendix
3.1)
Y – yes, meets criterion.
N – no, does not meet criterion.
U – unknown, unclear from text whether criterion met.
N/A^ - retrospective cohort controlled study, no withdrawals.
# Follow up was of appropriate length in the context of the time at which the study was undertaken.
In the current climate of critical care research ICU mortality would no longer be an appropriate
time frame.
^ given small numbers and high likelihood of non-normal distribution, median (and IQR)
complemented by non-parametric statistical tests should have been used rather than mean (and
SD) and parametric statistical tests.
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Komjathy CM. Aggressive versus traditional enteral nutrition prescription
in medical intensive care unit patients [M.S.]. Ann Arbor: Rush
University; 2010.

Reason for exclusion: No longer had access to raw data. Deleted
five years after data collection as per local Institutional Review Board
requirements.

Question Number
Komjathy, 2010

*

1

2

3

4

5

6

7

8

9

10

Total

Include

Y

Y

N

Y

Y

Y

U

Y

Y

N/A

6

N

* JBI MAStARI Critical Appraisal Tool for Cohort (with control)/ Case Controlled Studies (Appendix
3.2)
Y – yes, meets criterion.
N – no, does not meet criterion.
U – unknown, unclear from text whether criterion met.
N/A^ retrospective cohort controlled study, no withdrawals.

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 Mar;93(3):569-77.

Reason for exclusion: Author declined to provide subgroup data.
Following email correspondence the author declined to provide
subgroup data on the basis that subgroups from their trial were
currently being analysed and prepared for publication. As such they
were not prepared to provide access to any raw or additional
subgroup data until such time as this had occurred.

Question
Number*

1

2

3

4

5

6

7

8

9

10

Total

Include

Arabi, 2011

Y

N

Y

Y

U

Y

N

Y

Y

Y

7

Subgroup

* JBI MAStARI Critical Appraisal Tool for Randomised Control / Pseudo-randomised Trial (Appendix
3.1)
Y – yes, meets criterion
N – no, does not meet criterion
U – unknown, unclear from text whether criterion met

National Heart L, Blood Institute Acute Respiratory Distress Syndrome
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Clinical Trials N, Rice TW, Wheeler AP, Thompson BT, Steingrub J,
et al. Initial trophic vs full enteral feeding in patients with acute lung
injury: the EDEN randomized trial. JAMA. 2012 Feb 22;307(8):795803.

Reason for exclusion: No response from author despite multiple
attempts (email, fax, phone call).

Question
Number*

1

2

3

4

5

6

7

8

9

10

Total

Include

Rice, 2013

1

U

U

1

U

1

0

U

0

1

4

Subgroup

* JBI MAStARI Critical Appraisal Tool for Randomised Control / Pseudo-randomised Trial (Appendix
3.1)
Y – yes, meets criterion
N – no, does not meet criterion
U – unknown, unclear from text whether criterion met

Rugeles SJ, Rueda JD, Diaz CE, Rosselli D. Hyperproteic hypocaloric
enteral nutrition in the critically ill patient: A randomized controlled
clinical trial. Indian Journal of Critical Care Medicine. 2013
Nov;17(6):343-9.

Reason for exclusion: Recruited no obese patients into trial
(Appendix 4).

Question
Number*

1

2

3

4

5

6

7

8

9

10

Total

Included

Rugeles, 2016

Y

U

Y

N

U

Y

Y

Y

Y

Y

7

Subgroup

* JBI MAStARI Critical Appraisal Tool for Randomised Control / Pseudo-randomised Trial (Appendix
3.1)
Y – yes, meets criterion
N – no, does not meet criterion
U – unknown, unclear from text whether criterion met

Ulusoy H, Ozkan AR, Kucuk AO, Besir A. The effects of hypocaloric
underfeeding in adult ICU patients. Clinical Nutrition. 2014;33:S29.

Reason for exclusion: Conference abstract – unable to contact
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author for further details.

Question
Number*

1

2

3

4

5

6

7

8

9

Total

Include

Ulusoy, 2014

U

U

Y

U

Y

Y

N/A^

N

U

3

Subgroup

* JBI MAStARI Critical Appraisal Tool for Cohort (with control)/ Case Controlled Studies (Appendix
3.2)
Y – yes, meets criterion.
N – no, does not meet criterion.
U – unknown, unclear from text whether criterion met.
N/A^ retrospective cohort controlled study, no withdrawals.

Charles EJ, Petroze RT, Metzger R, Hranjec T, Rosenberger LH, Riccio
LM, et al. Hypocaloric compared with eucaloric nutritional support and
its effect on infection rates in a surgical intensive care unit: a
randomized controlled trial. American Journal of Clinical Nutrition.
2014 Nov;100(5):1337-43.

Reason for exclusion: Author declined to provide subgroup data.
Following email correspondence the author declined to provide
subgroup data on the basis that subgroups from their trial were being
analysed and prepared for publication. As such they were not
prepared to provide access to any raw or additional subgroup data
until such time as this had occurred. Data in the public domain (a
conference presentation) was provided; however this contained
insufficient demographic and outcome data to allow data synthesis.

Question
Number*

1

2

3

4

5

6

7

8

9

10

Total

Include

Charles 2014

Y

U

Y

Y

U

Y

Y

U

N

Y

6

Subgroup

* JBI MAStARI Critical Appraisal Tool for Randomised Control / Pseudo-randomised Trial (Appendix
3.1)
Y – yes, meets criterion
N – no, does not meet criterion
U – unknown, unclear from text whether criterion met

Arabi YM, Aldawood AS, Haddad SH, Al-Dorzi HM, Tamim HM, Jones
G, et al. Permissive Underfeeding or Standard Enteral Feeding in
Critically Ill Adults. N Engl J Med. 2015 Jun 18;372(25):2398-408.
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Reason for exclusion: Author declined to provide subgroup data.
Following email correspondence the author declined to provide
subgroup data on the basis that subgroups from their trial were being
analysed and prepared for publication. As such they were not
prepared to provide access to any raw or additional subgroup data
until such time as this had occurred.
Question
Number*

1

2

3

4

5

6

7

8

9

10

TOTAL

Included

Arabi, 2015

Y

N

Y

Y

U

Y

Y

Y

Y

Y

8

Subgroup

* JBI MAStARI Critical Appraisal Tool for Randomised Control / Pseudo-randomised Trial (Appendix
3.1)
Y – yes, meets criterion
N – no, does not meet criterion
U – unknown, unclear from text whether criterion met

Rugeles S, Villarraga-Angulo LG, Ariza-Gutierrez A, Chaverra-Kornerup
S, Lasalvia P, Rosselli D. High-protein hypocaloric vs normocaloric
enteral nutrition in critically ill patients: A randomized clinical trial.
Journal of critical care. 2016 Oct;35:110-4.

Reason for exclusion: Recruited no obese patients into trial
(Appendix 4).

Question
Number*
Rugeles, 2016

1

2

3

4

5

6

7

8

9

10

Total

Included

Y

U

Y

N

U

Y

Y

Y

Y

Y

7

Subgroup

* JBI MAStARI Critical Appraisal Tool for Randomised Control / Pseudo-randomised Trial (Appendix
3.1)
Y – yes, meets criterion
N – no, does not meet criterion
U – unknown, unclear from text whether criterion met

Doig GS, Simpson F, Heighes PT, Bellomo R, Chesher D, Caterson ID,
et al. Restricted versus continued standard caloric intake during the
management of refeeding syndrome in critically ill adults: a
randomised, parallel-group, multicentre, single-blind controlled trial.
Lancet Respir Med. 2015 Dec;3(12):943-52.
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Reason for exclusion: Declined (Appendix 4).

Question
Number*

1

2

3

4

5

6

7

8

9

10

Total

Included

Doig et al, 2015

Y

N

Y

Y

Y

Y

Y

Y

Y

Y

9

Subgroup

* JBI MAStARI Critical Appraisal Tool for Randomised Control / Pseudo-randomised Trial (Appendix
3.1)
Y – yes, meets criterion
N – no, does not meet criterion
U – unknown, unclear from text whether criterion met
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