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Abstract

Title: Resting energy expenditure using indirect calorimetry in individuals with moderate to
low burns: A pilot study of associated factors, patient acceptability and comparison with
predictive equations

Background: Energy expenditure increases following a burn injury. The extent of
hypermetabolism is dependent on a range of factors including burn total body surface area.
Moderate to low burn injuries (< 15% TBSA) represent majority of hospital admissions for
burn injuries however, their energy expenditure remains unpublished. While indirect
calorimetry (IC) is the gold standard for determining energy requirements, less accurate
predictive equations are often used in practice. Acceptability of IC from a burn patient
perspective has not been published.

Aim: To describe the resting energy expenditure (REE) of patients with a moderate to low
burn injury using IC; compare measured REE to predictive equations; and determine the
patient acceptability of IC.

Methods: Demographic, anthropometric and dietary data were collected for five male and
three female burn patients. REE was determined using indirect calorimetry (Ultima CPX) and
five predictive methods (Schofield, Harris-Benedict, Toronto and the Ireton-Jones equations,
and energy-per-kilogram formulae). A written questionnaire assessed patient acceptability.
Results: Mean measured REE was 6494 + 1625 kJ/day, lower than reported REE of major
burn populations from the literature (p < 0.05). At a group level, the Schofield and Toronto
equation were accurate to within £ 10% of the measured REE with a mean difference of 5.21
+ 12.16% and 8.89 + 12.64%, respectively. At an individual level, the Schofield equation was
accurate for 67% of participants and overestimated REE for 33% of participants. The Toronto
equation was accurate for 50% of participants and overestimated REE for 50% of
participants. IC was acceptable from a patient perspective with all participants willing to
repeat the measure.

Conclusions: Results of this study support routine use of IC in moderate to low burn injuries,
as it is acceptable to patients and avoids the inaccuracies of predictive equations. Where IC is
not available, results suggest that the Schofield equation be used with caution to estimate
REE for moderate to low burn injuries. Given the small sample size of this study, further
research on the REE of moderate to low burn injuries is warranted.

Keywords: indirect calorimetry, resting energy expenditure, resting metabolic rate, burn,

thermal injury, nutrition.
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Chapter: Introduction and Background

1.1 Introduction

Burn injuries are associated with an increase in energy expenditure. If left untreated, this can
lead to a loss of body mass resulting in an increased risk of morbidity and mortality (Ireton-
Jones & Gottschlich, 1993). Accurate determination of energy expenditure and subsequent
delivery of adequate nutrition are crucial for optimal recovery following a burn injury
(Dickerson et al., 2002). Patients with moderate to low burn injuries represent the majority of
burn-related hospital admissions within Australia (Burns Registry of Australia and New
Zealand, 2014), yet their energy expenditure remains unpublished. This thesis will report the
findings of a pilot study designed to describe and explore the energy expenditure of patients
with moderate to low burn injuries using indirect calorimetry within the Western Australia
(WA) State Adult Burn Unit. Relevant literature will be critically discussed with reference to
the study hypotheses, research findings and study limitations. Recommendations for future

research and clinical care of moderate burn injuries will be provided.

1.2  Background

Burn injuries are a serious global health problem which cause immediate trauma as well as
long term physical, psychological and economic concerns for the individual and the community
(World Health Organisation, 2008). A burn injury is defined as damage to the body tissue,
typically the skin, secondary to exposure from flames, electricity, chemicals or radiation
(Jeschke, Kamolz, Sjoberg, & Wolf, 2012). The most common cause of burn injuries are flames
and scalds which account for 70% of burn-related hospital admissions in Australia (Burns

Registry of Australia and New Zealand, 2014).



Burn injuries are the sixth leading cause of injury in Australia and are included in the National
Health Priority Areas under Injury Prevention and Control (Pointer, 2013; Western Australia.
Department of Health, 2009). It is estimated that burn injuries result in the loss of 10 million
Disability Adjusted Life Years (DALY's) worldwide each year (World Health Organisation,
2008). They were estimated to account for $84,887,000 in Australian health care expenditure

between 2013 and 2014 (Australian Institute of Health and Wellness, 2015)

International data indicate that there were nearly 11 million burn injuries worldwide in 2004
(World Health Organisation, 2008). Global data suggest a downward trend in burn injuries and
improvements in mortality rates for developed countries (Duke et al., 2011). In Australia, this
is attributed to prevention initiatives including legislation of domestic smoke detectors and
flame retardant sleepwear, as well as highly developed medical services for burn injuries (Duke
et al., 2011; Harrison & Steel, 2006). However, burn injuries remain a severe type of trauma
and continue to affect 1% of the Australian population each year, of which 10% require
hospitalisation (Wasiak, Spinks, Clapperton, Cleand, & Gabbe, 2009). Recent data from the
Burns Registry of Australia and New Zealand (2014) indicate that there were 1,700 adult burn
injuries requiring hospital admission between 2013 and 2014. The rate of burn injury in WA is
similar to that of other Australian states (Western Australia. Department of Health, 2009) with
336 admissions in 2013. Further analysis indicates that 87.5% of admissions in WA were for
burn injuries < 10% TBSA and the highest incidence occurred in males aged 20 to 24 years at
a rate more than double their female counterparts (Burns Registry of Australia and New

Zealand, 2014; Duke et al., 2011).

Burn injuries range from minor, which do not require hospitalisation, through to major, which
can result in death (Wasiak et al., 2009). Classification traditionally considers the extent and

the depth of the injury. The ‘rule of nines’ is used in adult burn cases to determine the extent



of the injury (Baxter, Randall, & Kapur, 1953; Jeschke et al., 2012) and is reported as a
percentage of total body surface area (TBSA) (Figure 1). Injuries affecting < 10% TBSA are
considered minor, 10 to 20% TBSA are considered moderate, and > 20% TBSA are considered

major (Morgan, Bledsoe, & Barker, 2000).

Front 18% I
Back 18%

Figure 1. Rule of nines for the assessment of total body surface area in adults (Burns Registry

of Australia and New Zealand, 2014)

The depth of the injury is classed as “superficial” where only the epidermis is involved;
“partial” which involves the epidermis as well as varying levels of the dermis; or “full
thickness” which involves both the epidermis and dermis as well as underlying muscle, bone,
tissue or organs. This classification system replaces the previous “first”, “second” and “third”
degree model (Mertens, Jenkins, & Warden, 1997). The WA State Adult Burn Unit applies a
multifactorial method to classify burn injuries considering not only percentage TBSA and
depth of burn but also age, presence of inhalation injury, burn location/s, presence of other
injuries, psychosocial considerations and co-morbidities. Using this model, burn injuries are

classified as minor, moderate or severe (Western Australia. Department of Health, 2009).



A multidisciplinary approach is applied to the treatment of burn patients with nutrition forming
a crucial component (Mayes, Gottschlich, Khoury, & Warden, 1996; Rodriguez, Jeschke,
Williams, Kamolz, & Herndon, 2011). Adequate and early nutrition has been shown to reduce
mortality and morbidity in severe burn injuries through the maintenance of body weight,
importantly lean muscle mass (Dickerson et al., 2002). Maintenance of lean muscle mass has
been shown to improve wound healing, reduce mortality and reduce the risk of infective
complications (Mendonga Machado, Gragnani, & Masako Ferreira, 2011; Rodriguez et al.,
2011; Tredget & Yu, 1992). Following a burn injury there is a marked increase in resting energy
expenditure (REE) which is referred to as hypermetabolism. The ability of the clinician to
identify the extent of this hypermetabolism and match energy delivery is essential to successful

nutrition management (Dickerson et al., 2002).

In a clinical setting, REE can be determined using either indirect calorimetry or predictive
equations. Indirect calorimetry is considered more accurate, however, is limited by cost and
equipment access. Therefore many clinicians rely on predictive equations, which have been
shown to be inaccurate (Dickerson et al., 2002). Previous studies have focussed on the
determination of energy needs for major burns due to the acuity and increased risk of mortality.
However, moderate burn injuries, defined as < 15% TBSA, represent the majority of burn-
related hospital admissions nationally and within WA. The limited evidence which is available
indicates variation in the extent of hypermetabolism for moderate burn injuries and negative
nutritional outcomes associated with inadequate nutrition delivery (Mancusi-Ungaro, Van
Way, & McCool, 1992). This research study was undertaken to identify the REE of moderate
burn injuries, describe the variables that are associated with REE, determine the accuracy of
predictive equations used to estimate REE and the acceptability of indirect calorimetry

measurements from the patient’s perspective.



1.3 Literature Review

1.3.1 Energy expenditure

The energy required by humans for bodily functions is obtained from the environment through
the consumption of food, specifically lipid, protein and carbohydrate. These energy substrates
undergo oxidative reactions within the body producing carbon dioxide (CO2), heat and the

energy molecule adenosine triphosphate (ATP) (Ferrannin, 1988; Storey, 2004).

Total energy expenditure (TEE) has three components: the basal or resting metabolic rate; the
thermic effect of feeding (TEF); and the thermic effect of activity (TEA) (Walker & Heuberge,
2009). The basal metabolic rate (BMR) is defined as the minimum rate of energy expenditure
and is the energy used to maintain normal bodily functions such as organ systems (Owen,
1988). Combined, the brain and liver account for just 4 to 5% of total body weight however,
they contribute to approximately 40% of the BMR reflecting their high energy needs (Owen,
1988). BMR is observed in subjects who are 12 hours post-absorptive in the early hours of the
morning during deep sleep in a dim, quiet and thermo-neutral environment. Measurement
conditions of BMR are difficult to attain and as a result, REE is frequently used in the clinical
and research setting (Battezzati & Vigano, 2001; Owen, 1988; Schlein & Coulter, 2013). REE
IS measured in an awake but rested state rather than in a deep sleep. REE is approximately 10%
greater than BMR reflecting the increase energy use in the awakened state (Matarese, 1997;
Schlein & Coulter, 2013; Wooley & Sax, 2003). Measurement of REE requires individuals to
be 12 hours post-absorptive and have abstained from intensive physical activity in the previous
12 hours. Testing should also occur in a dim, quiet and thermo-neutral environment and can be
observed at any time of the day (Owen, 1988). REE is estimated to account for 65 to 70% of

an individual’s TEE (Battezzati & Vigano, 2001; Owen, 1988), as demonstrated in Figure 2.



TEA >15%

TEF 7-10%

REE 65 - 70%

Figure 2. Components of total energy expenditure in healthy adults (Lee & Nieman, 2013)

Note. REE = resting energy expenditure; TEF = thermic effect of feeding; TEA = thermic effect of activity.

The TEF is the energy expended during nutrient metabolism and accounts for 7 to 10% of the
TEE (Brandi, Bertolini, & Calafa, 1997; Lee & Nieman, 2013; Owen, 1988). As BMR and
REE are typically measured in fasted subjects the addition of a 10% factor is recommended
when determining TEE to account for the TEF (Ferrie & Ward, 2007). When measuring REE
in a clinical setting, fasting may be contraindicated (e.g., in the critically ill patient) and
measurements may be conducted in the fed state. In these instances, a factor for TEF should
not be included in calculations for TEE as it has already been measured with the REE (Ferrie

& Ward, 2007).

The TEA is the most variable component of TEE and is attributed to physical activity and
muscular movement including fidgeting, shivering and purposeful activities such as sports

(Walker & Heuberge, 2009). In sedentary adults TEA is approximately 15% of TEE. However,



this can increase to greater than 30% in highly active individuals (Poehlman, 1989). When
determining TEE an activity factor should be applied to account for the energy expenditure

associated with TEA, as demonstrated in Table 1 (Ferrie & Ward, 2007).

It is well documented that REE is influenced by disease and injury (Long, Schafeel, Geiger,
Schiller, & Blakemore, 1979; Walker & Heuberge, 2009). In 1979 Long et al. published their
work quantifying the increase in energy expenditure observed during major sepsis, skeletal
trauma, major thermal injury and a minor operation. The authors identified a 23% to 130%
increase in REE within these groups (Long et al., 1979). Loss of heat, body tissues and fluids,
fever and changes in metabolic hormones are responsible for the observed hypermetabolism
(Ferrie & Ward, 2007). Long et al. (1979) and others (Barak, Wall-Alonso, & Sitrin, 2002;
Elia, 2005) developed and recommended the use of injury factors which can be applied to REE
or BMR to determine the TEE of injured and ill individuals (Ferrie & Ward, 2007). Such
authors also proposed the application of an activity factor in determining TEE to account for
the TEA in ill or injured individuals. However, the use of an activity factor for individual’s
with illness or injury is disputed, as despite an elevated REE, these populations frequently
experience reduced mobility secondary to bed rest and sedation (Battezzati & Vigano, 2001;
Elia, 2005; Ferrie & Ward, 2007). Royall, Fairholm, Peters, Jeejeebhoy, and Allard (1994)
examined 24 hour energy expenditure in critically ill burn patients and found that 27.3% of
TEE was attributed to activities such as wound dressings, patient agitation and physiotherapy,
therefore proposing a 20% activity factor. However, in a randomised trial of indirect
calorimetry directed feeding Saffle, Larson, and Sullivan (1990) reported that a 20% activity

factor resulted in the overestimation of TEE.



Table 1

Method for determination of total energy expenditure in the ill or injured individual (Long et
al., 1979).

TEE = REE x (activity factor) x (injury factor) x TEF?

& Assumption that REE was determined in a post-absorptive state
Note. TEE = total energy expenditure; REE = resting energy expenditure; TEF = thermic effect of feeding

1.3.2 Energy expenditure in burn injuries

The elevated REE of individuals with a burn injury was initially described in the 1950s (Ireton-
Jones & Gottschlich, 1993). This has been followed by an abundance of publications further
investigating and quantifying the hypermetabolism observed within this population, as
reviewed by Cunningham (1990). The metabolic response to a burn injury is considered
biphasic with an initial ebb phase followed by a flow phase. The ebb phase occurs immediately
after the injury and is characterised by reduced cardiac output, low oxygen consumption (VO2),
poor oxygen tissue perfusion, reduced glucose tolerance and lower REE (Herndon &
Tompkins, 2004). The ebb phase lasts from two to five days (Herndon & Tompkins, 2004;
Jeschke et al., 2011). Following the onset of the ebb phase, there is a gradual increase in VO3,
cardiac output and REE, and an increased heart rate, thus signalling the beginning of the flow

phase.

During the flow phases there is an increase in metabolic mediators such as catecholamines,
cytokines including tumour necrosis factor (TNF) and interleukin-1 (IL-1) and glucocorticoids
(Jeschke et al., 2011), as well as insulin resistance which results in augmented macronutrient
metabolism (Tredget & Yu, 1992). Such metabolic mediators contribute to the amplification

of protein breakdown and oxidation, illustrated by elevated urea levels, a flux of amino acids



in the fasted state and an increased protein oxidation rate of 1.2 g/kg/day compared to 0.85
g/kg/day in healthy individuals (Herndon & Tompkins, 2004; Tredget & Yu, 1992). Insulin
resistance contributes to protein synthesis inhibition and promotes protein breakdown,
resulting in a net protein catabolism which over time leads to a global loss of muscle mass
(Tredget & Yu, 1992). Furthermore, insulin resistance results in hyperglycaemia which can
increase an individual’s risk for infective complications and fatty liver (Herndon & Tompkins,
2004; Masters & Wood, 2008; Tredget & Yu, 1992). Evidence indicates that lipid oxidation is
increased by 132% in individuals with a burn injury, with lipids contributing the largest
component of TEE at 72%. This is supported by the accelerated release of free fatty acid (FFA)
from adipocytes which is observed post-burn injury (Herndon & Tompkins, 2004). However,
a significant proportion of these FFAs are recycled back into triglycerides suggesting futile
substrate cycling. This futile substrate cycling is also observed for glucose and protein and
contributes to the elevated energy expenditure and results in muscle and adipose tissue wasting

in the long term (Masters & Wood, 2008; Tredget & Yu, 1992).

Early publications reported that metabolism returned to healthy or pre-burn levels, following
wound closure (Cunningham, Hegarty, Meara, & Burke, 1989; Saffle et al., 1985; Wilmore,
Long, Mason, Skreen, & Pruitt, 1974). However, more recent literature has demonstrated that
hypermetabolism may persist for months and even years beyond wound closure and is often
referred to as a “hypermetabolic plateau” (Hart et al., 2000; Jeschke et al., 2011; Milner, Cioffi,
Mason, McManus, & Pruitt, 1994; Noordenbos, Hansbrough, Gutmacher, Doré, &
Hansbrough, 2000). Studies have demonstrated that patients with major burn injuries remain
hypermetabolic at hospital discharge despite wound closure (Mancusi-Ungaro et al., 1992;
Milner et al., 1994). By extrapolating from indirect calorimetry data on inpatients, Milner et al.

(1994) reported that it would take 100 to 150 days to reach pre-burn metabolic rates for 20 to



40% TBSA injuries, and 250 days for > 70% TBSA injuries. Jeschke et al. (2011) found that
hypermetabolism persisted for two years (p < 0.05) in children, with metabolic mediators, such
as TNF, norepinephrine and interleukin factors, remaining elevated three years following the
initial burn injury (p < 0.05). This is further supported by studies whereby early wound excision
and grafting had no effect on the degree or length of hypermetabolism (Dickerson et al., 2002,;
Noordenbos et al., 2000). The time course of hypermetabolism for moderate burn injuries in

adults has not been described in the published literature.

Early work by Wilmore et al. (1974) identified a positive correlation between hypermetabolism
and burn injury TBSA, as illustrated in Figure 3. This association was confirmed by Saffle et
al. (1985) and more recently by Jeschke et al. (2007) who reported a significant positive
association between the degree of hypermetabolism and TBSA in children (p < 0.05). In adults,
studies have identified the presence of a “hypermetabolic ceiling” (Saffle et al., 1985), whereby
energy expenditure plateaus at approximately double the normal REE for burn injuries greater
than 60% TBSA (Tredget & Yu, 1992). Evidence suggests that the “hypermetabolic ceiling”
occurs when the maximal metabolic capacities of the respiratory and the circulatory systems
are reached (Cunningham, 1990). Wilmore et al. (1974) identified that a higher room

temperature was associated with a reduction in metabolic rate for burn injuries > 45% TBSA.

Despite an acceptance of the positive relationship between TBSA and hypermetabolism evident
within the literature (Tredget & Yu, 1992) several studies have produced data that demonstrate
inconsistencies (Mancusi-Ungaro et al., 1992; Noordenbos et al., 2000). Noordenbos et al.
(2000) found no significant correlation between TBSA and hypermetabolism in an adult
population. This is supported by Dickerson et al. (2002) who found no significant correlation
between TBSA and REE in 24 male and female burn patients, with a TBSA injury ranging

from 20 to 80% (NS).
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Figure 3 Correlation between metabolic rate (kcal/m?/hr) and total body surface area (%)
following a burn injury at ambient temperature 25°C (dotted line) and 33°C (unbroken line)

(Wilmore et al., 1974; Wilmore, Mason, Johnson, & Pruitt, 1975)

Variables other than TBSA, such as age, number of days post-burn injury, caloric intake and
body temperature, have been shown to influence the REE of individuals with a burn injury to
varying extents (Allard et al., 1988). In adult burn injuries, age has been reported as the second
highest contributing factor to REE, following TBSA (Shields et al., 2013). However, other
studies have reported no significant correlation between REE and age (Allard et al., 1990;
Cunningham, 1980). The number of days post-burn injury has been shown to significantly
correlate (r? not reported, p < 0.001) with measured REE (Allard et al., 1988). However, Milner
et al. (1994) found no significant correlation (r = - 0.254, p = 0.072) in the first 30 days
following a burn injury and a significant correlation after 30 days (r =- 0.673, p < 0.001). This
is supported by Dickerson et al. (2002) who also did not find a significant correlation between

post-burn days (NS) and energy expenditure. Calorie intake was shown as a significant variable
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for energy expenditure by Allard et al. (1988) (r? not reported, p < 0.001). Cunningham et al.
(1989) reported that body temperature was not correlated with REE, however, Allard et al.
(1988) found a significant correlation (r? not reported, p < 0.001). The effect of these variables
has been noted in a review by Cunningham (1990) who stated that the degree of
hypermetabolism was the result of undefined interactions between several factors and reported
a 30 to 40% variability in metabolism for the same TBSA burn injury. This is evident in a paper
by Mancusi-Ungaro et al. (1992) who reported that some individuals with a TBSA < 10% had
a REE equivalent or greater than those with a 50% TBSA burn injury. This led the authors to
hypothesise that factors, other than TBSA, were determinants of the hypermetabolism observed
following a burn injury (Mancusi-Ungaro et al., 1992; Yu, Wagner, Walesreswski, Burke, &
Young, 1988). The inconsistent strength of correlation for these variables illustrates the
individuality of each burn patient and the need for accurate methods to determine energy

expenditure.

1.3.3 Determination of energy expenditure in burn injuries

The accurate determination of energy expenditure for individuals with a burn injury is crucial
for the avoidance of over- and underfeeding (Moreira da Rocha et al., 2006; Prelack, Dylewski,
& Sheridan, 2007). Overfeeding can lead to cardiopulmonary, hepatic and metabolic
complications (Brandi et al., 1997; Prelack et al., 2007), whilst underfeeding can lead to

increased risk of infections and poor wound healing (Rodriguez et al., 2011).

Indirect calorimetry is considered the gold standard for the determination of energy
requirements in individuals with a burn injury (Berger, 2008; Rousseau, Losser, Ichai, &
Berger, 2013) and international practice guidelines advocate for its routine use within this

population (Rousseau et al., 2013). Indirect calorimetry measures oxygen and carbon dioxide
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gas exchange to determine energy expenditure (Ferrannin, 1988; Walker & Heuberge, 2009).
The development of portable bedside indirect calorimetry instruments in the 1980s has enabled
clinicians to accurately and reliably measure REE, thus measuring the variation observed
between individuals (Battezzati & Vigano, 2001; Ireton-Jones & Gottschlich, 1993; Moreira
da Rocha et al., 2006). This allows clinicians to tailor the nutrition support regime to each
patient’s individual nutritional requirements and reduce the risks of under- and overfeeding
(Wooley & Sax, 2003). Furthermore, indirect calorimetry is safe and non-invasive (Wooley &
Sax, 2003). However, the high cost of the equipment combined with the time and training
required to complete measurements have been inhibitory to its uptake in burn units (Campbell

& Kudsk, 1988; Masters & Wood, 2008; Walker & Heuberge, 2009).

An alternative to indirect calorimetry is the use of predictive equations. Predictive equations
are mathematical formulas developed using regression analysis of indirect calorimetry data
collected on a cohort of subjects (Harris & Benedict, 1919; Ireton-Jones, Turner, Liepa, &
Baxter, 1992). Equations may be developed within a healthy cohort and require an injury factor
to account for the elevated REE associated with disease and injury; or developed with a cohort
of ill subjects, such as burn patients, thereby incorporating the elevated REE into the equation

and negating the need for an injury factor (Walker & Heuberge, 2009).

Predictive equations commonly include variables of influence on energy expenditure, such as
age and weight. Predictive equations are favoured by clinicians as they are simple and quick,
and overcome the financial and technical limitations of indirect calorimetry. For this reason,
numerous predictive equations for burn patients have been developed (Cunningham et al.,
1989; Dickerson et al., 2002). However, the inaccuracies of predictive equations are well
recognised and international practice guidelines do not recommend their routine use for the

determination of energy expenditure for patients with a burn injury as it may result in inaccurate
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estimations of TEE and subsequent nutrition delivery (Shields et al., 2013; Walker &

Heuberge, 2009).

1.3.3.1 Harris-Benedict equations

The seminal Harris-Benedict equations are considered the first attempt to develop a formula
for the estimation of energy expenditure using analysis of BMR (Harris & Benedict, 1919;
Moreira da Rocha, Alves, Silva, Chiesa, & da Fonseca, 2005; Walker & Heuberge, 2009). The
equations were developed in 1919 with a cohort of 239 healthy adult male and female subjects
with a mean age of 27 + 9 years (Harris & Benedict, 1919). The original Harris-Benedict
equations, which remain in use by clinicians today, are given in Table 2. An injury factor may
be required when using these equations with hospitalised individuals to account for the increase
in REE observed during disease and illness (Ferrie & Ward, 2007; Walker & Heuberge, 2009).
For burn patients, these injury factors range from 20 to 220% with little consistency in
recommendations (Cunningham, 1990; Dickerson et al., 2002; Masters & Wood, 2008; Wall-
Alonso, Schoeller, Schechter, & Gottlieb, 1999). Historically, an injury factor of 200% has
been common practice for patients with major burn injuries. However, this has been shown by
multiple authors to overestimate REE in burn patients (Dickerson et al., 2002; Wall-Alonso et
al., 1999). More recent publications suggest an injury factor range from 20 to 50% dependent

on the TBSA (Australian and New Zealand Burn Association, 2007; Masters & Wood, 2008).

The Harris-Benedict equations are favoured by clinicians as they are easy to use, require only
the variables of age, height and weight, and are frequently cited within the nutrition literature
(Ferrie & Ward, 2007; Walker & Heuberge, 2009). However, the equations have been shown

to both under and overestimate energy requirements when applied with an injury factor to

14



hospitalised individuals (Walker & Heuberge, 2009). Wall-Alonso et al. (1999) found the
equations to overestimate, on average, by 16.5% when compared to indirect calorimetry in a
burn injury cohort (p < 0.05). The inaccuracy observed with these equations, particularly the
tendency to overestimate, is attributed to the methodology and equipment used in the original
study. The original publication reports that BMR was measured however, the methodology
reflects REE conditions in that subjects arrived on-site and were rested for 30 minutes prior to
the testing (Harris & Benedict, 1919). In addition, the researchers used glass nasal tubes, rather
than the modern face mask or canopy hood system to collect respiratory gas, which may have
resulted in elevated energy expenditure secondary to agitation (Frankenfield, Muth, & Rowe,
1998). Furthermore, the equations are limited in their applicability as they were developed in
young, healthy, fit Caucasian individuals which is not reflective of modern hospital patients,

especially in relation to hypermetabolic states (Ferrie & Ward, 2007; Frankenfield et al., 1998).

Table 2

The Harris-Benedict equations for the estimation of resting energy expenditure in healthy
adults (kcal/ day) (Walker & Heuberge, 2009)

Men REE (kcal/day) = 66.47 + (13.75 x W) + (5.0 x H) — (6.76 X A)

Women REE (kcal/day) = 655.1 + (9.56 x W) + (1.85 x H) — (4.68 x A)

Note. REE = resting energy expenditure; W = weight (kg); H = height (cm); A = age (years)
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1.3.3.2 Schofield equations

The more recent Schofield equations are an extension of the work completed by the Food and
Agricultural Organisation (FAO), World Health Organisation (WHO) and the United Nations
University (UNU) (Ferrie & Ward, 2007), and are provided in Table 3. A cohort of 7000
healthy subjects from 23 different countries and 114 individual studies were used to develop
the equations. The Schofield equations are popular among Australian clinicians as they form
the basis for the calculation of the Estimated Energy Requirements (EER) in the Australian
Nutrient Reference Value (NRVs) for healthy individuals and are thought to better reflect the
Australian population (Ferrie & Ward, 2007). Despite the widespread use of the Schofield
equations, they have been shown to overestimate energy expenditure in healthy and
hospitalised individuals (Ferrie & Ward, 2007; Piers et al., 1997). Piers et al. (1997) found the
Schofield equations to overestimate in healthy young Australian males by 406 kJ/day (p <
0.001) and females by 125 kJ/day (p < 0.001). Although statistically significant, the values may
not be clinically relevant as weight balance studies suggest differences > 418 kJ/day are
associated with long term weight change (Hasson, Howe, Jones, & Freedson, 2011). The
accuracy of the equations is further questioned by reports of inconsistent temperatures during
measurements for the original dataset leading to shivering or sweating which would have
elevated REE (Ferrie & Ward, 2007). Despite the limitations of the equations, Masters and
Wood (2008) found that they continued to be used in the estimation of energy requirements for
burn patients with the addition of an injury factor ranging from 20 to 200% dependent on the
TBSA. Lacking in the literature is a critique of the suitability of these equations for burn

patients.
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Table 3

The Schofield equations for the estimation of resting energy expenditure in healthy adults
(MJ/ day) (Masters & Wood, 2008)

Men 18 — 30 years (0.063 x W) + 2.896

Men 30 — 60 years (0.048 x W) + 3.653

Men > 60 years (0.049 x W) + 2.459

Women 18 — 30 years (0.062 x W) + 2.036

Women 30 — 60 years  (0.034 x W) + 3.538

Women > 60 years (0.038 x W) + 2.755

Note. W = weight (kg)

1.3.3.3 Ireton-Jones equations

The Ireton-Jones equations, originally published in 1992, were unique as they were developed
and validated in a cohort of 200 critically ill trauma and burn patients, with 33% being
ventilated (Ireton-Jones et al., 1992). The equations were revised in 1997 with 99 ventilated
(42%) and 135 non-ventilated patients (58%). The revision enhanced the predictability of the
ventilator equation with a reduction in the overestimation of energy requirements in 52 to 65%
of subjects but did not improve the predictability of the non-ventilator equation and therefore
no revisions were made to this formula (Ireton-Jones & Jones, 2002). The revised equations

are provided in Table 4.
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Table 4

The revised Ireton-Jones equations for the estimation of resting energy expenditure in
critically ill adults (kcal/ day) (Ireton-Jones & Jones, 2002)

Non-ventilated 629 — (11 x A) + (25 x W) — (609 x O)

Ventilated 1784 — (11 x A) + (B X W) + (244 x S) + (239 x T) + (804 x B)

Note. A = age (years); W = weight (kg); O = body mass index > 27 kg/m? (1 = present; 0 = otherwise); S = gender
(1 = male; 0 = otherwise); T = trauma (1 = present; 0 = otherwise); B = burns (1 = present; 0 = otherwise)

Unlike the Harris-Benedict and Schofield equations, the Ireton-Jones equations do not require
the use of an injury factor. This, and their more recent publication which reflects current
medical interventions, are strengths of the equations (Ferrie & Ward, 2007). However, studies
have found the equations to vary in accuracy from 28 to 83% of measured REE dependent on
the population (Walker & Heuberge, 2009). The equations have been found to perform most
accurately in a younger obese population of mixed critically ill patients (Walker & Heuberge,
2009). In a burns population, the original equations have been shown to lack precision with a
20% mean error for the ventilated equation and a 30% mean error for the non-ventilated version
when compared to measured REE using indirect calorimetry (Dickerson et al., 2002). The
equation for ventilated patients assumes the same severity for all burn injuries (Ferrie & Ward,
2007) which may account for the error observed by Dickerson et al. (2002). Despite the
limitations, these equations continue to be used to estimate energy expenditure for individuals

with a burn injury (Masters & Wood, 2008).
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1.3.3.4 Toronto equation

The Toronto equation has been developed specifically for burn patients using a cohort of 23
male and female ventilated and non-ventilated burn patients for a total of 155 indirect
calorimetry measurements (Allard et al., 1988). The mean TBSA for the cohort was 39.2%
(range of 7 — 90%) with a distribution of participants across the TBSA range (7 for 7 — 19%
TBSA,; 6 for 20 — 39% TBSA, 3 for 40 — 59% TBSA; and 7 for > 60% TBSA). As with the

Ireton-Jones equations, an injury factor is not required. The equation is provided in Table 5.

Table 5

The Toronto equation for the estimation of resting energy expenditure in adult burn patients
(kcal/ day )(Allard et al., 1988)

-4343 + (10.5 x %TBSA) + (0.23 x Cl) + (0.84 X EBEE) + (114 x T) - (4.5 x PBD)

Note. % TBSA = % of total burn surface area; Cl = calories received in the previous 24 hours; EBEE = estimated
basal energy expenditure using the Harris-Benedict equations; T = average hourly body temperature for the
previous 24 hours (°C); PBD = post burn days.

The authors of the Toronto equation found that TBSA, caloric intake and predicted REE using
the Harris-Benedict equations were significantly associated with measured REE (all p <0.001),
as were body temperature and days post-burn injury (both p < 0.01). Therefore these variables
were incorporated into the predictive equation using stepwise multiple regression analysis. The
number of surgical grafting interventions was not significantly correlated with measured REE
and was therefore not included in the formula (Allard et al., 1988). The resulting equation
correlates well with measures of REE using indirect calorimetry (r = 0.82, p < 0.001) (Allard

et al., 1988). This has also been observed by Tancheva et al. (2005), Royall et al. (1994) and
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Wall-Alonso et al. (1999) who found no significant difference between the Toronto equation

and measured REE using indirect calorimetry in adult burn patients.

In contrast, Garrel and de Jonge (1993) observed that the equation underestimated by 24%
when applied to ventilated adult burn patients. Dickerson et al. (2002) found the equation to
underestimate in a cohort of 24 patients with a TBSA 20 to 80% (p = 0.001). Despite these
limitations, the Toronto equation continues to perform as one of the more accurate and reliable
equations for burn patients. Furthermore, it is applicable to both ventilated and non-ventilated
patients and a wide range of TBSA injuries due to the population in which it was developed
(Allard et al., 1990). However, the equation is limited by its complexity and the ability to obtain

the variables required for the calculation (Masters & Wood, 2008; Rodriguez et al., 2011).

1.3.3.5 Energy-per-kilogram equations

An alternative to the mathematically derived predictive equations are the energy-per-kilogram
of body weight equations, given in Table 6. Yu et al. (1988) first described this method by
observing that 12 severely burnt patients had a mean energy expenditure of 130 kJ/kg/day. This
method was later popularised by the American College of Chest Physicians for all critically ill
patients (Walker & Heuberge, 2009). Other than the early work by Yu et al. (1988) little has
been published or validated regarding this method in burn populations. Berger (2008) and
Dickerson et al. (2002) both refer to the formula as “common practice” with no source
available. An analysis by Dickerson et al. (2002) evaluated three energy-per-kilogram formulae
and found that none were precise. The mean error was 23%, 23% and 27% for the 130

kJ/kg/day, 146 kJ/kg/day, and 167 kJ/kg/day, respectively, where imprecision was defined as
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> 15% of the measured REE using indirect calorimetry. The 167 kJ/kg/day was shown to

overestimate energy requirements by 2,675 + 3,711 kJ/day (Dickerson et al., 2002)

Table 6

The energy-per-kilogram equations for the estimation of resting energy expenditure in adult
burn patients (kJ/day) (Berger, 2008)

TBSA <40% 125 - 146 kJ/kg/day
TBSA > 40% 146 — 210 kJ/kg/day
1.3.3.6 Summary

All predictive equations have been shown to have a clinically relevant degree of inaccuracy
when compared to indirect calorimetry, including both the over- and underestimation of energy
requirements (Dickerson et al., 2002). Despite this, predictive equations remain widely used.
This is attributed to the high cost associated with purchasing and maintaining indirect
calorimetry equipment and the comparative simplicity of the predictive equations (Rodriguez
et al., 2011; Rousseau et al., 2014). Results of surveys conducted in Europe (Rousseau et al.,
2014), North America (Graves, Saffle, & Cochran, 2009) and Australia (Masters & Wood,
2008) found that 100% of burn centres continue to use predictive equations despite 30% of
these centres in Europe, 66% of these centres in North America and 40% of these centres in
Australia having access to indirect calorimetry. One limitation of current predictive equations
for burn patients is that all have been developed and validated in populations with a mean
TBSA classified as major, which is > 20% TBSA. No equation has been designed for use with

moderate burn injuries and validation of existing equations for moderate burn injuries is
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lacking. Currently the WA State Adult Burn Unit determines energy expenditure by calculating
both the Schofield and Toronto equations and taking a mean value. Using clinical experience,
the dietitian will make calorie delivery adjustments to account for loss of weight, infection,

repeated surgeries and wound healing (M. Cork, personal communication, March 1, 2016).

1.3.4 Patient acceptability of indirect calorimetry

While previous studies have evaluated the techniques required for indirect calorimetry in burn
and critically ill patients (Moreira da Rocha et al., 2006; Wooley & Sax, 2003) no published
studies, to the researcher’s knowledge, have considered the acceptability of indirect calorimetry
as assessed by the patient. Several studies have investigated the experiences of staff performing
the measurement. One study reported that indirect calorimetry measurements took an average
of 35 minutes and concluded that this was feasible for a clinical setting (De Waele et al., 2013).
Another study identified that indirect calorimetry measurements were limited by the
availability of trained staff resulting in poor compliance with unit protocols (Charriere,
Delodder, & Berger, 2013). Both studies were conducted with ventilated patients and were not
specific to burn patients. A survey conducted by Campbell and Kudsk (1988) found that 41%
of hospitals who owned an indirect calorimeter did not routinely use the measures to guide
delivery of nutrition. Barriers cited in this study included incompatibility between the indirect
calorimeter and ventilators and difficulties in calibration. Since this publication, indirect
calorimeter equipment and techniques have improved and become accepted as part of routine
assessment for many, but not all, burn centres (Holdy, 2004). An understanding of the patient
experience in terms of measurement duration, comfort during measures, acceptability of
equipment, and ability of the patient to follow the procedures is yet to be elicited for all patients

including those with burn injuries.
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1.4 Research aims

The aims of this study were to describe the REE of moderate size burn injuries, defined as 5 to
15% TBSA, using indirect calorimetry; compare the measured REE of this cohort to published
predictive equations; and determine the acceptability of indirect calorimetry measurements

from a patient perspective.

1.5  Research questions

1. How does resting energy expenditure of a moderate burn injury, determined using indirect
calorimetry, compare to the energy expenditure of larger burn injuries, determined using
indirect calorimetry, as reported in previous published studies?

2. How does resting energy expenditure change over time for a moderate burn injury (i.e., 72
hours after admission, after surgery or 1 week post-admission, and 6 weeks after
admission)?

3. Isthere an influence of multiple variables® on the resting energy expenditure of a moderate
burn injury?

4. Do the published predictive equations accurately estimate resting energy expenditure of
moderate burn injuries?

5. Isindirect calorimetry an acceptable? tool from the patient perspective to measure the

resting energy expenditure following a moderate burn injury?

Yvariables include: age, gender, body mass index (BMI), hand grip strength (HGS), Patient Generate-Subjective

Global Assessment (PG-SGA) score, total body surface area (TBSA) burn injury, post-burn days

2Acceptability will be measured using a written questionnaire.
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1.6 Hypotheses

1. The measured resting energy expenditure of patients with a moderate burn injury (defined
as 5 to 15% total body surface area) will be significantly less than that of patients with a
major (> 15% total body surface area) burn injury from published studies.

2. The measured resting energy expenditure of patients with a moderate burn injury will
significantly decrease within 6 weeks of the burn injury.

3. Patients with a moderate burn injury of older age, female gender, poorer nutritional status
(reduced hand grip strength, higher PG-SGA score or underweight body mass index) or
less severe burn injury (lower total body surface area or burn thickness) will have a
significantly lower resting energy expenditure than patients of a younger age, male gender,
adequate nutritional status (hand grip strength, lower PG-SGA score or body mass index
within healthy ranges), or more severe burn injury (higher total body surface area or burn
thickness).

4. The estimated resting energy expenditure from selected! published predictive equations in
patients with moderate burn injuries will be accurate to within £ 10% of the measured
resting energy expenditure using indirect calorimetry.

5. All patients with a moderate burn injury will report that the method of indirect calorimetry
measurements is acceptable in terms of test duration and timing, comfort, privacy and

willingness to repeat the measurement.

! The Schofield, Harris-Benedict, Toronto and Ireton-Jones equation, and the 100 — 125 kJ/kg/day energy-per-

kilogram formulae
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Chapter: Methodology

2.1  Design

This is a single-centre observational pilot study employing quantitative analysis to identify and
explore the determinants of resting energy expenditure (REE) in individuals with a moderate
burn injury. Indirect calorimetry was used to measure REE in the cohort and additional
anthropometric, medical and dietary data were collected to enable analysis of the variables of
influence on REE. A written questionnaire was undertaken to explore the participant

experience during the indirect calorimetry measurements.

2.2  Participants

Participants were recruited from the Western Australian (WA) State Adult Burn Unit located
at Fiona Stanley Hospital (FSH) between the 11" of March 2015 and the 315t of July 2015. All
patients with a total body surface area (TBSA) burn injury between 5 and 15% were screened
for eligibility between the 111 of March and the 301 of June. From the 1t of July until the 31t
of July the criterion was amended to < 15% TBSA to increase the number of participants, with
the aim to recruit a total of 30 participants for the study. This study had approval from the Edith
Cowan University (ECU) Human Research Ethics Committee (HREC) and the FSH HREC

(ECU 11916 and FSH 14-122).

Patients were excluded if they were < 18 years of age; required supplemental oxygen or were
ventilated; had a non-thermal burn injury (e.g., an electrical or chemical burn); had an
inhalation burn injury; had a head injury; had a facial burn injury or other trauma which
inhibited the use of a face tent for the indirect calorimetry measurement; or were being treated

with dialysis or fluid resuscitation. These exclusion criteria were applied to obtain a
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homogenous study population secondary to the small sample size thus reducing potential
confounding factors. Ventilated patients were beyond the scope of the study and patients
receiving dialysis treatment, fluid resuscitation and supplemental oxygen were excluded due
to potential error with indirect calorimetry measurements (Compher et al., 2006; McClave &

Snider, 1992).

2.3 Materials

2.3.1 Demographic characteristics

Participant demographic data were collected from the FSH electronic medical notes systems,
Burns Information Management System (BIMS) (FSH Adult Burn Unit, Western Australia).
This information included age; gender; depth of burn injury reported as superficial, superficial
partial, partial, deep partial and full thickness; extent of burn injury reported as TBSA; burn

agent; and data and time of burn injury occurrence.

Current medications were sourced from the bedside nursing notes after each indirect
calorimetry measurement and were examined for their influence on REE. The online pathology
system, iSOFT (CSC, Australia) was used to obtain biochemical data which was compared to
reference ranges and examined for the presence of infection and inflammation which may
affect an individual’s REE (Ferrie & Ward, 2007). Enrolment in a concurrent study by Paul
Gittings (FSH Physiotherapist), ‘Does exercise training improve muscle strength function after
burn injury?’ was recorded for consideration during analysis and was not considered an

exclusion criterion.
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2.3.2 Measured resting energy expenditure

Measured REE (mREE) was completed with the Ultima CPX (Medgraphics, USA) using a face
tent to capture inspired and expired gas. The face tent was chosen as it 1s the recommended
equipment for nutrition REE measurements for the Ultima CPX (MGC Diagnostics, 2012) and
1s disposable, thus meeting FSH infection control requirements. A bacterial filter (Bird
Healthcare, Australia) was attached to meet the infection control requirements of FSH.
According to the manufacturer’s instructions, adjustments were made to the Ultima CPX
settings to account for the resistance and dead space of the bacterial filter. Pre-study testing
indicated that the bacterial filter did not affect the accuracy of measurements. Figure 4

illustrates the setup of the collection system for the Ultima CPX.

Face tent Flex flow Bacterial filter
connection tubing

Figure 4. Ultima CPX face tent and bacterial filter set-up (photography by Janica Bell)

The Ultima CPX is an open-circuit system that measures oxygen consumption (VO) and
carbon dioxide production (VCO>) to calculate the REE using a modified Weir equation and

the Respiratory Quotient (RQ); these are given in Table 7.
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Table 7

The modified Weir equation for calculating resting energy expenditure and the Respiratory

Quotient calculation (Moreira da Rocha et al., 2006; Shields et al., 2013)

Weir equation REE (kcal) = [(VO2 x3.914) + (VCO2x 1.106)] x 1.44

Respiratory Quotient = VCO2 / VO2

Note. VO3 = oxygen consumption (mL/min); VCO; = carbon dioxide production (mL/min)

The reproducibility and accuracy of the Ultima CPX has been demonstrated (Huszczuk,
Whipp, & Wasserman, 1990; Porszasz, Barstow, & Wasserman, 1994) and the system has
previously been used with hospitalised patients including those with burn injuries (Junejo et
al., 2014; Peck et al., 2004; Pimenta et al., 2014; Wu, Huang, Xiao, Tang, & Cai, 2013). While
originally designed for use with respiratory patients, additional software and collection systems
are available for nutrition measurements. Indirect calorimetry measurements were recorded
using the Breeze Suite Software (version 8.1, Medgraphics, USA). The Ultima CPX is
registered with the Therapeutic Goods Administration (TGA) and accepted for use within

Australia (Appendix A).

All REE measurements were obtained by the researcher between 0600 and 0700 hours,
following administration of medications by nursing staff and prior to breakfast delivery, to
obtain rested and fasted conditions. Medical procedures and wound dressings were performed
after the indirect calorimetry measurement. The Ultima CPX was engaged for 30 minutes
allowing the vacuum pump and gas analyser to warm up. The unit was then moved to the
participant’s room and calibration was completed according to the manufacturing protocol,
described as follows. The PreVent pneumotach (Medgraphics, USA) was calibrated using a 3L

calibration syringe to within 2% error. Room temperature, humidity and barometric pressure
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were determined for calibration using the Vantage VUE wireless weather station (Davis, USA).
Gas calibration was achieved using the automated system within the Ultima CPX unit and
software. During calibration participants were instructed to rest on a bed in a supine position
for 15 minutes without talking or sleeping. The face tent was then fitted to the participant with
assistance from the researcher. A new face tent, flex flow tubing and bacterial filter was used
for each measurement. Once the face tent was correctly fitted to the participant the fan speed
controller was connected to the collection system using an elbow connection, as illustrated in

Figure 5.

Collection system (face tent, flex flow Elbow
tubing, bacterial filter)

A

connection

A
Fan speed PreVent
controller pneumotach

Figure 5. Ultima CPX fan speed controller set-up (photography by Janica Bell)
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The fan speed was adjusted to maximise the carbon dioxide (CO2) reading using the PWave
display. Optimal CO- readings were considered a maximum value > 2% and a minimum value
reaching 0% for approximately 1 second, as per manufacture’s guidelines. Once achieved, the
values were monitored for at least 2 minutes for stability prior to commencing the test. See

Figure 6 for an example PWave display.
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Figure 6. Ultima CPX PWave display illustrating the optimal variation of carbon dioxide (CO>)
readings for fan speed setup reaching 0% and exceeding 2% (reproduced from Breeze Suite

Software output)

Quiet conditions were maintained during the measurement. Environmental conditions were
monitored by the researcher throughout the measurement to ensure they did not deviate from
the calibration conditions. The researcher monitored and noted any signs of agitation and
movement by the participant during the measurement. Correct hand hygiene and the FSH
personal protective equipment (PPE) protocol were followed at all times. At the end of each

measurement the face tent, flex flow tubing and bacterial filter were discarded. At the end of
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each test the surface of the Ultima CPX was cleaned using Oxivir® Th wipes (Diversey,

Netherlands).

The first five minutes of each indirect calorimetry test were discarded following best practice
recommendations (Schlein & Coulter, 2013). Using a customised Microsoft Excel program
(Microsoft, Washington, USA) developed by the researcher, the indirect calorimetry data was
analysed in sixty second mean intervals to determine the presence of a steady state. A steady
state period is a metabolic equilibrium that accurately reflects total REE over a 24 hour period
(Holdy, 2004). This study employed a customised algorithm for the determination of a steady
state. The algorithm was developed using literature and best practice recommendations and is

given Figure 7.

The primary criterion for achievement of a steady state is a consecutive five minute period
whereby the mean minute VO_ and VCO: change by < 10% (Schlein & Coulter, 2013). If a
steady state was not achieved using this criterion then a steady state, defined as the co-efficient
of variation (CV) of VO2 and VCO: changing by < 5% for 5 consecutive minutes, was applied
(Schlein & Coulter, 2013). If a steady state was not achieved using either of these methods then
a steady state, defined as the CV < 10% of the entire measurement, was applied (Schlein &
Coulter, 2013). If none of the above methods achieved a steady state then the time period was
reduced consecutively to 4 minutes, 3 minutes and then 2 minutes for both the VO, and VCO-
changing by < 10% and the CV of VO and VCO; changing by < 5%. The final step in the
algorithm, if no other criteria had achieved a steady state, was the analysis of the entire data set
(excluding the first five minutes). The steady state period, defined according to the algorithm
in Figure 7 was used to determine the REE, VO2, VCO> and RQ for each indirect calorimetry

measurement (Hart et al., 2002; Schlein & Coulter, 2013).
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Steady state, defined as VO and VCO, < 10% for 5 consecutive minutes, achieved?
(Primary criterion) (McClave, Spain, et al., 2003; Schlein & Coulter, 2013)

Yes No

) v
Steady state Steady state, defined as the co-efficient of variation < 5% for
achieved 5 consecutive minutes, achieved? (Schlein & Coulter, 2013)

No

Steady state, defined as the co-efficient of variation for the whole

measurement < 10%, achieved? (Schlein & Coulter, 2013)

|
Yes

v

Steady state
achieved

No Yes
\ 4
Steady state, defined as VO2 and VCO2 <10% for <5 Steady state
minutes, achieved (i.e., 4 minutes, 3 minutes, 2 achieved

minutes)? (McEvoy, Cooke, & Young, 2009; Reeves
et al., 2004; Smallwood & Nilesh, 2012)

|
Yes

No

Steady state
achieved

Steady state, defined as the co-efficient of variation < 5% for <5

consecutive minutes, achieved (i.e., 4 minutes, 3 minutes, 2 minutes)?
(McEvoy et al., 2009; Reeves et al., 2004; Smallwood & Nilesh, 2012)

No

Use the whole measurement

Y

Steady state
achieved

I
Yes

v

Steady state
achieved

Figure 7. Algorithm for the determination of a steady state for indirect calorimetry measurements




2.3.3 Predicted resting energy expenditure

The predicted REE (pREE) was determined using the four most frequently cited equations in
the literature, the Schofield, Harris-Benedict, Toronto and Ireton-Jones equations, and the
energy-per-kilogram range of 100 to 125 kJ/kg of body weight/day. An injury factor was
applied to the Schofield and Harris-Benedict equations. The equations, energy-per-kilogram
ranges and injury factors are provided in Table 8. An adjustment to body weight was required
for participants with a BMI is > 30 kg/m? (Edgar, 2014). The equation to calculate an adjusted

body weight (ABW) is given in Table 9.

Table 9

Calculation to determine an adjusted body weight (Edgar, 2014)

ABW (kg) = [(current weight - IBW ) x 0.25]+ IBW

Note. ABW = adjusted body weight; IBW = ideal body weight (kg) calculated as the weight equivalent to a BMI
of 25 kg/m? for < 65 years of age or 27 kg/m? for > 65 years of age; current weight (kg)

The extent of hypermetabolism observed following a burn injury was quantified by calculating
the difference between the predicted pre-burn REE, using both the Schofield and Harris-
Benedict equations, and the initial mMREE using indirect calorimetry. Results are expressed as
a percentage increase from predicted pre-burn REE. Hypometabolism is defined as a measured
REE, using indirect calorimetry, < 90% of the predicted REE, normometabolism is 90 to 110%

and hypermetabolism is > 110% (Dickerson et al., 2002).
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Table 8

Predictive models used to determine resting energy expenditure in the current study

Predictive model Formula Injury factors (IF)
TBSA Factor
Harris-Benedict Men (all ages) REE (kcal/day) = [66.47 + (13.75 x W) + (5.0 x H) — (6.76 X A)] X IF < 10% 1.2
(Australian and New Women (all ages) REE (kcal/day) = [655.1 + (9.56 x W) + (1.85 x H) — (4.68 x A)] X IF 11 -20% 1.3
Zealand Burn Association,
2007)
Schofield Men 18 — 30 years REE (MJ/day) = [(0.063 x W) + 2.896] x IF <10% 10-11
(Australian and New Men 30 — 60 years REE (MJ /day) = [(0.048 x W) + 3.653] x IF (for analysis, TBSA 0% =
Zealand Burn Association, 1.0, TBSA 5% = 1.05,
ealand BUrn ASSoCation. 1 \1en > 60 years REE (MJ /day) = [(0.049 x W) + 2.459]  IF °
2007) TBSA 10% = 1.1)
Women 18 — 30 years | REE (MJ /day) = [(0.062 x W) + 2.036] x IF
Women 30 — 60 years | REE (MJ /day) = [(0.034 x W) + 3.538] x IF
Women > 60 years REE (MJ /day) = [(0.038 x W) + 2.755] x IF 10 - 25% 1.1-13

Note. REE = resting energy expenditure; IF = injury factor; n/a = not applicable; W = weight (kg); H = height (cm); A = age (years); O = obesity defined as a body mass index
> 27 kg/m? (1 = present; 0 = absent); %TBSA = % of total burn surface area; Cl = calories received in the previous 24 hours; EBEE = estimated basal energy expenditure using
the Harris-Benedict equation; T = average hourly body temperature for the previous 24 hours (°C); PBD = post burn days.
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Table 8 (continued)

Predictive models used to determine resting energy expenditure in the current study

Predictive model Formula Injury factors (IF)

TBSA Factor

Ireton-Jones REE (kcal/day) for spontaneously breathing patients = 629 — (11 x A) + (25 x W) — (609 x O) - -

(Ireton-Jones & Jones, 2002)

Toronto REE (kcal/day) = - 4343 + (10.5 x %TBSA) + (0.23 x Cl) + (0.84 X EBEE) + (114 X T) - (4.5 x PBD) - -

(Allard et al., 1990)

Energy-per-kilogram Lower end of range 100 kJ/kg/day - -

(Edgar, 2014) Upper end of range 125 kJ/kg/day

Note. REE = resting energy expenditure; IF = injury factor; n/a = not applicable; W = weight (kg); H = height (cm); A = age (years); O = obesity defined as a body mass index
> 27 kg/m? (1 = present; 0 = absent); %TBSA = % of total burn surface area; Cl = calories received in the previous 24 hours; EBEE = estimated basal energy expenditure using
the Harris-Benedict equation; T = average hourly body temperature for the previous 24 hours (°C); PBD = post burn days.
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2.3.4 Acceptability of indirect calorimetry measurements

Patient acceptability of the indirect calorimetry measurement was assessed using a written
questionnaire (Appendix B). The questionnaire was developed by researchers in an
unpublished study investigating the acceptability of indirect calorimetry measures with spinal
patients at the Princess Alexandra Hospital (Brisbane, QLD). National and international experts
in the use of indirect calorimetry measurements were sought by the Queensland researchers to
develop the questionnaire. Permission was obtained to use the questionnaire in this study (A.

Nevin, personal communication, July 7, 2014).

The questionnaire had 14 questions with responses that were rated using a Likert scale, yes or
no categories, and one open ended response. The Likert scale provided a response from 1 to 5,
with 1 indicating a strong agreement and 5 indicating a strong disagreement. The questionnaire
took approximately 5 to 10 minutes to complete. Participants were asked to rate the time taken
for the measurement, the timing of the measurement, the privacy provided during the
measurement, and if they would be willing to repeat the test in the future or feel the test was
appropriate for routine burn care. For the yes or no questions participants were asked to
consider if they felt comfortable during the measurement, the acceptability of the room
temperature, the ability to breathe normally, ability to remain still, if they experienced pain,
and if they felt the urge to empty their bladder or bowel. For the open ended responses
participants were asked to consider anything that would improve the measurement. The
questionnaire was provided to participants by the researcher following the indirect calorimetry
measurement. Either the researcher or the FSH burn unit dietitian returned later the same day

or on a subsequent day to collect the completed questionnaires from participants.
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2.3.5 Anthropometric measurements

Nutritional status was determined using hand grip strength (HGS) and the Patient Generated-
Subjective Global Assessment (PG-SGA). HGS is a reliable and valid tool for acute burn
injuries (Clifford, Hamer, Philips, Wood, & Edgar, 2013) which can be used to ascertain the
muscle strength of an individual and thus identify their nutritional status (Norman, Stobdus,
Gonzalez, Schulzke, & Pirlich, 2011). It is potentially useful as an early indicator of poor
nutritional status and malnutrition (Flood, Chung, Parker, Kearns, & O'Sullivan, 2014). Hand
grip strength was determined using a Jamar Hydraulic Hand Dynamometer (Sammons Preston

Rolyan, USA) following the indirect calorimetry measurement.

Participants without a hand or arm injury completed the measurement. The participant was
seated on a bed with their dominant arm flexed at a 90° angle and their wrist in a neutral
position. The researcher then instructed the participant to complete a contraction for three
seconds with the standard encouragement “squeeze as hard as you can, harder, harder, harder”.
This was repeated three times with no less than 10 seconds and no more than 30 seconds
between each measurement (Flood et al., 2014). Predictive equations, shown in Table 10 were
used to interpret hand grip strength measures with normal being considered a value > 85% of
the predicted value (The National Isometric Muscle Strength (NIMS) Database Consortium,
1996). Participants with multiple hand grip strength measurements were analysed for change

over time.

The PG-SGA is a tool used to determine the presence and severity of malnutrition and has been
previously validated in oncology patients (Bauer, Capra, & Ferguson, 2002). The assessment
is based on weight history, food intake, nutrition impact symptoms, restrictions to functioning
and a physical examination. Patients are scored as either a “stage A” which is considered well-

nourished, a “stage B” which is considered moderately malnourished or suspected malnutrition,
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or a “stage C” which indicates severe malnutrition. A numeric value is also obtained which can
be used to triage the patient and identify the severity, or risk of, malnutrition (Bauer et al.,
2002). The PG-SGA was completed following the indirect calorimetry measurement by the
researcher who is trained and experienced in the assessment tool. Appendix C provides the PG-

SGA. Participants with multiple PG-SGA scores were analysed for change over time.

Table 10

Hand grip strength predictive equations (Flood et al, 2014)

Left hand grip strength = (A x -0.16) + (G x 16.68) + (BMI x 0.29) + 26.6

Right hand grip strength = (A x -0.18) + (G x 16.9) + (BMI x 0.23) + 31.33

Note. A = age (years); G = gender (male = 1 and female = 0); BMI = body mass index (kg/m?)

Body mass (kg) and height (cm) were obtained following the indirect calorimetry
measurement. Electronic scales (Tanita, Australia) were used to determine body mass and
values recorded to the nearest 0.1 kg. Height was determined using a stadiometer (Seca,
Australia) to the nearest 0.1 cm. Participants were wearing light clothing and no shoes for
measurements. Body mass index (kg/m?) (BMI) was calculated using Quetelet’s index, weight
divided by square of height (Lee & Nieman, 2013), and classified as either underweight,
healthy weight, overweight or obese, as shown in Table 11. Participants with multiple weight

measurements were analysed for change over time.
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Table 11

Body mass index classification for adults (World Health Organisation, 2000)

BMI Classification
(kg/m?)
<185 Underweight
18.5-24.9 Healthy weight
24.9-29.9 Overweight
>30 Obese

Note. BMI = body mass index

2.3.6 Dietary measurement

Dietary intake was determined using a multi-pass 24 hour food recall (Lee & Nieman, 2013)
conducted by the researcher following the indirect calorimetry measurements. The 24 hour
recall method was selected as it has a low respondent burden, is quick to administer and is
designed to assess recent energy and nutrient intake (Barrett-Connor, 1991; Lee & Nieman,
2013). The gold standard in dietary assessment, the three-day weighed food recorded, was not
used as it has a high subject burden (Lee & Nieman, 2013) and was considered inappropriate
for acutely unwell hospitalised burn patients. The participant was asked to recall all food and
beverages consumed in the previous 24 hours, starting with the first item after waking in the
morning. The reported diet was recorded by the researcher. Information on percentage of meal
consumed and brands were collected where relevant. The researcher probed for omitted or

forgotten foods to improve the accuracy of the measurement (Lee & Nieman, 2013).
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Foods served by the FSH catering department at breakfast, lunch and dinner were analysed
using the FSH catering program Delegate (Delegate Technology GmbH, Austria). The FSH
menu has previously been analysed using AUSNUT 2007 database (Foodworks Profession
Edition version 7.0, Xyris Software, QLD) by FSH dietetic staff and this data was accessed by
the researcher. Meals could be analysed as quarter fractions (0%, 25%, 50%, 75% or 100%)
using the Delegate software. Foods consumed between main meals or those not provided by
the hospital were analysed by the researcher using the AusFoods 2007 database (Foodworks
Professional Edition version 7.0, Xyris Software, QLD). All foods were analysed for their
energy (kJ/day) and protein (g/day) content. Energy intake was compared to REE, determined
using indirect calorimetry or the Schofield equation, and total energy expenditure (TEE). TEE
was estimated by applying an activity factor, as listed in Table 12, to the REE. Participant
activity levels were described by the FSH burn unit physiotherapist based on therapy schedules
and a corresponding physical activity factor was applied by the researcher. Thus the difference
between energy consumed and energy expended, for both REE and TEE, was determined and

reported as an absolute value (kJ) and relative difference (%).

Table 12
Physical activity factors for hospitalised patients (Ferrie & Ward, 2007)

Description of daily activity level Physical activity factor?
Sedated or almost always lying still 09-11
Bed rest (able to move self around the bed) 1.15-1.2
Occasionally mobilising on the ward 1.15-1.4
Mobilising frequently on the ward 14-15
Mobilising frequently on the ward with regular and intensive 15-1.6
physiotherapy

2REE is multiplied by the physical activity factor to produce an estimated TEE
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Protein intake was compared to estimated protein requirements (g/kg of body weight/day)
based on TBSA, as given in Table 13. The difference between protein intake and estimated
protein requirements was determined and expressed as being within the protein range, above

or below the range.

Table 13

Recommended protein intake ranges according to total body surface area (Edgar, 2014)

TBSA Protein
(%) (9/kg/day)
<15% 10-15
15-30 1.5
31-49 15-20
> 50% 20-23

Protein intake was also expressed as a percentage of total energy consumed with the calculation

given in Table 14.

Table 14
Calculation for the determination of protein intake as a percentage of total energy based on

data from the 24 hour dietary recall

_ protein (g) x 162
0, =
Protein (%) energy intake (K]) 0

2 Atwater factor for protein (16 kJ/g)
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2.4 Procedure

Patients admitted to the FSH Burn Unit were screened by the FSH Burn Unit dietitian in liaison
with the ECU researcher. Patients meeting the inclusion criteria were approached by the FSH
Burn Unit dietitian and provided with information about the study, both verbally and in writing
using the “Study Flyer” (Appendix D). This process was mandated by FSH HREC. Patients
who agreed to participate became the study cohort and informed written consent was obtained
by the researcher using the “Patient Information and Consent Form” (Appendix E). Each
participant was allocated a unique study identification code to maintain confidentiality and the
researcher maintained a participant identification code document which was securely stored

onsite at FSH, as per HREC approval.

The Ultima CPX was used to determine REE on two occasions for the first two participants
and then once for the remainder of the participants. This change to study procedure occurred
as majority of participants were discharged from hospital prior to the second measurement,
making this measurement unfeasible. Indirect calorimetry occurred no more than 72 hours
following any type of surgery. After each indirect calorimetry measurement the following data
were collected or determined: weight; height; BMI; current medications; biochemical data;
HGS; PG-SGA score; and 24 hour energy and protein intake. Height and weight were obtained
by the researcher unless the participant was unable to ambulate, in which case the
measurements were completed by the Burn Unit physiotherapist according to previously
described protocol. The written questionnaire was administered to participants following the
indirect calorimetry measurement. Demographics, past medical history and burn injury data
for each participant were obtained from the medical notes. The researcher used the BIMS
program to record each participant’s enrolment into the study as required by FSH HREC. The

study procedure is illustrated in Figure 8 and the study timeline is given in Appendix F.
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FSH Burn Unit dietitian screens admissions to the Burn Unit
for study eligibility

Y

Excluded if inclusion criteria

FSH Burn Unit dietitian screens those eligible for inclusion
and exclusion criteria in liaison with the researcher was not met

\ 4

Excluded if informed written

study by the FSH Burn Unit dietitian and informed written ,
consent was not obtained

consent is obtained by the researcher

L Those meeting the inclusion criteria are recruited into the

Measurements completed:

1. Measured REE using indirect calorimetry

2. 24 hour dietary recall to determine energy and protein intake
3. HGS and the PG-SGA to determine nutritional status

4. Weight (kg) and height (cm), with BMI calculated

5. Written questionnaire administered

Data obtained from medical records:

6. Participant demographics, depth and extent of burn injury, past medical history
7. Current medications (type, time and dose)

8. Biochemical data

9. Predicted REE determined (Schofield, Harris-Benedict, Toronto and Ireton-Jones equations, and
100 — 125 kg/kg/day range)
10. Extent of hypermetabolism estimated using the Schofield and Harris-Benedict equations

\ 4

{ Data analysis and reporting ]

Figure 8. Study procedure
Note. FSH = Fiona Stanley Hospital; REE = resting energy expenditure; HGS = hand grip strength; PG-SGA = patient

generated-subjective global assessment; BMI = body mass index




2.5 Statistical analysis

Statistical analyses were performed using IBM Statistical Package for the Social Sciences
(SPSS) for Windows (version 21.0) (SPSS, Chicago, USA) or MS Excel (version 2010)
(Microsoft, Washington, USA). Results are presented as the mean + standard deviation (range)
with a p value < 0.05 considered statistically significant. Difference was calculated between
each steady state criterion and the primary criterion (see section 2.3.2); the difference between
MREE and pREE for each predictive model (see section 2.3.3); and the difference between

TEE and energy intake (see section 2.3.6), using the equation given in Table 15.

Table 15
Difference calculation

. (value 1 - value 2)
Difference (%) = x 100
value 1

2.5.1 Hypothesis 1

To test hypothesis 1, an independent t-test, with a test for unequal variances, was used to
compare the mREE of the current study cohort (moderate burn injuries) to the published mREE
of major burn injuries. Publications with major burn cohorts were included in the analysis if:
all participants had a TBSA > 15%; all participants were > 18 years of age; the number of
participants was reported; and the mean and standard deviation of the mREE were reported.
The Cohen’s test was used to determine the effect size between the mREE of moderate burn

injuries and that of major burn injuries.
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2.5.2 Hypothesis 2

Variation in mREE for moderate burn injuries over time was not analysed due to unforseen
modifications in the study protocol (see section 5.1.5). Instead, a case study examination of
change in mREE over time was completed for a single participant who successfully completed
two indirect calorimetry measurements on two different occasions. The mREE are reported in
kJ/day and as the percentage difference between the two measurements and the predicted pre-

burn REE determined using the Schofield and Harris-Benedict equations.

2.5.3 Hypothesis 3

To test hypothesis 3, scatterplots were generated to visually examine the association between
MREE, and age, gender, BMI and TBSA. The influence of variables (age, gender, BMI, HGS,
PG-SGA and burn injury) was not analysed using a statistical model due to the small number

of participants (see section 3.1).

2.5.4 Hypothesis 4

To test hypothesis 4 the relative differences between the mREE using indirect calorimetry and
PREE determined by each predictive method were obtained and reported in kJ/day and as the
percentage difference between the two measures. Each predictive method was examined for
accuracy, which was defined as = 10% of the mREE. An adjusted body weight was used in
calculations for participants with a BMI > 30 kg/m? (refer to section 2.3.3). Due to small
participant numbers the pREE was not compared to the mREE using statistical models such as

repeated measures General Linear Model (GLM).
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2.5.5 Hypothesis 5

For analysis of patient responses in the questionnaire, single Likert scales questions were
grouped as agreed, neutral or disagreed and reported as the absolute number of responses and
as a percentage of the total number of responses. The ‘agreed” group represents both strongly
agreed and agreed, and the “disagree’ group represents both strongly disagree and disagree.
The yes or no questions were reported as the number of responses for each category and as a

percentage of the total. Written comments were reported verbatim.
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Chapter: Results

3.1 Research population

A total of 27 patients admitted to the Fiona Stanley Hospital (FSH) Western Australian (WA)
State Adult Burn Unit met the eligibility criteria of 5 to 15% total body surface area (TBSA)
from the 11 March until the 30 of June and then < 15% TBSA from the 1% of July until the
315t of July 2015. Of the 27 patients, five declined to participate, eight had a facial burn injury
and another three were deemed unable to provide informed consent; the remaining 11
participants enrolled in the study. Three participants were unable to complete the study due to
scheduled surgery (n = 1), technical issues (n = 1) and the disbandment of one test due to an
error in calibration (n = 1); the remaining eight participants completed the study and were
included in the analysis. A flow diagram of study recruitment is given in Figure 9. Due to the
smaller than anticipated sample size some of the planned statistical analysis could not be
completed. Therefore, an analysis of individual burn patients and group trends is provided with

the exception of hypothesis 1, which was statistically analysed as planned.

/

[ Met eligibility criteria (n = 27) ] Excluded

¢ Declined to participate (n = 5)

e Facial burn injury (n = 8)

¢ Unable to provide informed
consent (n = 3)

\ 4

" -

\

/

[ Recruited into the study (n = 11) ]
( Excluded

> e Unable to complete
measurement (n = 1)
e Equipment error (n = 2)

[ Completed the study (n = 8) ]

Figure 9. A flow diagram of study recruitment
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There were three female and five male participants with a mean age of 48 + 13 (29 — 62) years.
The mean TBSA was 6.95 + 2.07% with superficial partial burn injuries being the most
common extent of injury, followed by superficial and deep partial. One participant experienced
a partial burn injury, and no full thickness burn injuries occurred within the cohort. Flame was
the most common burn agent (75%) and there was one scald (12.5%) and one hot oil (12.5%)
injury. The mean time between the occurrence of burn injury and recruitment into the study
was 6.11 + 2.44 (3.42 — 11.50) days. Participant demographics and burn injury details are
provided in Table 16. No participant was concurrently enrolled in the parallel study being
undertaken at FSH titled: ‘Does exercise training improve muscle strength function after burn

injury?’

Medications and potential effects on metabolism are summarised in Table 17. There were 23
different medications prescribed to the cohort, including analgesics (n = 7), antiemetics (n =
2), laxatives (n = 2), vitamin and mineral supplements (n = 5) and nicotine (n = 1). Analgesics
and nicotine replacement therapy were the only group of drugs identified to affect REE

(Moreira da Rocha et al., 2005; Schlein & Coulter, 2013; Wooley & Sax, 2003).

The biochemical values for albumin, total protein, white cell count (WCC), neutrophils and C-
reactive protein (CRP) are given in Table 18. One participant did not have biochemical data
available at the time of their indirect calorimetry measurement and CRP was unavailable for
five participants. Albumin was below the reference range for four participants and in these
participants CRP, where available, was elevated. The WCC and neutrophils were above the

reference range in four participants.
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Table 16

Participant characteristics (n = 8)

Participant Gender Age Depth of burn injury Extent of Burn PBD at time of
number (years) . . . . burn injury?® agent recruitment
Superficial Supel'i.'imal Partial Deep partial .Full (%) (days)
(%) partial (%) thickness
0 (%)
1 Female 60 1.75 4.00 - - - 5.75 Scald 3.42
2 Female 62 0.50 3.50 - 4.00 - 8.00 Flame 3.50
3 Male 61 - 7.70 - - - 7.70 Flame 6.58
4 Male 34 0.01 7.30 - 2.00 - 9.31 Flame 6.46
5 Male 29 - 2.50 2.50 - - 5.00 Flame 6.21
6 Male 43 - 6.50 - - - 6.50 Flame 6.25
7 Male 40 1.50 4.60 - 3.50 - 9.60 Flame 5.25
8 Female 58 - 3.75 - - - 3.75 Hot oil 11.25
Mean + SD 48+13 0.94+0.82 4.98+1.93 0.25 3.17+1.04 - 6.95+2.07 6.11 +2.44
Minimum 29 0.01 2.50 - 2.00 - 3.75 3.42
Maximum 62 1.75 7.70 - 4.00 - 9.60 11.50

2 total body surface area (TBSA)
Note. PBD = post-burn days
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Table 17

Medications prescribed to participants and their effects on resting energy
expenditure

Medication Purpose Total Effect on resting energy expenditure
frequency of
prescription Increase  Decrease No effect

for the cohort

Paracetamol Analgesic 8 - v -
Pregabalin Analgesic 8 - v -
Oxycodone Analgesic 6 - v -
Tramadol Analgesic 5 - v -
Buprenorphine Analgesic 1 - v -
Tapentadol Analgesic 1 - v -
Celecoxib Pain and inflammation 9 - v -
Escitalopram Antidepressant 2 - - v
Lorazepam Antianxiety 1 - - v
Temazepam Hyponotic 2 - - v
Coloxyl and Senna Laxative 6 - - v
Lactulose Laxative 5 - - v
Ondansetron Antiemetic 1 - - v
Metoclopramide Antiemetic 1 - - v
Enoxaparin Sodium Anticoagulant 2 - - v
Amoxycillin Antibiotic 1 - - v
Phenergan Antihistamine 1 - - v
Magnesium sulphate  Correct hypomagnesemia 1 - - v
Sodium phosphate Correct hypophosphataemia 2 - - v
Thiamine Vitamin B1 supplementation 1 - - v
Folic acid Folic acid supplementation 1 - - v
Vitamin B12 Vitamin B12 supplementation 1 - - v
Nicotine patch Nicotine replacement therapy 1 v - -

Source: Moreira da Rocha et al. (2005); Wooley and Sax (2003); Fullmer et al. (2015); Schlein
and Coulter (2013); Compher et al. (2006)
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Table 18

Participant blood biochemical values

Participant Measurement  Albumin Total White cell Neutrophils C-Reactive
number number (/L) protein count (cells x 10° protein
(g/L) (cells x 10° per litre) (mg/l)
per litre)
1 1 36 60 11.20° 8.61° -
2 - - - - -
2 1 40 67 10.50 6.55 -
2 320 62 9.26 5.18 70°
3 1 41 67 9.04 6.91 4
4 1 31° 63 12.602 7.942 -
5 1 40 69 13.802 10.562 -
6 1 42 74 11.602 8.352 182
7 1 34° 72 9.06 5.55 472
8 1 31° 65 7.19 5.30 68?
Reference range 35-50 60 - 80 4-11x10° 2-75x10° <5

2 biochemical data above the reference range
b hiochemical data below the reference range
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3.2  Energy expenditure

3.2.1 Measured resting energy expenditure

A total of ten indirect calorimetry measurements were completed including two participants
who completed the measurement on two different occasions. Steady state was determined using
the algorithm provided in Figure 7. The measured resting energy expenditure (MREE) for each
steady state criterion is given in Table 19. Two measurements (20%) achieved a steady state
using the primary criterion and four measurements achieved a steady state using alternative
criteria (40%). Four measurements (40%) were deemed to not achieve a steady state secondary
to unforseen error during the measurement, resulting in implausibly low resting energy
expenditure (REE). The four tests were not considered accurate and were excluded from further
analysis. In total, 60% (n= 6) of the measurements achieved a steady state and have undergone

further analysis in this report. These measurements are in bold in Table 19.

Figure 10 shows a graphical representation of the continuous measurement of oxygen
consumption (VO.), carbon dioxide consumption (VCO3), REE and respiratory quotient (RQ)
over 20 to 30 minutes for three participants during the indirect calorimetry measurement. In
graph a) the participant was relaxed and awake for the entire measurement and therefore
achieved a steady state using the primary criterion between 9 and 18 minutes. In graph b) the
participant oscillated between awake and asleep during the measurement and achieved a steady
state using a 2 minute definition observed as the flattening of the lines between 15 and 17
minutes. In graph c) the participant experienced agitation and frequent movements throughout
the test; a steady state was determined by averaging the entire measurement as a consecutive

period of steady state, defined by all other criteria, was not identified.
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Table 19

Achievement of the measured resting energy expenditure using the steady state criteria

Participant Measurement Steady state defined as VO2 and VCO:z Steady state defined as the CV < 5%? Steady state Average REE for
0fa -
number number <10% (kd/day) defined as the the whole
0, a
(kd/day) CV < 109% for measurement
5 minutes® 4 minut 3 minut 2 minut 5 minut 4 minut 3 minut 2 minut e entire (kJ/day)
minutes minutes minutes minutes minutes minutes minutes minutes measurement?
(kJ/day)
1 1 - - - - - - - - - 5506
2 - - - - - - - - - 6250
2 1 5448 5557 5576 5626 5472 5557 5576 5626 - 5519
2 - - - - - - - - - 3245¢
3 1 - - - - - - - 5550 - 5632
4 1 - - - 6571 - - - 6571 - 6899
5 1 9639 9777 9817 9700 9639 9773 9817 9700 9380 9363
6 1 - - - - - - - - - 3272°¢
7 1 - - - - - - - - - 4169°¢
8 1 - - - 3764°¢ - - 3758¢ 3764°¢ - 3856°¢

aFirst five minutes of test excluded
b Primary criterion
¢ Unforseen error in measurement resulting in implausibly low mREE

Note. Values in bold are taken as the most accurate steady state measurements (see algorithm in Figure 7) and are considered the measured resting energy expenditure 1
participant; CV = co-efficient of variation; VO, = oxygen consumption (ml/min); VCO; = carbon dioxide production (ml/min)



a) Rested and awake participant with minimal movement; steady state achieved using the primary criterion
(participant 2, measurement 1)

16
Time (Last 60 of 60)

b) Participant cycling between awake and sleep; steady state achieved using a 2 minute criterion (participant 4)

®
§

40446 259
3 I 3 3 [ (3 ® 7 3
Time {Last 60 of 63)
c) Agitated participant with frequent movement during the test; steady state achieved by averaging the whole
measurement (participant 1, measurement 2)
Vo2 veoz REE RQ
4001480

u . 0
1" 2
Time (Last 60 of 60)
Key
y axis: Oxygen consumption  Caron dioxide production  Resting energy expenditure  Respiratory quotient (RQ)
(VO,) (ml/min) (VCO7) (ml/min) (REE) (kcal/day)
X axis: Time (minutes)
4 10% of the predicted REE using the Harris-Benedict equation Indicate period of steady state

Figure 10. Graphical representation of three indirect calorimetry resting energy expenditure measurements to

demonstrated achievement of steady state (specified in Figure 7) reproduced from Breeze Suite software



Exploratory subset analysis was completed for participants 2 and 5 to investigate the variation
between the methods of defining a steady state, as described in Figure 7. The primary criterion,
I.e. a steady state defined as VO and VCO2 < 10% for 5 consecutive minutes, was compared
to all other methods and the difference is reported in Table 20. The mean + SD (range)
difference between the primary criterion and all other methods was 2.13 + 0.95% (0.45 —
3.28%) for participant 2 and 0.25 = 1.82% (-2.85 — 1.86%) for participant 5, corresponding to
116 kJ/day and 24 kJ/day difference, respectively. There was a trend towards a smaller
percentage difference with increasing time to achieve steady state in participant 2 but not
participant 5. The method with the lowest difference for both participant 2 and 5 was the steady

state defined as 5 minutes with a co-efficient of variation < 5%.

Table 21 provides a summary of the mREE outputs and environmental conditions for the eight
participants. The mean mREE for the cohort was 6494 + 1625 (5448 — 9639) kJ/day. The mean
RQ was 1.08 + 0.14 (0.91 — 1.31) which is greater than the recommended test validation range
of 0.7 to 1.0 but within the physiological range of 0.7 to 1.3 (Compher et al., 2006; Schlein &
Coulter, 2013). Of the six participants with RQ data, one had an RQ within the validation range
(17%) and five had RQ values greater than the validation range (83%), three of which are
within 6% of the range and two more than 15% above the range. The mean VO and VCO:-
were 211 + 55 (174 — 317) ml/min and 225 + 52 (188 — 319) ml/min, respectively. The VCO-
was above the physiological range in three participants which corresponded with the three
highest RQ values. Environmental conditions including temperature, barometric pressure and
humidity recorded at the time of calibration are given in Table 21. These conditions did not
deviate from the recommended conditions for indirect calorimetry testing (Fullmer et al.,

2015).
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Table 20

Analysis of steady state criteria compared to the primary criterion for participants 2 and 5, as described in Figure 7

Method for determination of steady state Participant 2 Participant 5
Value Difference® Value Difference®
(kJ) (%) (kJ) (%)
Steady state defined as VOz and 5 minutes? 5448 - 9639 -
VCO2 <10%
4 minutes 5557 2.01 9777 1.44
3 minutes 5576 2.36 9817 1.86
2 minutes 5626 3.28 9700 0.63
Steady state defined as the co- 5 minutes 5472 0.45 9639 0
efficient of variation < 5%
4 minutes 5557 2.01 9773 1.39
3 minutes 5576 2.36 9817 1.86
2 minutes 5626 3.28 9700 0.63
Steady state defined as the CV< 10% for the whole n/a n/a 9380 -2.69
measurement
Average REE for the whole measurement 5519 131 9363 -2.85
Mean £ SD 5551 + 62 2.13+£0.95 9660 + 166 0.25+1.82
Minimum 5448 0.45 9363 -2.85
Maximum 5626 3.28 9817 1.86

aPrimary criterion for the determination of steady state
b Determined as the relative difference between the primary criterion and the alternative criteria
Note. CV = co-efficient of variation
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Table 21

Summary of the measured resting energy expenditure outputs and environmental conditions

Participant Measurement mREE RQ VO:2 VCO:2 Room Barometric Humidity at
number number temperature pressure at calibration
(kJ/day) (mL/min)  (mL/min/kg®) (mL/min)  (mL/min/kg°) o o
at calibration calibration
(°C) (mmHg) (%)
1 1 5506 1.052 179 248 188 2.61 25 763.5 47
2 6250 1.312 193 2.68 252 3.50¢ 25 751.2 76
2 1 5448 1.152 174 3.04 200 3.50¢ 23 762.6 46
2 - - - - - - 24 751.2 76
3 1 5550 1.062 181 2.44 190 4.33¢ 22 760.1 46
4 1 6571 0.91° 221 3.05 200 2.76 23 768.4 43
5 1 9639 1.01° 317 2.95 319 2.97 23 767.5 47
6 1 - - - - - - 23 766.1 47
7 1 - - - - - - 22 761.0 56
8 1 - - - - - - 22 755.0 68
Mean £ SD 6494 + 1625 1.08+0.14 211+55 2.77+0.28 225+52 3.28 £0.63 23+1 760.7 £ 6.3 55+13
Minimum 5448 0.91 174 2.44 188 2.61 22 751.2 43
Maximum 9639 131 317 3.05 319 4.33 25 768.4 76

2RQ greater than the specified validation range (0.7 — 1.0)

b RQ within the validation range (Compher, Frankenfield, Keim, & Roth-Yousey, 2006; Reeves, Davies, Bauer, & Battistutta, 2004; Smallwood & Nilesh, 2012)

¢kg of actual body weight

d\/CO; greater than the physiological range (1.4 — 3.1 ml/min/kg) (Moreira da Rocha, Alves, Silva, Chiesa, & da Fonseca, 2006)

Note. RQ = respiratory quotient; mREE = measured resting energy expenditure; VO, = oxygen consumption; VCO, = carbon dioxide production



3.2.2 Resting energy expenditure of moderate versus major burn injuries

The mean mREE of the current study, with moderate burn injuries defined as < 15% TBSA,
was compared to that of major burns, defined as > 15% TBSA, using data from published
studies (hypothesis 1). Three studies were identified and met the criteria; the mean TBSA
varied from 20 to 48% TBSA (Garrel & de Jonge, 1993; Shields et al., 2013; Wall-Alonso et
al., 1999). The mREE for the three major burn cohorts was 35 to 62% greater than the mREE
of the current moderate burn cohort (Table 22). The mean REE for the Garrel and de Jonge
(1993) cohort was 50% greater than the mREE of the current study with moderate burn injuries
(p <0.05, effect size -3.33). The mean REE for the Shields et al. (2013) cohort was 62% greater
than the mREE of the current study (p < 0.001, effect size -2.49). The mean REE for the Wall-
Alonso et al. (1999) cohort was 35% greater than the mREE of the current study ( p < 0.05,

effect size -1.39).

Table 22

Comparison of measured resting energy expenditure for moderate burn injuries (< 15% TBSA)
from the current study to major burn injuries (>15% TBSA) from published studies

Study Mean TBSA  Participants Age Gender REE P value Effect
(%) (n) (years) (F/IM) Mean + SD size
(kJ/day)

Current study 6.95 + 2.07 6 43 +£13 3F5M 6494 £ 1625 -
Garrel and de Jonge 40.00 +16.00 19 33 = 8F 11M 9744 + 3110 0.0232 -3.33
(1993) 15
Shields et al. (2013) 48.00 + 21.00 39 46 £ 19 NR 10550 £ 3085  0.0004752 -2.49
Wall-Alonso et al. 20.00 +3.81 5 33+10 3F4M 8761 + 1348 0.036° -1.39
(1999)

@ mREE of the major burn cohort is significantly different from mREE for the moderate burn cohort in the current
study (independent t-test)
Note. F = female; M = male; NR = not reported

58



3.2.3 Extent of hypermetabolism

The extent of hypermetabolism for the five participants with a mREE is summarised in Table
23. The mean difference between pre-burn REE using the Schofield equation (6485 kJ/day)
and initial MREE (6543 kJ/day) was 0.77 + 9.96% (58 £ 670 kJ/day). Three participants were
normometabolic and two participants were hypermetabolic. The mean difference between pre-
burn REE using the Harris-Benedict equation (6620 kJ/day) and initial mREE was -1.32 +
11.63% (-77 £ 805 kJ/day). One participant was hypometabolic, two were normometabolic and

two were hypermetabolic.

Table 23

Change in resting energy expenditure from pre-burn injury to post-burn injury

Participant  Measured post-burn resting Pre-burn resting energy expenditure
number energy expenditure® Schofield equation Harris-Benedict equation
REE PBD REE %? REE %?
(kJ/day) (days) (kJ/day) (kJ/day)
1 5506 3 5495 0.20 5718 -3.71
2 5448 3 4925 10.62 4945 10.17
3 5550 6 6080 -8.72 6541 -15.15
4 6571 6 7208 -8.84 7219 -8.98
5 9639 6 8717 10.58 8678 11.07
Mean+SD 6543 + 1792 5+2 6485+ 1507 0.77+9.96 6620+ 1433 -1.32+11.63
Minimum 5448 3 4925 -8.84 4945 -15.15
Maximum 9639 6 8717 10.62 8678 11.07

a Difference between first mMREE and pre-burn REE

b 13.59% (744 kl/day) higher than the mREE on post-burn day 3
¢ Using indirect calorimetry

Note. REE = resting energy expenditure’ PBD = post-burn days
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A case analysis of change in mREE over time was conducted for participant one who completed
two indirect calorimetry measurements on two different occasions (hypothesis 2). The REE
measured by indirect calorimetry (5506 kJ/day) on post-burn day (PBD) 3 was within + 5% of
REE predicted by the Harris-Benedict (5718 kJ/day) and the Schofield equations (5495 kJ/day),

and was 13.5% higher on PBD 15 (6250 kJ/day), by 744 kJ/day.

3.2.4 Influences on energy expenditure in burn injuries

The associations by gender between mREE and age, body mass index (BMI) and TBSA for the
six participants with a mREE are shown in Figure 11 (hypothesis 3). REE in participants < 40
years (both male) was higher than in participants aged > 40 years (2 female, 1 male); no trends
in gender were apparent. BMI ranged from 22.6 to 30.7 kg/m?; the participant with the highest
BMI, in the obese category (male), also had the highest mREE. No trends were observed for
participants with a BMI < 27 kg/m? (2 male, 3 female). The extent of burn injury ranged from
5.00 to 9.60% for participants; no trend was apparent in the data. Participant 5 with the highest

MREE had the lowest TBSA, this participant was also the youngest and had the highest BMI.
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a) mREE compared to age

b) mREE compared to body mass index
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Figure 11. Association between measured resting energy expenditure for age (a), body mass index (b) and total body surface area (c) for six

participants
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3.2.5 Measured versus predicted resting energy expenditure

The relative difference between the predicted resting energy expenditure (pREE) and the
MREE for the six participants is described in Figure 12 and Table 24 (hypothesis 4). The
Schofield equation and the Toronto equation are accurate to within £ 10% of the mREE, with
a mean difference of 5.21% and 8.89%, respectively. Accuracy to within + 10% of the mREE
was observed for four participants for the Schofield equation and three participants for the
Toronto equation. The remaining predictive methods had a difference greater than + 10% of
the mREE. The upper end of the energy-per-kilogram range had the highest difference at
43.78% with no participants having a pREE within £ 10% of the mREE. This was followed by
the Harris-Benedict equation with a difference of 32.14% with three participants having a
pREE within £ 10% of the mREE, the Ireton-Jones equation at 18.80% which had one
participant within £ 10% of the mREE, and the lower end of the range equation at 15.03% with
two participants having a pREE within £ 10% of the mREE. The lowest difference between
the mREE and all predictive methods was observed in participant 5 at 0.21%, as illustrated in
Figure 12. This was followed by participant 2 (test 1) with a mean difference of 10.13%,
participant 1 (test 2) with 12.39%, participant 1 (test 1) with 27.80%, participant 4 with 29.81%

and the largest difference was observed in participant 3 at 43.51%.
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Figure 12. Difference between resting energy expenditure using predictive methods and measured resting energy expenditure using indirect
calorimetry for six participants
Note. mREE = measured resting energy expenditure; pREE = predicted resting energy expenditure
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Table 24

Evaluation of predictive equations compared to the measured resting energy expenditure using indirect calorimetry

Participant Measurement mREE Schofield Harris-Benedict Toronto Ireton-Jones Range
number number (kJ/day) (kJ/day) (kJ/day) (kJ/day) Lower end Upper end
(kJ/day) (kJ/day)
Value Value Diff.2 Value Diff.2 Value Diff.2 Value Diff.2 Value Diff.2 Value Diff.2
(kJ/day)  (kJ/day) (%) (kJ/day) (%) (kd/iday) (%)  (kJ/day) (%) (kJ/day) (%)  (kd/day) (%)
1 1 5506 5770 4.79 6861 24.62 5963 8.29 7405 34.49 7210 30.95 9013 63.68
2 6250 5766 -71.76 6857 9.70 5932 -5.10 7394 18.30 7200 15.19 9000 43.99
2 1 5448 5417 -0.56 5934 8.92 6055 11.14 5745 5.46 5710 4.81 7138 31.02
2 - 5405 - 5919 - 6637 - 5714 - 5680 - 7100 -
3 1 5550 6688 20.51 9811 76.77 7115 28.20 7547 35.98 7390 33.15 9238 66.44
4 1 6571 7841 19.33 10 829 64.80 7587 15.46 8632 31.36 7240 10.18 9050 37.73
5P 1 9639 9153 -5.04 10 413 8.04 9193 -4.62 8406 -12.79 9240 -413 11550 19.83
6 1 - 7217 - 7641 - n/a” - 7664 - 6710 - 8388 -
7 1 - 8057 - 8667 - 9117 - 8784 - 7650 - 9563 -
8 1 - 6076 - 6375 - 6525 - 6285 - 6050 - 7563 -
Mean 6494 + 6739+ 521+ 7931+ 3214+ 7125+ 8.89+ 7358+ 18.80z 7008 + 15.03 8760+  43.78
1625 1285 12.16 1870 30.79 1274 12.64 1123 19.36 1061 + 1326 +
14.68 18.35
Minimum 5448 5405 -7.76 5919 8.04 5932 -5.10 5714 -12.79 5680 -4.13 7100 19.83
Maximum 9639 9153 20.51 10 829 76.77 9193 28.20 8784 35.98 9240 33.15 11 550 66.44

2 Relative difference (%) between mREE by indirect calorimetry and calculated from the predictive method
b adjusted body weight used to calculate the pREE
n/a” = inaccurate 24 hour recall therefore, the Toronto equation could not be completed
Note. mREE = measured resting energy expenditure
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Comparison between use of an adjusted body weight (ABW) and actual body weight for the
calculation of pREE for participant 5 is shown in Table 25. This participant has been examined
as a case study to investigate the difference between using an ABW (92.4 kg) and actual body
weight (107.35 kg) for the calculation of pREE as their BMI was > 30 kg/m?. The pREE using
actual body weight was larger for all equations. The mean difference between the actual body
weight and the ABW was 11.59 * 3.35% (7.27 — 15.67%) with the Ireton-Jones equation
observed to have the largest difference (15.67%) and the Toronto equation the smallest

(7.27%). Estimates of REE based on ABW were used for further analysis (Edgar, 2014).

Table 25

Comparison of adjusted body weight and actual weight for the calculation of predicted
resting energy expenditure in participant 5

Predictive equation Actual body weight Adjusted body weight? Difference®
(kJ/day) (kJ/day) (%)
Schofield 10 142 9153 9.75
Harris-Benedict 11 444 10 413 9.01
Toronto 9914 9193 7.27
Ireton-Jones 9968 8406 15.67
Range Lower end 10 735 9240 13.92
Upper end 13419 11 550 13.92

Mean £ SD 10937 £ 1347 9659 + 1128 11.59£3.35
Minimum 9914 8406 7.27
Maximum 13419 11 550 15.67

@ Refer to section 2.3.3 for the adjusted body weight calculation
b Relative difference (%) between the predicted resting energy expenditure calculated using an ABW and actual
hodv weiaht
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Five out of eight participants completed the entire questionnaire and one participant partially
completed the survey (hypothesis 5). A summary of the questionnaire results is provided in
Table 26 and the qualitative statements given by participants are recorded in Table 27. There
was 100% agreement with statements relating to the acceptable time taken to conduct the test
and the time of the morning at which the testing occurred. All participants indicated that they
experien