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Associations  between nutritional energy delivery,
bioimpedance spectroscopy and functional outcomes in
survivors/of critical illness

Abstract

Background: Patients who survive critical iliness frequently develop muscle
weakness=that can impact quality of life; nutrition is potentially a modifiable
risk facters=khe purpose of this study was to explore associations between
cumulative “ energy deficits (using indirect calorimetry and estimated
requirements), nutritional and functional outcomes.

Methods: Prospective single centre observational study of 60 Intensive Care
Unit (IGY) patients, who were mechanically ventilated for at least 48 hours.
Cumulative energy deficit was determined from artificial nutrition delivery
compared to targets. Measurements included: (i) at recruitment and ICU
discharge;,. weight, fat free mass (bioimpedance spectroscopy) and
malnutrition (Subjective Global Assessment score B/C); (ii) at awakening and
ICU discharge, physical function (Physical Function in Intensive Care Test-
scored)rand=muscle strength (Medical Research Council sum-score (MRC-
SS). ICU-acquired weakness was defined as an MRC-SS < 48/60.

Results: Theymedian [IQR] cumulative energy deficit compared with estimated
targets to ICU day 12 was 3648 [2514 — 5650] kcal. Adjusting for body mass
index;"age and severity of illness; cumulative energy deficit (per 1000kcal)
was independently associated with greater odds of ICU-acquired weakness
(OR 2.1, 95%CI 1.4-3.3, p=0.001) and malnutrition (OR 1.9, 95%ClI 1.1-3.2,
p=0.02). In similar multivariable linear models, cumulative energy deficit was

associated with reductions in fat free mass (-1.3kg, 95%CI -2.4 to -0.2,
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p=0.02) and physical function scores (0.6 points, 95%CI| -0.9 to -0.3,
p=0.001).

Conclusion: Cumulative energy deficit from artificial nutrition support was
associated with reduced functional outcomes and greater loss of fat free mass
in ventilated ICU patients.

Introduction

Patients_who survive critical illness frequently develop muscle weakness,
which has’been termed Intensive Care Unit (ICU)-acquired weakness (ICU-
AW). Neot only is ICU-AW associated with diminished physical function and
lower healthsrelated quality of life but it is also associated with increased ICU
and hospital length of stay (LOS), health-care costs and mortality''®. Optimal
nutrition may attenuate ICU-AW however; there is a paucity of evidence in this

area’* %,

Thelgptimal nutrition provision for critically ill patients to improve outcomes is
uncertain®? and the composition of nutrition formulae is currently the subject

f(ts 8-10

of researc ). Observational studies have reported energy deficits during

critical _illness are associated with adverse outcomes; such as increased

1119 However recent

mortality, TCU LOS and period of mechanical ventilation'
randomised clinical trials comparing permissive under-, trophic-, standard- or

full-feeding have not identified any link between energy deficit and mortality'>
17)

In all of=these large randomised clinical trials nutrition prescriptions were
based enspredictive equations, which reflects standard clinical practice'® '@,
However; predictive equations are inaccurate estimates of daily energy
expenditure, during critical illness when compared to ‘gold-standard’
measurements of energy expenditure using indirect calorimetry!'®.
Accordingly, the use of predictive equations to assess energy deficits may
contribute to inconsistencies between studies regarding energy deficit and

associated outcomes!'® 29,

This article is protected by copyright. All rights reserved



68
69
70
71
72
73
74
75

76
77
78
79
80
81
82
83
84
85
86
87

88
89
90
91
92
93
94
95
96
97
98
99

The primary objective of this study was to determine the cumulative energy
deficit from artificial nutrition support using both calculated predictive
equations and repeated measured energy expenditure (MEE). The secondary
objectives were to explore associations between cumulative energy deficit
and nutritienal outcomes (change in body weight and fat free mass and the
development of malnutrition) and functional outcomes (muscle strength and
physical‘function) at ICU discharge.

Methods and materials:

Study Design and Setting

This prospective single center observational cohort study was conducted in
the mixed ‘medical-surgical-trauma ICU of a tertiary-referral Australian
hospital. Between 2012 and 2014 consecutive weekday admission patients
were screened for eligibility. Initial written informed consent was obtained from
the person_responsible, with continuation of consent obtained subsequently
from competent participants. Ethical approval was obtained from the
Melbourne=Health Human Research Ethics Committee (project number:
2012.060)2" Reporting of this study follows the Strengthening the Reporting
of Observatienal Studies in Epidemiology (STROBE) guidelines®?.

Patient selection

Inclusion criteria were: age = 18 years; mechanical ventilation commenced
within 48-hours of ICU admission and likely to be required > 48 hours, and an
estimated.minimum stay in the ICU of at least five days. Exclusion criteria
weremmajor trauma necessitating a specific period of immobilisation; new
neurological\insult, such as spinal cord injury or stroke; poor pre-morbid
mobility, defined as inability to walk independently with or without a gait aid;
inability to communicate in English; did not have medical insurance cover;

ICU re-admission; or if the attending physician did not support inclusion.

Protocol

This article is protected by copyright. All rights reserved



100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133

Standard care for all participants included nutritional assessment by a dietitian
within 48 hours of admission, with estimation of their nutritional
requirements®). Commercially available enteral and parenteral formulas were
utilised, which were prescribed based on clinical need as assessed by the
dietitian or IGU physician. Enteral feeding followed the standard unit nutrition
protocaly=which encouraged early initiation of nutritional support within 24
hours of _admission and specified prokinetic drug administration if gastric
residual™velumes were greater than 300mi®*. All study participants also
received==respiratory and rehabilitation interventions provided by
physiotherapists.

Baseline/ demographic data including age, gender, admission diagnosis,
severity™of"illness (Acute Physiology And Chronic Health Evaluation
(APACHE)I score) and the Nutrition Risk in Critically ill score (NUTRIC) were
recordéd®. Daily nutritional energy delivery from enteral and parenteral
nutrition (not including other energy sources) and nutritional outcome data
were collected on participants until ICU discharge or day 30 of the ICU

admission, which ever came first.

Nutritional outcomes

Nutritional outcomes were collected at baseline and ICU discharge. Weight
was determined via bed scales (Hill-Rom®, Indiana USA) for most patients; if
the weight was not available an estimated weight was used for the nutrition
prescription{ Height was estimated using ulna length®® and body mass index
(BMI) in kg/m? was calculated. A dietitian measured the mid upper arm
circumference (cm)®® and assessed nutritional status using the Subjective
Global” Assessment (SGA)®" 28 with a score of B or C considered as
malnourished. Serum albumin (g/L) and transthryretin (preablumin)
concentrations (milligram/L) were measured, with the normal ranges being 35-
50 g/lmand 180-360 milligram/L respectively®®).

Estimated Energy Requirements

Estimated energy requirements were calculated by the dietitian at baseline
using both the standard weight-based equations of 25-30kcal/kg per day®®

This article is protected by copyright. All rights reserved
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and the Schofield equation with appropriate stress factors, in line with

a® 3" For overweight participants ideal body

standard practice in Australi
weight (IBW) was used and for obese participants with a BMI greater than 32
kg/m?, an obesity adjusted weight was used (IBW + 25% (actual body weight -
IBW))3?. The nutrition prescription (prescribed energy target) was determined
based on=the dietitian assessment of the estimated energy requirements,
using their_clinical judgment of which estimation was most reflective of the

partiCipant’s'requirements.

Measured _Energy Expenditure

Measured energy expenditure (MEE) was determined via indirect calorimetry,
in patients“with no contraindication, using the Deltatrac® Il Metabolic Cart
(Datex=@hmeda, Helsinki, Finland)®®. MEE was undertaken by a trained
physician and completed whilst the participant was mechanically ventilated,
on the day of recruitment and on days three and five after enrolment.
Standard| methods were used; all expired gas was collected from the
expiratory port of the ventilator, the measures were continued for 30 minutes
and summary data were recorded®®. Participants were excluded from MEE if
theyzthad.an, intercostal catheter with an air leak; were receiving a fraction of
inspired oxygen > 0.6; were receiving extracorporeal membrane oxygenation;
or weresinginfective isolation. Nutrition support was not stopped during MEE
and there was no restriction on the participant's movement prior to MEE.
MetaboliesCGart outputs recorded, included oxygen consumption (VOz) mL/min,
carbon dioxide production (VCO.) mL/min, calculated respiratory quotient
(RQ) and MEE in kcal/day, using the Weir equation. The average MEE was

determined from the mean of available repeated measurements.

CumulativerEnergy Deficit

Eachuparticipant’s cumulative energy deficit from artificial nutrition support
was calculated daily for a maximum of 12 ICU days based on a priori
determination that substantial changes to nutritional tolerance were unlikely

35, 36

after this time®® %), Daily energy provision was measured for all participants

receiving any enteral or parenteral nutrition, not including energy from other
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sources. Daily energy deficit was determined by deducting the energy
delivered from prescribed energy target determined by the dietitian and
secondly from the average MEE. The daily energy deficit was summed for the
total cumulative energy deficit. The nutritional adequacy was assessed by
dividing the daily energy delivery, including the day of admission and the day
of discharge.if it was greater than eight hours, by the prescribed requirements
or the average MEE and expressing as a percentage.

Fat free mass change
Fat free_mass was measured using the tetra-polar-configured multifrequency
SFB7 "bioimpedance device (AU/NZ; ImpediMed™ Limited, Pinkenba,

B9 This device uses bioimpedance spectroscopy to determine total

Australia)
body water, extracellular fluid and intracellular fluid and subsequently
calculdtes fat free mass and fat mass®’). Use of this device has been

38,39)

validated | in) the critically il Measurements were taken when the

participants were supine in bed, after single use gel electrodes were placed

37,39)

on one “ipsilateral foot and hand' . Fat free mass was determined

immediately.after enrolment and at ICU discharge.

Muscle strength and physical function

Musclesstrength was assessed using the Medical Research Council sum-
score (MRG-SS) with a score of less than 48/60 considered indicative of ICU-
AW 4 “Physical function was measured using the Physical Function in
Intensive Care Test-scored (PFIT-s)“*?. Muscle strength and physical function
testing were all conducted by physiotherapy staff and assessments were
performed at' ICU awakening*®?’ and ICU discharge (see Appendix 1).

Participant outcomes

Twenty-eight day mortality, ICU LOS, hospital LOS, length of mechanical
ventilation, days of sedation (defined as greater than eight hours on any
sedative drug), duration of sepsis determined using the American College of

This article is protected by copyright. All rights reserved
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Chest Physicians Criteria®® and discharge destination were collected,
censored at day 60.

Statistical Analyses

Participant demographics, cumulative energy deficit, nutritional and functional
outcomes=are reported as mean (standard deviation) (SD) or median [inter-
quartile,, range] [IQR] as appropriate. Comparisons between outcome
measures from baseline to ICU discharge used paired t-tests or Wilcoxon
signedsrank-tests as appropriate. Multivariable generalised linear regression
analyses explored associations between cumulative energy deficit
(prescribedenergy targets) and continuous outcomes, including weight, fat
free mass _and physical function scores at discharge. The confounding
variables'which were adjusted for in these models included age, APACHE II
score, BMIrand baseline measures where applicable. Logistic regression was
performed for the binary outcomes of ICU-AW and malnutrition, adjusted for
the same confounding variables, with effect estimates reported as odds ratios
with 95% confidence intervals. Sensitivity analyses was performed for the
outcome_of ICU-AW missing values, were imputed as first having ICU-AW
and then™net having ICU-AW. Energy deficits calculated from prescribed
energy. targets were used in the full analyses in preference to energy deficits
calculated from MEE, to minimise the risk of bias as this was the most
complete, data set. The generalised linear regression models that were finally
applied'were, checked using standard diagnostics, including tests of influence
and spegification of included variables. Protein provision was collected and
reported however not analysed in relation to outcomes as this was not
planned at the time of designing the study and therefore analysing these data
post-hoc would risk incorrect inferences. ..

A two-sidedsp value of <0.05 was set for statistical significance for all tests,
with“ne. adjustment for multiplicity. SPSS (IBM® SPSS® Statistics Premium
Grad Pack Version 22.0) and Stata (StataCorp. 2017. Stata Statistical
Software: Release 15. College Station, TX: StataCorp LLC, 2017) were used
to perform the data analyses.
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At the time of designing this study no data were known which assessed
muscle strength in relation to energy deficit in a critically-ill population. This

observational study selected a pragmatic sample size of 60 participants.

Results

Participants

Five hundred and forty-three participants were eligible (Figure 1) after
exclusions; 140 (26%) met inclusion criteria and 60 of these (43%) agreed to
participaterand were enrolled. Of the enrolled participants 57 (95%) remained
in ICU[until day five, 43 (72%) had at least one MEE measurement and 48
(80%) had.a muscle strength assessment at ICU discharge.

Figure 9"Consort diagram

Participant Characteristics

Demographic and clinical characteristics are provided in Table 1. The
participants had a mean (SD) age of 58 (16) years, median [IQR] BMI of 28
[24-31] kg/m?, mean APACHE Il score of 23 (7.5) and mean NUTRIC score of
4.6 (2.1).

Nutrition,provision

Nutrition provision is summarised in Table 2. The majority of participants were
enterallysfed (n = 58, 97%), for a median of 5 [3.0 — 8.8] days and had a mean
energy delivery of 1182 (443) kcal per day from artificial nutrition support.

Energy requirements

The median [IQR] estimated energy requirements were 1800 kcal/day [1675 —
2025] (weight based equation) and 1952 kcal/day [1733 — 2240] (Schofield
equatien, with a median stress factor of 1.3 [1.2-1.3]). The median prescribed
energy targets, based on the estimated requirements, were 1950 kcal/day
[1763 — 2160].
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Measured energy expenditure (MEE) was performed in 43 (72%) participants.
At baseline (n=36) the median [IQR] MEE was 1695 [1377 — 1882] kcal and
the average of up to 3 time points (n=43) was 1690 [1400 — 1895] kcal. There
was moderate overall agreement between the MEE and the prescribed daily
energystargets, with the former showing a mean bias of -219 kcal (95% CI -
307 to_-182) compared to the prescribed daily energy targets (r =0.536, p
<0.005)*°)_/(Supplementary Figure 1. Bland Altman plot of agreement
between'prescribed energy targets and measured energy expenditure).

Cumulative energy deficit

When energy delivery from nutrition support was compared to estimated
prescribed energy targets (n=60), the median [IQR] daily nutritional energy
deficit was“281 [193 — 435] kcal/day (Figure 2) and the cumulative energy
deficit was*3648 [2514 — 5650] kcal. The mean nutritional energy adequacy
using the prescribed energy targets over the 12 days was 64% (22).

Figure 2. Daily energy deficit from nutrition support versus estimated
prescribed energy targets and MEE

Comparing..energy delivery from artificial nutrition support with MEE the
median [IQR] daily nutritional energy deficit was 172 [42 — 362] kcal and the
cumulative.energy deficit to ICU day 12 was 2234 [541 — 4710] kcal. The
mean nutritional energy adequacy using MEE over the 12 days was 74% (26).

Nutritional outcomes

From baseline to ICU discharge there were significant reductions in weight, fat
free mass and mid upper arm circumference (Table 3). Serum transthyretin
concentrations increased significantly over the ICU stay, however albumin
concentrations were similar between time points (Table 3). Where malnutrition
was“assessed at baseline and discharge (n = 50) there was an observed
increase in the proportion of participants who were malnourished at discharge
compared to admission (baseline 12 (24%), discharge 18 (36%), (McNemar’s
exact p = 0.03).
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Table 3. Nutritional outcomes

Muscle strength and physical function

Muscle strength at discharge was measured in 48 (80%) participants. Of the
12 participants who did not have this measured nine died prior to discharge
and thesothers were unable to complete the test due to inability to follow
commands.<The prevalence of weakness at awakening was 23 (38%) and at
ICU"diseharge amongst survivors was 10 (21%). Physical function at ICU
dischargeswas measured in 49 (82%) survivors, with a mean (SD) PFIT-s
interval score of 6.5 (2.1) out of 10.

Associations between cumulative energy deficit and outcomes
Participants™ with energy deficits from artificial nutrition support below
prescribed targets, were observed to have a greater risk of ICU-AW and
malnutrition. Per 1000kcal cumulative energy deficit, there was approximately
a two-fold increased risk of both ICU-AW [OR 2.1 (95%CI 1.4-3.3), p=0.001]
and malnutrition [OR 1.9 adjusted for baseline malnutrition (95%CI 1.1-3.2),
p=0.02] at=lCU discharge. Likewise, adjusted for baseline, subjects were
observed.to.lose on average 1.3kg (95%Cl 0.2-3.4, p=0.02) fat free mass per
1000kcal cumulative deficit. A moderate association was observed between
reducedyphysical function at ICU discharge and cumulative energy deficit, with
mean physical function score decreasing by 0.6 points (95%CI 0.3 — 0.9, p
=0.001)"per"1000kcal deficit. There was no strong evidence of an association
between weight loss and nutritional energy deficit. When MEE was used to
calculate energy deficit a similar result was found for the development of ICU-
AW (n=31) [OR 1.9 (95%Cl 1.1-3.4), p=0.021] (Supplemental Table 1).

Table 4. Nuiritional energy deficit and associated outcomes
There was no strong association observed between cumulative energy deficit

from artificial nutrition support and length of stay, length of mechanical
ventilation or mortality (Table 1. includes medical outcome data).
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Discussion

In a critically ill population this study evaluated energy deficit from artificial
nutrition support compared to measured energy expenditure and estimated
energy requirements and concurrently assessed fat free mass, muscle
strength and, physical function. In this mechanically ventilated cohort, the
mean cumulative energy deficit was approximately 200 kcal smaller per day
when measured energy expenditure was used compared to estimated
prescribed energy targets. Cumulative energy deficit from artificial nutrition
support'wasfound to be associated with an increased prevalence of ICU-AW
and malnutrition, reduced physical function scores at ICU discharge and
greater loss, of fat free mass over the ICU stay.

The observed energy deficit in this cohort appeared to be slightly lower than
some previously reported multi-center studies, where critically ill patients meet

6.46.47) In this study

a meaft of 60 percent of their prescribed energy targets'
the mean amount of energy provided from nutrition support compared to
estimated energy targets was 64% however when MEE was used it improved
to 74%._Cumulative energy deficit has been previously reported to be
associatedwwith poorer outcomes, such as lower rates of discharge to home,
increased.infection rates, reduced ventilator free days and higher mortality

1.48.49) These were not observed in the present study however direct

rates!
comparisons.cannot be made due differences in accounting for non-nutritional

energy provision.

Indirect calorimetry is infrequently used as part of routine clinical practice to
determine energy targets, due to the high cost, time and expertise required"'®
*0) Predictive equations are reported to be inaccurate, with weight based
equations_being the least accurate"®. Our finding again showed there was
only‘mederate agreement between prescribed estimated energy requirements
and measured energy expenditure. This difference in energy deficit may
support the use of indirect calorimetry to more accurately assess nutritional
adequacy and its impact on outcomes.
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Data evaluating the relationships between energy deficits and muscle mass
are sparse and somewhat conflicting®". In this study, it was observed that
there was substantial change in fat free mass over the ICU stay, and when
adjusted for baseline fat free mass, greater energy deficit from artificial
nutrition support was associated with greater fat free mass loss. Few previous
studies_have used BIS to assess change in fat free mass and associations
with energy.deficits®", and therefore comparisons with other studies are
difficult:-"Using subjective measures, the administration of early parenteral
nutrition;"which improved energy delivery appeared to reduce muscle

©2) "However in contrast, in a small sub-analysis of a large

wasting
randomised clinical trial (EPaNIC) greater energy delivery via early parenteral
nutrition did_not lead to any difference in muscle loss, when assessed using
qualitative"éemputed tomography (CT) analysis®®®. There was however,
deterioration in muscle quality observed, with increased intramuscular water
and lipid content in the group who received early parenteral nutrition, over a
seven-day period in the ICU®*. Observational studies have also reported
conflicting results; similar to the present study one found that nutritional
adequacy based on estimated energy targets was the only predictor of muscle
loss, asséssed using CT analysis® and in contrast the other found that
energy-balance made no difference to the rate of muscle loss, assessed using

ultrasound®®.

The impact of acute energy deficit on muscle strength and physical function in
the critically‘ill is uncertain®. In the present study 21% of survivors had ICU-
AW and the mean PFITs was 6.5 (2.1) out of 10 at ICU discharge; Greater
energy deficit was associated with an increasing risk of developing ICU-AW
and lower physical function scores at ICU discharge. Additionally multivariable
analysis suggested that participants with higher BMIls and APACHE Il scores
had a higherrisk of developing ICU-AW. . This is in contrast to another sub-
analysis of EPaNIC which reported that lower calorie deficit was associated
with greater ICU-AW at awakening (107 (34%) late PN group versus 127
(43%) early PN group, p = 0.03) and slower rates of recovery, however there
was no difference in the rates of ICU-AW at ICU discharge (78 (26%) late PN
group versus 91 (31%) in the early PN group, p = 0.15)®”. However, in a
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nested cohort study within the EDEN trial, trophic feeding for the first five days
of ICU admission when compared to standard care increased early calorie
deficit but did not affect physical function scores using the SF-36 at 12-
months but did result in a greater proportion of patients admitted to a physical
rehabilitationsfacility (57 (23%) trophic feeding group versus 30 (14%)
standardscare, p = 0.01)%%

The “differences in the findings between observational studies and recent
interventional trials for both muscle mass changes and functional outcomes
may be explained by the timing of nutrition support, the route of delivery and
the composition of the nutrition provided® ®, as well as the methodology and
timing ‘of the outcome measures. Further research is required to explore the
effect of“different methods of nutrition delivery and substrates to minimise
muscle'wastage as well as standardising the methods to assess muscle mass

and functional outcomes.

The strengths of this study include that both measured energy expenditure
and estimated prescribed energy targets were used to calculate energy deficit
and that™simultaneously several other nutrition-associated and patient-
centered. outcomes were assessed, including fat free mass, muscle strength
and physical function. Additionally muscle strength was measured in 80
percent of.the cohort. Study limitations included that this was a single centre
observational study with a relatively small sample size of 60 participants;
thereforemthere is the potential for bias and many of the outcome variables
are subjective, including the functional outcome measures and the diagnosis
of malnutrition. Also importantly the calculation of energy deficits did not
include  non-nutritional calories or energy provided from oral intake. In
addition, measured energy expenditure was only completed in a subset of
participantsy#and as such only 43 participants were included in the MEE
cumulative energy deficit analysis and given the missing MEE data,
associations between calorie deficit calculated from MEE and outcomes were
not performed. The use of clinical measures to assess muscle strength, the
diagnoses of ICU-AW and physical function limits findings to a cohort of

patients who survived critical illness and who were able to obey commands.
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However we attempted to control for this by undertaking sensitivity analysis
for the outcome of ICU-AW, and when all missing results were imputed as
participants being ‘weak’ the overall conclusion remained unchanged. This
study was not powered to determine important effects on patient-centered
outcomes, such as mortality, and it did not explore associations between
protein_deficits and outcomes. Finally, due to the observational design of this
study only associations and not causality, could be reported.

Conclusion

Cumulative energy deficit from artificial nutrition support was lower when
measured __energy expenditure was used compared to prescribed energy
targets.. Cumulative energy deficit from artificial nutrition support was
observedto be associated with the development of ICU acquired weakness,
malnutrition; reduced physical function at ICU discharge and greater loss of
fat free mass. Large well-designed randomised controlled trials, exploring the
role of protein and absolute energy delivery, that include muscle mass and

functional outcomes are warranted and required to confirm these results.
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Figure1."Consort Diagram

Abbreviations: Eligible — patients who met all inclusion criteria at the time of
screening,“exclusion criteria = unable to mobilise - included major trauma
necessitating a period of immobilisation; new neurological insults; and poor pre-
morbid mobility (unable to mobilise independently with or without a gait aid). ICU —
intensive care unit, not an Australian citizen —non citizens were excluded as they are
ineligible for Medicare should their participation in the study result in the need for
additional medical care. MEE — measured energy expenditure.

Table 1. Participant demographic and clinical characteristics
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Abbreviations: BMI; Body Mass Index, Kg; kilograms, m?; meters squared, APACHE
Il; Acute Physiology And Chronic Health Evaluation Il, NUTRIC Score; The Nutrition
Risk in Critically ill, IQR; interquartile range, SD; Standard deviation, ICU-AW;
Intensive care acquired weakness, LOS; Length of stay and MV; Mechanical
ventilation. Values are presented as median [interquartile range] unless stated.

Table 2. Nutrition Provision

Abbreviations; EN; Enteral Nutrition, PN; Parenteral Nutrition, NBM; Nil by Mouth,
NS; nutrition'support, SD; standard deviation, values are presented as median
[interquartile range] unless stated.

Table 3. Nutritional outcomes

Abbreviations: Kg; Kilograms, BIS; Bioimpedance spectroscopy, FFM; Fat Free
Mass, MUAC; Mid Upper Arm Circumference, g/L; grams per litre. The mean
difference was determined using a paired t-test.

Figure 2..Daily energy deficit from nutrition support using estimated

prescribed energy targets and measured energy expenditure

Abbreviations: MEE; Measured energy expenditure, error bars indicate interquartile

range.

Table 4. Cumulative nutritional energy deficit and associated outcomes
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Abbreviations: BMI; Body Mass Index centered at 30 kg/m?, Age centered at 60
years, APACHE II; Acute Physiology And Chronic Health Evaluation Il, centred at 25,
FFM; Fat free Mass. Logistic regression analysis models were used for ICU-Acquired
weakness and Malnutrition. Linear regression analysis models were used for fat free
mass and physical function.
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Table 1. Participant demographic and clinical characteristics

Age years, mean (SD) 58 (16)
Gender male, n (%) 33 (55)
BMI kg/m?, median [IQR] 28 [24-31]
APACHE. ll.score, mean (SD) 23 (7.5)
NUTRIG, Score, (n=49), mean (SD) 4.6 (2.1)

Admissienseategory, n (%)

Medical: 34 (57)
Emergency Surgery: 21 (35)
Elective Surgery: 5 (8)

Admission:Riagnosis, n (%)

Cardiac arrest: 14 (23)

Respiratory failure: 8 (13)

Trauma: 7 (12)

Cardiovascular surgery: 7 (12)
Gastrointestinal surgery: 7 (12)
Gastrointestinal non-surgery: 6 (10)

Sepsis: 4 (7)
Endocarditis: 2 (3)
Other: 5 (8)
ICU-AW diagnosis (awakening), n (%) 23 (38)
ICU LOS, days 7.0 [4.0-12.0]
Hospital LOS, days 19.0 [13.0-30.8]
Length'of MV, days 4.0 [3.0-8.0]
Sedation.duration, days 3.5[2-7.0]
Sepsis duration, days 3.0 [0-6.8]
28 day mortality, n (%) 13 (22)
Discharge-destination of survivors, n (%)
Home 29 (48)
Rehabilitation 14 (23)
Other (including residential care) 4 (7)

Abbreviations: BMI; Body Mass Index, Kg; kilograms, m?; meters squared, APACHE
II; Acute'Physiology And Chronic Health Evaluation I, NUTRIC Score; The Nutrition

Risk in Critically ill, IQR; interquartile range, SD; Standard deviation, ICU-AW;
Intensive care acquired weakness, LOS; Length of stay and MV; Mechanical

ventilation. Values are presented as median [interquartile range] unless stated.

This article is protected by copyright. All rights reserved




1
2

Table 2. Nutrition Provision

EN provided, n (%) 58 (97)

PN provided n,(%) 11 (18)

Days of EN 5.0 [3.0 - 8.8]
Days of PN (when provided) 6.0 [5.0-9.3]
Days.NBM 1[0-1]

Days onioral intake 2 [0-3]

Time fram admission to initiating NS, hours, mean (SD) | 20 (13)
DurationwefNS interruption, hours 16 [6.0 - 31]
Duratioft of NS interruption, days 2 [1-3]
Prescribed estimated energy, kcal/day 1950 [1763 — 2160]
Energy delivered, kcal/day 1182 (443)
Energy delivered, kcal/kg/day 16 (6.1)
Energy‘adequacy, % of prescribed, mean (SD) 64 (22)
Estimated protein requirements, g/kg/day 1.3 [1.2-1.3]
Protein‘provided, g/kg/day, mean (SD) 0.58 (0.25)
Proteinradequacy, % of estimate, median [IQR] 61 [44-69]

Abbreviationsi EN; Enteral Nutrition, PN; Parenteral Nutrition, NBM; Nil by Mouth,

NS; nutritionssupport, SD; standard deviation, values are presented as median

[interquartile range] unless stated.
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1 Table 3. Nutritional outcomes

2
BIS FFM, kg 45 (69 (19) 62 (19) -7.7 (-10 to -5.0) <0.001
MUAC, 'em 49 |34 (5.3) 32 (5.3) -1.9 (-2.3 to -1.4) <0.005
Transthyretin 32 [ 108 (35) 153 (17) 46 (11 to 81) 0.01
millig/L
Albumind@/L 50 [27(5.2) 26 (4.6) -0.73 (-2.3t00.7) | 0.31

3 Abbreviations: Kg; Kilograms, BIS; Bioimpedance spectroscopy, FFM; Fat Free

4  Mass, MUAC; Mid Upper Arm Circumference, g/L; grams per litre. The mean

5 difference was determined using a paired t-test.

6

7
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Table 4. Cumulative nutritional energy deficit and associated outcomes

Variable Univariate analysis Multivariable Sensitivity analysis
OR 95% ClI P value | OR 95% ClI P value

Calorie deficit (per 2.2 1.3-3.7 <0.01 2.1 1.4-3.3 0.001

1000kcal)

BMI (230kg/m ) 6.2 1.1-35 0.04 3.6 0.9-5.2 0.08

Age (> 60 years) 1.0 0.2-4.6 1.0 2.0 0.5-8.2 0.35

APACHE.Il (> 25) 0.62 0.1-3.5 0.59 5.0 1.1-23 0.04

1000kcal)

Variable Univariate analysis adjusted for | Multivariable analysis adjusted
baseline malnutrition diagnosis | for all variables
OR 95% ClI P value | OR 95% Cl P value
Calorie deficit (per 1.6 1.1-2.4 0.01 1.9 1.1-3.2 0.02

BMI ( = 30kg/m )

0.55 0.10-2.9 0.48

0.31 0.03-3.4 0.34

Age (> 60 years)

2. 0.50- 17 0.23

2.4 0.32- 18 0.40

APACHE II|(> 25)

Variable

1.1 0.21-5.8 0.10

Univariate analysis adjusted for
Baseline FFM

2.9 0.34- 26 0.33

Multivariable analysis adjusted
for all variables

Variable

effect | 95% Cl P value | effect 95% ClI P value
FFM (Baseline), kg 0.93 0.80to 1.1 <0.001 | 0.91 0.8t0 1.1 <0.001
Calorie deficit (per -1.1 -2.210-0.08 | 0.04 -1.3 -2.410-0.21 | 0.02
1000kcal)
BMI (= 30kg/m.) 2.2 -4.11t08.5 0.49 2.1 -41t081 | 0.51
Age (> 60 years) -0.71 -6.21t0 4.7 0.80 0.24 -5.1105.5 0.91
APACHE 1l (> 25) -2.5 -11109.8 0.38 -4.0 -9.5t01.6 0.15

Univariate analysis

Multivariable analysis adjusted

for all variables

effect | 95% Cl P value | effect 95% ClI P value
Calorie deficit (per -0.6 -0.9t0-0.2 0.002 -0.59 -0.92 to - 0.001
1000kcal) 0.26
BMI (= 30kg/m2) -1.9 -3.7t0-0.15 | 0.03 -2.0 -3.51t0-0.38 | 0.02
Age (> 60 years) 1.1 -291t00.71 [ 0.23 1.2 -2.7t00.38 | 0.14
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APACHE Il (> 25) -0.31 -2.21t01.6 0.75 -1.1 -2.8t00.54 | 0.18

Abbreviations: BMI; Body Mass Index centered at 30 kg/m?, Age centered at 60
years, APACHE II; Acute Physiology And Chronic Health Evaluation Il, centred at 25,
FFM; Fat free Mass. Logistic regression analysis models were used for ICU-Acquired
weakness and Malnutrition. Linear regression analysis models were used for fat free
mass and physical function.
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Figurel. Consort Diagram

Eligible* n = 543
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\ 4

Metiin€lusion and NOT
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Excluded n = 403
* Unable to mobilise* n = 221

» Missed (screened > 48 hr) n =99
* ICU readmission, n =59

* Non English Speaking, n = 12
 Deceased,n =10

 No medical insurance, n = 2

Not Consented in 48hrs n = 64
Declined Consentn =12
Withdrawn (not MV > 48 hrs) n = 4

Deceased n =9

Day 60 outcomes n =47

v
Included n =60
\ 4
ICUsdischarge outcomes/
day 30 n =51
v

Deceased n =4
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Abbreviations: Eligible — patients who met all inclusion criteria at the time of screening, exclusion
criteria = unable to mobilise - included major trauma necessitating a period of immobilisation; new
neurological insults; and poor pre-morbid mobility (unable to mobilise independently with or without a
gait aid). ICU — intensive care unit, not an Australian citizen —non citizens were excluded as they are

ineligible for Medicare should their participation in the study result in the need for additional medical
care. MEE — measured energy expenditure.
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