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Abstract

Background Nutrition interventions commenced in ICU and continued through to hospital discharge have not been
definitively tested in critical care to date. To commence a program of research, we aimed to determine if a tailored
nutrition intervention delivered for the duration of hospitalisation delivers more energy than usual care to patients
initially admitted to the Intensive Care Unit (ICU).

Methods A multicentre, unblinded, parallel-group, phase Il trial was conducted in twenty-two hospitals in Australia
and New Zealand. Adult patients, requiring invasive mechanical ventilation (MV) for 72—120 h within ICU, and receiv-
ing <80% estimated energy requirements from enteral nutrition (EN) were included. The intervention (tailored
nutrition) commenced in ICU and included EN and supplemental parenteral nutrition (PN), and EN, PN, and/or oral
nutrition after liberation from MV, and was continued until hospital discharge or study day 28. The primary outcome
was daily energy delivery from nutrition (kcal). Secondary outcomes included duration of hospital stay, ventilator free
days at day 28 and total blood stream infection rate.

Main results The modified intention to treat analysis included 237 patients (n=119 intervention and n=118 usual
care). Baseline characteristics were balanced; the median [interquartile range] intervention period was 19 [14-35]
and 19 [13-32] days in the tailored nutrition and usual care groups respectively. Energy delivery was 1796+ 31 kcal/
day (tailored nutrition) versus 1482 + 32 kcal/day (usual care)—adjusted mean difference 271 kcal/day, 95% Cl
189-354 kcal. No differences were observed in any secondary outcomes.

Conclusions A tailored nutrition intervention commenced in the ICU and continued until hospital discharge
achieved a significant increase in energy delivery over the duration of hospitalisation for patients initially admitted
to the ICU.
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Trial registration ClinicalTrials.gov Identifier NCT03292237. First registered 25th September 2017. Last updated 10th

Feb 2023.

Introduction

Severe critical illness induces significant catabolism,
causing muscle wasting and weight loss [1]. Although
it is hypothesised that augmented nutrition may pre-
vent muscle wasting and weight loss, definitive ben-
efits remain unclear [1, 2]. Successful interventions to
augment energy delivery in critical illness include sup-
plemental parenteral nutrition (PN) and higher energy
enteral nutrition (EN); however, no benefit has been
observed, and one study showed harm [3, 4]. This lack
of benefit aligns with many other trials investigating
various critical care nutrition interventions [5-12].
With the exception of the EPaNIC trial, all interven-
tion durations were short (5-7 days), in the early acute
phase of illness, and in heterogeneous populations [5—
7, 9-12]. Metabolic alterations in early critical illness,
including insulin and anabolic resistance, may limit the
effective utilization of nutrition, possibly explaining the
lack of benefit [1, 2].

The European Society for Clinical Nutrition and
Metabolism categorizes critical illness into “acute
early”, “acute late”, and “recovery” stages, recommend-
ing tailored and progressive nutrition based on the
phase and acknowledges changing nutritional require-
ments throughout illness [8]. The latest nutrition
guideline from the American Society of Parenteral and
Enteral Nutrition identifies the need to describe nutri-
tion intake for the entire period of outcome observation
in critical illness [13]. Nutrition interventions contin-
ued for the duration of hospitalisation have shown clin-
ical benefits for non-critically ill patients [14]; however,
practical challenges such as gastrointestinal intolerance
and fasting for procedures often limit energy delivery
to less than 50% of recommendations during the early
phase of critical illness and may prevent prolonged
nutrition enhancement in critically ill populations [15].
Moreover, observational data from various geographi-
cal regions indicate suboptimal nutrition provision
in the late and post-intensive care unit (ICU) period,
with no established strategies for extension of nutrition
interventions from ICU to hospital discharge [16-22].

To begin to address this gap, the aim of the Intensive
Nutrition Therapy comparEd to usual care iN criTically
ill adults (INTENT) trial was to establish if a tailored
nutrition intervention provided throughout hospitalisa-
tion could deliver more energy compared to usual care
in patients initially admitted to the ICU.

Methods
This study is reported according to the CONSORT
statement, with a priori registration (NCT03292237)
and publication of the protocol and statistical analysis
plan [23].

Trial design

This was a multicentre, prospective, unblinded, paral-
lel, phase II randomised controlled trial (RCT) with
patients allocated 1:1 to a tailored nutrition interven-
tion or usual care.

Participants

Patients aged > 18 years and between 72 and 120 h of
their index ICU admission were screened for eligibil-
ity. Eligible patients required invasive mechanical ven-
tilation (MV), had one or more organ system failure, a
central line for PN provision (if so allocated to tailored
nutrition) and had received <80% estimated energy
requirements from EN in the previous 24 h (Supple-
mental Digital Content Additional File 1). The study
was conducted in 23 ICUs within Australia and New
Zealand (ANZ) and was endorsed by the Australian
and New Zealand Intensive Care Society Clinical Trials
Group (Additional File 2). Ethics approval was obtained
from the Alfred Hospital Ethics Committee (HREC/18/
Alfred/101) and the Human Research Ethics Commit-
tee of the Northern Territory Department of Health
(2019-3372) in Australia and the New Zealand Central
Health and Disability Ethics Committee (18/NTA/222/
AMO01) in New Zealand. The original protocol was
approved on 31st July 2018, with a subsequent minor
protocol amendment of editorial changes for clarity
approved on 8th January 2020 (Additional File 3).

Interventions

The intervention group received tailored nutrition
from randomisation in ICU to hospital discharge or
study day 28, aiming for energy provision between 80
and 100% of predicted requirements at all times (whilst
avoiding overfeeding, defined as>110% of the study
energy requirement). In ICU, supplemental parenteral
nutrition (PN) was provided whenever daily energy
provision was<80% of the study energy requirement.
This was followed with tailored nutrition care, deliv-
ered by an INTENT study dietitian of oral, EN or PN
according to clinical indication, until hospital discharge


https://clinicaltrials.gov/study/NCT03292237

Ridley et al. Critical Care (2025) 29:8

or day 28. Full study processes within ICU and the ward
are outlined in detail in Fig. 1.

The interventional PN was Olimel N12E with a
multi-trace element solution (10 ml), multi-vitamin
(Cernevit, Baxter Healthcare Corporation, 5 ml) and
ascorbate (125 mg) for stability, manufactured and sup-
plied by Baxter Healthcare Corporation (composition,
Additional File 4). Once oral intake commenced, two
study oral nutrition supplements (Fortisip Compact
Protein or Forticreme Complete) were prescribed at a
recommended dose of 60 ml four times per day (com-
position, Additional File 5).

Intervention process

Day of randomisation:

Interventional PN was commenced via a central venous
catheter within 2 h of randomisation based on the
amount of energy received from EN in the previous 24 h,
to achieve 80-100% of the study energy requirement
(Additional File Fig. 2a).

Icu

From study day 2 until ICU discharge (or removal of
the central line according to the decision of the treat-
ing clinical team), intervention PN rates for the next
24 h were based on energy delivered from EN, PN, oral
nutrition and non-nutrition energy sources (includ-
ing glucose>25% and propofol) in the previous 24 h,
with three rates possible: off, 10 kcal/kg calculated body
weight (CBW)/day, or 20 kcal/kg CBW/day. If EN was
interrupted for>2 h, PN was provided at the 20 kcal/kg
CBW/day rate (Additional File Fig. 2b).

Ward

Participants were reviewed daily by a study dietitian to
ensure the nutrition management plan was appropriate
(with a minimum of three formal nutrition reviews for
data collection per week, Additional File Fig. 1).

Usual care process

Usual nutrition care was the comparator, with all aspects
delivered according to local hospital protocols. In cases
of absolute contraindications to EN or prolonged deliv-
ery issues for patients allocated to usual care, PN was
allowed in the ICU (using the intervention PN to stand-
ardise across group) after attempts to improve EN had
occurred. Indications for PN and processes to optimise
EN were according to usual care processes at each indi-
vidual site.

Procedures common to both groups
Individual energy requirements were set at 25 kcal/
kg CBW/day throughout the ICU stay (Additional
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File 6). CBW equalled actual body weight for par-
ticipants<65 years with a BMI<25 kg/m* (or
if>65 years,<30 kg/m2) or adjusted body weight for
overweight or obese patients (Additional File 7). Upon
transfer to the hospital ward, energy requirements could
continue or be re-evaluated by clinical staff.

In ICU and on the ward, EN formula selection, protein
requirement, blood glucose control, timing of nasogas-
tric tube (NGT) removal/reinsertion and initiation of
oral intake adhered to local hospital protocols. Strate-
gies were suggested to avoid overfeeding if all nutrition
sources delivered > 110% of the participants’ study energy
requirement in ICU (Additional File 7). Upon starting
oral diet, food record charts were requested for both
groups. Continuation of PN on the ward was determined
by local site indications for both groups, using the usual
formula/s available at the site.

Outcomes

The primary outcome was energy delivered from nutri-
tion therapy in kcal/day up to hospital discharge or day
28. Secondary outcomes included protein intake (g/day)
to hospital discharge or day 28, energy (kcal/day) and
protein intake (g/day) by ICU and ward location, dura-
tion of hospital stay, ventilator free days to day 28 and
total blood stream infection rate (hospital admission to
day 28). Tertiary outcomes included duration of ICU stay,
duration of invasive MV to day 28, ICU mobility scale
at ICU discharge, number of blood stream infections to
day 28, time to first blood stream infection, in-hospital
and 28-day mortality, and weight at hospital discharge
(kg). Central Line Associated Blood Stream Infection
(CLABSI) was added as a tertiary outcome of interest
post-hoc. Outcome variables are defined in Additional
File 8 and adverse events and protocol deviations in
Additional File 9.

Randomisation

The randomisation schedule was generated by the study
statistician, stratified by site in permuted blocks of vari-
able size (2 and 4). Randomisation and allocation con-
cealment occurred via a dedicated, secure, password
protected internet-based website designed by Research
Path Pty Ltd.

As a phase II trial, no interim analysis or feasibility
stopping rules were pre-specified. A Data Safety Moni-
toring Committee (DSMC) advised as required (Addi-
tional File 2).

Statistical methods:

Sample size was determined from our pilot RCT where
the mean+standard deviation (SD) energy delivered
to the usual care arm throughout hospital stay was
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1540 +£410 kcal/day [25]. With 190 subjects in total, this Analysis was performed on a modified intention to
study has 95% power (2-sided p-value of 0.05) to detect treat basis excluding only participants who withdrew
a clinically acceptable difference of 15% (215 kcal/day). consent. Potential baseline imbalance between groups
To account for possible loss to follow-up, this figure was  was determined using Chi-square tests for equal propor-
inflated by 20% to total 240 patients. tion, Student’s t-test was used for normally distributed

’ Patients screened n = 3408 |

| Met inclusion criteria n = 3396 |

Missed n = 244

« Staff not available (n = 148)

«+ Eligible but missed (n = 77)

« Staffing issue due to COVID (n = 19)

—i Did not consent n = 47 I

Met an exclusion criteria n = 2865 (multiple exclusion possible):

» More than 80% of energy requirements have been satisfactorily delivered via the enteral route in
the last 24-hours (n = 1679)
* Currently receiving PN (n = 397)

» The treating clinician does not believe the study to be in the best interest of the patient (n = 396)
» Both EN and PN cannot be delivered at enrolment (n = 241)

» Acurrent treatment limitation is in place or the patient is unlikely to survive to 180-days due to
underlying/chronic iliness (n = 209)

» Death is imminent in the next 96 hours (n = 159)

» Dialysis dependent chronic renal failure (n = 35)

» Enrolled in another study where co-enrolment not permitted (n = 31)
« Clinician believes a specific parenteral formula is indicated (n = 29)
* COVID positive (n = 26)

» Product contraindication (n = 6)

» Suspected or known pregnancy (n = 3)

* Other (n=2)

| Randomised n = 240 |

ICU ICU
Tailored nutrition care n = 121 Usual nutrition care n =119
« Consent withdrawn data withdrawn (n = 2) « Consent withdrawn data withdrawn (n = 1)
* Received allocated intervention (n = 119) « Received allocated intervention (n = 118)
+ Stillin ICU at 28 days (n = 13) + Stillin ICU at 28 days (n = 6)
—1+ Deceased (n=13) » Deceased (n = 13)
» Discharged (n = 5) » Discharged (n = 6)
Ward Ward
Tailored nutrition care n = 88 Usual nutrition care n =93
* Missing data (n=1) « Missing data (n = 3)
« Deceased prior to ward data collection (n = 1) » Deceased prior to ward data collection (n = 1)
* Received allocated intervention (n = 86) « Received allocated intervention (n = 89)
Analysed for primary outcome n = 119 I Analysed for primary outcome n = 118 |

Fig. 1 CONSORT diagram
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outcomes, and Wilcoxon rank-sum tests otherwise, with
results reported as numbers (percentages), means + SD or
medians [interquartile range (IQR)], respectively.

Longitudinal analysis of daily total energy (and pro-
tein) intake was performed using hierarchical mixed lin-
ear modelling with patients nested within sites and both
patients and sites treated as random effects, fitting main
effect for location (ICU or ward), treatment and time,
and an interaction between the latter to determine if
treatment effects varied over time. Results were reported
as least square means *standard errors and mean dif-
ferences (95% Confidence Interval (CI)). Heterogene-
ity across locations was further determined by fitting an
interaction between treatment and location. Sensitiv-
ity to known covariates was performed using covariate
adjustment for a priori determined variables (age, BMI,
clinical frailty score, admission diagnosis, and illness
severity (APACHE II)).

Table 1 Baseline participant characteristics
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Times to extubation, ICU and hospital discharge were
analysed using Fine and Gray frailty models to account
for the competing risk of death, with results reported as
sub-distributional hazard ratios (95% CI) and presented
as cumulative incidence graphs. Patient survival was ana-
lysed using Cox-proportional hazards regression includ-
ing clustering for site with results reported as Hazard
ratios (95% CI) and presented as Kaplan Meier survival
curves. Subgroup analysis was performed for the pri-
mary outcome on seven subgroups determined at base-
line (Additional File 8) [23]. Analyses were performed
using SAS software, version 9.4 (SAS Institute) and a
two-sided p-value of 0.05 was used to indicate statisti-
cal significance. No adjustment was made for multiple
comparisons with all non-primary outcomes considered
as hypothesis generating. Prior to completion, a detailed
analysis plan was published (further analysis details,
Additional File 8 [23]).

Tailored nutrition (n=119)

Usual care (n=118)

Age, years
Sex, male, n (%)
Calculated body weight, kg
BMI, kg/m?
APACHE Il score
APACHE Il diagnosis code, n (%)
Cardiovascular
Respiratory
Trauma
Sepsis
Neurological
Gastrointestinal
Metabolic
Musculoskeletal
Renal
RRT commenced prior to randomisation, n (%)
Baseline SOFA score
NUTRIC score
Clinical frailty Score
Study energy requirement, kcal/day
Clinician estimated protein requirement, g/day

Daily energy received from hospital admission to randomisation from all sources,

kcal/day
Time from hospital admission to randomisation, days

55+17 57+16
83 (70%) 78 (66%)
84+15 82+15
32+8 30+8
16+7 18+6
44 (37%) 49 (42%)
20 (17%) 19 (16%)
16 (13%) 17 (14%)
12 (10%) 17 (14%)
13 (11%) 7 (6%)

11 (9%) 4 (3%)

1 (1%) 3 (3%)

2 (2%) 1(1%)

0 (0%) 1(1%)
29 (24%) 34 (29%)
9[6-11] 9[6-11]
4 [3-5] 4 [3-5]
3[2-4] 3[2-4]
2089+ 368 2034+372
10417 104421
801+473 7584493
474-5) 414-5)

Continuous normally distributed data are presented as mean +standard deviation (SD), otherwise as median [interquartile range] (IQR). Baseline SOFA was assessed
using the most deranged physiological values within 24 h of randomisation Study energy requirement was set at 25 kcal/kg CBW/day throughout the ICU stay. CBW
equalled actual body weight for participants <65 years with a BMI <25 kg/m2 (or if > 65 years, < 30 kg/m2) or adjusted body weight for overweight or obese patients

APACHE, Acute physiology and chronic health evaluation; BMI, body mass index; NUTRIC, Nutrition Risk in Critically ill; RRT, renal replacement therapy; SOFA,

sequential organ failure assessment



Ridley et al. Critical Care (2025) 29:8

Results

From October 15, 2018, to January 31, 2023, 240 patients
were randomised from 22 sites. Two patients in tailored
nutrition and one in usual care withdrew consent for
data, resulting in 237 patients for the intention-to-treat
analysis (119 in tailored nutrition, 118 in usual care,
Fig. 1 and Additional File Table 1). Baseline charac-
teristics were comparable (Table 1 and Additional File
Table 1), with the majority of patients admitted with a
cardiovascular diagnosis (n=93 (38%)). Cardiac surgery
occurred in 24/119 (20%) patients in tailored nutrition
and 25/118 (21%) in usual care. In keeping with the inclu-
sion window of between 72 and 120 h of ICU admission,
the median time from hospital admission to randomisa-
tion and trial period (hospital length of stay) was approx-
imately 4 days and 19 days, respectively.

EN was provided to 118 (99%) patients in tailored
nutrition and 116 (98%) in usual care, and PN to 119
(100%) and 17 (14%) patients in tailored nutrition and
usual care, respectively.

Primary outcome

Energy delivered from nutrition sources for the tai-
lored nutrition group was 1796+31 kcal/day ver-
sus 1482+32 kcal/day in usual care (mean difference,
313 kcal, 95% CI 226—401 kcal; adjusted mean difference
271 kcal/day, 95% CI 189-354 kcal/day; Fig. 2a, Addi-
tional File Fig. 3a). Table 2 shows kcal/kg and proportion
of intake variables.

Secondary outcomes

Protein delivery in tailored nutrition was 93+2 versus
72 +2 g/day in usual care (mean difference 21 g/day, 95%
CI 16-26 g/day; adjusted mean difference 19 g/day, 95%
CI 14-23 g/day; Table 2, Fig. 2b, Additional File Fig. 3b).
Mode of nutrition across the study is displayed in Fig. 3
& Additional File Table 2. Additional File Table 2 shows
energy and protein delivery from nutrition and non-
nutrition sources and Additional File Table 3 by mode
over 28 days.

Nutrition delivery by location- ICU

ICU length of stay was 10 [6—17] days in tailored nutri-
tion and 8 [5-16] days in usual care. Within ICU, energy
delivered from nutrition sources for the tailored nutri-
tion group was 1849 + 34 kcal/day versus 1576 + 36 kcal/
day in usual care (mean difference, 273 kcal/day, 95% CI
176-369 kcal/day; adjusted mean difference 221 kcal/day,
95% CI 129-313 kcal/day). Protein delivery for tailored
nutrition was 99+2 g/day versus 78+2 g/day in usual
care (mean difference 21 g/day (95% CI 16-26 g/day);
adjusted mean difference 18 g/day (95% CI 14-23 g/day,
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Table 2, Additional File Table 4). Additional File Fig. 4
displays mode of nutrition delivery in ICU.

Nutrition delivery by location- ward

Median ward length of stay was 9 [4—17] days in tailored
nutrition and 9 [4-18] days in usual care. Energy deliv-
ered from nutrition sources for the tailored nutrition
group was 1743 +41 kcal/day versus 1388 +41 kcal/day
in usual care (mean difference 354 kcal/day, 95% CI 239—
469 kcal/day; adjusted mean difference 322 kcal/day, 95%
CI 211-433 kcal/day). Protein delivery from nutrition in
tailored nutrition was 87 +2 g/day versus 66 +2 g/day in
usual care (mean difference 21 g, 95% CI 15-27 g/day,
adjusted mean difference 19 g/day, 95% CI 13-25 g/day;
Table 2, Additional File Table 5). Additional File Fig. 5
displays mode of nutrition delivery on the ward.

Intervention delivery, clinical and tertiary outcomes
From ICU to hospital discharge, more dietitian reviews
were conducted in the tailored nutrition group (median
5 [3-7] vs 4 [2-6] in usual care), and time spent on the
intervention was 0.7 [0.5-0.9] hours per occasion or 3
[2-5] hours in total. Additional File 10 provides further
data on intervention delivery.

No differences were observed in other clinical second-
ary or tertiary outcomes (Table 3, Additional File Table 6
& 7, Additional File Figs. 6-10).

Subgroup analysis
Enhanced energy delivery with tailored nutrition was
achieved in all sub-groups (Additional File Fig. 11).

Adverse Events and protocol deviations:

There were 7 adverse events, all in the tailored nutrition
group; 4 (57%) for hyperglycaemia, 1 (14%) for hyper-
triglyceridemia and 2 (28.5%) other. Of 131 protocol
deviations, 20 (15%) were classified as major (12 (5%)
‘randomised but not eligible’ and 8 (3%) ‘patient received
more than 120% of energy requirements’) (Additional File
9).

Discussion

In this multicentre RCT a tailored nutrition interven-
tion commenced in the acute late phase of critical illness
within ICU and continued through to hospital discharge
was investigated. The intervention demonstrated a sig-
nificant increase in energy and protein delivery, utilising
supplemental PN in the ICU and oral nutrition supple-
ments in the late ICU and post-ICU period. No differ-
ences in secondary or tertiary clinical outcomes were
observed.
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a) Energy delivery from nutrition (kcal/day)

Total energy delivered from nutrition (
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The overall difference between groups across all time points was p<0.0001.
b) Protein delivery from nutrition (g/day)
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Circles represent least square means with error bars representing 95% confidence intervals

The overall difference between groups across all time points was p<0.0001.

Within ICU, we achieved an increase in energy pro-
vision with the addition of PN to supplement EN, a

proven strategy to enhance energy delivery in ICU [25—
27]. The use of supplemental PN has been considered

n' per group by study day

Fig. 2 Delivery of nutrition over 28-day study period. A Energy delivery from nutrition (kcal/day), b Protein delivery from nutrition (g/day)

controversial since the publication of a large RCT sug-
gested harm in patients who received early supplemen-
tal PN (day 3) compared to those who commenced late
(day 8) [3]. However, other large RCTs and meta-analyses
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a) Mode of nutrition- Tailored nutrition

Mode of nutrition over 28 day study period (Tailored nutrition)

140

120

100

80

D
o

Patient numbers- 'n’
N N
o o

o M
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
119119118 115109 107 108 101 87 81 76 80 66 74 68 58 55 48 50 45 41 42 45 35 29 30 30 34
'n' by study day

OEN alone HEEN & Oral ®EOralalone EEN&PN ®PNalone ®mnone OPN&Oral DMEN, PN & Oral

b) Mode of nutrition- usual care

Mode of nutrition over 28 day study period (Usual care)

140

120

100

[
114
307 |

80

[2]
o

N
o

Fmed o
e

Patient numbers- 'n’
N
o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

118 118 118 114 108 100 104 101 89 83 75 66 70 63 67 55 55 45 41 40 37 37 32 24 25 24 26 28
'n' by study day

OEN alone BEN & Oral =Oralalone @EN&PN ©PNalone ®mnone OPN & Oral DEN, PN & Oral

Fig. 3 Mode of nutrition provision across 28 day study period. A Mode of nutrition- Tailored nutrition, b Mode of nutrition- usual care

conducted since have shown neither harm nor benefit studies using supplemental PN in the initial 7-10 days
from PN, either provided alone or supplemental [7, 25— and to the TARGET trial which tested the only aug-
29]. In the ICU, our intervention met nearly 90% of the  mented EN strategy within ICU [4, 25, 27].

estimated study requirement. This is comparable to other
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Table 2 Daily nutrition delivery over the 28 day study period and by location
Variable Tailored nutrition Usual care (n=118) Difference (95% Cl) Adjusted
(n=119) Difference
(95% CI)*

Primary outcome- daily energy provision from EN, PN and oral sources (overall hospital stay)

Total energy, kcal/day 1796 +31 1482+32 313 (226-401) 271 (189-354)
Daily energy and protein provision from EN, PN and oral sources (overall hospital stay)

Total energy, kcal/kg CBW 217403 19403 32(2.2-4.) 34(2.5-43)
Total energy, kcal/kg, actual body weight 20+04 17+£04 25 (1 5-3.6) 3.0(2.2-3.9)
Proportion of study energy requirement provided, % 85+13 72+13 0(9.4-16.5) 13.7(10.2-17.2)
Total protein, g 93+1.8 72+18 209(159 25.9) 5(13.8-23.2)
Total protein, g/kg CBW 1.1+£0.02 0.9+0.02 0.22 (0.17-0.27) 0.23 (0.18-0.28)
Total protein, g/kg actual body weight 1.0£0.02 0.8+0.02 0.18 (0.13-0.24) 0.21(0.16-0.25)
Proportion of protein requirements provided, % 89+2 72+2 16.7 (12.3-21.2) 17.0(12.4-21.5)
ICU- Daily energy and protein provision from EN, PN and oral sources

Total energy, kcal 1849+34 1576+36 273 (176-369) 221(129-313)
Total energy, kcal/kg CBW 22+04 20+£04 2.5(1.5-35) 2.8(1.8-3.8)
Total energy, kcal/kg, actual body weight 20+£04 18+04 1.9(0.7-3.0) 23 (1 4-33)
Proportion of study energy requirement provided, % 89+14 79+15 10.2 (6.2-14.1) 0(7.1-14.9)
Total protein, g 99+1.9 78+20 20.8 (15.4-26.3) 17.9(12.7-23.1)
Total protein, g/kg CBW 1.2+£0.02 1.0+0.02 21(0.15-0.27) 0.22(0.16-0.27)
Total protein, g/kg actual body weight 1.1+£0.02 09+0.02 0.17 (0.11-0.23) 0.19(0.14-0.24)
Proportion of protein requirements provided, % 94+2 77%£2 16.8 (11.9-21.6) 17.0 (12.0-22.0)
Ward- Daily energy and protein provision from EN, PN and oral sources

Total energy, kcal 1743+41 1388+41 354 (239-469) 322 (211-433)
Total energy, kcal/kg CBW 21+1 1741 3.8(2.5-5.1) 4.0(2.8-5.3)
Total energy, kcal/kg, actual body weight 19+1 16+1 3.1(1.8-45) 3.7 (25-49)
Proportion of study energy requirement provided, % 80+2 64+2 15.8 (10.8-20.7) 16.5(11.5-21.4)
Total protein, g 87+2 66+£2 21.0(145-27.4) 19.1(12.9-253)
Total protein, g/kg CBW 1.10+0.03 0.80+0.03 0.24 (0.17-0.31) 0.24 (0.18-0.31)
Total protein, g/kg actual body weight 0.95+0.02 0.75+0.03 0.20 (0.13-0.27) 0.23 (0.16-0.29)
Proportion of protein requirements provided, % 84+2 67+2 16.7 (10.8-22.6) 16.9 (10.9-22.9)

Data is presented as n(%), median [IQR] or mean = SD standard error and mean difference (95%Cl)

CBW, calculated body weight; EN, enteral nutrition; PN, parenteral nutrition

*Variables included in the adjusted mean difference Covariate adjustment for; site, age, BMI, APACHE I, frailty and diagnosis

On the ward, our intervention increased energy pro-
vision by 322 kcal/day (to 80% adequacy compared to
64% in usual care) primarily through oral nutrition,
potentially reducing reliance on artificial nutrition in
later stages of illness. This intervention, spanning a
median of 19 days, represents the longest duration of
nutrition therapy ever reported in a trial of nutrition
during critical illness. Unlike trials focused only on the
ICU period, the overall energy separation achieved was
not as pronounced, possibly due to the longer study
duration or the high standard of usual care provided
[4]. Notably, there has been only one other trial in acute
care investigating nutrition a intervention for the entire
hospitalisation period, showing reduced mortality and
fewer adverse outcomes with a tailored oral nutrition

approach in acutely unwell, non-critically ill medical
inpatients from Switzerland [14].

Tailored nutrition provision required substantial addi-
tional resources for nutrition care compared to typical
practices in ANZ and internationally. Previous observa-
tional study designs have shown that the presence of a
dietitian within ICU can enhance nutrition delivery and
increase team focus on nutrition but there is limited
guidance on staffing resources for dietitians in ICU or
acute hospitalisation [30, 31]. Furthermore, observational
data from the late ICU and post-ICU period describing
usual care nutrition process describes very low nutri-
tion provision when minimal resources for nutrition care
are available, increasing when a higher level of nutrition
care is provided [16, 20]. To address this, our late ICU
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Table 3 Clinical outcomes over the 28 day study period
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Variable

Tailored nutrition
(n=119)

Usual care (n=118)

Treatment difference
(Intensive vs. Usual)
(95%Cl)

Central line change during stay 56 (49%) 47 (41%) RR 1.19 (0.89—1.59)
Blood stream infections (any) 6 (5%) 3 (3%) RR1.98 (0.51 - 7.74)
Time to first infection, days 11[10-15] 9[5-18] HR® 1.99 (0.50 - 7.82)
Weight change to hospital discharge, kg —47094) —5.1(85) —04(-28t020)"
Change in weight per day to hospital discharge —0.07 (0.56) —0.18 (0.54) —-0.11 (=026 t0 0.04)*
Icu
Mortality, n (%) 16 (13%) 14 (12%) RR 1.13 (0.58-2.22)
ICU mobility scale 4[2-7] 4 [2-6] 00(-1.6to 1.6)*
Ventilator free days at D28, days 20 [5-24] 21 [14-25] -1.0(-50t0 3.0)*
Hospital
Mortality, n (%)
Day 28 18 (15%) 15 (13%) RR 1.19 (0.63-2.25)
Hospital discharge 20 (17%) 18 (15%) RR1.10 (0.61-1.98)

Data is presented as n(%), mean(SD) or median[IQR]. Change in weight per day was calculated by dividing the change in weight between discharge and baseline by

the number of days

D28, study day 28; EN, enteral nutrition; ICU, intensive care unit; RR, Relative Risk; HR, Hazard Ratio

2 Sub-distribution hazard regression model accounting for the competing risk of death, representing the relative probability of infection + Mean difference (95%Cl)

*Difference of medians(95%Cl)

and post-ICU intervention involved a dietitian-delivered,
tailored nutrition plan with three weekly formal reviews,
individualised changes to hospital food based on prefer-
ences, daily study oral nutrition supplements, and addi-
tional hospital supplements as needed. Our study, and
the largest study conducted outside of the critical care
setting, shows that tailored nutrition consisting of oral
nutrition enhancement is successful with an individual
approach; however the resource, cost and clinical impli-
cations of this remains to be determined in the ICU and
post-ICU setting [14].

The impact of our intervention on important patient
centred outcomes remains unclear due to insufficient
power to detect clinical differences. Trials investigat-
ing early increased energy delivery have not shown ben-
efit and two recent trials investigating increased protein
delivery also found no benefit [6, 32]. The first found a
signal for harm with early protein delivery in a sub-
group of patients with baseline renal dysfunction and
the second indicated long-term harm on quality of life to
180 days with increased protein delivery commenced in
the acute late phase of illness [6, 32]. In addition, impor-
tant physiological work published during the conduct
of our trial indicated that protein utilisation for muscle
protein synthesis is blunted compared to healthy controls
[2]. Our study differs from previous trials in the delayed
initiation (commencing from day 3-5 in the post-acute
phase) and prolonged duration which intuitively could
result in an improved response to nutrition. Future

research should address the impact of longer-term nutri-
tion interventions on critical patient-centred outcomes,
such as quality of life and function, through adequately
powered RCTs. Other key evidence gaps include deter-
mining the optimal timing, dose and mechanistic aspects
of nutrition interventions. This study also suggests that
individualised oral nutrition interventions in the later
stages of critical illness can enhance energy and protein
delivery, highlighting a key area for future investigation.
This study has many strengths, including that the inter-
vention commenced in the acute late phase of critical
illness and continued until hospital discharge, is multicen-
tre in design (including major metropolitan and smaller
regional centres) and adhered to rigorous trial manage-
ment processes. Limitations include the unblinded trial
design, potentially leading to higher nutrition provision
in the usual care group. While the high standard of care
is reflective of care in Australia and New Zealand, it may
limit generalisability of results to countries with a lower
standard of care. We used data from a previously con-
ducted trial within out group to determine our sample
size; however, the minimally important difference for
energy delivery in critical illness is speculative. Despite
this, we achieved higher energy separation than antici-
pated and provision was comparable to a large double-
blinded RCT of EN in Australia and New Zealand [4]. We
commenced the intervention between day 3-5 of ICU
admission, with the aim to avoid the acute early phase of
illness; however, this is a theoretical timepoint and there
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is potential that some patients were still within the acute
early phase of illness. The use of the Ur/CR ratio shows
promise as a marker of a patients’ ability to process nutri-
tion according to clinical state. Other potential markers,
such as IL6 and CRP, are not routinely monitored in Aus-
tralia and New Zealand and were not collected [33]. More-
over, their use as biomarkers to direct nutrition care has
not been confirmed and should be a focus of future work.
Despite this, this trial is one of few with interventions to
commence in the acute-late phase of critical illness. It is
plausible that the response to nutrition is influenced by
sex. Our trial included more patients of male sex, which
is a known limitation in critical care research generally;
however, this does limit conclusions for patients of female
sex [34]. To maintain pragmatism, data collection on the
post-ICU ward was reduced to three times per week,
resulting in some unavailable information. Similarly,
information pertaining to SOFA scores was not collected
daily and in the absence of detailed timing pertaining to
surgical intervention, may reflect perioperative inflamma-
tion. The COVID-19 pandemic significantly impacted the
trial, causing recruitment pauses (12—23 active sites dur-
ing recruitment), missed patients, resource constraints,
and potential practice changes, the true impact of which
is unquantifiable. Despite no observed differences in clini-
cal or secondary outcomes, this study was not powered to
detect clinical differences and no adjustment for multiple
comparisons was performed.

Conclusion

This study demonstrates that a tailored nutrition inter-
vention commenced in the acute late period of critical ill-
ness within ICU and continued until hospital discharge,
achieved a significant increase in daily energy delivery for
patients initially admitted to the ICU. The clinical impli-
cations of this remain to be determined.
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