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Abstract

Backgromternational guidelines recommend greater protein delivery to critically ill
patients t@ currently receive. This pilot randomized clinical trial aimed to determine
whether e-target enteral protocol with supplemental protein delivered greater
amoung and energy to critically ill patients compared to standard care.
Methom

S : iarticipants received either the intervention (volume-based protocol, with

protein s tation) or standard nutrition care (hourly rate based protocol, without
protein s entation) in the intensive care unit (ICU). Co-primary outcomes were
average otein and energy delivery. Secondary outcomes included change in
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quadriceps muscle layer thickness (QMLT, ultrasound) and malnutrition (Subjective Global
Assessment) at ICU discharge.

Results:MSD) protein and energy delivery per day from nutrition therapy for the
intervential ay1.2 (0.30) g/kg and 21 (5.2) kcal’kg compared to 0.75 (0.11) g/kg and 18
(2.7) keal/kgni@mstandard care. The mean difference between groups in protein and energy
delivery phas 0.45 g/kg (95%CI 0.33 — 0.56, p<0.001) and 2.8 kcal/kg (95%CI 0.67 —
4.9, p=0.@cle loss (QMLT) at discharge was attenuated by 0.22 cm (95%CI 0.06 —

0.38, p=0.94) atients receiving the intervention compared to standard care. The number

S

of malnourfShe® patients was fewer in the intervention (2 (7%) vs. 8 (28%), p=0.04).

Mortality and durgtion of admission were similar between groups.

B

Conclusi igh protein volume-based protocol with protein supplementation delivered

1

greater a f protein and energy. This intervention was associated with attenuation of

QMLT los§ a duced prevalence of malnutrition at ICU discharge.

(O

Trial regis : This trial was registered on the Australian New Zealand Clinical Trials

) http://www.ANZCTR.org.au/ ACTRN:12615000876594, UTN: U1111-

1172-856

Or

Key worc @ al illness, dietary proteins, enteral nutrition, enteral formulas, nutritional

support, u d, muscle mass and functional outcomes.

th

Clinically'relevant statement:

J

Current internatighal guidelines recommend that critically ill patients should receive at least

1.2-2.0 g/k ay of protein. In clinical practice patients often receive considerably less

A

protein art, to healthcare factors (interruption to nutrition therapy for other medical

therapy) and patient factors (feeding intolerance). The aim of this pilot randomized clinical
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trial was to determine whether an high protein enteral feeding protocol using a volume target
and protein supplementation delivered greater amounts of protein and energy to critically ill
patientwmpared to standard care. In this single center, open label, parallel group
trial of ¢ @ I mechanically ventilated patients the intervention was associated with
greatemdealivenymef protein and energy, attenuation of muscle loss and a lower prevalence of
malnutriticb,l discharge. Further research using this intervention is warranted given the
achievement of lecommended protein delivery and observed point estimates favouring

beneficial key secondary outcomes.

S

Introduction

t

The curre ty of Critical Care Medicine and the American Society of Parenteral and
Enteral Nguidelines recommend that protein should be provided at a level of 1.2-2.0
g/kg/day, Witk w ssibly greater amounts for patients who are obese or present with multi-
traum (1) and other guidlines have similar recommendations (ref ESPEN).
However, the a lack of high-quality randomized controlled trials to support these protein
recom (2, 3).

[

Observatio ata suggest that greater protein provision may be associated with
improvem urvival, ventilator free days and time to discharge alive from the Intensive
Care Unit 4-8). Higher levels of protein provision may not only reduce mortality but

also stimulate synthesis of new proteins and preserve muscle mass (3). Skeletal muscle

th

preservati een identified as an important surrogate outcome of ICU patients given of

3

the associati tween muscle loss and the development of ICU-acquired weakness (9,

10). Opti rition, particularly with adequate protein provision may have the capacity to

A

attenuate loss (11, 12) but randomized controlled trial data to substantiate this are

limited (13).
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Despite current guidelines, the delivery of nutrition in the ICU is substantially less than
recomrrmy The provision of nutrition via the enteral route is considered preferable
(1), howe @ fuate delivery of protein and energy to critically ill patients via this route
remainsi cmehalienge (15). Standard enteral feeding regimens are based on energy targets
and as a htein delivery is more often restricted by the formula composition; this may

result in pfotein prescriptions that are less than the current guidelines (3). Several methods

C

to increasm delivery via the enteral route have been proposed, these include the use
of high el formulas, volume based feeding protocols and additional protein

supplementation §16). However in practice, these methods may not result in more protein

U

and enert administered as protein is a potent stimulant of the small intestine

feedback ich slows gastric emptying (17) and can cause feed-intolerance (18)

thereby p@ss

has not previously been studied.
The pSof this single center pilot randomized controlled trial was to determine

whether a high protein volume-based enteral feeding protocol with additional protein

educing protein and energy provision. The combination of these methods

supplemehdelivered more protein and energy than a standard hourly rate based
nutrition t@ without protein supplementation to mechanically ventilated critically ill
patients. T, ndary aims were to evaluate if this intervention increased feed-intolerance
or the t of diarrhea, whether the intervention attenuated muscle or weight loss or

the prevalence of malnutrition at ICU discharge, and to estimate the impact of the

intervention on piient-centered outcomes.

Mateﬂ methods:
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The study protocol was registered with the Australian New Zealand Clinical Trials Registry

(ANZCTR) http://www.ANZCTR.org.au/ Registration number UTN: U1111-1172-8563). A

{

protocol aRd statistical analysis plan manuscript was submitted during the enrolment period,

prior to a @ data (19).

rip

Patients

This trial Was caflducted between August 2015 and August 2017 at the Royal Melbourne

C

Hospital 1GU. s ICU is a 32-bed University affiliated, tertiary referral, mixed medical-

s

surgical-tr. a®CU. Screening was only performed on weekdays. Patients were eligible if

they were greatgl than 18 years of age, mechanically ventilated for < 48 hours, and were

Gl

anticipate ain ventilated for at least 72 hours. Patients were excluded if they had a

N

contraindi enteral feeding, if there was futility of care or death was imminent, if they

had a pre isability resulting in an inability to ambulate greater than 10 meters, if they

:
mi El
-]

were pre t or the treating clinician considered the intervention was not in the patient’s

best interest. trial was conducted in accordance with the declaration of Helsinki and

prior i sent was obtained from the surrogate decision maker. Continuation of

participatign was obtained if the participant recovered adequately to provide consent. The

I

protocol and consent process was approved by the Royal Melbourne Hospital Human

Research ommittee (2015.048).

The o

h

e size of 60 patients (two groups of 30 patients) was calculated using a

{

two-side evel of 0.05 and a power (1-) of 80% to detect a minimum difference of 15 g

protein deliveredd per day between groups based on data from an observational study

u

undertaken the trial ICU (20), which showed a baseline protein intake [mean (SD)] of

50.8 (20" ay. Using data from the VALIDUM study (21), mean (SD) quadriceps muscle

i

layer thickness (QMLT) was 1.3 (0.6) cm (21), suggesting that a sample size of 27
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participants in each group, accounting for 10 percent missing data, was sufficient to also

provide more than 80% power to detect a mean difference of 0.5 cm in QMLT between

groups.“

Study de signmes

[

Participan randomly assigned using a simple 1:1 randomization system to receive

either thelinterv@ntion or standard care. Allocation concealment was maintained using

¢

sequential ered opaque sealed envelopes that were held in a secure location by

S

research péfsoffiel not involved with the trial. Due to the nature of the intervention clinicians
were not blindedd however blinded assessors undertook the outcome measurements of

muscle str d physical function.

41

The intervention gr standard care was delivered following randomization until ICU discharge;

a

or until t t no longer required enteral tube feeding, or the end of study day 15,
which first. Feeding intolerance was managed for both groups according to
standard _ugi tocols, which included the use of gastrokinetic drugs, without ceasing

enteral nutrition, and the consideration of post pyloric feeding tubes or supplemental

parenteralgoutrition if severe feeding intolerance occurred. The need for parenteral nutrition

[

was deter, y treating physicians who were not study investigators. The intervention
group recgolume based nutrition protocol (16) using a high protein enteral formula
(Nutris@n Plus, Nutricia, Zoetermeer, The Netherlands; 63g protein and 1250 kcal
per Iiteri. #ursiw staff were provided with a detailed regimen, which included a volume
target an rly rate target with instructions to deliver the volume target over a 24 hour
period ba 5 kcal/lkg/day. Nursing staff assessed the volume of feed that had been
deIiver(:(j(leach day and calculated the volume required for the remaining 8 hours in
order to achie oal volume and adjusted the rate accordingly. A maximum rate of 150
mi/hr was set to minimize the risk of aspiration (16). Protein supplements (Beneprotein®,
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Nestle Health Sciences, Switzerland, 6g of protein per scoop) were prescribed by the study
dietitian in an attempt to achieve delivery of 1.5 g/kg/day protein (liquid formula plus protein
supplerMstandard care group received standard nutrition care (22), which included
commenc andard commercially available 1.0 kcal/ml enteral formula (Nutrison®
1.0kcathxi, China), which provides 40 g protein and 1000 kcal per liter. Enteral
nutrition enced as per the standard facility protocol, aiming to provide 1.0 g/kg/day

protein a al/day (1). For both groups the weight used to calculate the nutrition

provisio mw on actual body weight or ideal body weight if above the healthy weight

range.

uger

as obtained using the bed scales and height was calculated using the

estimate prowde by measuring ulna length (23). Ideal body weight for participants aged <

65 yearsﬁd as a Body Mass Index (BMI) between 18.5 and 25kg/m? and for those

aged 2 6 BMI between 22 and 27kg/m? (24). For participants with a BMI > 32kg/m?
an adjust al body weight was used (ideal body weight + 25% (actual body weight —
ideal b (25).

At bas , as collected including admission diagnosis, Charlson Comorbidity Index,

Katz Acthes of Daily Living (ADL) index, Acute Physiology and Chronic Health Evaluation

II'and Il (ABACHE Il and Ill) score, and admission Sequential Organ Failure Assessment

(SOFA) S @
days Zﬂre recorded.

Protein a y provision
The co-prj tcomes were the mean daily protein and energy delivered over the 15 day

study peri ministration of nutrition prior to commencing the study protocol was not

aration of ICU and hospital admission, discharge destination and survival at

included. vision of protein and energy was calculated on a daily basis from enteral

and/or parenteral formula and/or protein supplements but separate from all other sources.

This article is protected by copyright. All rights reserved.
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Total energy delivery included nutrition therapy as well as calories from dextrose and

propofol. Day 1 (day of randomization) and day of discharge were included even if they were

partial M

Q.

Feeding intelesance

The prop;f patients who developed feeding intolerance was determined by the
number o@ in the group who had at least one gastric residual volume > 300 ml (18)
over the siud riod. The cumulative incidence of feeding intolerance was determined by
the numb f¥days a patient had gastric residual volumes > 300 ml. The proportion of
patients who deSIoped diarrhea was determined by the number of patients who had more
than 3 bo ions or greater than 300 ml of stool output in a 24 hour period on at least

one occa and the cumulative incidence was determined by the number of days the

patient m@ove criteria.
Muscle masE
Muscl s assessed with ultrasound, measuring QMLT using the technique

described by Tillquist and colleagues (27). The QMLT measurements were performed by a
single trairator (KF) using a portable ultrasound machine (Sonosite S-ICU™) with a
multiple f transducer (13-6MHz, 6¢cm). The device settings were standardized and
the meas were taken with the patient lying in a supine position with legs relaxed
and ex;tLT was completed on bilateral lower limbs; measurements were obtained
at two difféerent landmarks; the midpoint and two thirds between the Anterior Superior lliac

Spine and the ;per pole of the patella (21, 27, 28). A still image was taken with the
transducer rpendicular to the skin; the muscle thickness was quantified by using the
onscreen rs to measure the distance between the upper margin of the femoral bone

and the lower boundary of the deep fascia of the rectus femoris muscle (21). Duplicate

This article is protected by copyright. All rights reserved.
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measurements were taken at each landmark and the mean of the four linear thicknesses
were calculated for each leg separately (28). The first measurement was taken before
randomlﬁz ion and then at discharge from ICU or day 15 (whichever came first).

Q.

Nutritimhsment and outcomes:

Prior to ra t|on baseline measures were undertaken including height (cm) (using ulna
length ( :@welght (kg) (from bed scales), BMI (kg/m?), mid upper arm circumference
(cm), nutri tatus using the subjective global assessment (SGA) (29), plasma albumin
(g/L) an timate of energy and protein requirements obtained by an independent

dietician. Body §|ght, nutritional status, mid upper arm circumference and plasma albumin
levels wer ted at discharge from ICU or day 15, whichever came first. Additionally
measuredc expenditure (MEE) was assessed by indirect calorimetry using the E-
sCOVX ( |nk| Finland) monitor (30, 31). The measurements were carried out within
the first 5 da s following enrolment, if a trained operator was available, patients were
excluded if iEere on continuous renal replacement therapy, attached to extracorporeal
circula intercostal catheter with an air leak or were receiving a fraction of inspired

oxygen gr ater than 0.6 (32). The measurement was completed with the patient in a fed

state lying su |ne The mean respiratory quotient (RQ) and MEE (kcal/day) were recorded.

Functmg/
Muscl as assessed in suitable participants using handgrip dynamometry and the

Medical search Council (MRC) scale (33, 34). The first muscle strength test was

performed ening (34) and then again at discharge or day 15, whichever came first.
Patients w. eened for attention and comprehension on the basis of their ability to follow
comman were considered awake if they scored at least three out of five using the De

Jonghe comprehension criteria on at least two occasions within a six hour period and had a

This article is protected by copyright. All rights reserved.
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Riker sedation-agitation scale score of three to five. Handgrip dynamometry (Commander
Echo™ Wireless Grip Dynamometer, USA) was measured in both limbs with the participant
in a chMg at least at 45 degrees in bed, with the patient’s elbow at 90 degrees
supportew or the arm of the chair. The Medical Research Council sum score
(MRC-85 mmasmmecasured as previously described (35) with ICUAW defined as an MRC-SS
of < 48/6(&). Physical function was assessed using the physical function in Intensive

Care Test@t-scored (PFIT-s) (39)

SC

Statistica alsis

Statistical analy$ls was performed using IBM SPSS Statistics (IBM® SPSS® Statistics

U

Premium ack Version 23.0) and Stata (Stata Statistical Software: Release 15.

I

College S X: StataCorp LP; 2017). All analyses were conducted using the intention-

to-treat patie mple. Baseline patient demographics, severity of iliness, ICU length of

a

stay, mortality and nutritional markers were tabulated according to treatment group and

summarize an (standard deviation) (SD) or median and [Interquartile range] [IQR], as
appro exploratory data analysis included the calculation of summary statistics,

and comparison between treatment groups using non-parametric (Wilcoxon), parametric (t-

I

test) and Fisher exact tests as appropriate, as well as construction of trajectory plots

accordingfio treatiment group. The co-primary outcomes of average daily energy and protein

O

delivery pared between the two groups using two-sample unpaired t-tests, with

N

statisti nce for each set conservatively at two-sided values of 0.025, to control the

t

family-wis€ type 1 error to less than 0.05 overall.

All second omes were regarded as exploratory and hypothesis-generating with, as a

consequ o adjustment for multiple comparisons to their conventional 5% type 1 error

Au

thresholds. Group differences for each patient’s discharge QMLT were compared after

This article is protected by copyright. All rights reserved.
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adjustment for initial baseline values and other selected covariables using linear regression
(analysis of covariance, ANCOVA). Robust standard errors were specified to allow for within
subjectm of the repeated muscle mass observations from left and right sides and
across {i m putation of missing data was performed. Standard model diagnostics of

linearitysa nehimflmence were performed.

-
Resulto

A total of chanically ventilated patients were screened, with 160 patients found to

randomiz

meet the eligibility criteria (Figure 1). Consent was obtained for 60 patients, who were
eive either the intervention (n = 30) or standard care (n = 30). The goals of

medical tn were changed to ‘comfort care’ for one patient (intervention group) soon
after randomization but prior to commencement of the intervention nutritional regimen. One

patient fr roup was liberated from the ventilator prior to 48 hours.

Figure 1. Pati owchart, flow diagram of patient eligibility and study conduct

At baseliruipants in both groups were similar with regards to age, sex, APACHE I

and |l scq @ I, admission weight and co morbidity index (see Table 1). The majority of

the patients In both groups were classified with medical rather than surgical diagnoses.

th

Table * demographics and comparisons of study groups
Co-prima;)mes
The in n was associated with an increased total protein delivery over the study

period [mean increased protein delivery of 37 g/day (95%CI 26 to 47, p <0.001)], equivalent

This article is protected by copyright. All rights reserved.
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to a mean overall protein advantage of 0.45 g/kg/day (95%CI 0.33 to 0.56, p<0.001)] (Table

2). A difference was observed over multiple days, with significantly more protein delivered to

{

the intervention group compared to control group on 13 of the 15 study days (Figure 2A and

H
The interyention was also associated with increased energy delivery from enteral nutrition

per day [megangincrease of 2.8 kcal/lkg (95%CI 0.7 to 4.9, p= 0.01)] (Table 2). There was

C

increased delivery from nutrition on 5 of the 15 study days (Figure 2B) and total

energy deliv was greater in the intervention group [mean difference of 237 kcal/day

(95%Cl 1 p=0.04) (Table 2).

U$

Figure 2. Daily protein (2A) and energy (2B) provision from nutrition and total energy delivery

(2C) over y period

dfl

Table 2. P utcomes and nutritional provision

Nutriti ion and outcomes

M

The participants required enteral nutrition following randomization for a mean of 8.0 days

[

(4.4) in th ntion and 7.0 days (4.5) in the standard care group [mean difference 1.0

day (95% m 2.3), p = 0.87]. Estimated energy and protein requirements were similar

between g Table 2). Energy expenditure was measured in a convenience sample of

1

15 pati ach group (50%) and the daily energy expenditure was similar between

{

groups . Nutritional adequacy was greater in the intervention group (Table 2).

Enteral nutrition Wwas commenced earlier in the intervention group and the period of time

b

fasting was si r between groups (Table 2). Two patients in the standard care group and

no pati he intervention group received parenteral nutrition for a mean of 4.5 days in

A

combination with enteral nutrition due to feeding intolerance. The proportion of patients who

This article is protected by copyright. All rights reserved.
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developed feeding intolerance or diarrhea and the cumulative incidence of these were
similar between groups (Table 3). There were fewer patients in the intervention group

classifie#s ma|nourished (SGA assessment) at ICU discharge but all other assessed

nutritional including weight loss, were similar between groups (Table 3).

H
Table 3. I!trltlon outcomes
Muscle mucomes

QMLT me%nts were not available at baseline and discharge in 6 (23%) participants in

the interv oup and 7 (27%) participants in the standard care group. These missed
observati primarily due to participant unavailability, a change of focus to comfort
care, dei, other medical issues or discharge from intensive care when the primary

investigator was iot available. Adjusted for baseline QMLT, the intervention was associated

with less ss at discharge, with a mean attenuated loss of 0.22 cm (95%CI 0.06 to
0.38, "0 =€ontrolling for patient age, severity of illness (APACHE Il score), BMI and
admissio ory (Table 4.). Greater baseline QMLT was associated with a greater

absolute QMLT at discharge, and surgical patients appeared to lose more QMLT compared

to medicas.atients [-0.28 cm (95% CI -0.44 to -0.01, p = 0.01)].

Table 4. EO(he treatment on QMLT at discharge

Physical assessinent outcomes

Only 6 (2 icipants in the intervention and 16 (53%) participants in the standard care
group co handgrip strength, 7 (23%) and 14 (47%) participants completed MRC-s
musclé{neasurements and 8 (27%) and 14 (47%) participants completed physical
function tests pectively. The missed observations were primarily due to participants’
inability to complete these assessments based on the de Jonge criteria or participant

This article is protected by copyright. All rights reserved.
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unavailability as above. In this small patient subgroup, the intervention and control groups

showed similar muscle strength, physical function and clinical outcomes (Table 5).

R

Table 5. F @ al and other secondary outcomes

Discus

I
This trial @tively randomized participants to receive an enteral feeding intervention

that resulwmivery of considerably more protein and energy delivery via nutrition
therapy with standard care. Importantly, the intervention did not appear to
increase ‘ﬁvents, such as feed-intolerance or diarrhea and the proportion of patients
who deve ese issues was consistent with observational literature (15, 40). Moreover,

the intervention was associated with attenuation of QMLT loss and a reduced proportion of

malnourisnts on discharge from ICU, without other signals of harm in terms of other

patient;utcome&
In this trial, the intervention resulted in greater protein and energy delivery, which is

consistengith previous studies of volume-based feeding (16, 41). Heyland and colleagues
described | multi-modal approach termed the “PEP uP protocol”, which incorporated a
vqume-theral feeding regimen (16, 41). In a single center sequential period
feasibil@e point estimates of enteral protein and energy delivery were augmented
by approw’ atel*10 percent, with nutritional adequacy improving from, mean (SD), 74 (29)
percent ( subsequent prospective cluster randomized trial of 18 ICUs, those sites
that were to the PEP uP protocol delivered 14 percent more protein and 12 percent
more m the control sites, however the overall nutritional adequacy with the
intervention ean (SD) 48 (33) percent (16). Subsequently, a single center randomized
control trial utilized a similar PEP uP style protocol and reported that a volume based feeding

This article is protected by copyright. All rights reserved.
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protocol delivered more energy (mean (SD), 93 % (17)) compared to a rate based feeding
protocol (81 % (19)) in critically ill patients, however protein delivery was not reported (42).
MoreovM)f the previous mentioned trials of volume-based regimens incorporated
functional @ of nutrition such as muscle mass or strength measures. This current trial
also differsafsemamprevious trials in that prophylactic gastrokinetic drugs and semi-elemental
formulae \L prescribed. In addition, the strategy to aid adherence to the volume target
implemened incbded requesting staff to assess nutrition delivery at a set time point in the
day (160 her than at the time of the interruption. Lastly, additional protein was
suppleme tArfoughout the study period.

-
While therggi nsiderable enthusiasm for, and face-validity underlying, greater protein
delivery tCe patient-centered outcomes (3), there is limited evidence to support this
intewenti@ystemic review of all relevant randomized controlled trials (43), increasing

protein_delivery did not improve patient-centered outcomes, although the authors noted that

none of the i ed studies compared standard protein provision with the current guideline

recom . Ferrie and colleagues recently reported the impact of delivering different
intravenous protein doses (13). In this study of 119 critically ill patients the augmented

protein intervention was associated with improvements in surrogate outcomes including

handgrip reduced fatigue and greater forearm muscle thickness (13). Collectively,
the result ie (13) and the current trial provide preliminary single-centre trial evidence
that ea;elivery within the guideline range may attenuate muscle loss in critically ill
patients.iﬁcept is also supported by a number of observational studies (4, 5, 8, 44-

46), however cofiflicting data have been reported. In the multi-center UK MUSCLE study
greater lo quadriceps muscle was associated with more protein delivery (47).
Furtherm in rabbits studied after burn injury administration of amino acids was

associated with an increase in muscle vacuolization (48) and in a pediatric population
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increasing doses of intravenous protein were associated with inferior patient-centered
outcomes (49). Accordingly, the point estimates in the current trial favoring improvement in
surroga#e utcomes (QMLT and SGA) should be interpreted with caution.
Clinicahsignifieance

The inter\hchieved treatment separation between the groups, with the increase in

protein delivery t@ be at least 0.33 g/kg/day and as much as 0.56 g/kg/day. Particularly in

€

those patiemt itted and exposed to the intervention for longer periods, it is possible that

S

this magnit@de ¥t protein supplementation could limit the muscle mass losses, commonly

observed in critical care patients, or otherwise improve patient-centered outcomes.

nu

Strength imitations

The stren is trial include allocation concealment and randomization to limit selection

dl

bias, as well as submission of protocol and planned statistical analysis prior to completion of

the trial (19). study aimed to provide two different protein targets using enteral nutrition.

V]

The in elivered protein within the current guideline recommendations and the

control group received care (protein and energy delivery) representative of routine care in

¥

Australia and New Zealand (22).

O

The limitati this trial include conduct at a single center without a practical method of

n

blindin ention, making further validation in other settings desirable. As a pilot trial

t

with a relatively small cohort the point estimates for important surrogate outcomes, such as

QMLT, must bednterpreted with considerable caution and may not represent effects at a

9

population Also, the intervention was a volume-based protocol with protein

supplem meaning energy delivery was also increased, which may confound the

A

observed impact of protein on outcomes. Missing data for some of the secondary and
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tertiary outcomes, particularly for the functional measurements, makes any estimates of
effect provisional (50). Lastly, only mechanically ventilated enterally fed critically ill patients
were enﬁr ed and of the participants the majority fell into broad medical or trauma

classificathrdingly, the present data may not be generalizable to patients requiring

parentesalmmutsition or those with primary gastrointestinal disease.

S
Conclu‘i‘on:,

A high prgtej ume-based enteral feeding protocol with supplemental protein delivered

associated with attenuation of muscle loss and reduced prevalence of

greater a f protein and energy to critically ill mechanically ventilated patients. This
interventi

malnutritiﬂ—l discharge. These data support the feasibility and clinical relevance of

further invesligations using this intervention.
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Figure 1. Pati wchart, flow diagram of patient eligibility and study conduct
Abbreviatiofis. T, Limit of medical treatment; n, number of participants; MV, Mechanically

ventilated; mpold
*Eligible patien atients mechanically ventilated and admitted to the ICU <48 hours at time of
SCE
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| Hligible® {n= B85

Excluded: [m = 725)
MV < 48 hours (n=485)

k J

M LOMT [n=123)
clinician declined (n=8 )

<18 yo (n=4)

criteria (n= 160}

Met inclusion and NOT exdusion

Pregnancy (n=3]

Mot able to enteral feed (n = 97)

Pre morbid disability (n = 5]

3 Mot included | n = 100)

Mo person responsible (n =

Dedlined consent (n= 24)

Randomised [n = 60}

Competing study (n = 28)

Mot consented within 48 hr (n= 13)

35)

allocated to intervention protocol | m = 30)
Received intervention protocsl (= 29) Allocation
Death before intervention (n = 1)

MV < 48 hours [n=1)

Allpcated to Standard Care [n=30)

Received Standard care intervention (n = 30)

MV < 48 hours [n=1)

v

Lost to follow up (n =0}
Death 2B day (n=4] 60 day follow up
Death 60 day (n=4)

b4
Intention to treat analysis (n = 30) Analysis

¥

Lost to follow wp (n=0)
Death 28 day(n=5)
Death 60 day [n=5)

v

Intention to treat analysis (n= 30
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Table 1. Demographics and comparisons of study groups®

Intervention (n= 30) Standard (n = 30)
55 (13) 57 (16)
23 (77) 21 (70)
4-_2_
BMI, kg/m s 30 (7.1) 29 (5.3)
APACHE Il Scor 22 (6.2) 20 (5.9)
APACHE INyScor 77 (25) 71 (22)
Comorbidit 3[1-5] 3[2-4]
Katz ADLs X 6 [6 — 6] 6 [6-6]
Admissio , N (%)
Medical 21 (70) 16 (53)
Elective 1(3.3) 1(3.3)
Emergen y 8 (27) 13 (43)
AdmissioniDiagnosis, n (%)
Neurologi itions 13 (43) 7 (23)
Multi-trauma/head-trauma 7 (23) 11 (37)
Respirat 1(3.3) 5(17)
Cardiac afre 3(10) 1(3.3)
Sepsis 3(10) 1(3.3)
Cardi 0 2 (6.7)
Other 3(10) 3(10)
Chronic Renal re, n (%) 1(3.3) 0(0)
Abbre L, Activities of Daily Living; APACHE - Acute Physiology and

Chronic Health Evaluation; BMI, Body mass index; kg, kilograms, m, meters; n,

number of hﬁts
#Values arted as mean (SD), median [IQR] or n (%) if list in table

e
e

-
<C
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Figure 2. Figure 2. Daily protein (2A) and energy (2B) delivery from nutrition and total energy delivery

(20) oventifesstuafperiod

Abbreviatig grams; kcal, kilocalories; kg, kilograms

Mean dail @ A), Energy (2B) and total energy (2C) delivery according to research group, with
error bar-s reﬁresenting one standard deviation

*Total enelg delivery includes energy from nutrition teraphy plus calories from dextrose and propofol

Author Manusc
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Table 2. Primary outcomes and nutrition provision®

Outcome Intervention (n =30) | Standard (n =30) Mean Difference | p value
# (95%Cl)
Protein pr@y 94 (27) 58 (12) 37 (26 — 47) <0.001
101 [85 — 113] 56 [49 — 64]
| Proteifprovidedag/kg/day 1.2 (0.30) 0.75 (0.11) 0.45 (0.33 - 0.56) | <0.001
1.3[1.1-1.5] 0.73[0.68 — 0.82]
Protein ad @ % of 90 (25) 57 (8.0) 33 (24 — 43) <0.001
estimated Yeg ents
96 [81 — 108] 56 [52 — 63]
Energy p d ffom nutrition, 1646 (447) 1398 (308) 248 (50 — 447) 0.02
keallday 1754 [1508 - 1971] | 1372 [1215-1582] 0.001
Energy provided ;m nutrition, 21 (5.2) 18 (2.7) 2.8(0.7-4.9) 0.01
keallkg/d 22 [20 — 24] 18 [16 — 20] <0.001
Total enegy provided®, kcal/day | 1835 (340) 1598 (340) 237 (10 — 464) 0.04
1955 [1639 — 2177] | 1545 [1399 — 1858] <0.01
Total enefgy ded®, 23 (5.7) 21 (3.3) 2.5(0.05-4.9) 0.05
keal/kg/day 25 [22 — 26] 2118 — 23] <0.001
acy, % of 84 (21) 73 (11) 11 (-2.7 - 20) 0.01
prescribed ene
89 [80 — 96] 7163 - 81] <0.001
Estimated protein requirement, 1.3 (0.1) 1.3 (0.1) 0 (-0.05-0.05) 1.0
g/kg/day
13[1.3-1.4] 1.3[1.3-1.3] 0.85
m@quirement, 105 (19) 101 (17) 3.6 (-5.7-13) 0.44
g/day 104 [92 — 113] 98 [92 — 102] 0.46
Estimate equirement, 1969 (277) 1918 (255) 51 (-87 — 189) 0.46
kcal/day
expenditure, | 2440 (435) 2194 (718) 246 (-196 — 688) | 0.26
r group)
hours 19 (19) 20 (31) -0.4 (-14 - 13) 0.94
12[3.8 — 34] 7.0[0-19] 0.39
Time to commen; enteral 13 (8) 20 (10) 6.3(1.6-11) 0.01
nutrition, 13[7.0-18] 17 [12 = 25] 0.01

Abbreviati

®Normally

, gram; kcal, kilocalorie; kg, kilogram.

d values are represented as mean (SD) 95% CI with p values, non-normally

distributed values are represented as mean (SD) 95% CIl and median [IQR] with p values.

*Total energy included nutrition therapy plus energy from propofol and dextrose
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Table 3. Nutrition outcomes

Outcomespvariablés Intervention® | n Standard n Risk Ratio o]
“ (95%Cl) value®
Patients wi ing 9 (30) 30 | 8(27) 30 1.1 (0.5-2.5) 0.77
intoleranc
Patient wh 16 (53) 30 | 16 (53) 30 1.0 (0.58 - 1.7) 1.0
Diarrhe
U 2(6.9) 29 | 8(27.6) 29 0.25 (0.06 — 1.1) 0.04
es Intervention® | n Standard n Mean Difference o]
(95%CI) value
0.3(0.5) 0.7 (1.5) -04 (-1.0-0.2) 0.18
0[0=1] 30 Moo 30 0.86
1.9(2.2) 1.3(1.6) 0.7 (-0.4-1.8) 0.23
1[0=3.5] 30 o=z 30 0.57
-1.3(8.5) 22 | -2.6(4.7) 19 1.3(-3.2-5.7) 0.57
admission i rge,
kg
Mid upper -1.7 (1.5) 18 |-2.0(1.2) 20 0.3(-0.6-1.2) 0.50
circumference change
admission rge,
24 (4.3) 27 | 24 (5.4) 30 0.5(-2.6 -3.7) 0.76
dischar

Abbrevia

®Proporti

es represented as n (%)

, grams, kg — kilograms; L, liter.

bNormally distributed values are represented as mean (SD), non-normally distributed data

representegs mean SD (95%CI) with p values and median [IQR] with p values.

“Pearson C

3

IMalnutritio

h

Table 4 '
(cm)®

L

ed p values

by Subjective Global Assessment category B or C

ate of variables on QMLT (cm) at ICU discharge adjusted for baseline QMLT

Variables ct estimate adjusted for baseline Effect estimate adjusted for all

T covariants

t | Robust 95% ClI P Effect | Robust 95% ClI P

Std.Error value Std. error value

Baseline 0.11 0.38-0.83 <0.001 | 0.56 | 0.11 0.33-0.79 | <0.001
QMLT,
Interventi 0.08 0.05-10.39 0.01 0.22 | 0.08 0.06 - 0.38 0.01
APACHE III° [ 0.02 | 0.02 -0.02 -0.06 0.44 0.01 0.02 -0.03-0.05 0.70
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Age‘, years | 0.02 | 0.03 -0.03-0.08 | 0.44 -0.00 | 0.02 -0.05-0.05 | 0.92
BMI® kg/m? 0.02 | 0.09 -0.17 - 0.21 0.82 0.03 | 0.08 -0.14-0.19 | 0.73
Admissi

category

Elective 0.07 -0.58 - -0.30 | <0.001 | -0.57 | 0.08 -0.73 --0.41 | <0.001
Surgery

Surgical 0.08 -0.44 - -0.11 | <0.01 -0.24 | 0.09 -0.41--0.06 | 0.01

Abbreviati

s: APACHE, Acute Physiology and Chronic Health Evaluation; BMI, Body Mass Index;

cm, centimefte; LT, Quadriceps muscle layer thickness.
®QMLT at h , mean right and left side measurement have been paired within individuals and

adjusted fo,
®APACHE I[®vas®entered at 75

°Age was centeredfiat 60 (per 10 years)

mean right and left side measurements (n=92)

‘BMI was ce t 30kg/m?
°Admissiontategory compared to medical admissions
Table 5. Fand other secondary outcomes?®

Outco Intervention® n | Standard n Mean Difference p
(95%Cl) value®
Handgrip str 20 (6.1) 6 |21(9.3) 16 | -0.34 (-9.0 - 8.3) 0.94
(best),
Muscle strength 55 (5.9) 7 | 52(9.6) 14 | 2.6 (-5.8-11.0) 0.53
(MRC score)
Physical Fs.!ctione 6.8 (3.8) 8 |7.9(34) 14 | -1.1(-4.4-2.2) 0.49
ICULOS, d 10.6 (8.3) 9.1 (5.5) 1.5(-2.2-5.1) 0.42
O 7.8[5.9-134] 30 7.5[4.9-12.7] 30 0.52
Hospital LO, 27.4 (19.0) 18.8 (10.9) 8.6 (0.6 — 16.6) 0.04
22[9.9-43] 30 15[9.9 — 25] 30 0.14
Length M 8.7 (7.5) 7.0 (5.0) 1.7 (-1.6 - 5.0) 0.30
30 30
6.2[4.5-10.8] 5.1[3.6 — 8.5] 0.32
Outcome 3 Intervention” n | Standard n Risk Ratio (95%Cl) o]
value
ICU acqui 1(14) 7 | 4(28) 14 | 0.5(0.07-3.7) 0.47
weakne
Renal failure 3(10) 30 | 3(10) 30 | 1.0 (0.22-4.6) 1.0
Mortality 28 days 4 (13) 30 | 5(17) 30 | 0.8(0.24-27) 0.72
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Mortality 60 days 4 (13) 30 | 5 (17) 30 | 0.8(0.24-27)

0.72

Discharge to a 12 (40) 30 | 13 (43) 30 | 0.9(0.51-1.7)

0.77

rehabilitatign facili
Abbrevi K4, kilogram; LOS, length of stay; MRC, Medical research council score;
MV, Mechtion

aNormaw distributed values are represented as mean (SD) 95% CI with p values, non-
I
normally dSributed values are represented as mean (SD) 95% CI with p values and

median [IQRPwithyg values.

®Portions a as n (%)

°Pearson (wm p values
dcu Acqui ness defined as MRC score < 48
°Physical function dheasured using Physical function in ICU Test —Score

Rena g o e
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