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IMPORTANCE Guidelines recommend augmenting enteral protein during critical iliness, but
the impact on patient outcomes is uncertain.

OBJECTIVE To determine whether augmenting enteral protein increases days alive and free
from hospitalization.

DESIGN, SETTING, AND PARTICIPANTS This cluster randomized, crossover, open-label trial
recruited critically ill patients receiving enteral nutrition from 8 intensive care units (ICUs) in
Australia and New Zealand from May 23, 2022, to August 23, 2023, with final follow-up

on November 21, 2023.

INTERVENTION Two isocaloric enteral formulae were compared: augmented protein
(100 g protein/L) vs usual protein (63 g protein/L). ICUs used formulae sequentially for
3 months over a 12-month period; 4 ICUs commenced with augmented protein and 4
commenced with usual protein.

MAIN OUTCOMES AND MEASURES The primary outcome was the number of days free of
admittance to the index hospital and alive at day 90. Secondary outcomes included days free
of the index hospital at day 90 in survivors; alive at day 90; durations of invasive ventilation,
ICU, and hospital admission; incidences of tracheostomy insertion and new kidney
replacement therapy: and hospital discharge destination.

RESULTS A total of 3397 patients were included (median [IQR] age, 61(48-71) years; 2157
[64%] male). The median (IQR) number of days free of the index hospital and alive at day 90
was 62 (0-77) days in the augmented protein group and 64 (0-77) days in the usual protein
group, with an adjusted-for-period between-group median difference of -1.97 (95% Cl, -7.24
t03.30) days (P = .46). At day 90, a total of 1221 of 1681 patients (72.6%) were alive in the
augmented protein group and 1269 of 1716 (74.0%) were alive in the usual protein group
(risk ratio, 0.99 [95% Cl, 0.95-1.03]). Between-group differences for secondary outcomes
included the following: difference in median days free of hospital in survivors, 0.01(95% Cl,
-1.94 t0 1.96) days; difference in mean duration of invasive ventilation, 6.8 (95% Cl, -3.0 to
16.5) hours; cause-specific hazard ratios for durations of ICU admission (time to live ICU
discharge), 0.93 (95% Cl, 0.88-1.00) and hospital admission (time to live hospital discharge),
0.96 (95% Cl, 0.90-1.02); and risk ratio for tracheostomy, 1.15 (95% Cl, 0.66-2.01) and new
kidney replacement therapy, 0.97 (95% Cl, 0.81-1.16). Discharge destinations were similar.

CONCLUSIONS AND RELEVANCE Augmenting enteral protein during critical illness did not
improve number of days free of the index hospital and alive at day 90.
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ugmenting enteral protein is proposed as an inexpen-
sive intervention to attenuate muscle atrophy and
weakness and improve outcomes from critical illness.!
International clinical practice guidelines recommend aug-
menting protein delivery to atleast 1.2 g/kg of body weight per
day,?* whereas patients typically receive 50% to 60% of this,>®
which s closer to that recommended for healthy individuals.”
Recently, 2 randomized clinical trials (RCTs) of augmented pro-
tein reported no difference in the time to discharge alive from
hospital, but lower health-related quality of life scores in pa-
tients randomized to receive augmented protein.®° An up-
dated systematic review and meta-analysis identified consid-
erable uncertainty as to whether augmenting protein was
beneficial or harmful.'®
Following a feasibility study and prior to publication of
the 2 recent randomized clinical trials,®° the TARGET Pro-
tein trial was commenced to evaluate the effect of augment-
ing enteral protein during critical illness. The hypothesis was
that augmenting enteral protein would increase the number
of days alive and free of hospitalization.

Methods

Design, Setting, and Participants

This investigator-initiated, cluster randomized, crossover, open-
label, clinical trial included critically ill patients enrolled at 8
intensive care units (ICUs) in Australia and New Zealand. The
trial was registered (Australian and New Zealand Clinical Trials
Registry Identifier 12621001484831) on November 1, 2021; the
study protocol'? (Supplement 1) and statistical analysis plan'>
(Supplement 2) have been previously published. This study fol-
lows the Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline with extension to cluster randomized
crossover trials.'*

The protocol was approved by the Central Adelaide Local
Health Network Human Research Ethics Committee for
Australian sites and the Southern Health and Disability Ethics
Committee for the New Zealand site. The trial was conducted
using a hybrid model of consent using either a waiver of con-
sent or verbal or written consent to continue as appropriate
(eMethods in Supplement 3).1?

Four ICUs commenced participant recruitment on May
23, 2022, and 4 sites commenced on August 23, 2022, with
each ICU recruiting for 12 months. Eligible patients were 16
years or older and prescribed enteral nutrition during their
index admission to the ICU or prescribed enteral nutrition
for the first time in the ICU during a subsequent ICU admis-
sion in the index hospital admission. Patients were ex-
cluded if the treating clinician considered the trial enteral
nutrition to be contraindicated or if 12 or more hours of non-
trial enteral nutrition had been delivered in the ICU. Com-
plete inclusion and exclusion criteria are provided in eTable 1
in Supplement 3.

ICUs were randomly assigned to provide 1 of 2 treatment
sequences alternating between augmented protein/usual pro-
tein or vice versa for 3-month blocks over a 12-month period
(eFigure 1 in Supplement 3; Figure 1). Participants continued
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Key Points

Question Does augmentation of enteral protein improve
outcomes in critically ill patients?

Findings In this cluster randomized, crossover, open-label trial of
3397 patients from 8 intensive care units, additional enteral

protein did not increase days free of the index hospital and alive at
day 90 compared with usual care (median difference, -1.97 days).

Meaning Augmenting enteral protein for patients in the intensive
care unit does not improve outcomes.

toreceive the originally assigned trial enteral nutrition if they
remained in the ICU following a crossover period.

Randomization

A computer-generated site randomization schedule was com-
pleted by an investigator responsible for data management but
independent of statistical analysis (M.E.F.). Two groups of 4
sites commenced 3 months apart. The randomization was bal-
anced with 2 groups of 4 clusters each. To facilitate logistics
and adequate supply of trial enteral nutrition, concealment was
revealed 1 month prior to trial commencement, with com-
mencement staggered into 2 strata, and randomization con-
ducted as 2 strata of blocks of 4.

Interventions

Participants received Nutrison Protein Intense (100 g protein/L)
during the augmented protein assignment and Nutrison Protein
Plus (63 g protein/L) during the usual protein assignment. Both
formulae were isocaloric with complete nutrition informa-
tion in (eMethods in Supplement 3).

Trial Procedures

Following the treating clinician’s decision to initiate enteral
nutrition, eligible participants commenced the trial formula
to which the ICU was randomized. All aspects of nutrition
management were according to unit practice. The goal rate
for enteral nutrition was set by the treating clinician in-line
with usual practice; however, education was provided on
prescribing nutrition to ideal body weight for overweight
and obesity (eMethods in Supplement 3). Sites were not
instructed to change goal rates according to serum phosphate
concentrations.

The trial formula was delivered while clinically indicated
up to 90 days or until the patient was discharged from ICU or
died, whichever occurred first. Duration of enteral nutrition
was recorded in hours (eMethods in Supplement 3). If there
was a clinical need for a nontrial enteral nutrition, the trial for-
mula was ceased and nontrial enteral nutrition commenced
for that patient. This was recorded as a protocol deviation. If
nontrial enteral nutrition was no longer clinically required, the
assigned trial formula was recommenced. Patients readmit-
ted to the ICU within the index hospitalization, readmitted to
the ICU within 90 days of trial formula commencement, and
who required enteral nutrition were recommenced on the trial
formula they were originally assigned. Intermittent audits to
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Figure 1. Flow of Participants in the TARGET Protein Trial
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quantify compliance with assignment were conducted mid-
cluster, in the week after cluster crossover, and at study comple-
tion (eMethods in Supplement 3).

Outcome Measures

The primary outcome was the number of days free of the in-
dex hospital and alive at day 90. This was calculated as 90 days
minus all days admitted to the index hospital after commence-
ment of trial enteral formula minus any days readmitted to
the index hospital within 90 days. Patients who died during
this period were assigned zero days free of the index hospital.
Full definitions for outcomes are shown in eTable 2 in Supple-
ment 3. Evidence of death after hospital discharge to day 90
after enrollment was ascertained from local health records
and linkage to the national death index in Australia and
New Zealand.' An assessment of credibility for heteroge-
neity of treatment effect was conducted using Instrument for
assessing the Credibility of Effect Modification Analyses
(ICEMAN) in randomized clinical trials.!®

jama.com

Secondary outcomes included days free of the index hos-
pital at day 90 in survivors, alive at day 90, duration of inva-
sive ventilation (hours) for patients receiving invasive venti-
lation, duration of ICU and hospital admissions as time to live
discharge (days), incidence of tracheostomy insertion and new
kidney replacement therapy, and discharge destination.
Tertiary outcomes included biochemical data collected on pre-
specified days (eMethods in Supplement 3).!2

Safety

Details on adverse event reporting are in eMethods in Supple-
ment 3. An independent data and safety monitoring commit-
tee conducted a single review after all sites completed 2 clus-
ter periods.

Sample Size Calculation

Using summary data from the TARGET trial of augmented en-
teral energy delivery,'” an 8-cluster, 4-period design, with a
cluster period size of at least 60 patients calculated to pro-
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vide 80% power and a cluster period size of at least 80 pa-
tients to provide 90% power to detect a 1-day difference in the
number of days free of the index hospital and alive at day 90.
Assumptions for power calculations included varying the
within-cluster within-period correlation values from 0.01 to
0.05 (base, 0.02), the cluster autocorrelation coefficient from
0.64 to 0.96 (base, 0.8), and assuming a coefficient of varia-
tion of cluster sizes of 0.5. After the trial was completed, it was
noted that the sample size estimates specified 8 clusters based
on 8 ICUs being involved; however, the design used 4 clus-
ters in each of the 2 treatment sequences. With 4 clusters and
cluster period size of at least 60 patients there was greater than
80% power to detect a 2-day difference in the number of days
free of the index hospital and alive at day 90.

Statistical Analysis
All analyses were conducted in accordance with the statisti-
cal analysis plan (Supplement 2).!% Clusters and patients were
analyzed on an intention-to-treat basis according to their ran-
domization group.

Data are presented as frequencies (percentages) for cat-
egorical variables and mean (SD) or median (IQR) values as
appropriate for continuous variables. For the primary out-
come, individual patient-level data and a quantile mixed-
effects model was fitted to compare the median response
between the groups. The mixed-effects model included treat-
ment group, period, and delayed start (the stratification vari-
able used in randomization) as fixed effects. ICU was
included as a random effect and assumed to be normally dis-
tributed with mean zero and variance component o(2/c). The
treatment effect is presented as a difference in medians with
95% Cls; the 95% CI was calculated using the block bootstrap
method.'® The significance threshold was P < .05, and statis-
tical testing was 2 sided.

Secondary analyses for the primary outcome were con-
ducted by fitting a linear mixed model to align with the sample
size calculation a bayesian quantile mixed model (in eMethods
in Supplement 3). Preplanned sensitivity analyses for the pri-
mary outcome excluding patients known to have received non-
trial enteral nutrition and excluding patients admitted for pal-
liative care or organ donation were conducted (eMethods in
Supplement 3).

Three subgroup analyses for the primary outcome were
prespecified: patients receiving invasive mechanical ventila-
tion at enrollment vs those who did not; patients 70 years or
older vs younger than 70 years; and body mass index (BMI) 35
or greater vs less than 35. During conduct of the current study,
the EFFORT Protein trial® was published, leading to specifi-
cation of a fourth subgroup: patients with acute kidney in-
jury vs those without. Because data were not previously col-
lected to identify acute kidney injury using Kidney Disease
Improving Global Outcomes criteria, it was only possible to
identify acute kidney injury as new kidney replacement
therapy commenced prior to enrollment. Subgroup analyses
included treatment x subgroup interaction terms in the quan-
tile mixed model fitted for the primary analysis.

All statistical analyses were completed using R version 4.4.1
(R Core Team 2024) or Stata version 18 (StataCorp 2023). No
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interim analysis of the primary analysis was conducted. Fur-
ther details regarding the analyses of secondary outcomes,
R packages, and Stata commands used are provided in the
eMethods in Supplement 3.

|
Results

Patients

Between May 23, 2022, and August 23, 2023, a total of 3599
patients required enteral nutrition in participating ICUs and
3411 patients were enrolled in the trial. Fourteen patients with-
drew consent for data retention, leaving 3397 patients com-
prising the intention-to-treat population: 1681 in the aug-
mented protein group and 1716 in the usual protein group
(Figure 1).

Demographic and clinical characteristics were similar be-
tween the groups (Table 1). Baseline characteristics at the clus-
ter level by sequence and by period and treatment group are
provided in eTables 3 and 4, respectively, in Supplement 3. The
median (IQR) time from ICU admission to commencement of
trial enteral nutrition was similar between the groups (19.0 [9.2-
37.71hours in the augmented protein group vs 19.3 [9.5-39.8]
hours in the usual protein group).

Enteral Nutrition Delivery

The median (IQR) duration of trial enteral nutrition adminis-
tration was 87 (36-187) hours in the augmented protein group
and 84 (34-182) hours in the usual protein group. The median
(IQR) volume of trial enteral nutrition delivered per observed
calendar day was 696 (408-951) mL per day in the aug-
mented protein group and 676 (405-957) mL per day in the
usual protein group. The augmented protein group received
greater amounts of protein and similar calories to the usual
protein group (Figure 2; eTable 5 in Supplement 3). Between-
patient variability in protein and calories is shown in eFig-
ure 2 in Supplement 3. Protein delivery in grams per kilogram
and calories delivery in kilocalories per kilogram of ideal
body weight and actual body weight per day are shown in
eFigures 3-4 and eTables 6-7 in Supplement 3. The use of par-
enteral nutrition or protein supplements was similar between
the groups (eTable 5 in Supplement 3). Protocol deviations
were infrequent (eTable 8 in Supplement 3). Audits con-
firmed that trial enteral nutrition was delivered as assigned
(eTable 9 in Supplement 3).

Primary Outcome

The primary outcome was observed for the entire intention-
to-treat population. The distribution was bimodal with a spike
at zero and then skewed (eFigure 5 and eFigure 6 Supple-
ment 3). The median (IQR) number of days free of the index
hospital and alive at day 90 was 62 (0-77) days for the aug-
mented protein group and 64 (0- 77) days for the usual pro-
tein group (Table 2). A total of 497 participants (29.6%) in the
augmented protein group and 475 participants (27.7%) in the
usual protein group had zero days free of the index hospital
and were alive at day 90. Summary statistics for the primary
outcome by period and treatment group are shown in eTable 10
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in Supplement 3. Adjusting for period and delayed start, the
estimated between-group difference in medians was -1.97
(95% CI, -7.24 t0 3.30) days (P = .46) Table 2). Secondary analy-
ses using different statistical models and sensitivity analyses
were consistent with the primary analysis (Table 2).

Secondary Outcomes

Atday 90, there were 1221 0f 1681 patients (72.6%) alive in the
augmented protein group and 1269 of 1716 (74.0%) in the usual
protein group (risk ratio, 0.99 [95% CI, 0.95-1.03]). Between-
group differences for secondary outcomes were as follows: dif-
ference in median days free of the index hospital in survi-
vors, 0.01 (95% CI, -1.94 to 1.96) days; difference in mean
duration of invasive ventilation, 6.8 (95% CI, -3.0 to 16.5) hours;
cause-specific hazard ratio for duration of ICU admission (time
tolive ICU discharge) treating death in ICU as a competing risk,
0.93 (95% CI, 0.88-1.00) and hospital admission (time to live
hospital discharge) treating death in hospital as a competing
risk, 0.96 (95% CI, 0.90-1.02); and risk ratios for new trache-
ostomy, 1.15 (95% CI, 0.66-2.01) and kidney replacement, 0.97
(95% CI, 0.81-1.16) (Table 2). Data according to period and treat-
ment group are shown in eTable 10 in Supplement 3.

Biochemical Outcomes

On the day of commencing trial enteral nutrition, median (IQR)
blood urea concentration was 7.3 (4.8-12.4) mmol/L in the aug-
mented protein group and 7.5 (4.8-11.8) mmol/L in the usual
protein group. By day 10, median (IQR) blood urea concentra-
tion was 13.0 (8.2-18.8) mmol/L in the augmented protein group
and 10.6 (7.1-15.4) mmol/L in the usual protein group (eTable 11
in Supplement 3). To convert urea values to mg/dL, divide by
0.357.

Subgroup Analyses

Results of subgroup analyses are shown in Figure 3. There was
heterogeneity of treatment effect in those receiving mechani-
cal ventilation (vs those not receiving mechanical ventila-
tion; P = .02 [very low credibility]) and those receiving new kid-
ney replacement therapy at baseline (vs patients without new
kidney replacement therapy; P < .001 [moderate credibil-
ity]). Results of the ICEMAN assessments are provided in
Supplement 3.

Adverse Events

There were 4 adverse events (3 in the augmented protein group
and 1in the usual protein group) and 2 serious adverse events
(1in the augmented protein group and 1 in the usual protein
group) reported (eTables 12 and 13 in Supplement 3).

Readmissions
There were no differences in readmission events (eTable 14 in
Supplement 3).

|
Discussion

In this cluster randomized, crossover, open-label trial, augment-
ing protein delivery did not increase the primary outcome of days

jama.com
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Table 1. Baseline Characteristics by Treatment Group

Protein, No. (%)
Augmented  Usual

(n =1681) (n=1716)
Age, median (IQR), y 61 (48-70) 61 (48-71)
Sex
Male 1070 (63.7) 1087 (63.3)
Female 611 (36.3) 629 (36.7)
ICU reason for admission
Nonsurgical (medical) 1068 (63.5) 1100 (64.1)
Emergency surgical 379(22.5) 361 (21.0)
Elective surgical 234 (13.9) 255 (14.9)
ICU admission diagnosis category?
Neurological 374 (22.2) 350 (20.4)
Respiratory 325(19.3) 360 (21.0)
Cardiovascular 300(17.8) 310(18.1)
Trauma 204 (12.1) 209 (12.2)
Gastrointestinal 168 (10.0) 190 (11.1)
Other 162 (9.6) 163(9.5)
Sepsis 148 (8.8) 134 (7.8)
ICU source of admission
Emergency department 589 (35.0) 618 (36.0)
Operating theater 575 (34.2) 595 (34.7)
Hospital ward 227 (13.5) 243 (14.2)
Other hospital 181 (10.8) 168 (9.8)
Transfer from another ICU 109 (6.5) 92 (5.4)
Diabetes 429 (25.5) 451 (26.3)
Weight, median (IQR), kg 80.0 80.0
(68.0-94.4) (67.0-96.5)
Body mass index, median (IQR) 27.6 27.5
(24.1-32.6) (23.8-32.3)
Ideal body weight, median (IQR)® 65.8 65.8
(56.8-73.0) (56.8-73.0)
APACHE Il score at ICU admission® 19.0 19.0
(15.0-24.0) (14.0-25.0)
Clinical frailty score, median (IQR)¢ 3(3-4) 3(3-4)
Receiving invasive ventilation 1385(82.4) 1355(79.0)
at trial enteral nutrition
commencement
Received vasopressors or inotropes 926 (55.1) 921 (53.7)
at trial enteral nutrition
commencement
New kidney replacement therapy 122 (7.3) 119 (6.9)
prior to trial enteral nutrition
commencement
Time from ICU admission to trial enteral 19.0 19.3
nutrition commencement, (9.2-37.7) (9.5-39.8)

median (IQR), h

Abbreviations: APACHE Il, Acute Physiology and Chronic Health Evaluation II;
ICU, intensive care unit.

@ Categorized according to APACHE II: diagnosis that best describes the reason
for the ICU admission.

b Calculated from patient height. Data available for 2618 participants (1312 in the
augmented protein group and 1306 in the usual protein group).

€ Acute Physiology and Chronic Health Evaluation Il scores range from O to 71,
with higher scores indicative of more severe disease and an increased risk of
mortality. The score was calculated with the values recorded for each.

9 Clinical frailty score were determined on a scale from 1to 8: Tindicates very fit;
2, well; 3, managing well; 4, vulnerable; 5, mildly frail; 6, moderately frail; 7,
severely frail; and 8, very severely frail. Patients were evaluated at the time of
admission to ICU for the patient’s first ICU admission within the index hospital
admission in which trial enteral formula was commenced, based on the
patient’s level of physical function in the 2 months prior to ICU admission.
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Table 2. Estimates of Intervention Effect for Primary and Secondary Outcomes

Augmented protein®

Intracluster

Usual protein?® Effect estimate correlation

Outcome (n = 1681) (n=1716) (95% CI)® Pvalue coefficient?

Primary outcome

No. of days free of the index hospital and alive 62.0(0to77) 64.0 (0to 77) Median difference, -1.97 .46 0.004

at day 90° (quantile mixed model), median (IQR) (-7.24t03.30)

Primary outcome (secondary analyses)

No. of days free of the index hospital and alive 47.5 (34.0) 48.9 (33.5) Mean difference, -1.26 .29 <0.001

at day 90¢ (linear mixed model), mean (SD) (-3.59t0 1.06)

No. of days free of the index hospital and alive 62.0(0to 77) 64.0 (0to 77) Median difference, -1.50 0.023

at day 90¢ (bayesian quantile mixed model®), (-3.86t00.90)

mean (SD)

Primary outcome (sensitivity analyses)

Excluding patients known to have received nontrial 64 (0to 78) 65 (0to 78) Median difference, -0.97 .71 0.009

enteral formula® (-6.04 t0 4.10)

Excluding patients admitted for palliative care 63 (0to77) 64 (0to 77) Median difference, -1.12 .72 0.007

or organ donation” (-7.17 t0 4.93)

Secondary outcomes

Days free of the index hospital at day 90 72 (57 to 80) 72 (59 to 80) Median difference, 0.01  .995 0.017

in survivors, median (IQR) (-1.94t01.96)

Alive at day 90, No. (%)’ 1221(72.6) 1269 (74.0) Risk ratio, 0.99 47 <0.001
(0.95t01.03)

Duration of invasive ventilation, mean (SD), hi 84.0(35.0t0178.9) 78.0(33.2t0161.0) Mean difference, 6.8 .17 0.021
(-3.0t016.5)

Duration of admission to ICU, median (IQR), d 6.6 (3.1t0 18.0) 6.2 (3.0to0 15.0) HR,0.93 (0.88t01.00) .04

Duration of admission to hospital, median (IQR), d 21.4(10.2 to 80.0) 21.1(10.1t068.9) HR,0.96 (0.90t0 1.02) .15

Tracheostomy during index hospitalization, No. (%) 134/1681 (8.0) 121/1716 (7.1) Risk ratio, 1.15 57 0.016
(0.66t02.01)

New kidney replacement therapy during index ICU 122/1681 (7.3) 127/1716 (7.4) Risk ratio, 0.97 .69 0.004

admission after commencing trial enteral nutrition,
No. (%)

Discharge destination, No. (%)
Home
Died
Other acute hospital
Rehabilitation
Long-term care
Other hospital ICU
Other

At least one hospital readmission (before day 90),
No. (%)"*

634 (37.7)
378(22.5)
321(19.1)
244 (14.5)
61 (3.6)
27 (1.6)
16 (1.0)
161 (9.6)

Days readmitted to ICU (before day 90), median (IQR)* 6.0 (3.0 to 12.0)

(0.81t01.16)

723 (42.1)
380 (22.1)
306 (17.8)
215 (12.5)
49 (2.9)
23(1.3)
20(1.2)
172 (10.0)

6.0(3.8t012.2)

2 Median (IQR) values were derived from cumulative incidence function treating
death as a competing risk presented for duration of admission to intensive
care unit (ICU) and duration of admission to hospital.

95% Clis credible interval for the bayesian quantile mixed model secondary
analysis of the primary outcome; otherwise corresponds to 95% Cl.

€ For the bayesian quantile mixed model secondary analysis, the posterior
probability of (any) benefit is 0.109. This is the proportion of treatment effect
parameter (difference in median number of days free of the index hospital and
alive at day 90 between the augmented protein and usual protein groups)
draws from the posterior distribution greater than O.

9 ntracluster correlation coefficient indicates the proportion of the total
variance in the outcome that is attributable to the differences between
clusters, as opposed to the variance within clusters. A higher coefficient
indicates that a larger proportion of the variance is due to differences between
clusters, while a lower coefficient suggests that most of the variance comes
from within-cluster differences.

€ Reduction in number of days free of the index hospital and alive at day 90
represents a worse outcome

f Bayesian model diagram is shown in eFigure 6 in Supplement 1.

8 A total of 234 participants were excluded (144 in augmented protein group
and 90 in usual protein group). Treatment effect was estimated using the
primary analysis model (quantile mixed model).

" A total of 27 participants excluded (17 in augmented protein group and 10 in
usual protein group). Treatment effect estimated using primary analysis model
(quantile mixed model).

' Death determined by using health service records to provide evidence of
patient status, including if the patient was discharged alive from hospital but
known to have a health event prior to day 90. In Australia, death after hospital
discharge will be ascertained using data linkage with the Australian National
Death Index. At the New Zealand site, the Adult Patient Database is linked to
the New Zealand national death registry to record death after hospital
discharge. Patients will be considered alive if they are alive at discharge from
the index hospital, and there is no evidence of death before day 90.

J Duration of invasive ventilation is the total hours of invasive ventilation during
the patients’ stay in ICU including any reintubation and ventilation prior to trial
enteral nutrition.

“Only summary statistics presented; no statistical comparison was performed.

alive and free of the index hospital at day 90. Moreover, point es-
timates did not identify any signal of improvement for any sec-

jama.com

ondary outcome, and assessment for heterogeneity of effect fa-
vored usual protein for patients receiving mechanical ventilation
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Figure 3. Subgroup Analysis for the Primary Outcome

Augmented protein Usual protein Favors | Favors
No. of Median No. of Median Median difference usual | augmented P value for
patients  (IQR) patients  (IQR) (95% Cl)2 protein : protein interaction®
Mechanical ventilation
No 296 69.0 (46.0t0 81.0) 361 67.0(34.0t077.0) 2.7 (-5.24 10 10.64) —_— 0
Yes 1385 60.0 (0to 76.0) 1355 63.0(0to 77.0) -3.44 (-9.641t02.76) —
New kidney replacement therapy®
No 1559 65.0 (0 to 78.0) 1597 65.0 (0to 78.0) 0(-4.32t04.32) —— <001
Yes 122 15.0 (0t0 59.8) 119 24.0 (0to 64.0) -13.19 (-50 to 23.62)
Age, y
<70 1231 65.0 (0to 77.5) 1211 67.0(24.0t079.0) -3(-8.48t02.49) — 1
270 450 53.5(0to0 75.0) 505 51.0(0to 73.0) 0.85(-8.98 t0 10.68)
Body mass index
<35 1066 62.0 (0to 76.0) 1074 65.0 (0to 77.0) -3.46 (-12.44t05.53) ————®#——— 47
235 222 65.5(8.5t077.0) 206 59.5(0to0 75.8) 7.23 (-3.56 t0 18.02) —_— >

-15  -10 -5 0 5 10 15
Median difference (95% Cl)

2Median difference estimated from the primary analysis model including
treatment x subgroup interaction.

5P value derived from a likelihood ratio test for an interaction between
treatment and subgroup.

“Defined as receiving new kidney replacement therapy between hospital
admission and commencement of trial enteral formula on intensive care
unit admission.

or new kidney replacement therapy at baseline—variables that
predispose to longer duration of trial enteral nutrition.

International clinical practice recommendations to aug-
ment protein (>1.2 g protein/kg/d) are based on observational
data.?® TARGET Protein is the third recently completed mul-
ticenter clinical trial to evaluate this approach. The primary
outcome was similar to the EFFORT Protein trial,® ie, both had
a composite outcome incorporating duration of hospitaliza-
tion accounting for the competing risk of death. However, the
primary outcome in EFFORT Protein was censored at day 60
and did not account for hospital readmission or death after hos-
pital discharge. In EFFORT Protein, the point estimate for the
primary outcome suggested augmented protein delayed time
to discharge alive from the hospital, albeit with wide CIs.® The
PRECISE trial included the likelihood of being discharged alive
in the 180 days after randomization as a tertiary outcome, for
which the point estimate suggested being discharged alive was
less likely with augmented protein, but again with wide CIs.°

In the current trial, there was heterogeneity of treat-
ment effect according to presence of new kidney failure. Al-
though definitions of acute kidney injury differed to previ-
ous trials, the inference from the current trial is consistent with
the subgroup analysis of EFFORT Protein®'° and a recent
meta-analysis.!® Using a framework to assess credibility of ef-
fect modification, there was moderate credibility that the sig-
nal of harm for those with new kidney replacement therapy
is true, but less credibility that mechanical ventilation is an ef-
fect modifier.

The mechanisms underlying the lack of benefit, and pos-
sible harm, with augmenting protein remain speculative. The
capacity to use enteral protein for muscle protein synthesis is
markedly blunted during critical illness compared to healthy
participants.?© Accordingly, augmented protein may in-
crease production of metabolites, such as urea, driving harm.?!

JAMA Published online June 11,2025

In this trial, mean urea concentrations at day 10 were higher
in the augmented protein group, but the magnitude of differ-
ence was modest. It is conceivable that specific patients, such
as those with relatively mild urea cycle disorders, are more vul-
nerable to harm from augmenting protein.??*> Another po-
tential mechanism is that more protein causes greater au-
tophagy suppression?#2>; however, no autophagy biomarkers
were measured.

Limitations

This trial had several limitations. First, in terms of trial de-
sign, randomization occurred at the cluster level rather than
the patient level. Second, the methods used to estimate the
sample size approximated the sample size needed, rather than
use of simulation methods; however, the software used was
specific for cluster crossover design and allowed comparison
of various plausible within-cluster correlation structures. Un-
certainty about the intracluster correlation coefficient canim-
pact sample size calculation,?® but the crossover design lim-
ited any potential loss of power.?”-28 Third, the intervention
was applied to all patients without blinding. Fourth, the du-
ration of exposure to the intervention was modest for some
patients, and this may have blunted signals for benefit or harm.
Fifth, although the protein dose was not adjusted to the phase
ofillness and enteral nutrition was typically commenced soon
after ICU admission, which represents local practice,® this does
not preclude the possibility that augmenting protein during
the recovery phase may be beneficial.?**° Nonintentional calo-
ries were not measured. Sixth, because survivors of critical ill-
ness frequently require readmission to hospital,*! this was in-
corporated into the primary outcome, but only data from the
index hospital were available. The primary results may have
differed if days of hospitalization had included hospitals other
than the index admission hospital.
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Seventh, although there are limitations to composite
outcomes,>? the outcome of days alive and out of the hospital
has been validated in settings where mortality alone is insuf-
ficient to capture the burden of disease because it is impor-

tant to patients and allows quantification of health care costs

while considering the competing risk of early death.>*-** Eighth,
to analyze the primary outcome, both quantile®® and linear

Original Investigation Research

physical rehabilitation sessions were not captured. A com-
plete case analysis was used for the secondary outcomes, which
has its limitations, but aligns with previously published clus-
ter crossover trials.?”

Conclusions

models®® were fitted; given the distribution of this outcome,

neither model is optimal but both are valid. Ninth, data col-
lection for this pragmatic trial was parsimonious with some
missing height and weight data, protein delivery was only re-
corded on certain days, and the frequency and intensity of
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