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Objective: There is uncertainty about whether early infusion of intravenous amino acids confers clinical
benefits in critically ill patients. In this study, we aimed to test the hypothesis that intravenous amino
acids could improve 90-day mortality in critically ill patients with normal kidney function.
Design: This is a multicentre, open-label, randomised, parallel-controlled trial.
Setting: 20 ICUs across China.
Participants: 1928 eligible critically ill patients with normal kidney function.
Interventions: In addition to standard care, patients assigned to the intervention group will receive a
continuous infusion of amino acids at a rate to achieve a total daily protein intake of approximately 2.0 g/
kg/day.
Main outcome measures: The primary endpoint is all-cause mortality at day 90 after randomisation.
Secondary endpoints and process measures will also be reported. The primary conclusions will be based
on a modified intention-to-treat analysis for efficacy.
Ethics and dissemination: This study was approved by the ethics committee of the Jinling Hospital,
Nanjing University (2020-NZKY-014-02 for the original version and 2020-NZKY-014-06 for the revised
version) and all the participating sites. Results will be disseminated through journal publications and
conference presentations.
Registration: This study protocol was registered with the Chinese Clinical Trial Registry, and the iden-
tifier is ChiCTR2100053359 (https://www.chictr.org.cn/hvshowprojectEN.html?id¼257327&v¼1.7).

© 2024 The Authors. Published by Elsevier B.V. on behalf of College of Intensive Care Medicine of
Australia and New Zealand. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
3
1. Introduction

It has been postulated that an early infusion of amino acids
could improve both renal medullary perfusion and glomerular
blood flow,1 and the induction of mitochondrial biogenesis, thus
ameliorating the onset of acute kidney injury and reducing risk of
death from subsequent multiple-organ dysfunction.2 A large-scale,
multicentre randomised controlled trial recently demonstrated
that an early infusion of amino acids can significantly reduce the
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onset of acute kidney injury after cardiac surgery. Furthermore, a
post hoc subgroup analysis of a Phase II multicentre clinical trial
conducted in critically ill patients suggested that an early infusion
of amino acids may significantly reduce subsequent mortality.4,5

To confirm the potentially important benefits of providing an
early infusion of amino acids in a broader critically ill population,
we designed a Phase III, confirmatory trial with sufficient power to
test the hypothesis that early intravenous amino acids could result
in reduced 90-day mortality.
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2. Methods and analysis

2.1. Study design

This is a multicentre, open-label, randomised, parallel-
controlled trial conducted by the Chinese Critical Care Nutrition
Trials Group (ChiCTR2100053359, https://www.chictr.org.cn/
hvshowprojectEN.html?id¼257327&v¼1.7). The trial protocol was
developed according to the Standard Protocol Items: Recommen-
dations for Interventional Trials (SPIRIT) statement.6

2.2. Participants

All patients admitted to the participating hospital's intensive
care units (ICUs) will be considered for eligibility. After obtaining
signed informed consent, the investigator will have access to the
electronic case report form and study web site, which will generate
a random number to determine study treatment arm. The flow of
patients through the trial will be reported in accordance with the
Consolidated Standards of Reporting Trials 2010 statement.7

2.2.1. Inclusion criteria

1. Informed consent form obtained from the patient or next of kin;
2. 18 years old or older;
3. Within 48 h of ICU admission;
4. Expected to stay in ICU for more than two days (ex. not expected

to be discharged on the day after enrolment);
5. Have a working central venous access line through which the

study intervention could be delivered;
6. Be able to tolerate at least one litre of fluid volume per day;
7. APACHEII score �15 or SOFA score �6.
2.2.2. Exclusion criteria

1. Patients who are currently receiving selective COX-2
inhibitors;

2. Patients receiving palliative treatment or expected to die
within 48 h;

3. Patients who have acute kidney injury (AKI), defined as
current serum creatinine (SCr) increased 1.5 times preacute
illness value OR with a recent increase greater than
26.5 mmol/L. [Note: If preacute illness creatinine values are
unknown, an upper limit of normal: 90 mmol/L for females
and 110 mmol/L for males was assumed8];

4. Patients with malignant diseases receiving radiotherapy or
chemotherapy;

5. Patients currently receiving or scheduled for dialysis/renal
replacement therapy;

6. Patients with a kidney transplant;
7. Patients who require treatment of a burn injury to greater

than 20% of total body surface area;
8. Patients who have a documented contraindication to the

study intervention;
9. Patients known to be pregnant or currently breastfeeding;

10. Patients with severe liver disease (biopsy proven cirrhosis or
documented portal hypertension with a known past history
of either upper GI bleeding attributed to portal hypertension
or of hepatic failure leading to encephalopathy/coma);

11. Patients with a documented hypersensitivity (known al-
lergy) to one or more of the included amino acids;

12. Patients with a documented inborn error of amino acid
metabolism.
Please note that the exclusion criteria No. 3 was revised after the
start of the trial based on the results of the EFFORT-Protein trial,
which reported that higher protein provision might be harmful to
patients with AKI.9 During the first interim meeting conducted on
March 4th, 2023, the Data and Safety Monitoring Board (DSMB)
recommended that recruitment of patients with AKI should be
discontinued. This revision was, therefore, applied by the trial
management committee and approved by the ethics committee on
March 10th, 2023.

2.2.3. Sample size calculation
Conservative estimates of potential effect size were obtained

from a previously published formal subgroup analysis demon-
strating an early, continuous, supplementary, infusion of a standard
mixture of L-amino acids may significantly reduce mortality
(P ¼ 0.034, 7.9% absolute risk difference, 0.65 relative risk
reduction).5

Given best estimates of a baseline mortality rate of 15.9% in
standard care patients,10 and assuming the relative risk reduction
(0.65) is preserved, using standard formulas11 a trial of 1838 pa-
tients (919 per group) would have 90% power to detect an absolute
risk difference of 5.5%. A trial of this size (N ¼ 1838) also provided
80% power to detect a treatment effect as low as 4.8% absolute risk
difference and, in the worst-case scenario, if the trial yielded a
treatment effect as low as 3.4% absolute risk difference, the overall
findings could still be expected to be statistically significant at the
traditional two-sided P-value threshold of 0.05.

2.3. Randomisation and study intervention

2.3.1. Randomisation
Allocation concealment was maintained through the use of a

central randomisation website (https://capctg.medbit.cn/en/2022/
01/04/essential/) that was secure, encrypted, and password pro-
tected. The randomisation sequence was generated using SAS
Version 9.4 with blocks of variable size and random seeds12 to
ensure that allocation concealment could not be violated by
guessing the allocation sequence at the end of each block. Ran-
domisation was stratified within the study site. Stratification vari-
ables and their thresholds were concealed from site investigators to
further prevent anticipation of the allocation sequence.13

2.3.2. Blinding
No placebo or alternative fluid was provided to patients

assigned to the control group. Follow-up and analyses will be
conducted in a blinded fashion: the investigators who contacted
the patients or their relatives for Day 90 follow-up and the statis-
ticians who analyse the data and report results will not be aware of
the treatment assignment.

2.3.3. Interventional arms
Each participant will be randomised to the amino acid group or

the standard care group in a 1:1 ratio after enrolment. Table 1
shows the schedule of enrolment, interventions, and assessments
according to the SPIRIT 2013 statement.

2.3.3.1. Arm#1 amino acid group. If randomised to the intervention
arm, the patient will receive a continuous infusion of standard
amino acids (18AA-VII Traumatic Amino Acid Solution, Haisco,
China) delivered at a rate to achieve a total daily protein intake
(including nutrition therapy and study intervention) of approxi-
mately 2.0 g/kg/day.

The initial infusionwill be started at approximately 100 g/day. If
the patients receive any form of enteral or parenteral nutritional
support, the infusion rate of the study amino acid intervention was
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Table 1
Schedule of enrolment, interventions, and assessments.

Study period

Enrolment Allocation On study Termination

Timepoint 1 2-14 15 28 90 TE

Enrolment
Eligibility screen

Informed consent 

Allocation

Interventions

Amino acid group

Control group

Assessments
Baseline 

characteristics

Laboratory tests

mNUTRIC score

APACHE Ⅱ score

SOFA score

Nutrition 

implementation

Renal function

Clinical outcomes

Adverse events
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reduced such that the total protein intake from all sources (nutri-
tion and study intervention) would reach approximately 2.0 g/kg/
day. The protocol reduced the study amino acid infusion to a lower
rate only if total protein from EN, PN, and study amino acid reached
2.5 g/kg/day.

The study intervention will be discontinued 15 days after ran-
domisation, discharge from the study ICU, death, or when the pa-
tient's central venous catheter is removed, whichever occurs first.
During the intervention, whenever a patient's blood urea increases
to greater than 30 mmol/L, the amino acid infusion will be sus-
pended until blood urea decreases to below 20 mmol/L.

The ESSENTIAL Study AA dosing tool (Wechat mini-program)
was developed to help calculate study amino acid infusion rates
based on a patient's current protein intake from enteral and
parenteral nutrition and the patient's weight. Protein intake cal-
culations for overweight (BMI >25 kg/m2) patients will be based on
their ideal body weight (ideal BMI set at 23 kg/m2).

The majority of patients will commence study amino acid at an
infusion rate of 42 mL/h, which can provide 100 g protein per day.

2.3.3.2. Arm#2 standard care group. Standard care in the patients
randomised to the control arm consists of a reasonable attempt to
provide enteral or parenteral nutritionwhen the attending clinician
judges the patient would tolerate feeding. The attending clinician
will select the route, starting rate, metabolic targets, and energy/
protein goals based on their usual practice according to the
guidelines.

2.4. General management

All patients will be cared for by the local treating team at each
participating ICU, including monitoring vital signs, obtaining
necessary blood samples for laboratory measurement, fluid ther-
apy, the use of mechanical ventilation, and vasopressors, etc. All
cointerventions will be at the discretion of the treating clinical
teams and recorded in the patient's medical record.

Initiation of renal replacement therapy (RRT): Initiation of RRT
should be based on the criteria described by Bellomo et al.14 Pa-
tients who have acute kidney injury (at least 1.5 times increase in
creatinine from known baseline value) and meet at least one cri-
terion of the below makes the patient eligible for initiation of RRT:

1. Anuria (negligible urine output for 6 h)
2. Severe oliguria (urine output <200 mL over 12 h)
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3. Hyperkalaemia (potassium concentrations >6.5 mmol/L)
4. Severe metabolic acidosis (pH < 7.2 despite normal or low

partial pressure of carbon dioxide in arterial blood)
5. Volume overload (especially pulmonary oedema unresponsive

to diuretics)
6. Pronounced azotaemia (urea concentrations >30 mmol/L or

creatinine concentrations >300 mmol/L)
7. Clinical complications of uraemia (e.g. encephalopathy, peri-

carditis, neuropathy)

Timing of stopping RRT: Termination of RRT is based on criteria
as used in the VA/NIH Acute Renal Failure Trial Network Study.15 If
(on continuous renal replacement therapy or between intermittent
haemodialysis sessions) diuresis >30 mL/h and there are no other
indications for RRT, then endogenous creatinine clearance should
be calculated using a 6-h urine collection period. If endogenous
creatinine clearance is �20 mL/min, RRT should be discontinued. If
endogenous creatinine clearance is �12 mL/min, RRT should be
continued. If endogenous creatinine clearance >12 mL/min and
<20mL/min, continuation or terminationwill be the decision of the
treating physician. Exact initiation and termination dates of RRT
should be recorded in the eCRF.

2.5. Study outcomes and their measures

2.5.1. Primary outcome measures
The primary study outcome is defined as patient vital status

(alive/dead) to be determined on the 90th calendar day
postrandomisation.

2.5.2. Secondary outcome measures
Secondary outcomes consist of the following: duration of ICU

stay; duration of invasive mechanical ventilation; duration of
hospital stay; death in ICU; death in hospital; survival duration;
days alive out of hospital; incidence of clinically significant kidney
dysfunction (proportion of patients per study arm); days of RRT;
incidence of RRT (proportion of patients per study arm); continuing
need for RRTat study day 90 (proportion of patients per study arm);
days of clinically significant organ failure (reported by organ sys-
tem); new-onset organ failure; new receipt of organ support.

2.5.3. Process measures
These process measures will include: time from ICU admission

to feeding start; time from study enrolment to feeding start;
number of days of study amino acid infusion in patients allocated to
receive the study intervention; mean nutritional support days per
10 patient days in patients receiving EN and/or PN; mean nutrition
support days per 10 patient days in patients receiving EN; mean
nutrition support days per 10 patient days in patients receiving PN;
percentage of patients who never received enteral or parenteral
nutrition; percentage of patients fed within 24 h of ICU admission;
mean energy (not including study amino acid infusion) delivered in
kcal/patient-day; mean energy (including energy from study amino
acid infusion) delivered in kcal/patient-day; mean total protein
delivered in g/kg/patient-day; mean energy delivered per patient
for each of the first seven days of ICU stay; mean protein delivered
per patient for each of the first seven days of the ICU stay.

2.5.4. Definition of outcomes
Clinically significant kidney dysfunction: two points or more in

the Sequential Organ Failure Assessment (SOFA) score for renal
system.

New-onset organ failure: organ failure occurring during the first
seven trial days and not present at randomisation. Organ failure is
defined as an increase in the SOFA score of two points or more for
each organ system.

New receipt of organ support therapy: requirement of organ
support therapy (mechanical ventilation, renal replacement ther-
apy, and vasoactive agents) not applied at enrolment.

All-cause mortality at day 90: defined as patient vital status
(alive/dead) to be determined on the 90th calendar day post-
enrolment (the day of randomisation will be set as trial day 1).

2.5.5. Duration of treatment and follow-up
The study intervention will be discontinued 15 days after ran-

domisation, discharge from the study ICU, death, or when the pa-
tient's central venous catheter is removed, whichever occurs first.
Every randomised patient will be followed up until 90 days post-
randomisation, unless death occurs first. If patients remained in
hospital on study day 90, follow-up was censored, and outcomes
were recorded as per status at day 90.

2.5.6. Reasons for withdrawal/discontinuation
Patients may withdraw from the study at any time and for any

reason without prejudice to their future medical care by the
investigator or at the study site. Investigators should attempt to
determine the cause of withdrawal and, if agreed by the patient, let
the patient receive follow-up at day 90. The extent of a patient's
withdrawal from the study (i.e. withdrawal from further study
treatment, withdrawal from active participation in the study,
withdrawal from any further contact) should be documented. Ef-
forts should bemade to follow-up on all randomised patients to the
extent that the patient agrees.

2.6. Data collection

A web-based electronic database (Unimed Scientific Inc., Wuxi,
China) will be established for data collection and storage. All data
will be input by the primary investigator or nominated investigator
(less than two for each participating centre) approved by the trial
management committee. Training for data entry will be performed
by the supplier of the electronic database and the coordinating
centre of the Chinese Critical Care Nutrition Trials Group.

2.6.1. Data analysis
The reporting and presentation of this trial will follow the

CONSORT guidelines. Primary analyses will be based on the modi-
fied intention-to-treat (mITT) population. Sensitivity analyses will
be done on the per protocol (PP) population and all the randomised
patients (full analysis set, FAS) to support inferences drawn from
the primary modified intention to treat efficacy analysis.

A priori identified subgroup analysis will be conducted on the
following baseline variables: age (>59 vs. �59), BMI (>25 vs. �25),
SOFA (�9 vs. <9), and Subjective Global Assessment muscle
wasting (well nourished vs. other categories).

Please see the statistical analysis plan for additional details (see
Supplementary Appendix).16

2.6.2. Data and safety monitoring
An independent Data and Safety Monitoring Board (DSMB),

comprising experts in clinical trials, biostatistics, and intensive care
were established. The committee reviewed information on all
serious adverse events.

The DSMB will review the safety report with group allocation
blinded after the first 600 and 1200 participants finishing their
follow-up and have the right to stop the trial prematurely because
of concerns about participant safety. Using the HaybittleePeto
approach,17,18 the DSMB was charged with informing the study
management committee if therewas a difference in serious adverse
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events between study groups that exceeded three standard de-
viations in magnitude.

2.7. Adverse events

Adverse events (AEs) are defined in accordance with the Na-
tional Cancer Institute-Common Terminology Criteria for Adverse
Events as any untoward medical occurrence in a patient or clinical
investigation subject administered an investigational intervention
and which does not necessarily have to have a causal relationship
with this treatment.

It is recognised that the patient population admitted to ICUs will
experience a number of common aberrations in laboratory values,
signs, and symptoms due to the severity of the underlying disease
and the impact of standard therapies. These will not necessarily
constitute an adverse event unless they require significant inter-
vention or are considered to be of concern in the investigator's
clinical judgement.

2.7.1. Severe adverse events
Severe adverse events (SAEs) are defined as any untoward

medical occurrence that:

1. Results in death
2. Is life-threatening
3. Requires inpatient hospitalisation or prolongation of existing

hospitalisation
4. Results in persistent or significant disability/incapacity
5. Is a congenital anomaly/birth defect
6. Is an important medical event that may require intervention to

prevent one of the previously listed outcomes.

In this study, all SAEs will be reported regardless of suspected
causality.

2.7.2. Monitoring of potential adverse events
The DSMB will be responsible for overseeing all subjects' safety

and monitoring total mortality and serious adverse events. All
serious adverse events occurring during the trial will be reported to
the trial management committee and respective ethics committees
within 48 h.

3. Discussion

Previous studies differed in the choice of amino acid formula.19

Almost all of them used balanced multiamino acid formulas con-
taining 14 to 18 different amino acids, which mainly contained
essential amino acids andwere similar to the formulawe chose. The
PROTECTION trial used a 15-amino acid formula,3 as we chose the
18-amino acid formula (), both of which were a mixture of essential
amino acids in majority. However, our formula had a higher content
of branched-chain amino acids, which was a continuation of the
selection from the phase II Nephro-Protective trial.4

Previous studies demonstrated that branched-chain amino acids
can enhance mitochondrial biogenesis through the activation of
the mammalian target of the rapamycin (mTOR) pathway,20e22

thereby regulating stress-related metabolic disorders in critically ill
patients.20,23 Moreover, the infusion of amino acids may
increase nephron plasma flow by decreasing afferent arteriolar
resistance,24,25 decreasing tubuloglomerular feedback activation26,27

and increasing cortical nitric oxide synthase activity,28,29 conferring
potential clinical benefits for kidney protection and survival.5,30

The PROTECTION trial, which is the most important multire-
gional clinical trial on amino acid infusion in critically ill patients,
investigated cardiac surgery patients.3 To confirm the potentially
important benefits of providing an early infusion of amino acids to a
broader critically ill population, we designed a Phase III, confir-
matory trial with sufficient power to test the hypothesis that early
intravenous amino acids could result in reduced 90-day mortality.

3.1. Limitations

No placebo or alternative fluid was provided to patients assigned
to the control group; however, follow-up and analyses were con-
ducted in a blinded fashion. Although the absence of a blinded
placebo intervention may introduce bias, a placebo intervention
would have interfered with protein delivery in the standard care
patients. This potential for bias is partially mitigated by objective
outcome recording and successful allocation concealment.31

Ethics and dissemination

Research ethics approval and consent to participate

This study was approved by the ethics committee of the Jinling
Hospital, Nanjing University (2020-NZKY-014-02). Ethics approval of
each participating site is required before initiation of enrolment. This
study is being conducted according to the principles of the Decla-
ration of Helsinki as stated in the current version of Fortaleza, Brazil,
2013, and in accordance with the Medical Research Involving Hu-
man Subjects Act. This study is registered with the Chinese Clinical
Trial Registry with the identifier ChiCTR2100053359 (https://www.
chictr.org.cn/hvshowprojectEN.html?id¼257327&v¼1.7).

Confidentiality issues

Processes, procedures, and technical methods will be imple-
mented to protect information contained in the web-based appli-
cation. Access to data will be provided in a secure and reliable
manner. Safeguards for network and access will protect data in
transit to authorised locations. Data will be monitored to prevent
its unauthorised dissemination.

Data safety is maximised through several different mechanisms:
physical access to computers and servers is electronically pro-
tected; the server is behind a firewall; the server is exclusively
dedicated to database management (i.e. accessible only for re-
searchers). Each participating sites will have access to the data of
their own patients but not to the data of patients from other sites
participating in the ESSENTIAL trial.

All reasonable measures will be taken to protect the confiden-
tiality and identity of the patient and the patient's records ac-
cording to the applicable regulations. All the data stored in the
electronic database are deidentified to guarantee patients' privacy.
Patient identity will not be revealed in any publication.

Potential risks and benefits

Amino acid intake at the dose achieved in this study has been
proved safe in patients without acute kidney injury by the previous
multicentre, Phase II, randomised clinical trial with no adverse ef-
fects or serious adverse effects documented.5 Furthermore, the
dose achieved (2.0 g/kg/day) is currently recommended by many
international nutrition guidelines.5

Dissemination policy

All the primary investigators of the participating ICUs and the
sponsor will have full access to the data after the conclusion of the
study. Anyone whowants to do a post-hoc analysis needs to submit
a formal writing proposal to the writing and publication committee.
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