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ABSTRACT

Introduction Acute Kidney injury (AKI) is one of the most
common organ dysfunction in sepsis, and increases the
risk of unfavourable outcomes. Renal replacement therapy
(RRT) is the predominant treatment for sepsis-associated
AKI (SAKI). However, to date, no prospective randomised
study has adequately addressed whether initiating RRT
earlier will attenuate renal injury and improve the outcome
of sepsis. The objective of the trial is to compare the early
strategy with delayed strategy on the outcomes in patients
with SAKI in the intensive care unit (ICU).

Methods and analysis This is a large-scale, multicentre,
randomised controlled trial about SAKI. In total, 460
patients with sepsis and evidence of AKI stage 2 of

Kidney Disease Improving Global Outcomes (KDIGO) will
be recruited and equally randomised into the early group
and the delay group in a ratio of 1:1. In the early group,
continuous RRT (CRRT) will be started immediately after
randomisation. In the delay group, CRRT will initiated if

at least one of the following criteria was met: stage 3

of KDIGO, severe hyperkalaemia, pulmonary oedema,
blood urea nitrogen level higher than 112 mg/dL after
randomisation. The primary outcome is overall survival in
a 90-day follow-up period (90-day all-cause mortality).
Other end points include 28-day, 60-day and 1-year
mortality, recovery rate of renal function by day 28 and
day 90, ICU and hospital length of stay, the numbers of
CRRT-free days, mechanical ventilation-free days and
vasopressor-free days, the rate of complications potentially
related to CRRT, CRRT-related cost, and concentrations of
inflammatory mediators in serum.

Ethics and dissemination The trial has been approved by
the Clinical Research and Application Institutional Review
Board of the Second Affiliated Hospital of Guangzhou

Strengths and limitations of this study

» The CRTSAKI Study is one of the very few large-
scale, multicentre, prospective, two-arm ran-
domised controlled trials designed to compare early
with delayed initiation of continuous renal replace-
ment therapy (CRRT) on the outcomes in patients
with sepsis-associated acute kidney injury (SAKI) in
the intensive care unit.

» All participants will be enrolled at Kidney Disease
Improving Global Outcomes stage 2 AKI and receive
CRRT within 8hours of randomisation in the early
group.

» Positive results will help clinicians choose the ap-
propriate timing to initiate CRRT and improve out-
comes of SAKI.

» The risk of ‘unnecessary’ CRRT and the rate of com-
plications potentially related to CRRT might increase
in the early group.

» A limitation of the study is its single-blind design,
which would yield bias, although blind evaluation is
adopted to minimise bias.

Medical University (2017-31-ks-01). Participants will be
screened and enrolled from patients in the ICU with SAKI
by clinicians, with no public advertisement for recruitment.
Results will be disseminated in research journals and
through conference presentations.

Trial registration NCT03175328.

INTRODUCTION
As a life-threatening syndrome with organ
dysfunction caused by infection, sepsis
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continues to be a major global concern because of its
increasing incidence and high mortality.' * As far as we
know, sepsis is a leading cause of acute kidney injury
(AKI) in the intensive care unit (ICU). The presence of
AKI significantely increases the mortality of sepsis and is
an independent risk factor for the death of patients with
sepsis. It is reported that the mortality of sepsis-associated
AKI (SAKI) ranges from 30% to 60%.%°

Undoubtedly, renal replacement therapy (RRT) is an
important method for AKI. But the optimal timing of
RRT initiation remains controversial. Several studies
have tried to provide an answer to this dilemma. A meta-
analysis by Karvellas et al’ in 2011 demonstrated that
earlier initiation of RRT may have a significant improve-
ment in 28-day mortality. Several meta-analyses in recent
years®” suggested that while early initiation of RRT
didn’t provide an advantage of improving survival, it was
associated with a significant reduction in hospital length
of stay (LOS). However, the strength of the conclusion
was weakened by the heterogeneous definition of ‘early’
or ‘late’ in these studies. Two high-quality RCTs published
in 2016 also reported contradictory results. The Early
versus Late Initiation of Renal Replacement Therapy
in Citical Il Patients with Acute Kidney Injury (ELAIN)
Study'' showed that early initiation of RRT significantly
reduced 90-day mortality. Here ‘early RRT’ was initiated
at stage 2 of Kidney Disease Improving Global Outcomes
(KDIGO) classification, and ‘delayed RRT’ was initi-
ated at stage 3 of KDIGO classification or if absolute
indications for RRT were present. The Artificial Kidney
Initiation in Kidney Injury (AKIKI) Study'® found no
significant difference in 60-day mortality between an
early and a delayed strategy for the initiation of RRT. In
this study, all patients were required to have KDIGO stage
3 AKI. ‘Early’ meant initiating RRT within 6hours after
randomisation, and ‘delayed’ meant initiating RRT if the
absolute indications for RRT were present or if oliguria
or anuria lasted for more than 72 hours after randomi-
sation. Another large RCT, Standard versus Acceler-
ated Initiation of Renal Replacement Therapy in Acute
Kidney Injury (STARRT-AKI), published in this year, that
included 3019 patients with a twofold increase in serum
creatinine (SCr), demonstrated that an accelerated renal-
replacement strategy was not associated with a lower risk
of death at 90 days than a standard strategy. In this study,
the timing of RRT initiation in the accelerated-strategy
group was comparable to that of the ELAIN Study, while
the timing of RRT initiation in the standard strategy group
was comparable to that of the AKIKI Study." In addition
to differences in population, it is hard to exclude that the
differences in outcomes of these studies are caused by
differences in timing of RRT initiation.

When compared with non-septic AKI, patients with SAKI
are generally sicker, with greater aberrations in haemody-
namics and laboratory parameters, have a higher need for
mechanical ventilation and vasoactive drug therapy, and
have a longer duration of stay in both ICU and hospital.'*'®
The pathophysiology of SAKI is complex and remains only

partially understood. Animal studies revealed that at the
early stage SAKI mainly involves functional changes and
minimal structural kidney lesions.'® In the past, it was
believed that renal hypoperfusion was the major contrib-
utor of SAKI. Recently, our understanding of this topic has
improved. Inflammatory damage was thought to be the
key pathophysiological process. Toll-like receptors recog-
nise pathogen-associated molecular pattern and damage-
associated molecular pattern, trigger inflammation and
tissue injury, induce microvascular thrombus formation,
vascular permeability and interstitial oedema, impair renal
microcirculatory disturbance, cause renal venous conges-
tion, and lower the glomerular filtration rate at last."” ' It
is reported that a correlation was observed between the
concentrations of circulating inflammatory cytokines and
mortality in patients with septic shock.'”™ In an obser-
vational study, Sood et af found that early reversible AKI
was associated with improved survival in sepsis. Therefore,
the hypothesis is that adequate removal of inflamma-
tory mediators from the circulation, avoiding fluid over-
load to reduce renal venous congestion and interstitial
oedema, may provide a potential therapy for this devas-
tating condition. It is demonstrated that early continuous
RRT (CRRT) can stabilise the internal environment and
remove inflammatory mediators.”” Thus, it is believed that
early strategy may control excessive inflammation as early
as possible, thus reducing kidney injury and improving
survival. A systematic review and meta-analysis in 2019 of
five trials,” that included 900 patients with SAKI, suggests
that earlier initiation is not associated with improved
survival. However, the finding should be interpreted with
caution. In fact, three of them suggested that early initi-
ation of CRRT could improve 28-day mortality, but the
sample size was small.**** Among these five studies, one
was a multicentre RCT, Initiation of Dialysis Early versus
Delayed in the Intensive Care Unit (IDEAL-ICU), which
included 488 patients from 29 mixed medical and surgical
ICUs. RRT was initiated within 12 hours following the
diagnosis of Risk, Injury, Failure, Loss and End-stage renal
failure criteria (RIFLE) failure (RIFLE-F) AKI (equivalent
to KDIGO stage 3) in the early group, and 48 hours after
diagnosis of RIFLE-F AKI or if the absolute indications for
RRT were present in the delayed group. No difference was
seen between the two strategies. However, 41 patients (17
%) in the delayed group needed emergency RRT. Of note,
mortality in this subgroup increased significantly (68 %).%’

To the best of our knowledge, only one such large
randomised controlled study focusing on the timing of
RRT in patients with SAKI has been published.”” More
studies are needed to clarify this issue. Moreover, consid-
ering the characteristics of SAKI, the ‘early strategy’ in
the AKIKI Study and the IDEAL-ICU Study may still be
too late. Therefore, we propose another multicentre RCT
to investigate the impact of timing of CRRT initiation on
mortality in patients with SAKI.
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METHODS AND ANALYSIS

Study design, setting and patient population

The Continuous RRT Timing in Sepsis-associated AKI
in ICU (CRTSAKI) Study is a prospective, open-label,
two-arm, multicentre, randomised, controlled study. All
patients admitted to the ICUs of participating centres will
be considered as potential candidates for the study. Once
the patient is diagnosed with SAKI stage 2, he/she should
be screened for eligibility by physicians within 2hours.
When the patient fulfils the criterion of recruitment,
written informed consent (online supplemental file 1)
should be obtained from the patient or a responsible
surrogate before randomisation.

The study will be conducted in 13 ICUs in Guangdong,
China. Patient enrolment, intervention and follow-up are
performed at the Second Affiliated Hospital of Guang-
zhou Medical University, Dongguan People’s Hospital,
Guangdong Provincial People’s Hospital, Guangdong
No.2 Provincial People’s Hospital, Guangzhou Red Cross
Hospital, Huizhou Municipal Central Hospital, Guang-
zhou Panyu Central Hospital, the Sixth Affiliated Hospital
of Guangzhou Medical University (Qingyuan People’s
Hospital), Shenzhen People’s Hospital, Yue Bei People’s
Hospital, People’s Hospital of Yangjiang, Zhongshan City
People’s Hospital and Sun Yat-sen Memorial Hospital in
China. The study is expected to last for 4 years. Recruit-
ment of participants has started in August 2019.

Patient and public involvement

Patients or the public were not involved in the design, or
conduct, or reporting, or dissemination of our research.
The results will be available to the public if necessary.

Inclusion criteria
1. Age between 18 years and 90 years
2. Patients admitted into ICU with sepsis (sepsis—S)1 com-
patible with the diagnosis of AKI at stage 2 of KDIGO
classification
- Sepsis-3: an increase in the Sequential Organ Fail-
ure Assessment (SOFA) Score of 2 points or more
caused by a dysregulated host response to infection
- More than twofold increase of SCr level compared
with the baseline value and/or urine output (UO)
<0.5mL/kg/hour for 12 hours
3. Informed consent provided by the patient or person
with decisional responsibility

Exclusion criteria
1. Presence of one of the emergent CRRT conditions
before randomisation:

- Hyperkalaemia >6.0mmol/L or >5.5mmol/L per-

sisting despite medical treatment
- Acute pulmonary oedema due to fluid overload re-
sponsible for severe hypoxaemia requiring oxygen
flow rate >5L./min to maintain a percutaneous oxy-
gen saturation >95% or a fraction of inspired oxygen
>50% in patients already on invasive or non-invasive
mechanical ventilation and despite diuretic therapy

- Blood urea (BUN)
(40 mmol /L)

2. Pre-existing severe chronic renal failure (estimated

glomerular filtration rate <30 mL/min)

3. Previous RRT

Prior kidney transplant

AKI caused by permanent postrenal obstruction or

surgical lesion of renal vessel

Pregnancy

Hepatorenal syndrome

AIDS

Patient for whom survival to 90 days is unlikely due to

end-stage diseases

10. Patient is moribund with expected death within
24hours

11. Patient included in another interventional clinical
trial

nitrogen >112mg/dL

S

S

Study definitions

Sepsis and septic shock

Sepsis is defined according to the Third International
Consensus Definitions for Sepsis and Septic Shock (Sepsis-
3)" as a life-threatening syndrome with organ dysfunction
caused by infection. For clinical diagnosis, patients can be
identified by an increase in the SOFA Score of 2 points or
more caused by a dysregulated host response to infection.
Septic shock, a subset of sepsis, can be identified by a vaso-
pressor requirement to maintain a mean arterial pressure
of 6bmm Hg or greater and serum lactate greater than
2mmol/L despite resuscitation.

Acute kidney injury

AKIwill be defined and classified according to the KDIGO

classification (table 1). AKI is identified by at least one of

the following:

» An increase in SCr by 20.3mg/dL (26.5 pmol/L)
within 48 hours

» An increase in SCr to >21.5 times baseline within the
previous 7 days

» Urine volume <0.5mL/kg/hour for 6 hours

Recovery of renal function

Recovery of renal function will be classified as complete

recovery, partial recovery or no recovery.

» Complete recovery of renal function will be defined
as SCr elevated <0.5mg/dL (44.2 pmol/L) compared
with the baseline.

» Partial recovery will be defined as SCr elevated
>0.5mg/dL (44.2 pmol/L) compared with the base-
line, but not depending on dialysis.

» No recovery of renal function will be defined as
patients remaining dialysis-dependent at the time of
death or study completion.

Study intervention
The study flow chart is detailed in figure 1.
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Table 1 KDIGO stage criteria for AKI
Stage SCr uo
1 1.5-1.9 times baseline* or <0.5mL/kg/hour for 6-12 hours
>0.3mg/dL (26.5 pmol/L) increase
2 2.0-2.9 times baseline <0.5mL/kg/hour for 212 hours
3 >3 times baseline or >4.0mg/dL (353.6 umol/L) increase <0.3 mL/kg/hour for >24 hours or anuria >12 hours

or initiation of RRT or in patients <18 years a decrease in

eGFR <35mL/min/1.73m?

*If the patient presents with AKI without a reliable baseline SCr on record, baseline SCr can be estimated using the Modification of Diet in

Renal Disease Study equation.*

AKI, acute kidney injury; eGFR, estimated glomerular filtration rate; KDIGO, Kidney Disease Improving Global Outcomes; RRT, renal

replacement therapy; SCr, serum creatinine; UO, urine output.

Early CRRT group

Patients randomised to the early CRRT group will initiate
CRRT as fast as possible. A maximum of 8 hours is allowed
between randomisation and the actual initiation of CRRT.
The initiation and cessation time, and the data of CRRT
are recorded by nurses.

Delayed CRRT group

Patients randomised to the delayed CRRT group will

be observed closely. SCr will be measured at least

once/12hours until renal function recovery or one of the
following criteria is met:

1. AKI develops to stage 3 of KDIGO classification (=3
times baseline SCr level or SCr concentration >4.0 mg/
dL (353.6 pmol/L), and/or UO <0.3 mL/kg/hour for
more than 24 hours or anuria (UO<100mL) for more
than 12 hours).

2. Presence of one of the emergent CRRT conditions af-
ter randomisation:

a. Hyperkalaemia >6.0 mmol/L.

| Critical ill patients (1890 years) with SAKI |

AKI at KDIGO stage 3
AKI at KDIGO stage 1

develop

AKI at KDIGO stage 2

| Randomisation (D0) |

Early CRRT group | | Delayed CRRT group ‘

Initiating CRRT within 8 h if AKI
develops to KDIGO stage 3 or
indications of urgent CRRT are present

Initiating CRRT within 8 h after
randomization

| Follow-up until D90 at least |

Figure 1 Flow chart of the trial. AKI, acute kidney injury;
CRRT, continuous renal replacement therapy; D90, day 90;
KDIGO, Kidney Disease Improving Global Outcomes; SAKI,
sepsis-associated acute kidney injury.

b. Acute pulmonary oedema.

c¢. BUN>112mg/dL (40mmol/L).

CRRT will be initiated when one of the above criteria
is met. A maximum of 8hours is allowed between the
appearance of indication and the actual initiation of
CRRT. If the renal function of patients is recovery in the
delayed group, initiation of CRRT can be avoided. The
indication and time of initiation and cessation, and the
data of CRRT are recorded by nurses.

Modality of CRRT

In order to keep uniformity of therapy between the early
and delayed CRRT groups, identical settings of CRRT
will be used in both groups. All patients undergoing
CRRT will be treated using continuous veno-venous
haemofiltration or continuous veno-venous haemodi-
afiltration. The rate of blood flow is recommended for
100-200 mL/min. The effluent flow will be prescribed
based on the patient’s body weight at the time of rando-
misation and will be 20-25mL/kg/hour. The choice
of vascular access, the strategy of anticoagulation is
left to the investigator’s discretion. Once CRRT is initi-
ated, it is recommended to maintain treatment for at
least 24 hours. The membranes should be replaced at
least every 72 hours. The interval of CRRT interruption
should notexceed 24 hours when the criteria for CRRT
cessation or ‘intermittern’ are not met.

Cessation or alternation of CRRT

‘Intermittent’ CRRT

If UO 2>=500mL/24hours without diuretics or
>1000mL/24 hours with diuretics, the interval of CRRT
interruption is left to the investigator’s discretion.

Cessation of CRRT

CRRT will be discontinued if UO is 21000 mL/24 hours
without diuretics or 22000 mL/24hours with diuretics,
and creatinine clearance is >20 mL/min.

Alternation of CRRT
If cessation criteria are not fulfilled until the patient
leaves the ICU, CRRT can be changed to another RRT
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modality (ie, intermittent haemodialysis, peritoneal dial-
ysis, prolonged intermittent RRT).

Additional treatments

Management of sepsis and septic shock will follow the
international guidelines of the Surviving Sepsis Campaign
2016 and 2018.** * The patient’s primary physicians will
determine the management of other comorbidities. The
dose of all medications will be adjusted for renal function
and CRRT.

Primary objective
The primary study end pointis overall mortality measured
from the date of randomisation (day 0) until death or
day 90. For patients who were discharged alive from ICU,
information on the primary end point will be acquired by
a telephone call.

Secondary and other objectives

The secondary end points include: (1) 28-day, 60-day
and l-year all-cause mortality; (2) Recovery rate of renal
function by day 28 and day 90; (3) ICU and hospital
LOS; (4) The percentage of receipt of CRRT at least
once in the delayed group; (5) The number of days alive
without CRRT, mechanical ventilation and vasopressor
(the numbers of CRRT-free days, mechanical ventilation-
free days and vasopressor-free days, between day 0 and
up to day 90); (6) The SOFA Score at day 0, day 1, day
3, day 7, day 14 and day 28; (7) Impacts on other organ
functions (heart, lung, liver); (8) The rate of complica-
tions potentially related to CRRT, including: (a) Major
bleeding associated with anticoagulants (defined as fatal
bleeding, and/or symptomatic bleeding in a critical area
or organ, such as intracranial, intraspinal, intraocular,
retroperitoneal, intra-articular or pericardial, or intra-
muscular with compartment syndrome, and/or bleeding
causing a fall in haemoglobin level of 20g/L or more,
or leading to transfusion of two or more units of whole
blood or red cells),” (b) Thrombosis of a large venous
axis diagnosed by Doppler ultrasound, (c) Catheter-
related bloodstream infection,” (d) Thrombocytopenia
(<100 x 10° platelets/mmg), (e) Hypothermia (defined as
a core body temperature of less than 35°C or need elec-
tric blanket to keep warm), (f) Haemodynamic instability
due to CRRT and requiring the introduction or increase
of vasopressor, (g) Pulmonary oedema during CRRT, (h)
Hyperkalemia (defined as serum potassium concentra-
tion >6.5mmol/L), (i) Hypokalaemia (defined as serum
potassium concentration <3.0mmol/L), (j) New onset of
serious arrhythmia during CRRT (including atrial fibrilla-
tion, ventricular tachycardia, ventricular fibrillation and
torsades de pointes).

Other end points include: (1) Cost analysis of CRRT;
(2) Duration between randomisation to CRRT initiation;
(3) Duration between appearance of at least one of the
criteria that initiated CRRT in the delayed group and
actual initiation.

Add-on study: (1) New biomarkers of AKI (such as
angiotensinogen, neutrophil gelatinase associated lipo-
calin (NGAL)); (2) Concentrations of inflammatory
mediators in serum will be analysed between two groups
(such as interleukin (IL)-1, IL-6 and tumour necrosis
factor-o. (TNF-a1)).

Sample size

The primary end pointin this study is to compare the effect
of early and delayed CRRT strategy on overall survival at
day 90 in patients with SAKI. Our primary hypothesis is
that the early CRRT strategy might beneficial to patients
with SAKI. According to the IDEAL-ICU Study, the
expected mortality of patients with SAKI in the delayed
group may be estimated around 55%. Considering that
the timing setting of CRRT in this study is similar to the
ELAIN Study, a reduction in mortality of 15% in the early
group (55% mortality in the delayed CRRT group vs 40%
in the early CRRT group) can be expected. Differences
between two groups will be detected with a power of 85%
at a bilateral o risk of 0.05. Considering that in China,
some patients will give up treatment and request discharge
from hospital due to economic reasons or customs, the
rate of non-evaluable cases is expected to be 15% for the
worst. Hence, a total of 460 patients (230 per group) is
required. Power calculations were performed using the
Power Analysis & Sample Size (PASS) V.14.0 software.

Randomisation and blinding

Eligible patients are consecutively randomly assigned to
either the early group or the delayed group in a 1:1 ratio.
This allocation is achieved using a centralised, secure,
computer-generated, web response system accessible
from each study centre. The randomisation is balanced
by blocks of variable and undisclosed sizes, and stratified
according to centre. The block size is 6. The randomisa-
tion day is study day 0. Because this is an interventional
study, blinding is not possible for physicians, nurses and
patients. However, the analysis will be blinded to alloca-
tion of groups.

Data collection and follow-up

Each investigator from the 13 participating ICUs was
trained for the protocol, the electronic random system
and data collection in the electronic Case Record Form
(eCRF) before trial initiation. The electronic random
system and eCRF are developed by Guangzhou Baofeng
Pharmaceutical Technology, managed and closed by
the clinical research centre of the Second Affiliated
Hospital of Guangzhou Medical University (China). It is
a centralised, secure, web response system accessible from
each study centre.

The flow chart of patient follow-up is shown in table 2.
Potential exposure to nephrotoxic agents used nearly 1
week before inclusion (ie, contrast agent, aminoglycoside
antibiotics, tacrolimus, amphotericin B, hydroxyethyl
starch or vancomycin) and demographic data will be
collected. Detailed data including reasons for ICU
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Table 2 Flow chart of patient follow-up

Screening Day 0 inclusion  Study period Death/D90
Baseline information
Demographic data and history V N
Inclusion and exclusion criteria \
Written informed consent \
Vital signs \
APCHEII/SOFA \ VD1, 3,7, 14, 28
Efficacy observation
Mechanical ventilation \ N
Treatment with vesopressor \ N,
CRRT initiation and application N \J
UO and diuretic application \ \
Renal function recovery VD28 Vv
UCG and ECG D1, D14
Laboratory tests \ N \JD1,3,7,14
Biomarkers and inflammatory factors \ VD1, 3,7
Safety observation
Complications of CRRT \ \
Adverse event v Vv
Additional observation
Total cost of CRRT \
ICU and hospital LOS \
Alive or dead status /D28, 60 V

APCHEII, Acute Physiology and Chronic Health Evaluation Il; CRRT, continuous renal replacement therapy; D90, day 90; LOS, length of stay;
SOFA, Sequential Organ Failure Assessment; UCG, ultrasonic cardiogram; UO, urine output.

admission, cause of SAKI, Acute Physiology and Chronic
Health Evaluation II Score, and dates of hospital and ICU
admission will be recorded. Details of mechanical ventila-
tion, vasopressor, CRRT, diuretics, UO, and fluid balance
will be documented daily. SOFA scores will be evaluated
at baseline, day 1, day 3, day 7, day 14, day 28. Blood will
be collected at baseline, day 1, day 3, day 7 and day 14.
Results of laboratory tests including white blood cell
count and differentials in peripheral circulation, serum
electrolyte levels, serum glucose level, urea and creati-
nine concentration, liver and myocardial enzyme concen-
trations, arterial blood gas analysis, procalcitonin and
lactate will be recorded. Biomarkers of AKI (ie, angioten-
sinogen and NGAL) and inflammatory factors [ie, IL-10,
IL-6, TNF-0., C-reactive protein (CRP)] are planned to be
tested at day 0, day 1, day 3 and day 7.

During CRRT intervention, details of initiation,
cessation, setting parameters and complications will
be collected. Scr and UO will be monitored daily to
ensure whether criteria for CRRT discontinuation
is present. All recruited patients will be followed to
determine adverse events, renal function recovery and
mortality until death or at 28, 60, 90 days and 1year
after randomisation.

Statistical analysis

Data will be double checked by the clinical research team,
and the database is managed and closed by the clinical
research centre of the Second Affiliated Hospital of
Guangzhou Medical University (China).

For each group, quantitative variables with normal
distribution will be described as mean and SD. Quanti-
tative variables with skewed distribution will be described
as median (M) and IQR (25th centile to 75th centile).
Qualitative variables will be described as frequency and
percentage.

The primary end point (all-cause mortality at 90 days)
will be performed according to the intent-to-treat prin-
ciple. This data set includes all trial subjects enrolled into
the trial and randomised. Additional sensitivity analyses
will be performed according to the per-protocol prin-
ciple. This data set includes all trial subjects who were
treated according to protocol and reached a defined
end point in the trial. The main comparison of all-cause
90 days mortality between two treatment groups will be
performed using the %* test, with secondary analysis by
the Kaplan-Meier method and log-rank test. Analyses
were performed at a two-sided alpha level of 5%.

Chen W, et al. BMJ Open 2021;11:¢040718. doi:10.1136/bmjopen-2020-040718



Safety will be analysed by the frequency of complica-
tions related to CRRT in both the treatment groups and
by comparing rates using x* or Fisher’s exact tests, with an
o risk set at 0.05.

Statistical analyses of the prespecified secondary end
points will be performed with descriptive and inductive
statistical methods. Categorical variables will be compared
using the %” or Fisher’s exact tests, as appropriate. Contin-
uous variables will be compared using Student’s ttest or
the Mann-Whitney test, as appropriate.

The primary efficacy analysis provides confirmative
evidence. Further analyses will be regarded explorative
(hypothesis generating) and will be interpreted accord-
ingly. All point estimates of parameters of interest will be
supplemented by 95% CIs. Type I error enhancement
due to multiple significance testing will be accounted for
if applicable.

Statistical analyses will be performed according to the
principles of the International Conference on Harmoni-
sation (ICH)-guideline E9 ‘Statistical Principles for Clin-
ical Trials’ using SAS V.9.4, or R software V.3.6.3 or later.

ETHICS AND DISSEMINATION

The study protocol has been approved by the Clinical
Research and Application Institutional Review Board of
the Second Affiliated Hospital of Guangzhou Medical
University (V.2.0, registration number: 2017-31-ks-01;
date of approval: 29 October 2018). Participants will be
screened and enrolled from patients in the ICU with
SAKI by clinicians, with no public advertisement for
recruitment. When the patient fulfils the criterion of
recruitment, written informed consent (online supple-
mental file 1) should be obtained from the patient or a
responsible surrogate before randomisation. All informa-
tion from the participants will be kept private and will not
be provided to any company or institution. Results will
be disseminated in research journals and through confer-
ence presentations.

DISCUSSION

Sepsis is the leading cause of AKI in the ICU, which
often manifests as part of the multiple organ dysfunc-
tion syndrome. AKI is an independent contributor to
mortality in sepsis. Early reversible AKI was associated
with improved survival.” It is reported that there is no
acute tubular necrosis and only intracellular and meta-
bolic modifications are observed in the early phases of
SAKL'® Therefore, it is supposed that an early strategy
which can reduce kidney injury may benefit to improve
survival.

Unfortunately, there are currently no pharmacological
treatments available to SAKI therapy. CRRT is consid-
ered to be the most effective therapy to SAKI when the
renal function becomes insufficient to maintain internal
environmental stability. However, when to start CRRT
remains a particularly challenging question during

SAKI in critically ill patients. In 2018, the IDEAL-ICU
Study showed no difference between the two strategies.
However, 41 patients (17 %) in the delayed group needed
emergency RRT and had higher mortality.”” On the one
hand, Barbar et af* thought it is unacceptable to expose
30% of patients to the potential risks of an extracorporeal
support technique if they did not actually need it. On the
other hand, others argued that although there may be a
risk of ‘unnecessary’ RRT, there could be an even greater
risk associated with not providing it. To the best of our
knowledge, only one such large randomised controlled
study focusing on timing of RRT in patients with SAKI
has been published. Therefore, more studies are needed
to clarify this issue.

Looking at the previous studies on the timing of RRT in
AKI, the conclusions were different, and the definitions of
‘early’ or ‘late’ were different. In the ELAIN Study,'' ‘early
RRT’ was initiated at stage 2 of the KDIGO classification.
In the AKIKI Study,'? all patients were required to have
KDIGO stage 3 AKI. ‘Early’ meant initiating RRT within
6hours after randomisation. In the IDEAL-ICU Study,
‘early’ meant initiating RRT within 12 hours following
the diagnosis of RIFLE-F AKI (equivalent to KDIGO stage
3). Considering that the patients with SAKI are generally
sicker than the patients without SAKI, the ‘early strategy’
in the AKIKI Study and the IDEAL-ICU Study may still
be too late. It might be preferable to initiate RRT at an
earlier stage which was similar to that in the ELAIN Study.
Therefore, we chose all patients with KDIGO stage 2 AKI.
CRRT was initiated within 8hours of randomisation in
the early group, and 8 hours after development of AKI to
stage 3 of KDIGO classification or presence of one of the
emergent CRRT conditions after randomisation.

We hypothesise that initiating CRRT early enough
may attenuate renal injury from systemic inflammation,
acidaemia, uraemia and fluid overload in patients with
sepsis. If this study confirms our hypothesis, it may help
to improve mortality for patients with SAKI. Negative
results will also encourage us to pay deeper attention to
details underlining insightful information: is there a way
to better predict which patients are likely to require RRT
and which patients have a high likelihood of spontaneous
recovery?
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