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Abstract

Background

The optimal timing for initiating renal replacement therapy (RRT) in patients with acute kid-
ney injury (AKI) remains controversial.

Methods

We conducted a meta-analysis with trial sequential analysis (TSA) of randomized controlled
trials (RCTs) using PUBMED, Cochrane Library databases, and Web of Science (from Jan-
uary 1, 1985, to August 21, 2016). Adult patients with AKI who received RRT with different
timing were included. The primary outcome was mortality. The secondary outcomes were
intensive care unit (ICU) length of stay (LOS) and hospital LOS.

Results

We included 9 RCTs with a total of 1636 participants. No differences between the early RRT
group and the late RRT group were found with respect to mortality (38% vs 41.4%; relative
risk, 0.93; 95% confidence interval [Cl], 0.74—1.18). However, TSA showed that the cumula-
tive Z-curve did not cross either the conventional boundary for benefit or the trial sequential
monitoring boundary, indicating insufficient evidence. Similarity, there were no findings of
benefits in terms of reduction in the ICU LOS (standard difference in the means, —0.32 days;
95% ClI, —0.71 to 0.07 days) and hospital LOS (standard difference in the means, —1.11
days; 95% Cl, -2.28 to 0.06 days). Meanwhile, the results of TSA did not confirm this
conclusion.
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Conclusions

Although conventional meta-analysis showed that early initiation of RRT in patients with AKI
was not associated with decreased mortality, ICU LOS and hospital LOS, TSA indicated
that the data were far too sparse to make any conclusions. Therefore, well-designed, large
RCTs are needed.

Introduction

Acute kidney injury (AKI) is a life-threatening condition in critically ill patients and has a high
incidence of morbidity and mortality [1-3]. Although, in recent decades, numerous strategies,
including fluid therapy, diuretic treatment, and titration of vasopressors, have been developed
to reduce fatal events and improve clinical outcomes, therapies to reverse the natural course of
AKT are limited, and protocol-based supportive care is still the cornerstone of treatment [4].

Renal replacement therapy (RRT) helps to remove fluid overload and waste products until
the preserved kidney function is restored. Numerous cohort studies have suggested that early
initiation of RRT can quickly correct internal environment disorders, such as refractory fluid
overload, hyperkalemia, and severe metabolic acidosis (pH <7.1) and have associated early
RRT with improved clinical outcomes [5-11]. In addition, meta-analyses based on these data
also provided evidence to support early RRT in AKI [12,13].

However, the first randomized clinical trial (RCT) [14] of the early RRT, published in 2002,
led to the disappointing conclusion that survival at 28 days and recovery of renal function
were not improved with the use of early RRT in critically ill patients. Meanwhile, subsequent
smaller RCTs also suggested that early application of RRT is deleterious in patients with septic
shock [15] and cardiac surgery [16]. Therefore, it remains controversial whether early RRT
can reduce the mortality of patients with AKI more than late RRT.

Two recent RCTs (AKIKI and ELAIN) reported conflicting results in relation to survival
outcomes using early versus late RRT in AKI [17,18]. These trials were both rigorously
designed and contributed to the largest samples to date, therefore increasing the uncertainty
and controversy regarding when to initiate RRT in AKI [4,19,20]. Thus to assess the most
recent available evidence, we performed a meta-analysis to compare the effect of early RRT
versus late RRT in patients with AKI. We further applied trial sequential analysis (TSA) to
determine whether the currently available evidence was sufficient and conclusive.

Methods
Search strategy and selection criteria

A systematic search of studies published between January 1, 1985, and Aug 21, 2016, was con-
ducted using PUBMED, Cochrane Library databases, and Web of Science. Studies were identi-
fied that evaluated mortality outcomes and compared early versus late initiation of RRT in
patients with AKI. The search terms used were acute kidney injury, renal replacement therapy,
time of initiation, and critical illness (S1 Table). Pertinent trials were also sought at clinical-
trials.gov.

The references of original and review articles were also cross-checked. Study selection was
performed by 2 of us independently (YMF and RG), with disagreements resolved by consensus
among all authors. Citations were first reviewed at the title and abstract level. Full texts of all
short-listed studies were then retrieved.
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The present meta-analysis was performed according to the recommendations of the
Cochrane Handbook for Systematic Reviews of Interventions [21] and was also done in com-
pliance with PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses
statement) guidelines [22] (S2 Table). This systematic review was not registered, and a protocol
does not exist. The search was limited to human subjects, and no language restrictions were
applied.

The inclusion criteria were as follows: (1) study design: RCTs; (2) comparison: the effect of
early versus late initiation of RRT in patients with AKI; and (3) population: critically ill adult
patients (>18 years old). Exclusion criteria were as follows: (1) studies that included patients
with preexisting chronic kidney disease or previous RRT; (2) data from the published results
that could not be extracted and analyzed; and (3) studies that included pregnant patients.

Reference lists from the identified trials and review articles were then manually scanned to
identify any additional relevant studies. The updated literature search, data extraction, and
quality assessment were done independently by two authors (YMF and RG) using a standard-
ized approach.

Data extraction and quality assessment

Two investigators (YMF and RG) independently performed the study selection. Disagree-
ments between the two investigators were resolved by a third party (YY). A standard form was
used to collect data from each study. The form included first author, year of publication, study
design, country, patient type, total number of patients, early RRT criteria and primary out-
come. The primary outcome was mortality at latest follow-up, including mortality at 28, 60,
and 90 days in accordance with the results from the primary authors. Secondary outcomes
included intensive care unit (ICU) length of stay (LOS) and hospital LOS. Two investigators
(YMF and RG) extracted the data independently.

The definition used for early initiation of RRT was consistent with the criteria used by the
original authors in their respective studies. Early RRT was defined based on biochemical mark-
ers from the RIFLE classifications (risk, injury, failure, loss of function, and end-stage kidney
disease), the Acute Kidney Injury Network (AKIN) stages, or time-based cutoffs (e.g., within a
defined time from ICU admission or development of a biochemical “start time”).

The quality of the included studies was assessed with standard criteria: random sequence
generation, allocation concealment, blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective reporting and other biases. When data
were missing or incomplete, the original authors were contacted by written correspondence
for clarification, and any relevant information obtained was included in the review.

Grading the quality of the evidence

The quality of evidence for primary and secondary outcomes of this meta-analysis was evalu-
ated independently by two reviewers (FZ and RG) according to the GRADE methodology for
risk of bias, inconsistency, indirectness, imprecision, and publication bias; and classified as
very low, low, moderate, or high. Summary tables were constructed using the GRADE Profiler
(GRADEpro, version 3.6.1) [23].

Statistical analysis

We calculated relative risks (RRs) with 95% confidence intervals (CIs) for dichotomous out-
comes and mean differences with 95% CIs for continuous outcomes. Heterogeneity across
studies was quantified using the I” statistic; 25% <I°<50% indicated low heterogeneity, 50%<
FP<75% indicated moderate heterogeneity, and I°>>75% indicated high heterogeneity. A

PLOS ONE | https://doi.org/10.1371/journal.pone.0174158 March 22,2017 3/15


https://doi.org/10.1371/journal.pone.0174158

@° PLOS | ONE

Where is the truth?

random-effect model was used to analyze the results of trials with significant heterogeneity,
and a sensitivity analysis was performed to test the robustness of results. Subgroup analysis
was conducted to investigate potential sources of between-study heterogeneity. Publication
bias was assessed using the Begg and Egger tests. A P value less than 0.05 was considered to
indicate a statistically significant difference. All statistical analyses were performed using com-
mercially available software, including Stata version 13.0 (StataCorp LP), TSA version 0.9
(Copenhagen Trial Unit) and RevMan 5.3 (Cochran IMS).

Trial sequential analysis

Random errors are widely distributed in individual studies, such that repeated tests for signifi-
cance using traditional meta-analysis may increase the risk of type I errors when sparse and
accumulated data are analyzed. Therefore, it is wise to accept a tentative conclusion based on
current trials, because it may be reversed by type I errors when subsequent trials are taken into
account. TSA is a method that solves this important issue by adapting the monitoring bound-
aries to evaluate the accumulated evidence [24] and calculating the estimated information size
to guide protocols in subsequent trials [25,26]. Basically, TSA recognizes a conclusion from
conventional meta-analysis with 1 of the following 4 outcomes: (1) If the cumulative Z-curve
exceeds the estimated information size and crosses the trial sequential monitoring boundary,
the conclusion is sufficient and no more trials are needed; (2) if the cumulative Z-curve crosses
the traditional monitoring boundary but does not cross the trial sequential monitoring bound-
ary or exceed the estimated information size, the current conclusion may be a false-positive
result and more trials should be included to clarify this issue; (3) if the cumulative Z-curve
does not cross the traditional monitoring boundary and the trial sequential monitoring
boundary, the conclusion may be a false-negative finding and more trials should be included
to prove this issue; or (4) if the cumulative Z-curve exceeds the estimated information size but
does not cross the traditional monitoring boundary, the negative conclusion is sufficient and
there are no significant differences between the intervention group and the control group. In
this study, we calculated the diversity-adjusted estimated information size using o = 0.05 (two-
sided) and B = 0.20 (power 80%), with an anticipated 18% reduction in RR of mortality and an
anticipated estimated -1.4 days mean difference in ICU LOS and -6.44 days estimated mean
difference in hospital LOS.

Results
Study selection

The PRISMA statement flowchart shown in Fig 1 details the process of literature screening,
study selection, and reasons for exclusion. The systematic search identified 2347 relevant refer-
ences. After screening titles and abstracts, we excluded 2251 articles due to irrelevance to the
topic or because they did not meet the inclusion criteria. Full texts of the 96 remaining articles
were retrieved for formal review. After assessment of the full texts, 88 articles were excluded.
After we reviewed the original articles and additional references, 9 RCT's [14-18,27-30] were
included to compare the effect of early versus late RRT in patients with AKI, resulting in a
total of 1636 patients in both trial arms (early RRT, n = 827; late RRT, n = 809). The two
authors had no disagreements regarding study selection.

Patient characteristics and demographic data are summarized in Table 1. All trials consis-
tently included patients with AKI who required RRT and reported mortality as the primary
outcome. However, the follow-up periods varied: five trials assessed mortality within 1 month
[14-16,27,29], three trials assessed mortality at more than 2 months [17,18,30], and one trial
used in-hospital mortality as a benchmark [28]. Only six of the included trials reported ICU
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Fig 1. Study selection of RCTs for the meta-analysis.

https://doi.org/10.1371/journal.pone.0174158.9001

LOS and hospital LOS [14,16-18,27,30]. These trials were published between 2002 and 2016.
Among these trials, four were conducted in Europe [14,15,17,18], three in Asia [27-29], and
two in North America [16,30]. Five trials were multicenter studies [14-17,30]. The mean age
of the patients ranged from 42 to 70 years. Severity of illness at baseline was objectively defined
by eight trials using internationally recognized scoring systems [14-18,28-30].

The sample sizes in these trials varied considerably. Six trials [14,16-18,28,30] included more
than 100 patients. Types of RRT also varied: three trials [14-16] applied hemofiltration, three
trials [27-29] applied hemodialysis, two trials [17,30] applied a combined technique and one
[18] applied hemodiafiltration. For the early RRT group, six trials [14-18,30] used time cut-off
value as early criteria, and three [27-29] used biochemical criteria. Patients who were pregnant;
who had chronic renal failure, received dialysis therapy before evaluation, or hepatorenal syn-
drome; or who were younger than 18 years old had been excluded from most of the trials.

Quality of studies

Details of the tool used to assess the risk of bias are shown in Fig 2A. Owing to the nature of
the interventions, it was impossible for the medical staff to perform the studies blinded. There-
fore, the GRADE Working Group grades of evidence were low for the primary outcome, and
very low for the secondary outcomes of ICU LOS and hospital LOS. This was mainly due to
the risk of bias and the moderate to high heterogeneity within studies. Full GRADE profiles
for the included evidence can be found in S3 Table.
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Table 1. Characteristics of studies included in the meta-analysis.

Study |Year | Study Country Patient Type RRT Patients Early RRT Criteria Primary
Design Type Num Outcome
Bouman | 2002 | 1.RCT | Netherlands Ventilated CVVH 106 1. TIME 1.28d
2. Two- severely ill 2. Time from randomization < 12h Mortality:
center patients negative
study 2.EHV:9/35
(26%) died
3. ELV: 11/35
(31%) died
4.LLV:9/36
(25%) died
5.p=0.8
Durmaz |2003| 1.RCT Turkey Cardiac surgery | CVVHD 44 1. BIOCHEM 1. Hospital
2. Single- 2. Crrise >10% from pre-op level within 48hrs of | mortality:
center surgery positive
study 2. Early 1/21
(4.8%) died
3. Late 7/23
(30.4%) died
4.p=0.048
Sugahara | 2004 | 1.RCT Japan Cardiac surgery | CVVHD 28 1. BIOCHEM 1.14d
2. Single- 2. When hourly urinary output became less than | Mortality:
center 30 mL/hr for three consecutive hours (or daily positive
study urinary output was approximately 750 mL or less) | 2. Early 2/14
(14%) died
3. Late 12/14
(86%) died
4. p<0.01
Payen 2009, 1.RCT France Severe sepsisor | CVVH 76 1. TIME 1.14d
2. Multi- septic shock 2. Protocolized RRT x 96hrs w/diagnosis of Mortality:
center ‘sepsis’. negative
study 2. Early 20/37
(54%) died
3. Late 17/37
(44%) died
4.p=0.49
Jamale |2010| 1.RCT India AKI IHD 208 1. BIOCHEM 1. Hospital
2. Single- 2. When serum urea nitrogen and/or creatinine mortality:
center levels increased to 70 and 7 mg/dL negative
study 2. Early 21/
102 (20.5%)
died
3. Late 13/106
(12%) died
4.p=0.2
Combes |2015| 1.RCT USA Cardiac surgery Mix 224 1. TIME 1.30d
2. Multi- 2. RRT initiated <24hrs and continued for min of | Mortality:
center 48hrs negative
study 2. Early 40/
112 (36%)
died
3. Late 40/112
(36%) died
4.p=1.0
Wald |2015| 1.RCT Canada Critically ill Mix 100 1. TIME 1.90d
2. Multi- patients with 2. Time from randomization < 12h Mortality:
center severe AKI negative
study 2. Early 16/48
(33%) died
3. Late 19/52
(37%) died
4.p=0.74
(Continued)
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Table 1. (Continued)

Study |Year | Study Country Patient Type RRT Patients Early RRT Criteria Primary
Design Type Num Outcome
Gaudry |2016| 1.RCT France Critically ill Mix 619 1. TIME 1.60d
2. Multi- patients with 2. <6 hours after diagnosis of stage 3 AKI Mortality:
center KIDGO 3 AKI (KDIGO) negative
study 2. Early 150/
311 (48%)
died
3. Late 153/
308 (50%)
died
4.p=0.79
Zarbock |2016| 1.RCT German Critically ill CVVHDF 231 1. TIME 1.90d
2. Single- patients with 2. <8 hours after diagnosis of stage 2 AKI Mortality:
center KIDGO 2 AKI (KDIGO) positive
study 2. Early 44/
112 (40%)
died
3. Late 65/119
(55%) died
4.p=0.03

AKI, Acute kidey injury; KIDGO, Kidney Disease: Improving Global Outcomes; CVVH, Continuous veno-venous hemofiltration; CVVHD, Continuous veno-
venous hemodialysis; IHD, intermittent haemodialysis; CVVHDF, Continuous veno-venous hemodiafiltration; EHV, Early high volume; ELV, Early low
volume; LLV, Late low volume.

https://doi.org/10.1371/journal.pone.0174158.t001

Primary outcome

The main endpoint of mortality was defined in each individual trials, and all trials reported on
patient mortality. If mortality was assessed at several time points in a study, we used data from
the latest follow-up time for overall assessment of mortality. Overall mortality in these trials
was 39.7% (649/1636). In the early RRT group, 38.0% (314/827) of patients died; in the late
RRT group, 41.4% (335/809) of patients died. There was no significant difference in mortality
between the early RRT and late RRT group (RR 0.93; 95% CI 0.74 to 1.18; P = 0.57), and mod-
erate heterogeneity was found (tau® = 0.06, chi® = 18.53, degrees of freedom [df] = 8, P = 0.02,
I* = 57%; Fig 2A). To evaluate the contribution of each individual study to the moderate het-
erogeneity, sensitivity analysis with consecutive exclusion of one trial each time was per-
formed. However, the meta-analyses performed after the exclusion of individual trials showed
no significant effect on the pooled estimate and 95% CI (Fig 2B). Meanwhile, because of the
moderate heterogeneity, the random-effect model of the DerSimonian-Laird (DL) and Sidik-
Jonkman (S]) methods was used for TSA. The results showed that the cumulative Z-curve
crossed neither the traditional boundary nor the trial sequential monitoring boundary (Fig
2C), indicating insufficient power to draw a definitive conclusion.

Secondary outcomes

The secondary outcomes were ICU LOS and hospital LOS. Six of nine RCT's reported ICU
LOS and hospital LOS [14,16-18,27,30]. Only one of these studies reported a significant
decrease in ICU LOS and hospital LOS following early RRT [27]. Meta-analysis showed that
there was no significant decrease in ICU LOS in patients receiving early RRT, with a standard
difference in the means of —0.32 (95% CI -0.71 to 0.07, p<<0.00001) using a random-effects
model and high heterogeneity (tau® = 0.21, chi® = 51.72, df = 5, p<0.00001, I = 90%; Fig 3A).
To evaluate the contribution of each study to the high heterogeneity, sensitivity analysis with
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A Early RRT Late RRT Risk Ratio Risk Ratio Risk of Bias
T e Vi T Events Total i M-H, R: m, 95% CI Year M-H. Rai

Bouman 2002 20 70 9 36 8.0% 1.14 [0.58, 2.25] 2002
Durmaz 2003 1 21 7 23 1.3% 0.16[0.02, 1.17] 2003
Sugahara 2004 2 14 12 14 2.8% 0.17 [0.05, 0.61] 2004
Payen 2009 20 37 17 39 124% 1.24[0.78, 1.97] 2009 7
Jamale 2013 21 102 13 106 8.7% 1.68(0.89, 3.17] 2013 T
Wald 2015 16 48 19 52 10.7% 0.91[0.53, 1.56] 2015 _"
Combes 2015 40 112 40 112 158% 1.00 [0.70, 1.42] 2015 1
Zarbock 2016 44 112 65 119 18.2% 0.72[0.54, 0.95] 2016 ]
Gaudry 2016 150 311 153 308 222% 0.97 [0.83, 1.14] 2016 "
Total (95% ClI) 827 809 100.0% 0.93 [0.74, 1.18] 4
Total events 314 335
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Fig 2. A. Forest plot of mortality in patients with AKI regarding early versus late initiating of RRT. Assessment
for risk of bias. green = low risk of bias; yellow = uncertain risk of bias; red = high risk of bias. B. Sensitivity
analysis of primary outcome of mortality. Single trial was excluded each time, however, pooled estimate and
95% ClI had no significant changes. C. TSA on mortality in patients with AKI receiving early versus late
initiating of RRT, which showed that the cumulative Z-curve did not cross either the conventional boundary for
benefit or the trial sequential monitoring boundary for benefit. Therefore, it established insufficient and
inconclusive evidence. The estimated required information size of 5185 patients was calculated using a =
0.05 (two-sided) and, B = 0.20 (power 80%), an anticipated relative risk reduction of 18%, and an event
proportion of 41.4% in the late RRT group.

https://doi.org/10.1371/journal.pone.0174158.9002

consecutive exclusion of single trials was performed. The results of the study conducted by
Gaudry et al. [17] were completely out of range of the other results and probably contributed
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Wald 2015 11 5.38 48 135 6 52 16.2% -0.43 [-0.83, -0.04] L
Gaudry 2016 9.62 417 311 952 419 308 18.8% 0.02[-0.13, 0.18] ™
Zarbock 2016 19 333 112 22 4 119 17.8% -0.81[-1.08, -0.54] *
Total (95% Cl) 674 650 100.0%  -0.32[-0.71,0.07) -
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Fig 3. A. Forest plot of ICU LOS in patients with AKI regarding early versus late initiating of RRT. B.
Sensitivity analysis of secondary outcome of ICU LOS. C. TSA on ICU LOS in patients with AKI receiving
early versus late initiating of RRT, which showed that the cumulative Z-curve crossed the conventional
boundary for benefit but did not cross the trial sequential monitoring boundary for benefit. Therefore, it
established insufficient and inconclusive evidence. The estimated required information size of 6596 patients
was calculated using a = 0.05 (two-sided) and 8 = 0.20 (power 80%), an anticipated estimated mean
difference reduction of —1.4, and a heterogeneity correction of 92% in the late RRT group.

https://doi.org/10.1371/journal.pone.0174158.g003

to the heterogeneity, indicating a lack of reliability in our conclusions (Fig 3B). For TSA using
o = 0.05 (two sided) and B = 80% with an estimated mean difference = —1.4, variance = 32.95,
and heterogeneity correction = 92%, the Z-curve crossed the conventional boundary but did
not reach the trial sequential monitoring boundary or TSA information size (Fig 3C).

Forest plots showed that there was no significant decrease in hospital LOS in patients
receiving early RRT, with a standard difference in the means of -1.11 (95% CI, —2.28 to 0.06,
p<0.00001) using a random-effects model, as well as high heterogeneity (tau” = 2.08, chi® =
372.25,df = 5, I = 99%; Fig 4A). To evaluate the contribution of individual studies to the high
heterogeneity, sensitivity analysis with consecutive exclusion of individual trials was per-
formed. The results of the studies conducted by Combes et al [16] and Zarbock et al [18] were
completely out of range of the other results and probably contributed to the heterogeneity,
indicating a lack of reliability in our conclusions (Fig 4B). For TSA using o = 0.05 (two-sided)
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Fig 4. A. Forest plot of hospital LOS in patients with AKI regarding early versus late initiating of RRT. B.
Sensitivity analysis of secondary outcome of hospital LOS. C. TSA on hospital LOS in patients with AKI
receiving early versus late initiating of RRT, which showed that the cumulative Z-curve crossed the
conventional boundary for benefit but did not cross the trial sequential monitoring boundary for benefit.
Therefore, it established insufficient and inconclusive evidence. The estimated required information size of
2874 patients was calculated using a = 0.05 (two-sided) and 3 = 0.20 (power 80%), an anticipated estimated
mean difference reduction of —6.44, and a heterogeneity correction of 96% in the late RRT group.

https://doi.org/10.1371/journal.pone.0174158.g004

and B = 80% with estimated mean difference = —6.44, variance = 151.87, and heterogeneity
correction = 96%, the Z-curve crossed the conventional boundary but did not reach the trial
sequential monitoring boundary and TSA information size (Fig 4C).

Publication bias

We assessed potential publication bias for the primary outcome of mortality (P = 0.52 for the
Begg test, P = 0.473 for the Egger test) and the secondary outcomes of ICU LOS (P = 0.75 for
the Begg test, P = 0.063 for the Egger test) and hospital LOS (P = 0.754 for the Begg test,

P =0.547 for the Egger test). No potential publication bias was observed among the included
trials (see S1 Fig).
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Discussion

RRT represents a cornerstone in the management of life-threatening AKI. Several aspects of
RRT are now well established, but others remain controversial, especially the optimal timing
to initiate RRT. To date, there has been clear consensus that timely RRT is required in life-
threatening conditions, such as severe hyperkalemia, marked metabolic acidosis, and/or fluid
overload; however, in most critically ill patients with AKI, the decision to initiate RRT is not
done mainly on account of overtly life-threatening conditions [31]. Consequently, there are
large variations in the timing of RRT initiation in these populations, influencing clinical out-
comes. Our meta-analysis, based on the traditional method, provided two conclusions. First,
early RRT was not associated with improved clinical outcomes (i.e., reductions in mortality),
although this finding should be interpreted with caution, because TSA suggested this evidence
may represent a false-negative result. Second, meanwhile, there were no findings to support
the idea that early RRT will shorten the ICU LOS and hospital LOS. TSA indicated that the evi-
dence was insufficient and inconclusive.

Relation to other reviews and implication for future research

Because high-quality RCTs are limited, much of the current evidence is derived from observa-
tional studies or meta-analyses [12,13,32]. Liu [33] included 9 retrospective cohort studies and
2 RCTs (841 patients). This meta-analysis showed that early initiation of RRT in patients with
AKI after cardiac surgery resulted in lower mortality at 28 days (OR = 0.29, 95% CI, 0.16-0.52,
P<0.0001, I* = 56%) and shorter ICU LOS (3.9 [1.5-6.3] days, P<0.0001, I* =99%). Although
the majority of these clinical data appear to support the view that early RRT reduces mortality
in patients with AKI, these observational data may suffer from a number of potential methodo-
logical limitations, leading to biased results [33].

In addition, our meta-analysis included 9 RCTs with a total of 1636 participants. Hence, we
had more sample size as well as updated trials and a higher level of evidence coming from
RCTs. Thus, evidence based on our conclusions should have more strength to demonstrate
this issue. More importantly, we further performed TSA to assess the robustness of these out-
comes which indicated that there was no conclusive evidence to support or oppose the early
initiation of RRT in patients with AKI. It is, therefore, encouraging high-quality RCTs to find
the truth.

Wierstra et al [34] synthesized the largest pool of clinical data to date (7 RCTs, 10 prospec-
tive cohorts, and 19 retrospective cohorts) and concluded that early initiation of RRT in critical
illness complicated by AKI did not improve patient survival or reduce ICU or hospital LOS.
Although our findings also did not observe significant benefits associated with early initiation
of RRT in patients with AKI, our conclusions were based on RCTs only. Because observational
studies make no intervention and patients are allocated treatment based on clinical decisions,
selection bias may exist, thereby overestimating the benefits of early RRT. Our evidence mini-
mizes this source of bias and may thus be considered more reliable.

In addition, we included 2 more recently published high-quality clinical trials (the ELAIN
and AKIKI trials) than Wierstra et al [34]. Although the number of RCTs increased by only 2
clinical trials, the total number of patients involved doubled, from 786 to 1636. Therefore, our
analysis may provide stronger conclusions on this issue.

Although a recent meta-analysis of RCTs [35] included the ELAIN and AKIKI trials (6
RCT's with 1257 patients) and made conclusions similar to ours, their search strategy was
incomplete. Also, our meta-analysis included 3 additional trials, for a total of 1636 participants
(9 RCTs). Furthermore, because the available RCT's had small sample sizes (only 1 trial [17]
included more than 300 patients) and the number of RCTs was insufficient (fewer than 10
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RCTs), there was no additional ability to determine the risk of random errors due to repeated
testing of the accumulated data in the current conclusive meta-analysis. To our knowledge,
this is the first study to investigate this effect using TSA method. Although our meta-analysis
involved more data and thus should have conclusions with greater power, TSA showed that
the optimal timing of initiating RRT remains unclear. More RCTs should be performed to fur-
ther clarify this issue.

Fortunately, there are two ongoing RCTs that should provide additional information
regarding the optimal timing of RRT in critically ill patients with AKI, with special interest in
patients with septic shock (IDEAL-ICU) or admitted to general ICU (STARRT-AKI). As well,
these clinical trials have enrolled more patients. In addition to short-term follow-up, IDEA-
L-ICU further investigates the impact of the two RRT strategies on mortality at 180 and 360
days. Meanwhile, more diverse outcomes are being measured, including cost-effectiveness and
new inclusion criteria. Accordingly, these efforts may give physicians better approaches to
real-world RRT in patients with AKI.

On the other hand, another implication from our meta-analysis should be noted for
planned and ongoing clinical trials. Because there were large variations in the definition of
“early” and “late” RRT among physicians and countries (for example, the “late” group in the
ELAIN trial was actually earlier than the “early” group in AKIKI), moderate heterogeneity
regarding the possible association between timing and mortality was found in our meta analy-
sis. Most trials included in this analysis [14-18,30] used a fixed time point for the timing of
RRT initiation with a given anticipated course of AKI. However, the precise time of AKI is elu-
sive and a variety anticipated course of AKI. However, the precise timing of AKI is elusive. A
variety of surrogate biomarkers have been used to better define this issue; neutrophil gelati-
nase-associated lipocalin is the most frequently investigated, and the data are promising
[36,37]. However, it is important to remember that a clinical decision to start RRT is inappro-
priate when it does not take into account a patient’s individual condition, specific course of ill-
ness, and the different RRT modalities and dosage options that are available.

Strengths and limitations

A major strength of this meta-analysis is the compliance with the PRISMA guidelines and the
recommendations of the Cochrane Collaboration, although the protocol of our study was not
registered in the international prospective register of systematic reviews (PROSPERO). To
increase the robustness of our meta-analysis, we applied TSA to assess the impact of random
error and repetitive testing. Finally, we evaluated the quality of evidence for the outcomes
using GRADE to help healthcare professionals make better clinical decisions.

Our meta-analysis also has some limitations. The included trials in our meta-analysis were
conducted on varying numbers and types of patients, had different designs, and used different
criteria to determine early versus latte RRT, the method of RRT treatment, and duration of
mortality follow-up. Thus, the risk of introducing potentially significant heterogeneity is
imminent. In addition, double-blinding was not performed because of the features of the trials,
which may have contributed to performance and detection bias.

Conclusions

Conventional meta-analyses that included recent trial data showed that early initiation of RRT
in patients with AKI was not associated with decreased mortality, ICU LOS, or hospital LOS.
After TSA adjustment for sparse data and multiple update in the cumulative meta-analysis, we
were unable to draw definitive conclusions regarding the ideal timing of RRT in patients with
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AKI. The results of ongoing and future well-designed, large RCT's are needed to clarify this
issue.
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