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ABSTRACT

Background. Critically ill patients with severe acute kidney injury (AKI) requiring kidney replacement therapy (KRT)
have a grim prognosis. Recently, multiple studies focused on the impact of KRT initiation time [i.e., accelerated versus
watchful waiting KRT initiation (WWS-KRT)] on patient outcomes. We aim to review the results of all related clinical
trials.

Methods. In this systematic review, we searched all relevant randomized clinical trials from January 2000 to April 2021.
We assessed the impacts of accelerated versus WWS-KRT on KRT dependence, KRT-free days, mortality and adverse
events, including hypotension, infection, arrhythmia and bleeding. We rated the certainty of evidence according to
Cochrane methods and the GRADE approach.
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Results. A total of 4932 critically ill patients with AKI from 10 randomized clinical trials were included in this analysis.
The overall 28-day mortality rate was 38.5%. The 28-day KRT-dependence rate was 13.0%. The overall incident of KRT in
the accelerated group was 97.4% and 62.8% in the WWS-KRT group. KRT in the accelerated group started 36.7 h earlier
than the WWS-KRT group. The two groups had similar risks of 28-day [pooled log odds ratio (OR) 1.001, P = 0.982] and
90-day (OR 0.999, P = 0.991) mortality rates. The accelerated group had a significantly higher risk of 90-day KRT
dependence (OR 1.589, P = 0.007), hypotension (OR 1.687, P < 0.001) and infection (OR 1.38, P = 0.04) compared with the
WWS-KRT group.

Conclusions. This meta-analysis revealed that accelerated KRT leads to a higher probability of 90-day KRT dependence
and dialysis-related complications without any impact on mortality rate when compared with WWS-KRT. Therefore, we

suggest the WWS-KRT strategy for critically ill patients.
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INTRODUCTION

Critically ill patients with acute kidney injury (AKI) have un-
favorable prognoses. About 5-20% of intensive care unit (ICU)
patients develop AKI and approximately 6% require kidney re-
placement therapy (KRT) during ICU admission [1]. Patients
with severe AKI requiring KRT have higher mortality rates of
40-55% [2].

The timing of KRT initiation is one of the factors that could
lead to changes in patient outcomes. Several studies compared
the clinical benefit between accelerated and watchful waiting
(WWS-KRT) strategies for the KRT initiation time. In these stud-
ies, the accelerated group received KRT as soon as moderate-
to-severe AKI diagnosis was made. In contrast, in WWS-KRT
groups, dialysis was initiated based on specific indications,
including fluid overload, electrolyte imbalance and/or azotemia
[3]. Each strategy has its pros and cons. The accelerated KRT ini-

tiation while it can prevent the development of AKI-associated
complications, including fluid overload, acid-base and elec-
trolyte imbalances, may also expose patients to increased risks
of hemodynamic instability, anticoagulation-induced bleeding,
dialysis-related infection and even inflammatory or oxidative
stress. In comparison, WWS-KRT could not only limit the clin-
ical abilities to prevent AKI-related complications, but may also
provide more time for hemodynamic optimization before KRT,
avoid harmful removal of nutrients, antibiotics and electrolytes,
or prevent unnecessary KRT-associated complications [4].

Several recent randomized controlled trials (RCTs) indicate
that the WWS-KRT strategy could allow AKI recovery without
the need for KRT, without leading to a higher mortality rate com-
pared with accelerated KRT initiation [5]. However, the impact
of WWS-KRT on clinical prognoses and complications is still not
entirely understood. Thus, we conducted this systematic review
and meta-analysis to include all relevant RCTs.
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MATERIALS AND METHODS
Search strategy and selection criteria

Two investigators (J.-Y.C.; C.-C.H.) searched the published RCTs
in PubMed, Embase, Cochrane, Collaboration Central Register
of Controlled Clinical Trials, Cochrane Systematic Reviews and
Cnki.net (Supplementary data, Figure S1A and B) from January
2000 to April 2021 without any language limitation. A third inves-
tigator (V.-C.W.) resolved the disagreements between the other
two investigators.

The meta-analysis was conducted according to the Pre-
ferred Reporting Items of Systematic Reviews and Meta-
Analyses (PRISMA) statement [6] and Cochrane methods [7].
The systematic review protocol was registered in PROSPERO
[CRD42021240311] (Supplementary data).

Inclusion and exclusion methods

We included all RCTs that enrolled adult (>18 years old) critically
ill patients with AKI who did not receive KRT before enrollment.
The included studies randomized participants into control and
experimental groups to compare the accelerated and WWS-KRT
strategies and assessed at least one of the following outcomes:
KRT independence at hospital discharge, KRT-free days, and 28-
and 90-day mortality rates. Clinical trials that included healthy
human subjects or animals, pregnant women, or did not use
controlled randomization were excluded. In addition, all letters,
conference or case reports, and those that lacked data on mor-
tality and/or the KRT initiation strategy were not included.

Reference lists of related studies, systematic reviews and
meta-analyses were manually examined to identify any addi-
tional publications relevant to our analysis. Full-text papers
were selected for quality assessment and data syntheses. We
contacted the authors of the articles that we enrolled in our
study to acquire additional details.

Data extraction

All the relevant data were extracted from the included studies
by two investigators (J.-Y.C.; V.-C.W.). Each study characteristic
including the sample size in both accelerated and WWS-KRT
groups, population setting and site (i.e., single-center, multi-
centers mixed population and sepsis population), location,
average age, sex, comorbid conditions (i.e., hypertension, type
2 diabetes mellitus, heart failure and chronic kidney disease),
the definition of accelerated KRT versus WWS-KRT and KRT
modality were abstracted. We also recorded outcome-related
variables, including AKI stage, urine output (mL/24 h), the time
difference of KRT initiation between accelerated and WWS-KRT
groups, study quality and baseline Sequential Organ Failure
Assessment (SOFA) score and the primary outcomes.

Quality assessment

The Cochrane risk-of-bias tool for randomized trials (RoB 2)
was used to assess the risk of bias in the included randomized
trials [8]. Any study with a total score of >7 was considered a
high-quality study [9]. The evaluated domains included ran-
dom sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting and other biases.
The studies were considered high-risk when >2 items rated as
high risk of bias, low-risk when >5 items rated as low bias risk

with <1 high-risk factor, and finally moderate risk study in all
remaining situations.

Definition of accelerated versus WWS-KRT

WWS-KRT included patients who started KRT after the occur-
rence of azotemia, hyperkalemia, severe pulmonary edema, fluid
overload refractory to diuretics or severe metabolic acidosis ac-
cording to the designed protocol. Accelerated initiation was de-
fined as relatively earlier versus later hemodialysis, according to
each study definition.

Outcomes

The primary outcomes of this meta-analysis were 28- and 90-
day mortality rates following the hospital discharge. The sec-
ondary outcomes included 28- and 90-day dialysis dependence,
28- and 90-day KRT-free days, hospital and ICU mortality rates,
length of stay in ICU and hospital, 28-day mechanical ventilator-
free (MV) and vasopressor-free days. The potential KRT-related
adverse events were recorded, including hypotension, infection,
arrhythmia and bleeding episodes.

Subgroup analysis

Subgroup analyses related to the mortality rates and 90-day
KRT dependence were conducted based on the study popula-
tion (surgery versus mixed/medical), disease severity with SOFA
score at admission (>11 versus <11), the discrepancy in the inter-
val between accelerated and standard initiation time (TD) (high
TD >24-h versus low TD <24 h), patients from the single-center
or multi-centers and sepsis prevalence.

Data synthesis and statistical analysis

We used a fixed-effects model to construct the cumulative Z
curve. O’Brien-Fleming’s «-spending-function is applied and
converted to sequential boundaries, which were calculated as-
suming significance levels of 0.05 and a power of 90% [10]. We
estimated the odds ratio (OR) and 95% confidence intervals (CIs)
using the fixed model by the Mantel-Haenszel method. We chose
a relative risk reduction of 20% for mortality and 90-day KRT de-
pendence as it was compatible with ICU trials [11]. A relative risk
reduction of 35% for 28-day KRT dependence was chosen to cal-
culate the futility zone. When the cumulative Z curve across to
the sequential boundaries or neutrality zones represented suffi-
cient evidence to support or reject the anticipated intervention
effect, we did not consider any further analyses.

Statistical heterogeneity was assessed by the Chi-squared
test and the I? statistic with a P < 0.05 or I> > 50% as an indi-
cation of substantial heterogeneity. In the case of considerable
heterogeneity (I> > 50% or P < 0.05), we performed a sensitiv-
ity analysis to detect each study’s influence on the overall esti-
mate by omitting one article at a time and used the pooled data
on the remaining investigations. Funnel plots were conducted to
examine potential publication bias. We also did the trial sequen-
tial analysis (TSA) to control type I and type II errors for 28-day
mortality and 28-day KRT dependence [12].

We used Comprehensive Meta-Analysis (Version 3.3.070,
20 November, 2014) for all statistical analyses. TSA version
0.9.5.5 b (reviewed in November 2016) software was used to
analyze the cumulative effect of randomized trials on mortality.
A statistical significance was defined as P-values <0.05.



(A) 28-Day Mortality
Study name Statistics for each study 0dds ratio and 95% CI
Odds Lower Upper Relative
ratio  limit  limit ZValue p-Value weight
Bouman(2002) 1375 0487 3834 0601 0548 - 1.24
Wald(2015) 0916 0382 2197 0196 0.845 174
Zarbock(2016) 0645 0374 1411 -1580 0.114 s 3 449
Gaudry(2016) 0920 0689 1266 -0510 0610 - 13.11
Srisawat(2018) 1222 0353 4235 0316 0752 0.86
Lumlerigui2018)  1.169 0.558 2445 0414 0679 245
Barbar(2018) 1129 0789 1614 0662 0508 10.39
STARRT-AKI(2020) 1042 0896 1212 0535 0503 —;_ 58.63
Xia(2019) 1308 0473 3615 0517 0605 1.20
Gaudry(2021) 0.757 0469 1223 1137 0255 581
Total 1001 0882 1124 0023 0882

Fix effect model
Heterogeneity: df{Q):9, P value: 0.768, 1=0.000
Tau-squared:0.000, Standard error:0.024, Variance:0.001

01 02 05 1 2 5 10
Favor WWS-KRT  Favor Accelerated

() 28-Day KRT dependence

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Relative

ratio  limit  limit Z-Value p-Value weight
Bouman(2002) 4.091 0.157 106.891 0.846 0.397 1.25
Zarbock(2016) 0.519 0254 1.061 -1.798 0.072 26.11
Gaudry(2016) 1.327 0679 2503 0.828 0408 29.70
Srisawat(2018) 0.003 0.009 1.003 -1.957 0.050 235
Barbar(2018) 1.051 0513 2156 0136 0.891 25.84
Gaudry(2021) 2007 0776 5193 1436 0.151 14.75
Total 0990 0687 1427 -0.052 0.959

0.01 0.1 1 10 100

Favor WWS-KRT  Favor Accelerated
Fix effect model
Heterogeneity: df(Q):5, P value: 0.061, 1=52.575
Tau-squared:0.255, Standard error:0.329, Variance:0.109

Accelerated versus WWS KRT for AKI patients | 977

(B) 90-Day Mortality
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FIGURE 1: Forest plot showing the risk of (A) 28-day, (B) 90-day mortality, (C) 28-day KRT dependence and (D) 90-day KRT dependence between accelerated KRT and
WWS-KRT initiation. KRT, kidney replacement therapy; WWS, watchful waiting strategy.

RESULTS
Study search outcomes and included patients

In this study, 28,301 studies were identified through database
search, and after removing 13,208 duplicate articles and 14,002
non-relevant papers (Figure S1A 1A), the title and abstract of the
remaining 1091 papers were screened. Following the exclusion
of 1028 papers for eligibility criteria, 63 full texts were reviewed.
Finally, 10 RCTs with 4932 critically ill patients with AKI who
had complete data were selected for the final meta-analysis
[13-22] (Table 1). Among the included patients, 2462 critically ill
AKI patients received accelerated KRT, whereas 2470 patients
were in the WWS-KRT group [13-22].

Heterogeneity and publication bias

The included studies were published from 2002 to 2021
(Supplementary data, Figure S2). All 10 [13-22] trials had low risk
of bias for random sequence generation, blinding of outcome as-
sessment and incomplete outcome data. Nine [13, 15-22] trials
were low risk for allocation concealment and nine [13, 15-22] tri-
als were low risk for selective reporting. Eight [13, 15-18, 20-22]
trials had a low risk for other biases (Supplementary data, Figure
S2). One study [14] was rated as a moderate risk study and the
other nine [13, 15-22] trials were identified as low risk according
to overall quality criteria (Table 2).

Mortality and KRT dependence

The average time for dialysis discrepancy between accelerated
group and WWS-KRT group was 36.7 h. Both accelerated and
WWS-KRT groups had a similar 28-day mortality rate of 38.5%
with similar pooled log OR [fixed-effect log OR 1.001 (95% CI

0.892-1.124), P = 0.98]. The heterogeneity among included stud-
ies was low (I? < 1%) (Figure 1A).

Following the randomization, the proportion of patients who
received KRT was significantly higher in the accelerated group
(2398 of 2462 patients, 97.4%) than in the WWS-KRT group (1550
of 2470 patients, 62.8%) (P < 0.001). KRT dependence in 28 days
was assessed in 1,118 patients. The pooled ratio was 13%, i.e., 72
of 555 patients in the accelerated group and 73 of 563 patients
in the WWS-KRT group. Additionally, the pooled 90-day KRT de-
pendence among 2023 patients was 9.4% (96 of 1012 patients)
in the accelerated group and 6.1% (62 of 1011 patients) in the
WWS-KRT group. The pooled OR of 28-day KRT dependence was
similar between the two groups, i.e., log OR 0.99 (95% CI 0.687-
1.427, P = 0.96) with an I? value of 52.58%. The accelerated group
had a higher risk of 90-day KRT dependence than the WWS-KRT
group, i.e., log OR 1.589 (95% CI 1.135-2.225, P = 0.007) with an I2
value of 29.67% (Figure 1C and D)

Funnel plots showed symmetrical distributions for 28-day
mortality (Supplementary data, Figure S3A) and 28-day KRT de-
pendence (Supplementary data, Figure S3b). For 28-day mortal-
ity and 28-day KRT dependence, the TSA indicated 3964 and 1713
to reach a stopping boundary of superiority, respectively. The Z-
curve was parallel to the superior boundary of the accelerated
KRT, in terms of no superiority to WWS-KRT, while it crossed the
neutrality boundary after including all trials for 28-day mortality
and 28-day KRT dependence (Figure 2A and B).

TSA revealed a total of 3964 patients for superiority or neu-
trality boundary for 28-day mortality. The Z curve was parallel to
the accelerated group’s superiority zone. This finding suggests
accelerated KRT was not superior to the WWS-KRT. More impor-
tantly, it crossed the futility boundary for all trials (Figure 2A).

TSA also denoted that a diverse adjusted information size
was 1713 patients and the cumulative Z curve reached the
futility area for 28-day KRT dependence (Figure 2B). This
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Table 2. Summary of the outcome of the included RCTs

AKI definition by

Time difference SOFA score at

stage/biomarker HR/OR/RR (CI) for Urine output between early Study the adminis-
Author for AKI primary endpoint (mL/24 h) and WWS (h) quality tration Primary outcome
Bouman [19] NA NA NA 34.8 High 104 +2.1 In-hospital
mortality,
in-ICU mortality,
28-day mortality
Barbar [13] RIFLE-F NA NA 45 High 123 +£29 90-day mortality
Xia [14] KDIGO/ uNGAL NA NA 72 Moderate 9.7+33 28-day mortality
>1310 ng/mL
Zarbock [15] KDIGO 0.66 (0.45-0.97)/-/- 358.7 20 High 158 +23 30-/60-/90-day
Stage 2pNGAL mortality
>150 ng/mL
Srisawat [16] RIFLE-R/pNGAL NA NA 48 High 9.3+36 28-day mortality
>400 ng/mL
Gaudry [17] KDIGO Stage 3 NA NA 60 High 11+3 The number of
KRT-free days
between
randomization
and day 28
Wald [18] NA NA 329.8 24 High 13+2.38 In-hospital
mortality;
in-ICU mortality;
90-day mortality
Gaudry [20] KDIGO 1.02 (0.81- NA 55 High 109+3.1 60-/90-day
Stage 3 1.29)/-/- mortality
Lumlertgul KDIGO 0.96 (0.60- 551.1 19 High 12+ 3.7 28-day mortality
[21] Stage 1 1.53)/-/-
STARRT-AKI KDIGO -/1.05 (0.90- 464 NA High 11.7+3.6  90-day mortality
[22] Stage 2/pNGAL  1.23)/1.00(0.93-1.09)
>400 ng/mL

AKI, acute kidney injury; HR, hazard ratio; ICU, intensive care unit; KDIGO, Kidney Disease: Improving Global Outcome; NA, not available; OR, odds ratio; pNGAL: plasma
neutrophil gelatinase-associated lipocalin level; RIFLE-F, risk, injury, failure, loss of kidney function and end-stage kidney disease; RR, relative risk; SOFA, Sequential
Organ Failure Assessment; uNGAL, urine neutrophil gelatinase-associated lipocalin level; WWS, watchful waiting strategy.
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FIGURE 2: Trial sequential analysis of the low risk of bias in randomized studies comparing the impact on (A) 28-day mortality and (B) 28-day KRT dependence between
accelerated KRT and WWS-KRT for critically ill patients with acute kidney injury. KRT, kidney replacement therapy; WWS, watchful and waiting strategy.

evidence suggests the enrolled number of patients was enough
to reach an inference.

Adverse events

The hypotension incidence rate was 12.5% in the accelerated
strategy and 8.0% in the WWS-KRT. According to the result, the
accelerated KRT led to the increased hypotension episodes com-

pared with the WWS-KRT, with log OR 1.687 (95% CI 1.354-2.102,
P < 0.001) (Figure 3A).

In the accelerated KRT and WWS-KRT groups, the rates
of KRT-related infection were 4.9% and 3.8%, respectively, re-
flecting a higher risk of infection in the accelerated KRT ini-
tiation group with log OR 1.38 (95% CI 1.018-1.872, P = 0.04)
(Figure 3B).

The forest plot further denoted that there was no signif-
icant difference between the two groups regarding hospital
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(A) Hypotension (B) Infection
Study name Statistics for each study Odds ratio and 95% ClI
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
Odds Lower Upper ratio limit limit Z-Value p-Value
ratio  limit limit Z-Value p-Value 1 | I
Wald(2015) 0.354 0.014 8899 -0.631 0.528 L3
Wald(2015) 1.089 0209 5674 0.101 0.919 —a— Gaudry(2016) 2021 1081 3776 2205 0.027 _+_
Zarbock(2016) 2145 0192 23994 0620 0535 —— Lumlergul(2018)  1.036 0141 7.608 0034 0.972
Lumlertgul(2018) 2105 0916 4841 1752 0.080 im_d Barbar(2018) 1.296 0.832 2019 1.145 0.252
Barbar(2018) 1745 1174 2592 2754 0.006 = STARRT-AKI(2020) 0.998 0.349 2852 -0.004 0.997 -
STARRT-AKI(2020) 1.632 1.227 2.170 3.366 0.001 it Gaudry(2021) 1.271 0613 2635 0.643 0.520
Total 1687 1.354 2102 4.660 0.000 . Total 1380 1.018 1872 2074 0038
0.01 0.1 10 10 01 02 05 1 2 5 10
Fix effect model avor WWS-KRT  Favor Accelerated Fix effect model e Eeuer Aeeelarate
Heterogeneity:df(Q}:4, P value:0.956, 110,000 Fover WWSHRT - FRVOrACCRIEE o erogeneity:dlQLS, P value: 0.748, P=0.000 Favor WWS-HRT  Fevor Acceleratad
Tau-squared:0.000, Standard error:0.065, Variance:0.004 Tau-squared:0.000, Standard error:0.112, Variance:0.013
(©) 28-Day Mortality

Subgroup Odds Ratio [95%CI]

Biomarker

No biomarker 0.98 [0.80 - 1.19] ——

With biomarker 1.02[0.88-1.17] —.—

Surgery

Mixed/Medical 1.02[0.91-1.15] ——

Surgery 0.65[0.37-1.11] —.

Disease severity

High SOFA(>=11) 1.00 [0.89 - 1.14] e

Low SOFA(<11) 0.99[0.75- 1.32) ————

Dialysis discrepancy time(TD)

TD<24 hrs 1.02 [0.88 - 1.17) ——

TD>=24 hrs 0.97 [0.79 - 1.18] ——

Center

Multiple centers 1.02[0.90-1.15] ——

single center 0.80 [0.51 - 1.26] —_—

Sepsis

All sepsis 1.15[0.82 - 1.61) —_——

No specific causes 0.98 [0.87 - 1.11] ——

r T T 1
0.2 0.5 1 15 1.7
OR

Favor WWS-KRT Favor Accelerated

FIGURE 3: (A) Hypotension, (B) infection and (C) subgroup analysis for 28-day mortality, between accelerated KRT and WWS-KRT for critically ill patients with acute
kidney injury. SOFA, Sequential Organ Failure Assessment; TD, time to dialysis discrepancy; WWS, watchful waiting strategy.

(Supplementary data, Figure S4) and ICU mortality
(Supplementary data, Figure S5), ICU (Supplementary data,
Figure S6) and hospital (Supplementary data, Figure S7) length
of stay, arrhythmias (Supplementary data, Figure S8A), bleeding
(Supplementary data, Figure S8B), 28-day (Supplementary data,
Figure S9A) and 90-day KRT-free (Supplementary data, Figure
S9B) 28-day KRT free days (Supplementary data, Figure S10A) 28-
day MV-free days (Supplementary data, Figure S10B) and 28-day
vasopressor-free days (Supplementary data, Figure S10C).

Subgroup analysis

Twenty-eight-day mortality between accelerated KRT and WWS-
KRT groups did not differ in the subgroup analyses (Figure 3C).

Quality of evidence

Because of the risk of bias, the quality of evidence for 28-day
mortality was moderate and the quality of 28-day KRT depen-
dence was also moderate for high I-square value. In addition,
the quality of 90-day mortality and 90-day KRT dependence was
high (Supplementary data, Supplement 14).

Summary receiver operating characteristic curves
based on serum urea

There were six articles reported with serum urea as one of the
criteria for WWS-KRT. The summary receiver operating charac-
teristic curves for 28-day mortality (Supplementary data, Figure

S11A) and 28-day KRT dependence (Supplementary data, Figure
S11B) showed low sensitivity and high false positivity.

DISCUSSION

We demonstrated that the WWS-KRT strategy in critically ill pa-
tients with AKI who require dialysis results in significant reduc-
tions in the need for KRT, risk of infection and hypotension. The
WWS-KRT did not lead to a higher risk of 90-day mortality, ICU
or hospital length of stay than the accelerated KRT.

To our knowledge, this is the most comprehensive system-
atic review that included the highest number of RCTs, including
the recent two large studies [17, 22] with the largest number of
included critically ill AKI patients.

Outside of the larger sample size, one of the differences be-
tween our study with the previously published meta-analysis
[23] is the inclusion of cumulative Z curve analysis, which
showed crossing the futility line after achieving the required in-
formation sample size. This confirms the robustness of indiffer-
ence in mortality between the groups even after inclusion of the
STARRT-AKI [22] and AKIKI-2 studies [17].

KRT is a life-saving intervention to correct the severe acid-
base and electrolyte imbalances, remove uremic toxins and
excess fluids, and eliminate the circulating cytokines among
patients with a substantial decline in their kidney function
in acute or chronic settings. To date, there is no established
treatment for AKI; hence, KRT may be an inevitable strategy for
critically ill patients with severe kidney function impairment.
Accelerated KRT initiation is considered a modality to maintain
fluid and electrolytes balance and acid-base homeostasis.
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Additionally, it presumptively regulates inflammatory cytokine
levels during inflammatory processes to avoid organ dysfunc-
tion [24]. However, earlier KRT may result in an increased risk of
hemodynamic instability, bleeding, inflammatory or oxidative
stress, and excessive removal of necessary prescription drugs,
including antibiotics [25].

The medical management of patients with AKI to avoid
AKI progression or its related complications is considered the
primary approach [26]. KRT is often considered when medical
management strategies fail to show any benefit. Diuretics can of-
ten prevent and correct fluid overload (i.e., in patients with acute
lunginjury or congestive heart failure). However, among patients
with significant kidney dysfunction and diuretic-refractory olig-
uria, KRT may be necessary to limit the impact of overwhelming
fluid overload [27]. In the sodium bicarbonate therapy for pa-
tients with severe metabolic acidemia in the intensive care unit
(BICAR-ICU) trial, sodium bicarbonate supplement was found to
improve survival among patients with AKI stages 2 and 3 asso-
ciated with severe metabolic acidosis [28]. Severe hyperkalemia
is considered a clinical emergency. Outside of temporizing
measures, using diuretics or potassium binders are effective
medical management choices for hyperkalemia [29]. Adequate
hydration and possible vasopressor support are essential to ad-
dress perfusion-consumption mismatch in the kidneys among
AKI patients with azotemia [30]. In ‘medically manageable
AKT’ patients, these strategies could mitigate the need for KRT
initiation.

In the included studies, 97.4% of patients in the accelerated
group received KRT, while only 62.8% of patients in the WWS-
KRT group required KRT. We further showed that WWS could re-
duce KRT-related adverse events, such as infection and hypoten-
sion. Therefore, based on the current evidence, it is plausible to
recommend that the delayed KRT be associated with improved
outcomes and lower healthcare economic burden. KRT should
be reserved for when conservative management strategies fail
or time-sensitive life-threatening conditions are present.

We demonstrated that WWS-KRT does not lead to an in-
creased risk of arrhythmia or bleeding, or lower 28-day MV-free
days and 28-day vasopressor-free days. On the contrary, the ac-
celerated KRT group had a higher risk of hypotension hemody-
namic instability [31] and infection [32].

Based on the Acute Disease Quality Initiative XVII recom-
mendations [33] and Kidney Disease: Improving Global Outcome
(KDIGO) guidelines [34], acute KRT would be reconsidered when
metabolic and fluid status demands exceed total kidney capac-
ity. However, based on our systematic review, WWS should be
considered for patients in equipoise as it may decrease the need
for KRT.

Strengths and limitations

Our study has some strengths. First, we only included RCTs to
reduce selection bias, which led to a relatively homogeneous
population. We used standard Cochrane protocols and had the
largest cumulative RCTs study sample size to date. One of the
differences that our study has compared with previous reports
is the inclusion of the two recently published RCTs [17, 22],
which were not included in the prior meta-analysis. This ac-
counts for the differences in our results from those of ear-
lier systematic reviews [9, 35-37]. Second, we included trials
with lower AKI severity, which showed accelerated KRT proba-
bly does not benefit patients as the Z curve crossed the neutral-
ity line. Such analysis would increase the generalizability of our
findings.

There are some limitations in this study that should be ad-
dressed. First, we did not find differences in the rate of all-cause
mortality. This notion was likely due to a relatively high hetero-
geneity in disease progression that led to inaccurate prediction
of death by the AKI severity at the time of inclusion. Second,
older studies did not clearly use the standard AKI definitions
[e.g., RIFLE (risk, injury, failure, loss of kidney function and
end-stage kidney disease), KDIGO] [18, 19]. Third, the definition
of accelerated versus WWS-KRT was not homogeneous in the
enrolled studies. However, after adjusting the time to dialysis,
a similar risk of mortality with these two strategies was noted.
Fourth, we could not ascertain the reason for the observed
improved KRT independence among patients in the WWS-KRT

group.

CONCLUSIONS

Accelerated KRT for critically ill patients with advanced AKI did
notimprove survival compared with the WWS-KRT group. At the
same time, WWS-KRT resulted in a lower incidence of 90-day
KRT dependence, hypotension and infection. We also showed
that when AKI biomarkers guide WWS-KRT, it could lead to a
lower 90-day KRT-dependence. Therefore, among critically ill pa-
tients with medically manageable AKI, the WWS-KRT strategy
should be considered.
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