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Acute kidney injury (AKI) is a common condition in critically ill patients, and may contribute to significant medical, social, and econom-
ic consequences, including death. Although there have been advances in medical technology, including continuous renal replacement 
therapy (CRRT), the mortality rate of AKI is high, and there is no fundamental treatment that can reverse disease progression. The de-
cision to implement CRRT is often subjective and based primarily on the clinician’s judgment without consistent and concrete guide-
lines or protocols regarding when to initiate and discontinue CRRT and how to manage complications. Recently, several randomized 
controlled trials addressing the initiation of renal replacement therapy in critically ill patients with AKI have been completed, but clini-
cal application of the findings is limited by the heterogeneity of the objectives and research designs. In this review, the advantages 
and disadvantages of CRRT initiation, clinical guideline recommendations, and the results of currently published clinical trials and 
meta-analyses are summarized to guide patient care and identify future research priorities. 
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Introduction 

Acute kidney injury (AKI) is a common complication in crit-

ically ill patients [1,2], and it increases the risk of morbidity 

and mortality, including progression to chronic kidney 

disease [3,4], major adverse cardiac events [5–7], infection 

[8,9], and gastrointestinal bleeding [10]. The number of 

AKI cases requiring renal replacement therapy (RRT) in 

intensive care units (ICUs) continues to increase worldwide 

[11–14]. Despite remarkable medical advances, including 
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the development of continuous RRT (CRRT), the mortality 

rate of patients with severe AKI requiring RRT is as high as 

60% to 70% [15–18]. No treatment can completely resolve 

the course of AKI, and conservative and supportive treat-

ments remain the mainstay of clinical management. Sup-

portive CRRT is an important tool to improve the prognosis 

of patients with severe AKI [19–21]; however, there are no 

clear guidelines for its use or concrete evidence supporting 

the various clinical protocols. Despite the absence of clear 

criteria or guidelines for selection of CRRT rather than in-
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termittent hemodialysis as the RRT modality, use of CRRT 

is recommended in cases of hemodynamic instability even 

when the criteria are appropriate for intermittent hemodi-

alysis [2]. The question of when to initiate CRRT has been 

discussed extensively in leading journals in the field of in-

tensive care medicine and nephrology in recent years, but it 

remains controversial. 

When should CRRT be initiated? Specifically, initiation of 

CRRT as an emergency intervention is indicated in cases of 

life-threatening, medically refractory complications of AKI 

(Table 1) [22]. This is a situation where the patient will die if 

CRRT is not started immediately. However, in clinical prac-

tice, this situation does not occur often, and there are not 

many cases where CRRT is implemented based only on this 

indication. Unless there is an obvious emergent indication, 

it is important for the clinician to use their judgment and 

consider the severity of the accompanying clinical situation, 

dysfunction of other organs (brain, heart, lung, liver, and 

gastrointestinal tract), and possibility of renal function re-

covery. In addition, the preferred treatment option selected 

by the patient, caregiver, and physician must be considered, 

as well as the cost of treatment and circumstances of each 

institution, including its internal protocols/guidelines and 

available infrastructure (resources). The basic premise is 

that the benefits of implementing CRRT should outweigh 

the associated risks [23]. 

This concise review summarizes the results of research 

addressing implementation of CRRT and compiles current 

guidelines regarding indications for and initiation of CRRT 

in critically ill patients with AKI. The review focuses on the 

findings of the latest randomized controlled trials (RCTs). 

The aim is to provide relevant insights to supplement the 

clinician’s judgment. 

Advantages of early continuous renal replacement 
therapy 

The advantages of early CRRT implementation in the ab-

sence of traditional indications include avoidance and/or 

early control of fluid accumulation and overload, acid-base 

and electrolyte/metabolic derangement, complications of 

uremia, and unnecessary or excessive diuretic exposure. 

Early CRRT also can support beneficial immunomodu-

lation and increase clearance of inflammatory mediators 

(Table 2) [22]. Thus, early CRRT is necessary to maintain 

fluid, electrolyte, and acid-base homeostasis, as well as to 

treat and prevent life-threatening AKI-related complications 

and deterioration of organs other than the kidneys. Notably, 

early CRRT becomes necessary when there is hemodynam-

ic instability, fluid overload, catabolism, and/or sepsis with 

severe AKI to the extent that it is difficult to apply intermit-

tent hemodialysis [2]. These criteria are different from those 

Table 1. Indications and contraindications for CRRT initiation in critically ill patients with AKI
Absolute indications (in the absence of  

contraindications for CRRT)
Refractory hyperkalemia

Refractory metabolic acidosis

Refractory pulmonary edema due to volume overload not responding to diuretics

Symptomatic uremia or its complications (bleeding, pericarditis, encephalopathy, etc.)

Overdose or toxicity of dialyzable drugs (salicylates, ethylene glycol, methanol, etc.)

Relative indications (in the absence of  
life-threatening complications of AKI)

Hemodynamic instability

Advanced dysfunction of organs other than the kidneys (brain, heart, lung, liver, and gastrointesti-
nal tract)

Need for administration of a large volume of fluid (massive volume challenge, massive transfu-
sion, medications, nutritional support, etc.)

Severity of the underlying disease

Contraindications Patient or legal representative does not want CRRT

No infrastructure or skilled manpower to administer CRRT

Relative contraindications Futile prognosis

Patient receiving palliative care

AKI, acute kidney injury; CRRT, continuous renal replacement therapy.
Reproduced from the article of Ostermann et al. (Contrib Nephrol 2016;187:106-120) [22] with the permission from S. Karger AG.
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applied when initiating intermittent dialysis in end-stage 

renal disease, and the indications can be diverse and broad 

depending on the clinician’s judgment and criteria. 

Disadvantages of early continuous renal 
replacement therapy 

One significant limitation of early CRRT is the high risk of a 

variety of complications (Table 2) [22]. Complications such 

as bleeding, infection, and pneumothorax can be caused by 

placement of the central venous catheter, and anticoagu-

lant treatment is required to maintain the circuit and filter. 

In addition, CRRT typically is initiated for patients who are 

hemodynamically unstable and unable to withstand in-

termittent dialysis. However, complications such as blood 

pressure decrease, tachycardia, and other arrhythmia can 

occur during CRRT and worsen the clinical situation or 

delay patient recovery. In addition, micronutrients, trace 

elements, and/or therapeutic drugs can be cleared more 

rapidly through the CRRT circuit, resulting in low or incon-

sistent concentrations in blood and tissues and potentially 

leading to adverse events and/or loss of therapeutic effect. 

The use of antibiotics or anticonvulsants can be problem-

atic if blood concentrations cannot be monitored. In severe 

AKI requiring CRRT due to sepsis, the most important treat-

ment objective is appropriate use of antibiotics. If the blood 

concentration of antibiotics is not maintained, it can affect 

patient prognosis. 

Another potential issue with the use of CRRT is that ther-

apy (and the accompanying risk of complications) can be 

initiated in patients whose renal function would have im-

proved more rapidly had they received conservative man-

agement alone. 

Finally, the use of CRRT creates hardship for the patient 

and requires significant use of hospital personnel and equip-

ment. The patient must enter the ICU for CRRT and cannot 

move throughout the application of CRRT, one CRRT ma-

chine is required per patient, and real-time monitoring is 

needed. Additionally, it is necessary to have ICU staff avail-

able to change the CRRT fluid or respond to alarms, and 

resources such as filters, CRRT fluids, and catheters are con-

sumed continuously. The biggest drawback is that the cost 

of providing CRRT significantly increases the cost of patient 

care. As such, it is necessary to make decisions that consider 

the potential benefits (whether survival or secondary out-

comes) of early initiation of CRRT and the resulting econom-

ic or medical burden.  

Timing of continuous renal replacement therapy 

In cases where the advantages and disadvantages of CRRT 

are understood, the question is the need for CRRT without 

absolute indication. If the response is yes, when should 

CRRT be initiated? 

As noted above, the potential benefits of early initiation of 

CRRT must be balanced with the risks and burdens associ-

ated with CRRT [24]. In clinical practice, the final outcome 

has been favorable in only a few clinical scenarios (Fig. 1) 

Table 2. Advantages and disadvantages of early continuous renal replacement therapy in critically ill patients with acute kidney injury
Advantage Disadvantage

Avoidance and/or earlier control of fluid accumulation and volume 
overload

Risk of iatrogenic episodes of hemodynamic instability that can wors-
en the clinical situation or delay patient recovery

Avoidance and/or earlier control of complications of uremia Need for and complications associated with anticoagulation therapy

Avoidance and/or earlier control of acid-base/metabolic disorders 
and electrolyte abnormalities

Need for and complications associated with dialysis catheterization 
(bleeding, bloodstream infection, etc.)

Avoidance of unnecessary or excessive diuretics Need for and complications associated with immobilization

Stability of intracranial pressure Risk of excess clearance of micronutrients and trace elements

Immune regulation and active removal of inflammatory mediators Risk of excess clearance of vital medications (antibiotics, anticonvul-
sants, etc.) below therapeutic levels

Relief of further injuries or burden by taking the place of the damaged 
kidney function

Unnecessary exposure to renal replacement therapy among patients 
who could recover kidney function spontaneously with only conser-
vative management

Increased costs of treatment, use of resources, and manpower 
required.

Reproduced from the article of Ostermann et al. (Contrib Nephrol 2016;187:106-120) [22] with the permission from S. Karger AG.
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[25]. Given RRT as an invasive treatment with significant 

physical, economic, medical, and social impacts, early 

initiation of RRT should be considered only after assessing 

the likelihood of patient survival and potential to achieve 

secondary outcomes, in addition to the survival of multiple 

organs, including the kidney. Considering the high cost and 

burden of treatment, the overall effect of RRT is favorable 

only in cases where RRT must be started early to ensure 

that the patient survives. In such cases, both survival and 

secondary outcomes are improved, resulting in an overall 

favorable effect. However, it is difficult to predict the opti-

mal time of RRT initiation to achieve the greatest beneficial 

effect. Notably, early RRT should not be initiated for cases 

that are predicted to have unfavorable outcomes. For exam-

ple, early RRT initiation can ‘do harm’ in situations where 

the patient is expected to die regardless of RRT or to survive 

without RRT. Therefore, predicting the final outcome of RRT 

initiation is a complex process that requires the consider-

ation of different factors. It is necessary to understand and 

identify situations in which the patient will die if RRT is not 

started immediately and to make a quick decision. 

Several observational studies and meta-analyses have re-

ported that the early application of CRRT reduces mortality 

in critically ill patients with AKI [17,26–35]. However, the 

primary studies were observational, and the meta-analyses 

were based on observational studies; thus, their quality of 

evidence is low, and they have several limitations. First, only 

patients who started RRT were enrolled, and the prognosis 

was compared by classifying RRT as “early” or “late.” Com-

parative analyses including patients who did not undergo 

RRT (i.e., patients whose renal function recovered or those 

who died without RRT) were not completed [36]. Second, 

the criteria or definitions for classifying “early” and “late” 

were arbitrary and differed by study. Third, the patients 

and their underlying diseases were heterogeneous. Fourth, 

various residual confounders could not be adjusted for, and 

some biases could not be controlled; hence, care should 

be taken when interpreting the results. Furthermore, more 

recent research results have been published indicating that 

early application of CRRT did not affect patient prognosis or 

recovery of renal function [37–41]. 

Figure 1. In the absence of absolute indications, predicting the prognosis of critically ill AKI patients undergoing early initiation 
of RRT is complex. Reproduced from the article of Prowle and Davenport (Kidney Int 2015;88:670-673) [25] with the permission from 
Elsevier.
AKI, acute kidney injury; RRT, renal replacement therapy.
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Current recommendations for initiation of 
continuous renal replacement therapy 

The current clinical practice guidelines are summarized in 

Table 3. In 2012, the Kidney Disease: Improving Global Out-

comes (KDIGO) study group [42] recommended emergency 

RRT in cases of potentially fatal changes in fluid, electro-

lytes, and/or acid-base balance. The trend of broader clin-

ical situations and laboratory test results in addition to the 

values of serum creatinine or blood urea nitrogen should 

be examined, and it is recommended to assess and judge 

whether there are conditions to be modified through RRT. 

These recommendations were based on expert opinion, not 

evidence-based grading. In 2015, the French Intensive Care 

Society presented a similar expert opinion in which the 

results were deemed insufficient to define the appropriate 

timing for initiation of RRT beyond life-threatening indi-

cations [43]. Although the definitions of “early” and “late” 

initiation of CRRT were described, the quality of evidence 

was low. In the following year, the Japanese Clinical Practice 

Guideline was released, which also highlighted the lack of 

evidence to support decision making [44]. In 2019, the Na-

tional Institute for Health and Care Excellence guidelines 

for AKI were revised, but the content was not significantly 

different from that released in 2013 [45]. To date, the pub-

lished guidelines have emphasized the need for high-quali-

ty evidence from high-quality clinical trials to improve deci-

sion making.  

Recent studies addressing when to start 
continuous renal replacement therapy  

Randomized controlled trials 

Well-designed RCTs published within the last 5 years have 

addressed the effect of the timing of RRT initiation on patient 

outcomes (Table 4). The Early Versus Late Initiation of RRT 

in Critically Ill Patients with Acute Kidney Injury (ELAIN) 

trial [46] was conducted in 231 patients. The early group 

had no conventional indications for CRRT, but the therapy 

was started within 8 hours of a diagnosis of KDIGO stage 2 

AKI. The delayed group started CRRT within 12 hours of a 

diagnosis of KDIGO stage 3 AKI or when a conventional in-

dication was present. Significant improvements in outcomes 

among the early CRRT group compared with the delayed 

group were reported with respect to 90-day mortality (39.3% 

Table 3. Recommendations from clinical practice guidelines
Guideline                      Recommendation

Kidney Disease: Improving Global Outcomes 
(KDIGO) [42]

Initiate RRT emergently with life-threatening changes in fluid, electrolyte, and acid-base 
balance. (Not graded)

Consider the broader clinical context, the presence of conditions that can be modified by 
RRT, and trends of laboratory tests (rather than BUN and creatinine thresholds alone) 
when making the decision to start RRT. (Not graded)

National Institute for Health and Care Excel-
lence (NICE) [45]

Discuss any potential indications for RRT with a nephrologist, pediatric nephrologist, and/or 
critical care specialist to ensure that the therapy is started as soon as needed

Refer adults, children, and young people immediately for RRT if any of the following are not 
responding to medical management:

• Hyperkalemia

• Metabolic acidosis

• Symptoms or complications of uremia

• Fluid overload

• Pulmonary edema

Base the decision to start RRT on the condition of the adult, child, or young person as a 
whole and not on isolated urea, creatinine, or potassium value

French Intensive Care Society (SRLF) [43] RRT should be initiated without delay in life-threatening situations, including hyperkalemia, 
metabolic acidosis, and refractory pulmonary edema (Expert opinion; strong agreement)

The available data are insufficient to define optimal timing of initiation of RRT outside of 
life-threatening situations (Expert opinion; strong agreement)

The Japanese Clinical Practice Guideline [44] There is little evidence to support the theory that early initiation of blood purification im-
proves the outcomes of AKI. Initiation of RRT should be based upon broad considerations 
of the clinical symptoms and disease conditions (Not graded; C)

AKI, acute kidney injury; BUN, blood urea nitrogen; RRT, renal replacement therapy.
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vs. 54.7%; hazard ratio [HR], 0.66; 95% confidence interval 

[CI], 0.45−0.97; p = 0.03), hospital stay (51 days vs. 82 days; 

HR, 0.34; 95% CI, 0.22−0.52; p < 0.001), and renal function 

recovery (53.6% vs. 38.7%; odds ratio, 0.55; 95% CI, 0.32−0.93; 

p = 0.02). However, excluding the patients who died within 

3 months, the proportion of patients who recovered renal 

function at 90 days did not differ between the two groups. In 

this small RCT performed in a single-center, most patients 

underwent surgery, 91% received RRT even though they 

were assigned to the delayed group, and the difference in 

time to initiate RRT between the groups was only 20 hours. 

Although the dialysis modality was unified as CRRT, it was 

difficult to view the study as well-controlled and designed. In 

addition, patients assigned to the early group might have re-

covered spontaneously without CRRT, leaving the possibility 

of skewed study results. 

The Artificial Kidney Initiation in Kidney Injury (AKIKI) 

trial [47] of 620 patients with severe AKI admitted to 31 ICUs 

in France compared an early group that underwent CRRT 

within 6 hours of reaching KDIGO stage 3 AKI without con-

ventional indication and a delayed group that underwent 

CRRT when a conventional indication was present. There 

were no differences in 60-day mortality between the early 

and delayed groups (48.5% and 49.7%, respectively; p = 

0.79) or in the secondary outcomes, such as ventilator- and 

vasoactive-free days, ICU and hospital stays for 28 days, and 

dialysis dependence on day 60. In the delayed group, 51% 

of patients received RRT compared with 98% in the early 

group (p < 0.001). The number of RRT-free days was greater, 

and diuresis, an indicator of renal function improvement, 

appeared earlier in the delayed group than in the early 

group (p < 0.001). However, with respect to the RRT modal-

ity used in the study, intermittent hemodialysis and CRRT 

were mixed, and there are limitations in generalization of 

the study findings. 

Two years later, the Initiation of Dialysis Early Versus 

Delayed in the Intensive Care Unit (IDEAL-ICU) trial [48] 

reported the results of a study of 488 patients admitted into 

29 ICUs in France for septic shock and associated severe 

AKI. The early group underwent RRT within 12 hours after 

meeting the Risk, Injury, Failure, Loss of kidney function, 

and End-stage kidney disease (RIFLE) criterion F without a 

conventional indication, and the delayed group underwent 

RRT if their condition did not improve within 48 hours after 

meeting the RIFLE criterion F or showed a conventional 

indication. The mortality rate at 90 days was not reduced in 

the early group compared to the delayed group (58% and 

54%, respectively; p = 0.38). Ventilator-and vasoactive-free 

days and duration of stay in the ICU and hospital were also 

not different between the two groups, but the proportion of 

RRT recipients in the delayed group was smaller than that 

in the early group (97% vs. 62%, respectively; p < 0.001). Giv-

en that the RIFLE criteria were not applied in earlier stud-

ies and the application of mixed intermittent dialysis and 

CRRT, direct comparison of the available study results is of 

limited utility. 

The most recently completed Standard versus Acceler-

ated Initiation of Renal-Replacement Therapy in Acute 

Kidney Injury (STARRT-AKI) trial [49] was a multinational, 

multicenter, open-label RCT that targeted 3,019 patients 

with severe AKI at 168 hospitals in 15 countries over a 

4-year period. There was no significant difference in mor-

tality at 90 days between the group who started RRT within 

12 hours after reaching KDIGO stage 2 or 3 AKI and the 

group that received RRT within 72 hours after randomiza-

tion due to continued AKI or the presence of a conventional 

indication (early group vs. delayed group: 43.9% vs. 43.7%; 

p = 0.92). However, among survivors at 90 days, the early 

group showed about 1.7-fold greater RRT dependence than 

the delayed group (risk ratio [RR], 1.7; 95% CI, 1.2−2.4), 

and the percentage of patients who experienced adverse 

events during the RRT maintenance period was significant-

ly greater in the early group than in the delayed group (23% 

vs. 17%, p < 0.001). Among the RCTs on related topics, the 

largest and relatively pragmatic design has been advocat-

ed, but the limitation is that individual clinicians’ bias was 

involved in determining the eligibility of the study subjects. 

Furthermore, the median time to initiate RRT was 6.1 hours 

(interquartile range [IQR], 3.9−8.8 hours) from full eligibility 

judgment in the early group, whereas that in the delayed 

group, for which there was no obligation to select RRT and 

the judgment of individual clinicians was followed, was 31.1 

hours (IQR, 19.0–71.8 hours). 

It is difficult to make general recommendations to guide 

clinical practice due to the heterogeneity of the designs of 

the published RCTs. The four aforementioned RCTs (1) en-

rolled diverse study subjects (a mix of medical and surgical 

ICU patients); (2) applied different criteria for “early” and 

“delayed” CRRT initiation or were not consistent in their 

application (for example, the key entry criterion for both the 
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AKIKI and IDEAL-ICU trial—stage 3 AKI—was the criteri-

on for late initiation of RRT in the ELAIN trial); (3) the RRT 

modality was mixed; (4) patients with emergent indications, 

such as refractory hyperkalemia, metabolic acidosis, and 

pulmonary edema, were excluded from the AKIKI and IDE-

AL-ICU trials, whereas the majority of the patients in the 

ELAIN trial had fluid overload or pulmonary edema prior to 

enrollment, and the results cannot be said to reflect typical 

clinical practice; (5) most importantly, the criteria for initi-

ating RRT used in the studies were contingent and specified 

for the study, and there was inconsistency with the situation 

of actual patients requiring RRT; and 6) the protocols for 

initiation or discontinuation of RRT differed by trial. There-

fore, it is difficult to apply the research results to typical pa-

tient care and clinical situations. 

In consideration of these points, RCTs should continue 

to be conducted and well-controlled with practical and ap-

plicable research designs. Furthermore, if a proven clinical 

or laboratory marker or tool that reliably can distinguish 

patients who are likely to require RRT from patients who 

can recover without RRT or predictive models using scoring 

or artificial intelligence are available, effective, and efficient 

treatment using limited resources will be possible, and 

unnecessary exposure to RRT will be minimized. Further 

research is expected in the future. 

The results of the Artificial Kidney Initiation in Kidney 

Injury 2 (AKIKI2) trial that is currently in progress (Clini-

calTrials.gov identifiers: AKIKI-2 [NCT03396757]) are ex-

pected to provide significant contributions to the body of 

knowledge regarding CRRT in AKI [50]. The AKIKI2 trial is 

a prospective, multicenter, open-label, two-arm random-

ized trial that comprises observational and randomization 

stages. Patients with KDIGO stage 3 AKI who need a vaso-

pressor will be included in the observational stage (expected 

to be about 810 patients), and patients with serum urea 

concentration of 40 mmol/L or greater or oliguria/anuria 

for more than 72 hours will be randomized to receive RRT 

within 12 hours (the standard group). In contrast, in the 

delayed group, when the serum urea concentration reaches 

50 mmol/L or more or a severe condition (e.g., severe hy-

perkalemia, severe metabolic or mixed acidosis, or acute 

pulmonary edema due to fluid overload resulting in severe 

hypoxemia) occurs, RRT will be initiated, and randomiza-

tion of about 270 patients is expected. The primary outcome 

will be defined as the number of RRT-free days by day 28. 

Meta-analyses 

The results of the available meta-analysis comparing the 

clinical effects of early or delayed initiation of RRT in criti-

cally ill patients with AKI are as follows. 

In a meta-analysis of 1,636 patients from nine RCTs pub-

lished from 1985 to 2016, early RRT initiation did not reduce 

mortality (RR, 0.98; 95% CI, 0.78−1.23), and secondary 

outcomes (ICU or hospital length of stay, renal function 

recovery, and RRT dependence) were not affected [51,52]. 

Even when five studies specific to CRRT were analyzed 

separately, early CRRT initiation did not significantly affect 

the outcome. In the analysis of other outcomes, except for 

overall mortality, the recommendation grade was weak due 

to poor quality and importance. 

Similarly, another meta-analysis of nine RCTs comprising 

a total of 1,627 patients reported that earlier initiation of 

RRT had no benefit regarding mortality [53]. In subgroup 

analyses, in-hospital mortality decreased following early 

RRT initiation in surgical patients (RR, 0.78; 95% CI, 0.64–

0.95) and CRRT patients (RR, 0.80; 95% CI, 0.66–0.95). Nev-

ertheless, early intervention might not significantly improve 

the outcome but can increase the risk of side effects. 

A study that analyzed a total of 1,479 patients from five 

RCTs, one prospective cohort study, and nine retrospective 

cohort studies published from 1971 to 2016, found that early 

RRT reduced 28-day mortality, ICU, and hospital lengths of 

stay, and RRT duration [54]. This was especially true if RRT 

was initiated within 12 hours or 24 hours in patients who 

developed AKI after cardiac surgery. Even after analyzing 

eight studies targeting only CRRT, the prognostic improve-

ment effect of early RRT was confirmed (RR, 0.36; 95% CI, 

0.19–0.67). However, there are limitations to generalization 

because many retrospective studies were included, the 

number of patients was small, and different criteria were 

applied to each study. 

According to the results of a review study comprising five 

RCTs and 1,084 participants published in the Cochrane 

Database of Systematic Reviews [55], early RRT seems to re-

duce the risk of death and improve renal function recovery. 

However, considering the 95% CI, early RRT can worsen the 

outcome, and an increase in adverse events due to early 

RRT was noted. In addition, the RR for death was 0.65 (95% 

CI, 0.31–1.36) in the three RCTs for CRRT only, which was 

not statistically significant. The same was true for the recov-
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ery of renal function (RR, 1.36; 95% CI, 0.79–2.34). Overall, 

most studies presented low-quality evidence, underscoring 

the need for adequately powered RCTs. 

In a meta-analysis of nine studies published between 

April 2008 and December 2019, comprising 1,879 subjects 

[56], the timing of RRT initiation in the absence of an ur-

gent indication did not affect the survival of critically ill 

patients with severe AKI (28-day mortality; HR, 1.01; 95% 

CI, 0.87−1.17). The results were consistent regardless of sex, 

age, Sequential Organ Failure Assessment score, sepsis, 

or chronic kidney disease. Other outcomes and adverse 

events, such as death at 60 and 90 days, in-hospital death, 

duration of hospitalization, RRT-free days, RRT dependence 

upon discharge, and ventilator- and vasopressor-free days, 

were not affected by the timing of CRRT initiation. 

A meta-analysis of 10 RCTs published between 2002 and 

2020, including the most recently reported STARRT-AKI 

trial and comprising 4,753 patients, showed no correlation 

between the timing of RRT initiation and all-cause mortal-

ity or freedom from dialysis [57]. In the subgroup analyses, 

if the patient was in the surgical ICU or underwent CRRT, 

early initiation showed a benefit for the aforementioned 

outcomes. However, the studies used in this meta-analysis 

were heterogeneous, and there might have been biased; 

thus, the results should be interpreted with caution. 

Recommendations for future research 

To overcome the limitations of the previous studies and en-

able generalization of research results to clinical practice, 

we propose the following recommendations. First, the study 

population must be homogeneous; for instance, patients can 

be enrolled exclusively from medical or surgical ICUs or be 

limited to those receiving CRRT. The studies discussed in this 

paper included a mixture of patients receiving intermittent 

hemodialysis or CRRT, with few targeting CRRT only, hinder-

ing separate assessment of the findings for the two types of 

patients. Therefore, future RCTs should enroll more unified 

and homogenized study groups. Second, it is necessary to 

apply the inclusion and intervention (early or delayed) crite-

ria realistically and conduct the research in a typical clinical 

situation where applicable. In other words, all patients with 

emergent indications should be included in the study. Third, 

multicenter and multinational studies should be conducted 

using well-designed protocols with minimal dependence 

upon subjective criteria and the judgments of clinicians and 

physicians when assigning treatments. Fourth, an RCT tar-

geting older adults requiring CRRT is needed, considering 

the rapid aging of populations in many countries.  

Conclusions 

CRRT is important in the treatment and management of 

AKI in critically ill patients. Except for implementation in 

patients with life-threatening emergent indications, the 

proper timing of CRRT initiation remains controversial. In 

the current situation where it is difficult to generalize the 

conflicting results of recent research to patients seen in typ-

ical clinical practice and in the absence of reliable tools to 

Figure 2. Clinical decision tree for initiation of RRT in critically 
ill patients with AKI. Reproduced from the article of Ostermann 
et al. (Contrib Nephrol 2016;187:106-120) [22] with the permis-
sion from S. Karger AG.
AKI, acute kidney injury; RRT, renal replacement therapy.

Life-threatening complications of AKI that 
cannot be resolved quickly with simple 

methods
Start RRT

Consider
RRT

Yes

Yes

No

Stabilize hemodynamic status
Correction of hypovolemia or hypervolemia

Discontinue/avoid nephrotoxic drugs

Close monitoring and regular assessment of 
clinical status (severity illness, fluid status, 
acid-base/electrolyte/metabolic profile, and 

response to resuscitation)

Persistent or worsening AKI and presence 
of 1 or more the following:  
· Progressive fluid accumulation and 

overload 
· Persistent or worsening hyperkalemia 
· Persistent or worsening metabolic acidosis
· Persistent or worsening non-renal organ 

dysfunction  that may be modified by RRT
· Expectation of significant fluid and/or 

solute burden

AKI
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predict the prognosis associated with RRT, a personalized 

patient-oriented approach should be used. In other words, 

it is important to determine the optimal timing of CRRT 

initiation by assessing the clinical situation and disease pro-

gression and not relying solely upon simple indicators such 

as serum creatinine concentration or urine volume. 

The 17th Acute Disease Quality Initiative Consensus 

Group stated that acute RRT must be considered when met-

abolic and fluid demands exceed total kidney capacity and 

presented a conceptual model of demand-capacity balance 

[58]. The demand for kidney function is determined by 

nonrenal comorbidities, the severity of the acute disease, 

and the solute and fluid burden; the combination of these 

factors in given patients creates distinct scenarios requir-

ing variable management. Demand-capacity imbalance 

is dynamic, varies from patient to patient, and should be 

evaluated regularly. In addition, selection of the preferred 

RRT modality is determined by the technological capabili-

ty/availability at the healthcare facility, the inherent risk of 

the procedure, and current needs of the patient. In the case 

of CRRT, improved hemodynamic and intracranial pressure 

stability are expected benefits, but there are risks of infec-

tion, and patient immobilization is required. Notably, if the 

demand-capacity balance or treatment priorities change 

and an alternative technique are judged to be a better fit, 

transition to a different modality should be considered. All 

these processes underscore the need for a “precision & per-

sonalized” approach, and this concept should be applied in 

real-world clinical practice in the future. 

Recent research suggests that a careful waiting strategy 

should be properly applied according to patient (Fig. 2) [22], 

but CRRT should not be delayed if there is a life-threatening 

emergent condition. However, a wait-and-see approach 

with supportive care can be appropriate as there is no clear 

evidence that early CRRT initiation improves outcome, and 

CRRT is not a harmless treatment [59]. Therefore, future re-

search related to the timing of CRRT initiation should focus 

on the development of algorithms to help clinicians make 

appropriate decisions that go beyond early or late CRRT ini-

tiation. It is expected that many ongoing studies will provide 

real-world data to support such algorithms and improve out-

comes of critically ill patients with AKI in clinical practice. 
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