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CLINICAL INVESTIGATION

Time to Renal Replacement Therapy Initiation 
in Critically Ill Patients With Acute Kidney 
Injury: A Secondary Analysis of the Standard 
Versus Accelerated Initiation of Renal 
Replacement Therapy in Acute Kidney Injury 
(STARRT-AKI) Trial
OBJECTIVES: Among critically ill patients with severe acute kidney injury (AKI) 
who lack emergent indications for renal replacement therapy (RRT), a strategy 
of preemptive RRT initiation does not lead to improved outcomes. However, for 
patients with persistent AKI and without urgent indications for RRT, the safety of 
prolonged delays in RRT initiation is unclear. We sought to assess the associa-
tion between progressively longer delays in RRT initiation and clinical outcomes.

DESIGN: A post hoc secondary analysis.

SETTING: The multinational STandard vs. Accelerated initiation of Renal 
Replacement Therapy in Acute Kidney Injury (STARRT-AKI) trial.

PATIENTS: Participants allocated to the standard strategy of the STARRT-AKI trial.

INTERVENTIONS: The exposure was time from randomization to RRT initiation, 
evaluated in quartiles and as a continuous variable.

MEASUREMENTS AND MAIN RESULTS: The primary outcome was all-cause 
mortality at 90 days. Secondary outcomes were RRT dependence, RRT-free days, 
and hospital-free days, all at 90 days, as well length of ICU and hospital stay. Of the 
1462 participants allocated to the standard strategy group, 903 (62%) received 
RRT. Median time (interquartile range) to RRT initiation was 12.1 hours (8.3–
13.8 hr), 24.5 hours (21.8–26.5 hr), 46.8 hours (35.2–52.1 hr), and 96.1 hours 
(76.7–139.2 hr) in quartiles 1–4, respectively. Prolonged time to RRT initiation was 
associated with a lower risk of death at 90 days (quartile 4 vs. 1: adjusted odds 
ratio, 0.63 [95% CI, 0.42–0.94]); further analyses using cubic splines and inverse 
probability weighting to account for immortal time bias showed no association with 
the risk of death. There was no association between time to RRT initiation and RRT-
free days, hospital-free days, or lengths of ICU or hospital stay. Longer delay to RRT 
initiation had a linear association with RRT dependence at 90 days.

CONCLUSIONS: Among patients with no urgent indications and who received 
RRT in the standard strategy of the STARRT-AKI trial, longer deferral of RRT initi-
ation was not associated with a higher risk of mortality.

KEYWORDS: acute kidney injury; critical care; dialysis; renal replacement 
therapy; timing

Acute kidney injury (AKI) is a common complication of critical illness 
occurring in more than half of patients admitted to the ICU (1, 2). 
In patients with severe AKI, renal replacement therapy (RRT) is often 
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used to manage medically refractory hyperkalemia, 
metabolic acidosis, or complications of volume ac-
cumulation (3). However, in the absence of these ur-
gent indications, the preponderance of evidence from 
recent trials has suggested that a strategy of preemp-
tive or earlier commencement of RRT does not yield 
a survival advantage and may confer harm (4–6). The 
implication of these findings is that a strategy of RRT 
deferral in the absence of urgent AKI-associated emer-
gencies may be an acceptable strategy.

There is no definitive evidence around how long 
RRT may be deferred in the setting of prolonged un-
remitting severe AKI. The recent Artificial Kidney 
Initiation for Kidney Injury 2 (AKIKI-2) trial found 
that in patients with oliguria for more than 72 hours 
without an urgent indication for RRT, further delays 
in starting RRT did not result in more RRT-free days. 
However, longer delays in RRT initiation were associ-
ated with a higher risk of death and a lower chance of 
transitioning from coma to awakening (7, 8).

We conducted a post hoc analysis of patients allocated 
to the standard RRT initiation arm of the STandard vs. 
Accelerated initiation of Renal Replacement Therapy 
in Acute Kidney Injury (STARRT-AKI) trial to de-
scribe the association between progressively longer 
delays in RRT initiation and clinical outcomes. We 
hypothesized that longer delays to RRT initiation, in 

the absence of urgent indications, would not be associ-
ated with worse clinical outcomes.

MATERIALS AND METHODS

Design and Setting

We conducted a cohort study that comprised par-
ticipants allocated to the standard strategy of the 
STARRT-AKI trial, an international randomized 
control trial of 3019 patients that was conducted at 
168 hospitals in 15 countries (6). Details of the trial 
protocol, statistical analysis plan and main results 
have been published previously (6, 9, 10). The trial 
was approved by the Research Ethics Boards at 
Unity Health Toronto (CTO 16-009, approval date: 
February 23, 2016) and the University of Alberta (File 
Number Pro00060023, approval date: November 19, 
2015) (Table S1, http://links.lww.com/CCM/H692). 
All procedures were in accordance with the ethical 
standards of the responsible committee on human 
experimentation and with the Helsinki Declaration 
of 1975. This study followed The Strengthening the 
Reporting of Observational Studies in Epidemiology 
guidelines for observational studies (Table S2, http://
links.lww.com/CCM/H692) (11).

Population

We included participants allocated to the standard 
strategy arm of the STARRT-AKI trial who received 
RRT. The STARRT-AKI trial included patients 18 years 
old or older who were admitted to an ICU with severe 
AKI, defined as fulfilling stage 2 or 3 based on the 
Kidney Disease: Improving Global Outcomes classifi-
cation (3). Serum creatinine was to exceed 100 μmol/L 
in women and 130 μmol/L in men. Key exclusion cri-
teria were an urgent need for RRT, the recent receipt of 
RRT, advanced chronic kidney disease (defined by an 
estimated glomerular filtration rate < 20 mL/min/1.73 
m2), or the presence of an AKI etiology with a specific 
intervention. Eligible patients were randomized 1:1 to 
a strategy of accelerated or standard RRT initiation. In 
the accelerated strategy, all patients were to commence 
RRT within 12 hours of meeting eligibility criteria. For 
patients allocated to the standard strategy, which is 
the cohort investigated in this secondary analysis, cli-
nicians were discouraged from initiating RRT unless 
one of the following indications was present: a serum 

 
KEY POINTS

Question: In critically ill patients with severe acute 
kidney injury (AKI) but without conventional indi-
cations for renal replacement therapy (RRT), does 
prolonged delay in RRT initiation associate with a 
higher risk of death?

Findings: In this post hoc secondary analysis of 
the STandard vs. Accelerated initiation of Renal 
Replacement Therapy in Acute Kidney Injury 
(STARRT-AKI) trial, after accounting for potential 
immortal time bias, longer time to RRT initiation in 
critically ill patients with severe AKI was not asso-
ciated with increased risk of death at 90 days.

Meaning: In the absence of conventional indi-
cations for RRT, a strategy of careful monitoring 
and RRT deferral is not associated with excess 
mortality.
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potassium of greater than or equal to 6.0 mmol/L, a pH 
of less than or equal to 7.20 with a serum bicarbonate 
level of less than or equal to 12 mmol/L, evidence of 
severe respiratory failure based on a ratio of the Pao2 
to the Fio2 of less than or equal to 200 and clinical per-
ception of volume overload, or persistent severe AKI 
lasting more than 72 hours. There was no obligation to 
start RRT even in the presence of one or more of the 
aforementioned indications. In addition, RRT could 
be initiated at the clinicians’ discretion if there was a 
perception that deferral was no longer in the patient’s 
best interest. The initiation of RRT within 12 hours of 
eligibility criteria being met was considered a protocol 
violation.

Exposure

The primary exposure was the time, measured in hours, 
from randomization to RRT initiation among patients 
allocated to the standard strategy. Time was evaluated 
both in quartiles and as a continuous variable.

Outcomes

The primary outcome was death from any cause at 
90 days after randomization. Secondary outcomes 
were RRT dependence at 90 days, RRT-free and  
hospitalization-free days at 90 days, and ICU and hos-
pital length of stay.

Statistical Analysis

Baseline characteristics were expressed as numbers 
and percentages or medians and interquartile ranges 
(IQRs), as appropriate. We compared the baseline char-
acteristics of the participants allocated to the standard 
strategy group who did and did not receive RRT using 
Pearson chi-square test or univariable regression anal-
ysis as appropriate. Baseline characteristics at the time 
of randomization and clinical characteristics at the 
time of RRT initiation were described across quartiles 
of time to RRT initiation. Clinical characteristics at the 
time of RRT initiation in the subset of patients who 
initiated RRT less than 12 hours from randomization 
were also described.

We performed multivariable logistic regression to 
evaluate the association between time from random-
ization to RRT initiation, categorized in quartiles, 
and all-cause death and RRT dependence at day 90, 

respectively. A multivariable linear regression was 
used to assess the association between quartiles of time 
from randomization to RRT initiation and all other 
outcomes (adjusted mean difference [aMD]). All mod-
els were adjusted for the following baseline variables: 
age, sex, baseline estimated glomerular filtration rate, 
Simplified Acute Physiology Score (SAPS) II, sepsis, 
and admission type.

In additional analyses, we assessed time to RRT 
initiation as a continuous exposure, using restricted 
cubic splines (RCSs). Three knots were used for RCS 
based on the model’s lower Akaike information crite-
ria. To control for potential immortal time bias, bino-
mial regression was used to determine the probability 
of patients receiving RRT. This was performed using 
a generalized linear model with an indicator for RRT 
as the outcome using baseline characteristics (age, sex, 
baseline estimated glomerular filtration rate, SAPS 
II, sepsis, and admission type) and physiologic pre- 
randomization parameters (urine output, platelet, 
hemoglobin, Sequential Organ Failure Assessment 
[SOFA] score, cumulative fluid balance, temperature, 
arterial pH, heart rate, creatinine, potassium, WBCs, 
bicarbonate, and weight). Missing values in covariates 
were imputed with the median value of the covariate to 
get a probability estimate for every patient. The inverse 
of the predicted probabilities generated in the afore-
mentioned model was then used to weight each patient. 
A sensitivity analysis was performed in the subset of 
patients who survived for at least 96 hours, the median 
time to RRT initiation in the fourth quartile.

For the outcome of the number of RRT-free and 
hospital-free days at 90 days, we used an inverse 
probability weighted ordinary least squares model to 
control for immortal time bias. An RCS was used to 
account for possible nonlinear relationship between 
the variables. For the outcome of RRT dependence 
at 90 days, multivariable logistic regression with RCS 
was performed with the sample restricted to those 
who were alive at 90 days since being alive was a re-
quirement for this outcome. For this model, weights 
were the inverse of the probabilities of receiving RRT 
and being alive at day 90. For the outcomes of ICU 
and hospital length of stay, we used a multistate time-
to-event analysis with death and ICU or hospital dis-
charge as competing events. Time to RRT was again 
used in RCS form to capture its nonlinear relation-
ship with the outcomes.
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Statistical analyses were performed with the use of 
Stata software, Version 15 (StataCorp, College Station, 
TX), and R software, Version 4.1.2 (R Foundation for 
Statistical Computing, Vienna, Austria). A p value of 
less than0.05 was used to define statistical significance.

RESULTS

Baseline Characteristics

There were 1462 participants in the standard strategy 
arm, of whom 903 (62%) received RRT (Fig. S1, http://
links.lww.com/CCM/H692). Baseline characteristics 
of all participants in the standard strategy group, cat-
egorized by the receipt of RRT, are shown in Table S3 
(http://links.lww.com/CCM/H692). Among the 903 
participants who commenced RRT, the median (IQR) 
time to RRT initiation in quartiles 1, 2, 3, and 4 was 
12.1 hours (IQR, 8.3–13.8 hr), 24.5 hours (IQR, 21.8–
26.5 hr), 46.8 hours (IQR, 35.2–52.1 hr), and 96.1 hours 
(IQR, 76.7–139.2 hr), respectively. The baseline char-
acteristics of patients in the standard strategy group 
who received RRT are described by quartiles of time 
to RRT initiation in Table S4 (http://links.lww.com/
CCM/H692). There were no significant differences in 
demographics, preexisting conditions, admission cate-
gories, or hospital-acquired risk factors for AKI across 
quartiles. However, patients in quartile 4, as compared 
with quartile 1, had higher urine output, higher cumu-
lative fluid balance, higher arterial pH, lower potas-
sium, and higher bicarbonate, respectively, at the time 
of randomization. There were 107 participants who, 
despite being allocated to the standard strategy, com-
menced RRT less than 12 hours from randomization; 
clinical characteristics for this group are described in 
Table S5 (http://links.lww.com/CCM/H692).

Clinical characteristics at the time of RRT initiation 
are summarized across quartiles of time to RRT ini-
tiation in Table 1. Patients in quartile 4, as compared 
with quartile 1, had lower SOFA scores, less oliguria 
or anuria, higher arterial pH, higher serum creati-
nine, lower serum potassium, higher bicarbonate, and 
higher serum urea at the time of RRT initiation.

Outcomes

Primary Outcome. A longer time from randomization 
to RRT initiation was associated with a lower risk of 
death at 90 days (quartile 3 vs. 1: adjusted odds ratio Q
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[aOR], 0.52 [95% CI, 0.35–0.77] and quartile 4 vs. 1: 
aOR, 0.63 [95% CI, 0.42–0.93]) (Fig. 1; and Table S6, 
http://links.lww.com/CCM/H692). However, when 
examining time to RRT initiation as a continuous 
variable, there was no linear or nonlinear association 
between time to RRT initiation and 90-day mortality 
(Fig. 2; and Table S7, http://links.lww.com/CCM/
H692). Results were similar among patients who sur-
vived for at least 96 hours (Fig. S2 and Table S8, http://
links.lww.com/CCM/H692).

Secondary Outcomes. Time to RRT initiation, 
assessed in quartiles, was not associated with RRT de-
pendence, number of RRT-free days, or hospitalization-
free days at 90 days (Fig. 1; and Table S6, http://links.
lww.com/CCM/H692). Similarly, when examined as 

a continuous variable, 
time to RRT initiation 
was not associated with 
the number of RRT-free 
or hospitalization-free 
days (Fig. 3, B and C; 
and Tables S9 and S10, 
http://links.lww.com/
CCM/H692). Among 
the 388 survivors to 90 
days with complete data, 
a longer delay in initia-
tion of RRT had a linear 
association with higher 
probability of RRT de-
pendence at 90 days (p = 
0.01) (Fig. 3A; and Table 
S11, http://links.lww.
com/CCM/H692).

Longer delays to RRT 
initiation were associated 
with longer duration of 
ICU length of stay (quar-
tile 4 vs. 1: aMD, 8.3 d 
[95% CI, 5.8–10.8 d] and 
quartile 3 vs. 1: aMD, 6.2 
d [95% CI, 3.7–8.6 d]) 
and a longer duration 
of hospital stay (quar-
tile 4 vs. 1: aMD, 12.7 d 
[95% CI, 7.8–17.5 d] and 
quartile 3 vs. 1: aMD, 
11.0 d [95% CI, 6.2–15.8 

d]) (Fig. 1; and Table S6, http://links.lww.com/CCM/
H692). However, in the inverse probability weighted 
analysis after accounting for the death as a competing 
risk, time to RRT initiation was not associated with 
length of ICU or hospital stay (Fig. 4; and Tables S12 
and S13, http://links.lww.com/CCM/H692).

DISCUSSION

Among patients with severe AKI but no urgent indi-
cations for RRT initiation, delaying the initiation of 
RRT was not associated with incremental mortality 
risk, and there was no time threshold above which 
mortality appeared to significantly increase. In addi-
tion, deferral of RRT initiation was not associated with 

Figure 1. Adjusted associations of time to renal replacement therapy (RRT) initiation (by quartiles) 
and outcomes. p values for trend are shown.

http://links.lww.com/CCM/H692
http://links.lww.com/CCM/H692
http://links.lww.com/CCM/H692
http://links.lww.com/CCM/H692
http://links.lww.com/CCM/H692
http://links.lww.com/CCM/H692
http://links.lww.com/CCM/H692
http://links.lww.com/CCM/H692
http://links.lww.com/CCM/H692
http://links.lww.com/CCM/H692
http://links.lww.com/CCM/H692
http://links.lww.com/CCM/H692
http://links.lww.com/CCM/H692
http://links.lww.com/CCM/H692


Copyright © 2025 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Clinical Investigation

Critical Care Medicine	 www.ccmjournal.org          e903

differences in the number of RRT-free or hospital-free 
days at 90 days. However, we observed an association 
with longer time to RRT initiation and the higher risk 
of RRT dependence at 90 days.

Although recent randomized trials did not show 
that early RRT initiation leads to superior outcomes 
as compared with strategies of RRT deferral (4–6, 
12), the patients in the “delayed” arms of these trials 
who commenced RRT did so within a median range 
of 31–57 hours from randomization. It thus remains 
unclear if further deferral of RRT, in the setting of 
severe persistent AKI and no urgent indication for 
RRT initiation, is a safe and acceptable practice. The 
AKIKI-2 trial randomized 278 patients with persistent 
stage 3 AKI, to a strategy of immediate RRT initiation 
(“delayed” RRT) compared with further delay in RRT 
initiation until there was a conventional indication 
or serum urea exceeded 50 mmol/L (“more-delayed” 
RRT). The “more-delayed” group had a median time 
of 94 hours to RRT initiation. Contrary to the intui-
tive hypothesis that patients with more protracted 

delays in RRT initiation 
would have more RRT-
free days, patients in the 
“more-delayed” arm had 
a comparable number 
of RRT-free days com-
pared with those in the 
“delayed” arm. In addi-
tion, a post hoc adjusted 
analysis suggested that a 
more-delayed strategy to 
starting RRT conferred a 
higher hazard of death.

Contrary to our hypo-
thesis, we found a lower 
risk of 90-day all-cause 
mortality in quartiles 
reflecting the longest 
time from randomiza-
tion to RRT initiation. 
However, these associa-
tions were no longer ev-
ident in analyses that 
treated time to RRT as a 
continuous variable and 
accounted for the likeli-
hood of surviving to the 

receipt of RRT. We speculate that patients who remain 
clinically stable despite severe AKI are able to tolerate 
prolonged deferral of RRT initiation without any im-
pact on mortality. Overall, these findings suggest that 
with close surveillance, RRT can be safely deferred in 
patients with severe AKI, and there is no fixed time 
beyond which waiting to commence RRT confers net 
harm. STARRT-AKI participants who were allocated 
to the standard arm and started RRT relatively earlier 
were generally sicker, as suggested by higher SOFA 
scores, lower urine output, and higher cumulative fluid 
balance in the earliest quartile at RRT initiation. This 
may indicate that the relative severity in illness acuity 
is important in predicting mortality and therefore 
influences the perceived “need” to commence RRT by 
clinicians.

When assessed in quartiles, patients with longer 
time to RRT initiation had more RRT-free days. By 
the same token such patients had longer ICU stays 
suggesting that nonrecovery of kidney function and 
uncertainty around RRT initiation may contribute to 

Figure 2. The association between time from randomization to renal replacement therapy (RRT) 
initiation and the predicted probability of death at 90 d. The solid line represents the fitted line of 
the association between time to RRT initiation (hr) and the probability of death after adjustment for 
age, sex, baseline estimated glomerular filtration rate, Simplified Acute Physiology Score II, sepsis, 
admission type, urine output, platelet, hemoglobin, Sequential Organ Failure Assessment score, 
cumulative fluid balance, temperature, arterial pH, heart rate, creatinine, potassium, WBCs, bicarbonate, 
and weight and the shaded region represents the 95% CI.
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longer ICU stay. However, after accounting for im-
mortal time bias and the likelihood of a patient sur-
viving to receive RRT (as well as other variables) these 
relationships were negated. When time to RRT initia-
tion was treated as a continuous variable, we observed 
a statistically significant association with RRT depend-
ence at 90 days. The reason for this relationship is un-
clear from this study, although it could be speculated 
that cumulative fluid balance, sustained inflammation, 
or preexisting individual patient characteristics (such 
as chronic kidney disease) could play a role. We believe 
this result should be interpreted with caution given the 
small number of trial participants who were alive and 
RRT dependent at 90 days.

Our study has several strengths. By focusing on 
participants in the standard arm of the STARRT-AKI 

trial, for whom there was a great deal of flexibility with 
respect to the initiation or deferral of RRT, we were 
able to study the effects of protracted RRT deferral on 
patient outcomes in the context of usual care. As the 
study was embedded in a clinical trial, we had access 
to a comprehensive database with variables that were 
rigorously collected and verified. The trial database 
afforded access to a broad array of clinical data at both 
the time of randomization and the initiation of RRT, 
which enabled robust adjustment for potential con-
founders. We also performed analyses that accounted 
for patients randomized to the standard arm but who 
did not commence RRT, either because of death or 
kidney recovery. By doing so, we addressed the key 
“competing risks” with which clinicians are faced when 
considering the initiation of RRT in patients with AKI.

Figure 3. The association between time from randomization to renal replacement therapy (RRT) initiation and secondary outcomes. 
The association between time from randomization to RRT initiation and the predicted probability of RRT dependence (A), the number of 
RRT-free days (B), and the number of hospital-free days at 90 d (C). The solid lines represent the fitted lines of the association and the 
shaded region represents the 95% CI.
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There are key limitations to acknowledge. Our prin-
cipal analysis was subject to immortal time bias, as 
patients who commenced RRT in the intervals com-
prising the highest quartiles must have survived to 

enable the delayed receipt 
of RRT. Notwithstanding 
our attempts to address 
this by accounting for 
patients who did not re-
ceive RRT and adjust-
ment for key covariates, 
it is possible that patients 
whose time to RRT in-
itiation was protracted 
were inherently healthier 
than those who started 
earlier. A large propor-
tion of our cohort were 
patients admitted to the 
ICU for medical diagno-
ses as opposed to those 
admitted to the ICU fol-
lowing surgery; notably, 
less than 10% having had 
cardiopulmonary bypass 
in the preceding 7 days. 
Therefore, our results 
may not readily extend to 
patients with critical ill-
ness driven by a surgical 
diagnosis. Although par-
ticipants were recruited 
at a diverse array of hos-
pitals around the world, 
patients enrolled in clin-
ical trials may be inher-
ently different than the 
broader ICU population, 
which may limit the gen-
eralizability of our find-
ings. Furthermore, the 
eligibility criteria for the 
STARRT-AKI deliber-
ately excluded individu-
als who were perceived 
by clinicians to have an 
immediate need to start 
RRT or who were felt 

to be likely to recover kidney function without RRT. 
Finally, we were not able to assess other important 
clinical outcomes such as the duration of coma and 
quality of life.

Figure 4. The association between time from randomization to renal replacement therapy (RRT) 
initiation and secondary outcomes. The association between the time from randomization to RRT 
initiation and the predicted probability of ICU discharge and ICU death (A) and the predicted 
probability of hospital discharge and hospital death (B). The solid lines represent the fitted line of the 
associations and the shaded region represents the 95% CI.
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CONCLUSIONS

We found that among critically ill patients with severe 
AKI but without conventional indications for RRT, the 
time to RRT initiation was not associated with a higher 
risk of death at 90 days. Prolonged deferral of RRT in-
itiation in severe AKI may be associated with a higher 
risk of RRT dependence at 90 days.
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