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Abstract

Background: There is controversy regarding the optimal renal-replacement therapy (RRT) modality for critically ill
patients with acute kidney injury (AKI).

Methods: We conducted a secondary analysis of the STandard versus Accelerated Renal Replacement Therapy in Acute
Kidney Injury (STARRT-AKI) trial to compare outcomes among patients who initiated RRT with either continuous renal
replacement therapy (CRRT) or intermittent hemodialysis (IHD). We generated a propensity score for the likelihood of
receiving CRRT and used inverse probability of treatment with overlap-weighting to address baseline inter-group differ-
ences. The primary outcome was a composite of death or RRT dependence at 90-days after randomization.

Results: We identified 1590 trial participants who initially received CRRT and 606 who initially received IHD. The com-
posite outcome of death or RRT dependence at 90-days occurred in 823 (51.8%) patients who commenced CRRT and
329 (54.3%) patients who commenced IHD (unadjusted odds ratio (OR) 0.90; 95% confidence interval (Cl) 0.75-1.09).
After balancing baseline characteristics with overlap weighting, initial receipt of CRRT was associated with a lower risk
of death or RRT dependence at 90-days compared with initial receipt of IHD (OR 0.81; 95% Cl 0.66—-0.99). This associa-
tion was predominantly driven by a lower risk of RRT dependence at 90-days (OR 0.61; 95% CI 0.39-0.94).

Conclusions: In critically ill patients with severe AKI, initiation of CRRT, as compared to IHD, was associated with a
significant reduction in the composite outcome of death or RRT dependence at 90-days.
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Introduction

Critical illness is frequently complicated by acute kid-
ney injury (AKI) and renal-replacement therapy (RRT)
remains the cornerstone of support in a significant pro-
portion of patients who develop refractory medical com-
plications or severe persistent AKI [1, 2]. Several aspects
of the acute RRT prescription remain controversial,
including the most suitable initial RRT modality [3-5].
The most common RRT modalities deployed in inten-
sive care unit (ICU) settings are intermittent hemodi-
alysis (IHD) and continuous renal replacement therapy
(CRRT). IHD is generally provided for 3-5 h per session
every other day, delivered with a conventional dialysis
machine. CRRT is delivered using a specialized platform
device continuously over a prolonged (>24-h) period and
involves slower solute clearance and fluid removal [6].
CRRT is generally preferred among critically ill patients
with hemodynamic instability, multi-organ failure, and
those at risk of or with evidence of cerebral edema (e.g.,
brain injury, liver failure), whereas IHD is felt to be more
suitable for hemodynamically stable patients weaned
from vasoactive support, those with acute intoxications
with dialyzable toxins; or those with urgent indications
for selected metabolic derangements (e.g., refractory
hyperkalemia).

Clinical practice guidelines published more than a dec-
ade ago suggested that CRRT and IHD are complemen-
tary therapies in critically ill patients with AKI. However,
those guidelines suggested the preferential use of CRRT
for patients with hemodynamic instability and for those
with or at increased risk of intracranial hypertension
[7, 8]. Meta-analyses [9-12] and previous randomized
trials [12-15] have not consistently shown superior-
ity of CRRT compared with IHD in terms of mortality
or kidney recovery. However, many of these trials were
relatively small and had methodological limitations,
including unsuitable sample size estimations, in-trial
protocol amendments, prolonged accrual time, prema-
ture trial termination, differences in baseline character-
istics, post-randomization exclusions, protocol violations
and treatment crossover, and exclusion of patients with
hemodynamic instability or inclusion of patients with
relatively low illness acuity. In addition, emerging obser-
vational data and secondary analyses from randomized
trials suggest that the initial RRT modality may influ-
ence clinical outcomes [16—18]. There remains clinical
uncertainty with respect to the optimal selection of RRT
modality for critically ill patients with AKIL

Accordingly, we conducted a secondary analysis of the
STandard vs Accelerated initiation of Renal Replace-
ment Therapy in Acute Kidney Injury (STARRT-AKI)
trial to evaluate whether the initial RRT modality pre-
scribed to critically ill patients with severe AKI was

Take-home message

The optimal modality for the delivery of renal replacement therapy
(RRT) to critically ill patients with acute kidney injury is controver-
sial. We performed a retrospective analysis of the STARRT-AKI trial
and found that continuous renal replacement therapy was associ-
ated with a lower risk of the composite of all-cause mortality or RRT
dependence 90 days after randomization.

associated with differential patient-centered clinical
outcomes.

Methods

Design

This is a post-hoc secondary analysis of the STARRT-AKI
trial (Data Creation Plan available at: https://www.ualbe
rta.ca/critical-care/research/current-research/starrtaki/
documents.html). The STARRT-AKI trial randomized
3019 critically ill patients with severe AKI to two strate-
gies for RRT initiation, accelerated or standard. The trial
recruited patients at 168 sites in 15 countries between
October 2015 and September 2019 [19].

The STARRT-AKI trial was approved by the Research
Ethics Boards at Unity Health Toronto (CTO 16-009),
the University of Alberta (File # Pro00060023) and all
participating sites. Depending on local standards and
legislation, informed consent was obtained from patients
and substitute decision-makers or the need for informed
consent was deferred or waived.

The design and main outcomes of the STARRT-AKI
trial have been reported [19-21]. Briefly, critically ill
patients with severe AKI (categorized as stage 2 or 3
by the Kidney Disease: Improving Global Outcomes
[KDIGO] classification [8]) with no urgent indications
for RRT were randomly allocated to an accelerated- or
standard-strategy for RRT initiation. After fulfilling eli-
gibility, participants allocated to the accelerated-strategy
were to start RRT within 12 h, whereas in participants
allocated to the standard-strategy, clinicians were dis-
couraged from starting RRT unless one or more conven-
tional indications developed or if AKI persisted for>72 h
[19].

To align with published clinical practice guidelines
and contemporary practice, the trial protocol and opera-
tions manual suggested that clinicians initially use CRRT
or sustained low efficiency dialysis (SLED, defined as
intermittent therapy typically delivered over 6-12 h)
for patients with hemodynamic instability (Available at:
https://www.ualberta.ca/critical-care/research/current-
research/starrtaki/documents.html) [8]. However, clini-
cians were given ultimate discretion regarding the initial
RRT modality selection as well as all other aspects of the
RRT prescription [21].


https://www.ualberta.ca/critical-care/research/current-research/starrtaki/documents.html
https://www.ualberta.ca/critical-care/research/current-research/starrtaki/documents.html
https://www.ualberta.ca/critical-care/research/current-research/starrtaki/documents.html
https://www.ualberta.ca/critical-care/research/current-research/starrtaki/documents.html
https://www.ualberta.ca/critical-care/research/current-research/starrtaki/documents.html
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Population

Participants analyzed in the modified intention-to-treat
analysis of the STARRT-AKI trial and who received at
least one session of RRT, either CRRT or IHD, were eligi-
ble for inclusion in this secondary analysis. We excluded
participants whose initial RRT modality was SLED, as it
was used infrequently.

Exposure

The primary exposure was the initial RRT modal-
ity, defined as CRRT or IHD. Since RRT modalities are
sometimes delivered in an integrated fashion, we also
evaluated the proportion of days on RRT in the ICU
(occurring during the first 14 days from randomization)
during which CRRT was deployed. Proportion of CRRT
days was evaluated as a continuous variable and catego-
rized into 20% increments.

Outcomes

The primary outcome was a composite of all-cause
mortality or RRT dependence 90 days after randomiza-
tion. Investigators were asked to designate participants
as “RRT dependent” if they received any form for RRT
within 7 days of day 90 following randomization Sec-
ondary outcomes were the components of the primary
outcome, ventilator-free days, vasoactive-free days, and
ICU-free days (all at 28 days), ICU length of stay, hospital
length of stay, and hospital-free days at 90 days. A “free”
day was defined as<2 h of organ support or time in the
ICU or hospital on that calendar day. Participants who
died before the free-day landmark (28- or 90-days,
depending on the outcome) were assigned O free-days
[22].

Statistical analyses

We compared baseline variables between patients ini-
tiating CRRT or IHD using numbers (%) for categorical
variables and means (standard deviation) or medians
(interquartile range) for continuous or count variables.
We accounted for missing baseline and outcome data by
using multiple imputation with pre-treatment and out-
come variables as explanatory variables in the imputation
model, to create 20 imputed datasets [23-25] (Supple-
mentary Table 1). We used Rubin’s rules to calculate the
standard errors of estimates derived from the imputed
datasets to account for the uncertainty associated with
the imputation of missing values. There were no miss-
ing data for mortality at 90-days but information on RRT
dependence at 90-days was missing for 11 participants
(6 who initiated CRRT and 5 who initiated IHD). The
multiple imputation model included both pre-treatment
and outcome variables as previously recommended for

propensity score analysis with missing pre-treatment
data [24]. Following multiple imputation, we estimated
propensity scores for initial receipt of CRRT using a
probit model that included pre-treatment variables con-
sidered to be associated with outcomes as explanatory
variables [26] (Supplementary Table 1). Propensity scores
were calculated separately for each imputed dataset [24,
27]. We then used propensity scores to generate over-
lap weights and inverse probability of treatment weights
(IPTW) [22, 26—-29]. The pre-specified main analysis of
the primary and secondary outcomes was based on logis-
tic or linear regression models using overlap weighting.
Overlap weighting was used in the main analysis as it
overcomes some of the IPTW limitations, such as exclu-
sion of participants from the analysis due to extreme
IPTW values, resulting in better performance in terms
of bias and precision [22, 27, 28]. Moreover, overlap
weighting focuses on patients where there is most clini-
cal equipoise with regards to receipt of CRRT vs IHD,
yielding treatment effects that are more useful in a real
clinical setting. We conducted pre-specified subgroup
analyses (allocated RRT strategy; age; sex; chronic kid-
ney disease [CKD] status; sepsis; mechanical ventilation;
vasoactive support; Sequential Organ Failure Assessment
(SOFA) score [baseline and at RRT initiation]; cumulative
fluid balance at RRT initiation) of the primary outcome
accompanied by interaction tests using logistic regression
models with overlap weighting with a p value <0.05 defin-
ing evidence of a significant interaction. To assess the
robustness of the main analysis of the primary outcome,
we conducted sensitivity analyses using IPTW with trim-
ming at the 1 and 99 percentiles of the propensity score
distribution before calculating IPTWs, truncation of
IPTW at 1 and 99 percentiles, and IPTW without trim-
ming or truncation [27, 30]. We presented group-specific
overlap weighting adjusted pre-treatment characteristics
and conducted unadjusted analyses to assess the reduc-
tion of confounding by indication achieved with the use
of propensity scores [26]. For analyses in which the expo-
sure was the proportion of days on CRRT, we evaluated
the relationship between the exposure and the outcomes
of interest using logistic regression with adjustment for
all variables included in the aforementioned propensity
scores.

We performed three pre-specified sensitivity analyses
of the primary outcome including: limiting the cohort
to patients who only received a single modality of RRT
(CRRT or IHD); limiting the cohort to patients who
received vasoactive support at RRT initiation; and lim-
iting the cohort to patients who received a minimum of
3-days of RRT. All analyses were performed using Stata
version 15.1 (StataCorp LLC, College Station, TX).



1308

2927 Patients in STARRT-AKI
intention-to-treat analysis

l

2321 Patients received RRT

125 Patients excluded

2

Y

101 Received SLED

2196 Patients included in
RRT modality analysis

24 Missing data on RRT modality

v

v

1590 Patients initially
received CRRT

606 Patients initially
received IHD

Fig. 1 Assembly of the study cohort, stratified by initial receipt of CRRT or IHD. CRRT continuous renal replacement therapy, /HD intermittent hemo-
dialysis, RRT renal replacement therapy, SLED sustained low efficiency dialysis

Results

Patients

Among 2927 participants in the modified intention-to-
treat analysis, 2321 received RRT (1418 allocated to the
accelerated-strategy and 903 allocated to the standard-
strategy). We excluded 24 participants with missing data
on initial modality and 101 participants who initiated
SLED. Of the remaining 2196 participants, 1590 (72.4%)
initially received CRRT and 606 (27.6%) received IHD
(Fig. 1).

Patients who initially received CRRT were younger; less
likely to have pre-existing CKD, diabetes mellitus, hyper-
tension, and heart failure; had higher SAPS II and SOFA
scores; and were more likely to be receiving mechanical
ventilation and vasoactive support, compared to patients
initially receiving IHD (Table 1). At the time of RRT ini-
tiation, CRRT recipients had higher urine output, lower
serum creatinine and lower cumulative fluid balance
compared to those who received IHD. Following overlap
weighting, CRRT and IHD groups were well balanced
(Table 1). Information on missing data is found in Sup-
plementary Table 2.

Primary outcome

The composite primary outcome of death or RRT
dependence at 90-days occurred in 823 (51.8%)
patients who initially started CRRT and 329 (54.3%) who
initially started IHD (unadjusted odds ratio (OR) 0.90;
95% confidence interval (CI) 0.75-1.09). After inverse
probability overlap weighting with a propensity score for
the initial receipt of CRRT, receipt of CRRT was associ-
ated with a lower risk of the composite of death or RRT
dependence at 90-days compared with initial receipt of

IHD (OR 0.81; 95% CI 0.66—0.99). Results of analyses by
IPTW alone as well as with trimming and truncation,
respectively, are shown in Supplementary Table 3.

Subgroup analyses

The association between initial RRT modality and
the composite of death or RRT dependence at 90-days
was evaluated across 10 pre-specified subgroups,
including the randomly allocated RRT initiation strat-
egy (Fig. 2). There were no statistically significant
interactions.

Secondary outcomes

All-cause mortality at 90-days occurred in 752
(47.3%) patients who initially received CRRT and 279
(46.0%) patients who initially received IHD (unadjusted
OR 1.05, 95% CI 0.87-1.27; OR after overlap weighting,
0.90; 95% CI 0.74-1.11) (Table 2). Patients who com-
menced CRRT had a lower risk of RRT dependence at
90-days compared with those who commenced IHD
(unadjusted OR 0.51, 95% CI 0.35-0.76; OR after over-
lap weighting, 0.61; 95% CI 0.39-0.94). There were no
statistically significant differences in ICU and hospital
length of stay between patients who initially received
CRRT compared with IHD. However, patients who ini-
tially received CRRT had more ICU-free days at 28-days
and hospital-free days at 90-days compared to those who
commenced IHD (Table 2). Initial RRT modality was not
associated with significant differences in ventilator- or
vasoactive-free days at 28-days.
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Table 1 Patient characteristics at trial randomization and RRT initiation before and after overlap weighting

Age, years 63.7 (14.3) 659 (13.4) —0.16 65.5(13.8) 654 (13.4)
Body weight, kg 87.6 (26.4) 87.7 (25.1) 0.00 86.8 (25.9) 87 (24.9)
Female sex 508 (31.9) 189 (31.2) —0.02 506 (31.8) 192 (31.7)
Baseline serum creatinine, mg/d| 13(1) 14(1.0) —0.11 14(1.2) 14(1.1)
Baseline GFR, ml/min/1.73 m? 67.8 (30) 63.6(29.9) 0.14 64.8 (30.3) 64.8 (30)
Pre-existing conditions

Chronic kidney disease 667 (41.9) 295 (48.7) —-0.14 737 (46.4) 282 (46.6)
Hypertension 859 (54) 357 (58.9) —0.10 912 (574) 348 (57.4)
Diabetes mellitus 470 (29.6 195 (32.2) —0.06 495 (31.1) 189 (31.2)
Heart failure 198(125) 96 (15.8) —0.10 230 (14.5) 88 (14.5)
Liver disease 200 (12.6) 63 (104) 0.07 176 (11.1) 68(11.2)

Characteristics at randomization

SOFA score 122(3.5) 114 (3.6) 0.21 122(33) 122(33)
SAPS Il score 60.7 (17.2) 57.2(16.9) 0.20 58.1(16.7) 58.1(17.1)
Serum creatinine, mg/dl 34(1.7) 4(1.7) —033 38(2) 38(1.7)
Hemoglobin, g/L 99.8 (22.9) 986 (24.1) 0.05 994 (23) 99.3 (24.6)
Serum urea, mmol/L 203 (10.7) 234 (11.6) —0.27 228(11.8) 22.7(11.3)
Cardiopulmonary bypass in preceding 7 days 140 (8.8) 30(5) 0.15 96 (6) 36 (5.9)
Aortic aneurysm repair in preceding 7 days 86 (5.4) 21(35) 0.09 60 (3.8) 23(3.8)
Other vascular surgery in preceding 7 days 83(5.2) 30 (5) 0.01 81 (5.1) 31(5.1)
Trauma in preceding 7 days 63 (4) 24 (4) 0.00 59(3.7) 23(3.8)
Sepsis in the last 72 h 922 (58) 374(61.7) —0.08 954 (60) 364 (60.1)
Mechanical ventilation 1275 (80.2) 447 (73.8) 0.15 1187 (74.7) 452 (74.6)
Vasoactive medication 1224 (77) 347 (57.3) 043 1013 (63.7) 386 (63.7)
Cumulative fluid balance at randomization, mL 4054.5 (5766) 4811.2 (6535.3) -0.11 44418 (7085.3) 4446.8 (6063.1)
Characteristics at RRT initiation

Time from ICU admission to RRT initiation, hours 96 (289.9) 111.5(170.7) —0.07 108.6 (342.6) 106.8 (179.6)
Days from hospital admission to RRT initiation 89 (16.3) 9.7 (13.5) —0.06 9.7 (18.9) 96 (14.1)
SOFA score components

—Respiratory 22(1.1) 1.9(1.1) 0.26 25(1.2) 25(1.2)
—Coagulation 1.1(1.0) 09(1.1) 0.11 1(13) 1.1(1.3)
—Liver 0.9 (1.1) 0.7 (1.1) 0.13 0.7 (1.1) 0.7 (1.1)
—Cardiovascular 26(1.6) 1.8(1.8) 047 2(1.2) 1.101.1)
—Central nervous system 23(1.6) 1.8(1.6) 033 11012 13(1.3)
—Renal 2.8(0.9) 32(0.8) —046 1012 1.1(1.2)
Total SOFA score 11.8(3.6) 104 (3.6) 041 108 (3.6) 10.8 (3.6)
Urine output in preceding 24 h 804.3 (990.5) 6494 (813.7) 0.17 696.6 (823) 689.9 (850.4)
Cumulative fluid balance at RRT initiation 48739 (6417.9) 6574.1 (8403.1) —022 5633.7 (7915.8) 5654.1 (7025.4)
Serum creatinine, mg/dL 39(1.9) 4.7 (2.1) —042 44(2.2) 44(2)
Serum urea, mmol/L 239(18.9) 274(13.8) —0.23 26.1(21.2) 26.1(15)
Serum potassium, mmol/L 4.5(0.7) 44(0.7) 0.14 44(0.7) 44(0.7)
Bicarbonate, mmol/L 20.2 (4.7) 20 (4.1) 0.05 20 (4.7) 20 (4.2)

pH at RRT initiation 73(0.1) 73(0.1) —0.03 73(0.1) 73(0.1)
Hemoglobin, g/L 97.4(33.3) 95.8 (21.7) 0.06 96.7 (25.7) 96.6 (22.6)

0.00
—0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00

—001
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.01
0.00

—0.01
0.00
—0.01
0.00
0.00
—0.01
—001
0.01
0.00
0.00
0.00
0.01
0.00
0.00
0.00

Continuous variables expressed as mean (standard deviation); categorical variables expressed as number (%)

SD standardized difference, RRT renal replacement therapy, CRRT continuous renal replacement therapy, IHD intermittent hemodialysis, GFR glomerular filtration rate,

SOFA Sequential Organ Failure Assessment, SAPS Sepsis Acute Physiology Score, ICU intensive care unit

$ Vasoactive support was defined as receipt of any dose of norepinephrine, epinephrine, vasopressin, levosimendan, dobutamine, milrinone, or phenylephrine

" All patients were included in the analyses using overlap weighting. The number of observations in the pseudo-population based on overlap weighting was 373 in

the CRRT group and 373 in the IHD group
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Subgroup No. of participants Odds ratio (95% CI) P-value
RRT strategy 0.26
Accelerated 1352 —i— 0.74 (0.57, 0.96)
Standard 844 —— 0.95 (0.67, 1.36)
Age 0.55
265 1200 —i- 0.86 (0.65, 1.13)
<65 996 —i— 0.75 (0.55, 1.04)
Sex 0.78
Female 697 —T 0.79 (0.54, 1.14)
Male 1499 —ir 0.84 (0.65, 1.07)
Chronic kidney disease 0.30
Yes 962 —— 0.95 (0.70, 1.30)
No 1234 —i— 0.77 (0.58, 1.02)
Sepsis 0.44
Yes 1296 —i— 0.78 (0.60, 1.03)
No 900 —i— 0.92 (0.67, 1.29)
Mechanical ventilation 0.22
Yes 1722 — 0.85 (0.67, 1.08)
No 474 —i— 0.63 (0.41, 0.96)
Vasoactive support 0.91
Yes 1571 —l— 0.79 (0.61, 1.02)
No 625 —T 0.77 (0.54, 1.10)
Baseline SOFA score (quartiles) 0.46
1st 740 —i— 0.89 (0.63, 1.24)
2nd 480 i 0.85 (0.54, 1.34)
3rd 435 —a— 0.54 (0.32, 0.91)
4th 541 i 0.78 (0.47, 1.29)
SOFA score at RRT initiation (quartiles) 0.74
1st 662 —i— 0.75 (0.54, 1.05)
2nd 436 0.96 (0.59, 1.54)
3rd 629 £ 0.72 (0.47, 1.10)
4th 468 0.96 (0.53, 1.72)
Cumulative fluid balance at RRT initiation (quartiles) 0.73
1st 511 —— 0.83 (0.53, 1.29)
2nd 533 —i— 0.65 (0.43, 1.00)
3rd 520 - 0.93 (0.58, 1.49)
4th 503 —— 0.80 (0.53, 1.21)
| | |

5 1 2 4

CRRT better IHD better

Fig. 2 The association between initial RRT modality and the composite outcome of 90-day mortality or RRT dependence, across pre-specified sub-
groups. RT renal replacement therapy, SOFA sequential organ failure assessment

Sensitivity analyses

in two different ways: those who exclusively received

The initial RRT modality was not associated with the = CRRT or IHD through the first 14 days while in ICU and
composite of death or RRT dependence at 90-days in  those who were receiving vasoactive support at the time
sensitivity analyses that restricted the patient cohort of RRT initiation (Supplementary Table 4). In a further
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Table 2 The association between initial RRT modality and primary and secondary outcomes

Primary outcome

Death or RRT dependence at 90-days, n (%) 1590 606
Secondary outcomes

All-cause mortality at 90 days, n (%) 1590 606
RRT dependence at 90 days (survivors only), (n (%)) 838 327
ICU length of stay, days 1590 606
Hospital length of stay, days 1590 606
ICU-free days at 28 days, median (IQR) 1590 606
Hospital-free days at 90 days, median (IQR) 1590 606
Ventilator-free days at 28 days, median (IQR) 1590 606
Vasoactive-free days at Day 28, median (IQR) 1590 606

823 (51.8) 329 (54.3) 0.81 (0.66 t0 0.99) 0.044
752 (47.3) 279 (46) 0.90(0.74t0 1.11) -
71 (84) 50(15.2) 0.61(0.39 10 0.94) -
12 (5 to 36) 17 (7 to 165) —16.8 (—34.31t00.7) -
27 (10to 81) 40 (15 to 166) —148(—32t025) -
0(0to17) 0(0to17) 2(1to3) -
0(0to 56) 0(0to41) 6.6(3.1t0 10) -
15 (0 to 23) 17 (0 to 25) 04 (—08t01.6) -
20 (0to 25) 24 (0to 27) —0.7(=191t00.5) -

RRT renal replacement therapy, CRRT continuous renal replacement therapy, IHD intermittent hemodialysis, ICU intensive care unit, OR odds ratio, MD mean difference

sensitivity analysis restricting the cohort to patients who
received a minimum of 3 days of RRT, initial receipt of
CRRT was associated with a lower risk of death or RRT
dependence at 90-days (overlap weighting OR 0.63; 95%
CI1 0.48-0.83).

The association between the proportion of time exposed
to CRRT and principal outcomes

The proportion of time spent on CRRT, evaluated in
increments of 10%, was not associated with the compos-
ite outcome of death or RRT dependence at 90 days (OR
0.99; 95% CI 0.97-1.02) but was associated with a lower
risk of RRT dependence at 90 days (0.94, 95% 0.9-0.98).
The association between time on CRRT, evaluated in
discrete categories, and clinical outcomes is displayed in
Supplementary Table 5.

Discussion

In this secondary analysis of the STARRT-AKI trial, we
found that CRRT, when used as the initial RRT modality
for critically ill patients with severe AKI, was associated
with a lower adjusted risk of death or RRT dependence at
90-days compared to initial therapy with IHD. The asso-
ciation was driven by a lower risk of RRT dependence
at 90-days among trial participants who commenced
CRRT that was also observed when exposure to CRRT
was expressed as a proportion of time spent on RRT. We
did not find significant heterogeneity in treatment effect
across pre-specified subgroups, including allocation to
either accelerated or standard RRT initiation. We also
found that patients who were initially treated with CRRT
had more ICU-free and hospital-free days when com-
pared to those who were initially treated with [HD.

The current analysis provides new information on the
relationship between initial RRT modality prescribed to
critically ill patients with severe AKI and key patient out-
comes. Our findings are aligned with prior randomized
trials and meta-analyses in which mortality among criti-
cally ill patients randomly allocated to receive either
CRRT or IHD was mostly not significantly different [10,
11, 13, 15, 31]. An exception was a study published by
Mehta et al. of 166 critically ill patients with a high preva-
lence of liver failure and found a higher hospital mortality
with CRRT when compared with IHD [13].

One of the putative benefits attributed to CRRT is the
ability to deliver slow solute clearance and ultrafiltra-
tion, while minimizing the risk of hypotension and the
potential for secondary kidney and non-kidney organ
injury [32]. In STARRT-AK], initial therapy with CRRT
was associated with a 39% relative reduction in the odds
of RRT-dependence at 90 days compared with IHD. This
suggests that, while pre-morbid disease and acute ill-
ness severity are key risk factors for death at 90-days,
the choice of initial RRT modality may be of impor-
tance for kidney recovery to RRT independence. These
findings align with large population-level studies show-
ing that initial therapy with CRRT was associated with
greater long-term independence from dialysis [16, 18,
33]. In a recent cross-study patient-level analysis of 2542
patients enrolled in the ATN and RENAL trials [34], the
initial receipt of CRRT was associated with reduced RRT
dependence at 28-days and more RRT-free days among
survivors. In contrast, a recent pooled analysis of the
AKIKI and IDEAL-ICU trials that included 543 critically
ill patients treated in French ICUs allocated to the early
RRT initiation strategy in those trials found that initial
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receipt of CRRT was associated with higher mortality at
60-days and no difference in RRT dependence compared
with initial receipt of IHD [17].

Some have argued that the higher costs associated with
the delivery of CRRT, and the absence of a survival ben-
efit with this modality, justify the preferential utilization
of intermittent RRT modalities in ICU settings [35—38].
However, costs are highly variable across health jurisdic-
tions [39] and CRRT may be cost-effective if associated
with long-term reductions in chronic dialysis depend-
ence [37, 38, 40]. A suitably designed randomized trial
comparing initial RRT modality among critically ill
patients with severe AKI is needed to generate high-qual-
ity evidence on whether CRRT confers benefits in kidney
survival and cost-effectiveness. In our study, we found
that patients receiving initial therapy with CRRT not
only had lower rates of dialysis dependence at 90-days,
but also greater ICU and hospital-free days. These data
would imply that a strategy of initial CRRT may both
improve patient outcomes and be cost-effective over the
short- and long-term.

This study has several strengths. It is one of the largest
comparisons of CRRT and IHD to date, which afforded
the ability to detect modest but clinically significant dif-
ferences in outcomes between recipients of the two RRT
modalities. STARRT-AKI comprised participants from
15 countries and a diversity of hospitals, thereby enabling
inferences to a broad population. Data, including infor-
mation on plausible confounding factors, were rigorously
collected in the context of a randomized trial. Non-
recovery of kidney function was defined as the ongoing
receipt of RRT at 90-days. This time-point aligns with
administrative definitions of end-stage kidney disease,
as the ongoing receipt of dialysis at 90-days is associ-
ated with a low likelihood of subsequent kidney recovery.
Moreover, the ongoing need for RRT at 90-days and the
prospect of long-term maintenance dialysis is profoundly
life-altering for patients and places considerable resource
demands on health systems. Finally, we used several
statistical methods to mitigate the risk of residual con-
founding to address baseline differences between patients
initially treated with CRRT and IHD.

We acknowledge some limitations. While conducted
using a well-curated data set from a large international
RCT, this secondary analysis is subject to the same limi-
tations inherent to all observational studies. Despite our
efforts to mitigate bias, unmeasured factors, including
those related to health system organization, may have
resulted in treatment indication bias. CRRT recipients
had better kidney function at baseline, thereby mak-
ing survivors more likely to become dialysis independ-
ent at 90-days. However, overlap weighting led to good

inter-group balance in baseline kidney function and all
variables that we considered. We examined RRT depend-
ence among survivors at 90-days after randomization
but could not exclude further kidney recovery occurring
beyond 90-days. STARRT-AKI did not mandate specific
maneuvers to minimize the risk of intradialytic hypoten-
sion during IHD sessions [41], which could have biased
our findings against IHD. It is possible that the asso-
ciation between initial RRT modality and the primary
composite outcome differed in participants allocated to
the accelerated RRT initiation strategy as compared to
the standard strategy. This is relevant, as the results of
recent randomized trials have rejected the benefits of
earlier RRT initiation, and the most recent iteration of
the Surviving Sepsis Clinical Practice Guidelines suggests
against initiation of RRT among critically ill patients
with sepsis and AKI with no definitive indications [42].
This may translate into shifts in clinical practice to a
RRT initiation strategy that is more closely reflective of
the standard strategy in the STARRT-AKI trial [19]. We
found no significant interaction between RRT modality
and the RRT initiation strategy to which patients were
randomized; however, this does not definitely prove that
the accelerated and standard arms behaved similarly.
Finally, patients who participate in trials may be different
than the broader population, which may hamper general-
izability [43].

Conclusion

In this secondary analysis of the STARRT-AKI trial, the
initial receipt of CRRT, as compared to IHD, was associ-
ated with a significant reduction in the risk of death or
RRT dependence at 90-days, largely driven by a lower
risk of RRT dependence. These observations provide new
knowledge on the potential link between RRT modality
and kidney recovery. While hypothesis generating, our
findings should serve as a springboard for future rand-
omized trials that can more rigorously assess the impact
of RRT modality on clinical outcomes and healthcare
costs.
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