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Timing of RRT Based on the Presence of Conventional
Indications
Suvi T. Vaara,* Matti Reinikainen,† Ron Wald,‡ Sean M. Bagshaw,§ Ville Pettilä,*| and The FINNAKI Study Group

Abstract
Background and objectives No data on the development of conventional indications for RRT (refractory acidosis,
hyperkalemia, uremia, oliguria/anuria, and volume overload) related to timing of RRT exist. The prevalence of
conventional indications among critically ill patients on RRT for AKI was evaluated, and patients manifesting
indications versus patients without indications were compared in terms of crude and adjusted 90-day mortality.
Design, setting, participants, & measurements In this substudy of the Finnish Acute Kidney Injury study
conducted in 2011 and 2012 in 17 intensive care units with 2901 patients, patients were classiﬁed as pre-emptive
(no conventional indications) and classic (one or more indications) RRT recipients. Patients with classic RRT were
divided into classic-urgent (RRT initiated #12 hours from manifesting indications) and classic-delayed (RRT .12
hours from ﬁrst indication). Additionally, 2450 patients treated without RRT were matched to patients with preemptive RRT.
Results Of 239 patients treated with RRT, 134 (56.1%; 95% conﬁdence interval [95% CI], 49.8% to 62.4%) fulﬁlled at
least one conventional indication before commencing RRT. Crude 90-day mortality of 134 patients with classic
RRT was 48.5% (95% CI, 40.0% to 57.0%), and it was 29.5% (95% CI, 20.8% to 38.2%) for the 105 patients with preemptive RRT. Classic RRT was associated with a higher risk for mortality (adjusted odds ratio, 2.05; 95% CI, 1.03
to 4.09). Forty-four patients with classic–delayed RRT showed higher crude mortality (68.2%; 95% CI, 54.4% to
82.0%) compared with patients with classic–urgent RRT, and this association persisted after adjustment for
known confounders (odds ratio, 3.85; 95% CI, 1.48 to 10.22). Crude 90-day mortality of 67 1:1 matched patients
with pre-emptive RRT was 26.9% (95% CI, 6.3% to 37.5%), and it was 49.3% (95% CI, 37.3% to 61.2%; P=0.01) for
their non-RRT matches.
Conclusions Patients on RRT after one or more conventional indications had both higher crude and adjusted
90-day mortality compared with patients without conventional indications. These ﬁndings require conﬁrmation
in an adequately powered, multicenter, randomized controlled trial.
Clin J Am Soc Nephrol 9: 1577–1585, 2014. doi: 10.2215/CJN.12691213

Introduction
The optimal time to initiate RRT is unclear (1). Data
from meta-analyses suggest that initiating RRT in a
pre-emptive fashion according to arbitrary deﬁnitions, such as serum urea concentration or duration
of oliguria or anuria, may be beneﬁcial (2,3). Observational studies have reported better outcomes for
patients who initiated RRT with milder stages of
AKI (4,5) or within 24 hours of stage 3 AKI diagnosis
(6). However, in a small randomized controlled trial
(RCT), pre-emptive RRT after the discovery of oliguric AKI was not shown to improve survival compared
with RRT initiation on the basis of clinical indications
(7). Nevertheless, the RCT was underpowered to
discern a realistic effect on survival and hence, cannot
be viewed as deﬁnitive.
Clinical practice has traditionally been predicated
on starting RRT only when a life-threatening complication of AKI arises (1,8). These indications include
severe metabolic acidosis, refractory hyperkalemia,
www.cjasn.org Vol 9 September, 2014

and ﬂuid overload with pulmonary edema unresponsive to other forms of treatment (1,8,9). Additionally,
sustained oliguria/anuria and complications of uremia are considered to be conventional indications
(1,8). However, it has become increasingly clear
that, in usual clinical practice, many patients with
severe AKI commence RRT well before the development of any conventional indications for RRT. This
approach may have conceivable beneﬁts (e.g., removal of uremic toxins and improved volume control) but may also expose patients to the harms of
RRT while being resource intensive. No data on the
manifestation of the conventional indications in relation to intensive care unit (ICU) admission or the time
of RRT initiation exist.
Accordingly, we evaluated the circumstances surrounding RRT initiation in a multicenter cohort of
patients who commenced RRT for AKI. We aimed to
identify characteristics and outcomes of patients who
commenced RRT without conventional indications
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compared with patients who started with one or more
indications. Additionally, we compared individuals
who started RRT without conventional indications with
a matched cohort of general ICU patients who did not
commence RRT.

RRT
The decision to initiate RRT and all aspects of the RRT
prescription were at the discretion of the attending intensivist, who recorded the indications for RRT initiation.
The provided RRT modality and dose (12) were in agreement with current guidelines (1).

Materials and Methods

Conventional Indications
We considered the following factors as conventional
indications for RRT (8,9) (Table 1): (1) hyperkalemia (serum potassium$6 mEq/L), (2) severe acidosis (pH#7.15),
(3) plasma urea.36 mmol/L (equals BUN=100.8 mg/dl),
(4) oliguria or anuria (urine output,0.3 ml/kg per hour
for $24 hours or anuria for $12 hours) (1), and (5) ﬂuid
overload with pulmonary edema as deﬁned by the presence of all the following factors: (1) .10% ﬂuid accumulation (cumulative ﬂuid balance/baseline weight.10%),
(2) oliguria (urine output,0.5 ml/kg per hour for $12
hours), and (3) severely impaired oxygenation (PaO2/
FiO2,200 indicated by respiratory Sequential Organ Failure Assessment [SOFA] score$3) (13).
For each patient, we recorded the ﬁrst value that fulﬁlled
the criteria and its measurement time. If no measurements
before RRT initiation were available, we considered the
indication not to be met if the clinician had not reported
that the particular indication was present. Patients with
urine output measurements before ICU admission were
screened for fulﬁllment of the oliguria criterion at admission. Thereafter, all patients were screened continuously on
the basis of hourly urine output measurements.

This study was a substudy of the prospective observational Finnish Acute Kidney Injury (FINNAKI) study
conducted between September 1, 2011, and February 1,
2012, in 17 Finnish ICUs with capacity to provide RRT (10).
The Ethics Committee of the Department of Surgery, Helsinki and Uusimaa Hospital District gave approval for the
study protocol and a deferred consent policy. Each patient
or proxy gave written informed consent as soon as possible. The Finnish National Institutes of Health approved
data collection from the medical records of deceased patients if informed consent could not be obtained.
Patients
All adult patients with an emergency admission to study
ICUs and elective postoperative patients with an expected
stay over 24 hours were eligible for the FINNAKI study.
The exclusion criteria were (1) preexisting ESRD requiring
maintenance dialysis, (2) previous receipt of RRT while
enrolled in the study, (3) organ donor, (4) patient not permanently living in Finland, (5) intermediate care patient,
(6) transferred patient who had already participated in the
study for 5 days (the data collection period of the study),
and (7) absence of consent. For this substudy, we also excluded patients (1) treated for intoxications, (2) transferred
from other centers, (3) who commenced RRT for AKI before ICU admission, (4) initially treated with molecular
adsorbent recirculation system, and (5) with insufﬁcient
data for this analysis (Figure 1).
Data Collection
We collected clinical data on patients’ preexisting conditions and medications, pre-ICU treatment from admission to day 5 in the ICU, and aspects of administered RRT
with a standardized case report form. We obtained studyspeciﬁc data on physiologic variables, laboratory parameters, disease severity scores, and diagnoses from the ICU
data management system using an existing validated electronic platform of the Finnish Intensive Care Consortium
database. The Finnish Population Register Centre provided information on patients’ vital status.
Definitions
We screened the patients for presence of AKI from ICU
admission to day 5 using the Kidney Disease Improving
Global Outcomes (KDIGO) criteria (1) and considering daily
measured creatinine values and hourly urine output (all patients had a urinary catheter) (10). For patients without creatinine measurements in the ICU before RRT initiation (65 of
239; 27.2%), we used the highest creatinine value obtained
within 48 hours before ICU admission. Treating clinicians
screened patients daily for the presence of severe sepsis according to the American College of Chest Physicians/Society of Critical Care Medicine deﬁnition (11).

RRT Patient Groups According to Timing
We deﬁned RRT initiated without any conventional
indications as pre-emptive RRT and RRT initiated in the
presence of any of the ﬁve indications as classic RRT. For
additional analysis, we deﬁned patients with classic RRT as
either classic–urgent RRT (RRT initiated within 12 hours
from manifestation of indications) or classic-delayed RRT
(RRT .12 hours from indications).
Identification of Controls Who Did Not Commence RRT
We matched patients with pre-emptive RRT to patients
enrolled in the FINNAKI study who did not receive RRT
(Figure 1). We conducted 1:1 matching on the basis of (1)
age (65 years), (2) Simpliﬁed Acute Physiology Score II
(SAPS II) score without age and renal components (65
points), and (3) propensity score (14) to receive preemptive RRT (stratum width of 0.2 SD of the logit of the
propensity score). Matching was done at random and
without replacement. The propensity score model (Supplemental Table 1) included the following variables associated both with the commencing of pre-emptive RRT
and the outcome (15): sex, Acute Physiology and Chronic
Health Evaluation II main diagnosis group, source of
admission, underlying CKD, presence of severe sepsis
at admission, ﬁrst lactate measured in the ICU, cumulative urine output and highest dose of norepinephrine
within the ﬁrst 24 hours, highest KDIGO AKI stage before RRT initiation or within 24 hours of ICU admission
(for patients not on RRT), and pre-ICU administration of
diuretics.
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Figure 1. | Study flow chart illustrating different patient groups and their crude 90-day mortality with 95% confidence intervals. 90-d M, 90day mortality; FINNAKI, Finnish Acute Kidney Injury; ICU, intensive care unit; MARS, molecular adsorbent recirculation system; pts, patients.
*One hundred ninety-one (7.3%) patients had treatment restrictions or were deceased within the first 5 days in the ICU.

Statistical Analyses
We report continuous data as medians with interquartile
ranges and categorical data as counts and percentages. We
used the Mann–Whitney U test to compare continuous
data and the Fisher’s exact test to compare categorical
data. The matched patients were compared with the Wilcoxon test (continuous data) and McNemar test (categorical data). We calculated the conﬁdence interval (CI) for the
mortality difference in the matched cohort with the
method by Newcombe (16). We used logistic regression
models for 90-day mortality to adjust for clinically relevant
confounders and independent factors with observed differences between patients with pre-emptive and classic
RRT and patients with classic–urgent and classic–delayed
RRT. We set the signiﬁcance level at 0.05 and did not correct for multiple comparisons. We performed the analyses
with Excel for Mac 2011 (Microsoft, Redmond, WA) and
SPSS 20.0 (IBM, Armonk, NY) with a supplemental algorithm Fuzzy for case-control matching.

Results
We identiﬁed 239 eligible patients treated with RRT and
2450 patients without RRT (Figure 1). Of 239 RRT recipients, 134 (56.1%; 95% CI, 49.8% to 62.4%) patients fulﬁlled
at least one conventional indication and were classiﬁed as
classic RRT recipients, whereas 105 (43.9%) patients without any conventional indications were classiﬁed as

patients with pre-emptive RRT. Table 1 presents the frequencies of each indication. Of 134 patients, 23 (17.2%)
fulﬁlled the ﬁrst conventional indication after 12 hours
from ICU admission. In both groups, oliguria was the
most prevalent indication for RRT deﬁned by the attending intensivists (Supplemental Table 2).
Pre-emptive Versus Classic RRT
Patient characteristics are compared in Table 2. The 90day mortality among 105 patients with pre-emptive RRT
was 31 (29.5%; 95% CI, 20.8% to 38.2%), and the 90-day
mortality among 134 patients with classic RRT was 65
(48.5%; 95% CI, 40.0% to 57.0%). Classic RRT remained
associated with a higher risk (odds ratio, 2.05; 95% CI,
1.03 to 4.09) for 90-day mortality after adjusting for multiple confounders, including disease severity and presence
of severe sepsis (Table 3). The frequency of RRT-related
complications did not differ (data not shown).
Classic-Urgent Versus Classic-Delayed RRT
Of 134 patients with conventional indications, 90 (67.2%)
patients commenced RRT within 12 hours of manifesting
indications (classic–urgent RRT), and 44 (32.8%) patients
initiated RRT .12 hours after manifesting indications
(classic–delayed RRT). Table 2 presents the comparison
of patient characteristics. Of patients with classic–urgent
RRT, 35 (38.9%; 95% CI, 28.8% to 49.0%) patients were
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Table 1. Conventional indications for RRT

Indication
Time from admission
to indication (h)
Time from indication
to RRT (h)
Hyperkalemia K$6 mEq/L
Severe acidosis (pH#7.15)
Plasma urea.36 mmol/La
Oliguria or anuria (urine
output,0.3 ml/kg per
hour for $24 h or anuria
for $12 h)
Fluid overload with
pulmonary edemac

First Indication

Reported Any Time
before RRT (134)

All (134)

Classic-Urgent (90)

Classic-Delayed (44)

—

0.5 [0.0–3.3]

0.4 [0.0–1.6]

1.8 [0.3–16.7]

—

4.8 [1.9–17.7]

2.5 [0.9–4.9]

23.8 [17.7–43.2]

41 (30.6)
70 (52.2)
26 (19.4)b
40 (29.9)

25 (18.7)
48 (35.8)
15 (11.2)
39 (29.1)

20 (22.2)
26 (28.9)
14 (15.6)
28 (31.1)

5 (11.4)
22 (50.0)
1 (2.3)
11 (25.0)

7 (5.2)

2 (2.2)

5 (11.4)

12 (9.0)

Data are expressed as number (percentage) or median [interquartile range].
a
Equals BUN of 100.8 mg/dl.
b
Thirteen of 26 (50.0%) patients also had at least one other conventional indication.
c
All components listed had to be met: ﬂuid accumulation.10% of weight, respiratory Sequential Organ Failure Assessment score$3,
and oliguria (urine output criteria for AKI stage 2 or 3 present). Stage 2, urine output,0.5 ml/kg per hour for $12 hours; stage 3, urine
output,0.3 ml/kg per hour for $24 hours or anuria for $12 hours.

deceased by day 90 compared with 30 (68.2%; 95% CI,
54.4% to 82.0%) patients in the classic-delayed group. After adjustments, classic–delayed RRT was associated
with a higher risk (odds ratio, 3.85; 95% CI, 1.48 to
10.22) for 90-day mortality (Table 3).
Pre-emptive RRT Versus Non-RRT
The propensity score model for pre-emptive RRT had an
area under the curve of 0.92 (0.89–0.95). Of 105 recipients of
pre-emptive RRT, 67 (63.8%) patients were matched to 67
patients not on RRT. The postmatching balance was
mainly satisfactory, but patients on pre-emptive RRT
reached higher maximum SOFA scores, and patients not
on RRT more commonly had treatment restrictions (Table
4). Matched patients on pre-emptive RRT had lower crude
90-day mortality compared with matched patients not on
RRT (26.9% versus 49.3%; P=0.01; absolute difference=22.4%; 95% CI, 7.5% to 35.9%) (Figure 1). Patients
with pre-emptive RRT left without a match (n=38) did
not signiﬁcantly differ regarding disease severity (Supplemental Table 3) and crude 90-day mortality (Figure 1)
compared with matched patients on pre-emptive RRT.

Discussion
In this substudy of general ICU patients treated with
RRT, 56% of patients presented with at least one conventional indication for RRT before commencing RRT. These
more severely ill patients showed higher crude 90-day
mortality compared with patients having RRT started preemptively without any conventional indication. This association persisted after adjustment for disease severity and
other known confounders. Matched patients with preemptive RRT showed a signal to lower 90-day mortality
compared with patients who did not receive RRT, suggesting that pre-emptive RRT is unlikely to add excessive harm.

The question of RRT timing is fundamental in the
management of critically ill patients with AKI. To the
best of our knowledge, this study is the ﬁrst to assess the
timing of RRT in regards to the manifestation of conventional indications for RRT. Unlike many previous studies
that have assessed RRT timing in regard to a single factor,
we combined a comprehensive set of clinically relevant
indications for RRT. Moreover, relating timing of RRT to
the time of manifestation of these indications provides a
practical viewpoint to RRT timing. It is likely that, in many
centers, RRT is initiated only after one or more of these
indications are fulﬁlled (17,18). Thus, what we deﬁned as
classic RRT is plausibly close to the standard practice in
many centers. Moreover, in this analysis, patients manifesting conventional indications commenced RRT earlier
in terms of time from ICU admission than patients without
conventional indications. Thus, because patients are admitted to the ICU in varying phases of critical illness, deﬁning RRT initiation temporally according to ICU
admission seems biased.
Our set of criteria classiﬁed the patients into groups with
crude 90-day mortality varying from 30% to 68%. Patients
with classic RRT showed signiﬁcantly higher crude 90-day
mortality compared with patients with pre-emptive RRT.
After adjusting for disease severity and other confounders,
classic RRT remained associated with a higher risk of 90day mortality. These ﬁndings support a hypothesis that
commencing RRT before the appearance of AKI complications might be beneﬁcial. However, despite meticulous
data recording, the presence of unmeasured confounders
and potentially differing courses of disease between patients with pre-emptive and classic RRT cannot be excluded. Earlier initiation of RRT in the course of AKI may
have prevented the worsening of electrolyte, acid-base, and
ﬂuid-balance disturbances, which may explain the lower

65.5 [56.8–73.0]
90/134 (67.2)
26/132 (19.7)
2 [1–2]
28/134 (20.9)
131/134 (97.8)
24/134 (17.9)
60/134 (44.8)
36/134 (26.9)
14/134 (10.4)
56.0 [47.0–69.5]
45.0 [35.8–59.3]
11.0 [9.0–14.0]
12.5 [10.0–15.0]
87/134 (64.9)
112/134 (83.6)
72/134 (53.7)
128/134 (95.5)
5/128 (3.9)
26/128 (20.3)
97/128 (75.8)
1 [0–3]
7.3 [2.6–28.7]
102/134 (76.1)
4.8 [4.1–5.5]
7.23 [7.12–7.34]
211.2 [216.9 to 27.0]
3.4 [1.5–9.2]
3.7 [2.3–6.3]
23.2 [13.9–33.4]
234 [56–780]
5.7 [1.7–10.4]
90/134 (67.2)
4.0 [2.0–23.0]

52/105 (49.5)
26/105 (24.8)
21/107 (20.0)
6/105 (5.7)
47.0 [36.0–60.0]
38.0 [25.5–46.5]
10.0 [8.0–13.0]
12.0 [10.0–15.0]
91/105 (86.7)
92/105 (87.6)
48/105 (45.7)
92/104 (88.5)
19/92 (20.7)
29/92 (31.5)
44/92 (47.8)
2 [1–4]
22.5 [10.5–44.6]
80/105 (76.2)
4.2 [3.9–4.7]
7.35 [7.27–7.40]
25.5 [29.5 to 22.6]
1.8 [1.2–3.9]
2.6 [1.9–3.6]
19.1 [12.1–25.8]
380 [110–1075]
5.1 [1.6–10.8]
79/105 (75.2)
7.0 [3.0–28.0]

Classic (n=134)

64.0 [50.0–75.5]
69/105 (65.7)
137104 (12.5)
1 [0–2]
52/105 (49.5)
90/105 (85.7)

Pre-emptive (n=105)

5.1 [4.3–6.1]
7.20 [7.10–7.33]
213.0 [219.8 to 24.9]
3.4 [1.7–10.3]
4.5 [2.4–7.9]
25.9 [17.6–38.9]
315 [105–1190]
3.3 [0.5–8.4]
49/90 (54.4)
4.0 [1.8–21.0]

0.002
,0.001
.0.99
,0.001
,0.001
,0.001
,0.001
,0.001
0.01
0.17
0.72
0.20
0.13

11/90 (12.2)
45/90 (50.0)
24/90 (26.7)
10/90 (11.1)
56.0 [47.0–68.3]
44.5 [35.8–59.3]
11.0 [8.8–14.0]
12.0 [9.0–15.0]
51/90 (56.7)
71/90 (78.9)
44/90 (48.9)
84/90 (93.3)

65.0 [56.8–72.0]
59/90 (65.6)
16/88 (18.2)
1 [0–1]
13/90 (14.4)
89/90 (98.9)

Classic-Urgent (n=90)

2/84 (2.4)
15/84 (17.9)
67/84 (79.8)
1 [0–1]
3.3 [2.0–7.4]
66/90 (73.3)

,0.001
,0.001
0.24
0.58
,0.001
0.46
0.24
0.05
,0.001

0.32
0.89
0.16
0.03
,0.001
0.001
,0.001

P Value

4.5 [4.0–5.1]
7.27 [7.18–7.36]
29.8 [212.9 to 24.9]
3.4 [1.4–6.5]
2.9 [1.9–4.4]
16.7 [10.6–27.2]
109 [28–482]
9.3 [6.2–14.0]
41/44 (93.2)
5.0 [3.3–25.0]

3/44 (6.8)
11/44 (25.0)
30/44 (68.2)
3 [1–6]
35.5 [22.7–59.8]
36/44 (81.8)

13/44 (29.5)
15/44 (34.1)
12/44 (27.3)
4/44 (9.1)
58.5 [46.5–72.0]
46.0 [35.5–62.8]
11.0 [9.0–14.0]
14.0 [11.0–17.0]
36/44 (81.8)
41/44 (93.2)
28/44 (63.6)
44/44 (100.0)

69.5 [55.5–77.8]
21/44 (47.7)
10/44 (22.7)
2 [1–3]
15/44 (34.1)
42/44 (95.5)

Classic-Delayed (n=44)

0.004
0.02
0.003
0.38
0.003
0.01
0.003
,0.001
,0.001
0.27

,0.001
,0.001
0.39

0.58
0.71
0.35
0.01
0.004
0.05
0.14
0.18
0.86

0.29
0.70
0.64
0.21
0.01
0.25
0.20

P Value

Data are expressed as median [interquartile range] or number/total number (percentage). SAPS, Simpliﬁed Acute Physiology Score; SOFA, Sequential Organ Failure Assessment; ICU, intensive
care unit; CRRT, continuous RRT; BE, base excess.
a
Comparison across groups.
b
On the day of RRT initiation.

Age (yr)
Men
CKD
Number of preexisting chronic illnesses
Operative admission
Emergency admission
Admitted froma
Operating room or recovery room
Emergency room
Ward
Other
SAPS II score
SAPS II score without age points
SOFA score, ﬁrst 24 h
SOFA score, maximum
Mechanical ventilation (ICU stay)
Vasoactive drugs (ICU stay)
Severe sepsis until day 5
AKI before RRT
Highest AKI stage before RRTa
Stage 1
Stage 2
Stage 3
Time from hospital admission to RRT (d)
Time from ICU admission to RRT (h)
CRRT as initial modality
At RRT initiation
K (mEq/L)
pH
BE (mmol/L)
Lactate (mmol/L)
Creatinine before RRT (mg/dl)
Urea (mmol/L)
Urine output (ml/24 h)b
Fluid accumulation (%)
Diuretics before RRT
Duration of RRT among 90-d
survivors (d) at 90 d

Characteristic

Table 2. Patient characteristics according to the presence of conventional indications (pre-emptive without and classic with) and commencement of RRT in relation to them (classic-urgent versus classic-delayed)
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Table 3. Logistic regression models for 90-day mortality among all patients with RRT and among patients with classic RRT

Covariate
All patients on RRTa
Age (5 yr)
Number of preexisting chronic illnessesb
Study site
Source of admission
SAPS II score without age points
Mechanical ventilation (ICU stay)
Vasoactive drugs (ICU stay)
Severe sepsis until day 5
Time from ICU admission to RRT (h)
CRRT as initial modality
Classic RRT (versus pre-emptive RRT)
Patients on classic RRTc
Age (5 yr)
Study site
SAPS II score without age points
Mechanical ventilation (ICU stay)
Vasoactive drugs (ICU stay)
Severe sepsis until day 5
CRRT as initial modality
Classic-delayed RRT (versus
classic–urgent RRT)

Univariate Odds
Ratio (95% CI)

P Value

Multivariate Odds
Ratio (95% CI)

P Value

1.18 (1.07 to 1.30)
1.03 (0.84 to 1.27)
—
—
1.07 (1.05 to 1.09)
3.65 (1.82 to 7.32)
3.10 (1.29 to 7.41)
1.99 (1.18 to 3.37)
1.00 (0.99 to 1.01)
0.50 (0.26 to 0.95)
2.25 (1.31 to 3.86)

0.001
0.77
0.15
0.18
,0.001
,0.001
0.01
0.01
0.93
0.04
0.003

1.20 (1.06 to 1.36)
0.94 (0.72 to 1.23)
—
—
1.06 (1.04 to 1.09)
2.93 (1.23 to 6.96)
1.30 (0.41 to 4.12)
1.16 (0.61 to 2.24)
1.01 (0.98 to 1.02)
0.97 (0.42 to 2.21)
2.05 (1.03 to 4.09)

0.01
0.66
0.90
0.54
,0.001
0.02
0.66
0.58
0.17
0.94
0.04

1.21 (1.03 to 1.41)
—
1.07 (1.04 to 1.10)
6.36 (2.79 to 14.49)
2.30 (0.87 to 6.08)
1.85 (0.93 to 3.68)
0.47 (0.20 to 1.06)
3.37 (1.57 to 7.22)

0.02
0.61
,0.001
,0.001
0.09
0.08
0.07
0.002

1.32 (1.09 to 1.62)
—
1.08 (1.04 to 1.12)
4.14 (1.57 to 12.39)
0.42 (0.09 to 1.76)
1.19 (0.48 to 2.94)
0.96 (0.31 to 3.04)
3.85 (1.48 to 10.22)

0.01
0.75
,0.001
0.01
0.40
0.71
0.95
0.01

CRRT, continuous RRT; 95 % CI, 95% conﬁdence interval.
a
Model included all 239 patients. Hosmer–Lemeshow test=9.82; P=0.28.
b
In total, 10 of 239 (4.2%) patients with missing data were assumed to have no comorbidities.
c
Model included all 134 patients. Hosmer–Lemeshow test=3.13; P=0.93.

SAPS II scores of patients on pre-emptive RRT. Moreover,
on a practical level, commencing RRT earlier among the
patients on classic–urgent RRT would not have been possible, because these patients presented with complications
of AKI and advanced critical illness already at ICU admission and started RRT within approximately 3 hours. One
half of them were admitted directly from the emergency
room, but the rest came from a ward or operating room,
and therefore, recognizing their worsening clinical status
earlier might have improved their outcome.
Approximately one third of patients with conventional
indications were initiated on RRT .12 hours after manifesting the indication (classic–delayed RRT) and had the
highest crude mortality rates. Compared with patients
with classic–urgent RRT, these patients showed a higher
degree of ﬂuid accumulation. Severe acidosis was the most
prevalent indication present among them. Possibly, proving severe acidosis refractory may take more time and require large amounts of ﬂuid therapy. Consequently, in the
presence of oliguric AKI, these patients accumulate a
marked amount of ﬂuid, which has been shown to associate with a worse outcome (12,19,20). Classic-delayed RRT
was signiﬁcantly associated with a higher risk for 90-day
mortality, suggesting that delaying RRT initiation among
patients who present conventional indications might be
harmful.
Patients with pre-emptive RRT were less severely ill, had
milder disturbances in the acid–base balance at the time of
RRT initiation, were more often admitted after surgery,
and had stayed longer in the hospital and the ICU before

commencing RRT compared with patients with classic
RRT. Thus, patients on pre-emptive RRT had been in treatment longer, which may have provided the attending intensivists with better insight on the progression of disease.
According to recommendations (1,21) and survey data
(22), the trend in severity of illness is an important factor
affecting the decision to start RRT. Moreover, pre-emptive
initiation of RRT may be viewed as organ support that
provides respite for injured kidneys (23). One may speculate that this group may include patients who might have
recovered without RRT. Because the population-based incidence of RRT treatment in Finland (24) is well within
range of reports from other regions (25,26), we believe
that providing unnecessary RRT in Finland is unlikely.
Moreover, the proportion of patients (17%) with classic
RRT who developed conventional indications .12 hours
after ICU admission was surprisingly small, likely because
of the large proportion of patients with pre-emptive RRT.
Matched patients with pre-emptive RRT showed a signal
toward a lower crude 90-day mortality (point estimate for
absolute difference=222%) compared with control patients treated without RRT. This ﬁnding suggests that
pre-emptive RRT, even if not beneﬁcial, is unlikely to
add excessive harm. Patients left without a match had a
worse outcome, which may dilute our ﬁnding. This phenomenon has also been encountered in other propensitymatched studies (27,28). Furthermore, patients with severe
AKI who did not commence RRT have been observed to
be fundamentally different from patients with RRT (29). A
recent propensity-matched analysis comparing patients
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Table 4. Characteristics of matched patients on pre-emptive RRT compared with matched patients who did not receive RRT

Characteristic
Age (yr)
Men
CKD
Operative admission
Emergency admission
Admitted froma
Operating room or recovery room
Emergency room
Ward
Other
SAPS II score
SAPS II score without age and renal components
SOFA score, ﬁrst 24 h
SOFA score, maximum
Mechanical ventilation (ICU stay)
Severe sepsis until day 5
AKI before RRT or within days 1–5
Highest AKI stage before RRT or within 24 h
of ICU admission (patients not on RRT)a
Stage 1
Stage 2
Stage 3
Treatment restrictionsb
At ICU admission
Vasoactives
Severe sepsis
Highest norepinehprine dose within
ﬁrst 24 h (mg/kg per minute)
Cumulative urine output within
the ﬁrst 24 h (ml)
First creatinine (mg/dl)
First lactate (mmol/L)
Received diuretics
90-d mortality

Non-RRT

P Value

SMD

64.0 [56.0–76.0]
44/67 (65.7)
10/66 (14.9)
33/67 (49.3)
56/67 (83.6)

67.0 [55.0–75.0]
46//67 (68.7)
7/67 (10.4)
28/67 (41.8)
58/67 (86.6)

0.92
0.03
0.61
0.52
0.79
0.92

20.5
26.4
13.6
15.1
28.4

32/67 (47.8)
14/67 (20.9)
15/67 (22.4)
6/67 (9.0)
45.0 [35.0–59.0]
24.0 [16.0–30.0]
10.0 [8.0–13.0]
12.0 [9.0–14.0]
58/67 (86.8)
31/67 (46.3)
55/67 (82.1)

28/67 (41.8)
21/67 (31.3)
14/67 (20.9)
4/67 (6.0)
41.0 [32.0–58.0]
24.0 [17.0–30.0]
9.0 [7.0–12.0]
9.0 [8.0–13.0]
47/67 (70.1)
29/67 (43.3)
59/67 (88.1)

0.11
0.83
0.24
0.001
0.04
0.03
0.13
0.35

13.5
20.4
16.9
52.6
20.6
6.0
216.9

15/67 (22.4)
23/67 (34.3)
20/67 (29.9)
29/67 (43.3)

0.02

241.2

57/67 (85.1)
28/67 (41.8)
0.22 [0.06–0.44]

60/67 (89.6)
23/67 (34.3)
0.18 [0.07–0.35]

0.61
0.47
0.28

213.6
15.5
5.0

865 [460–1760]

1135 [546–1720]

0.78

0.9

1.6 [1.2–2.2]
2.8 [1.5–5.8]
35/64 (54.7)
18/67 (26.9)

1.4 [1.0–2.7]
2.5 [1.3–5.2]
30/65 (46.2)
33/67 (49.3)

0.95
0.71
0.31
0.01

22.5
7.7
17.1
247.4

Pre-emptive RRT

15/67 (22.4)
21/67 (31.3)
19/67 (28.4)
16/66 (24.2)

Data are expressed as median [interquartile range] or number/total number (percentage). SMD, standardized mean difference.
a
Comparison across groups with marginal homogeneity test.
b
Treatment restrictions include one or several of the following restrictions: (1) do not resuscitate, (2) do not increase the intensity of
treatment, and (3) withdrawal of intensive care.

with RRT with patients without RRT did not ﬁnd RRT to
be beneﬁcial (30), and a previous observational study
found RRT to associate with worse survival compared
with conservative treatment of AKI (31). However, unmeasurable factors leading a clinician to prescribe or not prescribe RRT may have driven these ﬁndings.
We reported a lower prevalence of conventional indications (56%) than a previous report (74%) that included RIFLE
class (32). We evaluated each of the ﬁve conventional indications as equally important, although in the clinical setting,
the presence of refractory hyperkalemia is a far more urgent
indication than an elevated urea concentration (22). In this
study, one half of patients whose indication for RRT was
elevated urea concentration also had other conventional indications for RRT. Moreover, we had to use a complex definition for organ edema and ﬂuid overload because of the
retrospective screening for the presence of indications, and,
potentially, more patients may have fulﬁlled this indication
had the screening been prospective.

The optimal time to start RRT is a top priority in AKI
research (1,9), and thus, RCTs focused on the timing of
RRT are clearly warranted (1,2,33). Our study provides
valuable data for planning an RCT. Most importantly,
one half of the patients treated with RRT presented with
conventional indications at ICU admission, and many of
them would, therefore, not be eligible for randomization in
an RCT that is in development (34). Deﬁning appropriate
laboratory inclusion criteria for an RCT might be challenging, because the ability of novel biomarkers to predict the
receipt of RRT in patients with AKI is poor. Unfortunately,
we were unable to estimate the number of patients who
developed conventional indications but did not receive
RRT, because no data regarding the refractoriness of acidosis, hyperkalemia, and ﬂuid overload were recorded.
Previously reported reasons for not starting RRT, despite
the presence of indications, include treatment restrictions
(7,29), death before commencing RRT, spontaneous recovery of renal function (7), or use of a watch-and-wait
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approach (29). Of note, in the study cohort, very few patients (7%) died or did not start RRT because of treatment
limitations within the ﬁrst 5 days.
The detailed collection of both clinical and laboratory
data that enabled precise screening for the presence of
indications and their timing in addition to a well captured
clinical end point of unequivocal clinical relevance are
obvious strengths of our study. However, some limitations
should be addressed. First, because the measured laboratory values were captured for only the ﬁrst 5 days in the
ICU, we had to exclude a few patients (n=13) who initiated
RRT after day 6. Second, the proportion of patients with
ﬂuid accumulation may be underestimated, because no
reliable data on ﬂuid balance before ICU admission were
available. Third, the precise cutoffs for conventional indications have not been validated, although the thresholds
that we used represent established clinical practice.
Fourth, among patients with classic–delayed RRT with a
maximum delay of 5 days commencing RRT after meeting
conventional indications, evolving clinical situations and
potentially different indications for RRT cannot be excluded. Fifth, because this study was observational, unmeasured confounding factors and bias from competing
risks (related to the exclusion of the few patients who
died before potential classic start of RRT) cannot be excluded.
In conclusion, in a large multicenter cohort, approximately one half of the critically ill patients who received RRT
for AKI commenced RRT in the absence of any conventional
indications for RRT. This pre-emptive approach to the
initiation of RRT was associated with a lower risk for 90-day
mortality compared with the initiation of RRT after the
development of one or more conventional indications. The
actual beneﬁts of this strategy will require conﬁrmation in a
deﬁnitive RCT.
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