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Abstract

Background: Acute kidney injury (AKI) requiring continuous renal replacement therapy (CRRT) is associated with
high mortality in critically ill patients. However, the optimal timing to initiate CRRT in patients with AKI is unknown.
The purpose of this study is to investigate whether the timing of initiation of CRRT according to severity of AKI is
associated with in-hospital mortality.

Methods: We retrospectively reviewed 189 patients treated with CRRT for AKI in the intensive care unit between
January 2009 and February 2013. Patients aged <18 years or receiving renal replacement therapy for end-stage
renal disease were excluded. The modified RIFLE classification was used to stratify patients into two groups at
initiation of CRRT, including early (no AKI or risk) and late (injury or failure).

Results: There were 52 (28%) patients in the early group and 137 (72%) patients in the late group. The median age
was 72 (range 61–78) years, including 70% males. The median intensive care unit and hospital stays were 10 (4–18)
and 26 (13–58) days, respectively. Crude early vs. late group intensive care unit mortality was 50 vs. 44% (P = 0.51),
and in-hospital mortality was 64 vs. 50% (P = 0.10), respectively. Logistic regression analysis showed that late
initiation (OR, 0.30; 95% CI, 0.13–0.71; P = 0.006) and lower SAPS score (OR, 1.04; 95% CI, 1.02–1.06; P < 0.001) were
independently associated with decreased mortality.

Conclusions: This study suggests that late initiation of CRRT is associated with a lower risk of in-hospital mortality
in patients with AKI. Further studies are needed to confirm the optimal timing for initiation of CRRT.
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Background
Acute kidney injury (AKI) is a life-threatening complication
with an incidence of 36–67% in critically ill patients [1, 2].
Approximately 4–5% of patients with AKI in the intensive
care unit (ICU) require continuous renal replacement therapy
(CRRT), resulting in a mortality rate greater than 50% [3, 4].
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Although a consensus does not exist for the timing of
initiation of renal replacement therapy (RRT) in patients
with AKI, early initiation of RRT tended to improve
mortality. A recent systematic review and meta-analysis
concluded that early RRT initiation in critically ill
patients with AKI may result in a survival benefit [5].
However, the study included only two small randomized
clinical trials evaluating the timing of RRT initiation,
and the definitions of classification of AKI and RRT
initiation as “early” or “late” RRT varied significantly
between the studies. Although two recent prospective
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randomized trials were reported [6, 7], the results were
conflicting.
The RIFLE classification, developed by the Acute

Dialysis Quality Initiative in 2004, classifies AKI patients
into five groups according to creatinine and urine output
criteria. The groups include Risk, Injury, Failure, Loss,
and End-stage renal disease [8]. This classification was
reported to be a useful system for predicting AKI
severity and in-hospital mortality in patients with AKI
[1, 9, 10]. Recent retrospective and prospective observa-
tional studies used the modified RIFLE classification as a
marker for the optimal timing of RRT initiation for post-
operative or septic patients with AKI [11–14].
The aim of this study was to evaluate whether

early or late initiation of CRRT defined by the modi-
fied RIFLE classification is associated with in-hospital
mortality in medical and surgical critically ill patients
with AKI. We hypothesized that early initiation of
CRRT is associated with lower in-hospital mortality
than the late initiation.
Methods
Study population
We retrospectively reviewed the records of patients
admitted to the combined medical–surgical intensive
care unit (ICU) at Jichi Medical University Saitama
Medical Center between January 2009 and February
2013. This study was approved by the Institutional
Review Board of Jichi Medical University Saitama Medical
Center. Patients aged less than 18 years with end-stage
renal disease treated with chronic hemodialysis were
excluded. If multiple CRRT treatments were performed
on one patient in the ICU, only the first CRRT treatment
was considered in this analysis. The diagnosis of AKI was
made according to the modified RIFLE classification
(Table 1) defined using only estimated glomerular filtra-
tion rate (eGFR) criteria comparing pre-admission base-
line serum creatinine levels with those at the time of
initiating CRRT. If the pre-admission baseline creatinine
was unknown, a baseline eGFR of 75 ml/min/1.73 cm2

was used based on a calculation from the abbreviated
Modification of Diet in Renal Disease, as suggested by the
Acute Dialysis Quality Initiative [15].
Table 1 Categorization of patients based on the Modified RIFLE
classification (n = 189)

Modified RIFLE classification eGFR criteria (%) n (%)

Non-acute kidney injury eGFR decrease ≤25 16 (9)

Risk eGFR decrease >25 36 (19)

Injury eGFR decrease >50 70 (37)

Failure eGFR decrease >75 67 (35)

Abbreviations: eGFR estimated glomerular filtration rate
Data collection
Chart reviews including baseline characteristics and
laboratory data were performed in eligible patients. The
characteristics reviewed included age, gender, primary
diagnosis, creatinine at baseline and at ICU admission,
and pre-existing comorbidities, including hypertension,
diabetes mellitus, chronic kidney disease (CKD), and
congestive heart failure. CKD is defined as an eGFR less
than 60 ml/min/1.73 cm2 over 3 months or previously
diagnosed. CKD is classified into five groups defined by
the CKD guidelines [16]. The Simplified Acute Physi-
ology Score (SAPS) II was calculated on the day of ICU
admission [17]. We recorded the use of mechanical
ventilation, vasopressors, diuretics, PaO2/FiO2 ratio,
Glasgow Coma Scale, bilirubin, platelets, albumin, urine
output, creatinine, eGFR, and blood urea nitrogen
(BUN) at the time of CRRT initiation. Continuous veno-
venous hemodiafiltration was used in all patients. We
used dialysis membranes composed of polysulfone,
polymethylmethacrylate, and polyacrylonitrile. Continu-
ous veno-venous hemodiafiltration was performed with
blood flow rates ranging from 80 to 120 ml/min, a
dialysis flow rate ranging from 500 to 3950 ml/h, and a
replacement flow rate ranging from 0 to 3800 ml/h.
The following general indications for RRT were used:

(1) metabolic acidosis (pH <7.2 and serum bicarbon-
ate <16 mEq/l in arterial blood gas), (2) hyperkalemia
(serum K+ >5.5 mmol/l), (3) azotemia (BUN >150 mg/dl)
with uremic symptoms, (4) oliguria/anuria (urine out-
put <100 ml/12 h), or otherwise (5) the indications
were at the discretion of the treating physician.
Patients were categorized into four groups (non-AKI,

risk, injury, and failure) according to the modified RIFLE
classification (Table 1). Early initiation was defined as
initiation of CRRT in patients in the non-AKI or risk
groups, whereas patients classified in the injury or
failure group constituted the late initiation group (8).
Factors contributing to AKI were selected from a list of
the following choices: septic shock, cardiogenic shock,
drug-induced AKI, hypovolemia, major surgery, and
others (4). In each case, one or more contributing
factors could be selected. Sepsis was defined based on
systemic inflammation syndrome and consensus guide-
lines [18].
As a primary outcome, we compared in-hospital mor-

tality between the groups. We also reviewed the duration
of CRRT, ICU length of stay, post-RRT hospital length
of stay, hospital length of stay, time interval from ICU
admission to RRT initiation, and ICU mortality as secon-
dary outcomes.

Statistical analysis
Data are presented as medians and interquartile ranges
(25th to 75th percentiles) or percentages, as appropriate.
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The chi-square test or Fisher’s exact test were used for
nominal variables and the Mann–Whitney test was used
for continuous variables. A P value <0.05 was considered
statistically significant. Single variables with a P value of
less than 0.12 were then applied into multivariable logis-
tic regression analysis, which was performed to evaluate
risk factors for hospital mortality. The following vari-
ables were included as covariates in a logistic regression
analysis: age, gender, hypertension, CKD, SAPS II, vaso-
pressor use, mechanical ventilation use, hypovolemia,
PaO2/FiO2 ratio at CRRT initiation, urine output at
CRRT initiation, BUN at CRRT initiation, albumin at
CRRT initiation, and early vs. late CRRT initiation. All
statistical analyses were performed with EZR which is a
graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria, version 2.13.0)
[19]. EZR is a modified version of the R commander
designed to add statistical functions frequently used in
biostatistics.

Results
A total of 189 patients were included in this analysis.
There were 16 patients (9%) in the non-AKI group, 36
Table 2 Baseline characteristics of the early and late CRRT groups

All patients

(n = 189)

Baseline data

Age (years), median (IQR) 72 (61–78)

Gender (male), n (%) 133 (70)

Baseline serum creatinine (mg/dl), median (IQR) 1.0 (0.7–1.5)a

Comorbidities

Hypertension, n (%) 116 (61)

Diabetes mellitus, n (%) 56 (30)

Chronic kidney disease, n (%) 89 (47)

Stage 2, n (%) 6 (7)

Stage 3, n (%) 36 (40)

Stage 4, n (%) 16 (18)

Stage 5, n (%) 12 (13)

Unknown, n (%) 19 (21)

Congestive heart failure, n (%) 34 (18)

Data on admission to ICU

Serum creatinine (mg/dl), median (IQR) 2.0 (1.2–3.4)

Bilirubin (mg/dl), median (IQR) 0.8 (0.5–1.6)

Platelets (cells/103), median (IQR) 146 (66–211)

PaO2/FiO2 ratio (Torr), median (IQR) 200 (117–329)

SAPS II, median (IQR) 57 (44–72)

Glasgow Coma Scale, median (IQR) 14 (6–15)

Abbreviations: CRRT continuous renal replacement therapy, ICU intensive care unit, I
filtration rate, SAPS II Simplified Acute Physiology Score II
aSixty-five, six, and fifty-nine patients with unknown baseline creatinine were not in
(19%) in the risk group, 70 (37%) in the injury group,
and 67 (35%) in the failure group, according to the
modified RIFLE classification (Table 1). In the early and
late CRRT initiation groups, there were 52 (28%) and
137 patients (72%), respectively.
Baseline characteristics and comorbidities are shown

in Table 2. The median age was 72 (61–78) years, and
70% were male. Pre-admission baseline creatinine was
available for 124 (66%) patients, and the median creatin-
ine was 1.0 (0.7–1.5) mg/dl. CKD was present in 47%,
and hypertension represented 61% of comorbidities. The
proportion of patients with CKD in stages 2, 3, 4, and 5
were 7, 40, 18, and 13%, respectively. The median SAPS
II score on admission to the ICU was 57 (range 44–72).
A summary of demographic data at the time of CRRT

initiation is shown in Table 3. Mechanical ventilation,
vasopressor, and diuretic use among patients was 79, 53,
and 37%, respectively. Renal data were as follows: serum
creatinine at CRRT initiation was 2.7 (1.9–4.0) mg/dl,
eGFR was 18 (12–28) ml/min/1.73 m2, urine output
before CRRT initiation was 19 (8–35) ml/h, and BUN
was 50 (31–72) mg/dl. Factors contributing to the devel-
opment of AKI included sepsis (39%), cardiogenic shock
Early patients Late patients P value

(n = 52) (n = 137)

74 (62–78) 71 (61–77) 0.37

36 (69) 97 (71) 0.86

1.5 (0.9–2.9)a 0.9 (0.7–1.2)a <0.001

36 (69) 80 (58) 0.19

17 (33) 39 (29) 0.6

33 (63) 56 (41) 0.009

2 (4) 4 (3) 0.69

10 (19) 26 (19) 1

10 (19) 6 (4) 0.002

10 (19) 2 (2) <0.001

1(2) 18(16) 0.04

10 (19) 24 (18) 0.83

1.5 (1.1–2.9) 2.1 (1.3–3.5) 0.047

0.8 (0.5–1.3) 0.8 (0.5–1.7) 0.42

124 (66–207) 146 (68–214) 0.98

195 (117–297) 200 (119–329) 0.91

57 (40–68) 57 (45–72) 0.5

14 (3–15) 14 (6–15) 0.24

QR interquartile range, BUN blood urea nitrogen, eGFR estimated glomerular

cluded



Table 3 Comparisons of demographic date at CRRT initiation and outcomes in early and late groups

All patients Early group Late group P value

(n = 189) (n = 52) (n = 137)

Demographic data at CRRT initiation

Mechanical ventilation, n (%) 150 (79) 45 (87) 105(77) 0.16

Vasopressor, n (%) 101 (53) 26 (50) 75 (55) 0.63

Diuretic use, n (%) 70 (37) 21 (40) 49 (36) 0.61

Creatinine (mg/dl), median (IQR) 2.7 (1.9–4.0) 1.8 (1.2–3.0) 2.8 (2.2–4.2) <0.001

eGFR (ml/min/1.73 m2) 18 (12–28) 30 (15–44) 18 (11–25) <0.001

BUN (mg/dl), median (IQR) 50 (31–72) 37 (29–59) 54 (34–87) <0.001

Urine Output (ml/h), median (IQR) 19 (8–35) 21 (10–46) 17 (7.6–33) 0.09

Bilirubin (mg/dl), median (IQR) 1.0 (0.6–2.3) 1.8 (0.7–3.7) 1.0 (0.6–2.5) 0.83

Platelets (cells/103), median (IQR) 112 (63–188) 107 (65–159) 118 (62–194) 0.84

Albumin (g/dl), median (IQR) 2.5 (2.0–3.1) 2.5 (2.1–3.1) 2.5 (2.0–3.1) 0.87

PiO2/FiO2, (Torr), median (IQR) 181 (117–293) 198 (139–338) 200 (119–329) 0.16

Glasgow Coma Scale, median (IQR) 13 (6–15) 13 (6–15) 13 (6–15) 0.69

Factors contributing to AKI

Sepsis, n (%) 74 (39) 21 (40) 53 (39) 0.87

Cardiogenic shock, n (%) 59 (31) 20 (39) 39 (29) 0.22

Drug-induced AKI, n (%) 4 (2) 1 (2) 3 (2) 1

Hypovolemia, n (%) 15 (8) 1 (2) 14 (10) 0.07

Post-operative, n (%) 35 (19) 10 (19) 25 (18) 0.87

Post-renal failure, n (%) 1 (2) 0 (0) 1 (1) 1

Others, n (%) 7 (4) 2 (4) 5 (4) 1

Outcomes

Duration of CRRT (day), median (IQR) 3 (1–8) 3 (1–6) 3 (1–9) 0.3

ICU length of stay (day), median (IQR) 10 (4–18) 8(3–16) 10 (5–18) 0.34

Post-CRRT hospital length of stay (day), median (IQR) 11 (1–32) 13 (1–32) 11 (1–32) 0.81

Hospital length of stay (days), median, median (IQR) 26 (13–57) 29 (14–43) 26 (11–62) 0.81

Time interval from ICU admission to CRRT initiation (day), median (IQR) 0.8 (0.1–1.9) 0.8 (0.2–2.0) 0.8 (0.1–1.9) 0.89

ICU mortality, n (%) 86 (47) 26 (50) 60 (44) 0.51

Hospital mortality, n (%) 101 (53) 33 (64) 68 (50) 0.1

Others: hyperkalemia (two patients), acute pancreatitis, Goodpasture syndrome, mixed acidosis, acute renal stroke, and catastrophic anti-phospholipid syndrome
Abbreviations: CRRT continuous renal replacement therapy, IQR interquartile range, BUN blood urea nitrogen, eGFR estimated glomerular filtration rate, AKI acute
kidney injury, ICU intensive care unit
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(31%), drug-induced AKI (2%), hypovolemia (8%), post-
operative (19%), post-renal failure (2%), and others (4%).
The “others” group included hyperkalemia (two patients),
acute pancreatitis, Goodpasture syndrome, mixed acidosis,
acute renal stroke, and catastrophic anti-phospholipid
syndrome.
For the primary outcome, crude early vs. late group

in-hospital mortality was 64 vs. 50% (P = 0.10). For the
secondary outcomes, the median CRRT length (3 vs.
3 days, P = 0.3), the median post-CRRT hospital length
of stay (13 vs. 11 days, P = 0.81), the median hospital
length of stay (29 vs. 26 days, P = 0.81), the median ICU
length of stay (8 vs. 8 days, P = 0.34), the median time
interval from ICU admission to CRRT initiation, and in-
tensive care unit mortality (50 vs. 44%, P = 0.51) were
not significant statistically.
As shown in Table 4, logistic regression analysis

showed that late initiation of CRRT [odds ratio (OR),
0.30; 95% confidence interval (CI), 0.13–0.71; P = 0.006]
and lower SAPS II score (OR, 1.04; 95% CI, 1.02–
1.06; P < 0.001) were associated with lower in-hospital
mortality.

Discussion
This is a single-center retrospective study evaluating the
optimal timing for initiation of CRRT, as defined by the



Table 4 Independent predictors of in-hospital mortality using
logistic regression analysis

Variables Odds ratio 95% confidence interval P value

Timing of RRT initiation

Early initiation 1.0a

Late initiation 0.30 0.13–0.71 0.006

SAPS II score 1.04 1.02–1.06 <0.001

Abbreviations: RRT renal replacement therapy, SAPS II Simplified Acute
Physiology Score II
aReference indicator variable
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modified RIFLE classification in a mixed medical–surgi-
cal ICU. The major finding of this study is that late
CRRT initiation, as defined by the modified RIFLE
classification and lower SAPS scores, was associated
with lower in-hospital mortality.
The optimal timing of RRT initiation for patients with

AKI remains controversial because initiation of RRT can
be influenced by the following factors: (1) patient-
specific factors including renal function, co-morbid
diseases, and primary diagnosis; (2) clinician-specific
factors, including goals of therapy and local practice
patterns; and (3) organizational factors including health
costs, ICU type, and nursing availability [20]. Well-
accepted indications for initiating RRT in patients with
AKI include volume overload, hyperkalemia, uremia, se-
vere metabolic acidosis, and drug intoxication. However,
since there is currently no consensus regarding the opti-
mal timing of initiating RRT, some clinicians initiate
RRT in patients with non-AKI or early-stage AKI to pre-
vent the development of complications induced by AKI.
A previous report showed that earlier RRT initiation

reduced mortality and contributed to better renal recov-
ery [5]. A recent single-center randomized trial showed
that early RRT initiation reduced the 90-day mortality
compared with delayed RRT initiation (39.3 vs. 54.7%,
P = 0.003) [6]. In this study, the early group consisted of
patients within 8 h of diagnosis with stage 2 AKI in
Kidney Disease Improving Global Outcome (KDIGO)
criteria, while the late group consisted of patients after
12 h of diagnosis with stage 3 AKI. However, Bagshaw
et al performed a prospective multicenter observational
study at 54 centers in 23 countries enrolling 1238 pa-
tients, which showed that late initiation of RRT classified
by creatinine was associated with lower mortality (OR,
0.46; 95% CI, 0.36–0.58; P < 0.0001) [21]. Another recent
prospective multicenter randomized trial showed no
apparent benefit from the early initiation strategy [7]. A
recent systematic review and meta-analysis reported by
Wierstra et al. concluded that early RRT initiation in
critically ill patients with AKI did not result in a survival
benefit [22]. A systematic review and meta-analysis of
randomized controlled trials reported by Xu et al.
showed similar results [23]. The data in the current
study may support the results of previous studies,
suggesting that early initiation strategy has no clinical
benefit.
Differences in etiological background between the two

groups including contributing factors to AKI and distri-
bution of CKD deserve mention. First, in the early
group, substantial numbers of patients might have had
fluid overload, reflected by lower serum creatinine levels.
In fact, studies suggest lower creatinine may reflect a
state of fluid overload that can cause higher mortality
[24, 25]. Bouchard et al. conducted a prospective multi-
center observational study including critically ill patients
with AKI who needed RRT to assess whether fluid
accumulation was associated with mortality with positive
results (OR 2.07 [95% CI 1.27–3.37]) and non-recovery
of kidney function [26]. In our study, the number of
patients with cardiogenic shock in the early group
appeared larger than the late group (39 vs. 29%). Those
patients with cardiogenic shock may have well been
complicated with fluid overload (Table 3). Physicians
might not have recognized the true degree of AKI due
to the apparent lower serum creatinine.
Second, more patients with CKD were included in the

early group compared with the late group (p = 0.009).
AKI in patients with CKD may be associated with a
higher risk of mortality [27]. Wu et al. reported a multi-
center observational study of 9425 patients for diagnosis
of AKI after major surgery and evaluated mortality
risk from post-operative AKI with or without CKD.
The results showed that patients with a past history
of CKD had higher mortality (HR, 3.94; 95% CI,
2.79–5.28, P < 0.001) compared with the patients with-
out CKD [28]. In this study, the mortality of patients
with end-stage renal disease was higher than in pa-
tients with or without prior CKD. In the present
study, there are fewer patients with CKD in the late
RRT group than in the early RRT group. Also, the
number of patients with CKD stages 4 and 5 were
greater in the early RRT group than in the late RRT
group (Table 2). For these hypothetical reasons, late
RRT initiation was associated with a better prognosis
in our study.
Finally, late RRT initiation policy has a potential to

avoid unnecessary RRT. In a recent multicenter random-
ized controlled trial comparing the early vs. late policy,
Gaudry et al. reported that renal function was more rap-
idly recovered and less frequency of catheter related
blood stream infections occurred in late RRT initiation
[7]. Patients with higher creatinine may undergo earlier
treatment, and their prognosis would be better than that
of patients with lower creatinine [29]. In our study, al-
though there were no statistically significant differences
regarding the time interval from ICU admission to RRT
initiation in both early and late groups, more rapidly
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increasing creatinine appeared in the late group (Tables 2
and 3). It is possible that early treatment, including anti-
biotics, fluid challenges, nephrology consultation, and
vasopressor use may have contributed to a better prog-
nosis for patients with higher serum creatinine levels.
This study has several limitations. First, this study may

have excluded a large number of AKI patients who met
the criteria for RRT initiation but did not undergo
CRRT. Second, this study was a single-center retrospect-
ive analysis with a relatively small sample size. There-
fore, we cannot exclude the potential effects of unknown
confounding factors. Third, we defined AKI according to
the modified RIFLE classification and did not use urine
criteria instead of the standard RIFLE classification.
However, Haase et al. suggested that urine output
criteria are not a more important predictive factor for
in-hospital mortality than creatinine criteria [30]. Fourth,
there was a lack of baseline creatinine data in approxi-
mately 34% of patients for whom we estimated the eGFR
based on calculations. Therefore, the exact prevalence of
CKD in the study population is unknown. Finally, some
of the late group who started CRRT within 24 h of
admission to ICU may have been early starters if labora-
tory testing had not been delayed, and there is potential
for crossover of patients between the assigned groups.

Conclusions
The late initiation of CRRT, as defined by the modified
RIFLE classification, is associated with a lower risk of in-
hospital mortality in critically ill patients with AKI.
Further studies are needed to confirm the optimal timing
for the initiation of CRRT.
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