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Abstract

Backgrounds: It has been known that severity of acute kidney in-
jury can predict in-hospital and long term mortality. Recently, an 
additional parameter, duration of acute kidney injury (AKI), might 
allow better prediction of in-hospital mortality. We aimed to deter-
mine if duration of AKI adds additional prognostic information in 
postoperative patients with AKI.

Methods: The study enrolled surgical patients who were admitted 
to the intensive care unit. AKI cases were defined by RIFLE (risk, 
injury, failure, loss and end-stage renal failure) criteria and catego-
rized according to tertiles of AKI duration: first tertile, less than 1 
day; second tertile, 2 - 5 days; third tertile, ≥ 6 days. The hazard ra-
tios (HRs) for in-hospital mortality after adjust multiple covariates 
compared to those without AKI were recorded. The predictability 
of mortality was accessed by calculating the area under the curve 
(AUC) of receiver operating characteristic curve.

Results: In total, 504 postoperative patients with 377 developed 
AKI (first tertile: 124 cases, second tertile: 140 cases, third tertile: 
113 cases) and 127 without AKI were enrolled. The overall in-
hospital mortality was 39%. The in-hospital mortality rates were 
15.7% (non-AKI), 28.2% (first tertile), 55% (second tertile), and 
38.3% (third tertile) as well as the HRs for in-hospital mortality 
were 1.632, 2.956 and 2.212 compared to non-AKI group (P = 
0.201, 0.010 and 0.040). Cumulative in-hospital survival rates dif-

fered significantly for non-AKI group vs. AKI groups (first, second 
and third tertile) (P < 0.001 by log-rank test). The AUC of AKI du-
ration and stage together (0.696) was higher than AKI stage alone 
using RIFLE criteria (0.665) (both P < 0.001).

Conclusions: AKI duration was an additional predictor of in-hos-
pital mortality in patients with postoperative acute kidney injury.

Keywords: Acute kidney injury; RIFLE criteria; Duration; Mortal-
ity

Introduction

Acute kidney injury (AKI) is an ominous and common event 
in critical patients, occurring in up to 15.4% (3.1-75%) of 
patients after cardiovascular surgery [1]. AKI affects costs, 
lengths of hospitalization, in-hospital and long term mortal-
ity [2, 3]. The reported mortality rate was up to 60% [4, 5]. 
The incidence of postoperative AKI decreased and some 
study demonstrated surgical patients receiving periopera-
tive hemodynamic optimization had reduced incidence of 
postoperative AKI [6]. However, postoperative AKI still had 
high mortality rate. The diagnosis of AKI and its classifica-
tion are important.

Several predictors were associated with postoperative 
AKI, such as advanced age, emergent operation, liver dis-
ease, high body mass index, high risk operation, chronic 
obstructive pulmonary disease and peripheral venous occlu-
sion disease [7]. Various criteria based on serum creatinine 
or urine output for AKI classification were also mentioned. 
RIFLE (risk, injury, failure, loss and end-stage renal failure) 
classification and acute kidney injury network (AKIN) crite-
ria, purposed by a working group consisting of members of 
the acute dialysis quality initiative (ADQI) and AKIN, were 
important classifications and stages for AKI. Compared to 
RIFLE classification, the most notable change in AKIN cri-
teria was the inclusion of a small change in serum creatinine 
more than 0.3 mg/dL, which increases sensitivity of detect-
ing AKI [8, 9]. The validity of AKI stage to predict mortality 
had been known. However, it is insufficient to rely on AKI 
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criteria as a predictor of mortality by identifying serum cre-
atinine and/or urine output change. In addition to AKI stage, 
duration of AKI might provide prognostic information in pa-
tients with AKI. Some studies evaluated the association be-
tween duration of AKI and mortality in patients with postop-
erative AKI, but the result was limited [10, 11]. Lack of data 
on urine output and exclusion of critical ill patients might be 
some of the limitations of above studies. Some study demon-
strated duration of AKI was an additional predictor of mor-
tality in critical ill patients [12]. Despite urine output criteria 
were mentioned in the study, less than 5% of study popula-
tion was surgical patients and surgery categories were not 
mentioned. We retrospectively reviewed biochemical, clini-
cal parameters and organ scoring systems of critical surgical 
patients to assess the association between AKI duration and 
in-hospital mortality. We also compared the ability to predict 
mortality from AKI stages, from AKI duration and from AKI 
stages and duration together to evaluate whether AKI stages 
and duration together provided better prediction of mortality 
than AKI stage alone.

 
Materials and Methods

   
Ethics

This study was conducted in accordance with the Declara-
tion of Helsinki (2000) of the World Medical Association, 
and the protocol was approved by the institutional review 
board of Mackay Memorial Hospital and informed consent 
was waived. Mackay Memorial Hospital is a tertiary refer-
ral center for kidney disease. This study was a single center 
investigation, and all patients in the study were directly diag-
nosed and followed up at Mackay Memorial Hospital.

Patients

This is a retrospective observational study that included 691 
adult patients who underwent major surgery and admitted 
to the ICU department of Mackay Memorial Hospital from 
August of 2004 to April of 2011. Those undergoing chronic 
dialysis, less than 18 years of age, receiving renal replace-
ment therapy (RRT) before surgery (n = 9) and initially ad-
mitted due to medical problems, such as respiratory failure 
(n = 28), hepatic failure (n = 23), congestive heart failure (n 
= 15), and septic shock (n = 31), were excluded. Besides, 
those without urine output record during AKI and lack of 
baseline renal function were also excluded (n = 9). Finally, 
those who needed renal replacement therapy during admis-
sion (n = 40), lengths of hospitalization less than 48 h (n = 
20), any radiology study using intravenous contrast within 
the first 7 postoperative days (n = 5) and AKI developed 7 
days later after surgery were excluded (n = 7). Consequently, 
a total 504 eligible patients were included for analysis.

Methods

Demographic data, underlying disease, source and severity 
of sepsis, surgery categories, serial renal function, lengths of 
ICU stay, lengths of hospitalization, AKI duration, the use of 
diuretics and vasoactive drugs, biochemical data and clini-
cal characteristics, urine output during AKI period and ICU 
organ scoring system, such as acute physiology and chronic 
health evaluation II (APACHE II) score, sequential organ 
failure assessment (SOFA) score, simplified acute physi-
ology score (SAPS) and multiple organ dysfunction score 
(MODS) were recorded. The urine output was recorded every 
6 h. The definition of AKI as defined in Table 1, was based 
on the RIFLE classification [8]. The baseline renal serum 

Category GFR criteria UO criteria

Risk Increase in SCr ≥ 1.5 × baseline or decrease in GFR 
≥ 25%

UO < 0.5 mL/kg/h × 6 h

Injury Increase in SCr ≥ 2.0 × baseline or decrease in GFR 
≥ 50%

UO < 0.5 mL/kg/h × 12 h

Failure Increase in SCr ≥ 3.0 × baseline or SCr ≥ 4.0 mg/
dL or decrease in GFR ≥ 75%

UO < 0.3 mL/kg/h × 24 h or 
anuria × 12 h

Loss Complete loss of kidney function ≥ 4 weeks

ESRD End-stage renal disease (≥ 3 months)

Table 1. Definition of RIFLE Classification

SCr: serum creatinine; GFR: glomerular filtration rate; ESRD: end stage renal disease; UO: urine output.
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creatinine, defined as last serum creatinine obtained before 
admission at outpatient department, and serum creatinine on 
ICU admission, initiation of AKI and peak AKI were also 
recorded for RIFLE classification. Patients with AKI were 
stratified according to the maximum of RIFLE class (RIFLE 
max). Duration of AKI was defined by the number of days 
from first day to the end of AKI that subjects met at least 
RIFLE-Risk classification. The end of AKI was determined 
when it did not conform to criteria of AKI. The duration of 
AKI was classified into three subgroups according to the ter-
tiles of AKI duration. The first tertile was duration less than 
1 day, the second tertile was duration between 2 and 5 days 
and the third tertile was duration more than 6 days. Patients 
who required renal replacement therapy during admission 
were excluded. Definitions of severe sepsis and septic shock 
were based on 2012 international guidelines for management 
of severe sepsis and septic shock [13]. A surgery was defined 
emergent if the anesthesiologist indicated an emergent code 
as part of the American Society of Anesthesiologist physical 
status code [11]. Respiratory failure with ventilator depen-
dency was defined as those with hypoxic and/or hypercapnic 
respiratory failure who needed ventilator. Hypoxic respira-
tory failure was defined as arterial partial pressure of oxy-
gen (PaO2) of < 60 mmHg on room air at sea level while 
hypercapnic respiratory failure was hypoxia with an arterial 
partial pressure of carbon dioxide (PaCO2) of > 50 mmHg on 
room air at sea level. In-hospital mortality was recorded as 
primary outcome. Renal recovery was also examined. Com-
plete recovery of AKI was defined as those with AKI who 

had serum creatinine no more than 0.2 mg/dL higher than 
baseline serum creatinine at end of AKI.

Statistical analysis

Continuous variables with a normal distribution were sum-
marized as mean ± SEM unless otherwise stated. Variables 
with a non-normal distribution were expressed as median 
(interquartile range (IQR)). Patients without AKI were used 
as reference group. Analysis of variance (ANOVA), Chi-
square, Mann-Whitney U or Kruskal-Wallis tests were used 
to assess differences of the demographic data, laboratory 
variables, lengths of hospitalization and recovery of AKI 
between patients with postoperative AKI (three subgroups) 
and non-AKI. The in-hospital mortality rate was recorded 
and calculated using Kaplan-Meier method. Cumulative sur-
vival curves for postoperative patients with different RIFLE 
classification and AKI duration were performed according 
to the log-rank test. The hazard ratios (HRs) and 95% confi-
dence intervals (CIs) for in-hospital mortality were calculat-
ed using Cox proportional hazard model after adjusting age, 
gender, need for ventilator, organ scoring systems, surgery 
category, underlying diseases, emergent operation, the use 
of vasoactive drugs, source and severity of sepsis, baseline 
renal function, RIFLE max. The discriminative ability of 
the criteria to predict the mortality was assessed by the area 
under the curve (AUC) of receiver operating characteristic 
(ROC) curve. All statistical analyses were performed using 
SPSS software (version 17.0, SPSS Inc., Chicago, IL, USA) 

Figure 1. Cumulative survival rate for 504 postoperative patients based on their AKI stages using RIFLE criteria. The 
overall in-hospital survival rates were significantly different among four groups (P < 0.001 by log-rank test).
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and a P value of less than 0.05 was considered statistically 
significant.

 
Results

  
In total, 504 patients who underwent surgery were enrolled. 
None of these patients received organ transplantation. The 
mean age for the patients was 64.7 years, with 353 (70%) 
males and 151 (30%) females. AKI cases were diagnosed 
by serum creatinine criteria (65.9%), urine output criteria 
(14.3%) or both (19.8%). The overall incidence of postop-
erative AKI was 74.8% (377 cases) and in-hospital mortal-
ity between AKI and non-AKI were 45.8% (173 cases) and 
15.7% (20 cases). Most of patients underwent cardiovascular 
(48%) and abdominal surgery (29%). Baseline demographi-
cal, clinical, scoring systems, surgery categories and labora-
torial characteristics for non-AKI and AKI subgroups were 
shown in Supplementary 1 (www.wjnu.elmerpress.com). 
Various parameters, such as baseline serum creatinine, the 
use of bumetanide during ICU admission, lengths of hospi-
talization, lengths of ICU stay, the proportions of AKI stages 
showed a significant difference among 4 groups. The organ 
scoring systems, such as APACHE II score, SOFA, SAPS 
and MODS, RIFLE max were also severer in AKI groups 
than non-AKI group. However, no significant difference was 
noted for age, gender, body mass index, cigarette smoker, 
need for ventilator, mean arterial pressure, serum creatinine 
at onset and peak AKI stage, source and severity of sepsis, 

surgery categories, underlying diseases, the use of diuretics 
and vasoactive drugs except bumetanide.

Figure 1 shows in-hospital survival curve in different 
groups according to their AKI stages by log-rank test (P < 
0.001). The HRs (95% CIs) for in-hospital mortality com-
pared to non-AKI were as follows: RIFLE-R, 2.049 (1.009 - 
4.163); RIFLE-I, 2.282 (1.164 - 4.475); and RIFLE-F, 2.785 
(1.456 - 5.327) (all Ps < 0.05). The mean duration of AKI 
in AKI group was 4.7 days (median, 3 days; IQR, 1 to 7 
days). A 1-day increase in AKI duration led to 2.4% increase 
in-hospital mortality (P = 0.096). The AKI groups were sub-
divided into three subgroups according to duration of AKI: 
first tertile (n = 124), < 1 days; second tertile (n = 140), 2 to 5 
days; third tertile (n = 113), > 8 days. The proportions of AKI 
were determined by urine output criteria in AKI groups were 
30.6% (first tertile), 14.3% (second tertile) and 10.6% (third 
tertile). Figure 2 shows that the in-hospital survival curve ac-
cording to the tertiles of AKI duration was different among 
four groups (P < 0.001 by log-rank test). The mortality rates 
were higher in AKI groups than non-AKI group. The unad-
justed HRs were 1.890 (first tertile), 3.405 (second tertile), 
and 2.721 (third tertile) (all Ps < 0.05). The HRs were still 
significant in second tertile and third teritle after adjusting 
for confounding factors such as age, gender, need for ventila-
tor, APACHE II, SAPS, SOFA, MODS, surgery category, un-
derlying diseases, emergent operation, the use of vasoactive 
drugs, source and severity of sepsis, baseline renal function, 
and RIFLE max (Table 2). The lengths of hospitalization 
were shorter in non-AKI group (mean, 29.6 days; median, 20 

Figure 2. Cumulative survival rate for 504 surgical patients based on their duration of AKI during admission. The 
overall in-hospital survival rates were significantly different among four groups (P < 0.001 by log-rank test).
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days) than AKI groups (first tertile: mean, 30.1 day, median, 
18 days; second tertile: mean, 31.8 days; median, 21 days; 
third tertile: mean, 37.6 days, median, 27 days) (P < 0.05 in 
second and third tertile groups). The proportions of recovery 
from AKI were significant different among AKI groups (first 
tertile: 71.7%, second tertile: 60.7%, third tertile: 30.9%) 
(P < 0.001). The AUC (95% CI) of the ROC for in-hospital 
mortality was 0.688 (0.641 - 0.734) according to tertiles of 
AKI duration. When duration of AKI was considered as con-
tinuous variable, the AUC was 0.680 (0.633 - 0.727). The 
AUC of ROC for in-hospital mortality was higher when AKI 
duration and stage were considered together (0.696 (0.649 - 
0.742)) than the AUC calculated by AKI stage using RIFLE 
classifications (0.665 (0.617 - 0.712)) (all Ps < 0.001).

Discussion
  
This retrospective study demonstrated duration of postopera-
tive AKI predicts in-hospital mortality in surgical patients 
after adjustment for organ scoring systems, underlying dis-
ease, surgery category, AKI stages, source and severity of 
sepsis, baseline and clinical characteristics. It suggested that 
duration of postoperative AKI was an additional predictor 
for in-hospital mortality. We also found liver disease, ad-
vanced age, and AKI stages can predict in-hospital mortality 
of surgical patients with postoperative AKI.

The validity of AKI stage to predict mortality, proposed 
by either AKIN criteria or RIFLE classification, had been 
known [8, 9, 14]. However, the definition of AKI was not 
fully optimized. Some patients with AKI were undiagnosed 
and the mortality rates were not increased with AKI stages 
proportionally [15, 16]. It might explain by the shortcoming 
of serum creatinine, limitations of urine output criteria and 
failure to identify other predictors of mortality in patients 
with AKI [17, 18]. Serum creatinine might not be a good 
gold standard biomarker for AKI because the magnitude of 
serum creatinine rise might associate with volume status and 
muscle mass. Plasma neutrophil gelatinase-associated lipo-
calin (NGAL) and serum cystatin C were superior to serum 
creatinine in prediction of AKI after cardiac surgery [19]. 
Compared to those studies without data on urine output, our 
study defined AKI using creatinine criteria and urine output 
criteria [10, 11]. Proportions of AKI diagnosed by urine out-
put criteria alone ranged from 2.9-25.7% and 19.8% in our 
study [12, 18]. Besides, we assessed whether the new param-
eter, duration of AKI, was a predictor of in-hospital mortality 
or not. The current consensus definition of AKI as proposed 
by RIFLE classifications does not incorporate any duration 
component into the definition.

The duration of AKI may be a surrogate of recovery po-
tential of the injured kidney. The more severe and treatment 
resistant and AKI case is, the longer duration of the AKI 
becomes. AKI is not only disease of kidney, it can also af-

Parameter β 
coefficient SE Hazard ratio 95% CI P value

Unadjusted

Non-AKI - - 1 (reference) 1 (reference) 1 (reference)

First tertile 0.639 0.281 1.891 1.090 - 3.278 0.023*

Second tertile 1.225 0.251 3.405 2.081 - 5.571 < 0.001***

Third tertile 1.001 0.250 2.721 1.668 - 4.439 < 0.001***

Adjusted*

Non-AKI -  - 1 (reference) 1 (reference) (reference)

First tertile 0.490 0.383 1.632 0.771 - 3.455 0.201

Second tertile 1.084 0.364 2.956 1.448 - 6.035 0.010*

Third tertile 0.794 0.364 2.212 1.083 - 4.516 0.040*

Table 2. Hazard Ratios for In-Hospital Mortality According to Duration of AKI 

AKI: acute kidney injury; CI: confidence interval; SE: standard error. *Adjusted for age, gender, need for ventilator, APACHE 
II, SOFA, SAPS, MODS, surgery category, underlying diseases, emergent operation, the use of vasoactive drugs, source 
and severity of sepsis, baseline renal function, peak RIFLE classification (RIFLE max).
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fect the function of other organ. The longer duration of AKI 
might be reflective of more severely ill or extra-renal organ 
dysfunction and it takes longer to recovery from AKI. Pa-
tients with younger age, more renal masses, and faster resto-
ration of renal medullary blood flow might regain renal func-
tion more quickly [11, 20]. Previous studies divided duration 
of AKI into groups: transient azotemia (< 3 days) and acute 
tubular necrosis (> 4 days); short (< 2 days), medium (3 - 6 
days), and long (> 7 days); first, second, third tertiles of AKI 
duration and renal replacement therapy group [11, 12, 21]. In 
our study, we defined groups according to tertiles of AKI du-
ration. We excluded patients with renal replacement therapy 
because renal replacement therapy can confound AKI dura-
tion [22]. The duration of AKI was mostly within 15 days. 
As previous study, less than 3% (2.8%) of patients had AKI 
duration longer than 2 weeks [21].

There were several limitations in present study. First, the 
study population is within one medical center, thus the result 
might not extrapolate into other patient population. Because 
of different AKI treatment individually, the outcome and du-
ration of AKI wound be different. Duration may change de-
pend on treatment regimens. Diuretics might increase urine 
output but did not alter the discriminative function of urine 
output criteria for survival rate [18]. Second, the exclusion 
of patients without data on urine output may lead to selec-
tion bias. Third, the predictive accuracy of Cox proportional 
hazard model has its own limitations. Finally, there might be 
residual confounding factors which may attenuate the rela-
tionship between duration of AKI and in-hospital mortality.

In summary, duration of postoperative AKI predicts in-
hospital mortality in surgical patients after adjustment for 
organ scoring systems, underlying disease, emergent opera-
tion, surgery category, AKI stages, source and severity of 
sepsis, baseline and clinical characteristics. Moreover, the 
ability of AKI duration and AKI stage together to predict in-
hospital mortality was better than AKI stage alone by using 
AUC of ROC curve. The durations and severity of AKI were 
both parameters for surgical patients. This study was limited 
by the retrospective nature; therefore, the treatment strategy 
and subsequent outcomes could not be validated. A prospec-
tive multi-center, interventional study is warranted to evalu-
ate potential treatment options for patients classified accord-
ing to the RIFLE criteria and duration of AKI.
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