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Incidence, Outcomes, and Comparisons across
Definitions of AKI in Hospitalized Individuals
Xiaoxi Zeng,*† Gearoid M. McMahon,* Steven M. Brunelli,* David W. Bates,‡§ and Sushrut S. Waikar*

Summary
Background and objectives At least four deﬁnitions of AKI have recently been proposed. This study sought to
characterize the epidemiology of AKI according to the most recent consensus deﬁnition proposed by the Kidney
Disease Improving Global Outcomes (KDIGO) Work Group, and to compare it with three other deﬁnitions.
Design, setting, participants, & measurements This was a retrospective cohort study of 31,970 hospitalizations
at an academic medical center in 2010. AKI was deﬁned and staged according to KDIGO criteria, the Acute
Dialysis Quality Initiative’s RIFLE criteria, the Acute Kidney Injury Network (AKIN) criteria, and a deﬁnition
based on a model of creatinine kinetics (CK). Outcomes of interest were incidence, in-hospital mortality, length of
stay, costs, readmission rates, and posthospitalization disposition.
Results AKI incidence was highest according to the KDIGO deﬁnition (18.3%) followed by the AKIN (16.6%),
RIFLE (16.1%), and CK (7.0%) deﬁnitions. AKI incidence appeared markedly higher in those with low baseline
serum creatinine according to the KDIGO, AKIN, and RIFLE deﬁnitions, in which AKI may be deﬁned by a 50%
increase over baseline. AKI according to all deﬁnitions was associated with a signiﬁcantly higher risk of death
and higher resource utilization. The adjusted odds ratios for in-hospital mortality in those with AKI were
highest with the CK deﬁnition (5.2; 95% conﬁdence interval [95% CI], 4.1 to 6.6), followed by the RIFLE (2.9; 95%
CI, 2.2 to 3.6), KDIGO (2.8; 95% CI, 2.2 to 3.6), and AKIN (2.6; 95% CI, 2.0 to 3.3) deﬁnitions. Concordance in
diagnosis and staging was high among the KDIGO, AKIN, and RIFLE deﬁnitions.
Conclusions The incidence of AKI in hospitalized individuals varies depending on the deﬁnition used. AKI
according to all deﬁnitions is associated with higher in-hospital mortality and resource utilization. AKI may be
inappropriately diagnosed in those with low baseline serum creatinine using deﬁnitions that incorporate
percentage increases over baseline.
Clin J Am Soc Nephrol 9: ccc–ccc, 2014. doi: 10.2215/CJN.02730313

Introduction
AKI is recognized as one of the most serious complications of hospitalized individuals. AKI is strongly
associated with increased resource utilization (1–3),
higher short- and long-term mortality (1,4–9), and a
higher risk for the development of CKD (10–13). Since
2004, at least four proposals have been put forth to
deﬁne and stage AKI. The RIFLE (Risk, Injury, Failure, Loss, and ESRD) criteria (14), the ﬁrst consensus
deﬁnition, have been studied in a number of settings
and validated by showing that a stepwise relationship exists between AKI severity and mortality (15).
The Acute Kidney Injury Network (AKIN) criteria
(16) modiﬁed RIFLE by incorporating an absolute increase in creatinine after the ﬁnding that small increases in serum creatinine (SCr) were of prognostic
signiﬁcance (1). In 2009, Waikar and Bonventre
proposed a creatinine kinetics (CK)–based deﬁnition
of AKI using absolute changes in SCr over 24 hours
or 48 hours (17). Finally, in 2012, the Kidney Disease
Improving Global Outcomes (KDIGO) Work Group
proposed another deﬁnition that builds upon the
www.cjasn.org Vol 9 January, 2014

AKIN deﬁnition (18). The KDIGO deﬁnition has
been adopted by the Renal Association of the United
Kingdom (19) and has been the subject of commentary
by other professional societies from the United States
(20), Europe (21), and Canada (22).
The purposes of this study were to provide detailed
estimates of the epidemiology of AKI using the
KDIGO deﬁnition—including incidence, in-hospital
mortality, costs, readmission rates, length of stay
(LOS), and posthospital disposition—and to investigate
how the epidemiology differs according to the deﬁnition used.
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Materials and Methods
Study Cohort
This study was conducted at Brigham and Women’s
Hospital, a 777-bed urban academic medical center in
Boston, Massachusetts. We included all hospitalizations of adult patients (aged $18 years) admitted between January 1, 2010 and December 31, 2010. We
excluded patients with ESRD and those who received
Copyright © 2014 by the American Society of Nephrology
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kidney transplantation (553 patients with 946 hospitalizations;
Supplemental Table 1). To minimize misclassiﬁcation we manually reviewed electronic discharge summaries of those with
codes for renal replacement therapy (RRT) (Supplemental
Tables 1 and 2) to verify that all ESRD patients were excluded and that RRT was provided for AKI (23).
Data Collection
We obtained data through the Partners Healthcare Research Patient Data Registry, a central clinical data warehouse for .1.8 million inpatients and outpatients designed
for research and quality improvement (23–25). Approval
for this study was granted by the Institutional Review
Board at Brigham and Women’s Hospital and the need
for informed consent was waived.
We obtained information on patient demographics, LOS,
vital status at hospital discharge, discharge disposition,
International Classiﬁcation of Diseases (Ninth Revision,
Clinical Modiﬁcation) (ICD-9-CM) codes and Current Procedural Terminology (CPT) codes, diagnosis-related group
codes, and inpatient costs. In addition, we obtained SCr
measurements during and before hospitalization (performed on Roche Cobas autoanalyzers using a modiﬁed
Jaffe reaction and an isotope dilution mass spectroscopy
traceable standard) as well as the following initial laboratory values during hospitalization: hemoglobin, platelet
count, white blood cell count, bicarbonate, BUN, total
bilirubin, albumin, and serum sodium. Data regarding
costs (excluding professional fees) were obtained from the
hospital’s TSI database (Transition Systems, Boston, MA),
an activity-based costing system that evaluates costs based
on actual resources utilized in performing a speciﬁc activity.

From this database, we obtained charges, actual variable
costs, actual ﬁxed costs, actual direct variable costs, and actual direct ﬁxed costs. For the purposes of these analyses we
used total actual costs, which were obtained by summing
actual variable costs and actual ﬁxed costs (26). We identiﬁed concurrent diseases, comorbid conditions (27), and procedures using ICD-9-CM and CPT codes (Supplemental
Tables 2 and 3).
Definition and Staging of AKI
We deﬁned and staged AKI according to SCr-based
criteria per the KDIGO, RIFLE, AKIN, and CK criteria;
urine output data were not available. We used all available
SCr measurements along with date- and time-stamps to
adhere speciﬁcally to the four deﬁnitions and staging
systems (Table 1 and Supplemental Table 4). Patients with
no SCr measurements during hospitalization were classiﬁed as not having AKI. Baseline SCr for KDIGO, AKIN,
and RIFLE criteria was deﬁned as the lowest SCr measurement during hospitalization (18) or, if available, the arithmetic mean of all outpatient SCr measurements 7–365 days
before the index admission (28). In sensitivity analyses, we
also explored the effects on incidence of alternate methods
of assessing baseline SCr when missing (18), including
multiple imputation (29). Baseline estimated GFR (eGFR)
was calculated according to the Chronic Kidney Disease
Epidemiology Collaboration study equation (30).
Statistical Analyses
Analyses were performed with SAS software (version
9.2; SAS Institute, Cary, NC). Continuous variables were
expressed as means 6 SDs or medians with interquartile

Table 1. Diagnosis and staging criteria for AKI of RIFLE, AKIN, KDIGO, and CK definitions based on serum creatinine

Classiﬁcation

Deﬁnition for AKI

Stage

Serum Creatinine Criteria for AKI Staginga

Risk
Injury
Failure

To $1.5 times baseline
To $2 times baseline
To $3 times baseline or $0.5 mg/dl increase to at
least 4.0 mg/dl
Increase of $0.3 mg/dl or to 1.5–1.9 times baseline
To 2–2.9 times baseline
To $3 times baseline or $0.5 mg/dl increase to at
least 4.0 mg/dl or initiation of RRT
Increase in SCr $0.3 mg/dl within 48 h or to
1.5–1.9 times baseline
To 2.0–2.9 times baseline
To 3.0 times baseline or to at least 4.0 mg/dl or
initiation of RRT
Increase in SCr $0.3 mg/dl within 24 h or
$0.5 mg/dl within 48 h
Increase in SCr $0.5 mg/dl within 24 h or
$1.0 mg/dl within 48 h
Increase in SCr $1.0 mg/dl within 24 h or
$1.5 mg/dl within 48 h

RIFLE

Increase in SCr $50% within 7 d

AKIN

Increase in SCr $0.3 mg/dl or $50%
within 48 h

1
2
3

KDIGO

Increase in SCr $0.3 mg/dl within 48 h
or $50% within 7 d

1
2
3

CK

Increase in SCr $0.3 mg/dl within 24 h
or $0.5 mg/dl within 48 h

1
2
3

For patients meeting diagnosis criteria for AKI according to RIFLE, AKIN, or KDIGO, the stages based on percentage increase were
determined by the ratio of peak SCr value obtained during hospitalization to baseline. RIFLE, Risk Injury Failure Loss ESRD; AKIN,
Acute Kidney Injury Network; KDIGO, Kidney Disease Improving Global Outcomes; CK, creatinine kinetics; SCr, serum creatinine;
RRT, renal replacement therapy.
a
Urine output was not used, because records of hourly urine output were not available in the majority of patients.
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ranges (IQRs), and were tested by the t test, Wilcoxon rank
sum test, ANOVA, or Kruskal–Wallis test, as appropriate.
Categorical variables were described as proportions and
were compared using the chi-squared test. We calculated
the observed proportional agreement and Cohen’s
weighted k statistic, a statistic of inter-rater agreement
(31), to assess agreement between AKI according to
KDIGO and the three other deﬁnitions. For analyses of
in-hospital mortality, LOS, and costs, we randomly selected one hospitalization per patient if the patient was
admitted multiple times; all other analyses used hospitalizations as the unit of analysis.
Odds ratios (ORs) for in-hospital mortality across stages
of AKI were estimated by ﬁtting logistic regression
models. To explore the extent of confounding, we ﬁtted
increasingly adjusted models, ﬁrst adjusting for demographic variables and then additionally for the following
a priori selected covariates: concurrent diseases, major
procedures, diagnosis-related group weights, baseline
eGFR, and initial laboratory results. Laboratory data
were modeled as being above or below the median result
in the study population, with a missing indicator variable.
LOS and costs were modeled using multivariable quantile
regression analyses, a statistical technique that permits
estimation of how the conditional median, or other quantiles (e.g., 10th percentile, 90th percentile), of a dependent
variable y changes with an independent variable x. Unlike

ordinary least-squares regression, quantile regression
does not assume normality or homoscedasticity (32,33).
Two-tailed P values ,0.05 were considered signiﬁcant.

Results
The study cohort included 25,859 patients with a total of
31,970 hospitalizations between January 1, 2010 and December 31, 2010. The median age was 54 years (IQR, 36–68); 64.7%
were women, and 72.9% were white (Table 2). The median
LOS among the 31,970 hospitalizations was 4 days (IQR, 2–7).
SCr was measured more than once in 63.2% of hospitalizations, only once in 13.0%, and not at all in 23.8%. Those with
one or no SCr measurements during hospitalization were
younger (median 36 years versus 62 years; P,0.001), had
shorter LOS (median 2 days versus 5 days; P,0.001), and
were more likely to be admitted for childbirth (52.8% versus
2.8%; P,0.001). Among those with two or more SCr measurements during hospitalization, the median frequency of
SCr measurements was 1.3 per day. A total of 167 patients
were treated with RRT for AKI during hospitalization.
Incidence and Clinical Settings
AKI according to the KDIGO deﬁnition complicated
18.3% of all hospitalizations (5848 of 31,970 hospitalizations, 70.9% of which were stage 1, 17.1% stage 2, and 12.0%
stage 3). Among those with two or more SCr measurements

Table 2. Demographic and clinical characteristics according to the development of AKI by the KDIGO definition during
hospitalization

Characteristic

No AKI

All AKI Stagesa

Stage 1

Stage 2

Stage 3

Participants, n
Demographic data
Age, yr
Men, %
Race, %
White
Black
Hispanic
Other
Laboratory values on
admissionb
Serum creatinine,
mg/dl
Hemoglobin, g/dl
White blood cell count,
1000/ml
Platelet count, 1000/ml
BUN, mg/dl
Sodium, mmol/L
CO2, mmol/L
Albumin, g/dl
Total bilirubin, mg/dl

26,122

5848

4148

1001

699

64 (52–75)
50.4

64 (53–75)
50.3

62 (52–72)
46.0

64 (52–74)
57.1

71.5
11.1
7.8
9.7

79.4
8.6
5.2
6.8

79.6
8.5
5.5
6.5

79.6
8.3
4.5
7.6

78.0
10.2
4.7
7.2

0.8 (0.7–1.0)

1.0 (0.8–1.5)

1.0 (0.7–1.3)

1.1 (0.8–1.5)

1.9 (1.0–3.6)

11.8 (10.4–13.0)
8.7 (6.5–11.6)

11.1 (9.7–12.7)
8.9 (6.3–12.8)

11.2 (9.9–12.7)
8.7 (6.3–12.4)

11.1 (9.7–12.8)
9.6 (6.5–14.1)

10.3 (8.9–11.8)
9.3 (5.9–14.3)

245 (193–311)
13 (10–18)
137 (135–139)
25 (23–27)
3.7 (3.3–4.0)
0.4 (0.3–0.6)

234 (167–315)
19 (13–31)
137 (134–139)
24 (22–27)
3.5 (3.0–3.9)
0.5 (0.3–0.8)

236 (172–315)
18 (12–27)
137 (134–139)
25 (22–27)
3.6 (3.1–4.0)
0.5 (0.3–0.7)

233 (158–319)
20 (14–33)
137 (133–139)
24 (21–27)
3.4 (2.9–3.9)
0.5 (0.3–0.8)

220 (117–310)
35 (19–63)
136 (133–139)
22 (19–26)
3.2 (2.8–3.7)
0.5 (0.3–1.0)

50 (35–66)
31.9

3

Results are presented as medians with interquartile ranges or column percentages. KDIGO, Kidney Disease Improving Global
Outcomes.
a
P,0.001 for all comparisons between patients with AKI and without AKI.
b
The following indicate the laboratory values that were missing in patients without AKI and with AKI, respectively: hemoglobin, 31.1%
and 1.4%; white blood cell count, 31.1% and 1.4%; platelet count, 31.1% and 1.4%; BUN, 30.5% and 1.1%; sodium, 33.7% and 1.5%; CO2,
33.7% and 1.5%; albumin, 62.4% and 26.1%; total bilirubin, 62.8% and 26.9%; and serum creatinine, 28.5% and 0.0%.
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(n=20,209), the incidence of AKI was 28.8%; for those with
available prehospitalization outpatient SCr measurements
(n=10,552; median baseline SCr 0.9 mg/dl), the incidence
of AKI was 24.6% compared with 33.4% (P,0.001) in those
without outpatient SCr values, in whom the nadir SCr was
used to deﬁne baseline (n=9657; median nadir SCr during
hospitalization 0.7 mg/dl). Alternative methods to deﬁne
baseline, such as back-calculation of SCr based on eGFR
75 ml/min per 1.73 m2 and multiple imputation (29), led to
slightly lower estimates of incidence (16.7% and 17.0%, respectively, versus 18.3%).
Compared with patients without AKI, those with AKI
were older and more likely to be men (Table 2). The clinical
settings with the highest incidence of AKI were sepsis
(68.4%), mechanical ventilation (63.9%), critical care
(60.3%), hematopoietic stem cell transplantation (55.9%), cardiac surgery (52.2%), and vascular surgery (50.2%) (Figure
1). In hospitalizations of patients with a known prehospitalization outpatient SCr baseline, the incidence of AKI differed
substantially across baseline eGFR, from 13.2% in those with
eGFR $90 ml/min per 1.73 m2 to 43.6% in those with eGFR
,30 ml/min per 1.73 m2 (P,0.001) (Figure 2).
In-Hospital Mortality
The overall in-hospital mortality rate (n=25,859, with
random selection of one hospitalization from patients admitted more than once) was 2.2%, and varied substantially
according to the presence and severity of AKI (0.6% in
those without AKI, 5.3% in stage 1 AKI, 13.4% in stage 2
AKI, and 35.4% in stage 3 AKI; P,0.001). In-hospital

mortality in AKI did not differ between patients who did
and did not have prehospitalization outpatient SCr to deﬁne baseline (10.6% versus 10.1%; P=0.54). The highest
in-hospital mortality rate in AKI was observed in sepsis
(30.2% versus 6.4% without AKI), followed by pneumonia
(27.2% versus 6.2% without AKI), acute myocardial infarction (21.7% versus 4.9% without AKI), and mechanical ventilation (20.3% versus 6.9% without AKI).
The association between AKI and in-hospital mortality
persisted but was attenuated after additional adjustment in
multivariable models for a number of demographic characteristics, clinical variables, baseline eGFR, and laboratory parameters (Table 3). In the fully adjusted model, AKI stages 1, 2, and
3 were associated with 2.0-, 3.4-, and 10.1-fold higher odds of
death, respectively, compared with those without AKI.
LOS and Cost
Hospital LOS was signiﬁcantly higher in patients with
AKI (3 days [IQR, 2–5] versus 10 days [IQR, 6–16] versus
3 days [IQR, 2–5]; P,0.001), and increased with increasing
severity of AKI (n=25,859 patients). In multivariable quantile regression analysis, AKI was associated with a 2.8-day
higher LOS and a $7082 increase in costs (P,0.001). Table
4 shows adjusted differences in LOS and cost modeled at
the median, 10th, and 90th percentiles for all stages of AKI.
Discharge Disposition and AKI
Patients hospitalized with AKI were more likely to be
discharged to rehabilitation facilities or other medical

Figure 1. | Incidence of AKI according to the KDIGO definition across clinical settings. The percentage of hospitalizations complicated by
AKI is shown for a number of clinical diagnoses and procedures, as identified by administrative codes. The total number of hospitalizations for
each setting is shown on the left of the bar graph. Procedures and diagnoses were not mutually exclusive. HSCT, hematopoietic stem cell
transplantation; KDIGO, Kidney Disease Improving Global Outcomes.
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Figure 2. | Incidence of AKI by baseline eGFR according to the KDIGO definition. Baseline eGFR (in ml/min per 1.73 m2) was determined in
14,108 hospitalizations of 10,384 patients who had outpatient SCr measurements before admission. eGFR, estimated GFR; KDIGO, Kidney
Disease Improving Global Outcomes.

Table 3. Odds ratios for death in patients with and without AKI according to KDIGO

Model

No AKI

All AKI Stages

Stage 1

Stage 2

Stage 3

Unadjusted
1
2
3

1.0 (ref)
1.0 (ref)
1.0 (ref)
1.0 (ref)

18.1 (14.9 to 22.0)
12.9 (10.6 to 15.8)
3.4 (2.6 to 4.3)
2.8 (2.2 to 3.6)

8.9 (7.0 to 11.2)
6.0 (4.7 to 7.6)
2.4 (1.8 to 3.1)
2.0 (1.5 to 2.7)

24.4 (18.6 to 32.1)
18.0 (13.7 to 23.8)
4.0 (2.8 to 5.6)
3.4 (2.4 to 4.9)

86.4 (67.4 to 110.6)
65.6 (50.9 to 84.6)
13.3 (9.4 to 18.7)
10.1 (7.1 to 14.4)

Results show odds ratios with 95% conﬁdence intervals from logistic regression models. Model 1 is adjusted for age, sex, and race; model 2
for age, sex, race, procedures, diagnoses, and DRG weights; model 3 for age, sex, race, procedures, diagnoses, DRG weights, and laboratory
values including estimated glomerular ﬁltration rate. KDIGO, Kidney Disease Improving Global Outcomes; DRG, diagnosis-related group.

Table 4. Excess lengths of stay and costs associated with AKI by the KDIGO definition according to quantile regression analyses

Percentile
Length of stay, d
10th
50th
90th
Costs, $1000 USD
10th
50th
90th

All AKI Stages

Stage 1

Stage 2

Stage 3

1.5 (1.4–1.6)
2.8 (2.6–2.9)
6.2 (5.4–7.0)

1.3 (1.2–1.5)
2.5 (2.3–2.7)
4.7 (4.1–5.4)

2.0 (1.7–2.3)
4.2 (3.5–4.9)
10.5 (8.6–12.4)

2.0 (1.5–2.5)
6.4 (5.3–7.5)
17.6 (14.3–21.0)

3.5 (3.1–3.8)
7.1 (6.4–7.8)
18.7 (16.4–21.0)

3.1 (2.8–3.5)
5.4 (4.7–6.1)
13.1 (10.9–15.4)

4.2 (3.2–5.3)
15.2 (13.3–17.2)
35.4 (26.0–44.9)

5.2 (3.8–6.5)
27.3 (22.6–32.0)
88.8 (72.6–105.0)

Results are presented as the increase in length of stay and costs in patients with AKI versus without AKI according to the KDIGO
deﬁnition, using multivariable adjusted quantile regression models adjusting for age, sex, race, procedures, diagnoses, laboratory
values including estimated GFR, and diagnosis-related group weights. Values represent the increase in days or $1000 USD in those with
AKI versus without AKI. KDIGO, Kidney Disease Improving Global Outcomes.

institutions than those without AKI (37.0% versus 12.3%;
P,0.001). Discharge to hospice, skilled nursing facilities,
and other hospitals was more common in successively
higher stages of AKI (data not shown). A total of 5.4% of
those with stage 3 AKI were discharged to hospice compared with 0.7% of those without AKI. Excluding those
who died in the hospital, patients with AKI were

signiﬁcantly more like to be readmitted within 30 days
of discharge (16.2% versus 8.7%; P,0.001).
Comparisons across Four Definitions of AKI
Figure 3 illustrates the comparative incidence of AKI according to the KDIGO, RIFLE, AKIN, and CK deﬁnitions
and stages (n=31,970 hospitalizations). AKI incidence was
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highest according to the KDIGO deﬁnition (18.3%) followed
by the AKIN (16.6%), RIFLE (16.1%), and CK (7.0%) deﬁnitions. Using patient-level analysis (n=25,859), we cross-tabulated
the diagnosis, staging, and in-hospital mortality according
to the KDIGO deﬁnition compared with the RIFLE, AKIN,
and CK deﬁnitions (Table 5). All patients classiﬁed by the
KDIGO deﬁnition as not having AKI were also classiﬁed as
such by the RIFLE and AKIN deﬁnitions; concordance was
97.9% between the KDIGO and RIFLE deﬁnitions
(weighted k=0.96; 95% conﬁdence interval [95% CI], 0.95
to 0.96) and 98.5% between the KDIGO and AKIN deﬁnitions (weighted k=0.97; 95% CI, 0.97 to 0.98), with

discordance due only to more frequent diagnosis or higher
staging of AKI by the KDIGO deﬁnition than by the RIFLE
or AKIN deﬁnitions. Concordance between the KDIGO
and CK deﬁnitions was 87.4% (weighted k=0.61; 95% CI,
0.59 to 0.62), with the large majority due to lower staging
by the CK than KDIGO deﬁnition. Incidence, in-hospital
mortality, LOS, and costs are shown in Supplemental Table
5 for all four deﬁnitions.
AKI with Low Baseline SCr
Among 5170 hospitalizations with baseline or nadir SCr
,0.6 mg/dl and at least one inpatient SCr measurement,
AKI incidence was 32.2% by the KDIGO and RIFLE deﬁnitions, 28.0% by the AKIN deﬁnition, and 4.2% by the CK
deﬁnition. According to the KDIGO deﬁnition, 82.1% of
the AKI cases were diagnosed based on a 50% increase
in SCr over 7 days without meeting the 0.3 mg/dl absolute
increase criterion. The incidence of AKI based on the
KDIGO deﬁnition was even higher in 654 hospitalizations
with baseline or nadir SCr ,0.4 mg/dl (65.4%); in these
patients with extremely low SCr, the risk of death did not
differ between those with and without AKI (OR, 1.5; 95%
CI, 0.5 to 4.9).

Discussion

Figure 3. | Incidence and stages of AKI according to the RIFLE,
AKIN, KDIGO, and CK definitions. The percentage of hospitalizations complicated by AKI is shown according to the four definitions and staging systems. AKIN, Acute Kidney Injury Network;
KDIGO, Kidney Disease Improving Global Outcomes; CK, creatinine
kinetics; RIFLE, Risk Injury Failure Loss ESRD.

In this large, single-center study of 31,970 hospitalizations during 2010, we found that approximately one of
every six hospitalizations was complicated by AKI as
deﬁned by recent consensus deﬁnitions of AKI. The
primary ﬁndings were that AKI is common in hospitalized
individuals, particularly in sepsis, critical illness, and
cardiovascular surgery—in which the incidence according
to KDIGO exceeds 50%—and that higher stages of AKI are
associated with graded increases for the risk of in-hospital
mortality, excess LOS, higher costs, readmission, and

Table 5. Concordance of AKI designation

AKI Stage by RIFLE, AKIN, or CK
Deﬁnition
KDIGO
No AKI
Stage 1
Stage 2
Stage 3
KDIGO
No AKI
Stage 1
Stage 2
Stage 3
KDIGO
No AKI
Stage 1
Stage 2
Stage 3

Comparison

No AKI by RIFLE, AKIN, or CK
Risk/Stage 1

Injury/Stage 2

Failure/Stage 3

21,561 (0.6)
488 (3.9)
1 (0)
20 (15.0)

0 (N/A)
2573 (5.6)
0 (N/A)
19 (42.1)

0 (N/A)
0 (N/A)
722 (13.4)
20 (50.0)

0 (N/A)
0 (N/A)
0 (N/A)
455 (35.4)

21,561 (0.6)
365 (4.9)
9 (11.1)
2 (0)

0 (N/A)
2696 (5.4)
0 (N/A)
12 (8.3)

0 (N/A)
0 (N/A)
714 (13.4)
9 (0)

0 (N/A)
0 (N/A)
0 (N/A)
491 (36.9)

21,561 (0.6)
2114 (3.6)
390 (8.0)
126 (6.4)

0 (N/A)
721 (8.0)
139 (18.0)
69 (34.8)

0 (N/A)
217 (12.0)
147 (21.1)
150 (51.3)

0 (N/A)
9 (33.3)
47 (21.3)
169 (43.2)

RIFLE

AKIN

CK

Shown are a cross-tabulation of patients with AKI according to KDIGO, RIFLE, and AKIN. Values in parentheses represent percent
in-hospital mortality. KDIGO, Kidney Disease Improving Global Outcomes; AKIN, Acute Kidney Injury Network; CK, creatinine
kinetics; RIFLE, Risk Injury Failure Loss ESRD; N/A, not applicable.
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discharge to skilled nursing facilities, hospice, or other
medical institutions. The majority of cases of AKI according
to KDIGO, the most recent consensus deﬁnition, were stage
1 (70.9%), with a smaller fraction of stages 2 and 3 (17.1%
and 12.0%, respectively). Our estimates of incidence are
comparable to those identiﬁed by other investigators using
previous consensus deﬁnitions (5).
A major strength of our study is its internal validity,
particularly with respect to the deﬁnition and staging of
AKI. We used outpatient SCr values when available to
establish a baseline (28), and all inpatient SCr values with
corresponding date- and time-stamps in order to adhere
speciﬁcally to the deﬁnitions according to KDIGO, RIFLE,
AKIN, and CK. We excluded patients with ESRD and kidney transplants by careful review of electronic discharge
summaries. Another key strength is the availability of additional laboratory values on admission and the analyses
of LOS, costs, and postdischarge disposition and rehospitalization, which permitted a detailed examination of AKI
in hospitalized individuals. Several of our ﬁndings deserve
to be highlighted and placed into the context of previous
studies.
Our ﬁnding that higher degrees of AKI severity are
associated with increasing risks of in-hospital mortality is
consistent with previous studies (1,4,5,15,34), and extends
them in several ways. It should be noted that the association between AKI and in-hospital mortality is strongly
confounded by a number of other variables. Previous studies have either not adjusted for comorbid conditions (4,5)
or adjusted only for clinical conditions identiﬁed by ICD-9
codes (1). In our analyses, we found attenuation of the
effect size when introducing additional variables in multivariable models of in-hospital mortality and other outcomes. Although AKI was still associated with mortality
in the fully adjusted model, we found that diagnoses, procedures, and laboratory values were all confounders, and
should be considered in future epidemiologic studies addressing the relationship between AKI and outcomes (35).
Our results showed substantial differences in the prognostic signiﬁcance of AKI according to KDIGO in patients
with low baseline SCr. We believe that the ability to deﬁne
AKI by a 50% increase over baseline SCr may be driving the
lower relative odds for death with AKI in patients with low
SCr. Patients with low baseline SCr concentrations can be
labeled as having AKI with very small, clinically insignificant absolute increases in SCr (e.g., 0.2 mg/dl in those
with baseline SCr of 0.4 mg/dl). Indeed, we found that
the incidence of AKI based on percentage increase criteria
was markedly higher in those with SCr ,0.6 mg/dl, and
that mortality rates were not different in those with and
without AKI with baseline SCr ,0.4 mg/dl. Our ﬁndings
suggest that a percentage increase of 50% to deﬁne AKI
may be inappropriate at low baseline SCr.
Another important ﬁnding from our study is the association of AKI with resource utilization in hospitalized
individuals. We found that all measures of resource
utilization—including LOS, costs, readmission rates, and
discharge to outside facilities—were higher in patients
with AKI. Other investigators have found that costs and
LOS are higher in AKI (1–3). Our ﬁndings provide an estimate of the actual magnitude of the effect of AKI. For example, adjusting for a number of other potential
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confounders, patients with the most severe stage of AKI
according to the KDIGO deﬁnition have a median 6.4day longer hospital stay and nearly $27,300 USD excess
in costs, estimates that are comparable with the excess resource utilization observed in patients with hospitalacquired infections (36). The effect on the 90th percentile
is even more striking, with 18.7-day longer hospital stay
and approximately $88,800 USD excess in costs.
We compared KDIGO against three other deﬁnitions,
including two previous consensus deﬁnitions, and found
that the majority of hospitalized patients have concordant
diagnoses, particularly between KDIGO versus AKIN and
RIFLE. The incidence of AKI according to the KDIGO
deﬁnition is the highest due to the addition of an absolute
increase criterion ($0.3 mg/dl over 48 hours) to the RIFLE
deﬁnition and expansion of the time limit for percentage
increase ($50%) in the AKIN deﬁnition from 48 hours to
7 days. As a result, the higher incidence according to the
KDIGO deﬁnition results primarily from more frequent
identiﬁcation of patients with mild (stage 1) AKI. The
CK deﬁnition of AKI, which requires a 24-hour rather
than 48-hour limit for an increase in SCr of $0.3 mg/dl,
had the lowest observed incidence of AKI but identiﬁed a
group of patients at higher risk of death than those with
AKI according to the other three deﬁnitions. With respect
to the comparative performance of the four deﬁnitions, we
do not believe that comparisons of ORs, C statistics, or
regression analyses provide insight into the clinical utility
of AKI deﬁnitions and staging systems, which are not intended to serve as prognostic tools (37). We purposefully
did not compare deﬁnitions by indices such as the net risk
reclassiﬁcation index, because this tool is used to compare
nested models and is not appropriate for comparisons
such as the ones here (38). We do believe the analyses
are informative because they show that the KDIGO deﬁnition has the highest estimated incidence of AKI due to
the identiﬁcation of patients with stage 1 AKI. Whether
increasing the frequency of diagnosis of stage 1 AKI will
improve clinical care—due to increased attention to
volume status, optimization of hemodynamics, and avoidance of nephrotoxins—or lead to unnecessary overdiagnosis of a condition of marginal clinical signiﬁcance is a
question that deserves further attention. Potential modiﬁcations to KDIGO could include caution in diagnosis of
patients with low baseline SCr and a requirement of 24
hours for the increase in SCr of 0.3 mg/dl, as suggested
in the CK deﬁnition.
Several limitations of our study deserve to be considered.
As a single-center study from an academic hospital in the
northeast United States, generalizability is limited. Incidence estimates, mortality rates, and concomitant diagnoses and procedures vary across hospital types and regions,
although our estimates for AKI are in keeping with others
from geographically disparate regions. We used administrative codes to identify medical conditions and procedures, which have limited accuracy, particularly for
identiﬁcation of diagnoses (23,39). Long-term mortality,
CKD development, and CKD progression were not evaluated in this study but are important areas for future research (40).
Irrespective of the deﬁnition used, AKI is common in
hospitalized patients and is associated with higher in-hospital
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mortality, longer LOS, and substantially higher resource
utilization during and after hospitalization. The KDIGO
deﬁnition of AKI provides an objective, graded system for
the deﬁnition and staging of AKI, but the clinical signiﬁcance of some cases of stage 1 AKI may be questionable,
particularly in patients with low baseline SCr concentration.
Acknowledgments
X.Z. is supported by the China Scholarship Council. S.M.B. and
S.S.W. were supported by the National Institutes of Health National
Institute for Diabetes and Digestive and Kidney Diseases (DK079056
to S.M.B.; DK075941, DK093574, and U01DK085660 to S.S.W.).
Disclosures
S.S.W. reported serving as a consultant to CVS Caremark,
BioTrends Research Group, Harvard Clinical Research Institute,
and Takeda; providing expert testimony for GE Healthcare, Northstar Rx, and Salix; and receiving investigator-initiated grants from
Otsuka, Merck, Genzyme, and Satellite Healthcare. Since completing work on this study, S.M.B. has become a full-time employee of
DaVita Clinical Research.
References
1. Chertow GM, Burdick E, Honour M, Bonventre JV, Bates DW:
Acute kidney injury, mortality, length of stay, and costs in hospitalized patients. J Am Soc Nephrol 16: 3365–3370, 2005
2. Parikh A, Shaw A: The economics of renal failure and kidney
disease in critically ill patients. Crit Care Clin 28: 99–111, vii,
2012
3. Lahoti A, Nates JL, Wakefield CD, Price KJ, Salahudeen AK: Costs
and outcomes of acute kidney injury in critically ill patients with
cancer. J Support Oncol 9: 149–155, 2011
4. Wang HE, Muntner P, Chertow GM, Warnock DG: Acute kidney
injury and mortality in hospitalized patients. Am J Nephrol 35:
349–355, 2012
5. Uchino S, Bellomo R, Goldsmith D, Bates S, Ronco C: An assessment of the RIFLE criteria for acute renal failure in hospitalized patients. Crit Care Med 34: 1913–1917, 2006
6. Mandelbaum T, Scott DJ, Lee J, Mark RG, Malhotra A, Waikar SS,
Howell MD, Talmor D: Outcome of critically ill patients with
acute kidney injury using the Acute Kidney Injury Network criteria. Crit Care Med 39: 2659–2664, 2011
7. Nin N, Lombardi R, Frutos-Vivar F, Esteban A, Lorente JA,
Ferguson ND, Hurtado J, Apezteguia C, Brochard L, Schortgen F,
Raymondos K, Tomicic V, Soto L, González M, Nightingale P,
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