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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.
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Introduction

AKI is recognized as one of the most serious compli-
cations 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, Fail-
ure, Loss, and ESRD) criteria (14), the first consensus
definition, have been studied in a number of settings
and validated by showing that a stepwise relation-
ship exists between AKI severity and mortality (15).
The Acute Kidney Injury Network (AKIN) criteria
(16) modified RIFLE by incorporating an absolute in-
crease in creatinine after the finding that small in-
creases 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
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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 defini-
tion used.

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 hospitaliza-
tions of adult patients (aged =18 years) admitted be-
tween January 1, 2010 and December 31, 2010. We
excluded patients with ESRD and those who received
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kidney transplantation (553 patients with 946 hospitalizations;
Supplemental Table 1). To minimize misclassification we man-
ually 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 ex-
cluded and that RRT was provided for AKI (23).

Data Collection

We obtained data through the Partners Healthcare Re-
search Patient Data Registry, a central clinical data ware-
house 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 Pro-
cedural Terminology (CPT) codes, diagnosis-related group
codes, and inpatient costs. In addition, we obtained SCr
measurements during and before hospitalization (per-
formed on Roche Cobas autoanalyzers using a modified
Jaffe reaction and an isotope dilution mass spectroscopy
traceable standard) as well as the following initial labora-
tory 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 ac-
tual 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 identi-
fied concurrent diseases, comorbid conditions (27), and pro-
cedures 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 classi-
fied as not having AKI. Baseline SCr for KDIGO, AKIN,
and RIFLE criteria was defined as the lowest SCr measure-
ment during hospitalization (18) or, if available, the arith-
metic 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 = 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 Staging®
RIFLE Increase in SCr =50% within 7 d Risk To =1.5 times baseline
Injury  To =2 times baseline
Failure To =3 times baseline or =0.5 mg/dl increase to at
least 4.0 mg/dl
AKIN Increase in SCr =0.3 mg/dl or =50% 1 Increase of =0.3 mg/dl or to 1.5-1.9 times baseline
within 48 h 2 To 2-2.9 times baseline
3 To =3 times baseline or =0.5 mg/dl increase to at
least 4.0 mg/dl or initiation of RRT
KDIGO Increase in SCr =0.3 mg/dl within 48 h 1 Increase in SCr =0.3 mg/dl within 48 h or to
or =50% within 7 d 1.5-1.9 times baseline
2 To 2.0-2.9 times baseline
3 To 3.0 times baseline or to at least 4.0 mg/dl or
initiation of RRT
CK Increase in SCr =0.3 mg/dl within 24 h 1 Increase in SCr =0.3 mg/dl within 24 h or
or =0.5 mg/dl within 48 h =0.5 mg/dl within 48 h

2 Increase in SCr =0.5 mg/dl within 24 h or
=1.0 mg/dl within 48 h

3 Increase in SCr =1.0 mg/dl within 24 h or
=1.5mg/dl within 48 h

RRT, renal replacement therapy.

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;

“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 ¢ 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 « 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 se-
lected one hospitalization per patient if the patient was
admitted multiple times; all other analyses used hospital-
izations 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 demo-
graphic 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 quan-
tiles (e.g., 10th percentile, 90th percentile), of a dependent
variable y changes with an independent variable x. Unlike
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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 Decem-
ber 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 hospitaliza-
tions, 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 mea-
surements 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 hospitaliza-
tions, 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 Stages® Stage 1 Stage 2 Stage 3
Participants, n 26,122 5848 4148 1001 699
Demographic data
Age, yr 50 (35-66) 64 (52-75) 64 (53-75) 62 (52-72) 64 (52-74)
Men, % 31.9 50.4 50.3 46.0 57.1
Race, %
White 71.5 79.4 79.6 79.6 78.0
Black 11.1 8.6 8.5 8.3 10.2
Hispanic 7.8 52 55 4.5 4.7
Other 9.7 6.8 6.5 7.6 7.2
Laboratory values on
admission
Serum creatinine, 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)
mg/dl
Herr%oglobin, g/dl 11.8 (10.4-13.0) 11.1 (9.7-12.7) 11.2(9.9-12.7) 11.1(9.7-12.8)  10.3 (8.9-11.8)
White blood cell count, 8.7 (6.5-11.6) 8.9 (6.3-12.8) 8.7 (6.3-12.4) 9.6 (6.5-14.1) 9.3 (5.9-14.3)
1000/ ul
Platelet count, 1000/ ul 245 (193-311) 234 (167-315) 236 (172-315) 233 (158-319) 220 (117-310)
BUN, mg/dl 13 (10-18) 19 (13-31) 18 (12-27) 20 (14-33) 35 (19-63)
Sodium, mmol/L 137 (135-139) 137 (134-139) 137 (134-139) 137 (133-139) 136 (133-139)
CO,, mmol/L 25 (23-27) 24 (22-27) 25 (22-27) 24 (21-27) 22 (19-26)
Albumin, g/dl 3.7 (3.3-4.0) 3.5(3.0-3.9) 3.6 (3.1-4.0) 3.4 (2.9-3.9) 3.2(2.8-3.7)
Total bilirubin, mg/dl 0.4 (0.3-0.6) 0.5 (0.3-0.8) 0.5 (0.3-0.7) 0.5 (0.3-0.8) 0.5 (0.3-1.0)
Results are presented as medians with interquartile ranges or column percentages. KDIGO, Kidney Disease Improving Global
Outcomes.
?P<0.001 for all comparisons between patients with AKI and without AKI.
"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%; CO,,
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 (1=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 m? and multiple imputation (29), led to
slightly lower estimates of incidence (16.7% and 17.0%, re-
spectively, 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%), car-
diac surgery (52.2%), and vascular surgery (50.2%) (Figure
1). In hospitalizations of patients with a known prehospital-
ization 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 m* to 43.6% in those with eGFR
<30 ml/min per 1.73 m* (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 ad-
mitted 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 de-
fine 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 infarc-
tion (21.7% versus 4.9% without AKI), and mechanical ven-
tilation (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 character-
istics, clinical variables, baseline eGFR, and laboratory param-
eters (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 AKL

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 (1=25,859 patients). In multivariable quan-
tile 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 AKIL

Discharge Disposition and AKI
Patients hospitalized with AKI were more likely to be
discharged to rehabilitation facilities or other medical

Total number
n=1,277 ASSASSS YW Scpsis, 68.4%
n=1,566 ISSSSE Pneumonia, 52.5%
n=2,738 LSS Congestive heart failure, 47.4%
n=1,631 XS Acute myocardial infarction, 46.4%
n=539 A Chronic kidney disease, 45.6%
n=758 T T hNNEM Lymphoma, 33.6%
h=647 |IEEEEISSNEEE Liver disease, 33.1% ADsE
n=866 [T "R Rheumatic disease, 21.5% QStage 2
n=7,735 I Tw M Solid cancer, 21.0% W Stage 3
n=946 TR Hypertensive disease in pregnancy, 6.1%
n=2,989 SSSS ST Vechanical ventilation, 63.9%
n=3,277 [SSS SN Critical care, 60.3%
n=1,519 SN HSCT, 55.9%
n=433 KA\ Cardiac surgery, 52.2%
n=1,243 [SS S \/ascular surgery, 50.0%
n=1,418 LSS Thoracic surgery, 47.3%
n=2,938 T RSl Usage of contrast media, 34.2%
n=2,720 T TSNl Abdominal surgery, 27.2%
n=6,777 [ Obstetric procedures, 1.0%
0% 2[;% a(;% 60% 80% 106%

Figure 1. | Incidence of AKI according to the KDIGO definition across clinical settings. The percentage of hospitalizations complicated by
AKl 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 m?) 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 1.0 (ref) 18.1 (14.9 to 22.0) 8.9 (7.0to 11.2) 24.4 (18.6 to 32.1) 86.4 (67.4 to 110.6)
1 1.0 (ref) 12.9 (10.6 to 15.8) 6.0 (4.7 t0 7.6) 18.0 (13.7 to 23.8) 65.6 (50.9 to 84.6)
2 1.0 (ref) 34 (2.6 t04.3) 24 (1.8t03.1) 4.0 (2.8t05.6) 13.3 (9.4 to 18.7)

3 1.0 (ref) 2.8 (2.2 t0 3.6) 2.0(1.5t02.7) 3.4 (24t049) 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 All AKIT Stages Stage 1 Stage 2 Stage 3
Length of stay, d
10th 1.5 (1.4-1.6) 1.3 (1.2-1.5) 2.0(1.7-2.3) 2.0(1.5-2.5)
50th 2.8 (2.6-2.9) 2.5(2.3-2.7) 4.2 (3.5-4.9) 6.4 (5.3-7.5)
90th 6.2 (5.4-7.0) 47 (4.1-54) 10.5 (8.6-12.4) 17.6 (14.3-21.0)
Costs, $1000 USD
10th 3.5(3.1-3.8) 3.1(2.8-3.5) 4.2(3.2-5.3) 5.2 (3.8-6.5)
50th 7.1(6.4-7.8) 54 (4.7-6.1) 15.2 (13.3-17.2) 27.3 (22.6-32.0)
90th 18.7 (16.4-21.0) 13.1 (10.9-15.4) 35.4 (26.0-44.9) 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 com-
pared 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 ac-
cording 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%) defini-
tions. Using patient-level analysis (1=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 «=0.96; 95% confidence interval [95% CI], 0.95
to 0.96) and 98.5% between the KDIGO and AKIN defini-
tions (weighted «=0.97; 95% CI, 0.97 to 0.98), with

20%

18.3%

o
i 16.6%

16.1%

16%

14% - M Stage 3/Failure

Stage 2/Injury
[ Stage 1/Risk

12%
10%

7.0%

8%

6% -
4% -
2%

0%

RIFLE AKIN KDIGO CK

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

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 «=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 defi-
nitions, 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

In this large, single-center study of 31,970 hospitaliza-
tions 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 Comparison No AKI by RIFLE, AKIN, or CK
Risk/Stage1l  Injury/Stage2  Failure/Stage 3

KDIGO RIFLE

No AKI 21,561 (0.6) 0(N/A) 0(N/A) 0(N/A)

Stage 1 488 (3.9) 2573 (5.6) 0(N/A) 0(N/A)

Stage 2 1(0) 0(N/A) 722 (13.4) 0(N/A)

Stage 3 20 (15.0) 19 (42.1) 20 (50.0) 455 (35.4)
KDIGO AKIN

No AKI 21,561 (0.6) 0(N/A) 0(N/A) 0(N/A)

Stage 1 365 (4.9) 2696 (5.4) 0(N/A) 0(N/A)

Stage 2 9 (11.1) 0(N/A) 714 (13.4) 0(N/A)

Stage 3 2 (0) 12 (8.3) 9 (0) 491 (36.9)
KDIGO CK

No AKI 21,561 (0.6) 0(N/A) 0(N/A) 0(N/A)

Stage 1 2114 (3.6) 721 (8.0) 217 (12.0) 9 (33.3)

Stage 2 390 (8.0) 139 (18.0) 147 (21.1) 47 (21.3)

Stage 3 126 (6.4) 69 (34.8) 150 (51.3) 169 (43.2)
Shown are a cross-tabulation of patients with AKIaccording 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 kid-
ney transplants by careful review of electronic discharge
summaries. Another key strength is the availability of ad-
ditional laboratory values on admission and the analyses
of LOS, costs, and postdischarge disposition and rehospi-
talization, 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 associa-
tion between AKI and in-hospital mortality is strongly
confounded by a number of other variables. Previous stud-
ies 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 multi-
variable models of in-hospital mortality and other out-
comes. Although AKI was still associated with mortality
in the fully adjusted model, we found that diagnoses, pro-
cedures, and laboratory values were all confounders, and
should be considered in future epidemiologic studies ad-
dressing the relationship between AKI and outcomes (35).

Our results showed substantial differences in the prog-
nostic 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 insignif-
icant 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 asso-
ciation 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 esti-
mate of the actual magnitude of the effect of AKI. For ex-
ample, 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 6.4-
day longer hospital stay and nearly $27,300 USD excess
in costs, estimates that are comparable with the excess re-
source utilization observed in patients with hospital-
acquired 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 in-
tended 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 defi-
nition 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 avoid-
ance of nephrotoxins—or lead to unnecessary overdiagno-
sis of a condition of marginal clinical significance is a
question that deserves further attention. Potential modifi-
cations 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. Inci-
dence estimates, mortality rates, and concomitant diagno-
ses and procedures vary across hospital types and regions,
although our estimates for AKI are in keeping with others
from geographically disparate regions. We used adminis-
trative codes to identify medical conditions and proce-
dures, which have limited accuracy, particularly for
identification of diagnoses (23,39). Long-term mortality,
CKD development, and CKD progression were not evalu-
ated in this study but are important areas for future re-
search (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 signifi-
cance of some cases of stage 1 AKI may be questionable,
particularly in patients with low baseline SCr concentra-
tion.
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APPENDIX

1. Exclusion criteria

Exclusion criteria ICD-9-CM code CPT code
End stage kidney disease 585.6 90970
Kidney transplantation 55.61, 55.69, 996.81, V42.0 50360, 50365, 50370, 50380

2. Diagnosis

Diagnosis

ICD-9-CM code

Congestive heart failure

398.91, 402.11, 402.91, 404.11, 404.13, 404.91,
404.93,428.0-428.9

Cardiac arrythmias

426.10, 426.11, 426.13, 426.2-426.53, 426.6-426.89,
427.0,427.2,427.31, 427.60,427.9, 785.0, V45.0, V53.3

Valvular disease

093.20-093.24, 394.0-397.1, 424.0-424 .91, 746.3-
746.6,V42.2,V43.3

Pulmonary circulation disorders

416.0-416.9, 417.9

Peripheral vascular disorders

440.0-440.9, 441.2, 441.4, 441.7, 441.9, 443.1-443.9,
447.1,557.1,557.9, V434

Hypertension

401.1, 401.9, 402.10, 402.90, 404.10, 404.90, 405.11,
405.19, 405.91, 405.99

Paralysis

342.0-342.12, 342.9-344.9

Other neurological disorders

331.9, 332.0, 333.4,333.5,334.0-335.9,340, 341.1-
341.9,345.00-345.11, 345.40-345.51, 345.80-345.91,
348.1, 348.3, 780.3, 784.3

Diabetes, uncomplicated

250.00-250.33

Diabetes, complicated

250.40-250.73, 250.90-250.93

Hypothyroidism

243-244.2, 244.8, 244.9

Liver disease

070.32, 070.33, 070.54, 456.0, 456.1, 456.20, 456.21
571.0, 571.2, 571.3, 571.40-571.49, 571.5, 571.6, 571.8,
571.9,572.3,572.8, V42.7

Peptic ulcer disease excluding

531.70, 531.90, 532.70, 532.90, 533.70,

bleeding 533.90,534.70,534.90, V12.71
AIDS 042-044.9
Lymphoma 200.00-202.38, 202.50-203.01,203.8-203.81, 238.6,

273.3,v10.71,vV10.72,V10.79

Metastatic cancer

196.0-199.1

Solid tumor without metastasis

140.0-172.9,174.0-175.9,179-195.8, V10.00-V10.9

Rheumatoid arthritis/collagen
vascular diseases

701.0, 710.0-710.9, 714.0-714.9, 720.0-720.9, 725

Coagulopathy 286.0-286.9, 287.1, 287.3-287.5
Obesity 278.0

Weight loss 260-263.9

Fluid and electrolyte disorders 276.0-276.9

Blood loss anemia 280.0

Deficiency anemias

280.1-281.9, 285.9

Drug abuse 292.0, 292.82-292.89,292.9,304.00-304.93, 305.20-
305.93
Psychoses 295.00-298.9, 299.10-299.11

Depression

300.4, 301.12, 309.0, 309.1, 311

1




Acute myocardial infarction 410.0-410.9

Sepsis 038.0-038.9, 020.2, 112.5,112.81, 790.7

480.0-480.9, 481, 482.0-482.9, 483.0-483.8, 484.1-
484.8, 485, 486

Pneumonia

Chronic kidney disease 582.0-582.9, 583.0-583.9, 585.1-585.9, 586, 588.0-588.9

Hypertensive disease in pregnancy | 642.0-642.9
3. Procedures
Procedures ICD-9-CM code CPT code

Hemodialysis 39.95 90935, 90937

Peritoneal dialysis 54.98

Other dialysis 90945, 90947, 90999

Critical care 99291, 99292

Mechanical 94002, 94656, 94003, 94657, 94660
ventilation

HSCT 41.0 38240, 38241

Cardiac surgery

35.10, 35.11, 35.12, 35.13,
35.14, 35.20, 35.21, 35.22,
35.23, 35.24, 35.25, 35.26,
35.27, 35.28, 35.42, 35.51,
35.53, 35.54, 35.55, 35.60,
35.61, 35.62, 35.81, 35.82,
35.92, 35.93, 35.94, 35.95,
35.99, 36.03, 36.10, 36.11,
36.12, 36.13, 36.14, 36.15,
36.16, 36.17, 36.19, 36.2,
36.31, 36.33, 36.9,

36.91 ,37.10, 37.11, 37.12,
37.31, 37.33, 37.34, 37.36,
37.4, 37.49, 37.51, 37.9, 39.63

32660, 33020, 33025, 33030, 33031
33050, 33120, 33130, 33140, 33141,
33201, 33236, 33237, 33243, 33245,
33246, 33250, 33253, 33259, 33261
33300, 33305, 33310, 33315, 33400,
33403, 33405, 33406, 33410, 33411
33412, 33413, 33414, 33415, 33422,
33425, 33426, 33427, 33430, 33460,
33463, 33464, 33465, 33474, 33475,
33500, 33502, 33504, 33506, 33510,
33511, 33512, 33513, 33514, 33517,
33518, 33519, 33521, 33522, 33523,
33530, 33530, 33533, 33534, 33535,
33536, 33542, 33545, 33572, 33600,
33602, 33612, 33641, 33647, 33660,
33681, 33702, 33710, 33720, 33730,
33732, 33774, 33820, 33824, 33917,
33922, 33945, 33999

Thoracic surgery

01.32, 07.80, 07.83, 07.84,
31.21, 32.1, 32.21, 32.22,
32.23, 32.29, 32.30, 32.39,
32.4, 32.41, 32.50, 32.59, 32.6,
32.9, 33.1, 33.20, 33.25, 33.31,
33.34, 33.39, 33.41, 33.42,
33.48, 33.49, 33.50, 33.51,
33.53, 33.93, 33.98, 33.98,
33.99, 34.02, 34.03, 34.05,
34.06, 34.09, 34.1, 34.20,
34.22, 34.26, 34.3, 34.4, 34.51,
34.52, 34.59, 34.73, 34.79,
34.81, 34.82, 34.84, 34.85,
34.89, 34.91, 34.92, 34.93,
34.99, 40.64, 42.42, 42.51,
42.52, 42.53, 42.54, 42.55,

19260, 19271, 19272, 20101, 21600,
21615, 21630, 32035, 32036, 32095,
32100, 32110, 32120, 32124, 32140,
32141, 32150, 32151, 32160, 32200,
32201, 32220, 32225, 32310, 32320,
32402, 32440, 32442, 32445, 32480,
32482, 32484, 32486, 32488, 32491,
32500, 32520, 32522, 32525, 32601
32602, 32604, 32605, 32606, 32650,
32651, 32652, 32653, 32654, 32655,
32656, 32657, 32658, 32659, 32660,
32661, 32662, 32663, 32664, 32665,
32810, 32815, 32851, 32852, 32853,
32854, 32905, 32906, 32940, 35820,
35905, 38746, 39000, 39010, 39200,
39220, 39400, 39560, 39561, 43101
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42.58, 42.59, 53.81

43112, 43113, 43130, 43135, 43415,
60520, 60521, 60522, 64746, 64752,
64809

Abdominal surgery

07.12, 07.21, 07.22, 07.29,
07.3, 07.44, 17.35, 40.52,
40.53, 41.2,41.41, 41.42
41.43, 41.5, 42.09, 42.11,
42.19, 42.21, 42.22, 42.23,
42.25,42.31, 42.32, 42.40,
42.41, 42.42, 42.54, 42.59,
42.62, 42.64, 42.65, 42.68,
42.69, 42.7, 42.83, 42.84,
42.89, 42.91, 42.92, 42.99,
43.0, 43.19, 43.3, 43.42, 43.5,
43.6, 43.7, 43.81, 43.89, 43.99,
44.01, 44.02, 44.15, 44.31,
44.38, 44.39, 44.5, 44.61,
44.62, 44.63, 44.64, 44.65,
44.66, 44.68, 44.95, 44.96,
44.97, 44.98, 45.00, 45.01,
45.02, 45.03, 45.15, 45.26,
45.33, 45.41, 45.41, 45.51,
45.52, 45.61, 45.62, 45.63,
45.74, 45.76, 45.79, 45.81,
45.82, 45.83, 45.91, 45.93,
45.95, 45.95, 46.01, 46.03,
46.10, 46.11, 46.13, 46.14,
46.23, 46.31, 46.32, 46.39,
46.41, 46.43, 46.51, 46.60,
46.62, 46.63, 46.64, 46.72,
46.74, 46.76, 46.76, 46.79,
46.80, 46.81, 46.82, 46.9,
46.93, 46.94, 47.01, 47.09,
47.01, 47.11, 47.19, 47.2,
47.91, 48.0, 48.1, 48.25, 48.35,
48.49, 48.49, 48.59, 48.59,
48.62, 48.73, 48.75, 48.79,
48.9, 49.51, 49.74, 50.0, 50.12,
50.13, 50.21, 50.22, 50.3, 50.4,
50.61, 50.69, 50.91, 50.92,
50.93, 50.94, 50.99, 51.04,
51.13, 51.21, 51.22, 51.23,
51.36, 51.37, 51.39, 51.41,
51.42, 51.49, 51.51, 51.59,
51.61, 51.62, 51.63, 51.69,
51.71,51.72, 51.79, 51.82,
51.83, 51.90-51.99, 52.09,
52.12, 52.3, 52.4, 52.52, 52.59,
52.6, 52.7, 52.90-52.99, 54.11,
54.19, 54.21, 54.4, 54.51,

20102, 38100, 38101, 38102, 38120,
38129, 38570, 38571, 38572, 38747,
39560, 39561, 43100, 43101, 43107,
43108, 43112, 43113, 43117, 43121
43122, 43123, 43124, 43130, 43135,
43280, 43289, 43300, 43305, 43310,
43312, 43324, 43325, 43326, 43330,
43331, 43360, 43361, 43420, 43500,
43501, 43520, 43610, 43611, 43620,
43621, 43631, 43632, 43633, 43635,
43638, 43639, 43640, 43644, 43651
43652, 43653, 43659, 43770, 43820,
43825, 43830, 43832, 43840, 43848,
43850, 43860, 43870, 43880, 44005,
44010, 44020, 44021, 44025, 44110,
44111, 44120, 44121, 44125, 44130,
44140, 44141, 44143, 44144, 44145,
44146, 44147, 44150, 44151, 44152,
44153, 44155, 44156, 44160, 44180,
44186, 44200, 44201, 44202, 44203,
44204, 44205, 44206, 44207, 44208,
44210, 44211, 44213, 44238, 44239,
44312, 44314, 44320, 44322, 44345,
44620, 44625, 44626, 44640, 44650,
44700, 44800, 44820, 44900, 44950,
44955, 44960, 44970, 45110, 45111
45112, 45113, 45116, 45119, 45123,
45130, 45136, 45160, 45500, 45505,
45540, 45550, 45562, 45563, 46040,
46060, 47010, 47011, 47120, 47122,
47125, 47130, 47135, 47350, 47360,
47361, 47370, 47379, 47400, 47420,
47480, 47562, 47563, 47564, 47600,
47605, 47610, 47612, 47620, 47711
47715, 47720, 47740, 47741, 47760,
47780, 47785, 48005, 48120, 48140,
48145, 48146, 48150, 48153, 48154,
48155, 48180, 48510, 48520, 48540,
48545, 49000, 49010, 49020, 49021
49040, 49041, 49060, 49061, 49255,
49320, 49321, 49329, 49904, 49905,
50130, 51080, 58823, 60540, 60545,
60650, 61711, 74290

3




54.51, 54.74, 54.75, 54.92,
55.11, 55.12, 57.34, 57.6,
65.64, 86.4, 96.39

Vascular surgery

07.43, 35.93, 37.11, 38.01,
38.04, 38.05, 38.06, 38.07,
38.08, 38.09, 38.10, 38.11,
38.12, 38.13, 38.14, 38.15,
38.16, 38.18, 38.31, 38.32,
38.33, 38.34, 38.35, 38.36,
38.38, 38.39, 38.40, 38.41,
38.42, 38.43, 38.44, 38.45,
38.46, 38.47, 38.48, 38.49,
38.60, 38.61, 38.62, 38.63,
38.64, 38.65, 38.66, 38.67,
38.68, 38.69, 38.7, 38.80,
38.81, 38.82, 38.83, 38.84,
38.85, 38.86, 38.87, 38.88,
38.89, 39.1, 39.21-39.29,
39.50-39.59, 39.90-39.99,
44.91

30915, 30920, 33310, 33315, 33320,
33322, 33330, 33335, 33502, 33504,
33530, 33774, 33800, 33860, 33861
33863, 33877, 33910, 33915, 33916,
33917, 34001, 34051, 34101, 34111
34151, 34201, 34203, 34401, 34421
34451, 34471, 34490, 34812, 34813,
34820, 34830, 34831, 34832, 34833,
35001, 35002, 35011, 35021, 35022,
35045, 35081, 35082, 35091, 35092,
35102, 35103, 35111, 35112, 35121
35122, 35131, 35132, 35141, 35142,
35151, 35161, 35201, 35206, 35207,
35211, 35216, 35221, 35226, 35231
35236, 35241, 35246, 35251, 35256,
35261, 35266, 35271, 35276, 35281
35286, 35301, 35311, 35321, 35331
35341, 35351, 35355, 35361, 35371
35372, 35381, 35390, 35501, 35506,
35516, 35518, 35521, 35531, 35533,
35536, 35546, 35551, 35556, 35558,
35560, 35563, 35565, 35566, 35571,
35583, 35585, 35601, 35606, 35612,
35616, 35621, 35623, 35626, 35631
35636, 35641, 35646, 35647, 35650,
35654, 35656, 35661, 35663, 35665,
35666, 35671, 35681, 35682, 35683,
35691, 35694, 35695, 35700, 35701
35721, 35741, 35761, 35875, 35876,
35879, 35881, 37145, 37160, 37181
37565, 37605, 37615, 37616, 37617,
37618, 37650, 37660, 61609, 61611
61612, 61680, 61682, 61684, 61686,
61690, 61692, 61697, 61698, 61700,
61702, 61703, 61705, 61710, 61711

Usage of contrast
media

0.22, 0.23, 0.24, 0.45, 0.46,
0.47, 0 .48, 0.52, 0.55, 0.59,
0.61, 0.62, 0.63, 0.65, 0.66,
35.96, 36.04, 36.06,

36.07, 37.22, 37.23, 37.33,

37.68, 88.41, 88.42, 88.43,

88.44, 88.45, 88.47, 88.48,

88.53, 88.54, 88.55, 88.56,

88.57

34802, 34803, 34804, 34808, 34820,
34825, 34826, 34900, 35452, 35454,
35456, 35459, 35460, 35470, 35471
35473, 35474, 35475, 35476, 35493,
35495, 36002, 36005, 36011, 36012,
36215, 36216, 36217, 36218, 36245,
36246, 36247, 36248, 36478, 36481
37184, 37187, 37195, 37201, 37202,
37203, 37204, 37205, 37206, 37207,
37208, 37209, 37210, 37215, 75774,
92973, 92974, 92980, 92981, 92982,




92984, 92986, 92997, 92998, 93508,
93510, 93526, 93527, 93529, 93531,
93532, 93539, 93540, 93541, 93542,
93543, 93544, 93545, 93555, 93556,
93568, 93580, 93581, 93609, G0290,
G0291

Obstetric procedures

72.0-72.9, 73.00-73.99, 74.0-
74.99

59510, 59514, 59515, 59620, 59525,
59618, 59622, 59610, 59612, 59614,
59400, 59410




4. Examples for diagnosis and staging according to RIFLE, AKIN and KDIGO

Serum Creatinine (mg/dL) AKIl staging
o Baseline
Case | Mean pre-admission | Day 1 |Day 2|Day 3|Day 7 se RRT KDIGO RIFLE AKIN CK
outpatient value r
A 1.0 1.0 1.1 (1.2 (20 1.0 No Stage 2 Injury No AKI No AKI
B Not available 2.2 20 |25 (3.0 2.0 Yes Stage 3 Risk Stage 3 Stage 2
C Not available 3.6 38 (40 (3.8 3.6 No Stage 3 | Stage 1l Stage 1 No AKI




5. Comparisons of incidence, in-hospital mortality, unadjusted and adjusted odds ratio
for mortality, associated increase in length of stay and cost of acute kidney injury
according to four definitions

OR for mortality*

Incidence Mortality ottt c ' Median ] ' Median ;
(No. of Pats) Unadjusted Adjusted - increased LOS increased cost
statistic
No AKI
RIFLE 22070 0.7% NA NA NA NA NA NA
AKIN 21937 0.7% NA NA NA NA NA NA
KDIGO 21561 0.6% NA NA NA NA NA NA
CK 24191 1.0% NA NA NA NA NA NA
AKI
RIFLE 3789 11.1% 17.3 (14.3-20.8) 0.80 2.9 (2.2-3.6) 0.96 2.9(2.7-3.1) 7.6 (6.9-8.3)
AKIN 3922 10.8% 17.0 (14.1-20.5) 0.80 2.6 (2.0-3.3) 0.96 2.5(2.3-2.7) 6.6 (5.9-7.3)
KDIGO 4298 10.3% 18.1 (14.9-22.0) 0.81 2.8 (2.2-3.6) 0.96 2.8 (2.6-2.9) 7.1(6.4-7.8)
CK 1668 19.6% 23.3(19.6-27.7) 0.76 5.2 (4.1-6.6) 0.96 2.8(2.4-3.1) 10.9 (9.3-12.5)
AKI stages
RIFLE R 2592 5.9% 8.6 (6.9-10.8) 2.0(1.6-2.7) 2.6 (2.3-2.8) 5.5 (4.8-6.3)
RIFLE | 742 14.4% 23.4(18.1-30.2) 0.82 3.5 (2.5-4.8) 0.96 4.0 (3.4-4.6) 14.6(12.6-16.7)
RIFLE F 455 35.4% 75.9 (59.3-97.3) 8.7 (6.1-12.4) 7.1(6.1-8.1) 33.3(27.5-39.1)
AKIN 1 2708 5.4% 8.0 (6.4-10.1) 1.8 (1.4-2.4) 2.1(1.8-2.3) 4.7 (3.9-5.5)
AKIN 2 723 13.3% 21.5(16.5-28.1) 0.82 3.1(2.2-4.3) 0.96 3.9 (3.2-4.6) 14.2 (12.1-16.2)
AKIN 3 491 36.9% 82.1(64.4-104.5) 9.4 (6.6-13.4) 6.5 (5.5-7.4) 29.5(23.7-35.2)
KDIGO 1 3061 5.3% 8.9 (7.0-11.2) 2.0(1.5-2.7) 2.5(2.3-2.7) 5.4 (4.7-6.1)
KDIGO 2 723 13.4% 24.4 (18.6-32.1) 0.83 3.4 (2.4-4.9) 0.96 4.2 (3.5-4.9) 15.2 (13.3-17.2)
KDIGO 3 514 35.4% 86.4 (67.4-110.6) 10.1(7.1-14.4) 6.4 (5.3-7.5) 27.3(22.6-32.0)
cK1 929 11.5% 12.4(9.8-15.7) 3.3 (2.5-4.5) 2.3(1.9-2.7) 7.2 (5.9-8.5)
cK 2 514 26.1% 33.6 (26.6-42.5) 0.76 7.8 (5.7-10.7) 0.96 3.3(2.6-4.1) 15.5 (12.0-19.0)
CK3 225 38.2% 59.0 (43.9-79.4) 9.7 (6.4-14.7) 5.3 (3.5-7.1) 25.5(20.2-30.8)

* Results show odds ratios with 95% confidence intervals from logistic regression models with reference
to no AKI. Adjusted model is adjusted for age, gender, race, procedures, diagnoses, DRG weights, and
laboratory values including estimated glomerular filtration rate.

1 Results show the increase in length of stay and costs in acute kidney injury (AKI) vs. no acute kidney
injury, using multivariable adjusted quantile regression models adjusting for age, gender, race,
procedures, diagnoses, laboratory values including estimated glomerular filtration rate and DRG weights.
Values represent the increase in days or 1,000 USD in those with AKI versus no AKI.



