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Background: Acute kidney injury (AKI) is common in

patients with acute myocardial infarction (AMI) and is
associated with permanent renal impairment and death.
Although guidelines increasingly emphasize AKI prevention, whether increased awareness has translated into
reduced AKI rates is unclear.
Methods: Among 33 249 consecutive hospitalizations

in 31 532 unselected patients with AMI across 56 US centers from Cerner Corporation’s HealthFacts database, we
examined the temporal trends in AKI incidence from 2000
to 2008. Acute kidney injury was defined as an absolute
increase in creatinine level of at least 0.3 mg/dL or a relative increase of at least 50% during hospitalization.
Results: From 2000 to 2008, the mean age of patients
increased (from 66.5 to 68.6 years), as did the known
AKI risk factors, including chronic kidney disease, cardiogenic shock, diabetes mellitus, heart failure, coro-

A

nary angiography, and percutaneous coronary intervention. Despite this, AKI incidence declined from 26.6%
in 2000 to 19.7% in 2008 (P ⬍.001). After multivariate
adjustment, the trend of decreasing AKI rates persisted
(4.4% decline per year; P ⬍ .001). In addition, inhospital mortality also declined over time among patients developing AKI, from 19.9% in 2000 to 13.8% in
2008 (P =.003).
Conclusions: In a large national study, AKI incidence

in patients hospitalized with AMI declined significantly
from 2000 to 2008 despite the aging population and rising prevalence of AKI risk factors. These findings may
reflect increased clinician awareness, better risk stratification, or greater use of AKI prevention efforts during
this time period.
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CUTE KIDNEY INJURY (AKI)

is common in patients hospitalized with an acute
myocardial infarction
(AMI), developing in 1 in
5 patients.1,2 Development of AKI is associated with adverse long-term outcomes,
including development of permanent renal impairment and end-stage renal disease.1-5 Moreover, even minor increases in
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serum creatinine level are associated with
increased in-hospital and long-term mortality,1,2 longer length of stay (LOS) and
higher cost.6-8 Owing to its high prevalence and prognostic importance, professional societies and expert groups have increasingly emphasized the importance of
AKI prevention and prompt recognition
in patients hospitalized with AMI. 9,10
Whether these recommendations have
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translated into lower incidence of AKI over
time remains unclear.
Better understanding of temporal trends
in AKI incidence would highlight whether
recent efforts focused on reducing AKI have
been successful, and would inform future
AKI prevention initiatives. Accordingly, we
analyzed data from the Cerner Corporation’s (Kansas City, Missouri) Health Facts
database, a contemporary registry of patients admitted to 56 hospitals across the
United States, to define the trends in AKI
from 2000 to 2008. This database has an extensive collection of laboratory data, including detailed assessments of renal function,
in a large consecutive cohort of patients with
AMI. Our goals were to understand the temporal trends in the incidence of AKI and use
of AKI prevention strategies among patients hospitalized with AMI. Health Facts
provided an ideal opportunity to address
these questions, given its detailed information on in-hospital laboratory assessments, as well as medication use.
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METHODS
AMI diagnosis, elevated biomarkers,
> 24-h stay, only first AMI
N = 38 422

DATA SOURCE, STUDY POPULATION, AND
STUDY DESIGN

81 Transfers from other hospitals
76 From hospitals enrolling < 20
patients
381 With LOS > 31 d

N = 37 884

We used data from 56 US participating hospitals in Health Facts
from January 1, 2000, to December 31, 2008, to identify the
time trends in the incidence of AKI among patients with AMI.11,12
The median number of patients per hospital were 219 (interquartile range [IQR], 48-1030), and the median duration of hospitals’ participation was 2.9 years (IQR, 1.2- 5.3). Hospitals were
frequently urban (88.5%), teaching (35.9%), and represented
all US regions (Northeast, 38.5%; Midwest, 25.6%; South, 26.9%;
and West, 9%) and sizes (bed size: 1-99, 26.9%; 100-199, 20.5%;
200-299, 23.1%; 300-499, 17.9%; and ⱖ500 beds, 11.5%). All
data were deidentified, and an exemption was provided by the
Saint Luke’s Hospital institutional review board. The Cerner
Corporation provided the data but had no role in study conception, design, analyses, drafting, or review of the manuscript.
Data collected included hospital characteristics, patients’ demographics (from medical records and registration data), medical history and comorbidities (using International Classification of Diseases, Ninth Revision [ICD-9] codes), comprehensive
laboratory studies (including all creatinine measurements during hospitalization), in-hospital medications, procedures, complications, and in-hospital mortality.11,12 We included patients
hospitalized with a primary discharge diagnosis of AMI as determined by ICD-9 codes 410.xx and further confirmed AMI
by requiring that patients had at least 1 elevated cardiac biomarker (troponin or creatine kinase-MB) and were not discharged within the first 24 hours (N=38 422) (Figure 1). We
excluded patients transferred from other hospitals (full laboratory data may not be available) or from hospice (since goals
of hospice care differ from those in the overall population)
(n=81). To improve generalizability, we excluded patients from
hospitals treating fewer than 20 patients with AMI during the
study period (n=76, from 11 hospitals) and patients with LOSs
greater than 31 days (n=381). We excluded patients who died
within 24 hours of arrival (n=557) because they would not have
had sufficient time to develop AKI. Next, we excluded patients receiving hemodialysis (n=1058) because they would have
been unable to develop AKI. Finally, patients with fewer than
2 creatinine assessments were also excluded, yielding a final
analytic cohort of 31 532 patients with AMI with 33 249 encounters (Figure 1).

557 Died within 24 h of admission
N = 37 327
1058 With known ESRD
N = 36 269
4737 With <2 creatinine measurements
N = 31 532

Figure 1. Patient population. AMI indicates acute myocardial infarction;
ESRD, end-stage renal disease; LOS, length of stay.

STATISTICAL ANALYSIS
Primary Analysis
We evaluated the unadjusted trends in baseline characteristics and the incidence of AKI across study years using the MantelHaenszel extension of the 2 test for trend (categorical variables) and the linear test for trend (continuous variables). Since
we evaluated temporal trends for AKI, the year of admission
was the main predictor variable. Hierarchical multivariate logistic regression models were then constructed, with AKI as
the dependent variable, year of admission as the main exposure variable (modeled as continuous variable ranging from year
2000 to 2008), and hospital site as a random effect. Models were
adjusted for factors that were previously demonstrated or clinically considered to influence AKI, including age, sex, race/
ethnicity, diabetes mellitus, heart failure (HF), cardiogenic shock,
Modification of Diet in Renal Disease glomerular filtration rate
(GFR) on admission (continuous variable), and cardiac catheterization with or without revascularization with percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG). This model estimated the adjusted probability of
AKI per incremental year over the study period (with 2000 as
the comparison year). Since the etiology of AKI in patients undergoing cardiac catheterization and their AKI preventative measures may differ from those treated conservatively, we tested
whether the temporal trend in AKI was different between these
2 groups by adding an year⫻cardiac catheterization interaction term to the model.

Controlling for Surveillance Bias

AKI DEFINITION
Consistent with prior work,2,13 AKI was defined using Acute
Kidney Injury Network (AKIN) study group criteria14,15 as an
absolute increase in serum creatinine level of 0.3 mg/dL or more,
or a relative increase in serum creatinine level of 50% or more
during hospitalization (to convert creatinine to micromoles per
liter, multiply by 88.4).

Since the AKI trend could be biased by change in surveillance
patterns for AKI, we adjusted the model with 2 variables: the
number of creatinine measurements per day, and the median
time to AKI diagnosis. In addition, since a decreasing trend in
LOS could bias the AKI trends, we adjusted the final model for
LOS. Finally, we also adjusted the model for final creatinine
measurement at discharge.

OUTCOMES

Secondary Analyses

The primary outcome of interest was incidence of AKI over time.
Additional outcomes included temporal trends in the use of
medications that may influence AKI, including angiotensin converting enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs), nonsteroidal anti-inflammatory drugs (NSAIDs),
diuretics, N-acetyl cysteine (NAC), and intravenous sodium bicarbonate during hospitalization.

To understand if there was a temporal trend in the use of medications that could influence the AKI trend, we developed separate multivariate models with each medication class as the dependent variable and year of admission as the main predictor
variable, adjusting for all the covariates as described in the main
model. Finally, we studied the variation in the AKI incidence
and medications known to influence AKI across the 56 par-
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ticipating hospitals. To determine the between-hospital variation, we plotted the overall incidence of AKI and the rates of
medication use for each hospital and estimated the median odds
ratio (MOR), a quantitative measure of this variation.16,17 The
MOR represents the median of all odds ratios (ORs) when comparing the odds of AKI for all possible pairs of patients with
identical characteristics presenting at 2 different randomly chosen hospitals. Finally, we estimated the MOR for development
of AKI across the study years to determine if the variation in
AKI itself was changing over time.

Sensitivity Analyses
Participating hospitals entered the Health Facts study at different times. To determine whether the AKI trend was disproportionately influenced by hospitals with short duration of participation, potentially biasing the overall trend, we performed
sensitivity analyses in which models were compared in hospitals participating less than 5 years vs those participating at least
5 years. It was also conceivable that a declining AKI trend could
resultfromadeclineinonlymildAKI,whereassevereAKIremained
unchanged over time. To address this, we estimated the adjusted
trend in severe AKI (defined as doubling of creatinine level) over
the study period. To ensure that AKI trends were not influenced
by AKI developing many days after admission, we truncated the
sample to an LOS of (1) the first 14 days and (2) the first 7 days.

In-Hospital Mortality Trends
Among Those With AKI
Finally, we evaluated the in-hospital mortality trends among
those with AKI. To identify adjusted trends in mortality, we
developed a multivariate logistic regression model with inhospital mortality as the dependent variable. The model included a year⫻AKI interaction term and adjusted for trends
in confounders and practice pattern changes over time as in
the main model.
RESULTS

BASELINE CHARACTERISTICS
Owing to the unselected nature of this database, there
was a high prevalence of comorbidities, such as diabetes
mellitus, chronic kidney disease, and congestive heart failure. The Table shows the prevalence of patient characteristics over time. Key risk factors for AKI increased significantly from 2000 to 2008, including mean age (66.5
vs 68.6 years), chronic kidney disease (3.9% vs 12.7%),
cardiogenic shock (4.3 vs 5.7%), diabetes mellitus (30.3%
vs 35.1%), heart failure (29.8% vs 32.7%), use of coronary angiography (59.0% vs 70.0%), and PCI (32.1% vs
47.0%; P⬍.001 for all comparisons).
AKI TRENDS
Overall, the incidence of AKI was 22.5%. The crude incidence of AKI declined significantly over time from 26.6%
in the year 2000 to 19.7% in 2008 (P⬍.001) (Figure 2),
representing an absolute difference of 6.9%. When adjusted for trends in potential confounders and practice
pattern changes over time that could bias the AKI trends
(surveillance bias), we observed a 4.4% decline in AKI
per year (95% CI, 2.0%-6.8%; P ⬍.001.

INTERACTION WITH CARDIAC
CATHETERIZATION STATUS
When stratified by cardiac catheterization status, the crude
incidence of AKI declined significantly in patients undergoing cardiac catheterization (from 24.6% in the year
2000 to 16.5% in 2008; P value for trend ⬍.001). In patients who were treated conservatively, the decrease in
the crude AKI rate was much less substantial, and not
statistically significant (from 29.4% in 2000 to 27.0% in
2008; P value for trend, .66; P value for unadjusted interaction,⬍.001). After adjustment for hospital site and
other confounders, a significant decrease in AKI incidence over time was observed in both groups; however,
the magnitude of decline in AKI incidence was more substantial in patients undergoing cardiac catheterization
(5.6% decline in AKI per incremental year [P = .001] vs
3.3% decline per year among those treated conservatively [P =.01]; P value for interaction,.28).
SECONDARY ANALYSIS
The temporal trends in the use of medications potentially related to development of AKI are presented in the
Table. While diuretic use decreased over time (from 56.4%
in 2000 to 47.0% in 2008; P⬍ .001), the use of NAC increased (from 0.6% in 2000 to 10.6% in 2008; P⬍.001)
over time. When adjusted for confounders, NAC was the
only medication potentially related to AKI that had a statistically significant temporal increase in its use (OR, 1.19;
95% CI, 1.01-1.40) (Figure 3).
HOSPITAL VARIATION
There was a significant variation in the incidence of AKI
across hospitals, ranging from 10% to 32% (Figure 4).
After multivariate adjustment, this substantial variation
in AKI incidence across hospitals persisted (adjusted median OR, 1.26); this indicates that 2 patients with identical clinical characteristics would have an average increase of 26% in their risk of developing AKI simply due
to being admitted to different hospitals. We also observed that this MOR remained unchanged over time, with
an MOR of 1.22 in the beginning year 2000 and 1.21 in
the year 2008. We also observed large variation in the
use of medications potentially related to development of
AKI: NAC (0%-38%), intravenous sodium bicarbonate
(0%-33%), diuretics (10%-86%), ACE-ARB (27%87%), and NSAIDs (0%-27%).
SENSITIVITY ANALYSES
The adjusted AKI trend among the hospitals participating
less than 5 years vs those participating at least 5 years was
similar (a 4.30% decline in AKI per year in hospitals participating ⬍5 years [P=.04] vs a 4.11% decline among those
participating ⱖ5 years [P = .003]; P value for interaction=.94). When we evaluated adjusted trends in severe
AKI (doubling of serum creatinine), we found that severe
AKI occurred in only 1176 patients (3.54%). However, we
found a similar, 5.2% decline in the incidence of severe AKI
per year (95% CI, 1.8%-8.4%; P⬍.001), indicating that even
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Table. Temporal Trends in the Prevalence of Risk Factors, and Therapies Associated With Acute Kidney Injury (AKI)
2000
(n = 1775)

Factor or Comorbidity
Demographic factors and comorbidities
Age, mean (SD), y
Sex, No. (%)
Female
Race category, No. (%)
White
African American
Other
Smoking status, No. (%)
STEMI, No. (%)
Non-STEMI, No. (%)
Hypertension, No. (%)
Dyslipidemia, No. (%)
Heart failure, No. (%)
Prior MI, No. (%)
PVD, No. (%)
Stroke/TIA, No. (%)
CKD, No. (%)
DM, No. (%)
In-hospital laboratory values
Peak troponin, ng/mL
Admission GFR, MDRD
Cr level, mg/dL
Admission
Mean
Maximum
Final
In-hospital complications, No. (%)
Cardiogenic shock
Mechanical ventilation
In-hospital procedures, No. (%)
Cardiac catheterization
PCI
CABG
In-hospital medications, No. (%)
ACE inhibitors/ARBs
NSAIDs
Diuretics
IV sodium bicarbonate
N-acetyl cysteine
Statins
Variables associated with AKI surveillance,
No. (%)
LOS, median h (IQR)
Frequency of Cr measurements/d
Time to AKI diagnosis, median h (IQR)
Proportion of patients with ⬍2 Cr
measurements, No. (%)

2001
(n = 4032)

2002
(n = 4138)

2003
(n = 3661)

2004
(n = 3222)

66.5 (14.0)

67.9 (13.8)

69.0 (14.0)

69.1 (14.0)

69.4 (14.2)

707 (39.8)

1641 (40.7)

1745 (42.2)

1537 (42.0)

1328 (41.2)

1426 (80.3)
215 (12.1)
134 (7.5)
435 (24.5)
744 (41.9)
1000 (56.3)
908 (51.2)
579 (32.6)
529 (29.8)
115 (6.5)
87 (4.9)
58 (3.3)
69 (3.9)
537 (30.3)

3445 (85.4)
333 (8.3)
254 (6.3)
892 (22.1)
1704 (42.3)
2206 (54.7)
1972 (48.9)
1330 (33.0)
1241 (30.8)
259 (6.4)
135 (3.3)
129 (3.2)
166 (4.1)
1239 (30.7)

3640 (88.0)
242 (5.8)
256 (6.2)
914 (22.1)
1649 (39.9)
2349 (56.8)
2134 (51.6)
1449 (35.0)
1393 (33.7)
236 (5.7)
94 (2.3)
131 (3.2)
249 (6.0)
1340 (32.4)

3202 (87.5)
223 (6.1)
236 (6.4)
681 (18.6)
1494 (40.8)
1980 (54.1)
1913 (52.3)
1256 (34.3)
1288 (35.2)
215 (5.9)
81 (2.2)
110 (3.0)
221 (6.0)
1147 (31.3)

2854 (88.6)
177 (5.5)
191 (5.9)
620 (19.2)
1240 (38.5)
1820 (56.5)
1723 (53.5)
1250 (38.8)
1161 (36.0)
209 (6.5)
75 (2.3)
84 (2.6)
194 (6.0)
989 (30.7)

14.8 (40.0)
68.7 (27.2)

29.7 (62.6)
66.8 (26.5)

33.6 (68.0)
64.6 (26.0)

35.5 (71.0)
64.3 (25.8)

37.6 (73.0)
64.5 (25.7)

1.3 (0.9)
1.3 (0.9)
1.6 (1.2)
1.2 (1.0)

1.3 (0.8)
1.3 (0.8)
1.5 (1.0)
1.2 (0.7)

1.3 (0.8)
1.3 (0.8)
1.6 (1.1)
1.2 (0.8)

1.3 (0.7)
1.3 (0.7)
1.5 (1.0)
1.2 (0.7)

1.3 (0.7)
1.3 (0.7)
1.5 (0.9)
1.2 (0.7)

77 (4.3)
121 (6.8)

112 (2.8)
227 (5.6)

134 (3.2)
208 (5.0)

116 (3.2)
191 (5.2)

124 (3.8)
166 (5.2)

1048 (59.0)
569 (32.1)
267 (15.0)

2421 (60.0)
1331 (33.0)
522 (12.9)

2515 (60.8)
1456 (35.2)
500 (12.1)

2316 (63.3)
1417 (38.7)
381 (10.4)

2091 (64.9)
1347 (41.8)
317 (9.8)

1291 (72.8)
138 (7.8)
1000 (56.4)
260 (14.7)
10 (0.6)
875 (49.3)

2730 (67.7)
294 (7.3)
2227 (55.3)
531 (13.2)
87 (2.2)
2283 (56.7)

2687 (65.0)
338 (8.2)
2201 (53.2)
444 (10.7)
140 (3.4)
2503 (60.5)

2345 (64.1)
227 (6.2)
1846 (50.4)
377 (10.3)
226 (6.2)
2283 (62.4)

2119 (65.8)
147 (4.6)
1585 (49.2)
377 (11.7)
301 (9.3)
2161 (67.1)

125.6 (84.7-205.7)
1.1 (0.5)
53.2 (22.5-103.2)
168 (8.6)

125.9 (85.3-202.6)
1.0 (0.5)
52.9 (26.0-107.9)
535 (11.5)

123.6 (79.5-199.1)
1.0 (0.4)
51.5 (25.1-99.8)
537 (11.3)

112.0 (72.1-184.8)
1.0 (0.4)
43.1 (22.9-85.4)
489 (11.6)

106.7 (71.3-180.3)
1.0 (0.4)
46.0 (26.9-93.3)
445 (12.0)

(continued)

severe AKI declined significantly over time. When the LOS
was limited to a shorter duration, the AKI trend continued to show a decline—a 4.14% decrease (95% CI, 1.53%6.69%; P=.002) when LOS was limited to 14 days, and a
5.21% decline (95% CI, 2.28%-8.06%; P=.001) when LOS
was limited to 7 days. Finally, the proportion of patients
excluded due to less than 2 creatinine measurements increased over time. To ascertain if selection bias occurred
in excluding these patients, we compared this group with
the included patients, and we found that the excluded patients were younger and had fewer comorbidities and
were thus at lower risk for AKI (data not shown). Inclu-

sion of these patients in the study would have resulted in
an even stronger declining AKI trend. Thus, our results
may underestimate the true magnitude of AKI decline
over time.
IN-HOSPITAL MORTALITY TRENDS AMONG
PATIENTS WITH AKI
We observed declining in-hospital mortality over time
among patients with AKI, from 19.9% in 2000 to 13.8%
in 2008 (P = .003). When adjusted for potential confounders, this decrease in hospital mortality among pa-
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Table. Temporal Trends in the Prevalence of Risk Factors, and Therapies Associated With Acute Kidney Injury (AKI) (continued)
2005
(n = 3475)

Factor or Comorbidity
Demographic factors and comorbidities
Age, mean (SD), y
Sex, No. (%)
Female
Race category, No. (%)
White
African American
Other
Smoking status, No. (%)
STEMI, No. (%)
Non-STEMI, No. (%)
Hypertension, No. (%)
Dyslipidemia, No. (%)
Heart failure, No. (%)
Prior MI, No. (%)
PVD, No. (%)
Stroke/TIA, No. (%)
CKD, No. (%)
DM, No. (%)
In-hospital laboratory values
Peak troponin, ng/mL
Admission GFR, MDRD
Cr level, mg/dL
Admission
Mean
Maximum
Final
In-hospital complications, No. (%)
Cardiogenic shock
Mechanical ventilation
In-hospital procedures, No. (%)
Cardiac catheterization
PCI
CABG
In-hospital medications, No. (%)
ACE inhibitors/ARBs
NSAIDs
Diuretics
IV sodium bicarbonate
N-acetyl cysteine
Statins
Variables associated with AKI surveillance,
No. (%)
LOS, median h (IQR)
Frequency of Cr measurements/d
Time to AKI diagnosis, median h (IQR)
Proportion of patients with ⬍2 Cr
measurements, No. (%)

2006
(n = 4510)

2007
(n = 4533)

2008
(n = 3903)

P Value

70.0 (14.3)

69.5 (14.4)

68.8 (14.3)

68.6 (14.5)

⬍.001

1466 (42.2)

1930 (42.8)

1851 (40.8)

1566 (40.1)

.95

3113 (89.6)
230 (6.6)
132 (3.8)
766 (22.0)
1178 (33.9)
2130 (61.3)
1960 (56.4)
1383 (39.8)
1239 (35.7)
215 (6.2)
78 (2.2)
102 (2.9)
308 (8.9)
1117 (32.1)

3942 (87.4)
378 (8.4)
190 (4.2)
1023 (22.7)
1540 (34.1)
2821 (62.5)
2658 (58.9)
1925 (42.7)
1537 (34.1)
324 (7.2)
111 (2.5)
141 (3.1)
675 (15.0)
1469 (32.6)

3905 (86.1)
413 (9.1)
215 (4.7)
1073 (23.7)
1428 (31.5)
2991 (66.0)
2492 (55.0)
2048 (45.2)
1534 (33.8)
305 (6.7)
116 (2.6)
149 (3.3)
706 (15.6)
1486 (32.8)

3303 (84.6)
396 (10.1)
204 (5.2)
951 (24.4)
1170 (30.0)
2612 (66.9)
2254 (57.8)
1852 (47.5)
1276 (32.7)
301 (7.7)
115 (2.9)
151 (3.9)
496 (12.7)
1371 (35.1)

⬍.001

32.6 (67.3)
62.6 (25.1)

30.7 (65.7)
63.6 (25.3)

24.4 (49.8)
63.9 (24.5)

23.6 (47.8)
65.2 (25.6)

.26
⬍.001

1.3 (0.7)
1.3 (0.7)
1.5 (0.9)
1.2 (0.7)

1.3 (0.6)
1.3 (0.6)
1.5 (0.9)
1.2 (0.7)

1.3 (0.6)
1.2 (0.5)
1.5 (0.8)
1.2 (0.7)

1.3 (0.6)
1.2 (0.6)
1.5 (0.8)
1.2 (0.6)

.76
⬍.001
⬍.001
.02

128 (3.7)
175 (5.0)

206 (4.6)
198 (4.4)

222 (4.9)
173 (3.8)

222 (5.7)
168 (4.3)

⬍.001
⬍.001

2148 (61.8)
1384 (39.8)
334 (9.6)

2918 (64.7)
2003 (44.4)
462 (10.2)

3117 (68.8)
2054 (45.3)
528 (11.6)

2731 (70.0)
1835 (47.0)
439 (11.2)

⬍.001
⬍.001
⬍.001

2270 (65.3)
187 (5.4)
1757 (50.6)
466 (13.4)
294 (8.5)
2459 (70.8)

3038 (67.4)
333 (7.4)
2333 (51.7)
601 (13.3)
485 (10.8)
3406 (75.5)

2808 (62.0)
363 (8.0)
2257 (49.8)
580 (12.8)
465 (10.3)
3311 (73.1)

2354 (60.3)
255 (6.5)
1834 (47.0)
379 (9.7)
414 (10.6)
2709 (69.4)

⬍.001
.38
⬍.001
.09
⬍.001
⬍.001

108.9 (71.1-179.2)
1.0 (0.4)
42.7 (23.1-87.2)
534 (13.0)

107.7 (70.7-180.6)
1.0 (0.4)
47.2 (27.2-87.5)
534 (10.4)

111.0 (70.9-189.7)
1.0 (0.5)
49.5 (28.5-95.8)
634 (12.1)

114.1 (71.7-189.9)
1.0 (0.4)
47.4 (24.1-90.9)
643 (13.9)

⬍.001
⬍.001
.01
⬍.001

.002
⬍.001
⬍.001
⬍.001
⬍.001
.01
.001
.007
.17
⬍.001
⬍.001

Abbreviations: ACE, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery bypass grafting; CKD, chronic kidney disease;
CKMB, creatine kinase myocardial brain isoenzyme; Cr, creatinine; DM, diabetes mellitus; GFR, glomerular filtration rate; IQR, interquartile range; IV, intravenous; LOS,
length of stay; MDRD, Modification of Diet in Renal Disease; MI, myocardial infarction; NSAIDs, nonsteroidal anti-inflammatory drugs; PCI, percutaneous coronary
intervention; PVD, peripheral vascular disease; STEMI, ST-elevation MI; TIA, transient ischemic attack.
SI conversion factors: To convert creatinine to millimoles per liter, multiply by 88.4; to convert troponin to micrograms per liter, multiply by 1.0.

tients with AKI persisted (OR, 0.96 per year; 95% CI, 0.930.98; P=.004; reference year 2000).
COMMENT

MAJOR FINDINGS AND THEIR IMPLICATIONS
In this large cohort of patients with AMI, we found that
the incidence of AKI has declined over time, despite a

concomitant increase in AKI risk factors. This trend persisted after extensive multivariate adjustment, supporting the robustness of these findings. While the magnitude of this decrease in AKI incidence was particularly
pronounced in patients undergoing coronary angiography, it was also observed among those treated conservatively. Our findings demonstrate a substantial variability in AKI rates across participating sites, suggesting that
hospital-based processes of care may, in part, contrib-
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PRIOR LITERATURE REVIEW
Our data are in contrast with those of prior studies that show
a rising incidence of acute renal failure (ARF). However,
this rising incidence of AKI was demonstrated in disease
conditions other than AMI. Waikar et al20 reported an increasing ARF incidence among hospitalized patients. However, these were older data, from 1988 to 2002, when the
prognostic significance of ARF was less recognized and less
attention was paid to ARF prevention. Similar reports of a
rising ARF incidence have been observed in those undergoing CABG and cardiac surgery, including heart transplantation, a population at a high risk of developing AKI.21,22
Data reported by Xue et al23 from hospitalized, elderly Medicare beneficiaries, with presumably more comorbidities, also
showed that ARF incidence was rising when evaluated from
1996 to 2001. The contrast between our data and those of
prior observations may stem from differences in patient
populations, their underlying disease conditions and comorbidities, different time periods, or differing AKI definitions used; it is also possible that the AKI decline we observed may be due to greater opportunities for AKI
prevention in patients with AMI (eg, preprocedural hydra-
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Figure 2. Unadjusted trends in the incidence of acute kidney injury (AKI).
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Figure 3. Adjusted trends in the use of selected medications Influencing acute
kidney injury (AKI). “Probability” represents the adjusted probability of
medication usage rate derived from separate multivariate logistic regression
models with each medication class as the dependent variable and year of
admission as the main predictor variable of interest and hospital site as a
random effect, adjusting for all the covariates that were previously
demonstrated or clinically considered to influence AKI risk, including age, sex,
race/ethnicity, diabetes mellitus, heart failure, cardiogenic shock, Modification
of Diet in Renal Disease glomerular filtration rate on admission (continuous
variable), and cardiac catheterization with or without revascularization with
percutaneous coronary intervention or coronary artery bypass grafting.

tion and judicious contrast use) and greater uptake and application of guidelines endorsing AKI preventive efforts.
LIMITATIONS
Several limitations should be considered while interpretating these data. First, we did not have data on intravenous fluid administration other than sodium bicarbonate; neither did we have information on the type and
amount of contrast use during coronary angiography. Second, while we examined a large cohort of patients from
multiple hospitals in the United States, these results are
limited to centers that have an electronic medical record and may not be generalizable to all patients with AMI.
Third, creatinine measurements were not obtained in all
patients at same time intervals because we depended on
clinical data to detect AKI. However, these data reflect
“real-world” clinical practice in an unselected patient cohort and as such may be the best data source to examine
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23.8

15

Probability

ute to AKI incidence and highlighting a potential opportunity for quality improvement. Finally, we also observed a concomitant decrease in in-hospital mortality
trend among patients developing AKI, even after multivariate adjustment.
Whether this declining AKI trend reflects enhanced
AKI awareness and prevention efforts or better selection of patients for coronary angiography and PCI over
time cannot be determined with certainty. However, several of our findings indirectly suggest that better AKI prevention efforts may be playing a role. We observed a
greater degree of decline in AKI among patients who underwent cardiac catheterization—the group in which there
are more opportunities for AKI prevention (including preprocedural hydration and judicious contrast use). While
randomized clinical trials have not demonstrated NAC
to be effective in preventing AKI,18 the greater use of NAC
over time likely represents a proxy for greater awareness and use of other AKI preventive measures. The
American College of Cardiology (ACC)/American Heart
Association (AHA)/Society of Coronary Angiography and
Intervention (SCAI) guidelines and large observational
studies advocate that in-hospital care should focus on detecting and preventing kidney injury.9,10 It is possible that
guideline endorsement by the ACC/AHA/SCAI and publication of studies demonstrating adverse outcomes in patients with AKI had an impact on physician behavior.
Despite these improvements, significant opportunities for quality improvement remain. We observed a wide
variation across hospitals not only in AKI incidence but
also in medications that might influence AKI. These variations potentially reflect differences in hospital-based processes of care and suggest that opportunities may exist
for further reductions in AKI.19 Of note, some hospitals
had very low AKI rates; better understanding of the practice patterns at these centers may offer valuable insights
into effective strategies for AKI prevention that could be
then implemented at other institutions.

35

Median OR, 1.26
30

Incidence of AKI, %

25

20

15

10

5

0

61

50

42

25

29

31

30

82

39

93

34

44

17

72

57

12

51

41

28

Hospital Site by Order of Higher AKI Incidence

Figure 4. Hospital variation in the incidence of acute kidney injury (AKI) across study sites. The x-axis represents mock identification codes of individual hospital
sites participating in Health Facts, sorted in order of higher AKI incidence. The median odds ratio (OR) is a quantitative measure of variation directly related to the
hospital site (even after adjusting for other factors) and represents the median of all ORs when comparing the odds of AKI for all possible pairs of patients with
identical characteristics presenting to 2 different randomly chosen hospitals.

this issue. Fourth, while our multivariate models adjusted for known predictors of AKI, the possibility of unmeasured confounding affecting our results cannot be
eliminated. Finally, no causal inferences about the relation between higher use of renal protective medications
and declining AKI trends are possible from these observational data.
In conclusion, AKI incidence in patients with AMI declined from 2000 to 2008, despite an increase in AKI risk
factors such as age, diabetes mellitus, cardiogenic shock
and HF, potentially reflecting increased clinician awareness, better risk stratification, and AKI prevention efforts during this time period. Nevertheless, the AKI rates
remain high, with substantial variability across hospitals. Future prospective studies are needed to better understand the reasons for this variation and define opportunities for further improvement in patient outcomes.
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INVITED COMMENTARY

Acute Kidney Injury
Glimpses Into Epidemiology and Opportunities for Improvement

W

hile acute kidney injury (AKI), a newer term
for acute renal failure, has long been recognized as a common and serious complication of hospitalized patients, the study of AKI epidemiology has lagged. An important advance took place with
the introduction of consensus AKI definitions by expert
panels—first the Risk, Injury, Failure, Loss, and ESRD
(RIFLE) criteria by the Acute Dialysis Quality Initiative

in 2004,1 and then the Acute Kidney Injury Network
(AKIN) criteria in 2007.2 These have allowed researchers to examine AKI epidemiology using a common case
definition and to overcome one important limitation in
the prior literature when cases were defined using different criteria in different studies, rendering it difficult
to interpret variations in reported disease incidence. Since
then, several studies have characterized AKI incidence
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