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Abstract
Background and objectives The population incidence of dialysis-requiring AKI has risen substantially in the last
decade in the United States, and factors associated with this temporal trend are not well known.
Design, setting, participants, & measurements We conducted a retrospective cohort study using data from the
Nationwide Inpatient Sample, a United States nationally representative database of hospitalizations from 2007 to
2009. We used validated International Classiﬁcation of Diseases, Ninth Revision codes to identify hospitalizations with dialysis-requiring AKI and then, selected the diagnostic and procedure codes most highly associated
with dialysis-requiring AKI in 2009. We applied multivariable logistic regression adjusting for demographics
and used a backward selection technique to identify a set of diagnoses or a set of procedures that may be a driver
for this changing risk in dialysis-requiring AKI.
Results From 2007 to 2009, the population incidence of dialysis-requiring AKI increased by 11% per year (95%
conﬁdence interval, 1.07 to 1.16; P,0.001). Using backward selection, we found that the temporal trend in the six
diagnoses, septicemia, hypertension, respiratory failure, coagulation/hemorrhagic disorders, shock, and liver
disease, sufﬁciently and fully accounted for the temporal trend in dialysis-requiring AKI. In contrast, temporal
trends in 15 procedures most commonly associated with dialysis-requiring AKI did not account for the increasing
dialysis–requiring AKI trend.
Conclusions The increasing risk of dialysis-requiring AKI among hospitalized patients in the United States was
highly associated with the changing burden of six acute and chronic conditions but not with surgeries and
procedures.
Clin J Am Soc Nephrol 11: 14–20, 2015. doi: 10.2215/CJN.04520415

Introduction
AKI is one of the most common and serious complications among hospitalized patients (1,2). Those patients who suffer from the most severe form of AKI
(requiring dialysis) have particularly high rates of adverse outcomes during and after hospitalization, including the development of CKD (3–5). (For
simplicity, we use the term dialysis here and throughout this paper to encompass both acute intermittent
dialysis and continuous RRT.) We recently reported
that the United States population incidence of dialysis-requiring AKI (AKI-D) has increased in the past
decade (6), and we concluded that this trend could
not be accounted for fully by secular changes in demographics or in four prespeciﬁed risk factors (sepsis,
acute heart failure, cardiac catheterization, and mechanical ventilation) (6).
We undertook this study to uncover whether
temporal changes in other risk factors could be
potential reasons for this observed increase in AKI-D
incidence. Identifying potentially modiﬁable risk factors
is important, because this may lead to new insights
14
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regarding how to decrease the population burden of
AKI-D and its associated complications.
Another goal of the study is to evaluate potential
outcome misclassiﬁcation. Our previous incidence
estimates relied on the best-available algorithm of
administrative codes to identify patients with AKI-D
at the time of the study (6,7). More recent data suggest
that some patients with ESRD on chronic dialysis
may be misclassiﬁed as patients with AKI-D (8).
Thus, we examined the effect on disease estimates if
we eliminated all labeled patients with AKI-D that
also had concurrent diagnoses of ESRD.
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Materials and Methods
Data Source
We extracted 2007–2009 data from the Nationwide
Inpatient Sample (NIS), a United States nationally
representative administrative database of hospitalizations (9). We chose to start this analysis in 2007 to allow
at least 1 year to fully implement the International Classiﬁcation of Diseases, Ninth Revision (ICD-9-CM) code
www.cjasn.org Vol 11 January, 2015
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for ESRD requiring dialysis (585.6), which was introduced in
October of 2005 (10). We chose to end the study in 2009,
because this was the last year of our previous study, and we
wanted this overlap (6). In a sensitivity analysis, we extended the study period to 2011, the latest year possible
for this analysis because of changes in the NIS sampling
scheme starting in 2012 (9).
The NIS is the largest all–payer, publicly available hospital
database; it comprises a 20% stratiﬁed sample of all short–
term, nonfederal, nonrehabilitation hospitals. Hospitals are
sampled according to geographic region, location, teaching
status, ownership, and bed size; all discharges from sampled
hospitals are included. Each observation represents an individual hospitalization and includes demographic variables,
discharge diagnoses, and procedures. The NIS was developed as part of the Healthcare Cost and Utilization Project
(HCUP) sponsored by the Agency for Healthcare Research
and Quality. Using the supplied sampling weights, NIS data
represent hospitalizations at a national level.
To identify potential explanatory variables for changes in
AKI-D incidence, we used Clinical Classiﬁcations Software
(CCS), a classiﬁcation system that collapses the .14,000
standardized diagnosis codes in the ICD-9-CM into a
smaller number of clinically signiﬁcant categories. The
CCS for ICD-9-CM is developed as part of the HCUP, and
the NIS supplies corresponding CCS codes for each of the
listed ICD-9-CM diagnostic and procedure codes. We looked
at both CCS diagnoses and CCS procedures as potential
variables associated with the temporal trend in AKI-D.
The NIS contains #15 CCS diagnostic codes for each hospital discharge from years 2007–2008 and #25 CCS diagnostic
codes for 2009. For consistency and to avoid ascertainment
bias caused by the increase in the number of supplied codes
since 2009, we only used the ﬁrst 15 ICD-9-CM CCS diagnostic codes listed in the study period. For CCS procedure codes,
#15 were listed in all 3 years of the study period.
Definition of Primary Outcome
We used the same algorithm to deﬁne AKI-D as before
(6): requiring both a diagnostic code for acute renal failure
in any position (584.5, 584.6, 584.7, 584.8, or 584.9) and a
procedure code for dialysis in any position (39.95, V45.1,
V56.0, or V56.1) along with the absence of procedure codes
for arteriovenous ﬁstula creation/revision (39.27, 39.42,
39.43, or 39.93) (6,7).
Selection of Predictor Variables, Model Selection, and
Temporal Trend Analyses
To explore potential reasons for temporal changes in
AKI-D, we devised a strategy to ﬁrst reduce the candidate
diagnoses to those most highly associated with AKI-D
(versus non–AKI-D) hospitalizations. Then, we sought to
see if temporal trends in these variables could attenuate
the increase in AKI-D incidence, because we reasoned that
our chances of better understanding the temporal trend
would be highest if we focused on factors more strongly
associated with the development of AKI-D. Thus, we divided data from the latest NIS year from our last analysis,
2009, into two subgroups: discharges with AKI-D and discharges without AKI-D. We calculated the event rate of
each CCS code within each subgroup and subsequently,
calculated the event rate ratios for each CCS code (AKI-D
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versus no AKI-D). The 15 CCS diagnoses and the 15 CCS
procedures with the highest event rate ratios were selected
for analyses, excluding certain predetermined codes that
are deemed to represent the outcome of interest: CCS diagnostic codes 157 (acute and unspeciﬁed renal failure)
and 156 (nephritis, nephrosis, or renal sclerosis) and CCS
procedure codes 58 (hemodialysis), 110 (diagnostic procedures of urinary tract), and 195 (diagnostic ultrasound of
urinary tract). In addition, we also excluded CCS diagnostic code 158 (CKD) from analysis, owing to the fact that it
encompasses not only ICD-9-CM codes for CKD (585.1–
585.5 and 585.9) but also, ESRD (585.6). Any CCS diagnostic or procedure code that did not exist in all 3 years of the
dataset was also excluded from analysis.
Similar to our prior approach (6), we ﬁt a univariate
logistic regression model with calendar year as the primary predictor and AKI-D as the primary outcome to
quantify the change in risk of AKI-D among hospitalized
patients per year. Appropriate discharge–level sampling
weights were applied. Owing to the large number of patientlevel observations in the NIS (5–8 million per year), we
took a random 25% subsample of each year’s data to facilitate the computations. This also allowed us to have separate
derivation and validation datasets.
Multivariate logistic regression was used to examine
whether and to what degree the previously selected CCS
diagnoses and procedures along with age, sex, and race/
ethnicity accounted for the temporal trend in risk of AKI-D.
We decided a priori to analyze one series of models with
the 15 identiﬁed CCS diagnostic codes and a separate series
of models with the 15 identiﬁed CCS procedure codes. We
analyzed diagnoses and procedures separately to avoid diagnoses and procedures that may be collinear with one another, such as respiratory failure and mechanical intubation
or myocardial infarction and cardiac catheterization. The
goal of multivariate modeling is to see if inclusion of speciﬁc
sets of diagnoses (or procedures) eliminated the positive direction of the year term in risk of AKI-D seen in the crude
model. For example, using AKI-D as the outcome and year
as the primary predictor, we adjusted for demographics and
the previously identiﬁed 15 diagnoses in the model to see if
the coefﬁcient of the year term is reversed from .1 (rising
temporal trend) to ,1. If so and to ﬁnd the minimal set of
diagnoses that could reverse the trend, we then used a backward selection technique. We sequentially removed the diagnoses with the largest P value and reﬁt the model,
checking to see at what point the temporal trend became
positive, at which point we reached our ﬁnal model.
After development of the ﬁnal model as described above,
we validated its performance with a second independent
random 25% subsample. We derived the correlation matrix
of the selected codes to test for collinearity. All data were
analyzed using STATA/SE 13.0 (StataCorp., College Station, TX).
Analyses Excluding Patients with ESRD Discharge Diagnosis
A secondary aim of this study was to deﬁne the temporal
trend in AKI-D hospitalizations that did not concurrently
have discharge diagnostic codes for ESRD (585.6). A similar
modeling approach was taken to determine whether using
this conservative case deﬁnition and codes identiﬁed above
could still attenuate the temporal trend in AKI-D.
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Table 1. Characteristics of hospitalized patients with dialysis-requiring AKI versus nondialysis-requiring AKI from 2007 to 2009

Characteristics

AKI-D (n=448,755)

No AKI-D (n=118,413,269)

P Value

Age, yr (mean)
Age .75 yr old, %
Men, %
Race/ethnicity, %
White, non-Hispanic
Black, non-Hispanic
Hispanic
Asian
Other or missing
Died during hospitalization, %

63.2
28.3
57.1

48.0
21.3
41.6

,0.001
,0.001
,0.001
,0.001

51.0
16.5
9.9
2.6
20.0
22.0

52.6
11.3
10.3
2.1
23.7
1.9

,0.001

AKI-D, dialysis-requiring AKI.

Results
Conditions Most Strongly Associated with AKI-D Versus
Non–AKI-D
Characteristics of patients with AKI-D versus without
AKI-D are listed in Table 1. Patients who suffered AKI-D
were more likely to be older, men, and black compared
with patients without AKI-D. The patient fatality rate for
AKI-D during this period was 22%.
The 15 diagnoses and the 15 procedures most strongly
associated with AKI-D by having the highest event rate
ratios (patients with AKI-D versus no AKI-D) in 2009 are
listed in Table 2. These diagnoses include both acute conditions, such as shock, cardiac arrest, and septicemia, and
chronic conditions, like hypertension and multiple myeloma.
Temporal Trend Analyses
From 2007 to 2009, the United States population incidence of AKI-D increased from 445 to 533 patients per
million person-years. The odds of developing AKI-D
among hospitalized patients increased annually by 11%
per year (odds ratio [OR], 1.11; 95% conﬁdence interval
[95% CI], 1.07 to 1.16; P,0.001), similar to what we had
reported previously (6). Adjustment for age, sex, and race
reduced the annual increase to 9% (OR, 1.09; 95% CI, 1.05
to 1.13; P,0.001). Additional adjustment for the 15 identiﬁed diagnoses most associated with AKI-D in 2009
achieved our a priori goal of eliminating the positive direction of the year term (OR, 0.99; 95% CI, 0.96 to 1.03)
(Table 3). None of the identiﬁed diagnoses were found to
be strongly collinear with one another. Using backward
selection, we were able to determine the minimum subset
of diagnoses that led to an OR$1 for the year term in the
model (Figure 1). For example, successive eliminations of
external injuries, aspiration pneumonitis, and peritonitis
from the model did little to change the year parameter
(OR, 0.99). However, after successive eliminations of additional diagnoses as predictors from the multivariable
model, we were able to derive a ﬁnal model adjusting
for age, sex, and race, as well as six ﬁnal diagnoses of
septicemia, hypertension, respiratory failure, coagulation/
hemorrhagic disorders, liver disease, and shock, that
reached an OR$1.0 for the year term (Figure 1, Table 3).
This model was validated in a second random 25% subsample,
in which the same six conditions (along with demographic

variables) succeeded in eliminating the temporal trend in
AKI-D (Table 3).
In contrast, adjusting for the 15 selected procedures most
associated with AKI-D in 2009 along with demographic
variables failed to achieve our a priori goal of eliminating
the positive direction of the year term (OR, 1.08; 95% CI,
1.04 to 1.12).
In sensitivity analysis, where we extended follow-up to
2011, we noted that the incidence of AKI-D continued to
rise in 2010 and 2011. Taking into account the entire 2007–
2011 period, the odds of developing AKI-D among hospitalized patients now increased by 6% per year (OR, 1.06;
95% CI, 1.04 to 1.08; P,0.001). Controlling for the same six
diagnoses (along with demographic variables) also abolished the temporal trend (OR, 0.96; 95% CI, 0.95 to 0.98;
P,0.001).
Analyses Excluding Patients with Concurrent ESRD
Discharge Diagnosis
We found that, among the AKI-D hospitalizations, over
one third (36%) had concurrent discharge diagnostic codes
for ESRD. After excluding hospitalizations with both AKI-D
and ESRD codes, there remained a strong temporal trend in
increasing incidence of AKI-D from 297 patients per million
person-years in 2007 to 325 patients per million person-years
in 2009. The odds of AKI-D among all hospitalized patients
without concurrent ESRD diagnoses increased annually by
6% per year (OR, 1.06; 95% CI, 1.02 to 1.11; P,0.01).
Using the same six diagnoses from the ﬁnal model listed
in Table 3 (derived from the full sample, including patients
with AKI-D and concurrent discharge diagnosis of ESRD),
we were also able to abolish the yearly increase in AKI-D
(excluding patients with concurrent discharge diagnosis of
ESRD; OR, 0.95; 95% CI, 0.92 to 0.99; P=0.01).

Discussion
We analyzed a nationally representative sample of
United States hospitalizations from 2007 to 2009 and showed
that the risk of AKI-D among hospitalized patients increased
during this period. This increase is only partially related to
changing demographics but could be statistically accounted
for after taking into consideration concurrent temporal trends
in six acute and chronic conditions (septicemia, hypertension,
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Table 2. Diagnoses and procedures most strongly associated with dialysis–requiring AKI (versus nondialysis–requiring AKI)
hospitalizations in 2009 (ranked by order of event rate ratios)

Diagnoses and Procedures
Diagnoses
Shock
Cardiac arrest and ventricular ﬁbrillation
Septicemia
Multiple myeloma
Respiratory failure
Coagulation and hemorrhagic disorders
Hypertension
Coma, stupor, and brain damage
Liver diseases
Mycoses
Peritonitis and intestinal abscess
Gangrene
Injuries or conditions caused by external injuries
Aspiration pneumonitis
Complication of device, implant, or graft
Procedures
Coronary and vascular stents
Nonkidney solid organ transplantation
Tracheostomy
Swan–Ganz catheterizations
Skin and breast procedures
Respiratory intubation/mechanical ventilation
Nephrotomy/nephrostomy
Endobronchial procedures
Cardioversion
Skin diagnostic procedures
Abdominal paracentesis
Bronchoscopy
Noncardiac vascular catheterizations
Bone marrow transplantation
Enteral and parenteral nutrition

Event Rate Ratio (AKI-D Versus
Non–AKI-D Hospitalizations)

95% CI

20.5
10.4
9.5
8.5
7.5
6.6
6.5
5.9
5.7
5.6
5.6
5.5
5.3
5.2
5.2

20.0 to 20.9
9.9 to 11.0
9.3 to 9.6
7.8 to 9.2
7.4 to 7.6
6.5 to 6.7
6.5 to 6.6
5.6 to 6.2
5.5 to 5.8
5.5 to 5.8
5.2 to 6.0
5.1 to 6.0
5.2 to 5.4
5.0 to 5.4
5.0 to 5.3

33.7
25.2
18.2
15.3
11.5
10.0
9.6
8.7
8.7
8.4
7.4
7.2
6.8
6.5
6.4

33.4 to 34.0
22.0 to 28.9
17.3 to 19.1
14.2 to 16.6
11.1 to 12.0
9.9 to 10.1
8.7 to 10.6
8.1 to 9.4
8.3 to 9.1
7.3 to 9.6
7.0 to 7.8
6.9 to 7.5
6.7 to 6.9
5.3 to 8.0
6.2 to 6.6

AKI-D, dialysis-requiring AKI; 95% CI, 95% conﬁdence interval.

respiratory failure, coagulation and hemorrhagic disorders,
shock, and liver diseases) among hospitalized patients. In
contrast, temporal trends in procedures most commonly
associated with AKI-D did not explain the increasing risk of
AKI-D over this period.
Our results are consistent with prior studies showing a
rising secular trend in incidence of AKI-D in the United
States (6,11–13). In contrast to our prior attempt (6), we
may be more successful in gaining some insight into potential reasons behind the rise in AKI-D here. This may be
because we formulated a strategy to select diagnoses most
associated with the outcome of interest, AKI-D. In addition, we took advantage of the ICD-9-CM CCS system to
expand the capture of our set of comorbidities rather than
relying on the more restricted ICD-9-CM codes.
Our results provide novel insight as to the relative
signiﬁcance of both acute conditions and chronic comorbidities in exploring why AKI-D has increased over time.
The major effect of acute conditions, such septicemia and
shock, in the model may not be surprising given studies
showing increasing rates of sepsis and that shock is a well
known cause of AKI (14–16). Similarly, respiratory failure
rates have risen over time (17,18), and patients with

respiratory failure and on mechanical ventilation have a
high risk of AKI (19). In addition to these acute conditions,
we showed hypertension as a major risk factor and a potent component in the trend of hospitalized patients with
AKI-D. Although hypertension is a well recognized risk
factor for CKD, the relationship between hypertension
and AKI is less well understood. Some studies (20,21)
(although not all [22,23]) have shown that preexisting
hypertension increases risk of AKI. More pervasive use
of antihypertensives, speciﬁcally blockers of the reninangiotensin axis (24), may play a role in susceptibility
to severe AKI among those undergoing high-risk procedures (25–27). Although the adult prevalence of hypertension in the United States has been stable in the past
decade (28), the annual number of hospital discharges
with hypertension as a listed diagnosis has increased
from 2006 to 2010 (29,30). Vigilant outpatient followup, management, and renal function assessment in those
with prevalent hypertension may help reduce admissions
and hence, severe AKI in this high-risk group.
Interestingly, cardiovascular procedures well known to
cause AKI, such as coronary artery bypass graft surgery
(31) and percutaneous coronary intervention, were not as
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Table 3. Diagnoses associated with the temporal trend in risk of dialysis-requiring AKI among hospitalized patients from 2007 to 2009

Primary 25% Subsample
Model
Crude
Adjusted for age, sex, and race
Adjusted for age, sex, race,
and the top 15 diagnosesa
Adjusted for age, sex, race, septicemia,
hypertension, respiratory failure,
coagulation/hemorrhagic disorders,
shock, and liver diseases

Validation 25% Subsample

OR per yr (95% CI)

P Value

OR per yr (95% CI)

P Value

1.11 (1.07 to 1.16)
1.09 (1.05 to 1.13)
0.99 (0.96 to 1.03)

,0.001
,0.001
0.75

1.11 (1.07 to 1.15)
1.09 (1.05 to 1.13)
0.99 (0.97 to 1.03)

,0.001
,0.001
0.93

1.00 (0.96 to 1.03)

0.86

1.00 (0.97 to 1.04)

0.97

OR, odds ratio; 95% CI, 95% conﬁdence interval.
a
The top 15 diagnoses are the ones shown in Table 2: shock, cardiac arrest/ventricular ﬁbrillation, septicemia, multiple myeloma,
respiratory failure, coagulation and hemorrhagic disorders, hypertension, coma/stupor/brain damage, liver diseases, mycoses,
peritonitis/intestinal abscess, gangrene, injuries or conditions caused by external injuries, aspiration pneumonitis, and complication of
device/implant/graft.

Figure 1. | Multivariable logistic regression and a backward selection technique were applied to identify a final set of diagnoses to sufficiently account for the temporal trend in dialysis-requiring AKI. Listed diagnoses are covariates in the multivariable model (with calendar year
as the primary predictor and dialysis-requiring AKI as the outcome), with each horizontal bar representing the odds ratio (OR; with 95%
confidence interval [95% CI]) for the calendar year term after the corresponding diagnosis is dropped from the model. For example, after
successively dropping external injuries and aspiration pneumonitis from the model, the OR for the year term remained ,1, but after dropping
mycoses, the model with the remaining six diagnoses resulted in the OR of the year term $1. The bracket indicates the six diagnoses selected for
the final model. Error bars indicate 95% CIs. The embedded table displays the corresponding ORs with 95% CIs.

strongly associated with the temporal trend in AKI-D.
Reasons for this may be that the number of coronary artery
bypass graft surgeries performed in the United States has
been declining and that percutaneous coronary intervention rates have plateaued over time (32). Additionally, one
well conducted study showed that the risk of AKI after
cardiac catheterizations among patients with acute myocardial infarction has lessened over time (33,34). Thus, a
combination of decreasing exposures and improving
processes of care (such as success at preventing contrastinduced AKI) may be why high–risk cardiovascular procedures do not seem to be a major contributor to the AKI-D
trend over time. We note that diabetes mellitus did not come
up as a leading diagnosis associated with AKI-D using our
selection methods; this may be because of known

undercoding of diabetes with complications as a comorbidity
in administrative data (35).
The second set of ﬁndings in this study is that at least one
third of all hospital discharges with diagnosis of AKI-D
also had a concurrent diagnosis of ESRD requiring dialysis.
The precise reason for this observation is not known.
Although some patients with ESRD on maintenance dialysis may be misclassiﬁed as patients with AKI-D, it is also
possible that, in numerous patients, the ESRD diagnosis
was applied at the end of hospitalization to patients with
severe AKI-D who did not recover enough renal function to
come off dialysis, and these patients were discharged from
the hospital to continue outpatient dialysis. In our prior
work using data from a large integrated health care system
in northern California, in which we had quantiﬁcation of

Clin J Am Soc Nephrol 11: 14–20, January, 2015

pre–AKI baseline GFR estimated from serum creatinine,
we documented that among 1764 patients with AKI-D observed between 1996 and 2003, 585 (33%) failed to recover
renal function and were considered to have developed
ESRD (3,4). Thus, it is possible that much of the coexistence of diagnostic and procedure codes for AKI-D and
diagnostic codes for ESRD observed is caused by true progression of AKI-D toward ESRD. The cross-sectional nature of each year’s data in the NIS and the inability to
identify repeated hospitalizations in the same individual
limit our ability to come to more deﬁnitive conclusions.
Even if we take a conservative approach and exclude all
AKI-D hospitalizations with concurrent discharge diagnosis of ESRD, AKI-D disease incidence was still increasing
during our study period. Also, we found that the same six
explanatory variables were able to eliminate the temporal
trend in increasing risk of AKI-D.
Although our study is strengthened by the use of a very
large, nationally representative hospital discharge sample,
allowing for excellent power and generalizability, we
recognize a number of limitations. We lacked clinical data,
such as serum creatinine, to ascertain the outcome of interest
but relied on the best-validated set of ICD-9-CM diagnostic and
procedure codes to capture AKI-D (7,36). Although the use of
ICD-9-CM CCS codes allowed us to more broadly capture
diagnoses and procedures to be selected as covariates, the
validity of those codes has not been deﬁnitively established.
Nevertheless, we believe that our analysis sheds some light on
the potential reasons why AKI-D may have become more
common over time, although we clearly must acknowledge
that association is not causation.
In conclusion, United States representative hospital
discharge data suggest that the risk of AKI-D among
hospitalized patients increased 11% per year from 2007 to
2009, and this temporal trend seems to be strongly
associated with the increased burden of the following six
conditions: septicemia, hypertension, respiratory failure,
coagulation/hemorrhagic disorders, shock, and liver diseases.
Temporal changes in surgeries and procedures do not seem
to underlie the rising risk of AKI-D among hospitalized
patients. Misclassiﬁcation of ESRD as AKI-D may be present
but does not account for the rise in AKI-D over time.
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