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ORIGINAL RESEARCH

Cost of Acute Kidney Injury in Hospitalized Patients
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BACKGROUND: The economic burden of acute kidney inju-
ry (AKI) is not well understood.  

OBJECTIVE: To estimate the effects of AKI on hospitalization 
costs and length of stay (LOS).

DESIGN: Using data from the 2012 National Inpatient Sam-
ple, we compared hospitalization costs and LOS with and 
without AKI. We used a generalized linear model with a gam-
ma distribution and a log link �tted to AKI to adjust for demo-
graphics, hospital differences, and comorbidities. 

SETTING: United States

PATIENTS: 29,763,649 adult hospitalizations without end-
stage renal disease.  

EXPOSURE: AKI determined using International Classi�ca-
tion of Diseases, 9th Revision, Clinical Modi�cation (ICD-9-
CM) diagnosis codes. 

MEASUREMENTS: Hospitalization costs and LOS.

RESULTS: AKI was associated with an increase in hospital-

ization costs of $7933 (95% con�dence interval [CI], $7608-
$8258) and an increase in LOS of 3.2 (95% CI, 3.2-3.3) days 
compared to patients without AKI. When adjusted for patient 
and hospital characteristics, the associated increase in costs 
was $1795 (95% CI, $1692-$1899) and in LOS, it was 1.1 
(95% CI, 1.1-1.1) days. Corresponding results among pa-
tients hospitalized with AKI requiring dialysis were $42,077 
(95% CI, $39,820-$44,335) and 11.5 (95% CI, 11.2-11.8) 
days and $11,016 (95% CI, $10,468-$11,564) and 3.9 (95% 
CI, 3.8-4.1) days. AKI was associated with higher hospital-
ization costs than myocardial infarction and gastrointestinal 
bleeding, and costs were comparable to those for stroke, 
pancreatitis, and pneumonia.  

CONCLUSIONS: In the United States, AKI is associated 
with excess hospitalization costs and prolonged LOS. The 
economic burden of AKI warrants further attention from hos-
pitals and policymakers to enhance processes of care and 
develop novel treatment strategies. Journal of Hospital Med-

icine 2017;12:70-76. © Society of Hospital Medicine

Acute kidney injury (AKI) is a common complication that 
affects as many as 20% of hospitalized patients, depending 
on the de�nition employed.1-3 AKI is associated with signi�-
cant morbidity and mortality; hospitalized patients with AKI 
require more investigations and medications,4 develop more 
postoperative complications,5 and spend more time in the in-
tensive care unit than do patients without AKI.6 Inhospital 
mortality for patients with AKI has recently been estimated 
between 20-25%,3,7 and critically ill patients with AKI re-
quiring dialysis experience mortality rates in excess of 50%.8,9 
AKI and its accompanying complications may continue to 
rise, as the incidence of AKI and AKI requiring dialysis is 
increasing at a rate of approximately 10% per year.10-12 

Owing to poor outcomes and rising incidence, AKI has 
emerged as a major public health concern with high human 
and �nancial costs; however, the costs related to AKI have 
been excluded from recent United States Renal Data Sys-
tem estimates.13 Most studies that have explored the costs 
related to hospitalizations complicated by AKI have been 

single-center or local studies in specialized patient popula-
tions.4,5,14-18 Very few studies have used data after the year 
2000, when the incidence of AKI began to increase, likely 
related to a combination of patient age, comorbidity burden, 
sepsis, heart failure, and nephrotoxic medications.10,11 More-
over, it is unclear which patient and hospital characteristics 
contribute most to the cost of an AKI hospitalization, and 
how the costs of AKI compare to those for other acute med-
ical conditions. Such information is important for hospitals, 
policymakers, and researchers to target prevention and man-
agement strategies for high-risk and high-cost patient groups. 

The main objectives of this study were to determine the 
costs of AKI-related hospitalization, and patient and hos-
pital factors associated with these costs. We hypothesized 
that costs related to AKI would add several thousand dollars 
to each hospitalization and would eclipse the cost of many 
higher pro�le acute medical conditions.     

METHODS  

Study Population

We extracted data from the National Inpatient Sample 
(NIS), a nationally representative administrative database 
of hospitalizations in the United States (U.S.) created by 
the Agency for Healthcare Research and Quality as part of 
the Healthcare Cost and Utilization Project.19 The NIS is 
the largest all-payer inpatient-care database, and contains 
a 20% strati�ed sample of yearly discharge data from short-
term, non-Federal, nonrehabilitation hospitals. Data are 
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strati�ed according to geographic region, location (urban/
rural), teaching status, ownership, and hospital bed number. 
Each hospitalization is treated as an individual entry in the 
database (ie, individual patients who are hospitalized mul-
tiple times may be present in the NIS multiple times). The 
NIS includes demographic variables, diagnoses, procedures, 
LOS, and hospital charges. Sample weights are provided to 
allow for the generation of national estimates, along with 
information necessary to calculate the variance of estimates. 

We utilized the 2012 NIS subset, the most recent year 
available at the time of data analysis. The 2012 NIS subset 
contained administrative data from over 7 million hospital-
izations, representing more than 4000 hospitals, 44 states, 
and 95% of the US population. We excluded patients un-
der 18 years of age and patients with end-stage renal disease 
(ESRD). We identi�ed patients with ESRD using diagnosis 
codes and procedure codes from the International Classi�-
cation of Diseases, Ninth Revision, Clinical Modi�cation 
(ICD-9-CM, Supplemental Table 1). We also excluded 
hospitalizations with an ICD-9 diagnosis or procedure code 
for dialysis but without a diagnosis code for AKI, assuming 
that these patients were treated with dialysis for ESRD. We 
and others have used this approach,11,20,21 which has been 
shown to produce high sensitivity and speci�city, as well as 
high positive and negative predictive values (all equal to or 
greater than 90%) for differentiating dialysis-requiring AKI 
(AKI-D) from chronic dialysis.21

Primary and Secondary Exposures

Episodes of AKI were identi�ed using the ICD-9 diagnosis 
code 584.x. This administrative code for AKI has low sen-
sitivity, but high speci�city of approximately 99%: our co-
hort includes few false positives, and identi�es a more severe 
spectrum of AKI compared to serum creatinine criteria.21,22 
For example, the median (25th, 75th percentile) change in 
serum creatinine from baseline is estimated at 1.2 (0.7 to 
2.1) mg/dL compared with 0.2 (0.1 to 0.2) mg/dL for pa-
tients without an administrative code for AKI.21 We de�ned 
AKI-D as the presence of an AKI diagnosis code and a di-
agnosis or procedure code for dialysis. This algorithm for 
AKI-D has been shown to yield high sensitivity and speci-
�city.21 Secondary exposures included several acute medical 
conditions (myocardial infarction, stroke, venous thrombo-
embolic disease, gastrointestinal bleed, acute pancreatitis, 
sepsis, and pneumonia) whose incremental costs and LOS 
could be compared to AKI (Supplemental Table 1). 

Covariates 

We assessed patient comorbidities from the 25 diagnoses list-
ed in the NIS for each record (Supplemental Table 1). Hos-
pital-level variables included geographic region, bed number, 
and teaching status using predetermined NIS de�nitions.19 

Outcomes

The primary outcome was the inpatient cost of each hospital 
record in 2012 dollars. We estimated costs from the total 

TABLE 1. Characteristics of the Cohort

Characteristic, %

No AKI

(n = 26,732,623)

AKIa

(n = 3,031,026)

AKI-D

(n = 106,515)

Age, mean (SD) 55.8 (0.1) 69.0 (0.1) 63.3 (0.2)

Sex

     Male 38.9% 52.8% 58.2%

     Female 61.1% 47.3% 41.8%

Hospital teaching status

     Rural 12.1% 9.8% 5.2%

     Urban nonteaching 38.7% 38.8% 37.0%

     Urban teaching 49.2% 51.4% 57.8%

Hospital region

     Northeast 19.7% 18.8% 16.1%

     West 18.9% 18.4% 21.3%

     Midwest 22.9% 22.7% 22.4%

     South 38.5% 40.1% 40.2%

Hospital bed number

     Small 14.5% 12.8% 9.2%

     Medium 26.5% 26.5% 24.2%

     Large 59.1% 60.7% 66.7%

Acute medical conditions  

     Myocardial infarction 2.6% 6.7% 11.0%

     Stroke 3.0% 3.4% 4.1%

     Venous thromboembolic disease 2.1% 3.9% 7.3%

     Gastrointestinal bleed 2.2% 5.3% 8.9%

     Acute pancreatitis 1.3% 1.9% 4.4%

     Sepsis 3.6% 20.2% 43.0%

     Pneumonia 6.6% 16.1% 27.0%

Chronic comorbidities 

     Cancer 9.0% 12.7% 14.7%

     Chronic kidney disease 7.1% 46.2% 51.3%

     Congestive heart failure 11.8% 34.0% 40.5%

     Dementia 5.4% 11.9% 3.7%

     Diabetes 21.3% 41.6% 41.2%

     Human immunode�ciency virus 0.3% 0.7% 1.0%

     Hypertension 47.4% 73.0% 66.0%

     Chronic obstructive pulmonary disease 12.7% 20.0% 18.0%

     Peripheral vascular disease 5.4% 10.8% 11.6%

Hospital procedures 

     Intravenous contrast 4.9% 5.4% 8.7%

     Blood product transfusion 6.8% 17.8% 40.8%

     Mechanical ventilation 2.2% 11.2% 43.4%

     Noninvasive ventilation 1.5% 4.2% 8.0%

     Cardiopulmonary resuscitation 0.2% 1.3% 5.6%

     Left ventricular assist device 0.0% 0.1% 0.5%

     Extracorporeal membrane oxygenation 0.0% 0.1% 0.4%

     Echocardiogram 2.3% 4.7% 8.0%

     Coronary angiogram 4.1% 4.7% 7.7%

      Percutaneous transluminal coronary 

angioplasty 

1.8% 1.4% 2.0%

     Cardiopulmonary bypass 0.8% 1.3% 3.7%

     Coronary artery bypass grafting 0.6% 1.1% 2.3%

     Heart valve surgery 0.3% 0.7% 2.1%

     Abdominal aortic aneurysm repair 0.2% 0.2% 0.8%

     Carotid endarterectomy 0.4% 0.1% 0.2%

     Peripheral vascular surgery 0.6% 0.8% 1.7%

aThe AKI group includes patients with AKI-D. 

NOTE: Abbreviations: AKI, acute kidney injury; AKI-D, acute kidney injury requiring dialysis. 
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charge for each hospitalization by applying hospital-specif-
ic charge-to-cost ratios. The NIS obtained cost information 
from the hospital accounting reports collected by the Cen-
ters for Medicare and Medicaid Services.19 The secondary 
outcome was hospital LOS.  

Statistical Analysis

We summarized baseline characteristics of the study partici-
pants using descriptive statistics. Normally distributed con-
tinuous variables were expressed as mean (standard deviation 
[SD]), and nonparametric continuous variables were ex-
pressed as median (25th, 75th percentile). Categorical vari-
ables were expressed as proportions. We calculated the mean 
increase in cost and LOS of each hospital record, comparing 
hospital records with AKI and AKI-D to hospital records 
without AKI. We took the same approach when examining 
incremental costs and LOS associated with other acute med-
ical conditions. Due to the skewness of cost and LOS data, 
we used a generalized linear model with a gamma distribution 
and a log link �tted to the primary or secondary exposure to 
obtain the unadjusted mean increase in cost and LOS.23,24 
We incorporated demographics, hospital differences, comor-
bidities (including AKI when it was compared to the other 
acute medical conditions), and procedures into the general-
ized linear model to calculate the adjusted mean increase in 
cost and LOS. This method also provides the adjusted per-
centage change in hospital costs and LOS from the estimated 
beta-coef�cients in the multivariable model. We calculated 
the proportion of variation in the outcomes explained by the 
generalized linear models using pseudo R-squared measured 
by the Kullback-Leibler divergence.25 As a companion analy-

sis, we repeated estimates for AKI-D when dialysis was initi-
ated within 7 days of hospital admission because subsequent 
events during the hospital stay would more likely be attrib-
utable to the AKI episode. All analyses presented account 
for the NIS survey design (weighting and strati�cation) and 
subpopulation measurements to generate national estimates. 
We created the cohort using the Statistical Analysis System 
software, version 9.4 (SAS Institute, Cary, North Carolina) 
and conducted the analyses using StataMP, version 14.0 
(Stata Corporation, College Station, Texas).

RESULTS 

Patient Characteristics 

Between January 1 and December 31, 2012, there were 
36,484,846 hospitalization records available in the NIS; 
948,875 adult records (2.6%) were classi�ed as having ESRD 
and 29,763,649 (81.6%) were included in the �nal cohort. 
Within the �nal cohort, 3,031,026 (10.2%) hospitalizations 
were complicated by AKI, of which 106,515 (3.5%) required 
dialysis (corresponding to 0.36% of the analytic cohort) 
(Figure 1).

Compared to patients without AKI, patients with AKI 
were older (69.0 years vs. 55.8 years) and a larger proportion 
were male (52.8% vs. 38.9%). All measured comorbidities 
were more prevalent in patients with AKI. Patients with 
AKI also underwent more hospital procedures than patients 
without AKI (Table 1).  

Hospitalization Costs    

Figures 2A and 2B show unadjusted and multivariable-ad-
justed mean increases in cost of a hospitalization with AKI 

FIG. 1. Inclusion and exclusion criteria used to de�ne a cohort of patients with and without AKI

NOTE: Abbreviations: AKI, acute kidney injury; AKI-D, acute kidney injury requiring dialysis.
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36,484,846 patient records available in 
the National Inpatient Sample from 
January 1 to December 31,2012
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and AKI-D compared to a hospitalization without AKI. 
Extrapolating to the 2012 population estimates in Table 1 
for AKI and AKI-D, increases in cost related to AKI ranged 
from $24.0 billion (unadjusted) to $5.4 billion (adjusted) 
and for AKI-D ranged from $4.5 billion (unadjusted) to $1.2 
billion (adjusted). 

Mean increases in the cost of a hospitalization for AKI ex-
ceeded costs associated with other acute medical conditions 
such as myocardial infarction and gastrointestinal bleeding. 
Costs associated with AKI were similar to hospitalizations for 
stroke, acute pancreatitis, and pneumonia. Costs of AKI-D 
exceeded those related to sepsis and venous thromboembol-
ic disease (Table 2). AKI was the most common of the acute 
medical conditions examined (3,031,026 patients, 10.2%).

Major drivers of cost included urban and teaching hos-

pitals, hospitals in the Southern US (relative to other re-
gions), hospitals with a larger number of beds, most acute 
medical conditions, cancer, and hospital procedures. Older 
age was associated with higher costs with non-AKI hospi-
talizations but lower costs with AKI hospitalizations (0.67% 
vs. -0.44%, per year of age). Determinants of hospital costs 
are shown in Supplemental Table 2. Generally, hospital pro-
cedures accounted for the largest relative increases in cost. 

Length of Stay

Figures 2A and 2B show unadjusted and multivariable-ad-
justed mean increases in LOS for a hospitalization with AKI 
and AKI-D compared to a hospitalization without AKI. Ex-
trapolating to the 2012 population estimates in Table 1 for 
AKI and AKI-D, increases in LOS related to AKI ranged 

TABLE 2. Mean Increase in Cost and LOS per Hospital Admission of AKI and Other Acute Medical Conditions

Acute Medical Condition Prevalence, No. (%)

Adjusted Mean Cost  

Increase in 2012 US Dollars (95% CI)a
Adjusted Mean Length of Stay  

Increase in Days (95% CI)a

AKIb 3,031,026 (10.2) 1795 (1692, 1899) 1.1 (1.1, 1.1)

AKI requiring dialysis (AKI-D) 106,515 (0.4) 11016 (10468, 11564) 3.9 (3.8,4.1)

Myocardial infarction 901,276 (3.0) 14 (-91, 119) 0.1 (0.1, 0.2)

Stroke 901,227 (3.0) 1427 (1281,1573) 0.1 (0, 0.1)

Venous thromboembolic disease 677,202 (2.3) 3782 (3611, 3953) 2.3 (2.2, 2.3)

Gastrointestinal bleed 743,692 (2.5) -860 (-961, -759) 0 (0, 0.1)

Acute pancreatitis 413,827 (1.4) 1802 (1676,1929) 1.1 (1.1, 1.2)

Sepsis 1,577,242 (5.3) 4882 (4696, 5068) 2.1 (2.1, 2.2)

Pneumonia 2,246,687 (7.5) 1705 (1584,1825) 1.2 (1.2, 1.2)

aFor each comparison, the reference group is patients without the condition of interest (for AKI-D, the reference group is patients without AKI). All estimates are adjusted for the demographic factors, hospital differences, comorbidities, and 

procedures listed in Table 1. Non-AKI conditions are also adjusted for AKI. 

bThe AKI group includes patients with AKI-D. 

NOTE: Abbreviations: AKI, acute kidney injury; AKI-D, acute kidney injury requiring dialysis; CI, con�dence interval; LOS, length of stay.
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FIG. 2. (A) Mean increase in cost and LOS per hospital admission of AKI compared to a hospital admission without AKI. Costs increases are in 2012 dollars. White 

bars are adjusted for the demographic factors, hospital differences, comorbidities, and procedures listed in Table 1. Error bars represent the 95% con�dence inter-

vals. The multivariable model explained 67% of the variation in total hospital costs and 47% of the variation in LOS. (B) Mean increase in cost and LOS per hospital 

admission of AKI-D compared to a hospital admission without AKI. Cost increases are in 2012 dollars. White bars are adjusted for the demographic factors, hospital 

differences, comorbidities, and procedures listed in Table 1. Error bars represent the 95% con�dence intervals. The multivariable model explained 53% of the variation 

in total hospital costs and 64% of the variation in LOS. 

NOTE: Abbreviations: AKI, acute kidney injury; AKI-D, acute kidney injury requiring dialysis; LOS, length of stay.

A B



74          An Of�cial Publication of the Society of Hospital Medicine Journal of Hospital Medicine    Vol 12  |  No 2  |  February 2017

Silver et al   |   Cost of AKI

from 9.8 million days (unadjusted) to 3.3 million days (ad-
justed) and for AKI-D ranged from 1.2 million days (unad-
justed) to 0.4 million days (adjusted). 

When compared to other acute medical conditions, the 
mean increase in LOS of an AKI hospitalization resembled 
the order for mean increases in cost (Table 2). Major drivers 
of LOS also resembled drivers of costs, with the exception 
of some common cardiovascular procedures (percutaneous 
transluminal coronary angioplasty, abdominal aortic aneu-
rysm repair, and carotid endarterectomy) that were associat-
ed only with prolonged LOS in the AKI and AKI-D groups 
(Supplemental Table 3).    

Companion Analysis 

In an analysis of 78,220 patients who developed AKI-D within 
7 days of hospital admission (73% of AKI-D cases), increases 
in cost ranged from $32,133 (unadjusted) to $8594 (adjusted) 
and increases in LOS ranged from 8.4 days (unadjusted) to 
2.9 days (adjusted) compared to patients without AKI.      

DISCUSSION

We found that hospitalizations complicated by AKI were 
more costly—between $1800 and $7900—than hospitaliza-
tions that did not involve AKI, which indicates that AKI 
could be responsible for billions of dollars of annual health-
care spending. Relative to several other acute medical con-
ditions, AKI was more common and expensive; when AKI 
was severe enough to require dialysis, costs of AKI exceeded 
all other acute medical conditions by a large margin. 

Several single-center and regional studies have highlight-
ed the association of AKI with hospital costs and LOS. In 
a single-center study conducted in the late 1990s, Chertow 
et al14 described mean cost increases between $4900 (ad-
justed) and $8900 (unadjusted) and LOS increases of 3.5 
days (adjusted) using serum creatinine criteria to de�ne 
AKI.14 These higher adjusted estimates may result because 
their multivariable models did not adjust for several major 
determinants of cost, including several procedures and hos-
pital-level variables. A study at the same academic center in 
2010, which adjusted for some procedures, found AKI was 
associated with a 2.8-day increase in LOS and a $7082 in-
crease in costs;2 however, this study also could not adjust for 
hospital-level variables because of the single-center design. 
Fischer et al15 were able to adjust for hospital teaching status 
in their study that included 23 local hospitals. Similar to our 
results, teaching hospitals were associated with an approxi-
mately 17% increase in cost compared to nonacademic hos-
pitals. However, this study excluded patients who required 
critical care or mechanical ventilation, which limits the 
generalizability of their cost estimates. Another limitation 
of these 3 studies is that they were all conducted in Massa-
chusetts. Beyond the US, the economic burden of AKI has 
been studied in England where the annual cost of AKI-re-
lated inpatient care has been estimated at $1.4 billion.16 In 
addition to incomplete procedure and hospital-level adjust-
ment, this study is limited by its ascertainment of AKI and 

costs, which was extrapolated from 1 hospital region to the 
rest of England.  

Our study adds to the existing evidence in a number of 
ways. It uses nationally representative data to determine a 
lower and an upper limit of increases in cost and LOS at-
tributable to AKI. The adjusted value is likely overly con-
servative; it minimizes the in�uence of events that are at-
tributable to AKI and does not account for complications 
that may be caused by, or otherwise related to, AKI. The 
unadjusted value is likely an overestimate, attributing events 
during an AKI hospitalization to the AKI episode, even if 
they precede AKI. In clinical practice, most patients fall 
between these 2 extremes. Therefore, we suggest using the 
adjusted and unadjusted estimates to provide a range of the 
cost and LOS increases that are attributable to AKI. This 
interpretation is also supported by the companion analysis 
that minimizes the effect of pre-AKI events, where the un-
adjusted cost and LOS estimates for AKI-D occurring early 
during a hospitalization fell between the unadjusted and ad-
justed estimates for the main AKI-D analysis. Therefore, our 
data suggest that each hospitalization complicated by AKI 
is associated with a cost increase between $1800 and $7900 
and an LOS increase between 1.1 days and 3.2 days. Not sur-
prisingly, the burden of AKI-D was more pronounced with 
a cost increase between $11,000 and $42,100 and an LOS 
increase between 3.9 days and 11.5 days. 

Unlike previous studies, these analyses are fully adjusted 
for procedures and multiple hospital-level variables (such 
as teaching status, region, and bed number). These adjust-
ments are important because procedures account for much 
of the incremental cost and LOS associated with AKI, and 
each hospital-level variable may increase the cost and LOS 
of an AKI hospitalization by 10% to 25% (Supplemental 
Tables 2 and 3). Even though the relative increases in cost 
and LOS associated with different comorbidities and proce-
dures were largely similar between patients with and without 
AKI, the absolute increases were usually larger in patients 
with AKI rather than without AKI because of their higher 
baseline estimates. We also observed that each year of age 
was associated with increased costs in patients without AKI, 
but decreased costs in patients with AKI. We suspect this 
difference is due to the lesser (and ultimately less costly) in-
jury required to induce AKI in elderly patients who have 
less physiologic reserve.26 Moreover, we placed the burden 
of AKI in relation to other acute medical conditions, where 
its total estimated annual costs of $5.4 billion were exceeded 
only by the $7.7 billion attributed to sepsis. 

Our results emphasize that AKI is an important contribu-
tor to hospital costs and LOS. Despite these consequences, 
there have been very few innovations in the prevention and 
management of AKI over the last decade.27,28 The primary 
treatment for severe AKI remains dialysis, and recent clini-
cal trials suggest that we may have reached a dose plateau in 
the value of dialytic therapy.8,29 Several opportunities, such 
as advances in basic science and clinical care, may improve 
the care of patients with AKI. Translational research chal-
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lenges in AKI have been reviewed, with treatment strategies 
that include hemodynamic, in�ammatory, and regenera-
tive mechanisms.28, 30 In a recent report from the National 
Con�dential Enquiry into Patient Outcome and Death in 
the United Kingdom, 30% of AKI episodes that occurred 
inhospital were preventable, and only 50% of patients with 
AKI were deemed to have received good care.31 Our results 
suggest that even small progress in these areas could yield 
signi�cant cost savings. One starting point suggested by our 
�ndings is a better understanding of the reasons underlying 
the association between hospital-level variables and differ-
ences in cost and LOS. Notably, there have been few efforts 
to improve AKI care processes on the same scale as sepsis,32 
myocardial infarction,33,34 stroke,35 and venous thromboem-
bolic disease.36

Strengths of this study include cost and LOS estimates of 
AKI from different hospitals across the US, including ac-
ademic and community institutions. As a result, our study 
is signi�cantly larger and more representative of the US 
population than previously published studies. Moreover, we 
utilized data from 2012, which accounts for the increasing 
incidence of AKI and recent advances in critical care med-
icine. We were also able to adjust for comorbid conditions, 
procedures, severity of illness, and hospital-level variables, 
which provide a conservative lower limit of the burden of 
AKI on hospitalized patients. 

Our study has limitations. First, we used administrative 
codes to identify patients with AKI. The low sensitivity of 
these codes suggests that many patients with milder forms of 
AKI were probably not coded as such. Accordingly, our �nd-
ings should be generally applicable to patients with moderate 
to severe AKI rather than to those with mild AKI.21,22 Sec-
ond, the NIS lacks granularity on the details and sequence 
of events during a hospitalization. As a result, we could not 
determine the timing of an AKI episode during a hospital-
ization or whether a diagnosis or procedure was the cause or 
consequence of an AKI episode (ie, day 1 as the reason for 
admission vs. day 20 as a complication of surgery). Both the 
timing and cause of an AKI episode may in�uence cost and 
LOS, which should be considered when applying our results 
to patient care. We did not attempt to estimate the costs 
associated with comorbidities such as congestive heart fail-
ure and chronic obstructive pulmonary disease because we 
could not determine the acuity of disease in the NIS. Third, 
despite our efforts, residual confounding is likely, especial-
ly since administrative data limit our ability to capture the 
severity of comorbid conditions and the underlying illness. 
Fourth, the NIS does not contain individual patient identi-
�ers, so multiple hospitalizations from the same patient may 
be represented. 

Even our most conservative estimates still attribute $5.4 
billion and 3.3 million hospital-days to AKI in 2012. These 
�ndings highlight the need for hospitals, policymakers, and 
researchers to recognize the economic burden of AKI. Fu-
ture work should focus on understanding hospital-level dif-
ferences in AKI care and the effect on patient morbidity and 

mortality. National and hospital-wide quality improvement 
programs are also needed. Such initiatives have commenced 
in the United Kingdom,37 and similar efforts are needed in 
North America to develop and coordinate cost-effective 
strategies to care for patients with AKI.    
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