Original Report: Patient-Oriented, Translational Research

N IAmericanIJournnl of

Am J Nephrol 2008;28:523-530
DOI: 10.1159/000114005

Received: July 18,2007
Accepted: November 23, 2007
Published online: January 25,2008

Uncomplicated Acute Renal Failure

and Post-Hospital Care:

A Not So Uncomplicated lliness

Michael J. Fischer®® Bradley B. Brimhall¢ Chirag R. Parikh

2Department of Internal Medicine/Section of Nephrology, Jesse Brown VA Medical Center and University of Illinois
Medical Center, Chicago, lll., PCenter for Management of Complex Chronic Care, Edward Hines, Jr. VA Hospital,
Hines, llI., “Tricore Reference Laboratories and Department of Pathology, University of New Mexico School of
Medicine, Albuquerque, N. Mex., and YDepartment of Internal Medicine/Section of Nephrology, Yale University
School of Medicine and Veterans Affairs Medical Center, New Haven, Conn., USA

Key Words
Acute renal failure, outcomes - Extended facility care -
Home health care - Nephrology, clinical

Abstract

Background: Although uncomplicated acute renal failure
(ARF) is associated with significant hospital resource utiliza-
tion, its health care requirements following hospital dis-
charge are not well understood. The goal of this study was
to characterize the post-hospital care requirements incurred
by patients with uncomplicated ARF and to determine its
important influencing factors. Methods: We obtained hos-
pital case mix data sets for a 2-year period (1999-2000) from
the Massachusetts Division of Health Care Finance and Poli-
cy. Utilizing DRG and ICD-9-CM codes from 23 Massachu-
setts hospitals, we identified 2,128 adult patients whose pri-
mary reason for hospitalization was uncomplicated ARF.
Post-hospital care was defined as the receipt of extended
facility care or home health care following hospital dis-
charge. Results: Nearly 50% of patients hospitalized with
uncomplicated ARF required some type of post-hospital
care, of whom 27% underwent extended facility care while
22% received home health care. The post-hospital care re-
quirements for uncomplicated ARF were similar to those for
serious medical conditions (e.g. heart failure) and exceeded

those of many common illnesses (e.g., bronchitis). Advanc-
ing age, worsening severity of illness, female gender, and
emergency room admission were independently associated
with receipt of post-hospital care (p < 0.05). A trend existed
between less frequent post-hospital care requirements and
hospitalization at academic medical centers compared with
non-academic hospitals. Conclusions: Uncomplicated ARF
is frequently associated with prolonged care following hos-
pitalization. As the health care utilization for ARF becomes
better characterized, these post-hospital care resources
should not be overlooked. Copyright © 2008 S. Karger AG, Basel

Introduction

Acute renal failure (ARF), especially when associated
with non-renal organ failures or complicated ARF, has
long been known to be associated with significant mor-
bidity and mortality [1-10]. Recently, the effect of ARF on
hospital costs and lengths of stay was investigated [11, 12].
Itappears that small acute rises in serum creatinine (=0.5
mg/dl) can lead to substantial increases in hospital length
of stay (>3 days) and hospital costs (>7,000 USD) [12].
Moreover, even ARF occurring in the absence of other
organ failures, or uncomplicated ARF, is associated with
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Table 1. Post-hospital care requirements (%) for patients with uncomplicated ARF and other medical conditions following hospital

discharge
Hospital diagnosis (DRG and ICD-9-CM) Prevalence! Post- Extended Home
hospital care  facility care health care

Cerebrovascular disorders except TIA (stroke) 3.2 (n=16,527) 65 52 13
Heart failure 7.4 (n=37,883) 52 25 27
ARF (uncomplicated)? 0.4 (n=2,128) 49 27 22
Pneumonia and pleurisy 8.1 (n=41,412) 46 29 17
Circulatory disorders with AMI and complications 2.7 (n =14,009) 44 26 18
Cellulitis 2.9 (n = 14,790) 37 17 20
Gastrointestinal hemorrhage 3.6 (n =18,357) 36 23 13
Bronchitis and asthma 34 (n=17,182) 14 6 8

AMI = Acute myocardial infarction; TIA = transient ischemic attack.
! Numbers were calculated using the records of adult (>18 years old) patients who survived to discharge and had been hospitalized
for medical conditions (DRG and ICD-9-CM codes) in the dataset as the numerator and the total number of patient records in the

dataset as the denominator (n = 512,333).

2 Additional records excluded if admission was from an extended care facility or the patient received mechanical ventilation or care

in the intensive hospital care unit.

significant hospital resource utilization, exceeding that
of many other common serious illnesses such as conges-
tive heart failure and pneumonia [11].

In addition to being high resource utilizers within the
acute hospital setting, patients with ARF may have sig-
nificant health care needs following hospital discharge.
A few recent studies have noted that up to 30% of surviv-
ing patients with ARF are discharged to extended care
facilities [13, 14]. In fact, one analysis found that ARF was
independently associated with 2-fold higher odds for dis-
position to short- or long-term care facilities [13]. In order
to more broadly explore the post-hospital care require-
ments engendered by ARF, we conducted a multicenter
evaluation of a large cohort of adult hospitalized patients
with uncomplicated ARF to assess not only their extend-
ed care facility stays but also their receipt of home health
care services. By selecting patients whose primary reason
for hospitalization was ARF, we sought to specifically
characterize the relationship between this organ dys-
function and post-hospital care requirements.

Subjects and Methods

Design, Data Source, and Study Population

We conducted a retrospective analysis of a cohort of patients
with uncomplicated ARF to examine their post-hospital care re-
quirements and to determine the important influencing factors
of such care. Unadjusted aggregate post-hospital care require-
ments for other common medical conditions requiring hospital-
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ization were described for comparison. We obtained the hospital
case mix data sets of 23 Massachusetts hospitals for a 2-year pe-
riod (1999-2000) from the Massachusetts Division of Health Care
Finance and Policy (DHCEFP) to perform all analyses.

In aggregate, 4,230 patient hospital discharge records were
coded with a diagnosis-related group (DRG) code of 316 that cor-
responds to the broad diagnosis of renal failure (RF). The study
population included only those records that specifically pertained
to adult uncomplicated ARF as follows. First, 1,147 patient records
were excluded because they did not have a principal diagnostic or
International Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9-CM) code consistent with ARF [15]. The
ICD-9-CM diagnostic codes consistent with ARF included 584.5
(ARF/tubular necrosis), 584.6 (ARF/cortical necrosis), 584.7
(ARF/medullary necrosis), 584.8 (ARF/necrosis),and 584.9 (ARF/
not otherwise specified). Second, 664 records were excluded be-
cause these patients received care in the intensive care unit or
underwent mechanical ventilation (ICD-9-CM procedure codes
96.70, 96.71, 96.72) as these characteristics are generally thought
to be associated with complicated ARF [10]. Third, 9 records were
excluded because they involved children (age <18 years). Lastly,
188 records were excluded because the patients died during hos-
pitalization and 94 records were excluded because these patients
were admitted from an extended care facility. After the elimina-
tion of 2,102 patient records for the aforementioned reasons, 2,128
records of patients hospitalized with uncomplicated ARF were
utilized for the final analysis.

The study populations for the comparable medical conditions
requiring hospitalization in this dataset (table 1) were determined
using similar exclusion criteria and defined by the following
DRGs: 14 (cerebrovascular disorders except transient ischemic at-
tack), 89 and 90 (pneumonia and pleurisy), 96 and 97 (bronchitis
and asthma), 121 and 122 (circulatory disorders with acute myo-
cardial infarct), 127 (heart failure), 174 and 175 (gastrointestinal
bleeding), and 277 and 278 (cellulitis).
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Independent Variables

Four main categories of independent variables were evaluated
in this analysis: demographic variables, hospitalization variables,
payment variables, and disease variables. The definitions, descrip-
tions, and classification of these independent variables have been
discussed at length in our prior publication and therefore we will
highlight only the most complicated elements here [11]. Demo-
graphic variables included: race, gender, age, and socioeconomic
status. Socioeconomic status (income) was determined by the me-
dian annual household income for a patient’s home zip code and
defined as low if such annual income was less than 35,000 USD
(200% of poverty status, adjusted to USD in the year 2000) [16, 17].
Hospitalization variables included hospital type and source of ad-
mission. Hospital type was determined as primary academic, sec-
ondary academic, and non-academic according to a hospital’s (i)
membership in the Council of Teaching Hospitals, (ii) affiliation
with a medical school, (iii) proximity of location to a medical
school, and (iv) ratio of residents and fellows to hospital beds [11,
18]. Admission source encompassed physician/clinic referral,
emergency room, and other/unknown. The sole payment variable
was payer type (e.g., Medicare, Medicaid, private, and uninsured).
Lastly, disease variables included both dialysis and severity of ill-
ness. Dialysis was defined by the presence of either of the following
ICD-9-DM procedure codes 39.95 or 54.98, while the severity of
illness (e.g., low, moderate, high) was defined using the refined
DRG (RDRG) method, which employs an algorithm based on sec-
ondary diagnostic codes and procedures [19, 20].

Dependent Variables

Post-hospital care for a patient with uncomplicated ARF was
defined by the occurrence of either extended facility care or home
health care following his/her discharge from acute hospitaliza-
tion. Extended facility care was defined as discharge to any of the
following facilities: intermediate care facility, skilled nursing fa-
cility, rehabilitation hospital, or chronic hospital. Home health
care was defined as discharge to home with receipt of services
from a home health agency following hospital discharge. All of
these care variables will be evaluated categorically in this anal-
ysis.

Statistical Analysis

Univariate analysis was performed to assess the significance
of independent variables relative to the dependent variables (out-
come measures). x> and Fisher’s exact tests were employed for all
categorical variables. Multi-collinearity between variables was
determined both by using Spearman rank testing and assessment
of tolerance index and variation inflation factors.

Multivariate analysis consisted of backward logistic regres-
sion. Appropriate effect modification terms as assessed by strati-
fied analysis were evaluated for their statistical significance in the
models. Confounding was investigated by studying a given fac-
tor’s effect on the B-parameter estimate of the other existing co-
variates in the model. Caution was exercised to avoid over-fitting
the model as at least 10 events in each outcome measure were
needed per independent variable included. Model discrimination
was assessed using the c statistic while the fit of the models was
evaluated by the Hosmer-Lemeshow statistic. All the statistical
tests were 2-tailed and p < 0.05 was considered statistically sig-
nificant. All analyses were performed using SAS, version 9.1 (SAS
Institute, Cary, N.C.).

Acute Renal Failure and Post-Hospital
Care

Results

Post-Hospital Care - Uncomplicated ARF and

Other Medical Conditions

As seen in table 1, approximately 50% of surviving pa-
tients with uncomplicated ARF required post-hospital
care following discharge with a slight preponderance of
these individuals having extended facility care (27%)
compared with only having home health care (22%). Indi-
viduals hospitalized primarily for cerebrovascular disor-
ders incurred the greatest post-hospital care (65%) while
those with heart failure (52%), myocardial infarction
(44%), uncomplicated ARF (49%), and pneumonia (46%)
had similar high post-hospital care requirements. Cellu-
litis (37%), gastrointestinal hemorrhage (36%), and bron-
chitis (14%) had lower levels of associated post-hospital
care. Although the prevalence of uncomplicated ARF is
0.4%, it ranks among the top 25% of most common med-
ical conditions requiring hospitalization in this dataset.

Population Characteristics: Post-Hospital Care

versus Home and Extended Facility Care versus

Home Health Care

Overall, this uncomplicated ARF cohort consisted of
roughly equal portions of men and women from predom-
inately Caucasian backgrounds (76%). A majority (=70%)
of these patients were over 65 years of age and were in-
sured by Medicare while a few subjects (=20%) had low
incomes. A preponderance of patients were admitted
from emergency rooms at academic hospitals (=65%). A
minority of patients required dialysis (4%) or had high
severity of illness scores (20%).

Several significant differences existed among the char-
acteristics of uncomplicated ARF patients depending
upon their discharge disposition (table 2). Compared
with those individuals discharged to home, subjects re-
quiring post-hospital care tended to be more often white
(82 vs. 72%), female (53 vs. 43%), over the age of 65 years
(84 vs. 53%), Medicare recipients (83 vs. 59%), hospital-
ized at non-academic centers (34 vs. 25%), and severely ill
(28 vs. 15%).

Differences also existed within the population of post-
hospital care requiring uncomplicated ARF patients by
the specific type of post-hospital care that they received
(table 2). Compared with those individuals only receiv-
ing home health care, subjects discharged to extended
care facilities were more often female (58 vs. 47%), over
the age of 65 years (91 vs. 76%), hospitalized at non-aca-
demic centers (41 vs. 27%), and Medicare recipients (90
vS. 75%).
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Table 2. Patient characteristics (%) by discharge disposition and type of post-hospital care

Characteristic Home
(51%; n = 1,092)

Post-hospital care
(49%; n = 1,036)

Home health care
(22%; n = 459)

Extended facility care
(27%; n = 577)

Race

White 72 (n = 787)? 82 (n = 844)? 84 (n = 482) 79 (n = 362)

Black 13 (n = 140)? 9 (n=93)?* 7 (n=41) 11 (n=52)

Other 15 (n = 165)* 9 (n=98)* 9 (n=53) 10 (n = 45)
Gender

Male 57 (n = 624)* 47 (n = 484)? 42 (n =241)® 53 (n =243)°

Female 43 (n = 468)* 53 (n = 552)? 58 (n = 336)° 47 (n=216)°
Age, years

<65 47 (n = 518)2 16 (n = 165)? 9 (n=54)° 24 (n=111)°

>65 to <75 25 (n=277)2 24 (n = 244)? 18 (n = 104)° 30 (n = 140)°

>75 to <85 21 (n = 230)? 38 (n =393)? 44 (n=251)® 31 (n=142)°

>85 6 (n=67) 23 (n =234)? 29 (n = 168)P 14 (n = 66)°
Income

Low 22 (n=241)* 18 (n = 183)* 16 (n=91) 20 (n=92)

Average 78 (n = 851)* 82 (n = 853)? 84 (n = 486) 80 (n = 367)
Hospital type

Primary academic 52 (n = 569)? 50 (n = 514)* 41 (n =238)P 60 (n =276)P

Secondary academic 23 (n=251)2 16 (n = 164)? 18 (n = 103)® 13 (n=61)"

Non-academic 25 (n=272)?* 34 (n = 358) 41 (n =236)® 27 (n=122)®
Admittance source

Referral 35 (n = 379)? 21 (n=219)2 17 (n = 100)® 26 (n=119)®

Emergency room 56 (n = 614)* 65 (n = 673)* 68 (n = 393)P 61 (n =280)°

Other 9 (n =99)? 14 (n = 144)* 15 (n = 84)° 13 (n = 60)°
Insurance

Medicare 59 (n = 640)? 83 (n = 63)? 90 (n = 520)P 75 (n = 343)°

Medicaid 9 (n=101)* 4 (n =43) 3(n=15)" 6 (n=28)"

Private 28 (n =303)? 12 (n = 120)? 7 (n = 40)° 17 (n = 80)°

Uninsured 4 (n=38)* 1(n=28)* 1(n=1)° 2(n=7)"
Dialysis

Yes 5(n=>51)* 3(n=31)* 3(n=16) 3(n=15)

No 95 (n = 1,041)? 97 (n = 1,005)? 97 (n =561) 97 (n = 444)
Severity of illness

Low 6 (n = 68)* 2 (n=22) 1(n=6)° 3(n=16)"

Moderate 79 (n = 862)* 70 (n = 723)® 69 (n = 399)° 70 (n = 324)°

High 15 (n = 162)* 28 (n=291)* 30 (n=172)° 26 (n=119)®

n = Patient record count. * p < 0.05, home versus post-hospital care.  p < 0.05, extended facility care versus home health care.

Multivariable Analysis for Factors Associated with

Post-Hospital Care

As seen in table 3, several factors were associated with
the receipt of post-hospital care among surviving patients
with uncomplicated ARF. A significant and graduated
trend was seen between post-hospital care and advancing
age as well as post-hospital care and higher levels of ill-
ness severity (p <0.0001). Female gender (OR = 1.36; 95%
CI 1.12-1.65) and admission from an emergency room
(OR = 1.70; 95% CI 1.36-2.13) were both independently
associated with the receipt of post-hospital care. A clear
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consistent trend existed between less post-hospital care,
regardless of specific type, and acute hospitalization at
secondary academic hospitals (OR = 0.47; 95% CI 0.35-
0.63). The relationship between hospitalization at prima-
ry academic medical centers and post-hospital care de-
pended on the specific type of post-hospital care - lesser
receipt of extended facility care (OR = 0.52; 95% CI 0.41-
0.67) but greater receipt of home health care (OR = 1.67;
95% CI 1.29-2.15).
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Table 3. Factors associated with post-hospital care for patients with uncomplicated ARF

Characteristic Post-hospital care Extended facility care Home health care
adjusted OR  95% CI adjusted OR  95% CI adjusted OR  95% CI
Race
White 1.00* NS 1.00%
Black 0.91 0.66-1.26 NS 0.98 0.69-1.38
Other 0.64 0.47-0.87 NS 0.70 0.49-0.99
Gender
Male 1.00* 1.00* NS
Female 1.36 1.12-1.65 1.61 1.29-2.00 NS
Age
<65 1.00% 1.00% 1.00*
=265 to <75 2.81 2.17-3.64 2.71 1.89-3.89 2.02 1.51-2.70
>75 to <85 5.26 4.07-6.79 6.67 4.79-9.29 1.65 1.24-2.20
>85 10.54 7.49-14.84 11.76 8.11-17.06 1.63 1.15-2.32
Income
Low NS 0.72 0.54-0.96 NS
Average NS 1.00* NS
Hospital type
Primary academic 0.97 0.77-1.22 0.52 0.41-0.67 1.67 1.29-2.15
Secondary academic 0.47 0.35-0.63 0.47 0.35-0.65 0.75 0.53-1.05
Non-academic 1.00* 1.00* 1.00*
Admit Source
Referral 1.00* 1.00* NS
Emergency room 1.70 1.36-2.13 2.03 1.54-2.68 NS
Other 2.30 1.64-3.24 2.56 1.74-3.75 NS
Severity
Low 0.46 0.27-0.78 0.25 0.11-0.60 0.92 0.52-1.62
Moderate 1.00* 1.00* 1.00*
High 2.06 1.62-2.61 1.75 1.36-2.24 1.39 1.09-1.78

3 Reference value.

Discussion

This study underscores the significant post-hospital
care requirements that individuals with uncomplicated
ARF encumber. Nearly 50% of the uncomplicated ARF
patients required either extended facility care or home
health care. Prior investigations from the 1990s noted
that up to 44% of critically ill individuals who survive
ARF need some type of post-hospital extended care [21-
23]. Two recent studies involving nationwide samples of
ARF patients with varying disease severity and complex-
ity found that roughly 25% these patients were discharged
to long-term care facilities, which was twice the rate of
discharge to these facilities found among patients with-
out ARF [13, 14].

Consistent with these studies, we found that 27% of
AREF patients received extended facility care, even in the

Acute Renal Failure and Post-Hospital
Care

less severe form of ARF represented by this analysis [13,
14]. Moreover, another 22% of survivors with uncompli-
cated ARF received home health services, which further
emphasizes the spectrum of resources that appear to be
needed to facilitate complete recovery from this condi-
tion.

It is even more revealing to consider these post-hospi-
tal care services relative to those associated with other
prominent medical illnesses. The unadjusted aggregate
post-hospital care requirements for uncomplicated ARF
are similar to those of well-recognized disabling condi-
tions such as congestive heart failure and myocardial in-
farction. In a broader context, this finding parallels the
relatively high costs and lengths of stay for uncomplicat-
ed ARF compared to other serious conditions as shown
in our prior work, further underscoring the significant
resource utilization associated this condition [11]. Fur-
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thermore, it is important to consider the mounting eco-
nomic burden incurred by post-hospital care. In 2000,
nearly 125 billion USD or 10% of American national
health expenditures were allocated for nursing home and
home health care services, which often occur following
acute hospitalization [24]. Costs for these services are
projected to almost double to nearly 240 billion USD by
2011 [24].

This study is distinct and complementary to prior in-
vestigations in several key ways. First, this analysis rep-
resents patients with uncomplicated ARF, where ARF
was chiefly responsible for hospitalization while other
medical problems played far less important roles. This
strategy allowed us to more specifically link ARF to post-
hospital care requirements. The frequency of post-hospi-
tal care requirements for the excluded complicated ARF
patients in this dataset were found to be nearly 60% (data
not shown), but it is unclear if these additional post-dis-
charge resources are obligated by ARF or the other non-
renal organ failures. Second, in order to further clarify
the association between ARF and extended facility care,
we excluded hospitalized ARF patients who had been ad-
mitted from such facilities. This important methodolog-
ical detail has not been delineated in prior work. Third,
we captured individuals with ARF who were discharged
home but received home health services. Although we
were not able to determine if patients were receiving
home health care prior to admission and hence its asso-
ciation with uncomplicated ARF may be overstated, this
component of post-hospital care has not been evaluated
previously for ARF. Approximately 25% of recent nation-
al health expenditures for post-hospital care were spe-
cifically used for home health care and it is projected that
this percentage will rise to 30% over the next decade
[24].

Factors independently associated with the receipt of
post-hospital care in ARF patients have not been charac-
terized until this study. Patient-related characteristics ap-
peared to have a particular influence on the occurrence
of post-hospital care services, including age, gender, and
severity of illness. Older age and female gender were in-
dependently associated with the receipt of post-hospital
care, extending findings from prior reports [13]. Several
investigators have found a greater frequency of function-
alloss from delirium and deconditioning with advancing
age during acute hospitalization and a subsequent higher
requirement of nursing home placement in the elderly
[22, 23, 25, 26]. A variety of factors may underlie these
observations including diminished physical reserve
against an acute disease process and disproportionate
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complications from its therapies [27, 28]. Especially when
considering ARF, issues such as polypharmacy, frequent
blood draws, volume overload, and complications from
physical restraints such as urinary catheter placement
likely play significant roles. Alternatively, the elderly may
receive less aggressive and intense hospital care even after
accounting for patient preferences, which could precipi-
tate greater functionalloss during hospitalization [11, 29—
31]. Female gender has been noted in prior studies to be
associated with a greater frequency of discharge to nurs-
ing homes following acute hospitalization [22, 25]. The
reason for this finding is not clear but likely relates to the
presence of spousal support and other social support at
home, which was not captured by our analysis. Similar to
findings in our prior work regarding uncomplicated ARF
and hospital resource utilization, the RDRG severity of
illness classes (low, moderate, high) maintain a strong
graduated association with the receipt of post-hospital
care in uncomplicated ARF patients [11]. This investiga-
tion is the first to demonstrate the utility of this risk-ad-
justment model in forecasting post-hospital resource use
for an acute illness [19, 20].

While less prominent than patient-related factors,
hospital factors also appeared to have an important rela-
tionship with the receipt of post-hospital care. A signifi-
cant trend and association existed between less post-hos-
pital care services and hospitalization at academic medi-
cal centers, particularly with regard to extended facility
care and secondary academic hospitals. Prior work in-
volving this same cohort of patients with uncomplicated
ARF demonstrated that patients hospitalized at academ-
ic hospitals also had shorter hospital lengths of stay com-
pared with those hospitalized at non-academic hospitals
[11]. Hence, it does not appear that a differential shift in
care between the acute hospital and post-hospital setting
among academic and non-academic hospitals explains
this finding. Previous analyses have reached differing
conclusions regarding the association between post-hos-
pital care services following acute medical illness and the
teaching status of a hospital [26, 32]. Unfortunately, while
our findings add further attention to this issue, they are
limited by the small number of studied hospitals and few
details regarding provision of care available for this anal-
ysis. In order to more fully understand these relation-
ships, a larger and more thorough examination of influ-
ential factors such as health organizational structure and
for-profit status is needed.

A few limitations in this present study are important
to note. First, although prior investigators and Massachu-
setts hospitals have used data from the Massachusetts
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DHCEFP repeatedly to successfully complete other ana-
lytic endeavors, limitations in the quality and complete-
ness of the information from this dataset may exist [11,
18]. We did not have access to all clinically important
AREF attributes such as serum creatinine values and urine
output, associated comorbid illnesses such as chronic
kidney disease and congestive heart failure, and patient
risk factors for delirium and deconditioning such as base-
line cognitive function and ambulatory status that could
influence the receipt of post-hospital care. However, by
limiting the study cohort to patients chiefly with only
kidney dysfunction, employing a robust severity of ill-
ness measure, and assessing the role of numerous con-
comitant important characteristics, we believe that the
relationship between post-hospital care and uncompli-
cated ARF has been appropriately characterized. Second,
our analysis focused on patient receipt of post-hospital
care services and not on patient need of these services. It
is possible that these two outcome measures may not al-
ways be equivalent due to patient and provider choice as
well as particular health institution policies. Third, al-
though DRG and ICD-9-CM codes for ARF have been
used in many recent studies, this methodology is poten-
tially limited by error and disease misclassification [13,
33-37]. A recent analysis evaluating the diagnostic utility
of ICD-9-CM codes to identity individuals hospitalized
with non-dialysis requiring ARF found high specificity,
negative predictive value, and positive predictive value
but low sensitivity for this methodology [38]. Along with
similar findings elsewhere, it suggests that analyses uti-
lizing ICD-9-CM codes to define ARF cohorts will not be
significantly compromised by the inclusion of non-ARF
individuals, but they may not include all individuals with
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