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Background: Data comparing effects of transient worsening renal function (WRFt) and per-
sistent WRF (WRFp) on outcomes in patients hospitalized with acute heart failure (AHF) are
lacking. We determined the characteristics of hospitalized AHF patients who experienced no
worsening renal function (non-WRF), WRFt, or WRFp, and the relationship between cohorts
and AHF-related outcomes.

Methods and results: A patient’s first AHF hospitalization (index) was identified in the Cerner
Health Facts® database (January 2008—March 2011). Patients had WRF if serum creatinine (SCr)
was =0.3 mg/dL and increased =25% from baseline, and they were designated as WRFp if
present at discharge or WRFt if not present at discharge. A total of 55,436 patients were selected
(non-WRF =77%, WRFp =10%, WRFt =13%). WRFp had greater comorbidity burden than
WREFt. At index hospitalization, WRFp patients had the highest mortality, whereas WRFt patients
had the longest length of stay (LOS) and highest costs. These trends were observed at 30, 180,
and 365 days postdischarge and confirmed by multivariable analyses. WRF patients had more
AHF-related readmissions than non-WRF patients. In sensitivity analyses of the patient subset
with live index hospitalization discharges, postdischarge LOS and costs were highest in WRFt
patients, whereas mortality associated with a HF hospitalization was significantly higher for
WREF patients vs non-WRF patients, with no difference between WRFp and WRFt.
Conclusion: In patients hospitalized for AHF, WRFp was associated with the highest mortal-
ity, whereas WRFt was associated with the highest LOS and costs. WRF patients had higher
readmissions than non-WRF patients. Transient increases in SCr appear to be associated with
detrimental outcomes, especially longer LOS and higher costs.

Keywords: renal function, acute heart failure, mortality rate, health outcomes, serum creatinine,
cost

Introduction

The development of worsening renal function (WRF) occurs in approximately 25%
of patients hospitalized for acute heart failure (AHF).!? Several studies have dem-
onstrated that WRF in AHF patients is associated with increased mortality, length
of stay (LOS), heart failure (HF)-associated hospital readmissions, and cost.?”
A meta-analysis of 23 cohort, registry, and randomized controlled studies found that
AHF patients with WRF had almost a 2-fold higher rate of all-cause mortality than
those without WRF (unadjusted OR [odds ratio]: 1.75-95% CI [confidence interval]:
1.47-2.08, P<<0.001).!
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Previous studies have used varying definitions of WRE,
and populations have generally been limited to small groups
of selected patients or have had limited access to complete
data and follow-up. Furthermore, previous studies have rarely
distinguished between transient WRF (WRFt) and persistent
WRF (WRFp). The three studies that have directly com-
pared outcomes associated with WRFt vs WRFp in patients
hospitalized for AHF had somewhat contradictory results.””
One study found that 6-month postdischarge events (com-
bined all-cause mortality or AHF-related readmission) were
increased in patients with WRFt and WRFp.” The second
study found that only WRFp led to a significant increase
in all-cause mortality at 6 months.® In the third study, both
WRFt and WRFp were associated with a higher risk of 90-day
all-cause mortality, but the risk was significantly higher with
WRFp vs WRFt.? Similar to many other studies, these stud-
ies had different methods of defining WRE, and only one of
the studies assessed LOS. None of the studies assessed cost
outcomes based on WRF persistence.

Using contemporary data from a large multicenter data-
base, the current analysis assessed short- and long-term
AHF-related outcomes by WRF status using a rigorous
clinically-based definition for WRF. The objective of this
retrospective cohort analysis was to describe the character-
istics of patients hospitalized for AHF who experienced no
WRF (non-WRF), WRFt, or WRFp and to determine the
association of these groups with in-hospital, 30-, 180-, and
365-day postdischarge mortality, risk of AHF readmission,
LOS, and costs.

Methods
Study design

This was a retrospective longitudinal database analysis with
a study period between January 2008 and March 2012. The
index hospitalization was defined as the earliest valid inpa-
tient hospital admission for AHF during the study period;
index hospitalizations were determined up to March 30,
2011, and readmissions were tracked until March 30, 2012.
AHF diagnosis was identified as hospitalization with a pri-
mary or secondary discharge International Classification of
Diseases, 9th Edition (ICD-9) code for AHF (428.xx,398.91,
402.x1, 404.x1, 404.x3, 415.0, 416.x, 417.x, 425 .x, 429.0,
429.1, or discharge diagnosis-related group of 127, 291,
292, and 293). These same diagnoses criteria were used for
all assessed time points. The database used in the analysis
was the Cerner Health Facts® (Kansas City, MO, USA) inpa-
tient claims database, which contains deidentified patient
data from Cerner and non-Cerner participating facilities.

Patient demographics, diagnoses, prescriptions, procedures,
laboratory testing, hospital information, service location,
and billing data from >480 contributing facilities through-
out the United States were captured in the database (http://
www.bridgetodata.org/node/1789). The data set used in this

analysis included patients with AHF-related admissions.
All-cause outcomes were not explored in this study, since
only AHF-related data were captured and tracked in the
data set. At the index AHF-related hospitalization, mortality
due to any cause was captured. Any mortality during a HF
hospitalization was captured at the 30, 180, and 365-day
post-discharge follow-ups.

Patients

To be included in the analysis, patients must have had =1
record of an inpatient stay for AHF (primary or secondary
diagnoses) between January 1, 2008, and March 30, 2011;
had =3 records of reported serum creatinine (SCr) values for
the index hospitalization, including an admission (or base-
line) SCr value within the same day or day after admission;
and were =18 years of age at the index hospitalization.
Patients with any of the following were excluded from the
analysis: record of elective or planned HF-related hospitaliza-
tion, record of a heart transplantation procedure, diagnosis
of chronic kidney disease stage 5 or end-stage renal disease
requiring dialysis, diagnosis of cachexia or sarcopenia, record
of death with LOS =1 day at index hospitalization, miss-
ing cost or utilization data, unknown sex or age indicators,
missing LOS data, or hospitalization for AHF within 1 year
before the index hospitalization.

Definition of WRF

Eligible patients were divided into three renal function
status cohorts based on SCr measurements during the index
hospitalization. Currently, there is no expert consensus on
how to define WREF. In the past, many studies have utilized
a SCr cutoff relative to baseline.>>!%!! However, there have
been growing concerns that small changes in SCr could be
associated with greater decreases in estimated glomerular
filtration rate (¢eGFR)."? To adjust for this, some studies have
explored using a combination of absolute SCr and a =25%
increase from baseline to define WRFE.%! The current study
will be the first to investigate outcomes such as LOS and
costs using this more comprehensive definition of WRE.
The last SCr measure before discharge was considered the
discharge SCr. The WRFp cohort consisted of patients who
had =0.3 mg/dL and a =25% increase from baseline SCr

that persisted at discharge of the index hospitalization. The
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WRFt cohort consisted of patients who had =0.3 mg/dL
and a =25% increase from baseline SCr that did not persist
at discharge from the index hospitalization. The non-WRF
cohort consisted of patients not identified as either WRFp
or WRFt.

Assessments

Information at the index hospitalization was collected on
patient demographics, hospital characteristics, comorbidities,
and HF medication utilization. The primary analysis evalu-
ated the relationship between WRF cohorts and mortality,
LOS, and inpatient service costs for the index hospitalization
and all subsequent AHF-related readmissions at cumulative
postdischarge time points of 30, 180, and 365 days from the
index hospitalization. In addition, the relationship between
WREF cohorts and the number of AHF-related readmissions
within 30, 180, and 365 days postdischarge from the index
hospitalization was evaluated. Secondary analyses evaluated
the relationship between AHF outcomes with index admis-
sion SCr and the index admission blood urea nitrogen (BUN)/
SCr ratio. Furthermore, the relationship between WRF
status and eGFR threshold (< or =60 mL/min/1.73 m?)
was determined.

Statistical analyses
Using the inclusion/exclusion criteria, a feasibility assess-
ment determined that the sample size was large enough to
ensure the study was well powered. Descriptive statistics of
patient demographics, hospital characteristics, comorbidities,
HF medication utilization, and secondary analyses were per-
formed for comparison among WRF cohorts. Comparisons
among all three cohorts (WRFt, WRFp, and non-WRF) and
just two cohorts (WRFt and WRFp) were performed using
Kruskal-Wallis or Wilcoxon Rank Sum for continuous vari-
ables and yx-square test for categorical variables.
Multivariate modeling was conducted for the primary
analysis. Covariates for all models were patient demograph-
ics, comorbidities, index admission SCr, index admission
BUN/SCr ratio, hospital characteristics (including the
number of beds, teaching status indicator, catheterization
laboratory present indicator, and diagnostic catheterization
laboratory indicator), and admission source and type. Logistic
regression models were constructed to compare mortality
among all three cohorts, or WRFt vs WRFp, at the index
hospitalization, and mortality associated with all subsequent
AHF-related readmissions within 30, 180, and 365 days of
discharge. Negative binomial models were constructed to
compare the number of AHF-related readmissions among

all three cohorts, or WRFt vs WRFp, within 30, 180, and
365 days of discharge. Generalized linear models assuming
gamma distribution were constructed to compare LOS and
costs among all three cohorts, or WRFt vs WRFp, at the index
hospitalization and all subsequent AHF-related readmissions
within a cumulative (index + readmission) 30, 180, and 365
days of discharge. Costs were normalized to 2012 US dollars
using the US Medical Care Services Consumer Price Index
for All Urban Consumers.

Sensitivity analyses and model diagnostics
A sensitivity analysis was conducted to account for the
potential impact of early mortality that could lead to biased
estimates. This analysis used the same multivariate modeling
described earlier for mortality, LOS, and costs, using only
the subset of patients with a live discharge from the index
hospitalization.

Regression diagnostics for the negative binomial and
logistic regression models included an assessment of col-
linearity and influence diagnostics. Robustness analyses were
conducted by constructing reduced models with significant
variables only (retention fixed at P<<0.05) and full models
with outliers/heavy influence data points removed. The
results of the robustness analyses were in agreement with
those of the full analyses (data not shown). Analyses were
conducted using the SAS software version 9.3 (SAS Institute
Inc., Cary, NC, USA).

Results

Patients

The selection process identified 55,436 patients for inclu-
sion in the analysis, with the most critical criterion being
the requirement for =3 records of SCr values (Figure 1).
The majority of patients (n=42,507, 77%) were categorized
as having non-WRF; 13% (n=7,366) and 10% (n=5,563)
of patients were categorized as having WRFt and WRFp,
respectively, with a total WRF prevalence of 23%.

For the total population, the mean age was 72.4+14.3 years,
and 53% of patients were women. Patients with WRFp were
older than patients with WRFt, but there was no difference
in the sex distribution across cohorts (Table 1). Mean index
admission SCr levels were similar among the cohorts, whereas
the proportion of patients with eGFR of <60 mL/min/1.73 m?
at admission was higher in the WRFp (53.9%) and WRFt
(54.3%) patients compared with the non-WRF patients
(51.4%; Table 1). No meaningful conclusions could be
made regarding differences among cohorts for vital signs,
since these data were available only for a small percentage
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Patients with >1 record of an inpatient stay for AHF2 between January 1, 2008 and March 30, 2011
n=157,186

]

Patients with >3 records of reported SCr laboratory values for the index hospitalization including an admission (or baseline) SCr laboratory
value within the same day or day after admission
n=93,971

|}

Patients >18 years old at admission to the index hospitalization
n=93,971

|

Dropping patients with a record of elective and planned HF hospitalizations such as for cardiac device implantation
n=75,867

|

Dropping patients with a record of a cardiac transplantation procedure
n=75,865

1

Dropping patients with a diagnosis of chronic kidney disease stage 5 or end-stage renal disease requiring dialysis
n=71,184

!

Dropping patients with a diagnosis of cachexia or sarcopenia
n=70,870

!

Dropping patients with record of death with LOS <1 day at index hospitalization
n=70,870

|}

Dropping patients with missing cost data
n=56,976

!

Dropping patients with unknown sex or age, age >115 years, or missing LOS data
n=56,972

]

Dropping patients with AHF admission within 1 year before index date
n=55,436

Figure | Patient selection.

Notes: An AHF hospitalization is an admission having a primary or secondary diagnosis for any of the following ICD-9-CM heart failure codes: 398.91, 402.x1, 404.x1, 404.

x3, 415.0, 416.x, 417.x, 425.x, 428.0, 428.1, 428.2x, 428.3x, 428.4x, 428.9, 429.0, 429.1.

Abbreviations: AHF, acute heart failure; HF, heart failure; LOS, length of stay; SCr, serum creatinine.

of patients. A higher overall comorbidity burden based on
the Charlson Comorbidity Index was present in patients
with WRFp compared to patients in the non-WRF and WRFt
cohorts (Table 2). Patients with WRFp had significantly higher
rates of cancer, sepsis, chronic liver disease, and impaired
immune function, and lower rates of asthma and other respi-
ratory conditions compared to patients with WRFt (Table 2).
Non-WREF patients used fewer HF-related medications such as
loop diuretics compared to patients with WRE. Patients with
WRFp used less angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, and B-blockers compared to
patients with WRFt (Table 2).

Mortality

Patients with WRF had higher mortality rates than non-WRF
at all time points (index, 30, 180, and 365 days postdischarge;
Figure 2). The mean mortality rate at the index hospitaliza-
tion was 23.6%, 5.7%, and 3.9% for the WRFp, WRFt, and
non-WREF cohorts, respectively (Figure 2). When compared

with the non-WRF cohort in multivariate models, the OR for
mortality during the index hospitalization was 7.76 (95% CI:
7.09-8.50; P<<0.0001) in the WRFp cohort and 1.20 (95% CI:
1.06—1.36; P=0.0030) in the WRFt cohort (Table 3). Patients
in the WRFp cohort had greater than six times higher odds of
mortality compared to those with WRFt (OR: 6.43; 95% CI:
5.63-7.34) at the index hospitalization. The greater odds with
WRFp vs WRFt persisted up to a year later when looking at
death during a HF-associated hospitalization (Table 3). Other
significant multivariable predictors for index hospitaliza-
tion mortality and HF-associated hospitalization mortality
included WRFp, sepsis, cardiogenic shock, pneumonia, index
admission SCr, and index admission BUN/SCr ratio. Most of
the deaths (70%) occurred during the index hospitalization,
which drove the cumulative mortality results.

In the sensitivity analysis, in which only the subset of
patients with live discharge from the index hospitalization
were evaluated, patients in the WRFt cohort had signifi-
cantly higher odds ratios for mortality associated with a HF
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Table | Patient and hospital characteristics by WRF cohort

Total Non-WRF WRFp WRFt P-value P-value
(n=55,436) (n=42,507) (n=5,563) (n=7,366) (3 groups)? (WRFp vs WRFt)®

Age (year), mean (SD) 724 (14.3) 72.3 (14.4) 73.5 (13.5) 71.9(13.9) <0.0001 <0.0001
Female (%) 53.1 53.2 524 53.4 0.4724 0.2411
Race (%) <0.0001 <0.0001

White 78.7 794 76.5 76.3

Black 16.9 16.4 17.5 19.0

Hispanic 1.2 1.2 1.3 1.4

Asian 0.6 0.6 0.9 0.8

Unknown 24 23 35 2.4
Index SCr (mg/dL), mean (SD) 1.4 (1.1) 1.5 (1.2) 1.4 (0.8) 1.4 (0.8) 0.2306 0.1538
Index BUN/SCr ratio, mean (SD)¢ 20.0 (8.9) 20.1 (8.9) 20.1 (10.0) 19.4 (8.3) <0.0001 0.0256
Index eGFR (%)¢ 0.0009 0.733

<60 mL/min/1.73 m? 52.0 51.4 53.9 54.3

=60 mL/min/1.73 m? 48.0 48.6 46.2 45.7
Number of hospital beds (%) <0.0001 0.0011

<6 0.03 0.02 0.02 0.1

6-99 8.1 8.5 7.5 6.4

100-199 15.7 16.1 14.4 13.9

200-299 18.8 19.0 19.1 17.9

300499 26.2 26.6 24.9 24.4

500+ 31.2 29.8 34.1 373
Hospital designation (%) 0.1066 0.7758

Rural 0.2 0.2 0.1 0.1

Urban 99.8 99.8 99.9 99.9
Hospital teaching status (%) <0.0001 <0.0001

Non-teaching 27.7 28.1 28.6 25.2

Teaching 723 719 714 74.8

Notes: “The non-WRF cohort is the reference group; ®the WRFt cohort is the reference group; missing in 388 patients; “missing in 28,769 (52%) patients.
Abbreviations: BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; SCr, serum creatinine; SD, standard deviation; WRF, worsening renal function;

WREFp, persistent WRF; WRFt, transient WRF.

hospitalization at all time points than the reference non-WRF
cohort (OR =1.24; P=0.032). There was a numeric trend
toward higher odds ratios for mortality associated with a HF
hospitalization for the WRFp cohort as well, but statistical
significance was not always reached (OR =1.30; P=0.146).
When patients with any WRF were combined together, they
had significantly higher odds ratios for mortality associated
with a HF hospitalization at 30, 180, and 365 days postdis-
charge compared to patients in the non-WRF cohort (OR
=1.22; P<<0.05). However, there were no significant differ-
ences in mortality associated with a HF hospitalization rates
between the WRFp and WRFt cohorts at any time point in
this mortality model, evaluating a subset of patients with live
discharge from the index hospitalization.

Length of stay

Patients with WRFp had significantly shorter LOS at all time
points compared with patients in the WRFt cohort, but had
longer LOS compared with patients in the non-WRF cohort
(Figure 3). The mean LOS at the index hospitalization was
10.2,13.6, and 7.5 days for the WRFp, WRFt, and non-WRF

cohorts, respectively (Figure 3). Compared with the non-WRF
cohort in multivariate models, the index hospitalization LOS
was significantly longer for the WRFp cohort (P<<0.0001) and
for the WRFt cohort (P<<0.0001; Table 3). Compared with
the WRFp cohort, the index hospitalization LOS was signifi-
cantly longer for the WRFt cohort (P<<0.0001; Table 3). This
longer LOS for WRFt patients was observed at all time points
(Table 3). Other significant multivariable predictors for LOS
included WRFp, sepsis, pneumonia, acute cerebrovascular
disease, WRFt, and cardiogenic shock. As with the mortality
results, most of the inpatient stay (75%) during the 365-day
follow-up occurred during the index hospitalization, which
drove the cumulative LOS results.

In the sensitivity analyses, the same LOS pattern
(WRFt > WRFp > non-WRF) with respect to cohort was
observed in patients with live index discharges and for the
total population. Compared with the non-WRF cohort, the
LOS was significantly longer for both WRFp and WRFt
patients at all time points (P<<0.0001). Compared with the
WRFp cohort, LOS was significantly longer for the WRFt
cohort at all time points (P<<0.0001).
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Table 2 Medication utilization and comorbidities by WRF cohort

Total Non-WRF  WRFp WRFt P-value P-value
(n=55,436) (n=42,507) (n=5,563) (n=7,366) (3 groups)* (WRFp vs WRFt)"
HF-related medication use (%)
ACE inhibitor 42.7 41.3 44.3 49.8 <0.0001 <0.0001
ARB 1.5 11.0 12.1 13.8 <0.0001 0.0064
3-Blocker 779 76.6 80.8 832 <0.0001 0.0005
Loop diuretic 71.1 67.7 825 82.2 <0.0001 0.6309
Charlson comorbidity index score (SD) 2.2 (1.9) 2.2(1.9) 2.5 (2.0 2.3 (1.9) <0.0001 0.0011
Comorbidities (%)
Chronic liver disease and cirrhosis 3.1 3.0 39 3.0 0.0015 0.0094
Valvular heart disease 24.1 238 24.0 25.7 0.0024 0.0265
Other chronic respiratory conditions 234 24.0 20.1 223 <0.0001 0.0036
Chronic respiratory failure, primary pulmonary  21.6 22.1 18.6 20.6 <0.0001 0.0043
hypertension, and cardiopulmonary obesity
Chronic impaired immune function 14.0 13.7 16.0 13.9 <0.0001 0.0010
Cancer 10.0 10.0 11.0 8.9 0.0003 <0.0001
Sepsis/septic shock 8.0 6.7 13.3 .5 <0.0001 0.0021
Asthma 8.0 8.0 7.0 83 0.0155 0.0063

Notes: “The non-WRF cohort is the reference group; *the WRFt cohort is the reference group.
Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers; HF, heart failure; SD, standard deviation; WRF, worsening renal function; WRFp,

persistent WRF; WRFt, transient WRF.

Costs

Patients with WRFp had significantly lower costs at all time
points compared to patients with WRFt, but higher costs
compared to patients in the non-WRF cohort (Figure 4).
The mean index hospitalization costs were $29,252, $38,412,
and $20,137 for the WRFp, WRFt, and non-WRF cohorts,
respectively (Figure 4). Compared with the non-WRF cohort in
multivariate models, the index hospitalization costs were sig-
nificantly higher for the WRFp cohort (P<<0.0001) and for the
WREFt cohort (P<<0.0001; Table 3). Compared with the WRFp
cohort, the index hospitalization costs were significantly higher

30%

25% 23.6% 24.4%
20%

15%

Mortality rate

10%

575 6.7%
- 4.7%

5% | 3.9%

0%

for patients in the WRFt cohort (P<<0.0001; Table 3). Similar
results were seen for the other time points (Table 3). Other
significant multivariable predictors for cost included WRFt,
sepsis, cardiogenic shock, pneumonia, emergency admission,
geographic region, and index year. As with mortality and LOS,
most of the costs (78%) occurred during the index hospitaliza-
tion, which drove the cumulative cost results.

In the sensitivity analyses, the same cost pattern
(WRFt >WRFp >non-WRF) with respect to cohort was
observed in patients with live index discharges and for the
total population. Compared with the non-WRF cohort, the

25.4% 26.1%

0O Non-WRF
B WRF-persistent

O WRF-transient

8.2% 8.8%

6.6%)

5.8%]

Index
hospitalization

30 days

Figure 2 Mortality rate by WRF cohort.

180 days

365 days

Notes: Patients in the WRFp cohort had significantly (P<<0.0001) higher rates of mortality at all time points than patients in the non-WRF and WRFt cohorts.
Abbreviations: HF, heart failure; WRF, worsening renal function; WRFp, persistent WRF; WRFt, transient WRF.

submit your manuscript

362

Dove

ClinicoEconomics and Outcomes Research 2015:7


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove Association of WRF with AHF outcomes

Table 3 Statistical modeling summary

Outcome Comparison Coefficients/odds ratio
Index 30-day model 180-day model 365-day model
hospitalization
WRFp WRFt WRFp WRFt WRFp WRFt WRFp WRFt
Readmission® (negative ~ WRFp vs WRFt vs non-WRF® 0.216¢ 0.237¢ 0.132¢ 0.168¢ 0.115¢ 0.138¢
binomial model) WRFp vs WRFt* —-0.020 —0.036 —-0.031
Mortality? (logistic WRFp vs WRFt vs non-WRF*  7.763¢ 1.202¢ 6.537¢ 1.225¢ 5331 1.269¢ 4.830¢ 1.218°
regression model) WRFp vs WRFt® 6.428° 5.427¢ 4.292¢ 4.071¢
LOS' (GLM model) WRFp vs WRFt vs non-WRF>  0.211¢ 0.489° 0.194¢ 0.475¢ 0.163¢ 0.447¢ 0.149¢ 0.429°
WRFp vs WRFt® —0.273¢ —0.274¢ —0.278° —0.273°
Costt (GLM model) WRFp vs WRFt vs non-WRF*  0.246° 0.481° 0.227¢ 0.464° 0.195¢ 0.443° 0.178° 0.425¢
WRFp vs WRFt* —0.235° —0.235¢ —0.247° —0.245°

Notes: *Other significant multivariable predictors for readmission included WRFp, WRFt, atrial fibrillation, BUN/SCr ratio, index year, and admission source; ®the non-WRF
cohort is the reference group; ‘the WRFt cohort is the reference group; Yother significant multivariable predictors for mortality included WRFp, sepsis, cardiogenic shock,
pneumonia, index admission SCr, and index admission BUN/SCr ratio; ¢P<<0.01; fother significant multivariable predictors for LOS included WRFp, sepsis, pneumonia, acute
cerebrovascular disease, WRFt, and cardiogenic shock; ¢other significant multivariable predictors for cost included WRFt, sepsis, cardiogenic shock, pneumonia, emergency
admission, geographic region, and index year.

Abbreviations: BUN, blood urea nitrogen; GLM, generalized linear model; LOS, length of stay; SCr, serum creatinine; WRF, worsening renal function; WRFp, persistent

WRF; WRFt, transient WRF.

costs were significantly higher for both WRFp and WRFt
patients at all time points (P<<0.0001). Compared with the
WRFp cohort, costs were significantly higher for the WRFt
cohort at all time points (P<<0.0001).

Hospital readmissions

Patients with WRFp and WRFt had a significantly higher
number of AHF-related readmissions at all time points
compared to patients in the non-WRF cohort; however,
there was no difference between the WRFp and WRFt
cohorts (Figure 5). The mean number of readmissions

at 30 days postdischarge was 0.12, 0.12, and 0.09 for
the WRFp, WRFt, and non-WRF cohorts, respectively
(Figure 5). Compared with the non-WRF cohort in mul-
tivariate models, the readmission count at 30 days post-
discharge was significantly higher for the WRFp cohort
(P<0.0001) and the WRFt cohort (P<<0.0001; Table 3).
Other significant multivariable predictors for readmission
included WRFp, WRFt, atrial fibrillation, BUN/SCr ratio,
index year, and admission source. Nearly one-quarter
(24%) of the readmissions occurred during the first 30 days
postdischarge.

18 17.0

16.1
16

14.5 O Non-WRF
14 13.6

12 12.0 B WRF-persistent

O WRF-transient

LOS (d)

Cumulative
365 days

Cumulative
180 days

Cumulative
30 days

Index
hospitalization

Figure 3 LOS by WRF cohort.

Notes: Patients in the WRFt cohort had significantly (P<<0.0001) longer LOS at all time points than patients in the non-WRF and WRFp cohorts. The LOS was significantly
longer in the WRFp cohort compared with the non-WRF cohort.

Abbreviations: LOS, length of stay; WRF, worsening renal function; WRFp, persistent WRF; WRFt, transient WRF.
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Figure 4 Cost by WRF cohort.

Cumulative

Cumulative

180 days 365 days

Notes: Patients in the WRFt cohort had significantly (P<<0.0001) higher costs at all time points than patients in the non-WRF and WRFp cohorts. The costs were significantly
higher in the WRFp cohort compared with the non-WRF cohort. Costs are in 2012 US dollars.
Abbreviations: WRF, worsening renal function; WRFp, persistent WRF; WRFt, transient WRF.

Secondary analyses

Results from the secondary analyses showed that there was
no difference in the average index admission (within the
same day or the day after admission) SCr among cohorts
(Table 1), although the distribution was significantly differ-
ent, with non-WRF having a higher percentage of patients
at the extremes of higher and lower index admission levels.
Index admission SCr was a significant predictor of mortal-
ity, LOS, and costs after controlling for other factors. The
average index admission BUN/SCr ratio was significantly
higher in the WRFp and non-WRF cohorts compared with
the WRFt cohort (Table 1), and was a significant predictor
for mortality, LOS, costs, and readmissions. The index

0.5

admission eGRF was available only for 48% of patients.
This parameter was significantly higher in the non-WRF
cohort than in the WRFp and WRFt cohorts; however, there
was no significant difference in the probability of belonging
to the higher eGFR (=60 mL/min/1.73 m?) group between
the WRFp and WRFt cohorts (Table 1).

Discussion

In this retrospective analysis of patients hospitalized for AHF,
patients in the WRFp cohort had significantly higher mortality
rates compared with patients in the non-WRF and WRFt
cohort, whereas patients in the WRFt cohort had significantly
longer LOS and costs compared with patients in the non-WRF

- 0.46 047
2
@ 0.40
E 0.4 O Non-WRF
S 0.33 0-34 ® WRF-persistent
w 028 O WRF-transient
S
3
c 0.2
5
c 0.12 0.12
g 0.1 0.09
o
]
>
<
30 days 180 days 365 days

Figure 5 AHF-related hospital readmissions by WRF cohort.

Notes: Patients in the WRFt and WRFp cohorts had a significantly (P<<0.0001) higher number of AHF-related readmissions at all time points than patients in the non-WRF.
There was no significant difference in readmissions between the WRFt and WRFp cohorts.
Abbreviations: AHF, acute heart failure; WRF, worsening renal function; WRFp, persistent WRF; WRFt, transient WRF.
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and WRFp cohorts. Although any WRF was associated with
a higher number of AHF-related readmissions, there was no
difference between the WRFp and WRFt cohorts.

The mortality rate was strikingly higher in the WRFp
cohort compared with the other cohorts. This finding may have
been driven by the definitions used to characterize the WRF
status cohorts. In 2002, Gottlieb et al'' demonstrated that a
definition for WRF of change from baseline SCr =0.3 mg/dL
was both sensitive and specific for mortality and LOS. Since
then, many studies have used this definition, but due to the
exponential relationship between eGFR and SCr, absolute
changes in SCr are not equivalent in scale to changes in
eGFR." To address this issue, we used an updated and more
clinically rigorous definition for WRF that used both an
absolute change in SCr =0.3 mg/dL and a relative change
in SCr =25%.° The use of this definition may have resulted
in fewer patients being identified as having WRE. It is also
possible that unmeasured factors that were not specifically
addressed in this analysis (ie, concomitant chemotherapy,
high- or low-protein diets, certain medications, etc) may have
altered SCr levels, which would have affected WREF status.

Although the mortality rate was much higher in the WRFp
cohort compared with the WRFt cohort, it is still notable that
the mortality risk in the WRFt cohort was also significantly
higher than the non-WRF cohort. This result is in agree-
ment with that of a retrospective database study of Medicare
patients reported by Krishnamoorthy et al,’ who found that
both WRFtand WRFp (WRF defined as increase of SCr =0.3
mg/dL) were associated with a significant risk of 90-day all-
cause mortality, although the risk with WRFp was 46% higher
compared with WRFt. A study reported by Logeart et al’
also determined that both WRFt and WRFp (WRF defined
as increase of SCr =25 umol/L [>0.28 mg/dL]) in patients
hospitalized for AHF were significantly predictive of worse
outcomes (outcome of combined death and readmissions)
6 months postdischarge. Our findings on the increased risk
of mortality in the WRFt cohort is in contrast to those of
Aronson and Burger,® who found that patients hospitalized for
AHF with WRFt (WRF defined as increase of SCr =0.5 mg/
dL) did not have significantly increased mortality 6 months
postdischarge. In the current study, we also demonstrated
that WRFt was associated with significantly higher LOS
and costs compared with non-WRF and WRFp. These data
indicate that negative outcomes are associated with WRFt
and not just WRFp, and further investigation is needed for
this population.

Patients in the WRFt and WRFp cohorts had higher
rates of 30-day readmissions compared with patients in the

non-WRF cohort. In agreement with these results, in another
retrospective claims database analysis of 20,063 patients,
WRF was shown to increase the 30-day readmission risk in
patients hospitalized for AHE.'* In contrast, a prospective
study of 299 patients found no association between WRF
and 30-day readmission in patients hospitalized for AHF.*
Per the Patient Protection and Affordable Care Act, Medicare
reimbursement funds are decreased for hospitals with exces-
sive 30-day readmission rates for AHF. The only other study
that has investigated readmissions based on WRF persistence
found no significant difference by adjusted analyses for
either WRFt or WRFp in 90-day all-cause readmission or
HF-related readmission.’ Although the published data seem
contradictory, the discrepancies may be due to the slightly
varying definitions used for WRF; the definition in the cur-
rent study was more stringent than the other three studies that
investigated readmissions, requiring both an absolute and
percentage increase in SCr. The results of the current study
add to previous studies by showing that WRF status may be a
possible indicator of risk for 30-day readmission for AHF.
Most of the observed deaths, costs, and inpatient stay
days occurred during the index hospitalization, which drove
the cumulative results for the 30, 180, and 365 day time
points. In sensitivity analyses that excluded patients who
died during the index hospitalization, the presence of any
WRF remained (postindex hospitalization) significantly
associated with increased mortality associated with a HF
hospitalization at all time points. However, although WRFp
was highly associated with index hospitalization mortal-
ity, there was no longer a difference in postindex mortality
associated with a HF hospitalization between the WRFp and
WRFt cohort. The pattern of LOS and costs among cohorts
in patients with live discharge remained the same as the
total population (ie, significantly higher for patients in the
WRFt cohort compared with the other cohorts), indicating
that differences in mortality rates at the index hospitaliza-
tion did not drive the LOS and cost results. The observation
that cost and LOS were similar in the total population and
patients with live discharge was not unexpected since 94%
of all patients had a live discharge. These data indicate that
even transient increases in SCr appear to be associated with
detrimental outcomes, such as longer LOS and higher costs
when compared to patients with persistent increases. Post
hoc analyses of a randomized, multicenter trial found that
any change in renal function (either improved or worsened)
with AHF was associated with longer LOS and increased
mortality compared with stable renal function.'® Thus, any
change in renal function, regardless of improved, worsened,
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transient, or persistent, appears to be associated with poor
outcomes.

There are several strengths of this study including the
use of data from a large multicenter database, the use of a
stringent definition for WRE, and the assessment of both
short- and long-term outcomes. Another notable strength
of this study is the characterization of WRFt vs WRFp. The
results of this study indicate that there is indeed a difference
in outcomes based on persistence of WRF; however, both
WRFp and WRFt were associated with negative outcomes.

In a meta-analysis of 16 studies, a significant linear rela-
tionship was found between SCr levels and mortality risk in
patients with AHE.'® To determine if this relationship also
applied to other biomarkers of renal function, we conducted
secondary analyses of outcomes using index BUN/SCr ratio.
After controlling for WRF status and other covariates, the
index BUN/SCr ratio appeared to be a strong predictor of
all outcomes.

This study was limited by issues that apply to all retro-
spective database analyses, including the inability to deter-
mine and account for clinical factors, and the potential for
miscoding of diagnoses or resource utilization procedures.
The database is also limited, in that only data from patients
that went to Cerner reporting hospitals were captured, and the
majority of these reporting hospitals are teaching hospitals
where the patient mix and practice patterns may be different
than other hospitals. Furthermore, no data from hospitaliza-
tions outside the Cerner reporting hospitals were captured.
An additional limitation is that only the inpatient experience
of the patient was captured. Thus, if a patient died after dis-
charge, additional data could not be captured and the patient
was lost to follow-up. Furthermore, the data set used in this
analysis was only for patients hospitalized for AHF; therefore,
no data on all-cause outcomes were assessed, which may have
shed some additional light on the impact on outcomes due to
renal dysfunction. Finally, other AHF physiologic processes
other than renal status that were not assessed in this study
may be driving outcomes.

Conclusion

In patients hospitalized for AHF, WRFp was associated with
the highest mortality rate, whereas WRFt was associated with
the highest costs and LOS. WREF patients had higher readmis-
sion rates than non-WRF patients. Notably, transient increases
in SCr appear to be associated with detrimental outcomes,
especially longer LOS and higher costs. Further research is
needed to understand the basis for these findings.
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