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Abstract
Background—In the setting of acute decompensated heart failure, worsening renal function
(WRF) and improved renal function (IRF) have been associated with similar hemodynamic
derangements and poor prognosis. Our aim was to further characterize IRF and its associated
mortality risk.

Methods and Results—Consecutive patients with a discharge diagnosis of congestive heart
failure at the Hospital of the University of Pennsylvania were reviewed. IRF was defined as a
≥20% improvement and WRF as a ≥20% deterioration in glomerular filtration rate. Overall, 903
patients met eligibility criteria, 31.4% experiencing IRF. Baseline venous congestion/right sided
cardiac dysfunction was more common (p≤0.04) and volume of diuresis (p=0.003) was greater in
patients with IRF. IRF was associated with a greater incidence of pre-admission (OR=4.2, 95% CI
2.6–6.7, p<0.0001) and post-discharge (OR=1.8, 95% CI 1.2–2.7 p=0.006) WRF. IRF was
associated with increased mortality (adjusted HR=1.3, 95% CI 1.1–1.7, p=0.011), a finding largely
restricted to patients with post-discharge recurrence of renal dysfunction (p interaction=0.038).

Conclusion—IRF is associated with significantly worsened survival and may represent the
resolution of venous congestion induced pre-admission WRF. Unlike WRF, the renal dysfunction
in IRF patients occurs independent of the confounding effects of acute decongestion and may
provide incremental information for the study of cardio-renal interactions.
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Introduction
Worsening renal function (WRF) during the treatment of acute decompensated heart failure
has been associated with adverse outcomes such as death in multiple recent studies.[1–8]
However, despite significant study of this phenomenon, little progress has been made
toward a mechanistic or therapeutic understanding of cardio-renal interactions through the
study of WRF. This limited success may relate to the fact that, in the setting of aggressive
decongestion, some decreases in glomerular filtration may represent a normal physiologic
response to intravascular contraction and be free of adverse prognostic significance.[9]
Since decongestion is the primary goal of most decompensated heart failure admissions, the
confounding effects of treatment makes WRF a complex entity to study. Further progress
towards an understanding of cardio-renal syndromes (CRS) could likely be accomplished by
identifying CRS at a time prior to, or in the absence of, the physiologic derangements
induced by acute treatment.

We have recently reported that patients experiencing improvement in renal function (IRF)
during the treatment of decompensated heart failure have a similarly increased rate of
mortality to patients that develop WRF.[10] A possible explanation for the increased
mortality in patients with IRF could either be that WRF occurred prior to admission and/or
they have a recurrence of renal dysfunction after discharge. The primary aim of this study
was to validate our previous observation that IRF is associated with significantly increased
mortality and to further investigate the clinical profile of these patients. Additionally, we
sought to test the hypothesis that patients with IRF likely experienced WRF as an outpatient
prior to admission. We further hypothesized that the improvement in renal function is likely
transient, possibly driving the adverse prognosis observed in these patients.

Methods
Consecutive admissions from 2004 to 2009 to the cardiology and internal medicine services
at the Hospital of the University of Pennsylvania with a primary discharge diagnosis of
congestive heart failure were reviewed. Inclusion required an admission B-type natriuretic
peptide level > 100 pg/mL within 24 hours of admission, a length of stay 3 to 14 days, in
addition to admission and discharge serum creatinine levels. Exclusion criteria included
renal replacement therapy or admission to interventional cardiology services (to avoid
confounding from contrast nephropathy). In the event of multiple hospitalizations in a single
patient, the first admission that the patient underwent right heart catheterization was given
priority to maximize available right heart catheterization data. If right heart catheterization
did not occur, the first admission was retained. The primary analyses investigating the direct
association between IRF and mortality were conducted in first admissions only (without
preference for right heart catheterization) to ensure that the RHC enrollment criteria did not
introduce bias into the survival analyses. Results of the same analyses in the RHC enriched
population can be found in Supplementary Table 1. Values for echocardiographic and right
heart catheterization derived variables were obtained from their respective clinical reports.

Estimated glomerular filtration rate (GFR) was calculated using the Modified Diet and
Renal Disease equation.[11] IRF was defined as a ≥ 20% increase in GFR consistent with
prior published literature investigating IRF.[9, 10, 12] Given the non-linear relationship
between serum creatinine and renal function, and to maintain consistency with the IRF
definition, WRF was defined as a ≥20% decrease in GFR.[13] Changes occurring at any
time during the hospitalization were evaluated, unless specifically stated otherwise.
Transient-IRF was defined as the occurrence of IRF at any time during hospitalization but
deterioration in GFR prior to discharge leaving the admission to discharge improvement in
GFR < 20%. Persistent-IRF was defined the as a continued ≥ 20% improvement in GFR at
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discharge. All cause mortality was determined via the Social Security Death Index.[14] Pre
and post-discharge creatinine values were obtained by searching electronic medical records
which provide access to data for the University of Pennsylvania health system which
includes 3 hospitals in the Philadelphia area and the majority of the associated outpatient
facilities. In an attempt to capture the patients’ pre and post discharge compensated renal
function, creatinine values were collected if they were within 1 year of admission, greater
than 7 days prior to or after the hospitalization, and obtained when the patient was an
outpatient. Loop diuretic doses were converted to furosemide equivalents with 1 mg
bumetanide = 20 mg torsemide = 80 mg furosemide for oral diuretics, and 1 mg bumetanide
= 20 mg torsemide = 40 mg furosemide for intravenous diuretics. Data on net fluid output
(total fluid out-total fluid in) was obtained by summing the daily fluid in/out flow sheets on
all days of hospitalization. This study was approved by the institutional review board of the
Hospital of the University of Pennsylvania.

Statistical Methods
The primary analyses in this study focused on; 1) description of the clinical characteristics
associated with IRF, 2) evaluation of the relative change in pre-admission to admission
GFR, 3) evaluation of the relative change in GFR occurring post discharge, and 4)
investigation of the risk for mortality associated with IRF and its interaction with post IRF
changes in renal function. Values reported are mean ± standard deviation, median (quartile 1
- quartile 4) and percentile. Independent Student’s t-test or the Mann-Whitney U test was
used to compare continuous parameters. The Wilcoxon signed ranks test was used to
evaluate paired data associations. Pearson’s Chi Square was used to evaluate associations
between categorical variables. Proportional hazards modeling was used to evaluate time to
event associations with all cause mortality. Candidate covariates for multivariable models
adjusting for baseline characteristics were obtained by screening all baseline variables with
missing data <5% and a univariate association with mortality (p≤ 0.2). Covariates were
removed using backwards elimination (likelihood ratio) and variables with a p<0.2 were
retained.[15] Covariates for other multivariable models were entered using forced entry of
theoretically relevant variables. Given that the primary hypothesis was that IRF represents
baseline cardio-renal dysfunction, discharge rather than baseline indices of renal function
(i.e. GFR and blood urea nitrogen) were used to control for the potential influence of chronic
renal insufficiency. Survival curves for death from any cause were plotted for patients that
did not experience IRF, patients with transient-IRF and patient with persistent-IRF.
Additional survival curves were plotted for the four combinations of groups between yes/no
IRF and yes/no deterioration in renal function post discharge. Given that the focus of these
plots was on change in GFR rather than absolute GFR, all survival curve plots were adjusted
for discharge GFR. The x axis was terminated when the remaining number at risk was
<10%. Proportional hazard models for the primary analysis were subjected to 1000 bootstrap
replications (with replacement) to derive p values and 95% confidence intervals.
Significance was defined as 2-tailed p<0.05 for all analyses excluding tests of interaction
where p values <0.1 was considered significant. Statistical analysis was performed with
PASW Statistics version 18.0 (SPSS Inc, Chicago, Illinois).

Results
Overall, 903 patients met eligibility criteria. Baseline characteristics are presented in Table
1. In total, 31.4% of the population experienced IRF during the hospitalization with 18.1%
still meeting criteria for IRF at the time of discharge. Patients experiencing IRF had a mean
improvement in GFR of 43.7 ± 27.1% compared to the remainder of the cohort that
experienced only a 5.3 ± 6.7 % improvement in GFR from admission to the highest GFR
during hospitalization. At the time of discharge, IRF patients had a 25.4 ± 29.6% mean
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improvement in GFR compared to a 9.6 ± 14.8% deterioration in GFR in the remainder of
the cohort.

Characteristics of patients experiencing IRF and comparisons to the remainder of the cohort
are presented in Table 1. Notably, the IRF group had multiple baseline indices consistent
with a higher heart failure disease severity including lower baseline GFR, serum sodium,
ejection fraction, and systolic blood pressure in addition to a higher B-type natriuretic
peptide level (Table 1). Patients experiencing IRF also had a higher rate of heart failure
medication utilization such as beta blockade, spironolactone, and digoxin (Table 1). All
baseline echocardiographic parameters indicative of right sided volume overload and
dysfunction (data available n=771, median time from admission to echocardiography = 1
day) were significantly associated with incident IRF (Table 1). Physical examination
findings such as presence of edema (data available n=890), jugular venous distention (data
available n=840), and hepatojugular reflux (data available n=684) tended to occur more
frequently in IRF patients, however this association only met statistical significance for
hepatojugular reflux (Table 1). Left atrial size and left ventricular internal diastolic
dimension had no relationship with IRF despite the strong association noted with their right
sided analogs (Table 1). Right heart catheterization parameters (data available n=211) were
not significantly different between groups (Table 1). Notably, right atrial pressure was also
not significantly higher in WRF patients (11.2 ± 7.1 mmHg vs. 9.9 ± 6.4 mmHg, p=0.17)
compared to patients without WRF. Patients experiencing IRF had a greater volume of fluid
lost during hospitalization (5.7 ± 5.5 L vs. 4.2 ± 6.2 L, p=0.003). Peak [80 (40–160) mg vs.
80 (40–160) mg, p=0.54] and total [240 (80–540) mg vs. 200 (80–480) mg, p=0.31] loop
diuretic doses were similar. Length of stay was significantly longer in the group with IRF [7
(4–10) days vs. 5 (4–7) days, p<0.001] and utilization of inotropes was greater (OR=3.3,
95% CI 2.3–5.0, p<0.001).

Associations with pre-hospitalization renal function
In total, 41.3% (n=373) of patients had outpatient creatinine levels available within 1 year
prior to but ≥7 days from the admission. The median time between hospital admission and
the patient’s closest available creatinine was 60 (26–150) days and the lowest creatinine
level (i.e. best pre admission renal function) was 136 (45–248) days. Patients with and
without prior creatinine levels available were equally likely to experience IRF (OR=0.92,
95% CI 0.7–1.2, p=0.55). Amongst patients who experienced in hospital IRF, pre-admission
GFR was significantly higher than admission GFR (Table 2). The change in GFR from pre-
admission to admission was significantly greater in patients experiencing IRF compared to
those that did not (Figure 1). The incidence of pre-admission WRF was significantly greater
in patients who experienced inpatient IRF (closest GFR WRF OR=4.2, 95% CI 2.5–7.0,
p<0.0001; lowest GFR WRF OR=4.2, 95% CI 2.6–6.7, p<0.0001).

Associations with post-hospitalization renal function
In total, 50.3% (n=454) of the population had an outpatient serum creatinine level available
within 1 year after but ≥7 days from hospital discharge. The median time between hospital
discharge and the patient’s closest available creatinine was 45 (16–109) days and the highest
creatinine level (i.e. worst post discharge renal function) was 132 (48–248) days. Patients
with and without a creatinine available after discharge were equally likely to experience IRF
(OR=0.97, 95% CI 0.7–1.3 p=0.82). Amongst patients who experienced IRF during
hospitalization, their closest and worst post-admission GFR was significantly lower than the
discharge GFR (Table 2). This was particularly true for patients that still met criteria for IRF
at the time of discharge (Table 2). Deterioration in GFR after discharge was significantly
greater in patients experiencing IRF compared to those that did not, a finding which was
more pronounced for patients meeting IRF criteria at the time of discharge (Figures 2A and
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2B). The incidence of post discharge WRF was significantly greater in patients who
experienced inpatient IRF at any time (OR=1.8, 95% CI 1.2–2.7 p=0.006) and who still met
the criteria at discharge (OR=2.7, 95% CI 1.5–4.0 p<0.001) using the worst GFR as the
comparator. These associations did not meet significance for the closest GFR (IRF at any
time p=0.15, IRF at discharge p=0.057). Amongst patients experiencing IRF, the GFR at
hospital admission and the lowest post discharge GFR were not different (54.8 ± 24.8 mL/
min vs. 52.2 ± 25.1 mL/min, p=0.12).

Associations with mortality
Overall, 44.0% of the population died over a median of 2.6 years (1.2–4.2 years) after
hospital discharge. Patients experiencing IRF had a significantly greater incidence of all
cause mortality (Table 3 and Supplementary Table 1). Controlling for baseline
characteristics, in-hospital treatment characteristics, right ventricular dysfunction, physical
exam findings consistent with volume overload, or discharge medications did not eliminate
the independent association between IRF and increased mortality (Table 3 and
Supplementary Table 1). Of note, IRF was associated with a significantly greater risk for
long term mortality than WRF (HR=1.5, 95% CI 1.2–2.0, p=0.001), however WRF itself
was not associated with a long term risk for mortality even after excluding patients with IRF
from the referent population (HR=0.92, 95% CI 0.72–1.2, p=0.52). However, the short term
(30 day) risk for mortality was significantly increased for patients with WRF (HR=3.4, 95%
CI 1.1–10.8, p=0.028) but was not significantly different between patients with IRF and
WRF (HR=1.1, 95% CI 0.48–2.7, p=0.77).

Inpatient deterioration of renal function following IRF
Given that 42.4% of the patients experiencing IRF during hospitalization had post IRF
deterioration of renal function prior to discharge (transient-IRF) in conjunction with the fact
that discharge IRF tended to be associated with the greatest risk for mortality, we sought to
investigate if patients with transient-IRF may have a different mortality risk than those in
which IRF was persistent at discharge. Patients with persistent and transient-IRF had a
similar improvement in renal function from admission to best in-hospital GFR (37.1 ±
25.3% vs. 42.7 ± 26.7%, p=0.55) but experienced an average 23.5 ± 14.0% decrease in GFR
from their best inpatient GFR to discharge. Notably, those with transient-IRF had a greater
net volume loss (6.9 ± 6.1 L vs. 4.8 ± 5.0 L, p=0.004) and length of stay [8 (5–11) days vs. 6
(4–9) days, p=0.005] than patients with persistent-IRF. Discharge GFR (59.4 ± 24.1 mL/
min) was not significantly different from admission GFR (58.6 ± 24.1 mL/min) in patients
with transient-IRF (p=0.42). Notably, the risk for mortality was significantly lower in
patients with transient-IRF compared to persistent-IRF (HR=0.69, 95% CI 0.49–0.97,
p=0.032). This association remained after adjusting for discharge GFR (HR=0.63, 95% CI
0.44–0.89, p=0.007) (Figure 3). The risk for mortality amongst patients that had transient-
IRF was not different from patients that did not experience IRF at any time point (HR=1.1,
95% CI 0.8–1.5, p=0.41). Given that incomplete decongestion may be a potential contributor
to this differential association with mortality, the effect of discharge diuretic dose was
examined. After adjusting for baseline characteristics, IRF patients with a deterioration in
renal function prior to discharge (transient-IRF) had a significantly greater risk for mortality
with higher doses of loop diuretics (HR=1.6 per 100 mg increase, 95% CI 1.1–2.3, p=0.013)
whereas patients that met criteria for IRF at discharge (persistent-IRF) had no increased risk
associated with higher loop diuretic doses (HR=1.0 per 100 mg, 95% CI 0.8–2.3, p=0.82, p
interaction=0.003).

Outpatient deterioration of renal function following IRF
Given the poor prognosis associated with IRF and the high rate of deterioration in renal
function after discharge, we sought to investigate if a differential mortality association was
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present between those whose renal function remained stably improved compared to those in
which it deteriorated again. In patients who experienced a deterioration in GFR post
discharge (highest post-discharge GFR < discharge GFR) there was a significantly greater
incidence of death (HR=1.5, 95% CI 1.1–2.1, p=0.009). This association tended to
strengthen after adjusting for discharge GFR (HR=1.7, 95% CI 1.2–2.2, p=0.002). Amongst
patients meeting criteria for IRF at discharge, those with a deterioration in GFR had a
significantly increased risk for mortality (adjusted for discharge GFR HR=2.1, 95% CI 1.2–
3.5, p=0.006). However, IRF patients with stable renal function after discharge were not at
increased risk for mortality (adjusted for discharge GFR HR=0.8, 95% CI 0.4–1.6, p=0.49, p
interaction=0.038) (Figure 4).

Discussion
The principal findings of this study are: 1) Validation of the concept that IRF is a common
event during the treatment of acute decompensated heart failure and is associated with a
significant, independent, increased risk of mortality. 2) Patients who experience IRF have
multiple parameters consistent with venous congestion and right sided cardiac dysfunction at
baseline and have a greater degree of diuresis as inpatients. 3) IRF patients frequently
experience significant deterioration in renal function prior to admission in addition to a high
incidence of post-IRF recurrence of renal dysfunction. 4) The association between IRF and
mortality appears to interact with factors such as the degree of inpatient/post-discharge
deterioration of renal dysfunction and the dose of discharge loop diuretics. Overall, these
findings support the notion that, in the setting of acute decompensated heart failure, IRF
identifies a subtype of cardio-renal syndrome with significant therapeutic, prognostic, and
research potential.

The observation that IRF is highly correlated with measures of right sided cardiac
dysfunction and venous congestion may be central to all of the observations noted in this
study. Animal models demonstrate a rapid and pronounced decrease in renal blood flow,
glomerular filtration rate, ultrafiltration coefficient, and increase in sodium avidity with
experimentally induced venous congestion; aberrations in renal function that improve
promptly with relief of the congestion.[16–21] In line with this physiology, we have
previously demonstrated that patients with signs of significant venous congestion and right
ventricular dysfunction at baseline have frequent improvement in renal function with
aggressive diuresis, mirroring the physiology observed in animal models.[12] The finding
that directly measured right atrial pressure did not show any detectable association with IRF,
when volumetric echocardiographic indices were strongly associated, is not necessarily
surprising in light of the well described disconnect between pressure and volume in the
venous system.[22] These findings provide further evidence that right atrial pressure is
likely a suboptimal tool for the study of venous congestion induced renal dysfunction in
heart failure. Notably, the changes in renal function described in this study parallel the
natural history of venous congestion/fluid overload frequently seen in heart failure;
significant increase in venous congestion prior to presentation with acute decompensated
heart failure (WRF as an outpatient), followed by rapid decongestion during hospitalization
(IRF as an inpatient), then a reaccumulation of fluid after discharge (recurrent WRF as an
outpatient).[23] These observations provide further support for the concept that venous
congestion may be a central pathophysiologic factor/target in the cardio-renal syndrome.[9,
12, 24–26]

The mortality associations noted in this study have several potentially important
implications. The most direct clinical application of this data is the incremental information
for prognostication provided by IRF. Perhaps more importantly, the form of cardio-renal
syndrome identified by IRF is, by definition, reversible. Although not testable from these
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data, it is possible that targeted therapy in these patients could further improve renal function
or help to maintain the improvement achieved during standard therapy. The latter may be
particularly relevant given that IRF patients who have a recurrence of renal dysfunction after
discharge had a substantially increased risk for mortality whereas those who maintained the
improved renal function did not have an increased risk for death. As a result, targeted
therapy that can prevent recurrent deterioration of renal function (or perhaps more
importantly correcting the underlying pathophysiology driving the recurrent renal
dysfunction) could possibly reduce the substantial risk for death in these patients.

The observation that patients with transient-IRF did not have a significantly increased risk
for mortality may also relate to venous congestion. There is preliminary data to support the
notion that aggressive decongestion during the treatment of acute decompensated heart
failure, sufficient to cause a reduction in intravascular volume and deterioration in renal
function, is associated with significantly improved survival.[9] Notably, patients with
transient-IRF had a 33% longer length of stay and a 44% greater net fluid loss but a similar
initial improvement in GFR compared to patients with persistent-IRF. A possible
explanation for these observations may be that a portion of the IRF associated mortality is
being driven by inadequate decongestion. Additional support for the possibility that
inadequate decongestion may be an important factor is the finding that higher doses of
discharge loop diuretics were strongly associated with increased mortality in patients with
transient-IRF (i.e. adequately decongested) but had no significant association with mortality
in patients with persistent-IRF (i.e. inadequately decongested). Given the near ubiquitous
finding of an association between loop diuretic dose and mortality in prior studies, and the
recent description that some subgroups of patients may actually derive a survival benefit
from high dose loop diuretics, this highly significant interaction provides additional support
for the possibility that inadequate decongestion may be important in determining the
outcomes of these patients.[27–31]

Limitations
The single center retrospective design of this study leads to several potential limitations,
uncontrolled confounding cannot be excluded, and causality is impossible to demonstrate.
Given the observational nature of these data, physicians were not blinded to renal function
data points or their respective changes and may have modified treatment in response.
Similarly, the extensive inclusion/exclusion criteria resulted in the exclusion of many heart
failure admissions, potentially limiting generalizability of the findings. The results of the
mortality subanalyses stratified by post-IRF changes in renal function all have significant
methodologic limitations, are limited by sample size, and cannot exclude the possibility of
selection bias as the primary cause. As a result these analyses should be regarded as
hypothesis generating only. Specifically, despite the significantly longer length of stay and
greater degree of diuresis in patients with transient vs. persistent-IRF, a cause and effect
relationship cannot be proven. There is a significant quantity of missing data with respect to
pre and post discharge creatinine levels. Although availability of these creatinine levels was
not associated with incident IRF, availability or non-availability of these values was likely
not a random event, potentially introducing bias. The analysis demonstrating a differential
rate of mortality amongst patients that did or did not suffer deterioration of renal function
post discharge may be particularly vulnerable to the above possibility. In addition,
availability or non-availability of data points across all the variables studied was not
insignificant given the retrospective nature of the study, limiting the ability to built
comprehensive models. As a result, residual confounding cannot be excluded. The exclusion
of patients admitted to interventional cardiology services does not capture all contrast
exposures (i.e. computed tomography) and thus confounding by contrast nephropathy is still
possible. The unavailability of cardiac transplantation and ventricular assist device

Testani et al. Page 7

J Card Fail. Author manuscript; available in PMC 2012 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



placement events is a limitation. Additionally, the lack of data on rehospitalization is a
significant limitation which should be addressed in future studies.

Conclusion
Improvement of renal function during the treatment of acute decompensated heart failure is
a common event and serves as a marker of an increased risk for subsequent mortality.
Patients that experience IRF during the treatment of decompensated heart failure have a high
incidence of pre-admission WRF and evidence of baseline venous congestion. Thus,
resolution of venous congestion induced pre-admission WRF may represent the mechanism
for these improvements in GFR with treatment. However, the majority of these patients
ultimately have recurrence of renal dysfunction and the poor prognosis seen in these patients
appears to interact with these subsequent changes in renal function. Although this work is
preliminary in nature and should be regarded primarily as hypothesis generating, further
study in this area is warranted given the potential research and treatment implications of
these findings.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Pre-admission to admission change in estimated glomerular filtration rate in patients with
and without in-hospital IRF. IRF: Improved renal function. IRF defined as a 20%
improvement in glomerular filtration rate at any time during hospitalization. Comparison of
change in GFR between patients with and without IRF p<0.0001 for both closest and best
pre-admission GFR.
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Figure 2.
A/B Discharge to post-discharge change in estimated glomerular filtration rate in patients
with and without in-hospital improved renal function. Panel A represents patients with
improved renal function at any time during hospitalization and panel B represents patients
that continued to meet criteria at the time of discharge. IRF: Improved renal function. IRF
defined as a 20% improvement in glomerular filtration rate. Comparison of change in GFR
between patients with and without IRF p<0.0001 for all comparisons aside for the closest
GFR in patients with and without IRF at discharge where p=0.001.
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Figure 3.
Survival curves for patients with improvement in renal function persistent at discharge
(persistent-IRF), transient improvement in renal function no longer present at discharge
(transient-IRF), and no improvement in renal function (no IRF). IRF: Improved renal
function. IRF defined as a ≥20% improvement in glomerular filtration rate. Survival curves
are adjusted for discharge glomerular filtration rate. P=0.032 for the difference in mortality
between patients with persistent-IRF and transient-IRF.
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Figure 4.
Survival curves for the combination of groups with or without improvement in renal
function and with or without deterioration in renal function after discharge. IRF: Improved
renal function. IRF defined as a ≥20% improvement in glomerular filtration rate at
discharge. Deterioration in renal function defined as the highest available post discharge
glomerular filtration rate less than the discharge glomerular filtration rate. Survival curves
are adjusted for discharge glomerular filtration rate.
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Table 1

Patient characteristics and their association with improved renal function

Characteristics Overall Cohort (n=903)

IRF

pNo (n=624) Yes (n=279)

Demographics

 Age (years) 62.9 ± 15.8 63.3 ± 15.5 61.8 ± 16.4 0.183

 White race 34.1% 30.6% 41.3% 0.002*

 Males 54.3% 51.6% 60.4% 0.014*

Medical History

 Hypertension 74.0% 76.9% 68.2% 0.006*

 Diabetes 39.4% 41.3% 35.7% 0.115

 Coronary artery disease 43.0% 42.6% 44.3% 0.637

 Ischemic etiology 24.7% 23.5% 27.6% 0.186

 Ejection fraction ≥40% 35.0% 38.3% 28.1% 0.003*

Admission Physical Exam

 Heart rate (bpm) 89.6 ± 20.0 90.4 ± 19.4 87.8 ± 21.1 0.060

 Systolic blood pressure (mm Hg) 138.8 ± 34.5 143.5 ± 34.6 128.6 ± 32.1 <0.001*

 Jugular venous distention 35.8% 33.5% 40.5% 0.052

 Moderate to severe edema 15.3% 14.2% 17.3% 0.235

 Hepatojugular reflux 18.7% 13.6% 31.3% <0.001*

Medications

 β-Blocker 67.1% 64.4% 73.1% 0.009*

 ACE inhibitor or ARB 61.6% 61.0% 62.9% 0.587

 Digoxin 22.4% 20.4% 27.1% 0.024*

 Spironolactone 15.5% 12.1% 22.9% <0.001*

 Loop diuretic dose (mg) 40 (0–80) 40 (0–80) 40 (0–80) 0.147

Laboratory Findings

 Serum sodium (mEq/L) 138.6 ± 4.4 138.9 ± 4.1 137.9 ± 4.9 0.002*

 Hemoglobin (g/dL) 12.2 ± 2.1 12.1 ± 2.0 12.4 ± 2.1 0.057

 B-type natriuretic peptide (pg/mL) 1636.1 ±1207.4 1538.3 ±1153.0 1854.3 ±1296.6 0.002*

 Blood urea nitrogen (admission) (mg/dL) 28.4 ± 20.8 25.8 ± 17.9 34.1 ± 25.1 <0.001*

 Blood urea nitrogen (discharge) (mg/dL) 31.1 ± 20.7 31.8 ± 21.4 29.5 ± 19.0 0.290

 Glomerular filtration rate (admission) (mL/min) 60.3 ± 28.6 63.2 ± 30.1 54.0 ± 23.8 <0.001*

 Glomerular filtration rate (discharge) (mL/min) 59.3 ± 27.6 56.6 ± 27.1 65.2 ± 28.0 <0.001*

Right Heart Catheterization Parameters†

 Right atrial pressure (mmHg) 10.4 ± 6.7 9.9 ± 5.9 11.0 ± 7.6 0.274

 Pulmonary capillary wedge pressure (mmHg) 21.8 ± 9.2 21.5 ± 9.6 22.3 ± 8.6 0.530

 Cardiac index (L/min/m²) 2.1 ± 0.6 2.1 ± 0.5 2.1 ± 0.7 0.996

 Systemic vascular resistance (dyn·s/cm5) 1605 ± 586 1612 ± 538 1595 ± 645 0.834

 Mean pulmonary artery pressure (mmHg) 33.3 ± 10.4 33.2 ± 10.4 33.4 ± 10.5 0.918
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Characteristics Overall Cohort (n=903)

IRF

pNo (n=624) Yes (n=279)

 Pulmonary vascular resistance (Wood units) 3.2 ± 3.0 3.2 ± 3.4 3.2 ± 2.3 0.981

Echocardiographic Parameters‡

 Ejection fraction (%) 27.5 (15.0–45.0) 30.0 (17.5–50.0) 25.0 (15.0–40.0) 0.001*

 Left atrial size (cm) 4.8 ± 0.8 4.8 ± 0.8 4.8 ± 0.8 0.398

 Left ventricular internal diastolic dimension (cm) 5.9 ± 1.2 5.9 ± 1.1 6.0 ± 1.2 0.100

 Moderate to severe right ventricular dysfunction 38.5% 33.6% 49.1% <0.001*

 Moderate to severe right ventricular dilation 25.3% 22.6% 31.3% 0.006*

 Moderate to severe right atrial dilation 9.3% 7.1% 13.5% 0.003*

 Moderate to severe tricuspid regurgitation 35.7% 33.3% 40.8% 0.041*

 Lack of inspiratory inferior vena cava collapse 14.1% 11.9% 18.7% 0.015*

Improved renal function defined as a 20% improvement in glomerular filtration rate at any time during hospitalization. All right heart
catheterization and echocardiographic parameters were obtained from their respective clinical reports and non-continuous variables represent
qualitative assessment by the interpreting physician. IRF: Improved renal function, ACE: Angiotensin converting enzyme, ARB: Angiotensin
receptor blocker.

*
Significant p value.

†
Data available in n=211, (IRF=91 no IRF=120).

‡
Data available n=771, (IRF=240 no IRF=531).
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Table 3

Association between improved renal function and mortality in consecutively admitted patients

Association

IRF (Any Time) IRF (Discharge)

HR (95% CI) p HR (95% CI) P

Unadjusted 1.4 (1.1–1.7) 0.002 1.5 (1.2–2.0) <0.001

Adjusted for Baseline Characteristics* 1.3 (1.1–1.7) 0.011 1.4 (1.1–1.7) 0.017

Adjusted for In-hospital Treatment Characteristics†,‡ 1.3 (1.0–1.7) 0.037 1.4 (1.0–1.9) 0.046

Adjusted for Right-Ventricular Function†,§ 1.3 (1.0–1.6) 0.029 1.3 (1.0–1.7) 0.047

Adjusted for Physical Examination c/w Volume Overload†,|| 1.3 (1.0–1.7) 0.024 1.4 (1.1–2.0) 0.018

Adjusted for Discharge Medications†,# 1.3 (1.0–1.6) 0.027 1.3 (1.0–1.7) 0.047

IRF: Improved renal function, HR: Hazard ratio, CI: Confidence interval.

*
Adjusted for age, race, hypertension, diabetes, coronary artery disease, B-type natriuretic peptide level, serum sodium, hemoglobin, blood urea

nitrogen (discharge), GFR (discharge), systolic blood pressure, heart rate, loop diuretic dose, angiotensin converting enzyme inhibitor or receptor
blockers, beta blockers, digoxin, and spironolactone use.

†
Age, sex, race, systolic blood pressure, heart rate, discharge glomerular filtration rate history of diabetes, hypertension, and coronary artery

disease forced into the model.

‡
Adjusted for inotropes, peak intravenous loop diuretic dose, total intravenous loop diuretic dose, thiazide diuretics, beta blockers, digoxin,

angiotensin converting enzyme inhibitors or angiotensin receptor blockers, spironolactone, and net fluid output.

§
Adjusted for qualitative right ventricular function (complete data available n=837).

||
Adjusted for edema, hepatojugular reflux, and jugular venous distention (complete data available n=683).

#
Adjusted for loop diuretic dose, thiazide diuretic use, beta blockers, digoxin, angiotensin converting enzyme inhibitors or angiotensin receptor

blockers, and spironolactone.
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