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Abstract

Background—Worsening renal function (WRF) is a common endpoint in decompensated heart 

failure clinical trials because of associations between WRF and adverse outcomes. However, WRF 

has not universally been identified as a poor prognostic sign, challenging the validity of WRF as a 

surrogate endpoint. Our aim was to describe the associations between changes in creatinine and 

adverse outcomes in a clinical trial of decongestive therapies.

Methods and Results—We investigated the association between changes in creatinine and the 

composite endpoint of death, rehospitalization or emergency room visit within 60 days in 301 

patients in the Diuretic Optimization Strategies Evaluation (DOSE) trial. WRF was defined as an 

increase in creatinine >0.3 mg/dL and improvement in renal function (IRF) as a decrease >0.3 

mg/dL. When examining linear changes in creatinine from baseline to 72 hours (the coprimary 

endpoint of DOSE), increasing creatinine was associated with lower risk for the composite 

outcome (HR = 0.81 per 0.3 mg/dL increase, 95% CI 0.67–0.98, P = .026). Compared with 

patients with stable renal function (n = 219), WRF (n = 54) was not associated with the composite 
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endpoint (HR = 1.17, 95% CI = 0.77–1.78, P = .47). However, compared with stable renal 

function, there was a strong relationship between IRF (n = 28) and the composite endpoint (HR = 

2.52, 95% CI = 1.57–4.03, P <.001).

Conclusion—The coprimary endpoint of the DOSE trial, a linear increase in creatinine, was 

paradoxically associated with improved outcomes. This was driven by absence of risk attributable 

to WRF and a strong risk associated with IRF. These results argue against using changes in serum 

creatinine as a surrogate endpoint in trials of decongestive strategies.
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Worsening in renal function; improvement in renal function; cardio-renal syndrome; renal 
dysfunction; acute decompensated heart failure

Worsening renal function (WRF) is a common complication of acute decompensated heart 

failure (ADHF) treatment and has been associated with adverse outcomes including longer 

length of stay, hospital readmission, and increased mortality.1 This in part has led to the use 

of changes in serum creatinine as endpoints of ADHF clinical trials.2–6 However, the 

associations between WRF and poor outcomes in observational studies is complicated by the 

fact that patients who experience WRF often have a greater disease severity and are less 

responsive to ADHF therapies including diuretics; as a result, they are intrinsically at greater 

risk of adverse events independent of the renal dysfunction.1 Notably, it has recently been 

observed that WRF in the setting of interventions that are otherwise beneficial, such as 

aggressive diuresis or initiation of renin-angiotensin-aldosterone system antagonists, may 

have limited prognostic importance.7–9 Furthermore, some observational studies have 

actually found that improvement in renal function (IRF) can be associated with a similarly 

poor prognosis to WRF.10–12 As such, the assumption that a change in serum creatinine is in 

fact a meaningful clinical trial endpoint in ADHF deserves further investigation.

The Diuretic Optimization Strategies Evaluation (DOSE) trial was a prospective multicenter 

trial investigating strategies of loop diuretic administration, such as high vs low-dose 

intensification, with a coprimary endpoint of a change in serum creatinine from baseline to 

72 hours.2 Per protocol, loop diuretic dosing was aggressive in all patients, with a median 

daily dose over the intervention period of ~120 mg/day of IV furosemide in the low-intensity 

group and ~260 mg/day in the high-intensity group. Importantly, unlike many other recent 

ADHF trials, the high-dose diuretic intervention in the DOSE trial was associated with 

significantly greater fluid and weight loss. Given the aggressive dosing of diuretics and the 

protocol-driven ascertainment of changes in renal function (RF), the DOSE trial represents a 

unique opportunity to further investigate the implications of changes in creatinine during 

trials of decongestive therapies. We hypothesized that if change in serum creatinine during a 

decongestion intervention was a meaningful surrogate endpoint, WRF should be associated 

with poor outcomes and IRF should be associated with improved outcomes.

Methods

The analysis was conducted using a limited dataset from the Biologic Specimen and Data 

Repository from the National Heart, Lung, and Blood Institute Heart Failure Network’s 
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DOSE trial, for which the study design and results have been published previously.2 Briefly, 

DOSE was a multicenter, randomized, double-blind, placebo-controlled trial of diuretic 

strategies in ADHF patients. Using a 2 × 2 factorial design, patients were randomized to a 

strategy of high vs low intensification of furosemide and continuous infusion vs every 12-

hour bolus furosemide administration. High dose consisted of 2.5 times the baseline oral 

diuretic dose; low dose consisted of 1.0 times the baseline oral diuretic dose both 

administered as IV furosemide. Eligibility criteria included an oral loop diuretic dose of 80–

240 mg of furosemide equivalents for at least 1 month, systolic blood pressure ≥90 mmHg, 

and creatinine ≤3.0 mg/dL. The randomized treatment was continued for 72 hours with an 

option for the treating physician to adjust the dose at 48 hours while maintaining study 

treatment concealment.

The primary goals of the current analysis were to examine the relationship between changes 

in RF and outcomes in an ADHF clinical trial, focusing on the coprimary endpoint of 

change in serum creatinine from baseline to 72 hours and the secondary endpoint of a >0.3 

mg/dL change in creatinine at any time from baseline to 72 hours. Given the previously 

observed nonlinear relationship between change in creatinine and outcomes (ie, where both 

IRF and WRF identify higher risk), the shape of the relationship between change in 

creatinine across the spectrum of values was interrogated.11–13 For a more relevant clinical 

interpretation of these relationships, patients were divided into RF groups: WRF, IRF, and 

Stable RF. Outcomes in those with WRF and IRF were first compared with the remainder of 

the cohort (ie, WRF to patients with no WRF with the comparator including patients with 

IRF) and then only to those with Stable RF.

Change in serum creatinine from baseline to 72 hours was defined as the 72-hour creatinine 

minus the baseline creatinine in mg/dL with the 48-hour creatinine substituted for 72 hours 

in patients discharged before 72 hours (n = 30). To recapitulate the DOSE trial definition, 

WRF and IRF were defined as >0.3 mg/dL increase or decrease in serum creatinine at any 
point from baseline to 72 hours respectively. As a sensitivity analysis, IRF was defined as a 

≥20% increase in estimated glomerular filtration rate (eGFR) from baseline to 72 hours and 

WRF as a ≥20% decrease in eGFR from baseline to 72 hours to account for the nonlinear 

relationship between creatinine and outcomes and consistent with previously published 

studies of IRF and WRF.8,10,11,13–15 Patients who had a change in RF less than the 

thresholds used to define WRF or IRF were considered to have Stable RF. The chronic 

kidney disease epidemiology collaboration equation was used to calculate eGFR.16 

Additional detail on rationale for dealing with missing creatinine values in the DOSE trial is 

provided in the Supplementary Methods.

Loop diuretic doses were converted to furosemide equivalents with 1 mg bumetanide = 20 

mg torsemide = 40 mg furosemide and expressed as IV furosemide equivalents.17,18 For oral 

diuretics, a bioavailability of 50% was assumed for furosemide, whereas torsemide and 

bumetanide were converted 1:1.19 The investigation conforms with the Declaration of 

Helsinki and qualified as exempt by the institutional review boards at Medical University of 

South Carolina and Yale University.
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Statistical Analysis

Values reported are mean ± standard deviation, median (25th–75th percentile), and 

percentage. Analysis of variance or the Kruskal-Wallis test was used to compare continuous 

variables between change in RF groups: WRF, IRF and Stable RF. Student t test or the Mann 

Whitney U test was used to compare continuous variables in subjects with IRF vs WRF. The 

chi-square test was used to evaluate associations between categorical variables except in 

those cases when the expected cell counts were less than 5 and Fisher’s exact test was used 

(stroke, in-house thiazide use, in-house inotrope use, and congestion free at 72 hours). Cox 

proportional hazards modeling was used to evaluate time-to-event associations with the 

composite endpoint of death, rehospitalization, or emergency room visit at 60 days. To 

capture the nonlinearities in the relationship between change in RF and outcomes, both 

change in creatinine and percent change in eGFR from baseline to 72 hours were each 

modeled with cubic splines using three degrees of freedom and presented graphically. For 

more relevant clinical interpretation of these relationships, multivariate Cox regression 

models were constructed to evaluate the effects of IRF vs no-IRF and WRF vs no-WRF 

(using multiple definitions) as well as the effects of IRF vs Stable RF and WRF vs Stable RF 

(using multiple definitions) on the composite endpoint. These models were subsequently 

adjusted for baseline eGFR and all baseline characteristics with <10% missing values and a 

univariate association with the composite endpoint of P ≤ .2, in addition to any parameter 

which differed significantly across RF groups (Stable RF, WRF, IRF; Table 1). Additional 

multivariable models were further adjusted for in-hospital characteristics with a theoretical 

basis for potential confounding regardless of the relationship with mortality. Finally, models 

were also adjusted for the study interventions. Baseline characteristics entered into the 

multivariable models included age, diabetes, hypertension, gout, ejection fraction, dose and 

intensification strategies, outpatient furosemide dose, angiotensin-converting enzyme 

inhibitor or angiotensin receptor blocker use, beta-blocker use, systolic blood pressure, heart 

rate, jugular venous pressure, baseline eGFR, amino terminal pro B-type natriuretic peptide, 

serum sodium, hemoglobin, and blood urea nitrogen. In-hospital characteristics entered into 

the final multivariable model consisted of total diuretic received during the study period and 

inpatient inotrope use. Models were built using backward elimination (likelihood ratio) 

where covariates with a P <.2 were retained.20 Survival curves were plotted comparing the 

three change in RF groups. The x-axis was terminated at 60 days and statistical significance 

was determined using the log-rank test. Statistical analyses were performed using IBM SPSS 

Statistics version 22 (IBM Corp., Armonk, NY) and Stata 13.1 (Statacorp, College Station, 

TX). Statistical significance was defined as a 2-tailed P <.05 for all analyses except for tests 

of interaction, where P <.1 was considered significant.

Results

Overall, 301 of 308 patients had at least 1 serum creatinine other than baseline; 292 patients 

had a 72-hour or day of discharge creatinine available. In the overall population, the mean 

change in serum creatinine at 72 hours was 0.04 ± 0.31 mg/dL corresponding to a mean loss 

in eGFR of 1.94 ± 12.1 mL/min/1.73 m2. Eighteen percent of the population experienced 

WRF with a mean increase in creatinine of 0.54 ± 0.27 mg/dL and mean decrease in eGFR 

in these patients of 27.3 ± 17.0%. IRF at 72 hours was less common and occurred in 9.1% of 
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patients with a mean decrease in creatinine of 0.43 ± 0.14 mg/dL and a mean increase in 

eGFR of 35.8 ± 17.8%. When WRF and IRF were defined by ≥20% decrease or increase in 

eGFR respectively, WRF (15.4%) and IRF (11.0%) had similar incidences.

A detailed description of baseline characteristics stratified by WRF, IRF, and Stable RF over 

72 hours is provided in Table 1 and Table S1. Aside from higher eGFR, greater prevalence 

of diabetes and hypertension, higher serum sodium and blood urea nitrogen, and lower 

baseline NT-proBNP levels at admission with WRF compared with IRF, baseline 

characteristics were otherwise similar between patients with IRF and WRF (Table 1). In-

hospital and treatment-related parameters of patients with Stable RF, WRF, and IRF are 

presented in Table 2. Randomization to the high-dose strategy tended to be more common in 

the WRF group compared with IRF, but this did not reach statistical significance (Table 2). 

However, WRF patients received study drug for a significantly shorter duration than patients 

with Stable RF or IRF (Table 2). Patients with WRF demonstrated a lower prevalence of 

jugular venous distension at 72 hours with statistically insignificant trends toward more 

complete decongestion during treatment with respect to peripheral edema, “congestion-free” 

status at 72 hours, and change in NT-proBNP (Table 2). When WRF and IRF were defined 

by ≥20% change in eGFR, similar trends were noted (Table S2).

Changes in RF and Outcomes

Over a follow-up period of 60 days, 139 patients (45%) in this subset experienced the 

composite outcome of death, rehospitalization, or an emergency room visit. When evaluating 

the coprimary endpoint for the DOSE trial of a linear change in serum creatinine from 

baseline to 72 hours, increasing creatinine over the intervention period was associated with 

significantly improved outcomes (hazard ratio [HR] 0.81 per 0.3 mg/dL increase, 95% 

confidence interval [CI] 0.67–0.98, P = .026). The relative change in eGFR from baseline to 

72 hours demonstrated a similar relationship; for every 10% worsening in eGFR, the risk of 

adverse outcomes decreased by more than 10% (HR 0.88 per 10% decrease, 95% CI 0.81–

0.96, P = .003). Importantly, the relationships between change in RF and the composite 

endpoint were nonlinear with a marked increase in adverse outcomes with improvement in 

creatinine, which drove the findings described above (Fig. 1). As a result, the linear change 

in creatinine, which was the primary safety endpoint of the trial, violates the linearity 

assumption required for Cox models and subsequently poorly captures the true source of the 

associations with worsened outcomes. Thus, further exploration of the associations between 

RF and outcomes are described below using WRF, IRF, and Stable RF groups.

When evaluating WRF as defined for the secondary safety endpoint of DOSE (>0.3 mg/dL 

increase in creatinine at any time from baseline to 72 hours) vs those without WRF, there 

was no evidence of increased risk for the composite endpoint (HR 1.08, 95% CI 0.71–1.63, 

P = .72; comparison group being any patient without WRF). Similar results were obtained 

when defining WRF by a ≥20% decrease in eGFR (HR 1.14, 95% CI 0.73–1.77, P = .57). 

However, compared with the rest of the cohort, IRF demonstrated a statistically significant 

and strong relationship with death, rehospitalization, or emergency room visit (HR 2.46, 

95% CI 1.54–3.93, P <.001; ≥20% increase in eGFR HR 2.35, 95% CI 1.50–3.69, P <.001). 

BRISCO et al. Page 5

J Card Fail. Author manuscript; available in PMC 2017 May 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Although limited by sample size, a sensitivity analysis of the individual components of the 

composite outcome revealed similarly increased risks associated with IRF (Table S3).

In models comparing WRF and IRF only to patients with Stable RF, WRF continued to be 

free from significantly increased risk of the composite endpoint, whereas IRF remained 

strongly associated with increased risk of adverse outcomes (Table 3, Fig. 2). These 

associations persisted with adjustment for baseline characteristics (including eGFR), and 

inhospital treatment-related factors (Table 3). Notably, the associations between both IRF 

(compared with Stable RF) and WRF (compared with Stable RF) and outcomes persisted 

across numerous subgroups and were not modified by randomized dose-intensification 

strategy or route of diuretic administration (Fig. 3). These findings were similar between 

patients with preserved and reduced EF (p-interaction = 0.23).

Discussion

The primary finding of the current analysis is that, in the setting of a multicenter trial of 

decongestive strategies in ADHF, worsening in serum creatinine during the randomized 

intervention was not associated with an increase in adverse outcomes. This observation was 

consistent across several different approaches to analyzing change in creatinine, including 

the trial’s coprimary and secondary renal endpoints. On the contrary, decreases in serum 

creatinine, when incorrectly assumed to be linearly related to outcomes, were paradoxically 

associated with a substantially increased risk for adverse events. These observations, from 

one of the only randomized ADHF trials with protocolized aggressive diuretic dosing and 

where the intervention actually improved diuresis, suggest the practice of using mild to 

moderate-sized changes in serum creatinine as an endpoint in ADHF clinical trials may be 

inappropriate.

The kidney plays a critical role in maintenance of fluid and sodium homeostasis, processes 

integral to ADHF pathogenesis. As a result, it is intuitive that WRF would both identify 

high-risk patients and potentially contribute directly to adverse events such as increased 

length of stay, readmission, and even mortality.21,22 It therefore is not surprising that WRF 

has been associated with a nearly 2-fold mortality increase in multiple studies.1 These data 

appropriately motivated many contemporary ADHF trials to include changes in RF as 

endpoints. In fact, the rationale described in the DOSE trial protocol for selection of change 

in creatinine as a coprimary endpoint was the “known association of WRF with other 

adverse outcomes.”2 However, subsequent to the design and initiation of many of these 

trials, evidence has accumulated that WRF may not universally be associated with adverse 

outcomes, and WRF that occurs in the setting of otherwise beneficial escalation of HF 

therapy (aggressive decongestion or initiation of renin-angiotensin-aldosterone system 

blockade) may have limited prognostic importance.8,9,14 Furthermore, the observation that 

IRF may signify a prognosis similar to or worse than WRF has been reported in several 

studies.10–13,15 In light of the recent data regarding changes in RF described previously and 

the aggressive diuretic dosing in the DOSE trial, the current findings are not necessarily 

surprising.
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In part because of the early reported associations between WRF and decreased survival, 

preserving RF has now become an important focus of ADHF clinical trials with changes in 

RF as a primary or secondary endpoint.2–6,23,24 The current findings, in the setting of an 

ADHF randomized trial, the primary safety endpoint of worsening in creatinine over the 

intervention period was paradoxically associated with improved outcomes, further questions 

the adequacy of changes in serum creatinine as a meaningful surrogate endpoint. A requisite 

for a good surrogate endpoint is that it will reliably and strongly associate with the true 

outcome of interest.25 For a parameter to be considered a valid surrogate, (1) it must 

correlate with the outcome (preferably secondary to that parameter being on the causal 

pathway) and more importantly, (2) the effect of the intervention in a clinical trial on the 

proposed surrogate should mirror the intervention’s effect on the outcome.26 The fact that 

HF therapies (neurohormonal antagonists) can increase creatinine yet favorably affect 

survival argues against changes in creatinine as the primary mediator of a treatment’s effect 

on outcomes. Furthermore, the assumption that a therapy that decreases creatinine will 

improve outcomes may not hold true. In the recent BEACON trial (Bardoxolone methyl in 

type 2 diabetes and stage 4 chronic kidney disease), bardoxolone methyl significantly 

improved RF in diabetic patients, but the trial was stopped early because of a higher rate of 

cardiovascular events with bardoxolone.27 This growing literature in conjunction with the 

current findings from the DOSE trial suggests that we cannot always infer an effect on 

meaningful outcomes from the change in serum creatinine induced by any given treatment. 

As such, we may be in danger of dismissing potentially beneficial ADHF therapies by 

continuing to design therapeutic trials to avoid WRF or induce IRF.

Although conclusions regarding change in creatinine as a surrogate outcome in clinical trials 

may be relatively straightforward, the implications with respect to routine clinical care are 

less so. While the surrogate clearly “didn’t work” because decreasing creatinine was 

paradoxically associated with adverse outcomes, the reason why the outcomes were 

paradoxical is critically important to managing patients. The outcomes observed in this trial 

represent the complex interaction between the biology leading to the change in creatinine 

(ie, aggressive decongestion, worsening/improving in HF status) and how the physician 

responded to those changes in creatinine. Notably, in the current analysis, WRF was in fact 

associated with significantly shorter duration of study drug treatment. This earlier 

discontinuation of therapy could have prevented more severe forms of kidney injury and thus 

be responsible for the lack of detrimental impact of WRF on outcomes in the DOSE trial. 

However, given that only 18.8% of patients in the WRF group were considered “congestion 

free” by their physicians at 72 hours, it is possible that potentially beneficial therapy was 

prematurely discontinued in part because of small changes in creatinine. Furthermore, it is 

highly implausible that the IRF itself is directly harmful. Rather, patient and treatment-

related factors are likely responsible for the association between IRF and increased adverse 

events. Patients with IRF presented with more symptoms and signs of congestion and were 

more likely to receive longer duration of study drug treatment, which in turn may have led to 

subsequently decreased creatinine with decongestion.10 However, despite a longer duration 

of therapy than those with WRF, only 7.7% of patients with IRF were “congestion free” at 

72 hours, potentially indicative of a greater severity of illness and suboptimal decongestion 

despite the IRF. It is also possible that physicians, encouraged by the IRF, may have 
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discharged patients prematurely; there was no difference in days from randomization to 

discharge between groups despite evidence of persistent congestion in those with IRF. 

Similar findings have been reported in prior studies of IRF.10,11,13,15 Furthermore, it has 

previously been described that in-hospital IRF appears to be the resolution of outpatient 

WRF as the majority of these patients have a worsening in creatinine prior to admission. 

Finally, the IRF experienced in these patients is transient in the majority of cases.10 

Unfortunately, it will likely require a randomized trial to truly understand how small to 

moderate sized changes in creatinine should influence our treatment decisions, if at all.

Limitations

Given the post hoc nature of this study, causality is impossible to demonstrate and residual 

confounding cannot be excluded. Although WRF was a prespecified secondary endpoint, the 

DOSE trial was not designed to examine the effects of changes in RF on outcomes. In fact, 

up or down titration of diuretics at 48 hours and use of additional diuretics were both 

permitted and common in the DOSE trial. The relatively small number of patients with IRF 

increases the likelihood that our results may be due to chance; however, given that prior 

studies of ADHF have demonstrated similar relationships between IRF and adverse 

outcomes, coupled with the strength of the associations in this analysis despite the small 

numbers and covariate adjustment, argues against this possibility. Still, subtle yet important 

differences between RF groups may not have reached statistical significance as a result of 

the small sample size. Although patients included in the DOSE trial were enrolled within 24 

hours of presentation, information on symptom duration prior to presentation was not 

collected and therefore the potential effect of time from symptom onset to treatment on the 

observed outcomes across RF groups cannot be determined. Finally, physicians were not 

blinded to changes in serum creatinine and likely modified treatment in response to these 

data. As a result, we are unable to determine if WRF was not associated with adverse 

outcomes because small to moderate increases in creatinine are truly irrelevant during 

ADHF treatment, or if early physician response to these changes caused the lack of negative 

association.

Conclusion

The coprimary safety endpoint of the DOSE trial, a linear increase in serum creatinine, was 

paradoxically associated with improved outcomes. This artifact was driven by an absence of 

risk attributable to WRF and a strong risk associated with IRF. These results add to the 

growing literature that changes in serum creatinine may not be a reliable prognostic measure 

because these changes can be directionally inconsistent with subsequent clinical outcomes. 

As a result, we should reconsider whether the use of small to moderate sized changes in 

serum creatinine as clinical trial endpoints is valid. Additionally, these data should further 

motivate clinicians to critically evaluate changes in RF during the treatment of ADHF in the 

context of the overall clinical status of the patient until a randomized trial clarifies whether 

changes in creatinine should influence our diuretic strategies or treatment decisions.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Relationship between changes in renal function and clinical outcomes. Relationship between 

the absolute change in serum creatinine (A) and the percent change in eGFR (B) from 

baseline to 72 hours and the composite outcome death, rehospitalization, or emergency room 

visit within 60 days. The solid blue line represents a hazard ratio of 1. Histograms denote 

number of patients in each change in creatinine or eGFR group. CI, confidence interval; 

eGFR, estimated glomerular filtration rate; ER, emergency room.
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Fig. 2. 
Survival plots of the risk of death, rehospitalization, or emergency department visit by 

stable, worsening, or improvement in renal function. WRF and IRF were defined by >0.3 

mg/dL change in serum creatinine (A) and a ≥20% change in eGFR (B). Patients who did 

not meet criteria for WRF or IRF were classified as having Stable RF. IRF, improvement in 

renal function; RF, renal function; WRF: worsening renal function.
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Fig. 3. 
Subgroup analysis of the relationship between WRF and IRF and the risk of death, 

rehospitalization, or emergency department visit. Subgroups of continuous parameters were 

dichotomized about the median value. Patients with WRF and IRF were each compared with 

those patients with Stable RF within each subgroup. WRF and IRF were defined as a >0.3 

mg/dL increase or decrease in serum creatinine respectively. P values represent formal tests 

of interaction for each subgroup. CI, confidence interval; EF, ejection fraction; Hgb, 

hemoglobin; IRF, improvement in renal function; NTproBNP, N-terminal probrain 

natriuretic peptide; SBP, systolic blood pressure; WRF, worsening in renal function.
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