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Abstract

Background—Worsening heart failure (WHF) symptoms despite initial therapy during
admission for acute heart failure (AHF) is associated with worse outcomes. The association
between the time of the WHF event and the intensity of WHF therapy with outcomes is unknown.

Methods and results—In the PROTECT trial of 2033 AHF patients, we investigated the
association between time of occurrence of WHF and intensity of therapy, with subsequent
outcomes. WHF was defined by standardized, physician-determined assessment. Early WHF was
defined as occurring on days 2-3 and late on days 4-7. Low intensity included restarting/
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increasing diuretics or vasodilators and high intensity included initiation of inotropes,
vasopressors, inodilators, or mechanical support. Outcomes were death or cardiovascular/renal
hospitalization over 60 days and death over 180 days. Of the 1879 patients with complete follow-
up after day 7, 12.7% (= 238) experienced WHF: 47.9% early and 52.1% late. Treatment
intensity was low in 72.3% and high in 24.8% (2.9% missing). After adjusting for baseline
predictors of outcome, WHF was associated with a trend toward increased 60-day death or
cardiovascular/renal hospitalization [hazard ratio (HR) 1.26; 95% confidence interval (CI) 0.99-
1.60; P=0.063] and increased 180-day death (HR 1.77; 95% CI 1.33-2.34; P< 0.001). There was
no evidence of a differential association between the time of occurrence of WHF and outcomes.
High-intensity therapy was not significantly associated with increased event rates (180-day
mortality: HR 1.44; 95% CI 0.80-2.59 vs. low).

Conclusions—Inhospital WHF was associated with increased 180-day death. The time of
occurrence and intensity of WHF therapy may provide less prognostic information than whether or
not WHF occurred.

Keywords
Worsening heart failure; Acute heart failure; Timing; Intensity; Outcomes

Introduction

After hospitalization for acute heart failure (AHF), worsening heart failure (WHF), typically
defined as persistent or worsening symptoms requiring an escalation of therapy,1:2 is
associated with worse outcomes3-> and the prevention of WHF has become an important
endpoint in AHF trials.5-10 The impact of WHF time of occurrence (i.e. early vs. late during
hospitalization) and the intensity of therapy directed at WHF on clinical outcomes are
unknown. Specifically, it has not been determined whether WHF occurring late during
hospitalization is associated with poorer outcomes compared with WHF occurring early
after admission. It is hypothesized that WHF occurring early after admission may be simply
caused by underdosing of early intravenous treatment, with insufficient decongestion or
control of hypertension, whereas the events occurring late may be more tightly associated
with the severity of the disease (e.g. diuretic resistance). We hypothesized that WHF
requiring low intensity intervention [e.g. diuretic intensification or intravenous (V)
vasodilators] may have different implications compared with high intensity intervention (e.g.
intravenous inotropes, circulatory support) both with respect to the severity of the disease
and the untoward effects of the drugs administered (e.g. arrhythmias, hypotension).11 We
performed a retrospective analysis of the PROTECT trial (Placebo-Controlled Randomized
Study of the Selective A1 Adenosine Receptor Antagonist Rolofylline for Patients
Hospitalized With Acute Decompensated Heart Failure and Volume Overload to Assess
Treatment Effect on Congestion and Renal Function), which included AHF patients with
renal dysfunction and used a standardized, physician-determined assessment of WHF.”:8 Our
aim was to investigate the association between time of occurrence of WHF and intensity of
WHF therapy with post-discharge outcomes.

Eur J Heart Fail. Author manuscript; available in PMC 2017 November 15.
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The international PROTECT trial enrolled 2033 patients admitted to the hospital with acute
heart failure (HF) and mild or moderate renal impairment. The design and results of
PROTECT have been published previously.”8 Briefly, the inclusion criteria were: (i)
previous history of HF treated for at least 14 days with diuretic therapy; (ii) hospitalization
for worsening breathlessness owing to HF requiring intravenous diuretic therapy; (iii)
admission creatinine clearance 20-80 mL/min by the Cockcroft—Gault equation; (iv) a brain
natriuretic peptide (BNP) level =500 pg/mL or A-terminal pro-BNP level 22000 pg/mL; and
(iv) systolic blood pressure (SBP) =95 mmHg. Key exclusion criteria were use of inotropic
agents or mechanical support, severe pulmonary disease; significant stenotic valvular
disease, recent acute coronary syndrome or significant arrhythmias, and history of seizure/
stroke within 2 years.

Patients were enrolled from 2007 to 2009 and randomly assigned to the intravenous
administration of the Aq-receptor antagonist rolofylline or placebo. Worsening heart failure
was defined based on a standardized, physician-determined assessment of worsening of the
patients’ signs or symptoms of HF requiring intervention during the preceding 24 h as
described previously.1”:8 The WHF status was documented daily from day 2 to day 7. Death
from any cause or rehospitalization for cardiovascular or renal causes to day 60 was a pre-
specified secondary endpoint. Vital status was assessed at 180 days. An independent Clinical
Events Committee adjudicated the primary reason for rehospitalization and cause of death to
day 60. The investigation conforms with the principles outlined in the Declaration of
Helsinki. The PROTECT study was approved by the appropriate regulatory authorities and
Ethics Committees before patient enrolment, and written informed consent was obtained
from each patient before entry (ClinicalTrials.gov numbers NCT00328692 and
NCT00354458).

Analysis cohort

Definitions

For the present post hoc analysis, we limited the cohort to patients surviving to day 7 with
documentation of follow-up past day 7. Patients without documentation of WHF evaluation
were also excluded.

For the present analysis, time of occurrence of WHF was determined based on the first
occurrence of WHF, with early WHF defined as days 2—-3 while late WHF occurred on days
4-7. These time-points were selected a priori for this post hoc analysis based on perceived
clinical relevance and the availability of WHF documentation from days 2—7. The level of
intensification of therapy was also defined a priori for this post foc analysis as high intensity
[documented initiation of inotropes, vasopressors and inodilators; circulatory support,
ventilator support, and ultrafiltration [UF] at any time through day 7] vs. low intensity
(restarting/increasing diuretics or initiating vasodilators without high intensity
interventions). We performed an additional analysis to assess whether reclassifying the

Eur J Heart Fail. Author manuscript; available in PMC 2017 November 15.
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vasodilator patients as high-intensity changed the overall findings (i.e. low-intensity
consisted of diuretic-based initiation/escalation alone).

Outcomes of interest

The outcomes for the present analysis were assessed from day 7 post-randomization and
included death or cardiovascular/renal hospitalization to 60 days, death or all-cause
hospitalization to 60 days, and death to 180 days post-randomization. Primary outcome
evaluation was performed after day 7 since WHF was assessed through this time-point and
patients who died on or before day 7 were excluded. Inhospital mortality, index hospital
length of stay and duration of stay in intensive care were assessed. We were also interested
in identifying clinical factors associated with the time of occurrence of WHF and the
intensity of therapy for WHF.

Statistical methods

Demographics, physical and laboratory findings, medical history, and therapies were
summarized as frequencies and percentages for categorical variables and by the medians and
25th and 75th percentiles for continuous variables for three different comparisons: WHF vs.
no WHF, early vs. late WHF and low-intensity vs. high-intensity therapy. Baseline
characteristics were compared using the Wilcoxon rank sum test for continuous variables,
and chi-square tests or exact tests for categorical variables as appropriate.

Logistic regression models were generated in order to describe the association between
baseline covariates and WHF, late WHF (vs. early WHF), and high-intensity intervention
(vs. low-intensity intervention). The covariates included in the models were chosen based on
previous PROTECT analysis'213 and were: history of diabetes mellitus, hospitalization for
HF in past year, respiratory rate, blood urea nitrogen (BUN), cholesterol, albumin, pulse,
and SBP. We also assessed whether treatment with rolofylline was associated with WHF,
early vs. late WHF and low-intensity vs. high-intensity therapy for WHF.

We report the event rates for outcomes, hospital length of stay, and intensive care days for
the WHF groups. We assessed the association between WHF time of occurrence and the
intensity of treatment with the clinical endpoints. Cox regression models for the time to first
occurrence of each endpoint were fitted to quantify the hazard ratio for each comparison
group. An unadjusted model was fit first, followed by an adjusted model using baseline
covariates, and then an updated adjusted model using the same covariates updated with their
day 7 values. Variables previously shown to be associated with the outcomes were used for
the multivariable analyses:12:13 age, hospitalization for HF in past year, severity of
peripheral oedema, systolic blood pressure, serum sodium, BUN, creatinine, and albumin.
We examined the interaction between randomized treatment (rolofylline or placebo) and
WHF with regard to each outcome using an interaction term (treatment x WHF) in the
multivariable model for each endpoint. Hazard ratios (HRs) were calculated with
corresponding 95% confidence intervals (Cls). Event rate curves were shown using Kaplan—
Meier estimates. Statistical significance was assessed using two-sided P-values. A P-value
<0.05 was considered statistically significant. In all regression models, the assumption of a
linear relationship between the dependent variable and each continuous covariate was

Eur J Heart Fail. Author manuscript; available in PMC 2017 November 15.
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evaluated by comparing the goodness of fit with a more flexible restricted cubic spline
model, and a logarithmic or linear spline transformation was applied to approximate the
non-linear association where appropriate. In the Cox regression models, the assumption of
proportional hazards for the variables of primary interest (e.g. WHF) was evaluated by
allowing the coefficient for this variable to vary as a function of log time in the models
adjusting for baseline covariates and testing the statistical significance of the time-varying
component. For the adjustment covariates, the assumption of proportional hazards had been
evaluated previously!3 and was not examined in this analysis. All statistical analysis was
conducted at the Duke Clinical Research Institute (Durham, NC, USA) using SAS version
9.2 or higher (SAS Institute Inc., Cary, NC, USA).

Figure 1 presents the patients included in this analysis. Of 1879 AHF patients, 12.7% (=
238) experienced WHF: 47.9% early and 52.1% late. Treatment intensity was low in 72.3%
and high in 24.8% (2.9% missing). The baseline patient characteristics by WHF group are
presented in Table 1. Table 2 presents the qualifying events for WHF in the different patient
groups. Patients with WHF more often had hospitalization owing to HF in the previous year,
had an increased prevalence of diabetes, lower baseline systolic blood pressure, and higher
BUN and creatinine compared with those who did not experience WHF. There were
relatively few between-group differences when comparing patients with early vs. late WHF.
Patients with late WHF had a trend toward younger age and had higher baseline
haemoglobin compared with those with early WHF. Compared with patients receiving low-
intensity therapy, patients receiving high intensity therapy were younger, with increased
baseline jugular venous pressure (JVP) and BUN, and lower SBP and serum sodium. In
terms of medication differences between the groups, patients that experienced WHF and
specifically those receiving high-intensity therapy had similar baseline use of angiotensin-
converting enzyme (ACE) inhibitors/angiotensin receptor antagonists (ARBs) and beta-
blockers but lower use at discharge compared with those without WHF.

In general, physician-diagnosed WHF was most commonly treated by restarting or
increasing intravenous loop diuretic therapy. Inotrope initiation was the second most
common therapeutic intervention, while circulatory or ventilatory support were relatively
uncommon. Early WHF more commonly involved vasodilator initiation and thiazide diuretic
use, while late WHF involved increased use of inodilator and UF therapy. High-intensity
therapy consisted mostly of inotrope use.

Factors associated with WHF as well as the time of occurrence and intensity of therapy are
presented in Table 3. The strongest factor associated with the presence of WHF and the use
of high-intensity therapy was BUN. Other factors associated with WHF included a history of
diabetes, higher respiratory rate, and lower baseline SBP. None of the pre-specified variables
were significantly associated with the time of occurrence of WHF. The addition of
rolofylline to the WHF models (i.e. presence of WHF, late WHF or high-intensity therapy)
did not result in a significant association (all 7> 0.18)

Eur J Heart Fail. Author manuscript; available in PMC 2017 November 15.
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Table 4 presents the event rate and length of stay data by WHF group. Length of stay and
ICU days were increased in patients with WHF compared to those without WHF, with the
most marked increase in the group requiring high-intensity therapy. In-hospital death, as
well as the 60- and 180-day outcomes, were markedly increased in patients with WHF
compared with those without. In general, event rates were similar when comparing early and
late WHEF. Figure 2 displays the unadjusted event rate curves. After adjusting for baseline
predictors of outcomes, WHF was associated with a trend toward increased 60-day death or
cardiovascular/renal hospitalization (HR 1.26, 95% CI 0.99-1.60) and increased 180-day
death (HR 1.77, 95% CI 1.33-2.34) (Table 5). There was no evidence of a significant
differential association between the time of occurrence or intensity of therapy and outcomes.
For example, high-intensity therapy was not associated with a significant difference in 60-
day death or cardiovascular/renal hospitalization (HR 1.27, 95% CI 0.76-2.14, P=0.36) or
180-day death (HR 1.44 95% CI 0.80-2.59, P=0.23), although HR estimates are imprecise
because of small subgroup sizes. For the comparison of high-intensity vs. low-intensity
intervention, there was evidence that the relative hazards for mortality changed over the 180-
day follow-up period (£ = 0.0053 for interaction with log time) with the HR higher earlier
during follow-up and decreasing as a function of follow-up time. Owing to small subgroup
sizes and few events later in the follow-up period, HR estimates broken down by different
follow-up intervals are likely to be imprecise and were not estimated. No evidence of non-
proportional hazards was found for other endpoints or comparison groups. Adjustment for
day 7 variables yielded similar results (see the Supplementary material online, Table S1).
When the vasodilator group was reclassified to high-intensity, the nominal association
between high-intensity therapy and outcomes was further attenuated (see the Supplementary
material online, Table S2).

There was evidence of a significant interaction between rolofylline and WHF for the
endpoint of 180-day death (interaction 2= 0.020), but not for the other endpoints (both
interaction p-value> 0.3). On unadjusted analysis, the association between WHF and 180-
day mortality in patients randomized to placebo yielded a HR of 3.88 (95% CI 2.46-6.11)
vs. 1.96 (95% CI 1.38-2.78) in patients randomized to rolofylline. Following adjustment for
baseline covariates, the interaction A-value remained significant (interaction P-value=0.007)
with a HR of 2.99 (95% CI 1.89-4.74) with placebo vs. 1.35 (95% CI 0.94-1.93) with
rolofylline. Thus, randomization to rolofylline attenuated the association between WHF and
increased 180-day mortality.

Discussion

In a large international acute HF trial, we found that WHF as diagnosed by a standardized,
physician-determined assessment occurred in approximately 13% of patients and was
associated with a 77% increase in 180-day mortality. Our findings related to the time of
occurrence of WHF and intensity of therapy did not support our hypothesis. We did not
observe a differential association between the time of occurrence or intensity of therapy and
outcomes. Although high intensity therapy was associated with a nominal increase in both
60-day and 180-day outcomes compared with low-intensity therapy, these differences did
not reach statistical significance. These data suggest that the occurrence of physician-
determined WHF may be associated with increased mortality through 180 days regardless of

Eur J Heart Fail. Author manuscript; available in PMC 2017 November 15.
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the time of occurrence or intensity of therapy required. We also found that rolofylline
appeared to attenuate the association between WHF and increased 180-day mortality.

The primary finding of this analysis was that occurrence of WHF appears to have prognostic
value independent of its time of occurrence or the therapeutic intensity used to manage
WHF. Previous studies demonstrating the association between WHF and poor outcomes* did
not assess whether there were prognostic implications related to the time of occurrence of
WHF. Moreover, previous studies tended to define WHF based on documented use of
intravenous therapies, intensive care unit transfers and/or mechanical support,* but did not
involve a standardized physician assessment. The strength of the present analysis is that
therapy adjustment was documented to result from physician-assessed WHF and not merely
from inadequate initial diuresis, comorbid diseases (e.g. renal dysfunction) or other non-
specific criteria. Thus, the development of WHF should be recognized for its important
prognostic implications. Once WHF has been identified, clinicians can focus efforts on
identifying the cause for the deterioration and individualize targeted therapies.

Several baseline characteristics were associated with the development of WHF. In particular,
a history of diabetes, baseline respiratory rate and SBP, and BUN appear to be the strongest
factors associated with WHEF. Interestingly, none of the pre-specified clinical characteristics
were associated with the time of occurrence of the development of WHF. Similarly, only
higher BUN and lower SBP were observed to correlate with an increased intensity of
therapy directed at WHF. Further efforts are needed to better identify patients who are more
likely to develop WHF and could benefit from closer monitoring and early intervention.

Despite earlier studies demonstrating that WHF was associated with worse short-term and
long-term outcomes,* we found the strongest association with 180-day mortality. The
specific reasons for these observations are unclear. We hypothesize that WHF may be the
clinical manifestation of an underlying pathophysiological insult with long-term
consequence. These data are supported by recent data from the RELAXin in Acute Heart
Failure (RELAX-AHF) trial, which showed that serelaxin use during AHF hospitalization is
associated with a reduction in WHF and a survival benefit at 180 days.® Recent biomarker
data from RELAX-AHF!4 provide mechanistic data to support serelaxin’s role in positively
effecting the underlying pathophysiological abnormalities in AHF patients. The present data
further support the hypothesis that WHF during AHF has an association with 180-day
endpoints. Interestingly, we found that rolofylline attenuated the association between WHF
and increased 180-day mortality. While the primary PROTECT trial was neutral for the
primary end-point including survival 8 HF status, and changes in renal function, these
findings are hypothesis-generating and support further investigation related to a role for
short-term inhospital therapies to improve long-term outcomes.

While there was a nominal increase in events associated with high-intensity therapy for
WHF compared with low-intensity therapy, these associations were not statistically
significant. The specific reasons for these observations are unclear. One possibility is that
this subgroup analysis was underpowered. Alternatively, adjustment variables may act as
mediators of the outcomes association such that inclusion of variables such as renal function

Eur J Heart Fail. Author manuscript; available in PMC 2017 November 15.
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may attenuate the association. Moreover, it is possible that alternative definitions of low- vs.
high-intensity therapy may support a stronger association with outcomes.

This was a retrospective analysis from a clinical trial and patients met specific entry criteria.
These data may not apply to patients with different clinical characteristics from those
included in the PROTECT trial. Despite adjustment, other measured and unmeasured
variables may have influenced these results. Further stratifying the WHF group into early vs.
late and low- vs. high-intensity led to modest sample sizes in the different groups and likely
limited statistical power. Alternative definitions of the time of occurrence or intensity of
therapy should be explored in future analysis in order support the current observations. No
consensus definition of WHF has been established and the present definition incorporates a
clinician’s subjective assessment that may vary across world region.15 Future prospective
studies could also document investigator perceptions of whether the development of WHF
may have been related to insufficient initial therapy (e.g. insufficient early decongestion). An
improved understanding of WHF symptoms within the first 24 h could also support
expedited identification and therapeutic intervention.

Conclusion

In a large international HF trial, WHF during index hospitalization was associated with
increased 180-day death and a trend toward worse 60-day morbidity/mortality. The time of
occurrence and intensity of WHF therapy may provide less prognostic information than
whether or not WHF occurred.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding

C.McK. was supported by NIH grant T32 HL079896. No extramural funding was used to support this work. The
authors are solely responsible for the design and conduct of this study, all study analyses, the drafting, and editing
of the paper and its final contents.

References

1. Cotter G, Metra M, Weatherley BD, Dittrich HC, Massie BM, Ponikowski P, Bloomfield DM,
O’Connor CM. Physician-determined worsening heart failure: a novel definition for early worsening
heart failure in patients hospitalized for acute heart failure — association with signs and symptoms,
hospitalization duration, and 60-day outcomes. Cardiology. 2010; 115:29-36. [PubMed: 19844102]

2. Weatherley BD, Milo-Cotter O, Michael Felker G, Uriel N, Kaluski E, Vered Z, O’Connor CM,
Adams KF, Cotter G. Early worsening heart failure in patients admitted with acute heart failure —a
new outcome measure associated with long-term prognosis? Fundam Clin Pharmacol. 2009;
23:633-639. [PubMed: 19656213]

3. Torre-Amione G, Milo-Cotter O, Kaluski E, Perchenet L, Kobrin I, Frey A, Rund MM, Weatherley
BD, Cotter G. Early worsening heart failure in patients admitted for acute heart failure: time course,
hemodynamic predictors, and outcome. J Card Fail. 2009; 15:639-644. [PubMed: 19786251]

Eur J Heart Fail. Author manuscript; available in PMC 2017 November 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mentz et al.

10

11.

12.

13.

Page 9

. DeVore AD, Hammill BG, Sharma PP, Qualls LG, Mentz RJ, Waltman Johnson K, Fonarow GC,

Curtis LH, Hernandez AF. In-hospital worsening heart failure and associations with mortality,
readmission, and healthcare utilization. J Am Heart Assoc. 2014; 3:e001088. [PubMed: 25015076]

. Cotter G, Metra M, Davison BA, Senger S, Bourge RC, Cleland JG, Jondeau G, Krum H, O’Connor

CM, Parker JD, Torre-Amione G, van Veldhuisen DJ, Milo O, Kobrin I, Rainisio M, McMurray JJ,
Teerlink JR. Worsening heart failure, a critical event during hospital admission for acute heart
failure: results from the VERITAS study. Eur J Heart Fail. 2014; 16:1362-1371. [PubMed:
25371147]

. McMurray JJ, Teerlink JR, Cotter G, Bourge RC, Cleland JG, Jondeau G, Krum H, Metra M,

O’Connor CM, Parker JD, Torre-Amione G, van Veldhuisen DJ, Lewsey J, Frey A, Rainisio M,
Kobrin 1. Effects of tezosentan on symptoms and clinical outcomes in patients with acute heart
failure: the VERITAS randomized controlled trials. JAMA. 2007; 298:2009-2019. [PubMed:
17986694]

. Weatherley BD, Cotter G, Dittrich HC, DeLucca P, Mansoor GA, Bloomfield DM, Ponikowski P,

O’Connor CM, Metra M, Massie BM. Design and rationale of the PROTECT study: a placebo-
controlled randomized study of the selective Al adenosine receptor antagonist rolofylline for
patients hospitalized with acute decompensated heart failure and volume overload to assess
treatment effect on congestion and renal function. J Card Fail. 2010; 16:25-35. [PubMed:
20123315]

. Massie BM, O’Connor CM, Metra M, Ponikowski P, Teerlink JR, Cotter G, Weatherley BD, Cleland

JG, Givertz MM, Voors A, DelLucca P, Mansoor GA, Salerno CM, Bloomfield DM, Dittrich HC.
Rolofylline, an adenosine Al-receptor antagonist, in acute heart failure. N Engl J Med. 2010;
363:1419-1428. [PubMed: 20925544]

. Teerlink JR, Cotter G, Davison BA, Felker GM, Filippatos G, Greenberg BH, Ponikowski P,

Unemori E, Voors AA, Adams KF Jr, Dorobantu MI, Grinfeld LR, Jondeau G, Marmor A, Masip J,
Pang PS, Werdan K, Teichman SL, Trapani A, Bush CA, Saini R, Schumacher C, Severin TM,
Metra M. Serelaxin, recombinant human relaxin-2, for treatment of acute heart failure (RELAX-
AHF): a randomised, placebo-controlled trial. Lancet. 2013; 381:29-39. [PubMed: 23141816]

. Packer M, Colucci W, Fisher L, Massie BM, Teerlink JR, Young J, Padley RJ, Thakkar R,
Delgado-Herrera L, Salon J, Garratt C, Huang B, Sarapohja T. Effect of levosimendan on the
short-term clinical course of patients with acutely decompensated heart failure. JACC Heart Fail.
2013; 1:103-111. [PubMed: 24621834]

Cuffe MS, Califf RM, Adams KF Jr, Benza R, Bourge R, Colucci WS, Massie BM, O’Connor CM,
Pina I, Quigg R, Silver MA, Gheorghiade M. Short-term intravenous milrinone for acute
exacerbation of chronic heart failure: a randomized controlled trial. J Am Med Assoc. 2002;
287:1541-1547.

O’Connor CM, Mentz RJ, Cotter G, Metra M, Cleland JG, Davison BA, Givertz MM, Mansoor
GA, Ponikowski P, Teerlink JR, Voors AA, Fiuzat M, Wojdyla D, Chiswell K, Massie BM. The
PROTECT in-hospital risk model: 7-day outcome in patients hospitalized with acute heart failure
and renal dysfunction. Eur J Heart Fail. 2012; 14:605-612. [PubMed: 22535795]

Cleland JG, Chiswell K, Teerlink JR, Stevens S, Fiuzat M, Givertz MM, Davison BA, Mansoor
GA, Ponikowski P, Voors AA, Cotter G, Metra M, Massie BM, O’Connor CM. Predictors of
postdischarge outcomes from information acquired shortly after admission for acute heart failure:
a report from the Placebo-Controlled Randomized Study of the Selective A1 Adenosine Receptor
Antagonist Rolofylline for Patients Hospitalized with Acute Decompensated Heart Failure and
Volume Overload to Assess Treatment Effect on Congestion and Renal Function (PROTECT)
study. Circulation. 2014; 7:76-87.

14. Metra M, Cotter G, Davison BA, Felker GM, Filippatos G, Greenberg BH, Ponikowski P, Unemori

E, Voors AA, Adams KF Jr, Dorobantu MI, Grinfeld L, Jondeau G, Marmor A, Masip J, Pang PS,
Werdan K, Prescott MF, Edwards C, Teichman SL, Trapani A, Bush CA, Saini R, Schumacher C,
Severin T, Teerlink JR. Effect of Serelaxin on Cardiac, Renal, and Hepatic Biomarkers in the
Relaxin in Acute Heart Failure (RELAX-AHF) development program: correlation with outcomes.
J Am Coll Cardiol. 2013; 61:196-206. [PubMed: 23273292]

15. Mentz RJ, Cotter G, Cleland JG, Stevens SR, Chiswell K, Davison BA, Teerlink JR, Metra M,

Voors AA, Grinfeld L, Ruda M, Mareev V, Lotan C, Bloomfield DM, Fiuzat M, Givertz MM,

Eur J Heart Fail. Author manuscript; available in PMC 2017 November 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Mentz et al.

Page 10

Ponikowski P, Massie BM, O’Connor CM. International differences in clinical characteristics,
management, and outcomes in acute heart failure patients: better short-term outcomes in patients
enrolled in Eastern Europe and Russia in the PROTECT trial. Eur J Heart Fail. 2014; 16:614-624.
[PubMed: 24771609]

Eur J Heart Fail. Author manuscript; available in PMC 2017 November 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Mentz et al.

PROTECT Trial Population

n=2,033

Page 11

h

* Last follow-

(n=73)

EXCLUSIONS
*In-hospital death £ 7 days (n = 37)
» Study withdrawal £ 7 days (n = 10}

up < 7days (n = 34)

* Missing WHF evaluation

Analysis Cohort
n=1,879 (92.4%)

|

No WHF
n=1,641(87.3%)

A

n =238 (12.7%)

WHF

Treatment Intensity

Figurel.

Timing

Early
n =114 (47.9%)

Late
n=124(52.1%)

Mild
n =172 (72.3%)

High
n=59(24.8%)

Missing
n=7(2.9%)

Study population. PROTECT, Placebo-Controlled Randomized Study of the Selective Al

Adenosine Receptor Antagonist Rolofylline for Patients Hospitalized With Acute

Decompensated Heart Failure and Volume Overload to Assess Treatment Effect on
Congestion and Renal Function; WHF, worsening heart failure.

Eur J Heart Fail. Author manuscript; available in PMC 2017 November 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Mentz et al. Page 12

Cumulative event rate (%)

Cumulative event rate (%)

Death or CV/renal hospitalization through 60 days

WHF Presence and Timing Intensity of WHF Treatment
Lo ——— WHF: Late w ——— WHF: High Il
— — — WHF: Early — —— WHF: Lowll
— - — NoWHF — - — NoWHF
80 80
g
a2
60 % 60
40 E 40
: i
§ P e
s} = 32
; ) f;fffle——"*
rine =
0 0 2=
0 0 7 10 20 30 40 50 60 65
Days from randemization Days from randomization
Death through 180 days
WHF Presence and Timing Intensity of WHF Treatment
100 Ve Loae i ———— WHE: High Il
WHF: Early ——— WHF Lowll
— - — No WHF — - — NoWHF
80 80
g
a
60 2 e
g
40 % 40
g it
3 el
o s
o et G L e =
0 Lo il
07 30 60 20 120 150 180
Days from randomization

Figure 2.
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renal hospitalization up to 60 days; (B) death up to 180 days.
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