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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% (n = 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 outcomes3–5 and the prevention of WHF has become an important 

endpoint in AHF trials.6–10 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 (IV) 

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.7,8 Our 

aim was to investigate the association between time of occurrence of WHF and intensity of 

WHF therapy with post-discharge outcomes.
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Methods

Data source

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.7,8 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 N-terminal pro-BNP level ≥2000 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 A1-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.1,7,8 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

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.

Definitions

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 hoc 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 
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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 analysis12,13 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 × WHF) in the 

multivariable model for each endpoint. Hazard ratios (HRs) were calculated with 

corresponding 95% confidence intervals (CIs). 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 
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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 previously13 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).

Results

Figure 1 presents the patients included in this analysis. Of 1879 AHF patients, 12.7% (n = 

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 P > 0.18)
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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 WHF. 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 (P = 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 P = 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 P-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 
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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 outcomes4 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,4 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 WHF. 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,4 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.9 Recent biomarker 

data from RELAX-AHF14 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 
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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 ofWHF therapy may provide less prognostic information than 

whether or not WHF occurred.
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Figure 1. 
Study population. PROTECT, 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; WHF, worsening heart failure.
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Figure 2. 
Unadjusted event rate curves by worsening heart failure (WHF) group. (A) Death or CV/

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