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Synopsis
In-hospital worsening heart failure represents a clinical scenario in which a patient hospitalized for
treatment of acute heart failure experiences a worsening of their condition while in the hospital,
requiring escalation of therapy. In-hospital worsening heart failure is associated with worse in-
hospital and post-discharge outcomes. In-hospital worsening heart failure is increasingly being
used as an endpoint, or as part of a combined endpoint, in many clinical trials in acute heart
failure. This endpoint has advantages over other endpoints commonly used in acute and chronic
heart failure trials, such as dyspnea relief and mortality or rehospitalization. Despite the extensive
study of this condition, no treatment strategies have been approved for the prevention of this
condition. However, several prediction models have been developed to identify worsening heart
failure. Continued study in this area is warranted.
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Introduction and Definitions

Heart failure is a common condition in the United States. Over five million Americans have
heart failure, with over 800,000 new cases diagnosed annually.! This chronic condition is
marked by episodes of acute decompensation, often requiring hospitalization. In the United
States alone, there are more than >1 million hospitalizations annually for acute heart
failure.! Unfortunately, patient outcomes remain poor with a 5-year survival rate of
approximately 50% and there is an urgent public health need to improve our understanding
and treatment options for patients suffering with acute heart failure.! Acute heart failure
therapeutics remain largely homogenous and unchanged over the past 40 years in the United
States.2:3
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The term “worsening heart failure” has been used to indicate worsening of chronic heart
failure, also termed “acute heart failure” or “acute decompensated heart failure.” This acute
worsening of chronic heart failure often results in adjustment of chronic therapy or requires
in-patient hospitalization and is associated with worse prognosis.#® Worsening heart failure
has also been used to describe worsening of acute heart failure that occurs during a
hospitalization for acute heart failure. For the purposes of this review, we will focus on the
latter condition, in-hospital worsening heart failure.

In-hospital worsening heart failure represents a clinical scenario in which a patient
hospitalized for treatment of acute heart failure experiences a worsening of their condition
while in the hospital, requiring escalation of therapy. This can occur in patients who don’t
respond to initial therapy, or in patients who do respond to initial therapy but subsequently
stop responding or worsen. Worsening heart failure can occur at any point throughout the
hospitalization.8:” There is a growing body of evidence that in-hospital worsening heart
failure is also associated with a worse prognosis and signals an important change in the heart
failure patient’s clinical course (Figure 1). These data suggest therapeutic and treatment
strategies designed to reduce the incidence of in-hospital worsening heart failure could
improve patient outcomes.

Establishing a Definition for Worsening Heart Failure as a Clinical Trial

Endpoint

Several clinical trials in acute heart failure have examined worsening heart failure as an
endpoint. The first trial to define and examine worsening heart failure was published in 2004
and compared different doses of tezosentan, an endothelin receptor antagonist with
vasodilating properties.® This study included patients from centers in Europe, Israel, and the
United States. Investigators examined both hemodynamic and clinical endpoints, including
worsening heart failure, defined as “either failure to improve (persistent symptoms and signs
of acute heart failure during the first 24 h of treatment) or recurrent symptoms and signs of
acute heart failure, pulmonary edema, or cardiogenic shock after initial stabilization within
30 days after randomization, either of which required the initiation or increase of appropriate
intravenous therapy or the implementation of mechanical circulatory or ventilatory support
to treat the event.”8

The rationale for using worsening heart failure as an endpoint in acute heart failure trials
was summarized in subsequent publications.® Worsening heart failure during a
hospitalization for acute heart failure was analogous to re-infarction after an episode of acute
coronary syndrome—a failure of the initial treatment strategy. This endpoint was a departure
from traditional acute heart failure studies that focused on acute symptoms—primarily
dyspnea—or post-discharge outcomes. Neither acute symptoms nor post-discharge
outcomes capture the inpatient clinical course, a critical time for heart failure patients. The
purpose of worsening heart failure as an endpoint is to represent the inpatient course in a
way that can be measured in a clinical trial. Furthermore, in-hospital worsening heart failure
is unique to episodes of acute heart failure. Recognizing the different physiology of acute
and chronic heart failure underscores the need for different outcomes in clinical trials of
these disease states. 10
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Despite the value identifying worsening heart failure, there are also some challenges with
using worsening heart failure as a clinical trial endpoint. Most notably, it may be difficult to
ascertain whether escalation of care is due to true worsening of a patient’s condition or due
to initial under treatment. This is particularly challenging for patients who are deemed
unresponsive to initial treatment and for patients classified as having worsening heart failure
early in the hospital course.

Initial Descriptions of the Incidence of Worsening Heart Failure and

Associated Outcomes

One of the first studies to examine the incidence of in-hospital worsening heart failure in
patients admitted with acute heart failure was performed in a single-center in a community
hospital in Israel.? Patients were considered to have in-hospital early worsening heart failure
if, from six hours after admission through the seventh day of admission, they had
“unresolved or recurrent symptoms and signs of heart failure that required an increase in or
institution of intravenous heart failure-specific therapy, or institution of mechanical
ventilatory or circulatory support.”® They found 29% of 337 patients experienced worsening
heart failure, which was associated with increased mortality at 6 months (age adjusted
Hazard Ratio 3.3 [95% CI 1.7-6.3]).

The incidence of worsening heart failure and associations with outcomes was retrospectively
investigated in early studies of tezosentan using a slightly different definition of worsening
heart failure, which captured clinical events occurring both during hospital admission and in
the early post-discharge period.10 Specifically, worsening heart failure that occurred during
the first seven days of in-patient hospital admission was termed early worsening heart
failure. In their study of 120 patients, 35% experienced early worsening heart failure during
the first seven days of hospitalization, and 7% required readmission within 30 days of
discharge. Most in-hospital worsening heart failure events were treated with an increase
dose of diuretics (82%). They found that patients with worsening heart failure were at higher
risk of death at 6 months compared to patients without worsening heart failure (HR 4.1
[95% CI 1.3-13)).

Worsening Heart Failure as a Trial Endpoint

Given the importance of identifying a meaningful endpoint for acute heart failure trials, and
the proven association between in-hospital worsening heart failure and long-term clinical
outcomes, worsening heart failure was incorporated into subsequent trials in acute heart
failure, including VERITAS, 1112 PROTECT,® ASCEND-HF,1415 DOSE,16 REVIVE,1’
RELAX-AHF,18.19 ROSE-AHF,20 BLAST-AHF,?! and TRUE-AHF?2 (Table 1). Each of
these large clinical trials used different criteria to define worsening heart failure, but all with
the same general framework of a worsening clinical condition. Most trials also specified that
the worsening clinical condition required an escalation of therapy to be considered
worsening heart failure. The REVIVE trials, however, used only the clinical condition and
did not require escalation of therapy.
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The other differences between the trial definitions are mostly related to the setting and
timing of worsening heart failure. VERITAS, RELAX-AHF, and BLAST defined worsening
heart failure as occurring either during admission or early after discharge, while other trials
defined worsening heart failure as occurring during index admission only. However,
different trials focused on different timing of the occurrence of worsening heart failure.—
ASCEND-HF collected worsening heart failure events throughout the entire hospitalization,
while DOSE and ROSE-AHF collected events from randomization through 72 hours, the
REVIVE studies evaluated events that occurred after the first 24 hours and through day 5 of
the hospitalization, and RELAX -AHF evaluated events that occurred through day 5 and
also through day 14. Despite these differences, all of the trials included similar requirements
for what constituted escalation of care. These treatments included initiation or increase of
intravenous therapies for heart failure (including diuretics, vasodilators, and inotropes),
implementation of mechanical circulatory support or ventilatory support, or the initiation of
ultrafiltration, hemofiltration, or hemodialysis.

Recent guidelines from the European Medicines Agency (EMA) regarding studies of
medications for the treatment of acute heart failure state that for worsening heart failure to
be used as a clinical trial endpoint, clear and objective criteria must be pre-specified to
reduce variability and inconsistency.23 While the Food and Drug Administration (FDA) has
no such guidelines, they have raised similar issues for the worsening heart failure
endpoint.24

Association of Worsening Heart Failure with Clinical Outcomes

From the clinical trial datasets detailed above, secondary analyses were performed to
examine the association of worsening heart failure with clinical outcomes (Table 2).
Worsening heart failure was found to be associated with worse in-hospital outcomes,
including a longer length of stay, based on observations from the PROTECT pilot study and
the VERITAS studies.?526 Data from the PROTECT trial showed the association between
worsening heart failure and an increased risk of all-cause mortality at 14 days and 30 days.2’
The increased risk of 30-day all-cause mortality was also observed in data from the Pre-
RELAX trial.28 In addition, worsening heart failure was associated with increased all-cause
mortality at 60 days, 90 days, and 180 days, and cardiovascular mortality at 60 days and 180
days. 26:28-30 A recent analysis of ASCEND-HF confirmed increased risk of 30-day and
180-day mortality in patients with worsening heart failure compared to those without
worsening heart failure.”

Extending the study of worsening heart failure out of the clinical trial space in order to
provide real-world data from patients in the United States, worsening heart failure was
recently examined in the Acute Decompensated Heart Failure National Registry
(ADHERE).3! This analysis confirmed the findings of increased all-cause mortality at 30
days, and also found an increased mortality at 1 year. In addition to the mortality findings,
there was an increased risk of all-cause and heart failure readmissions at 30 days and 1 year.
Using Medicare claims data the investigators also examined the financial implications of
worsening heart failure. Because of increased readmissions for patients who experience
worsening heart failure, it is not surprising that after discharge from the index
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hospitalization, post-discharge Medicare payments were shown to be higher at 30 days and 1
year for patients with worsening heart failure compared to those without worsening heart
failure.3!

In an effort to further examine the condition of worsening heart failure, several analyses
examined timing of worsening heart failure. Two studies, one using data from ASCEND-HF
and one using data from PROTECT, stratified worsening heart failure by whether it
occurred before day four of hospitalization or after that time.”30 There was no difference
between timing of worsening heart failure and outcomes in these studies. A study using data
from ADHERE categorized the timing of worsening heart failure differently. In this study,
early in-hospital worsening heart failure was defined as occurring during the first hospital
day, and late worsening heart failure occurring after the first inpatient day. 8 When defined
by these time point, early worsening heart failure was associated with lower all-cause
mortality but similar all-cause and heart failure rehospitalizations at 30 days and 1 year,
compared to late in-hospital worsening heart failure.

As worsening heart failure is defined by the need for escalation of therapy, one study
delineated therapy as high intensity (initiation of inotropes, vasopressors, or inodilators; or
initiation of mechanical support including circulatory support, ventilator support, or
ultrafiltration) or low intensity (increasing diuretics or initiating vasodilators).39 There was
no difference between the groups in the risk of death or hospitalization at 60 days or death at
180 days.

Treatment of Worsening Heart Failure

While many trials have included worsening heart failure as an endpoint, most treatments
have not been shown to be associated with decreased worsening heart failure. Compared to
placebo, tezosentan was not associated with decreased incidence of worsening heart failure
(Odds Ratio: 0.99, Cl: 0.92-1.21), nor was rollofylline (OR: 1.13, CI: 0.90-1.42). Similarly,
in ASCEND-HF, the composite endpoint of worsening heart failure or death during index
hospitalization was similar for the nesiritide group (4.2%) and placebo group (4.8%).

Two drugs have shown an improvement in worsening heart failure in adequately powered
clinical trials—Ilevosimendan and serelaxin. In the REVIVE trials, the placebo groups had
more patients classified as worsening clinical course compared to the levosimendan groups.
However, this study noted serious adverse events associated with the drug. Levosimendan
has not been approved by the FDA for an indication in the acute decompensated heart failure
patient population; however, this drug is currently being studied for use in patients with
reduced left ventricular ejection fraction undergoing cardiac surgery (ClinicalTrials.gov
NCT 02025621). In the RELAX-AHF trial, treatment with serelaxin decreased worsening
heart failure through day 5 (Hazard Ratio: 0.3, 95% CI: 0.1-0.4) and day 14 (HR: 0.7, 95%
Cl: 0.51-0.96).1° The worsening heart failure endpoint was exploratory and not prepecified.
When serelaxin was evaluated by the FDA in 2014, the FDA report noted that the endpoint
of worsening heart failure was not well characterized in the RELAX-AHF trial.24 A larger
trial of serelaxin is ongoing, with worsening heart failure as a prespecified secondary
endpoint. (Clinical Trials.gov NCT NCT01870778).
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Prediction of Worsening Heart Failure

The frequent occurrence of worsening heart failure in patients hospitalized with acute heart
failure, and the association of worsening heart failure with poor outcomes including
rehospitalization and death, has motivated the development of worsening heart failure as an
important outcome in the care of patients with acute heart failure and highlighted the
importance of prevention of worsening heart failure in these patients. Using clinical trials
and registries, several groups have developed prediction models for the development of
worsening heart failure (Table 3). Predictors of death, heart failure rehospitalization, or
worsening heart failure at 7 days in PROTECT and validated in VERITAS include blood
urea nitrogen, albumin, cholesterol, as well as heart rate, systolic blood pressure, and
respiratory rate, with blood urea nitrogen being the strongest predictor. Using patients from
both PROTECT and RELAX-AHF, predictors of death or worsening heart failure through
day 5 included blood urea nitrogen, hematocrit, respiratory rate and systolic blood pressure.
A risk model developed in ADHERE and validated in ASCEND, found several variables
that were independently associated with the development of in-hospital worsening heart
failure, including age, heart rate, systolic blood pressure, left ventricular ejection fraction,
and the laboratory values of brain natriuretic peptide, troponin, sodium, blood urea nitrogen
and creatinine. The strongest predictors were troponin and creatinine. Taken together, it
appears that renal dysfunction, cardiac injury, and markers of decompensation, all predict
worse outcomes.

Developing Therapeutics and Treatment Strategies that Decrease
Worsening Heart Failure

From the first use of worsening heart failure as an endpoint in 2004, there is now a robust
body of evidence linking worsening heart failure with poor future outcomes. This endpoint
may offer significant advantage over other symptom-based and clinical endpoints.32:33

Acute heart failure is currently recognized as a heterogeneous disorder characterized by
symptoms, typically dyspnea, and findings of congestion and/or poor perfusion that clearly
represent a deviation from the typical journey of a patient with chronic heart failure (Figure
1). The reasons for this remain incompletely understood but therapeutics and treatment
strategies are focused on restoring the clinical status of the patient, i.e., relieving symptoms
and improving congestion and perfusion. Inhospital worsening heart failure represents a
failure of initial treatment strategies to achieve all of these clinical goals and is characterized
by increased level of care, either medical therapy or mechanical circulatory support. While
clinical judgment is necessary for changing a level of care this clearly-documented and
measurable event is representative of the many facets of the heart failure syndrome and
incorporates resource utilization, an often overlooked aspect of clinical care.

We believe worsening heart failure may have advantages over other acute heart failure
endpoints, such as dyspnea. There are challenges with standardizing dyspnea measurements,
and furthermore, while dyspnea is a patient-centered outcome it only represents one aspect
of the acute heart failure syndrome.34 As worsening heart failure continues to be
incorporated into clinical trials, we must recognize that a standardized definition is required
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to compare results across trials.1822 Given the continued emphasis on pragmatic clinical
trials, this standardized definition of worsening heart failure should be simple and easily
ascertained from electronic health records.3°

In-hospital worsening heart failure occurs when a patient hospitalized for treatment of acute
heart failure experiences a worsening of their condition while in the hospital, requiring
escalation of therapy. In-hospital worsening heart failure is associated with a worse
prognosis, including worse inhospital outcomes, increased short- and long-term post-
discharge mortality, increased readmissions, and higher healthcare spending. Renal
dysfunction, cardiac injury, and markers of decompensation are the strongest predictors of
worsening heart failure. No drugs have been approved by the FDA for the prevention of
worsening heart failure, but trials are ongoing. In acute heart failure trials, worsening heart
failure has advantages over other endpoints commonly used in acute and chronic heart
failure trials, such as dyspnea relief and mortality or rehospitalization, and should continue
to be used as an endpoint in these trials. We must continue to test and evaluate treatment
strategies and therapeutics for acute heart failure and we believe there is substantial evidence
to support worsening heart failure as a trial endpoint in these clinical trials.
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Key Points

1. In-hospital worsening heart failure is an increasingly important endpoint in trials
of acute heart failure.

2. In-hospital worsening heart failure is associated with increased short and long-
term mortality, increased rehospitalization, and increased health care costs.

3. Renal dysfunction and cardiac dysfunction predict worsening heart failure in
patients hospitalized with acute heart failure.

4. A standardized definition of worsening heart failure should be established for
use in future clinical trials.

Heart Fail Clin. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Cooper et al.

Functional Status

Page 12

|

Time

Figure 1.
Patient’s clinical trajectory after an episode of in-hospital worsening heart failure (dotted

gray line) compared to clinical trajectory without worsening heart failure (solid black line).
The heart failure syndrome is characterized by acute changes in status typically requiring a
hospitalization (A). In-hospital worsening heart failure (B, dotted gray line) represents a
more complicated and costly hospitalization associated with worse long-term outcomes.
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