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KEY POINTS

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

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

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

� A standardized definition of worsening heart failure should be established for use in future clinical
trials.
INTRODUCTION AND DEFINITIONS

Heart failure is a common condition in the United
States. More than 5 million Americans have heart
failure, with more than 800,000 new cases
diagnosed annually.1 This chronic condition is
marked by episodes of acute decompensation,
often requiring hospitalization. In the United States
alone, there are greater than 1 million hospitaliza-
tions annually for acute heart failure.1 Unfortu-
nately, patient outcomes remain poor with a
5-year survival rate of approximately 50% and
there is an urgent public health need to improve
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our understanding and treatment options for pa-
tients suffering with acute heart failure.1 Acute
heart failure therapeutics remain largely homoge-
nous and unchanged over the past 40 years in
the United States.2,3

The term “worsening heart failure” has been
used to indicate worsening of chronic heart failure,
also termed “acute heart failure” or “acute decom-
pensated heart failure.” This acute worsening of
chronic heart failure often results in adjustment
of chronic therapy or requires in-patient hospitali-
zation and is associated with worse prognosis.4,5
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describe worsening of acute heart failure that oc-
curs during a hospitalization for acute heart failure.
For the purposes of this review, we focus on the
latter condition, namely, in-hospital worsening
heart failure.
In-hospital worsening heart failure represents a

clinical scenario in which a patient hospitalized for
treatment of acuteheart failure experiencesawors-
ening of their condition while in the hospital,
requiring escalation of therapy. This can occur in
patients who do not respond to initial therapy or in
those who do respond to initial therapy but subse-
quently stop responding or worsen. Worsening
heart failure can occur at any point throughout the
hospitalization.6,7 There is a growing body of evi-
dence that in-hospital worsening heart failure is
also associatedwith aworse prognosis and signals
an important change in the heart failure patient’s
clinical course (Fig. 1). These data suggest thera-
peutic 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 re-
ceptor antagonist with vasodilating properties.8

This study included patients from centers in Eu-
rope, Israel, and the United States. Investigators
examined both hemodynamic and clinical end-
points, including worsening heart failure, defined
as “either failure to improve (persistent symptoms
Fig. 1. Patient’s clinical trajectory after an episode of in-hosp
withclinical trajectorywithoutworseningheart failure (solid
acute changes in status typically requiring a hospitalization
line) represents a more complicated and costly hospitalizatio
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 cardio-
genic 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 me-
chanical 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 sum-
marized in subsequent publications.9 Worsening
heart failure during a hospitalization for acute heart
failure was analogous to reinfarction 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—primar-
ily dyspnea—or postdischarge outcomes. Neither
acute symptoms nor postdischarge outcomes
capture the inpatient clinical course, a critical
time for heart failure patients. The purpose of
worsening heart failure as an endpoint is to repre-
sent the inpatient course in a way that can be
measured in a clinical trial. Furthermore, in-
hospital worsening heart failure is unique to epi-
sodes of acute heart failure. Recognizing the
different physiology of acute and chronic heart fail-
ure underscores the need for different outcomes in
clinical trials of these disease states.10

Despite the value of 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 undertreatment. This determination is partic-
ularly challenging for patients who are deemed
ital worsening heart failure (dotted gray line) compared
black line). Theheart failure syndrome is characterizedby
(A). In-hospital worsening heart failure (B, dotted gray
n associated with worse long-term outcomes.
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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, community hospital in Israel.9

Patients were considered to have in-hospital early
worsening heart failure if, from 6 hours after admis-
sion through day 7 of admission, they had “unre-
solved 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.”9 They found that 29% of 337 patients
experienced worsening heart failure, which was
associated with increased mortality at 6 months
(age-adjusted hazard ratio [HR], 3.3; 95% CI,
1.7–6.3).

The incidence of worsening heart failure and as-
sociations with outcomes was investigated retro-
spectively in early studies of tezosentan using a
slightly different definition of worsening heart fail-
ure, which captured clinical events occurring
both during hospital admission and in the early
postdischarge period.10 Specifically, worsening
heart failure that occurred during the first 7 days
of in-patient hospital admission was termed early
worsening heart failure. In their study of 120 pa-
tients, 35% experienced early worsening heart fail-
ure during the first 7 days of hospitalization, and
7% required readmission within 30 days of
discharge. Most in-hospital worsening heart failure
events were treated with an increased dose of di-
uretics (82%). They found that patients with wors-
ening heart failure were at higher risk of death at
6 months compared with patients without wors-
ening 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,11,12 PROTECT,13 ASCEND-HF,14,15

DOSE,16 REVIVE,17 RELAX-AHF,18,19 ROSE-
AHF,20 BLAST-AHF,21 and TRUE-AHF22 (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 esca-
lation of therapy to be considered worsening heart
failure. The REVIVE trials, however, used only the
clinical condition and did not require escalation
of therapy.

The other differences between the trial defini-
tions 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, whereas 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,
whereas 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 hospitaliza-
tion, and RELAX-AHF evaluated events that oc-
curred through day 5 and also through day 14.
Despite these differences, all of the trials included
similar requirements for what constituted escala-
tion of care. These treatments included initiation
or increase of intravenous therapies for heart fail-
ure (including diuretics, vasodilators, and ino-
tropes), implementation of mechanical circulatory
support or ventilatory support, or the initiation of
ultrafiltration, hemofiltration, or hemodialysis.

Recent guidelines from the European Medicines
Agency regarding studies of medications for the
treatment of acute heart failure state that for wors-
ening heart failure to be used as a clinical trial
endpoint, clear and objective criteria must be pre-
specified to reduce variability and inconsistency.23

Although the Food and Drug Administration (FDA)
has no such guidelines, they have raised similar is-
sues for the worsening heart failure endpoint.24
ASSOCIATION OF WORSENING HEART
FAILURE WITH CLINICAL OUTCOMES

From the clinical trial datasets detailed above, sec-
ondary 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 out-
comes, including a longer length of stay, based on
observations from the PROTECT pilot study and
the VERITAS studies.25,26 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.27 The increased



Table 1
Worsening heart failure as a clinical trial endpoint

Trial Year Drug WHF Endpoint
Definition/Time Course/Clinical
Events Treatment

Low-dose
Tezosentan
study8

2004 Tezosentan Secondary endpoint: incidence
and time to WHF or death �30 d
after the start of treatment

Persistent signs or symptoms of HF
in initial 24 h of treatment or
recurrent signs of symptoms of
HF, pulmonary edema, or
cardiogenic shock after initial
stabilization with 30 d of
randomization

Initiation or increase of IV therapy
Implementation of MCS or

ventilator

VERITAS I and II12 2007 Tezosentan Primary endpoint: death orWHF at
7 d (WHF during admission or
after discharge)

Persistent signs or symptoms of HF
with treatment or development
of pulmonary edema,
cardiogenic shock, or other
evidence of WHF

IV treatment for HF (diuretic,
vasodilator, or inotrope)

Implementation of MCS,
ventilator, or CPAP

Use of ultrafiltration,
hemofiltration, or hemodialysis.

PROTECT Pilot25 2008 Rolofylline Primary endpoint: treatment
success, treatment failure, or no
change in condition

Worsening symptoms or signs of
HF occurring >24 h after start of
study drug to day 7 or discharge,
whichever occurred first

—

PROTECT13 2010 Rolofylline Primary endpoint: treatment
success, treatment failure, or no
change in condition

Death or readmission for HF
through day 7 or worsening
symptoms and signs of HF
occurring >24 h after start of
study drug requiring
intervention by day 7 or
discharge

—

ASCEND15 2011 Nesiritide Secondary endpoint: composite of
persistent or WHF and all-cause
death

Typical clinical manifestations of
worsening heart failure from
randomization through hospital
discharge

Addition or increase of IV
pharmacologic agent

Mechanical or surgical
intervention

Ultrafiltration, hemofiltration, or
dialysis
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REVIVE17 2013 Levosimendan Primary endpoint: characterization
of clinical course as improved,
unchanged, or worse

Death through day 5
Persistent symptoms of HF

from >24 after start of study
drug through day 5

Rescue intervention specifically to
relieve HF symptoms or

Moderately or markedly worsened
global assessment at 6 h, 24 h, or
5 d

Pre-RELAX36 2009 Serelaxin Exploratory endpoint: in-hospital
WHF from baseline to day 5

Physician-determined assessment
on the basis of worsening
symptoms or signs of HF

Addition or institution of IV
medications or mechanical
support to treat acute HF

RELAX-AHF19 2013 Serelaxin Additional endpoint: time to WHF
through day 5 and through
day 14

Worsening signs or symptoms
of HF

Institution or uptitration of IV
therapy (furosemide, nitrates,
other HF medications)

Institution of MCS or ventilatory
support

DOSE16 2011 Furosemide Secondary endpoint: worsening or
persistent heart failure

Need for rescue therapy within
72 h from randomization

Additional loop diuretic, addition
of thiazide, IV vasoactive agent
for HF

Ultrafiltration
MCS or respiratory support

ROSE-AHF20 2013 Dopamine
or nesiritide

Secondary endpoint: worsening or
persistent heart failure

Need for rescue therapy within
72 h from randomization

Additional IV vasoactive agent for
HF

Ultrafiltration
MCS or respiratory support

BLAST-AHF21

ClinicalTrials.gov
NCT01966601

Ongoing TRV027 Composite primary endpoint: time
from randomization to WHF
through day 5

Worsening signs or symptoms of
HF during hospitalization, or
rehospitalization for HF after
discharge

Intensification of IV therapy
including loop diuretics,
nitrates, or other medications
for HF

MCS or ventilator support
(including CPAP/BiPAP if used
for HF)

TRUE-AHF22

ClinicalTrials.gov
NCT01661634

Ongoing Ularitide Coprimary endpoint: improvement
in a clinical composite including
WHF

Persistent or worsening HF
requiring an intervention

Initiation or intensification of IV
therapy

MCS or ventilatory support,
surgical intervention,
ultrafiltration, hemofiltration,
or dialysis

Abbreviations: BiPAP, biphasic positive airway pressure; CPAP, continuous positive airway pressure; HF, heart failure; IV, intravenous; MCS, mechanical circulatory support; WHF wors-
ening heart failure.
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Table 2
Observational studies and secondary analyses of clinical trials assessing worsening heart failure

Trial Year Drug WHF Definition Outcome Hazard ratio (95% CI)

PROTECT pilot37 2010 Tezosentan Physician-determined WHF: worsening
signs and symptoms of HF AND initiation
or uptitration of IV treatment or MCS for
HF

LOS Mean (SD): WHF vs no WHF,
13.8 (6.8) vs 9.3 (5.9)

60 d CV/RF readmission and death 49.7% vs 19.5% in patients
without WHF

PROTECT27 2011 Rolofylline Worsening signs and symptoms of HF with
resulting intensification of IV therapy for
HF or MCS or ventilator support

14-d all-cause mortality 6.84 (4.12, 11.35)
30-d all-cause mortality 4.78 (3.10, 7.37)

PROTECT30 2015 Rolofylline Worsening signs and symptoms of HF with
resulting intensification of therapy:

High-intensity therapy: initiation of
inotropes, vasopressors and inodilators;
MCS, ventilator support, and
ultrafiltration

Low intensity therapy: restarting/
increasing diuretics or initiating
vasodilators without high intensity
interventions

60-d CV/RF rehospitalization and death 1.54 (1.22, 1.95), P<.001
60-d all-cause rehospitalization or death 1.55 (1.25, 1.93), P<.001
180-d all-cause mortality 2.46 (1.87, 3.25), P<.001
60-d CV/RF rehospitalization and death High vs Low intensity

1.41 (0.88, 2.26), P 5 .15
60-d all-cause rehospitalization or death 1.32 (0.85, 2.05), P 5 .22
180-d all-cause mortality 1.55 (0.93, 2.60), P 5 .096

Pre RELAX-AHF28 2010 Serelaxin Worsening signs or symptoms of HF
requiring the increase or reinstitution of
IV therapy or MCS for HF

60-d HF/RF readmission or death 3.93 (1.72–8.98), P 5 .001
30-d all-cause mortality 7.70 (1.72–34.41), P 5 .008
60-d CV mortality 4.56 (1.02–20.20), P 5 .05
60-d all-cause mortality 3.76 (1.23–11.50), P 5 .02
180-d CV death 6.04 (1.75–20.87), P 5 .004

RELAX-AHF38 2013 Serelaxin Worsening signs or symptoms of HF
requiring reinstitution or intensification
of IV therapy or MCS for HF

180-d all-cause mortality 1.90 (1.11–3.22), P 5 .016

PROTECT and
RELAX-AHF29

2015 — Physician assessment of worsening signs or
symptoms of HF requiring intensification
of IV therapy or MCS

The treatment required was categorized as
IV loop diuretic alone, IV inotrope (eg,
dobutamine, norepinephrine,
levosimendan, phenylephrine) or
mechanical therapy (eg, mechanical
ventilation, MCS, ultrafiltration), or
other treatment (eg, IV nitrates,
nesiritide, nonloop diuretic)

60-d HF/RF rehospitalization or CV death 2.19 (1.80–2.67), P 5 .58
180-d all-cause mortality 2.61 (2.20–3.10), P 5 .45
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VERITAS26 2014 Tezosentan WHF could occur during the index
admission or after discharge

In-hospital: either (i) the development of
pulmonary edema, cardiogenic shock, or
other evidence of WHF or (ii) failure of
the patient’s HF condition to improve
with treatment (treatment failure)

Required at least 1 of the following: (i)
initiation of new IV therapy, (ii)
reinstitution of prior IV therapy, (iii)
increase in current IV therapy for HF; (iv)
implementation of MCS or ventilatory
support, or (v) use of ultrafiltration,
hemofiltration, or hemodialysis

LOS 4.33 (3.54–5.13), P<.001
30-d HF rehospita ation or death 2.45 (1.75–3.40), P<.001
90-d mortality 2.57 (1.81–3.65), P<.001

ADHERE31 2014 Registry Any of the following criteria: initiated
inotropic medications or an IV
vasodilator >12 h after hospital
presentation, were transferred to the
ICU, or received advanced medical
therapy after the first inpatient day

30-d mortality
Hazard ratio (99% CI)
2.78 (2.55–3.04), P<.001

1-y mortality 1.84 (1.75–1.93), P<.001
30-d all-cause rea ission 1.47 (1.35–1.59), P<.001
1-y all-cause read ission 1.27 (1.21–1.34), P<.001
30-d HF readmiss 1.62 (1.43–1.84), P<.001
1-y HF readmissio 1.36 (1.26–1.47), P<.001

30-d Medicare pa ents
Cost ratio (99% CI)
1.70 (1.57–1.84), P<.001

1-y Medicare pay nts 1.43 (1.37–1.49), P<.001

ASCEND7 2015 Nesiritide At least 1 sign, symptom, or radiologic
evidence of new, persistent, or
worsening acute HF requiring addition
of a new IV therapy (inotrope or
vasodilator) or mechanical support
during index hospitalization targeted
specifically at HF symptoms

30-d all-cause mo lity or HF
hospitalization

8.43 (6.70–10.60), P<.001

30-d all-cause mo lity 16.56 (12.58–21.79), P<.001
180-d all-cause m tality 5.05 (4.23–6.03), P<.001

(continued on next page)
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Table 2
(continued )

Trial Year Drug WHF Definition Outcome Hazard ratio (95% CI)

ADHERE6 2015 Registry Any of the following criteria: use of IV
inotropes or vasodilators; mechanical
support including ventilator, dialysis,
IABP or LVAD; or an ICU stay during the
index hospitalization

Early WHF: occurred during day 1 of
hospitalization

Late WHF: occurred after day 1 of
hospitalization

Early WHF vs late WHF Hazard ratio (99% CI)
30-d mortality 0.69 (0.57–0.83), P<.001
1-y mortality 0.84 (0.75–0.94), P<.001
30-d all-cause readmission 1.04 (0.91–1.20), P 5 .44
1-y all-cause readmission 1.08 (1.01–1.16), P 5 .003
30-d HF readmission 0.95 (0.75–1.19), P 5 .54
1-y HF readmission 0.99 (0.86–1.13), P 5 .81

30-d Medicare payments
Cost ratio (99% CI)
1.09 (0.94–1.28), P 5 .14

1-y Medicare payments 1.26 (1.16–1.37), P<.001

Abbreviations: CV, cardiovascular; HF, heart failure; IABP, intraaortic balloon pump; ICU, intensive care unit; IV, intravenous; LOS, length of stay; LVAD, left ventricular assist device;
MCS, mechanical circulatory support; RF, renal failure; WHF, worsening heart failure.
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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 mortal-
ity at 60 days and 180 days.26,28–30 A recent anal-
ysis of ASCEND-HF confirmed increased risk of
30-day and 180-day mortality in patients with
worsening heart failure compared with those
without worsening heart failure.7

Extending the study of worsening heart failure
out of the clinical trial space 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).31 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 Medi-
care claims data, the investigators also examined
the financial implications of worsening heart fail-
ure. Because of increased readmissions for pa-
tients who experience worsening heart failure, it
is not surprising that after discharge from the index
hospitalization, postdischarge Medicare pay-
ments were shown to be greater at 30 days and
1 year for patients with worsening heart failure
compared with those without worsening heart
failure.31

In an effort to further examine the condition of
worsening heart failure, several analyses exam-
ined 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 4 of hos-
pitalization or after that time.7,30 There was no dif-
ference 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 hospital day 1, and
late worsening heart failure occurring after inpa-
tient day 1.6 When defined by these time points,
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 with late in-hospital worsening
heart failure.

Because worsening heart failure is defined by
the need for escalation of therapy, 1 study delin-
eated therapy as high intensity (initiation of ino-
tropes, vasopressors, or inodilators; or initiation
of mechanical support including circulatory sup-
port, ventilator support, or ultrafiltration) or low
intensity (increasing diuretics or initiating vasodila-
tors).30 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

Although 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
with placebo, tezosentan was not associated
with decreased incidence of worsening heart fail-
ure (odds ratio [OR], 0.99; 95% CI, 0.92–1.21),
nor was rollofylline (OR, 1.13; 95% 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 wors-
ening heart failure in adequately powered clinical tri-
als—levosimendan and serelaxin. In the REVIVE
trials, the placebo groups had more patients classi-
fied asworsening clinical course compared with 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 be-
ing studied currently for use in patientswith reduced
left ventricular ejection fraction undergoing cardiac
surgery (ClinicalTrials.gov NCT02025621). In the
RELAX-AHF trial, treatment with serelaxin
decreased worsening heart failure through day 5
(HR, 0.3; 95% CI, 0.1–0.4) and day 14 (HR, 0.7;
95% CI, 0.51–0.96).19 The worsening heart failure
endpoint was exploratory and not prespecified.
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 prespeci-
fied secondary endpoint (ClinicalTrials.gov NCT
NCT01870778).
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

http://ClinicalTrials.gov
http://ClinicalTrials.gov
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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,
and 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, he-
matocrit, respiratory rate, and systolic blood pres-
sure. A risk model developed in ADHERE and
validated in ASCEND found several variables that
were associated independently with the develop-
ment 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, so-
dium, blood urea nitrogen, and creatinine. The
Table 3
Prediction models for worsening heart failure

Trial Year Outcome Predic

PROTECT and
RELAX-AHF29

2015 Death or WHF
through day 5

Highe
nitr

Respir
Hema
Systol

pres

PROTECT39 2012 Death, heart failure
rehospitalization,
or WHF through
day 7

Highe
nitr

Lower
albu

Lower
cho

Lower
pres

Highe
Highe

rate

ADHERE40 2015 In-hospital WHF Age
Heart
Systol

pres
Left v

ejec
Brain

pep
Tropo

neg
Sodiu
Blood
Creati

Abbreviation: WHF, worsening heart failure.
strongest predictors were troponin and creatinine.
Taken together, it seems that renal dysfunction,
cardiac injury, and markers of decompensation
all predict worsening heart failure.
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 ev-
idence linking worsening heart failure with poor
future outcomes. This endpoint may offer signifi-
cant advantage over other symptom-based and
clinical endpoints.32,33

Acute heart failure is recognized currently as a
heterogeneous disorder characterized by symp-
toms, typically dyspnea, and findings of conges-
tion and/or poor perfusion that clearly represent
a deviation from the typical journey of a patient
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with chronic heart failure (see Fig. 1). The reasons
for this remain incompletely understood, but ther-
apeutics and treatment strategies are focused on
restoring the clinical status of the patient, that is,
relieving symptoms and improving congestion
and perfusion. In-hospital worsening heart failure
represents a failure of initial treatment strategies
to achieve all of these clinical goals and is charac-
terized by increased level of care, either medical
therapy or mechanical circulatory support.
Although clinical judgment is necessary for chang-
ing a level of care, this clearly documented and
measurable event is representative of the many
facets of the heart failure syndrome and incorpo-
rates resource utilization, an often overlooked
aspect of clinical care.

The authors believe that worsening heart failure
may have advantages over other acute heart failure
endpoints, such as dyspnea. There are challenges
with standardizing dyspnea measurements, and
furthermore, although dyspnea is a patient-
centered outcome, it only represents one aspect
of the acute heart failure syndrome.34 Asworsening
heart failure continues to be incorporated into clin-
ical trials, we must recognize that a standardized
definition is required to compare results across tri-
als.18,22 Given the continued emphasis on prag-
matic clinical trials, this standardized definition of
worsening heart failure should be simple and easily
ascertained from electronic health records.35
SUMMARY

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 ther-
apy. In-hospital worsening heart failure is associ-
ated with a worse prognosis, including worse
in-hospital outcomes, increased short- and long-
term postdischarge mortality, increased readmis-
sions, and greater health care 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 wors-
ening heart failure, but trials are ongoing. In acute
heart failure trials, worsening heart failure has ad-
vantages over other endpoints commonly used in
acute and chronic heart failure trials, such as dys-
pnea relief and mortality or rehospitalization, and
should continue to be used as an endpoint in these
trials. We must continue to test and evaluate treat-
ment 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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