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Abstract

IMPORTANCE—Hospitalizations for worsening heart failure (WHF) represent an enormous
public health and financial burden, with physicians, health systems, and payers placing increasing
emphasis on hospitalization prevention. In addition, maximizing time out of the hospital is an
important patient-centered outcome. In this review, we discuss the concept of outpatient WHF,
highlight the rationale and data for the outpatient treatment of WHF as an alternative to
hospitalization, and examine opportunities and strategies for developing outpatient “interceptive”
therapies for treatment of worsening symptoms and prevention of hospitalization.

OBSERVATIONS—Worsening heart failure has traditionally been synonymous with an episode
of in-hospital care for worsening symptoms. While WHF often leads to hospitalization, many
patients experience WHF in the outpatient setting and carry a similarly poor prognosis. These
findings support WHF as a distinct condition, independent of location of care. For those that are
hospitalized, most patients have an uncomplicated clinical course, with diuretics as the only
intravenous therapy. Although complicated scenarios exist, it is conceivable that improved tools
for outpatient management of clinical congestion would allow a greater proportion of hospitalized
patients to receive comparable care outside the hospital. Most patients with WHF have a gradual
onset of congestive signs and symptoms, offering a potential window in which effective therapy
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may abort continued worsening and obviate the need for hospitalization. To date, outpatient WHF
has received minimal attention in randomized clinical trials, but this high-risk group possesses key
features that favor effective clinical trial investigation.

CONCLUSIONS AND RELEVANCE—A s the public health and economic burdens of heart
failure continue to grow, recognizing the entity of outpatient WHF is critical. Efforts to reduce
heart failure hospitalization should include developing effective therapies and care strategies for
outpatient WHF. The outpatient WHF population represents a major opportunity for therapeutic
advancements that could fundamentally change heart failure care delivery.

For most patients with heart failure (HF), the clinical course is characterized by periods of
clinical stability of variable duration punctuated by episodes of worsening symptoms that
often require hospitalization. Each subsequent hospitalization is associated with further
increased risk of death and worsening quality of life.1~3 However, while hospitalization is
consistently marked by high postdischarge event rates, the nature and time course of clinical
deterioration that precedes hospitalization is highly variable. A minority of patients may
experience relatively rapid and severe deterioration (eg, arrhythmia, “flash” pulmonary
edema, ischemia) and require immediate attention in the emergency department (ED).* By
contrast, most may have worsening symptoms over a more prolonged period and have at
least some contact with outpatient clinicians before hospitalization.® This extended time
course of clinical worsening offers a potential window of opportunity for intervention before
hospitalization that has not previously been a focus for HF therapeutics.

Given the enormous public health and financial burden of HF, there has been increasing
emphasis placed on preventing recurrent HF hospitalization among clinicians, health
systems, and payers. While data suggest that some early readmissions may be preventable,
most interventions aimed to reduce readmissions have been ineffective.5-8 From a patient
perspective, maximizing “home time” (ie, time alive and out of a health care institution) and
minimizing presentations to the ED and hospital are important patient-centered outcomes.
910 Accordingly, in an era of increasing focus on patient-centered care, as well as continued
reimbursement and practice improvement pressure, increased consideration for the
management of worsening HF (WHF) as an outpatient is warranted. Indeed, the possibility
of safe and effective outpatient WHF management as an alternative to hospitalization for
even a segment of this population could yield significant cost savings and improvements in
patient quality of life. Using this framework, we discuss the concept of outpatient WHF,
defined as the deterioration of HF signs and symptoms in a patient with chronic HF after a
period of clinical stability that requires escalation of therapy without an urgent need for
hospitalization or ED presentation. In this review, we describe outpatient WHF in the
context of prior randomized clinical trials and available data, review the rationale and data
for the outpatient treatment of WHF as an alternative to hospitalization, and examine
opportunities and strategies for developing outpatient “interceptive” therapies for the
treatment of worsening symptoms and prevention of hospitalization. For purposes of
discussion, we did not consider treatment in the ED or observation unit as outpatient care, as
this has been discussed previously1:12 and is not the focus of this review. Although such
episodes may not meet formal inpatient criteria for purposes of billing, they use hospital
resources, staff members, and infrastructure and may be indistinguishable from hospital
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admission from the patient’s perspective (eg, extended time or an overnight stay in the
hospital and away from home).

WHF as an Entity Outside the Hospital and ED

While sometimes used interchangeably, WHF should be differentiated from the term acute
HFin that it excludes “de novo” patients and requires a chronic HF diagnosis.13
Nonetheless, both terms have. traditionally been synonymous with an episode of hospital-
based care for worsening symptoms.14 Thisoverlap between WHF and hospitalized HF
contributed to widespread appreciation of hospitalization as a sentinel event in the natural
history of the condition. Indeed, observational studies found subsequent mortality rates for
patients hospitalized for HF to be 3-fold higher than for patients who were never
hospitalized, with risk increasing further with each admission.1:15 These findings, in
combination with biomarker data, led to a hypothesis that hospitalized HF represented a
distinct pathophysiological process analogous to acute myocardial infarction, a period of
irreversible end-organ injury that left patients with a permanently heightened risk of adverse
outcomes.16:17

However, emerging data suggest that the concept of WHF and the clinical event of
hospitalization should be disentangled (Figure 1; Box).1418-20 While WHF often leads to
hospitalization, patients may experience WHF in the outpatient setting, and hospitalization
or ED presentation may be avoided with adequately adjusted therapy. Reconciling how a
location of care (ie, the hospital) could be consistently linked to a biologic process is
problematic. Although cardiac troponin may be detectable in as many as 90% of patients
hospitalized for HF (without suspicion of having acute coronary syndrome), troponin
elevation is not unique to hospitalized patients or confined to the duration of the hospital
stay, with data supporting a high prevalence of persistent or new troponin elevations after
hospital discharge despite clinical stability.21:22 Although hospitalization may identify
patients with WHF who are at high risk, patients with WHF who are not hospitalized carry a
similarly poor prognosis (Figure 2).18:19 Rather, the decision for patient hospitalization is
inherently subjective, influenced by many nonclinical factors, including patient preferences,
access to care, global and regional practice patterns, and health system reimbursement and
liability incentives. For these reasons, it is unsurprising that despite numerous attempts with
statistical modeling and machine learning, our ability to predict HF hospitalization remains
poor.23-25 For purposes of reflecting patient risk of mortality and HF progression, we
suggest the recognition of WHF as the key event in the natural history of HF, independent of
where care is delivered.14 Although the epidemiology of outpatient WHF in routine clinical
practice remains unknown and future work is needed to clarify practical means of
identifying these episodes for systematic study, limiting attention to only patients
hospitalized for WHF significantly underestimates the true WHF burden. Hospitalization, on
the other hand, may be better viewed as a health care resource and treatment strategy.

Treatment of Outpatient WHF as an Alternative to Hospitalization

Signs and symptoms of congestion (eg, dyspnea, orthopnea, and peripheral edema) are the
most common reasons for HF hospitalization and are the focus of initial therapy.26 While
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systematic and validated tools for guiding decisions regarding need for hospitalization do
not exist, clinical experience finds hospitalization unquestionably necessary for many
patients with WHF, such as those with cardiogenic shock, respiratory failure, and unstable
arrhythmia. However, the value and necessity of hospitalization can be debated for a
significant proportion of patients with WHF and is likely influenced by many “nonbiologic”
but important factors, such as local health care resources and patient preferences. For these
patients, the reason for hospitalization may most closely relate to a lack of readily accessible
outpatient therapies that can quickly improve symptoms rather than true safety concerns.
Nonetheless, to consider alternatives to hospitalization and the potential “opportunity cost”
of outpatient WHF management, one must reflect on the state of contemporary in-hospital
HF treatment.

Unfortunately, despite decades of randomized clinical trials, the treatment of acute HF is
largely unchanged from the 1970s and there remain no class I, level of evidence A guideline
recommendations for patients hospitalized with HF.27:28 The current treatment for patients is
primarily symptomatic and remains heavily centered on the empiric use of diuretics to
relieve clinical congestion. United States registry data highlight that more than 90% of
patients with HF receive intravenous (1V) diuretics during hospitalization, with minimal use
of any other 1V therapy.2%30 For many patients, an escalated diuretic regimen may represent
the only added in-hospital treatment. No formal evidence-based or guideline recommended
discharge criteria exist. Most patients have a relatively rapid and robust symptomatic
response to standard diuretic-based therapy, with as many as 76% reporting dyspnea
improvement within 6 hours of presentation.31 Although more complicated scenarios do
exist, this relatively crude and simple in-hospital care plan supports the hypothesis that a
proportion of patients with WHF could safely and effectively receive comparable care
outside the hospital.

Outpatient WHF as an Opportunity for Intervention

For most patients who are eventually hospitalized for WHF, the term acute HF may be a
misnomer. For these patients, the onset of signs and symptoms is not sudden, but rather
follows a gradual onset over days to weeks that eventually prompts urgent treatment. For
example, of 3580 patients in the EuroHeart Failure Survey 11,4 2327 (65%) presented with
decompensated HF (ie, a gradual onset of symptoms) as opposed to more sudden
presentations, such as acute pulmonary edema, cardiogenic shock, or hypertensive HF.
Similarly, data from ambulatory hemodynamic monitoring show that gradual increases in
filling pressures tend to occur weeks before the eventual hospitalization.> Moreover, clinical
experience suggests that many patients with HF contact outpatient clinicians with worsening
symptoms without feeling compelled to present directly to the ED.

Given the often observed interval between the onset of worsening symptoms and eventual
HF hospitalization, a compelling but not yet adequately tested strategy would be to intervene
earlier in the process of HF decompensation to decongest the patient and obviate the need
for hospitalization. Considering the persistent challenges in successful drug development in
hospitalized WHF populations, such a strategy of targeting outpatient WHF in the
“prevention window” upstream of hospitalization may offer key benefits for study in
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randomized clinical trials (Figure 3). This window would not encompass periods of clinical
stability, as targeted with conventional and experimental telemonitoring strategies, but rather
would apply to the time when patient-reported symptoms or objective measures first begin to
worsen. As a potentially less severe manifestation of WHF, early decompensation during the
“prevention window” may be more amenable to successful intervention and diminish the
time needed for the patient to return to their clinical baseline.

Current Tools and Approaches for Outpatient WHF Management

Diagnosis

Treatment

The traditional diagnosis of WHF, irrespective of the care setting, has been reactive and
generally dependent on patients manifesting overt signs and symptoms of hypervolemia.
Targeting a more active approach, a wealth of prior and ongoing research has been
conducted with implantable cardiac monitors, including incorporation within implantable
cardioverter-defibrillator systems.32:33 For current clinical practice, the regulatory approval
of implantable hemodynamic monitoring with the CardioMEMS HF system (Abbott
Laboratories) may have particular relevance for outpatient WHF diagnosis.3* Compelling
evidence across randomized clinical trial and “real-world” experiences support a robust
reduction in HF hospitalization with use of the device, with the mechanism of benefit likely
mediated by an increased number of targeted changes to diuretic and vasodilator therapy.
34-36 Although uptake has been slow, the cost-effectiveness debated, and the relative safety
and durability in routine practice less well-defined, available data support the device as a
potential strategy to characterize the leading edge of the “prevention window” and identify
outpatient patients with WHF who stand to benefit from targeted intervention.37-38

Currently, outpatient treatment of WHF is generally limited to 2 primary strategies,
including (1) referral to an outpatient HF care unit for intravenous diuretic therapy (less
common) or (2) prescription of an augmented oral diuretic or vasodilator regimen (more
common). Despite a lack of rigorous data, clinical experience would suggest that outpatient
initiation of IV inotropes for WHF is rare. Likewise, while patients who are progressing
from stage C to stage D endstage HF may undergo outpatient evaluations for ventricular
assist devices or transplantation, this subset comprises a small minority of the general HF
population.3?

Recognizing that diuresis is the primary intervention during the inpatient stay and that most
patients quickly respond to therapy (ie, within few hours), many centers have developed
specialized multidisciplinary outpatient clinics in efforts to facilitate the early treatment of
worsening congestion and decrease hospitalizations.#? Outpatients who are experiencing
WHF symptoms can obtain same-day appointments or walk-in visits with treatment teams
composed of physicians, nurse practitioners, nurses, and social workers.4? This team then
provides an evaluation via clinical and laboratory diagnostics and is equipped to initiate
appropriately targeted therapies, including IV diuretics, electrolyte repletion, and titration of
evidence-based medications. Few centers have published their experiences with such
outpatient WHF treatment facilities.40-44
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Duke University Hospital initiated a same-day access clinic in 2012 after observing that
more than 50% of HF admissions admitted from the ED were relatively low-risk, with the
primary treatment need limited to decongestion.?! In the first 3 years of operation, the clinic
handled more than 3000 patient visits, leading to a concurrent 10% reduction in 30-day
readmissions and an avoidance of financial penalties for excess readmission.#? While broad
uptake and systematic study of the outpatient HF care unit as a management strategy
remains to be seen, results from select centers have been encouraging.*® Nonetheless, it is
clear that the target patient population for such an approach exists at every medical practice,
regardless of whether such specialized care pathways are already in place. Limited data
suggest that the population seen in such clinics may mirror a particularly high-risk
hospitalized WHF population. Specifically, patients typically have New York Heart
Association class 111 to 1V symptoms; significant elevation in natriuretic peptide levels; a
high prevalence of comorbidities, including chronic Kidney disease; and a high maintenance
dose of loop diuretic.41-43

Referral to an outpatient HF care unit may not be possible or deemed medically necessary in
all situations. The more conventional approach to outpatient WHF management involves an
intensification of oral medical therapy to target worsening congestion. Despite clinical
experience suggesting that this situation is extremely common, to our knowledge, there are
no rigorous data that characterize the frequency of this clinical situation, the typical patient
profile, or the resultant outcomes in routine practice. Common clinical approaches include a
temporary empiric increase in daily oral loop diuretic dose or the addition of a second
diuretic, such as metolazone or spironolactone. For patients with uncontrolled hypertension,
escalated vasodilator regimens may be prescribed. These medication changes can occur
following either an in-person clinic assessment or patient telephone calls and are frequently
triaged by HF nurses and support staff. Depending on the patient’s response to therapy and
clinical judgement, follow-up phone calls, clinic visits, laboratory assessments, and/or
hospital admissions are prescribed.

Randomized Clinical Trial Considerations for Outpatient WHF

Despite the urgent need for evidence-based care strategies and interventions, the outpatient
WHF population has received minimal attention within randomized clinical trials. Phase 11l
WHEF trials of investigational therapies completed to date have exclusively enrolled
hospitalized patients (Table).#>-23 Only recently have some larger phase Il studies targeted
the broader WHF population, irrespective of inpatient or outpatient treatment,54:55
Nevertheless, the high-risk outpatient WHF group possesses several key features that favor
effective randomized clinical trial investigation. For example, the outpatient WHF
population may be less prone to changes in background therapy, hemodynamics, and
symptoms as compared with hospitalized patients, allowing for a more stable control group
against whom to test novel therapies (ie, improved “signal-to-noise” ratio). In addition, to
facilitate an effective study;, it is important to consider potential clinical trial end points,
patient recruitment settings, and the types of therapies that may be promising.
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Randomized Clinical Trial End Point Considerations

Continued symptom progression despite escalating outpatient therapy is common in the
outpatient WHF population. Thus, while hospitalization is imminent for many patients, even
a modestly sized clinical trial could offer ample study power for detecting short-term (eg,
30-day) differences in a hospitalization, “days alive and out of the hospital,” or a “home
time” trial end point. In addition, akin to traditional inpatient HF clinical trials, longer-term
time-to-event mortality and hospitalization end points would be possible and may be
required for regulatory approval.

Recruitment Considerations

The growing number of outpatient HF care units are increasing the promise and practicality
of these clinics as prime clinical trial recruitment tools. Currently, enroliment from
outpatient HF units is not traditionally done, with most HF clinical trials enrolling stable
outpatients during routine follow-up or patients with WHF during hospitalization. Thus,
patient recruitment in the outpatient HF care unit environment would not face significant
competition from other studies. Moreover, patients in these outpatient units are typically
monitored closely for several hours while therapies are administered, presumably allowing
adequate time for clinical trial personnel to engage patients, perform screening, gather
consent, perform randomization, and collect baseline data. As standard practice, HF care
units perform a medical history, physical examination, and a careful medication
reconciliation at each visit, offering the possibility to integrate data already routinely
collected into an electronic case report form for streamlined trial conduct. In addition, by
design, all patients who attend outpatient HF care units are followed closely by the enrolling
center after clinic discharge, which may minimize problems with loss-to-follow-up and
withdrawn consent compared with conventional inpatient WHF clinical trial populations.

Study Therapy Considerations

While the outpatient WHF population holds potential for studying many investigational HF
therapies and care strategies, the burden of clinical congestion among these patients and the
published data from outpatient HF care units suggest that therapies that target diuretic
response (ie, defined as the change in weight per 40 mg of oral furosemide equivalent) may
be especially promising. Indeed, the combination of high background rates of chronic
kidney disease with generally high daily doses of maintenance diuretic supports diuretic
resistance as a preeminent problem for these patients. Poor diuretic response is a common
management challenge for clinicians and data consistently show strong negative prognostic
implications.>%-58 While rigorous evidence supporting best practices for treating diuretic
resistance does not exist, traditional empiric approaches overlap with currently used
treatments for outpatient WHF, including increasing the oral loop diuretic regimen, changing
the oral loop diuretic (eg, from furosemide to torsemide), adding an adjunctive nonloop
diuretic (eg, metolazone), and administering IV diuretics on an inpatient or outpatient basis.
Among these strategies, given the potential for a significant reduction in bioavailability
when patients enter the decompensated state, an escalation of oral diuretics is generally less
effective than IV administration.5°
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Given the near ubiquitous use of IV loop diuretics in the treatment of WHF and diuretic
resistance, research efforts have focused on developing compounds for subcutaneous (SC)
delivery to improve bioavailability over standard oral medications.6%:61 Such an approach
could include an automated wearable patch and pump (similar in appearance to an insulin
pump used for patients with diabetes) that would deliver the drug continuously, or a schedule
of intermittent SC injections. The theoretical advantages of SC delivery could be enormous
for patients with WHF who present to either outpatient diuretic clinics or the hospital. After
an initial stabilization and standard IV diuretic therapy, patients could be discharged from
either setting with a means of continued parenteral decongestion at home by using a highly
bioavailable decongestive agent to further reduce symptom burden and risk of downstream
HF hospitalization.

One such specific therapy in development is SC furosemide. Preliminary published data for
this agent are encouraging, and randomized clinical trials are ongoing.61:62 One such study,
the Subcutaneous Furosemide in Acute Decompensated Heart Failure trial (NCT03170219),
is randomizing select hospitalized patients with WHF to standard inpatient care vs expedited
hospital discharge with a wearable SC furosemide pump. Analogous to efforts with
furosemide, similar work is ongoing to develop other SC peptides, such as B-type natriuretic
peptide compounds. Although randomized clinical trial data have been inconsistent, 1V
natriuretic peptides may potentially offer decongestive benefits over standard care.48.63.64
Moreover, as compared with diuretics, these agents may carry the potential mechanistic
advantage of more directly targeting the renal response to hypervolemia via augmentation of
renal cyclic guanosine monophosphate and facilitation of a combined natriuresis and
diuresis.55:66 To date, clinical work with SC B-type natriuretic peptide has been primarily
limited to patients with stable symptomatic HF or asymptomatic patients with structural
heart disease.55-67

Conclusions

Worsening HF is a distinct entity that can be managed in both the hospitalized and outpatient
settings. Regardless of care location, WHF carries a poor prognosis and randomized clinical
trials focused on intervening during HF hospitalization have failed to improve clinical
outcomes. Most patients with WHF have a subacute presentation of worsening symptoms
over days to weeks, creating a potential window for targeted outpatient interventions that
aim to reduce congestion and the need for downstream hospitalization. Given the ubiquitous
use of 1V diuretics in contemporary in-hospital WHF management, the financial
consequences of HF hospitalizations and readmissions, and the negative effects on patient
quality of life, US hospital systems are increasingly developing outpatient IV diuretic clinics
for treating WHF in the ambulatory setting. Likewise, ongoing research continues to explore
therapies with the potential to shift the burden of WHF care outside of the hospital, with the
development of investigational agents for SC delivery holding particular promise. As the
public health and economic burden of WHF continues to grow, recognizing the specific
entity of outpatient WHF is critical. At the present time, while effective and proven care
strategies for outpatient WHF remain an unmet need, this high-risk population represents a
major opportunity for therapeutic advancements that could fundamentally change HF care
delivery.
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Box.
Summary Points

. Worsening HF is common and defined as worsening HF signs and symptoms
in a patient with chronic HF after a period of clinical stability that require
escalation of therapy.

. Worsening HF is a clinical entity independent of the location of care.
Worsening HF can be managed as an inpatient, in the ED, or as an outpatient.
The choice of location of care is inherently subjective and subject to multiple
potential clinical and nonclinical factors.

. There are no strong evidence-based guideline recommendations or therapies
for the management of WHF other than optimization of chronic HF therapy.

. Outpatient WHF is under-recognized as an area of clinical need, and these
patients are not traditionally enrolled in WHF clinical trials.

. Outpatient management of WHF is a viable alternative for a large proportion
of the WHF population. Most patients with WHF have a relatively slow onset
and progression of symptoms, providing a “window” during which successful
outpatient intervention may restore baseline clinical status without the need
for hospitalization or an ED visit.

. Current outpatient management approaches for WHF empirically center on:
- Escalation of oral diuretic and/or vasodilator regimens.

- Referral to an outpatient HF care unit for intravenous diuretic
therapy.

. The outpatient WHF population is highly conducive to study in randomized
clinical trials. Specific advantages include:

- Outpatient HF care units/“diuretic clinics” are becoming more
common, routinely capture extensive patient data, and often spend
several hours with patients at each visit. These clinics are an
increasingly viable setting for clinical trial recruitment.

- Outpatients are generally more stable and less prone to changes in
background therapy, thus improving *“signal-to-noise” ratios for a
clinical trial “control” group.

- The inherently high risk of WHF progression despite outpatient
treatment favors even smaller studies having adequate power to
assess downstream effects on a HF hospitalization, “days alive and
out of the hospital,” or “home time” trial end point.

- Favors patient-centered outcomes research (eg, “home time,”
hospitalization prevention).
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. There is an urgent unmet need for developing effective and evidence-based
therapy for outpatient WHF. Agents that reduce congestion and have high
bioavailability may offer the most promise. The development of subcutaneous
drug delivery approaches offers the possibility of effective decongestion in the
home without the need for intravenous access and/or hospitalization.

Abbreviations: ED, emergency department; HF, heart failure; WHF, worsening heart
failure.
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Clinical entity: WHF

Worsening HF signs and symptoms in a patient with chronic HF after
a period of clinical stability that requires escalation of therapy

v

Medical decision making: Is hospitalization necessary?

Clinical factors
WHF severity (eg, shock, respiratory
distress, severe hypervolemia)
Age
Comorbidities

A4

Nonclinical factors

Local outpatient health care
infrastructure

Patient access to care

Physician/hospital reimbursement
structure

Medicolegal liability climate

Patient preference

Patient living/situation

Location of care: outpatient vs hospital-based

Outpatient WHF
Generally available therapies
Short-term IV diuretic infusion
(select centers)
Increased oral diuretic/vasodilator
regimen

Hospitalization for WHF/ED visit
for WHF
Generally available therapies
1V Diuretics and vasodilators
Increased oral diuretic/vasodilator
regimen
Positive pressure ventilation
Inotrope initiation
Ultrafiltration
Mechanical circulatory support

Clinical trial considerations: outpatient vs hospital-based

Outpatient WHF
Advantages

Recruit at outpatient HF care units
(ie, “IV diuretic clinics”)

High risk for downstream
hospitalization (ie, well powered
for short-term hospitalization
study end point)

“Less decompensated” state better
allows study intervention to change
clinical course/obviate need for
hospitalization

Less dramatic changes in background
therapy and other medical conditions

Favors patient-centered outcomes
research (eg, “home time,”
hospitalization prevention) close
follow-up by enrolling center after
clinic discharge may minimize
lost-to-follow-up

Disadvantages

Outpatient HF care units not widely
available and not systematically
studied

Lack of 24-h access to care,
recruitment, and patient monitoring

Care coordination challenges

Hospitalization for WHF

ED visit for WHF

Advantages

Robust hospital infrastructure to
initiate variety of investigational
therapies, laboratory/data
collection, etc

24-h Access to care and patient
monitoring

Disadvantages

Slow enrollment well documented

Increased heterogeneity of patient
population

More dramatic changes in background
therapy and other medical conditions
(ie, increased “noise” in control arm)

Short-term in-hospital therapies
not likely to affect long-term
mortality and rehospitalization
end points

Figure 1. Conceptual Framework for Worsening Heart Failure (WHF)
Worsening heart failure may be managed in both the outpatient and inpatient settings, as

determined by many factors. Studying the inpatient vs outpatient WHF populations in

Page 16

randomized clinical trials presents specific advantages and disadvantages for successful

clinical trial execution. ED indicates emergency department; HF, heart failure; 1V,

intravenous.
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Figure 2. Heart Failure (HF) Randomized Clinical Trials Describing All-cause Mortality Rates
for Patients With Worsening Heart Failure (WHF) Categorized by the Location of Care

Worsening HF is associated with a high subsequent risk of death, irrespective of treatment as
an outpatient, inpatient, or in the emergency department (ED). The outpatient WHF
definition in the Multicenter Automatic Defibrillator Implantation Trial with Cardiac
Resynchronization Therapy (MADIT-CRT) was signs and/or symptoms consistent with HF
and outpatient treatment with intravenous decongestive therapy. The outpatient WHF
definition in the Prospective Comparison of ARNI with ACEI to Determine Impact on
Global Mortality and Morbidity in Heart Failure (PARADIGM-HF) trial was 1 or more of
the following without associated hospitalization or ED visit: (1) sustained increase in
diuretic dose for 1 month, (2) intravenous treatment for HF, and (3) the addition of a new
drug for treating WHF. Data from Skali et al® and Okumura et al.19
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>

Decompensation Severity

b ™" == - ‘ >
Hospitalization for WHF
Prevention window ED visit for WHF

Postdischarge period

Proposed intervention Traditional hospital-based Postdischarge

targeting outpatient ~ WHF study WHF study
WHF o ASCEND-HF e EVEREST
* RELAX-AHF o ASTRONAUT
o TRUE-AHF

Figure 3. Schematic Representation of the Time Course of Decompensation
This representation highlights traditional randomized clinical trial enroliment and treatment

strategies compared with the proposed approach of introducing the study intervention
upstream of hospitalization in the outpatient worsening heart failure (WHF) setting. The
randomized clinical trials listed are representative examples of each strategy (ie, lists are not
all-inclusive). The orange dashed line represents the severity of decompensation. ED
indicates emergency department.
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