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Abstract The morbidity and mortality associated with heart
failure (HF) represents a significant public health challenge.
Stage D HF identifies a distinct subgroup of advanced HF
patients characterized by adverse clinical and hemodynamic
factors which warrant evaluation for specialized advanced
management strategies and/or consideration of palliative care
in tandem with the same recommendations for goal-directed
optimal medical therapy as earlier stages of HF. In fact, one of
the inherent markers of progression to stage D disease is the
need to withdraw previously tolerated neurohormonal agents
in the setting of systemic circulatory limitations or renal
dysfunction. Furthermore, the requirement for aggressive di-
uresis in the setting of borderline blood pressures and renal
insufficiency is often complicated by worsening renal impair-
ment. Assessment of the appropriate need for inotropic sup-
port, given the significant complications associated with their
use, is also a frequently encountered challenge complicating
the medical management of Stage D HF. This review outlines
some of the most relevant challenges of pharmacological
therapy in stage D HF and describes current and future strat-
egies that may be employed to overcome some of these
obstacles.
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Introduction

The morbidity and mortality associated with heart failure (HF)
and in particular advanced HF, defined as persistent severe
symptoms despite maximum goal-directed medical therapy
(GDMT), continues to present a major public health chal-
lenge. The 2009 ACCF/AHA guidelines define Stage “D”
HF patients as those with “truly refractory HF who might be
eligible for specialized, advanced treatment strategies, such as
mechanical circulatory support (MCS), procedures to facili-
tate fluid removal, continuous inotropic infusions, or cardiac
transplantation or other innovative or experimental surgical
procedures, or for end-of-life care, such as hospice” [1]. The
Interagency\Registry for Mechanically Assisted Circulatory
Support (INTERMACS) has described seven profiles to fur-
ther stratify patients with advanced HF, ranging from the
critical cardiogenic shock patient (profile 1) to the New York
Heart Association (NYHA) Class III patient with activity
limited to mild exertion (profile 7) [2]. In addition to symp-
tomatic and hemodynamic categorization, there are several
clinical clues that enable identification of a Stage D HF
patient. These include increasing frequency of HF-related
hospitalizations, cardiac cachexia, worsening renal function,
and hyponatremia. Moreover, the need to significantly adjust
and/or discontinue diuretic and neurohormonal medications
can also herald the transition of a previously stable patient to
stage D disease. This confluence of hostile factors—severe
functional limitation, a high prevalence of adverse clinical and
biochemical markers, and an inability to tolerate GDMT—are
the hallmarks of Stage D HF. The management of these
patients remains challenging as evidenced by the plateau in
outcomes of end-stage HF using medical therapy alone, with
no new drugs shown to improve survival. Therefore, it is
increasingly important to consider non-pharmacological alter-
natives such as MCS and transplantation, or parallel strategies
such as palliative care, for this final phase of the HF trajectory.
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In the course of the current review, we will outline some of
the most relevant challenges as they relate to pharmacological
therapy in Stage D patients and discuss contemporary strate-
gies that may be employed to overcome some of these
difficulties.

Patient Characteristics and Outcomes in Stage D HF

The key challenge in optimizing the care of patients with
Stage D HF is accurately identifying them in a timely
manner in order to ensure the availability of a broad
range of management options, including (but not limited
to) advanced therapies such as MCS and cardiac trans-
plantation. There are several clinical, biochemical, echo-
cardiographic, and hemodynamic markers that can herald
the onset of Stage D HF (Table 1). The Acute Decom-
pensated Heart Failure National Registry Longitudinal
Module (ADHERE LM) was a multicenter registry de-
signed to prospectively collect data on the characteristics
and outcomes of Stage D patients [3••]. For the purpose
of the registry, patients were classified as Stage D if they
had NYHA III/IV symptoms for ≥60 consecutive days
and either ≥2 hospitalizations requiring ≥2 days of intra-
venous diuretics, vasoactive agents, or inotropes within
the past year, or ≥2 intravenous infusions of a vasoactive
or inotropic agent, or ≥3 intravenous diuretic treatments
over the preceding 60 days. Compared to patients with
acute decompensated HF (ADHF), the 1433 stage D
patients enrolled in ADHERE LM were younger, more
likely to be male, had more severe left ventricular dys-
function, and had a higher prevalence of comorbidities
including dyslipidemia, diabetes, coronary artery disease,
chronic renal insufficiency, and arrhythmias. These char-
acteristics are similar to findings from the Follow-up
Serial Infusions of Nesiritide (FUSION I) [4] and the
Randomized Evaluation of Mechanical Assistance for the
Treatment of Congestive Heart Failure (REMATCH)
[5••] trials. Fatigue, rather than dyspnea, distinguished
them from other patients with ADHF, and they were
more likely to have a lower resting heart rate and sys-
tolic blood pressure. The majority of these patients were
on chronic diuretic therapy (93 %), and 71 % received
intravenous vasoactive therapy over the 2-year follow-up
period. Overall, the registry confirmed that morbidity and
mortality remains high in this contemporary, real-life
cohort with an estimated 1-year freedom from hospitali-
zation or death of 32.9 %, and worse outcomes in those
who had been hospitalized within the past 6 months or
had a prior history of arrhythmias. Challenges intrinsic to
the medical management of these patients are discussed
below.

Diuretic Therapy in Stage D HF

Diuretics remain the mainstay of therapy for symptomatic
relief and optimization of volume status in all stages of HF.
In the ADHERE LM registry, 93 % of stage D HF patients
were receiving long-term oral diuretics and 73 % had re-
ceived ≥1 intravenous diuretic treatment within the preced-
ing 6 months [3••]. However, despite their ability to relieve
symptoms, diuretics have not been shown to decrease mor-
tality in patients with advanced HF. In fact, several studies
have shown an independent association between higher
doses of loop diuretics and impaired survival [6, 7]. It is
difficult, however, to extract increased risk mediated by the
higher diuretic dose alone from that related to its role as a
potential marker of greater disease severity, including the

Table 1 Useful markers suggesting stage D heart failure

Markers

Clinical

Inability to exercise (unable to walk 1 block on flat due to dyspnea)

Persistent dyspnea with dressing or bathing requiring rest

6-min walk distance ≤300 m

Weight loss without other cause (cardiac cachexia)

History of ≥1 HF hospitalization in the past 6 months

Intolerance to ACE inhibitors due to hypotension and/or worsening
renal function

Intolerance to beta-blockers due to hypotension or worsening HF

Escalating diuretic doses (daily furosemide equivalent over 160 mg
and/or metolazone therapy)

Frequent ICD shocks

CRT non-responder

Biochemical

Progressive decline in renal function (serum creatinine >1.8 mg/dL
or urea nitrogen >40 mg/dL)

Serum sodium <133 mEq/L

High BNP or NT-proBNP plasma levels in the absence of noncardiac
causes

Hemodynamic

Frequent systolic blood pressure <90 mmHg

Mean PCWP >16 mmHg and/or RAP >12 mmHg by right heart
catheterization despite diuresis

Echocardiographic

LVEF <30 %

Pseudonormal or restrictive mitral inflow pattern

Other

Low-peak oxygen consumption (<12–14 mL/kg/min)

Adapted from Yancy et al. [16••], Russell et al. [36] and Metra et al. [37]

ACE angiotensin converter enzyme, BNP brain natriuretic peptide, CRT
Cardiac resynchronization therapy, HF heart failure, ICD implantable
cardioverter defibrillator, LVEF left ventricular ejection fraction, NT-pro
BNP N-terminal pro-brain natriuretic peptide, PCWP pulmonary capil-
lary wedge pressure, RAP right atrial pressure
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higher prevalence of chronic renal insufficiency in patients
with Stage D HF.

Renal dysfunction is itself a powerful predictor of adverse
prognosis in advanced HF [8, 9]. Patients with chronic renal
insufficiency usually require higher doses of loop diuretics to
achieve adequate diuresis (diuretic resistance) and baseline
renal impairment may in turn further worsen, even as the
diuresis relieves symptoms (cardiorenal syndrome). Conven-
tional strategies to overcome diuretic resistance include com-
bination therapy with a thiazide diuretic [10] or transition to a
more reliably bio-available loop diuretic such as torsemide or
bumetanide [11]. Notably in the recent DOSE (Diuretic Opti-
mization Strategies Evaluation) trial, where several intrave-
nous diuretic strategies were evaluated in patients hospitalized
with ADHF, no differences were seen across bolus or contin-
uous loop diuretic strategies or among low- or high-dose
groups in the primary efficacy endpoint incorporating HF
symptoms and renal function [12•]. However, the high-dose
intravenous furosemide strategy was associated with im-
proved secondary outcomes including more diuresis and
greater dyspnea relief at the expense of a transient, but not
sustained, worsening of renal function. Although the DOSE
trial enrolled all-comers with ADHF, baseline characteristics
of the DOSE population (including the requirement for a
baseline furosemide equivalent dose ≥80 mg) are consistent
with a more advanced HF cohort, suggesting the general
applicability of these findings to the stage D patient. Thus,
based on the results of DOSE, high-dose diuretics can safely
be used to try and restore fluid balance in patients with
advanced HF and diuretic resistance. Non-diuretic strategies
that have been evaluated unsuccessfully to overcome these
considerable challenges to adequate decongestion without
potentiating further renal dysfunction are shown in Table 2.
Notably, none of the studies illustrated were specifically di-
rected at stage D patients, but all included a significant pro-
portion of patients with advanced HF, characterized by renal
dysfunction, prior HF hospitalizations, and lower prescription
of neurohormonal antagonists. Further studies are needed to
identify novel strategies that can successfully relieve conges-
tion in diuretic-resistant advanced HF patients without precip-
itating worsening renal function.

Neurohormonal Therapy in Stage D HF

HF is a progressive syndrome characterized by activation of
the renin-angiotensin system which facilitates adverse cardiac
remodeling through angiotensin-II-mediated peripheral and
efferent renal arteriolar vasoconstriction, aldosterone release,
and worsening sympathetic stimulation. Neurohormonal ther-
apy aimed at modifying the underlying pathophysiology of
HF is therefore a critical component of HF disease manage-
ment. Conversely, the inability to tolerate neurohormonal

blockade at target doses, necessitating dose reduction and/or
complete withdrawal of one or more of these agents is a
significant marker of adverse outcomes [13, 9]. This com-
monly heralds the development of more advanced HF, where
progressive circulatory compromise requires increased activa-
tion of the renin-angiotensin system to maintain adequate
systemic and renal perfusion. In a single-center study of 259
consecutive patients admitted to a tertiary cardiomyopathy
service, 23 % were found to be intolerant of angiotensin-
converting enzyme inhibition (ACE-I) due to circulatory-
renal limitations, defined as symptomatic hypotension, pro-
gressive renal dysfunction, and/or hyperkalemia [13]. These
patients in turn were much less likely than those on ACE-I to
receive beta-blockers at discharge, reflecting the coexistent
perceived, or actual inability of these patients to also tolerate
sympathetic nervous system inhibition. These findings are
supported by more recent data from the ADHERE LM regis-
try, which notably showed that only 77 % of patients were on
beta-blockers and only 67%were on an ACE-I or angiotensin
receptor blocker (ARB) upon study entry. Mean serum creat-
inine among these patients was 1.8 mg/dL with 26 % having a
value >2.0 mg/dL, and 84 % had required intravenous vaso-
active or inotropic medications in the preceding 6 months
[3••]. Thus, the inability to tolerate life-prolonging neurohor-
monal blockade is an important marker for the onset of stage
D HF and represents a major challenge in the care of these
patients.

In patients with ACE-I/ARB intolerance, especially those
with serum creatinine >3 mg/dL, the combination of hydral-
azine and isordil can often be successfully substituted to
maintain neurohormonal blockade [14•]. Hydralazine and
nitrate therapy has been shown to improve outcomes in HF
[15] and is recommended in the recently updated 2013
ACCF/AHA HF guidelines to reduce morbidity or mortality
in patients with symptomatic systolic HF “who cannot be
given an ACE-I or ARB because of drug intolerance, hypo-
tension, or renal insufficiency.” [16••] Either hydralazine or
nitrate therapy may also be used alone or in combination with
tolerated doses of ACE-I and other neurohormonal agents if
systemic vascular resistance is persistently elevated or to
improve exertional symptoms through further reduction in
filling pressures. Additionally, in patients with hypotension
to long-acting ACE-I/ARB, transition to a shorter acting agent
such as captopril may allow maintenance of low-dose neuro-
hormonal blockade. Similarly, in patients with hypotension to
beta-blockers, transition to a less vasodilating agent such as
metoprolol succinate instead of carvedilol may be better tol-
erated. Lastly, aldosterone receptor antagonists remain indi-
cated in all symptomatic HF patients with systolic dysfunction
who are already on ACE-I/ARB or beta-blockers, including
those in NYHA IV functional class and those with moderate
renal dysfunction (estimated glomerular filtration rate [eGFR]
>30 mL/min/1.73 m2) [16••]. No new trials of aldosterone
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antagonism have been carried out in the advanced HF popu-
lation since the landmark Randomized Aldactone Evaluation
Study (RALES) trial found that spironolactone was associated
with a 30 % reduction in all-cause mortality together with
reduced risk of sudden death and HF-hospitalization [17]. In
practice, however, in the typical stage D patient with labile
renal function and a related tendency to hyperkalemia, use of
these agents is often contraindicated and rarely possible as
alternative neurohormonal antagonism in those who have
demonstrated sustained intolerance to ACE-I or beta-blockers.
In summary, forced discontinuation of renin-angiotensin sys-
tem antagonists and beta-blockers in HF represents a turning
point towards a more advanced stage of disease in turn requir-
ing assessment of more advanced treatment strategies.

Inotropic Therapy in Stage D HF

Inotropes enhance myocardial contractility and are usually
considered for stage D HF patients with a refractory clinical
course characterized by borderline systemic blood pressure,
low cardiac output, and end-organ hypoperfusion. The three
major currently available inotropes are dopamine and dobuta-
mine—B-adrenergic agonists with direct effects on myocar-
dial contractility as well as vascular and chronotropic ef-
fects—and milrinone, a phosphodiesterase inhibitor more ap-
propriately classified as an inodilator due to its use of cyclic
adenosine monophosphate (cAMP) as a secondary messenger.
However, the main challenge surrounding the use of these
agents for stage D HF centers around the struggle between the
associated effective increase in cardiac output and end-organ
function, and the risk of serious adverse events, including
arrhythmias, ischemia, and death. Although shown to provide
short-term improvement in cardiac output and related hemo-
dynamic parameters, no major trial of inotropes in advanced
HF has demonstrated a survival benefit [18–21]. Indeed, in
recent studies evaluating outcomes in inotrope-dependent pa-
tients, 6-month mortality has exceeded 40 % [20, 21]. These
findings are similar to those observed in the medically treated
arm of the REMATCH trial where 72 % of patients were on
intravenous inotropic therapy with a mortality approaching
100% after 2 years of follow-up [5••]. In a post hoc analysis of
the Evaluation Study of Congestive Heart Failure and Pulmo-
nary Artery Catheterization Effectiveness (ESCAPE) trial,
which was a randomized multicenter study looking at
pulmonary-artery catheter-guided versus clinically guided as-
sessment in 433 patients with severe ADHF, use of an intra-
venous inotrope was associated with a significantly increased
risk of mortality and the combined endpoint of death and re-
hospitalization, independent of patient and hemodynamic-
related risk factors [22]. Choice of one agent over another
does not appear to modify the adverse prognosis associated
with inotrope use in stage D patients. A recent retrospective

analysis of 112 inotrope-dependent non-transplant candidate
patients found no significant mortality difference between
patients treated withmilrinone or dobutamine [21]. As in other
studies, the prognosis of these end-stage inotrope-dependent
HF patients was extremely poor, with 76% dying over a mean
follow-up of 130 days. Therefore, the key to making optimal
therapeutic decisions surrounding inotropes in the Stage D
patient is ensuring that they are prescribed in the appropriate
setting, given the inherent risks associated with both this stage
of the disease and this class of drugs.

The 2013 ACCF/AHA guidelines recommend that the use
of intravenous inotropes remain limited to symptom relief and
support of end-organ function in those with reduced LVEF,
LV dilatation, and advanced HF [16••]. Practically speaking,
the use of inotropes should be restricted to short-term “bridg-
ing therapy” in stage D candidates eligible or potentially
eligible for advanced therapy with MCS and/or cardiac trans-
plantation. This could include a bridge to reduction of filling
pressures and support of worsening end-organ function in
refractory decompensated patients or temporary stabilization
of hemodynamic status due to rapid progressive circulatory
collapse or comorbid conditions such as sepsis in acutely
deteriorated patients. Use of chronic continuous infusions of
inotropes to preserve or augment systemic perfusion and
secondary end-organ function in stage D patients listed for
transplantation also remains supported in the current guide-
lines [16••]. However, in the contemporary era of evolving
ventricular assist device (VAD) technologies with post-
implant 1-year survival rates for bridge-to-transplant candi-
dates upwards of 80 % [23], the significant risks associated
with longer-term inotropic therapy favor an earlier device
insertion strategy. In addition to arrhythmic and ischemic
complications, the morbidity associated with the use of in-
dwelling central venous catheters for inotrope delivery, prin-
cipally the risk of infection, is being increasingly recognized
[24•, 25]. In a recent study of 129 stage D HF patients
awaiting cardiac transplantation on chronic milrinone, 27 %
experienced a serious adverse event, primarily driven by
infections (91 %). These infections in turn led to a high rate
of associated events and complications including increased
hospitalizations, defibrillator removal (9%), and a particularly
high rate (30 %) of temporary inactivation from the transplant
list [24•]. These findings raise further concern over the inter-
mediate and long-term risks associated with inotrope use in
transplant-eligible patients, but need to be individually
weighed against the potential for significant operative risk
andmorbidity related to LVAD complications. Lastly, the final
setting in which to consider inotropes in stage D heart failure
is as palliative therapy for symptom control in a selected group
of patients with end-stage disease who are ineligible for either
transplantation or VAD as destination therapy [16••, 20].
However, prior to initiation of inotropes, it is important that
all possible clinical options and goals of care are reviewed

Curr Heart Fail Rep (2015) 12:15–23 19



with the individual and their families to determine the most
appropriate care plan for this final stage of their disease. In
general, current guidelines also recommend documentation of
the need/benefit of inotropic therapy to support cardiac output
and end-organ perfusion with invasive hemodynamic moni-
toring prior to committing patients to chronic inotrope use
[16••].

An ideal strategy to reduce the increased morbidity and
mortality associated with inotropes is to develop an agent that
supports cardiac output and thereby end-organ perfusion with-
out increasing heart rate or myocardial oxygen demand.
Levosimendan, a calcium sensitizer touted to have these prop-
erties, failed to show a benefit relative to dobutamine [26] and,
although provided more rapid and durable symptomatic relief
than placebo, was associated with an increased risk of adverse
cardiovascular events [27]. Recently, a new agent, omecamtiv
mecarbil, a selective cardiac myosin activator with no effect
on intracellular calcium or cAMP—thereby capable of in-
creasing myocardial contractility without increasing myocar-
dial oxygen consumption—has emerged. In a phase II trial of
45 patients with chronic systolic HF receiving intravenous
infusions of omecamtiv mecarbil or placebo, concentration-
dependent increases in LVEF and stroke volume were seen in
the treated group for up to 72 h. However, ischemia was noted
at higher plasma concentrations [28]. A multi-center, random-
ized, double-blind, placebo-controlled trial of omecamtiv
mecarbil in 600 acute HF patients (ATOMIC-AHF,
ClinicalTrials.gov NCT01300013) is currently underway,
with preliminary results indicating no change in the primary
efficacy endpoint of dyspnea response on a Likert scale,
although an improvement was seen in the cohort receiving
the highest dose and in those with highest plasma concentra-
tions. Notably, the myocardial ischemia seen in the early study
at higher doses was not seen, although a small increase in
troponin was observed, raising the concern that the prolonga-
tion of systolic ejection time inherent to the mechanism of
action for this agent may be at the expense of shortened
diastolic time and compromised coronary perfusion. It is also
important to note that this trial includes patients with ADHF
who have a systolic blood pressure >90 mmHg and a mean
eGFR of 50 mL/min/1.73 m2 and is thus not necessarily
representative of the stage D HF population [29].

Other Medical Therapies for Stage D HF

Digoxin remains primarily recommended in HF patients who
remain symptomatic despite optimal neurohormonal and di-
uretic therapy [16••]. In the Digitalis Investigation Group
(DIG) trial, digoxin was shown to reduce the risk of HF re-
hospitalization, with the greatest benefit in those at highest
risk (lower LVEF, greater cardiac enlargement, NYHA III-IV)
[30]. Although there are no specific trials of digoxin in stage D

HF patients intolerant of standard recommended neurohor-
monal agents, in practice, many advanced HF patients, partic-
ularly those with concomitant atrial fibrillation, receive digox-
in unless contraindicated due to renal failure or conduction
disease. This was confirmed in the ADHERE LM registry,
where 45 % of stage D patients, compared to 23 % with
ADHF, were receiving this therapy [3••].

Intravenous vasodilators (nitroglycerin, nitroprusside,
nesiritide) are indicated in patients hospitalized with HF as
an adjunct to diuretic therapy in order to accelerate improve-
ment in congestive symptoms in the absence of symptomatic
hypotension [16••]. Nesiritide, a recombinant form of human
B-type natriuretic peptide, has been specifically studied in a
combined stage C/D population. In the randomized, double-
blind placebo-controlled Second Follow-up Serial Infusions
of Nesiritide (FUSION II) trial (n=911), serial outpatient
nesiritide infusions showed no difference in the primary end-
point of time to all-cause mortality or cardiovascular or renal
hospitalization at 12 weeks compared to placebo [31]. There
was a higher rate of hypotension in the treatment group
although importantly, this did not translate into a higher rate
of predefined worsening renal function or adverse events
overall. Notably, nesiritide was administered as a bolus of 2
ųg/kg followed by an infusion at 0.01ųg/kg/min thereafter,
while other studies in an ADHF cohort have shown less
hypotension and even reno-protective effects at lower doses
(≤0.005ųg/kg/min) and with the avoidance of a bolus dose
[32]. The Renal Optimization Strategies Evaluation (ROSE)
acute HF trial (Table 2) evaluated the efficacy of low-dose
nesiritide (0.005ųg/kg/min) without a bolus in a population of
hospitalized ADHF patients with renal dysfunction (eGFR
15–60 mL/min/1.73 m2) and found no difference in the co-
primary endpoints of decongestion and renal function at 72 h
in those patients treated with low-dose nesiritide versus pla-
cebo [33]. Interestingly, in subgroup analyses, 72-h cumula-
tive urine volume was higher in the group treated with low-
dose nesiritide compared to placebo in patients with lower
baseline blood pressure or lower LVEF, both potential surro-
gates of more advanced HF. Further investigation is needed
using primary analyses in this population to confirm these
findings. For the present time, use of intravenous vasodilators,
including nesiritide, is not routinely recommended for stage D
patients but is limited to dyspnea relief in those hospitalized
ADHF patients with sufficient blood pressure to tolerate them.
Despite their well-accepted effectiveness in relieving
symptoms rapidly, their potential to induce significant hy-
potension remains a major challenge to their widespread
use in stage D patients who frequently present with border-
line systemic pressures. In some instances, invasive hemo-
dynamic monitoring with observed high systemic vascular
resistance and low cardiac output may allow careful use of
intravenous vasodilators even in the presence of borderline
systemic pressures [14•].
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Cost of Medical Management of Stage D HF

The existing and projected worsening economic burden posed
by HF is one of the greatest challenges facing those who
govern healthcare resource utilization. The triad of an aging
population, increased survival of patients with cardiac comor-
bidities in the setting of ongoing advances in the treatment of
ischemic and valvular disease, and the continued growth and
success of novel, but expensive (pharmacological, percutane-
ous and surgical) HF therapies, mean that advanced HF in
particular presents a massive economic challenge to the ade-
quate provision of, and appropriate utilization of health care
resources. Given that the majority of patients with stage D HF
are treated with medical management alone, it is important to
consider the cost associated with these therapies in this pop-
ulation, in order to offset and/or modify some of these eco-
nomic challenges. A recent study specifically examining these
issues in 47 patients from the medically treated arm of the
REMATCH trial found that costs and resource use increased
as overall disease burden progressed [34]. The estimatedmean
total cost of medical therapy per patient with advanced HF in
the final 2 years of life was $156,168, with over 50 %
expended in the last 6 months. Consistent with studies in other
chronic diseases, a trend to lower costs was shown in those
patients who died in hospice care compared to those who died
as inpatients, providing further support for a palliative care
strategy in tandem with current recommendations for its ex-
panded and earlier use to improve quality of life in stage D
patients [16••].

Conclusions

Development of, or progression to, stage D HF identifies a
clinically, biochemically, and hemodynamically distinct sub-
group of HF patients with high morbidity and mortality.
Therapeutic decisions based on data collected predominantly
in stable or ADHF patients may not be applicable to these
patients. In addition to classic hemodynamic profiles, the need
to withdraw neurohormonal therapy, in the setting of prohib-
itive circulatory and/or renal limitations, represents both a
defining characteristic of, and the dominant challenge to the
medical management of this patient population. These find-
ings should herald prompt assessment for advanced pathways
of care, including not only eligibility for advanced therapies
such as MCS and transplantation, but also consideration of a
parallel or primary strategy of palliative care. Given the lack of
evidence suggesting a survival benefit as well as increasing
recognition of the associated comorbidities and complica-
tions, use of inotropes should be limited to “bridging therapy”
for patients eligible for advanced therapies or in rare cases, for
symptom relief as part of a palliative strategy. Overall, as the
burden of advanced HF continues to increase over the coming

decades, challenges surrounding optimal pharmacological
therapy in Stage D HF are likely to continue to prevail. One
of the most important counter-acting strategies will be to
ensure that additional research targeting stage D HF patients
using currently available and/or novel HF therapies continues
to be performed. It is hoped that a concerted and focused effort
may someday lead to a “paradigm” shift for these end-stage
patients, just as it has for their stable, less advanced
counterparts [35].
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