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Abstract

Globally, acute heart failure (AHF) remains an ongoing public health issue with its prevalence and mortality increasing in the
east and the west. Effective treatment strategies to stabilize AHF are important to alleviate clinical symptoms and to improve
clinical outcomes. However, despite the progress in the management of stable and chronic heart failure, no single agent has
been proven to play a definitive role in the management of AHF. As a consequence, contemporary treatment strategies for
patients with AHF vary greatly by region. This manuscript reviews the medical treatment options for AHF, with an emphasis
on the differences between the treatment strategies in the USA and Japan. This information would provide a framework for

clinicians to evaluate and manage patients with AHF and highlight the remaining questions to improve clinical outcomes.
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Introduction

Effective treatment strategies for heart failure (HF) are crucial
for alleviating symptoms in patients with HF and reducing its
mortality. Over the past decades, series of well-designed clin-
ical trials, conducted mainly in the USA and Europe, have led to
standardized use of oral beta-blockers, renin—angiotensin—
aldosterone system blockers, and mineralocorticoid receptor
antagonists for patients with chronic systolic HF. However,
no single agent has been shown to play a definitive role in im-
proving survival in patients with acute heart failure (AHF). As a
consequence, treatment strategies for patients with AHF vary
greatly by institution or region.>? In Japan, the numbers of
clinical trials and observational data analyses related to AHF
are increasing, and therefore, guideline recommendations
and physicians’ practice patterns are becoming quite unique.

The main purpose of this review is to present an overview
of the medical treatment options for AHF [American College
of Cardiology/American Heart Association (ACC/AHA) stage
C patients], with an emphasis on the differences between
the treatment strategies in the USA and Japan. This review
is focused on the practice of AHF in the USA and Japan for

the following reasons: first is the expectation of overlap be-
tween the USA and Europe in terms of clinical practice, con-
trary to that in Japan due to the degree of heterogeneity.
Previous literature reviews, with respect to comparison of
key pharmacological therapy, reported that there is generally
good agreement between the guidelines from North America
and Europe.>* Second, the authors have profound clinical ex-
perience in both the USA and Japan but, unfortunately, not in
Europe. This information may help to identify public health is-
sues within different populations in each country, which can
then be targeted with performance improvement initiatives
in order to improve outcomes in patients with AHF.

Diuretics
General comments
Volume overload or redistribution is thought to play a central

role in the pathophysiology of congestion in decompensa-
tion.> Currently, intravenous loop diuretics are the mainstay
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of treatment targeting congestion in AHF. Symptomatic pa-
tients with objective evidence of congestion consistent with
pulmonary or systemic venous hypertension or oedema typi-
cally receive urgent diuretic therapy for rapid relief of dys-
pnoea. Although no pivotal clinical trial has conclusively
demonstrated their effect on reducing morbidity and mortal-
ity in patients with HF, it is the preferred drugs in the guide-
lines of ACC/AHA® and the Japanese Circulation Society.”

USA

Currently available loop diuretics are furosemide, bumeta-
nide, and torsemide. Bumetanide seems to have an advan-
tage in terms of bioavailability and effective intestinal
absorption compared with furosemide (Figure 1). Bumeta-
nide is recommended as the treatment of choice in patients
with AHF complicated by intestinal oedema.® As for diuretic
use in the acute phase, the National Heart, Lung, and Blood
Institute Clinical Heart Failure Research Network has ad-
dressed the efficacy and safety of furosemide in the Diuretic
Optimization Strategies Evaluation trial, which compared
high-dose and low-dose administration strategies.” Against
expectations, there was no significant difference with respect
to global assessment of symptoms and renal function when

administering by bolus infusion as compared with continuous
infusion, or at a high dose as compared with a low dose. The
investigators concluded that there was no advantage in
symptom relief and protection of kidney function with high
dose and bolus administration of diuretics. While this was
certainly a noteworthy study, it has not led to improvements
in the prognosis for patients hospitalized with AHF nor has it
led to a reduction in the costs of their treatment.’®

Diuretic resistance can generally be overcome by combin-
ing different diuretic classes, such as thiazide and loop
diuretics.® Thiazide diuretics are used as a booster for aug-
menting the effect of loop diuretics and minimizing the total
amount of furosemide. Metolazone is a thiazide-type diuretic
widely used in the USA (currently not available in Japan)
(Figure 1). Previous research supports the usage of low-dose
metolazone in combination with oral loop diuretics as an ef-
fective and relatively safe treatment in many outpatients
with refractory HF.**

Japan
Diuretic therapy is also widely used for the treatment of AHF

in Japan.*®*3 In the acute decompensated heart failure syn-
dromes (ATTEND) registry, 3695 patients (76.3%) were

Figure 1 Overview of the pharmacological mechanism of the reviewed medications. HF, heart failure; LV, left ventricular; LVEDP, left ventricular end-

diastolic pressure.

Pharmacological mechanism

Diuretics

-Loop diuretics

heart failure

Loop diuretics act at the loop of Henle (thus, the term loop diuretics) to increase
urinary sodium excretion and decrease signs of fluid retention in patients with

-Thiazide
-Metolazone
-Potassium sparing agents

Thiazide, metolazone, and potassium sparing agents (e.g., spironolactone) act in
the distal portion of the tubule to increase urinary sodium excretion and decrease
signs of fluid retention in patients with heart failure

Natriuretic Peptides

-Nesiritide Nesiritide is a recombinant human brain, or B-type, natriuretic peptide that exerts
potent effect on vasodilation and natriuresis
-Carperitide Carperitide is a recombinant human atrium, or A-type, natriuretic peptide that

exerts potent effect on vasodilation and natriuresis

Vasodilators

-Nitroglycerin (NTG)

-Isosorbide Dinitrate (ISDN)

NTG and ISDN forms free radical nitric oxide, which produces a vasodilator effect
on the peripheral veins and arteries with more prominent effects on the veins

Tolvaptan

Tolvaptan is a selective vasopressin 2 receptor antagonist, facilitates fluid
excretion in urine by reducing the expression of aquaporin 2 in the collecting duct
via inhibition of vasopressin receptors

Inotrope

-Dobutamine Dobutamine is an intravenous catecholaminergic agent, mainly acts on beta1-
adrenergic receptor that exerts an effect on improvement of LV systolic function
and decrease in LVEDP despite its slight increase in heart rate

-Milrinone Milrinone is a non-catecholamine agent with positive inotropic effect for the

treatment of severe HF with impaired systolic function.
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treated with diuretics, and almost all (99%) of these patients
received furosemide.’® However, dosage discrepancies have
been noted, particularly in the use of furosemide. Recent re-
ports have suggested that higher doses of diuretics might
worsen HF prognosis.'***

e While furosemide was used in up to 90% of patients hos-
pitalized with AHF in the US registry,'® furosemide was
used in about 70% of patients in the Japanese registry.™

e Moreover, based on a previous observational study in
Japan, the maximum dose of furosemide was less than
200 mg/day, which was less than half the dose of furose-
mide administered in the USA.>’

This suggests that, from the standpoint of maximum effec-
tive dose, furosemide might have not been administered at
adequate amounts in Japan.® A possible explanation would
be the widespread use of carperitide, an atrial natriuretic
peptide that was used as a diuretic in up to 70% of the pa-
tients in the Japanese registry.™® In accordance with the rela-
tionship between the maximum in-hospital diuretic dose and
mortality,***® the results suggest a strong dose—response re-
lation with mortality. It appears that the trend of a maximum
in-hospital diuretic dose of less than 200 mg/day in Japan
might minimize the mortality that worsens in a dose-
dependent manner.*®

In summary, despite the scarcity of clinical evidence, di-
uretics have been broadly accepted as a primary AHF treat-
ment over the last half century in both the USA and
Japan.®**9 However, the dosage of furosemide in acute
and chronic HF differs substantially between the two coun-
tries. While the US guidelines recommend 20 to 40 mg
once or twice as the initial daily dose and 600 mg as the
maximum total daily dose of furosemide,® a daily dose of
40 to 80 mg and a lower maximum dose are used in
Japan, even without precisely described in the guidelines.
As for the chronic phase of treatment, torsemide and bu-
metanide are preferred in both countries. Thiazide diuretics
seem to be used more frequently in the USA, but their use
in Japan seems to be growing owing to the availability of a
combination tablet.

Natriuretic peptides: nesiritide and
carperitide

General comments

The trends in natriuretic peptide usage seem to be moving in
opposite directions in the USA and Japan. According to the Jap-
anese ATTEND registry previously described, carperitide is cur-
rently used in more than half of patients with AHF. This agent
has both diuretic and vasodilatory effects and contributes to

dyspnoea relief and renal protection (Figure 1). In the USA,
nesiritide was widely used in the early 2000s because of its ef-
fect on haemodynamic function and self-reported symptoms
when added to standard care in patients hospitalized with
AHF. However, larger clinical endpoint-driven trials have
shown more neutral results (Table 1).%°

USA

With regard to the background of clinical trials related to
nesiritide, the Vasodilatation in the Management of Acute
Congestive Heart Failure (VMAC) trial found that pulmonary
capillary wedge pressure (PCWP) decreased in patients with
AHF admission with nesiritide administration at 3 and 24 h.*
However, the trial did not address the significant improvement
of clinical symptoms, and Sackner-Bernstein et al.?*>® subse-
quently suggested that nesiritide might have a negative effect
on clinical outcome, such as mortality and renal function.

In order to address this issue, the Acute Study of Clinical
Effectiveness of Nesiritide in Decompensated Heart Failure
(ASCEND-HF) trial was launched. This was a large randomized
controlled trial of 7141 patients, and the primary endpoint
was the specific clinical outcome. The results indicated that
nesiritide used in addition to conventional therapy improved
dyspnoea slightly. However, nesiritide did not affect all-cause
mortality and the rate of rehospitalization for HF. Moreover,
nesiritide was not associated with impairment of renal func-
tion, but it was associated with an increase in the rate of hy-
potension.?® This article was further commented on in an
accompanying editorial article entitled, ‘The Lost Decade of
Nesiritide’.%*

Before the ASCEND-HF trial, the most frequently used intra-
venous vasoactive agent was nesiritide, which was used in 12%
of all patients in the Acute Decompensated Heart Failure Na-
tional Registry.>> Nesiritide is currently used as second-line
therapy in cases of refractory HF in the USA. Analysis of previ-
ous clinical data showed that nesiritide did not increase urine
output®® and did not improve renal function®” and prognosis.*®

Japan

In Japan, carperitide, a human atrial natriuretic peptide simi-
lar to nesiritide, has been widely accepted and used in clinical
practice. Carperitide was used in 69.4% of all patients in the
Japanese registry.*?

However, the clinical evidence on the effect of carperitide
on clinical endpoints does not seem to be sufficient. The
following findings are among the few that support the use
of carperitide in Japan:**3°

e In a multicenter randomized controlled study of 49 pa-
tients, low-dose carperitide infusion significantly reduced
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the rates of death and rehospitalization at 18 months in
patients with AHF.

e In a prospective observational study of 1524 patients,
carperitide monotherapy restored the acute phase and
improved the degree of dyspnoea assessed using the
modified Borg scale.

Compared with the ASCEND-HF trial, the size of the study
populations was not large enough in these trials to evaluate
safety and efficacy thoroughly, with the endpoints set at
surrogate markers. There are also studies that report contra-
dictory results.

e In a retrospective cohort study, Sasabuchi et al.** con-
ducted a database analysis of 47 032 patients and re-
ported that patients treated with carperitide were more
likely to receive renal replacement therapy within 21 days
of surgery; however, the use of carperitide was not associ-
ated with higher or lower in-hospital mortality.

e Matsue et al.3> examined the efficacy of carperitide in
1038 patients with AHF and reported significantly higher
in-hospital mortality in the carperitide group compared
with the non-carperitide group, and potentially, more
harmful effects were observed in elderly patients.

Based on the pharmacological effects of vasodilation, na-
triuresis, and renin—angiotensin—aldosterone system inhibi-
tion, carperitide seems to be useful in patients with
pulmonary congestion and patients with refractory HF requir-
ing inotropes, according to current Japanese Circulation
Society guidelines. However, because of controversial clinical
data, the evidence for the use of carperitide in the setting of
AHF in Japan does not appear to be sufficient. Given the con-
sequence of nesiritide in the USA, larger-scale clinical trials
evaluating its efficacy and safety are needed in Japan.

Vasodilators
General comments

In the absence of hypotension, vasodilators potently
decrease both venous tone (preload) and arterial tone
(afterload) (Figure 1). Hence, vasodilators are most
frequently administered in combination with intravenous
diuretics in the setting of AHF to improve congestive symp-
toms. The comparison of clinical trials on vasodilators be-
tween the USA and Japan is shown in Table 2.

USA

Currently available vasodilators include nitroglycerin (NTG),
isosorbide dinitrate (ISDN), sodium nitroprusside, and

nesiritide. Although vasodilators have been used for the
treatment of AHF, no robust evidence confirms their defini-
tive efficacy and safety.

Several studies on ISDN have shown its clinical benefits in
patients with AHF. In the Acute Heart Failure Global Survey of
Standard Treatment (ALARM-HF) registry, patients admitted
with AHF and treated with diuretics and vasodilators had sig-
nificantly better in-hospital survival compared with patients
treated with diuretics alone or those treated with
inotropes.®® In addition, Cotter et al.>* showed that high-dose
ISDN, given as repeated intravenous boluses after low-dose
intravenous furosemide, was safe and effective in controlling
severe pulmonary oedema. This treatment regimen was
more effective than high-dose furosemide with low-dose
ISDN in terms of the need for mechanical ventilation and
frequency of myocardial infarction. Finally, Sharon et al.>
demonstrated that high-dose ISDN was safer and better than
bi-level positive airway pressure combined with conventional
therapy in patients with severe pulmonary oedema.

Contrary to the findings on ISDN, NTG showed conflicting
clinical results. In the control arm of the VMAC trial, PCWP
was significantly decreased with NTG at 3 h after administra-
tion, compared with placebo. However, the effect of NTG was
not sustainable, and no significant differences were observed
in terms of clinical status and dyspnoea during admission.**
In a subgroup analysis, the onset of the NTG-mediated hae-
modynamic effect was delayed because of the early develop-
ment of tolerance despite aggressive up-titration.>® Following
the VMAC trial, Breidthardt et al.>” reported a rapid decrease
in serum levels of B-type natriuretic peptide with high-dose
subcutaneous or sublingual ISDN administration in addition
to conventional therapy, compared with conventional ther-
apy alone. However, this study did not show improvements
in 90 day mortality and rehospitalization rates.

Clinical trials of vasodilator therapy in AHF do not provide
sufficient evidence to make a definitive conclusion at this
time. In light of this situation, Wakai et al.*® integrated the re-
sults of previous clinical trials related to vasodilators and
analysed the results. Data from 634 patients were combined
from four clinical trials of two types of vasodilators (ISDN and
NTG). There was no significant difference in terms of effect
between furosemide and morphine, furosemide alone,
hydralazine, prenalterol, intravenous nesiritide, and placebo.
Given these clinical findings, the use of vasodilators as an
adjuvant to diuretic therapy for dyspnoea relief is considered
a Class llb recommendation with evidence level A in the
current ACC/AHA guidelines.®

Japan
The lack of evidence regarding vasodilators is similar in

Japanese practice. As discussed in the previous section,
carperitide is the most commonly used vasodilator, followed
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by NTG, ISDN, and sodium nitroprusside. Mizutani et al.>°

conducted a clinical trial comparing the effect on haemody-
namic change and short-term and long-term prognosis
between ISDN and carperitide. There was no significant
difference in  prognosis, although ISDN improved
haemodynamics more effectively than carperitide. Once
again, the evidence for carperitide appears insufficient, and
careful examination of its efficacy and safety is needed. As
for the rest of the vasodilators, their use was low based on
the registry data in Japan (ISDN, 9.2%; NTG, 26.0%),” despite
strong guideline recommendations.

With respect to frequency of vasodilator use, there does
not seem to be a significant discrepancy between the USA
and Japan; 26% of patients received vasodilators (70% of
them received diuretics) in the Acute Decompensated Heart
Failure National Registry (USA),**%° compared with 35% of
patients in the ATTEND registry (Japan).’? This suggests that
vasodilators are not considered standard therapy in AHF at
this time. The use of vasodilators was slightly higher in
Japan, and this might be due to the implementation of a clin-
ical scenario classification of AHF suggested by Mebazaa
et al.** A clinical scenario classification can facilitate the use
of vasodilators in AHF, because some AHF patients may
predominantly have a volume redistribution issue, rather
than hypervolaemia.

Tolvaptan
General comments

Tolvaptan, one of the selective vasopressin 2 (V,) receptor
antagonists, facilitates fluid excretion in urine by reducing
the expression of aquaporin 2 in the collecting duct via inhi-
bition of vasopressin receptors (Figure 1). The effect of
tolvaptan in clinical trials is expected to be different than that
of conventional diuretics (Table 3), as it produces water
diuresis rather than diuresis with excretion of electrolytes,
such as sodium and potassium.

USA

Currently, two ‘vaptans’ have been approved in the USA. The
first agent approved by the Food and Drug Administration is
conivaptan, a non-selective, V,,/V, receptor antagonist. In or-
der to examine the effect of the second agent, tolvaptan, the
Acute and Chronic Therapeutic Impact of a Vasopressin-2 An-
tagonist in Congestive Heart Failure trial was conducted. The
trial revealed dose-independent loss of body weight (BW),
improvement of signs and symptoms of HF, and lower mor-
tality in patients with renal impairment from severe conges-
tion in the tolvaptan group, compared with placebo.*?
Finally, in the Efficacy of Vasopressin Antagonism in Heart

Failure Outcome Study with Tolvaptan trial, the effect of
tolvaptan in HF patients with left ventricular ejection fraction
of less than 40% was compared vs. placebo. This trial re-
ported greater improvement of symptoms, such as dyspnoea
and BW loss in the 24 h after drug administration. However, it
did not show an improvement in overall symptom scores nor
an effect on long-term clinical outcomes, such as mortality
and readmission rate.*>#4

Yet, in addition to a post hoc analysis revealing more im-
provement with tolvaptan compared with placebo in patients
with lower serum sodium,*® tolvaptan seems to have a po-
tentially beneficial effect on volume status and AHF symp-
toms in the initial treatment days.***® In light of these
findings, the Targeting Acute Congestion with Tolvaptan in
Congestive Heart Failure Study (TACTICS-HF) and Short Term
Clinical Effects of Tolvaptan in Patients Hospitalized for Wors-
ening Heart Failure with Challenging Volume Management
(Study to Evaluate Challenging Responses to Therapy in Con-
gestive Heart Failure) were performed.*’ In the former pro-
spective, double-blind, placebo-controlled trial of 257
patients with AHF, the addition of tolvaptan to a standardized
furosemide regimen did not improve dyspnoea, a primary
endpoint.48 In the latter randomized, double-blind, placebo-
controlled study of 250 patients with AHF, tolvaptan was
not associated with greater early improvement in dyspnoea,
in spite of rapid and persistent weight loss.*®

Japan

In Japan, clinical evidence regarding the efficacy and safety of
tolvaptan has been accumulated in recent years.

¢ In the AHF volume control multicenter randomized trial in
109 patients with AHF, the results suggest that tolvaptan
might be efficacious and safe compared with carperitide
because of significantly higher urine output even with
thirst, lower incidence of renal impairment and hypoten-
sion requiring drug discontinuation, and lower cost.”®

e Shirakabe et al.>! investigated 183 patients admitted to
the intensive care unit with AHF, which revealed a signifi-
cant reduction in the total amount of furosemide, preven-
tion of acute renal impairment, and improvement in
180 day mortality with tolvaptan administration compared
with conventional treatment.

e Kinugawa et al.>” reported the improvement of congestion
and significant BW loss 7 and 14 days after tolvaptan ad-
ministration in patients with insufficient response to loop
diuretics in the post-marketing surveillance of tolvaptan
in Japan. These findings support the results of the previous
study reported by Shirakabe et al.>*

e Matsue et al.>® reported the answering question on
tolvaptan’s efficacy for patients with acute decompen-
sated heart failure and renal failure study, a prospective,
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multicenter, randomized, open-label, parallel-group study,
which found that tolvaptan in addition to conventional
therapy achieved more diuresis and symptom relief in
AHF patients with renal impairment than conventional
therapy alone.

Currently, tolvaptan has been broadly used as a diuretic
with a new mechanism of action in Japan since its approval
as a drug for HF in 2010. In contrast, tolvaptan is approved
only for the treatment of hyponatraemia in the USA based
on the Efficacy of Vasopressin Antagonism in Heart Failure
Outcome Study with Tolvaptan trial, which did not show an
improvement of long-term outcomes, such as cardiovascular
mortality and readmission rate. Based on the finding of
tolvaptan on TACTICS-HF and Study to Evaluate Challenging
Responses to Therapy in Congestive Heart Failure, the discus-
sion seems to be moving towards the next stage of develop-
ment of better strategies for the treatment of AHF, as there
does not appear to be a justification for additional studies
in acute or chronic HF. Moreover, the use of tolvaptan is dis-
couraged in an editorial on the TACTICS-HF based on efficacy
and cost.>*

Inotropes

Between the USA and Japan, there seems to be no significant
difference in the view of intoropes as a ‘necessary evil’ for
cases involving acutely decompensated HF. Because
levosimendan is not available in Japan, we will cover the
topic of classic inotropic agents, such as dobutamine and
milrinone and their use in end-stage HF (Table 4). We will
also exclude the discussion of any haemodynamic support
such as Impella or extracorporeal membrane oxygenation.

Dobutamine

General comments

Dobutamine is an intravenous catecholaminergic agent,
introduced in the late 1970s, that mainly acts on the beta-1
adrenergic receptor (and has a slight effect on the beta-2
and alpha-1 adrenergic receptors) (Figure 1). Dobutamine is
known to decrease left ventricular end-diastolic pressure
with a slight increase in heart rate.>®

USA

Although there is concern regarding the relationship between
a continuous infusion of dobutamine for more than 72 h and
haemodynamic tolerance,>® dobutamine was used for short-
term infusion and subsequent chronic home or outpatient
infusions because of the evidence of a potential clinical
benefit.>”®' A subanalysis from the Flolan International
Randomized Survival Trial has altered the clinical benefit of

dobutamine, as it was demonstrated that dobutamine was
associated with worse survival and clinical outcomes and
did not improve quality of life during or after the infusions.®?
Despite this observational data, substantial experience has
verified that the use of inotropic therapy for the treatment
of severe HF is associated with reduced survival. However,
previous clinical studies differed considerably from modern
practice in regard to patient selection and contemporary HF
therapy including beta-blockers, aldosterone antagonists, de-
fibrillators, or cardiac resynchronization. There are no recent
trials on chronic inotropic use, and given the clinical uncer-
tainty and controversy over their use, there is wide variation
in inotrope use among institutions. In light of this back-
ground, a recent retrospective study has shown that survival
on inotropes for patients who were not candidates for trans-
plant or left ventricular assist device remained poor.®®

Japan

e The effect on pulmonary artery diastolic pressure and
PCWP was higher with dobutamine than with dopamine
in an earlier crossover trial. Dobutamine was also more
effective in improving congestion.

e Despite no evidence of the superiority of dobutamine to
milrinone in previous clinical trials, dobutamine appeared
to be the preferable inotrope for in-hospital management
compared with milrinone (dobutamine 12.7% vs.
milrinone 2.8%) within the ATTEND registry in Japan.

Milrinone

General comments

Milrinone is a non-catecholaminergic agent with a positive
inotropic effect that was introduced in the early 1990s for
the treatment of severe HF with impaired systolic function
(Figure 1). Milrinone has also exhibited a similar inotropic ef-
fect with dobutamine in a different mechanism; however, no
head-to-head clinical trials have been conducted between
the two agents.

USA

Prospective Randomized Milrinone Survival Evaluation and
Outcomes of Prospective Trial of Intravenous Milrinone for
Exacerbations of Chronic Heart Failure are two of the largest
and most representative studies to examine milrinone ther-
apy available to date. Prospective Randomized Milrinone Sur-
vival Evaluation enrolled 1088 patients with New York Heart
Association Ill or IV HF, randomized them to placebo or oral
milrinone, and demonstrated that the milrinone group had
a 28% higher mortality at 6.1 months.®* Outcomes of Pro-
spective Trial of Intravenous Milrinone for Exacerbations of
Chronic Heart Failure evaluated in-hospital inotrope use in
958 patients with HF exacerbation. The primary endpoint
was the number of days hospitalized for cardiovascular
causes within 60 days.®®> There was more hypotension and
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Table 3 (continued)

Sample

Primary endpoint Conclusion
at 24 h despite
greater BW

Study design size Study population Intervention Comparator

Study title

Country Year
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failure volume control multicenter randomized; BW, body weight; CV, cardiovascular; ECLIPSE, Effect of Tolvaptan on Hemodynamic Parameters in Subjects with Heart Failure; eGFR,
estimated glomerular filtration rate; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; LVEDVI, left ventricular end-diastolic volume index; LVEF, left ventricular ejec-
SECRET of CHF, Study to Evaluate Challenging Responses to Therapy in Congestive Heart Failure; TACTICS-HF, Targeting Acute Congestion with Tolvaptan in Congestive Heart Failure; Tx,

tion fraction; MENTOR, Multicenter Evaluation of Tolvaptan Effects on Left Ventricular Remodeling; N/A, not applicable; PCWP, pulmonary capillary wedge pressure; QOL, quality of life;
treatment; UOP, urine output; WRF, worsening renal failure.

ACTIV in CHF, Acute and Chronic Therapeutic Impact of a Vasopressin-2 Antagonist in Congestive Heart Failure; ADHF, acute decompensated heart failure; AKI, acute kidney insuffi-
ciency; AQUAMARINE, answering question on tolvaptan’s efficacy for patients with acute decompensated heart failure and renal failure; AUC, area under the curve; AVCMA, acute heart

atrial arrhythmias in the milrinone group and no difference in
the primary outcome or survival. These two findings led to
the conclusion that milrinone should only be administered
to specific types of patients and continued over only a short
period of time. More recently, a large observational study
demonstrated significant differences in the patterns of use
of positive inotropic agents among a diverse group of hospi-
tals in the USA. This study identified various hospital patterns
based on the type of agents: dobutamine predominant (29%
of hospitals), dopamine predominant (25%), milrinone pre-
dominant (1%), mixed dobutamine and dopamine pattern
(32%), and mixed pattern including all three agents (13%).°

Japan

In Japan, the effects of milrinone on AHF have been investi-
gated in a multicenter, double-blind clinical trial,®” which re-
vealed that the time of onset of action was prompt with
intravenous administration and the effect on haemodynamic
improvement was dose dependent. In the AHF guidelines of
the Japanese Circulation Society, milrinone is approved as
Class lla and evidence level of A; however, the use of
milrinone should be confined to carefully selected patients
with low blood pressure and reduced cardiac output who
can have their blood pressure and heart rhythm monitored
closely.

Inotropes in palliative care (home inotrope
therapy vs. oral inotrope therapy)

The general role of inotropes in current practice is to treat
acutely decompensated HF and maintain end-organ function
in transplant or left ventricular assist device candidates, or to
be used as palliative therapy.®® Home inotrope therapy has
been shown to shorten length of hospital stay®® and to in-
crease cardiovascular death.”®

The incidence of new-onset HF in the elderly population
(>65 years) in Japan is 23.0% in 2010, with an estimated in-
cidence of 29.1% in 2020 and 31.6% in 2030.”* Given the
age limit on advanced HF therapy of less than 65 years of
age in Japan, the number of patients with end-stage HF
who are potential candidates for home inotrope therapy is in-
creasing. At present, home inotrope therapy is not officially
approved for patients, and an oral inotropic agent is fre-
quently prescribed as an alternative in Japan. There appear
to be some cases involving oral inotrope use in patients
who require an improvement of quality of life in end-stage
HF,”? and this enables a weaning of the intravenous agents.
The evidence of the use of oral inotrope in Japan is based
on the Effects of Pimobendan on Chronic Heart Failure Study.
This study identified the effect of pimobendan as an oral
inotrope on significantly lowered morbidity and improved
the physical activity of patients with mild to moderate con-
gestive heart failure (CHF) compared with placebo.
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The use of oral inotrope in patients with end-stage HF has
fallen out of favour in the USA because most of the clinical
trials related to oral inotropes have generated negative re-
sults.®*” In addition, a recent retrospective study demon-
strated that there were no mortality differences between
chronic intravenous dobutamine or milrinone in patients with
stage D HF being discharged from the hospital.””

Differences in socio-economic
background

Considering the differences between the treatment strate-
gies for AHF in the USA and Japan, a discussion of the
socio-economic background seems inevitable.

USA

In the USA, despite recent changes, universal coverage is lack-
ing.”> This puts a significant financial burden on uninsured
patients, who often receive only emergency and not longitu-
dinal care.”® That is, such patients present in AHF to the
emergency rooms and are managed in the inpatient setting.
However, because of financial and other constraints, such pa-
tients often have poor follow-up post-discharge and have dif-
ficulty in paying for medications. They thus present again as
emergency cases,77 at enormous expense to the system,
and with worse results.

In addition, even if patients are insured, they generally
have copays for prescription medications. Branded and on-
patent medications almost always have significantly higher
copays; increasingly, patients request generics or older med-
ications to minimize financial impact.”® This does affect
choices in the acute setting for medications that will be con-
tinued in the outpatient setting. Finally, there is increased
cost consciousness in recent years. Inpatient formularies vary
from hospital to hospital, with medication prices playing sig-
nificant roles in decisions to maintain and/or restrict access
to certain medications. For example, tolvaptan, an expensive
medication, in many hospitals is restricted to nephology
service use alone.

Thus, market forces may play a bigger role in the manage-
ment of HF in the USA compared with Japan.
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