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BACKGROUND: Heart failure with preserved ejection fraction (HFpEF) is an increasingly prevalent form of heart failure, repre-
senting half of the total burden of heart failure. We hypothesised that modulation of the phosphodiesterase type 3/cyclic AMP
using a novel oral formulation of milrinone might exert favorable effects HFpEF via pulmonary and systemic vasodilation and
enhancement of ventricular relaxation. We assessed the safety and efficacy of oral milrinone on quality of life and functional
outcomes in patients with HFpEF.

METHODS AND RESULTS: The MIIHFPEF (Extended Release Oral Milrinone for the Treatment of Heart Failure With Preserved
Ejection Fraction) study was a randomized, double-blind, placebo-controlled pilot study in 23 patients with symptomatic
HFpEF. Efficacy end points included changes from baseline in Kansas City Cardiomyopathy Questionnaire summary score
and 6-minute walk distance. The primary safety end point was the development of clinically significant arrhythmia. The Kansas
City Cardiomyopathy Questionnaire score improved significantly in milrinone-treated patients compared with placebo (+10+13
versus —3+15; P=0.046). Six-minute walk distance also tended to improve in the treatment group compared with placebo (+22
[-8 to 49] versus —47 [-97 to 12]; P=0.092). Heart rate (-1+5 versus —2+9 bpm; P=0.9) and systolic blood pressure (—-3+18
versus +1+12 mm Hg; P=0.57) were unchanged. Early filling velocity/early mitral annular velocity (-0.3+3.0 versus —1.9+4.8;
P=0.38) was unchanged. One patient in the placebo arm was hospitalized for heart failure. Holter monitoring did not demon-
strate evidence of a proarrhythmic effect of milrinone.

CONCLUSIONS: In this novel pilot study, extended release oral milrinone was well tolerated and associated with improved qual-
ity of life in patients with HFpEF. Further longer-term studies are warranted to establish the role of this therapeutic approach
in HFpEF.

REGISTRATION: URL: https:/www.anzctr.org.au/; Unique identifier: ACTRN12616000619448.
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of cardiovascular disease in general, numerous
epidemiologic studies indicate that the overall
burden of heart failure (HF) has increased over the
past decade.! In particular, increasing age and ongo-
ing challenges in the management of comorbidities
including hypertension, atrial fibrillation, and diabetes

Despite advances in the prevention and treatment

mellitus have contributed to the increase in preva-
lence and to a change in the phenotypic profile of HF
patients. Presently, approximately half of those living
with HF are now recognized to have heart failure with
preserved ejection fraction (HFpEF), and this is rapidly
becoming one of the most challenging issues in con-
temporary cardiovascular medicine.
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CLINICAL PERSPECTIVE

What Is New?

e This pilot randomized controlled trial demon-
strates an acceptable safety profile and sig-
nals of efficacy of a novel oral formulation of
milrinone.

What Are the Clinical Implications?

e Quality of life was improved with a trend toward
improved 6-minute walk distance; however,
larger long-term studies are required to dem-
onstrated sustained efficacy, particularly on end
points such as heart failure hospitalization.

Nonstandard Abbreviations and Acronyms

BNP B-type natriuretic peptide

BP blood pressure

E/e’ early filling velocity/early mitral annular
velocity

EF ejection fraction

HF heart failure

HFpEF heart failure with preserved ejection fraction
HFrEF heart failure with reduced ejection fraction

KCCQ Kansas City Cardiomyopathy
Questionnaire

In contrast to the substantial progress made in re-
lation to the demonstration of effective treatments for
Heart failure with reduced ejection fraction (HFrEF),
little progress has been made for HFpEF. To some
extent, the lack of success in previous trials can be
attributed to the heterogeneous pathophysiology of
HFpEF. The cardiovascular physiology of HFpEF is
complex. While the central paradigm is that of left ven-
tricular diastolic dysfunction leading to rapid exertion-
related rise in left atrial pressure, other elements such
as subclinical systolic dysfunction,? left atrial dysfunc-
tion,® impaired right ventricular-pulmonary arterial
coupling,* and reduced peripheral oxygen delivery
have all been implicated as potential pathophysio-
logic determinants of exercise intolerance.

We recently provided the first evidence for pos-
itive hemodynamic effects of milrinone in patients
with HFpEF following an acute intravenous dose in a
placebo-controlled trial.> Milrinone, a phosphodiester-
ase type lll inhibitor, exhibits several pharmacologic ac-
tions that may be useful in HFpEF, including beneficial
effects on left ventricular diastolic function, pulmonary
vasodilation, and systemic vasodilation. In the present
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study, we evaluated the safety and efficacy of chronic,
orally administered milrinone in patients with HFpEF,
using a novel extended-release formulation of the drug.

METHODS

Study Design and Participants

We conducted a prospective, randomized, double-
blind, placebo-controlled trial of novel extended-release
oral formulation of milrinone. The primary objective
was to assess the safety of this novel therapeutic ap-
proach in HFpEF patients. Key inclusion criteria were
age >18 years, New York Heart Association class |ll
symptoms of HF, left ventricular ejection fraction >50%,
echocardiographic features of structural or functional
alteration in keeping with the European Society of
Cardiology guidelines for the diagnosis of HFpEF (>1
of left atrial volume index >34 mL/m?, left ventricular
mass index >115 g/m? for men or 95 g/m? for women,
and/or septal early filling velocity/early mitral annular
velocity (E/e") >13 and mean €’ of the septal and lateral
walls <9 cm/s). Patients were also required to either
have had a hospitalization for HF within 12 months, or
elevated natriuretic peptides (BNP [B-type natriuretic
peptide] >35 pg/mL or NT-proBNP (N-terminal pro-B-
type natriuretic peptide) >125 pg/mL if sinus rhythm,
and BNP >100 pg/mL or NT-proBNP >300 pg/mL if
atrial fibrillation). Patients were included only if they
were on stable heart failure therapy for the 2 weeks be-
fore screening, excluding diuretic dose changes <50%
of the total diuretic dose. Key exclusion criteria were
myocardial infarction within 90 days before screening,
systolic blood pressure <90 mm Hg, cardiac surgery
within 60 days before screening, moderate or greater
degree of cardiac valvular stenosis or regurgitation,
and significant comorbid disease, including hepatic,
renal (glomerular filtration rate <30 mL/min), or respira-
tory disease. Patients with a 6-minute walk distance
<150 m and poorly controlled atrial fibrillation (resting
rate >100 bpm) and patients on flecainide, encainide,
propafenone, dofetilide, and disopyramide were ex-
cluded. Potassium was required to be between 4 and
5.5 mEg/L and magnesium >1.0 mEg/L.

The study protocol was approved by the Alfred
Hospital Human Research and Ethics Committee.
All patients gave written informed consent. The
study was registered with the Australian New
Zealand Clinical Trials Registry, registration number
ACTRN12616000619448. The data that support the
findings of this study are available from the corre-
sponding author upon reasonable request.

Procedures

Following enrollment, patients underwent baseline
evaluation including a 6-minute walk test, quality-of-life
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scores, and single laboratory assessment of natriu-
retic peptides, in addition to a transthoracic echocar-
diogram. The estimated glomerular filtration rate was
calculated with the MDRD (Modification of Diet in
Renal Disease) study equation. A 24-hour Holter moni-
tor was performed to screen for presence of arrhyth-
mia and control of atrial fibrillation. Echocardiography
was performed as per standard American Society of
Echocardiography guidelines. Patients were supplied
with thigh-mounted activity monitors (ActivPal 3, PAL
Technologies Ltd., Glasgow, UK). Devices were worn
for the first 2 weeks (during the placebo run-in) and dur-
ing the final 2 weeks of the trial. Actigraphic measures
included step count, active hours, and up-down transi-
tions during each period. Each accelerometer was acti-
vated at the time it was dispensed, providing time- and
date-stamped data synchronized to the study protocol.

Quality of life was assessed using the Kansas City
Cardiomyopathy Questionnaire (KCCQ). The KCCQ is a
well-validated 23-item questionnaire that quantifies mul-
tiple domains of quality of life and has been validated
previously in HFpEF,? with a change of =5 points in the
overall summary score being considered clinically signif-
icant. Six-minute walk testing and KCCQ questionnaires
were repeated at completion in addition to a transtho-
racic echocardiogram, and a daily diary was maintained
to record a daily Likert scale of their dyspnea and for
nonserious adverse events. Patients were contacted by
telephone 1 week after the completion of the study.

Permuted block randomization allocated patients in
a 1.1 ratio between active treatment and placebo in
blocks of 2 or 4 with random variation of the block-
ing number. Before randomization, patients entered a
single-blind placebo run-in period to determine compli-
ance and assess for non—-drug-related adverse events.
The study drugs were administered in a gelatin capsule
twice daily. Each capsule contained extended-release
milrinone minitabs (14 mg total dose) or matching pla-
cebo minitabs. Dose selection was based on previous
studies of pharmacokinetics and hemodynamics in
healthy volunteers. Patients were clinically reviewed at
2 weekly intervals, with the randomization occurring at
day 15 and with study completion at day 43.

Outcome Measures

The primary objective was to investigate the safety
of this novel therapeutic approach in HFpEF. Efficacy
measures included echocardiographic measures re-
flecting diastolic function (change in the E/g’ ratio, right
ventricular systolic pressure, and left atrial volume
index); quality of life (KCCQ and self-reported dysp-
nea scale rated by patients on each day of the study);
functional capacity (6-minute walk distance) and bio-
chemical measures (natriuretic peptide levels and renal
function). The study was powered on the basis of a
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hypothesized 20% reduction in the E/e’ from a baseline
of 14.5+2, with 12 patients per group for 80% power.

Statistical Analysis

Analysis was performed as intention to treat. Baseline
characteristics are presented according to assignment
at randomization. Descriptive statistics for continuous
variables are presented as mean+SD for parametric
data, and median and interquartile range for non-
parametric data. Categorical data are presented as a
percentage of the group. Comparisons used the t-test
or chi-square as appropriate for the data type, with
a P value of <0.05 considered statistically significant.
Nonparametric values were analyzed using the Mann—
Whitney U test. Linear regression was performed and
adjusted as specified in the text. Statistical analyses
were performed using R (version 3.5.1, R Foundation
for Statistical Computing, Vienna, Austria).

Role of the Funding Source

The study was designed by the members of the ex-
ecutive committee in collaboration with the sponsor of
the study (Cardiora). Data collection and analysis was
performed at the Alfred Hospital by the investigators
with supervision by author SN. The report was drafted
by the first author and revised by all authors, who have
read and agreed to the report as written and the deci-
sion to submit for publication.

RESULTS

From June 2016 to September 2018, a total of 49
patients were screened, and 23 patients were en-
rolled into the study. The primary reasons for screen
failure were a BNP below the specified cutoff or the
presence of concomitant moderate tricuspid regurgi-
tation. Twelve patients were assigned to receive mil-
rinone and 11 patients to placebo. The groups were
well matched at baseline (Table 1), with no significant
differences in key characteristics. The mean age of
the patient group was 77+6 years of age, and 74%
(17/23) were women. The majority of patients had a
body mass index within the obese range (65%), with
an overall study group median body mass index of
32 (29-34). All patients demonstrated structural and
functional changes consistent with HFpEF on echo-
cardiography, in keeping with the current guidelines
established by the European Society of Cardiology
for the diagnosis of HFpEF. All patients had a pre-
served ejection fraction (mean, 61+6%), as well as
elevated septal (mean 18.2+5.7) and lateral (mean
13.8+4.0) E/e’ ratios and left atrial enlargement (left
atrial volume index, 45 [38-50]). Resting estimated
pulmonary artery systolic pressure was <35 mm Hg
in the majority of patients (75%).
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Table 1. Baseline Characteristics

Milrinone (n=12) Placebo (n=11)
Age,y 77+6 77+5
Sex (% female) 67 82
Body mass index, kg/m? 30 [28-33] 34 [31-35]
Atrial fibrillation 2(17) 3(27)
Hypertension 11 (92) 9(82)
Diabetes mellitus 6 (50) 2 (18)
Ischemic heart disease 4 (33) 2 (18)
Atrial fibrillation 4(33) 5 (45)
Bloods
Creatinine, ymol/L 78 [71-101] 90 [81-105]
eGFR 68 [61-74] 56 [47-69]
N-terminal pro-BNP, pg/mL 276 [209-444] 666 [257-1203]
Clinical
Blood pressure, mm Hg
Systolic 151 [135-156] 149 [126-151]
Diastolic 73 [68-81] 74 [58-81]
Heart rate, bpm 69+9 71+13
Medications
ACE inhibitor or ARB 10 (83) 10 (91)
-Blocker 3(29) 5(49)
Loop diuretic/furosemide 5(42) 7 (63)
Nondihydropyridine calcium channel blocker 1(8) 109
Spironolactone 4 (33) 6 (63)
Metformin 3 (25) 109
Insulin 1(8) 1(9)
Statin 7 (58) 6 (54)
Dihydropyridine calcium channel blocker 2(17) 2 (18)
Echocardiographic
Ejection fraction 62+4 60+7
LVEDD, mm 46+4 4745
LVESD, mm 29+6 31+5
TAPSE, cm 2.4+0.4 2.3+0.4
LAVI, mL/m? 45 [41-47] 46 [38-62]
Septal E/e’ 17.56+£3.5 19.8+6.6
Lateral E/e’ 13.3+3.4 14.6+4.2
Mean E/e’ 15.4+3.2 17.2+5.4
RVSP, mm Hg 30+6 28+8
Functional
6-min walking distance 394 [252-451] 320 [236-366]
Baseline KCCQ Overall Summary Score 55 [40-65] 52 [39-63]

Parametric variables are reported as mean+SD, and nonparametric variables presented as median [interquartile range]. Values presented are those taken
at screening. There were no statistically significant differences noted in baseline variables. ACE indicates angiotensin-converting enzyme; ARB, angiotensin
receptor blocker; BNP, B-type natriuretic peptide; E/e’, early filling velocity/early mitral annular velocity; eGFR, estimated glomerular filtration rate; KCCQ,
Kansas City Cardiomyopathy Questionnaire; LAVI, left atrial volume index; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic
diameter; RVSP, right ventricular systolic pressure; and TAPSE, tricuspid annular plane systolic excursion.

Safety rate in milrinone-treated patients at baseline was similar
In this pilot study, the extended-release formulation of to the placebo group (69+9 versus 71+13 bpm; P=0.64)
milrinone was safe and was well tolerated. The heart and did not differ after 1 month of treatment (68+9 versus
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72+11; P=0.32). There was no difference in the change in
heart rate between groups (delta heart rate, —1+7 versus
—1+8 bpm, milrinone versus placebo; P=0.94). Changes
in systolic (-3+18 versus +1+12 mm Hg; P=0.57) and di-
astolic (-3+12 versus 2+8 mm Hg, P=0.29) blood pres-
sure were also similar across both groups. Two patients
discontinued the trial; the former for adverse events be-
ginning during the placebo run-in phase, and the latter
ceased after hospitalization for an unrelated medical con-
dition. There was 1 serious adverse event (HF hospitali-
zation) in a placebo-treated patient. No serious adverse
events were reported in the milrinone arm. There were
no atrial or ventricular arrhythmias reported in either arm.

Biochemical

NT-proBNP was numerically higher at baseline in
the placebo group but not statistically different (666
[257-1203] versus 276 [209-444]; P=0.11), with no sig-
nificant differences over the course of the trial (change
in NT-proBNP; milrinone +9 [-58 to 52], placebo -2
[-169 to 68]; P=0.66). There was a small improvement
in estimated glomerular filtration rate in the milrinone
arm compared with a small fall in the placebo group
(change in estimated glomerular filtration rate; mil-
rinone +2+6 versus —3+7; P=0.08).

Quality of Life

There was no significant between-group difference in
KCCQ score (milrinone: 55 [40-65]; placebo: 52 [39-
63]; P=0.85) or 6-minute walk distance (394 [252—-451]

Oral Milrinone for HFpEF

versus 320 [236-366]; P=0.23) at baseline. Following
treatment, patients randomized to milrinone had a signifi-
cantly greater improvement in KCCQ score than patients
allocated to placebo (+10+13 versus —3+15; P=0.04;
Figure 1), with a significant change in the quality-of-life
subdomain (22+21 versus —7+20; P=0.004). There was a
trend toward improvement in the 6-minute walk distance
(10462 versus —-42+77; P=0.092; Figure 2). There were
no differences in step count adjusted for time monitored
(<13 [-53 to 17] versus —18 [-29 to —4] steps/h; P=0.46).

Echocardiography

The change in mean E/&" was not significantly different
between patients receiving milrinone and placebo (0+2.2
versus —2.2+4.3; P=0.15; Figure 3), nor were there differ-
ences in septal (-0.3+3 versus —1.1+£5.2; P=0.66) or lat-
eral E/e’ (0.2+2.3 versus —1.9+£3.9; P=0.14). As shown in
Table 2, within-group changes in E/e” were also not sig-
nificant. Similarly, changes in tricuspid annular plane sys-
tolic excursion with milrinone (0.1+0.4 versus 0.1+0.3 cm;
P=0.87) and estimated right ventricular systolic pressure
(—1£5 versus —2+5 mm Hg; P=0.60) were no different
compared with placebo. There were no differences in
left ventricular size, left ventricular systolic function, and
left atrial volume index, as shown in Table 1.

DISCUSSION

The prevalence of HFpEF has risen significantly over
the past 2 decades, and it is projected to become the

A Change in KCCQ Overall Summary Score
Milrinone vs. Placebo
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Figure 1. Changes in KCCQ overall summary score and quality-of-life subdomain between groups.
Patients treated with milrinone are indicated in red, with placebo-treated patients indicated with blue. There was a significantly greater
improvement in the overall KCCQ score (A) and quality-of-life subdomain score (B) in patients treated with milrinone. KCCQ indicates

Kansas City Cardiomyopathy Questionnaire.
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Change in Six Minute Walk Distance
Milrinone vs. Placebo

0.092
100 | |

Metres

-100

milrinone placebo

Group
n=22

Figure 2. Change in 6-minute walk distance between
groups. Patients treated with milrinone are indicated in red,
with placebo-treated patients indicated with blue.

There was no statistically significant difference in 6-minute walk
distance between groups.

most prevalent form of HF over the coming decade.” A
significant area of unmet need exists in regard to the
availability of oral therapy for HFpEF. In this phase Ib
study, extended-release oral milrinone improved quality
of life without a significant increase in adverse events.
In the current study, we demonstrated a clinically
meaningful and significant effect of milrinone on quality
of life as reflected by the KCCQ. In milrinone-treated
patients, there was an improvement in the KCCQ score
of +10+13 compared with a fall of —3+15 (P=0.046) in
placebo-treated patients. Consistent with this, the
quality-of-life subdomain improved substantially with
milrinone (+22+19 versus —7+21; P=0.004). The KCCQ
is one of the most widely used instruments to assess
quality of life in HF, and has demonstrated to be reli-
able and valid in both HFrEF® and HFpEF.® Although
reduction of hospitalization burden and mortality are
important end points in HF. Quality of life remains a pri-
mary goal in HFpEF, particularly when the competing
risk of death from comorbid conditions is significant
in the context of a different demographic compared
with HFrEF.° In a secondary analysis of patients from
the NEAT-HFpEF (Nitrate’s Effect on Activity Tolerance
in Heart Failure With Preserved Ejection Fraction) trial,
KCCQ scores were strongly correlated with base-
line functional status parameters, including 6-minute
walk distance and accelerometery. Importantly, se-
rial changes are associated with clinical outcomes,'®
with changes >5 points considered clinically signifi-
cant. A large prospective HF registry confirmed the
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association of the KCCQ overall summary score with
long-term outcomes, with a 10-point increase associ-
ated with a 12% decrease in the hazard of death or hos-
pitalization." In this study, patients displayed a similar
baseline KCCQ score to other HFpEF trials (MilHFPEF
[Extended Release Oral Milrinone for the Treatment of
Heart Failure With Preserved Ejection Fraction], 52+19;
TOPCAT [Treatment of Preserved Ejection Fraction
Heart Failure With an Aldosterone Antagonist Trial],
55+21'%; NEAT-HFpEF, 56+24).

Noninvasive estimation of filling pressure is often as-
sessed using the ratio of the peak E/e” and is recom-
mended by the American Society of Echocardiography
and European Society of Cardiology in the evaluation of
HFpEF. In this study, baseline E/e” was elevated across
the cohort; however, there was no significant between-
group difference in the change in E/e’ over the course
study. Despite its validity in HFrEF, multiple studies have
demonstrated the limited accuracy of septal and lateral
E/e’ in HFpEF, with poor correlations with direct mea-
sures of filling pressure.'® Furthermore, there is insuffi-
cient evidence for its use as a measure of filling pressure
following intervention in HFpEF'* There were no other
changes in cardiac structure or function noted; however,
the relatively short duration of the trial may not have al-
lowed adequate exposure to observe a favorable effect.

The lack of success with previous trials of pharmaco-
logic therapy is in part attributable to the diverse range
of mechanisms and phenotypic heterogeneity. Primarily,
an elevated filling pressure at rest or exercise promotes
dyspnea, principally attributable to diastolic dysfunc-
tion; however, multiple other mechanisms have been
implicated. Coexistent systolic dysfunction left atrial
dysfunction, ventricular-vascular stiffening, chronotropic
incompetence, and impaired peripheral oxygen handling
have all been implicated. Arguably, HFpEF represents
a multisystem disorder with varying physiologic path-
ways, with single-pathway therapies unlikely to succeed
without careful phenotype selection.® A proportion of
patients with HFpEF develop significant pulmonary vas-
cular remodeling, potentially irreversibly so, and conse-
quently agents targeting the nitric oxide pathway alone
may have diminished impact'®'®; similarly, protein kinase
G modification of titin, a large protein implicated in the
development of passive ventricular stiffness, is relevant in
patients with more significant pulmonary and peripheral
abnormalities. Renin-angiotensin-aldosterone blockade
has been evaluated in large-scale trials previously with
negative results,”'® perhaps again attributable to patient
selection or potentially attributable to trial duration.

In the absence of a clear influence of milrinone on
resting measures of left ventricular (LV) filling pres-
sures, it is relevant to consider other means by which
phosphodiesterase 3 inhibition may have improved
quality of life. First, assessments of LV diastolic per-
formance were conducted only at rest. It is possible
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Figure 3. Changes in clinical, biochemical, and echocardiographic parameters.

A, N-terminal pro-B-type natriuretic peptide; B, septal E/e’; C, heart rate; D, change in estimated glomerular filtration rate. Patients
treated with milrinone are indicated in red, with placebo-treated patients indicated with blue. Overall, there were no significant
between-group differences in any of these parameters. E/e’ indicates early filling velocity/early mitral annular velocity; and NT-proBNP,

N-terminal pro-B-type natriuretic peptide.

that the actions of low-dose oral milrinone on LV
filling may be evident only during physical activity.
Second, milrinone exerts several other potentially
favorable actions on key pathophysiologic targets,
including left and right ventricular contractility and
pulmonary and systemic vascular impedance. For
example, in previous work from our group, we ran-
domized HFpEF patients to intravenous milrinone or
saline in patients undergoing exercise hemodynamic
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evaluation.® Milrinone administration was associated
with a significant reduction in right atrial, pulmonary
arterial, and pulmonary capillary wedge pressures at
rest and during exercise. Furthermore, the positive
inotropic effects of milrinone may potentiate reduc-
tions in filling pressure. Previous work has demon-
strated coexistent systolic impairment in HFpEF?
despite a preserved ejection fraction, with reductions
in LV global longitudinal strain and exercise LV stroke
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Table 2. Efficacy End Points

Oral Milrinone for HFpEF

End Points Milrinone (n=12) Placebo (n=11) P Value

Change in septal E/e’ ratio Pre 18+3 20+7
Delta —-0.3+£3.0 -1.9+4.8 0.38
Post 174 18+6

Change in KCCQ overall Pre 53+19 5121

summary score Delta 10+13 -34+15 0.046
Post 63+24 48+21

Change in KCCQ quality-of-life Pre 39+25 49+23

subdomain Delta 20421 7420 0.004
Post 6130 40+24

Change in 6-min walking Pre 394 [252-452] 322 [263-371]

distance Delta 22 [-8 to 49 _47 [-97 t0 12] 0.092
Post 430 [244-467] 308 [239-333]

Change in N-terminal pro-BNP Pre 276 [209-444] 639 [219-814]
Delta 9 [-58 to 52] —2 [169-68] 0.66
Post 234 [175-369] 668 [347-965]

Change in eGFR Pre 68 [61-74] 56 [47-69]
Delta 2+6 —3+7 0.08
Post 73 [62-77) 48 [43-70]

Parametric variables are reported as mean+SD, and nonparametric variables presented as median [interquartile range]. An unpaired t-test or Wilcoxon test
was used as appropriate. BNP, B-type natriuretic peptide; E/e’, early filling velocity/early mitral annular velocity; eGFR, estimated glomerular filtration rate; and

KCCQ, Kansas City Cardiomyopathy Questionnaire.

work index. Further work is required to define the
pharmacodynamic relationship between milrinone
levels and key physiologic parameters.

Oral formulations of milrinone have previously been
trialed in HFrEF with disappointing outcomes. The
PROMISE (Prospective Multicenter Imaging Study for
Chest Pain Evaluation) trial,?° published in 1991, tested
the hypothesis that long-term milrinone therapy may
improve survival in HFrEF. The study was stopped pre-
maturely because of an increase in adverse events,
primarily arrhythmic deaths. Importantly, PROMISE
used a higher dose (mean dose, 40 mg/day) and an
immediate-release formulation administered 4 times
per day, and was conducted before widespread use
of B-blockers and implantable cardiac defibrillators in
HF management. We hypothesized that the extended-
release formulation of milrinone, providing zero-order
release and a more stable plasma profile, would result
in fewer occurrences of potentially toxic plasma lev-
els. A previous study of extended-release milrinone in
HFrEF did not result in increased arrhythmia.?! Unlike
HFrEF where ventricular arrhythmia accounts for the
majority of sudden death, the rates of sudden cardiac
death are low in HFpEF,? particularly when defined as
an ejection fraction >50%.%°

Limitations

This study has several limitations. The study
was small and primarily designed principally to
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demonstrate safety. There was a high rate of screen
failures; however, it is important to recognize that
many patients with hemodynamically confirmed
HFpEF do not have elevated natriuretic peptide lev-
els, particularly at rest.?* In this study, there were
no significant changes in E/e” or natriuretic peptide
levels. E/e’ has been shown to have limited accu-
racy in the estimation of pulmonary capillary wedge
pressure in patients with HFpEF,?>2% and more ac-
curate invasive measures of filling pressure may
have shown differences. Furthermore, the trial as-
sessments were conducted at rest, and it is pos-
sible that dynamic changes in E/e’ during physical
activity might be modified by phosphodiesterase 3
inhibition, given the positive effect on KCCQ. There
was no change in step count and the change in
6-minute walk distance only trended toward im-
provement. These parameters may have been lim-
ited by the small sample size. In addition, actigraphy
is inherently reliant on volition and improvements in
symptoms (as may be reflected indirectly with the
KCCQ) and does not always track ambulatory activ-
ity.'® In the current study, detailed pharmacokinetics
were not performed, and further studies need to be
performed to relate plasma milrinone levels to treat-
ment effects. The study was of short duration, and
it is possible that reverse remodeling events might
take months to appear. For example, a reduction
in LV filling pressures could have an impact of left
atrial and pulmonary vascular structure; however,
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this may take time to become evident. Finally, larger,
longer-term studies would be required to determine
the impact on hard clinical end points such as HF
hospitalization and mortality and to further define
the safety profile.

CONCLUSIONS

In a pilot study of patients with HFpEF, a short dura-
tion of treatment with extended-release oral milrinone
appeared to be safe and resulted in improved quality
of life and functional capacity without an increase in
adverse events. Further longer-term studies are war-
ranted to establish the potential role of this therapeutic
approach in HFpEF.
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