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Heart failure with preserved ejection fraction (HFpEF) is
now recognized as a major public health problem, accounting
for approximately 50% of all patients with HF (1), and
morbidity and mortality rates in HFpEF approximate those
of HF with reduced EF (HFrEF) (2). Aside from supervised
exercise training programs (3), evidence-based treatments are
unfortunately lacking in HFpEF. Challenges in the design
and conduct of Phase II clinical trials may explain why
See page 115

ﬁnding evidence-based therapies for HFpEF remains an
elusive challenge. The lack of a robust deﬁnition of HFpEF
for enrollment into trials, not matching HFpEF subtypes to
the mechanism of a given experimental therapy, and suboptimal evaluation metrics and endpoints, all plague Phase II
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clinical trials in HFpEF. Thus, to effectively improve
management in HFpEF, we need optimal Phase II trials that
truly inform subsequent Phase III studies.
HFpEF is a heterogeneous clinical syndrome, with several
underlying etiologies and pathophysiologies, including diastolic dysfunction. Abnormal cardiomyocyte sodium and
calcium handling has been proposed as a potential mechanism that contributes to diastolic dysfunction (4). Mechanistically, the late inward sodium current (which is enhanced
in diseased myocytes), results in diastolic calcium overload via
increased sodium-calcium exchange within myocytes.
Ranolazine, a potent inhibitor of the late inward sodium
channel, was originally approved for use for the indication of
refractory stable angina in Europe and the United States.
Theoretically, inhibition of this sodium channel in HFpEF
with ranolazine may reduce intracellular calcium levels and
augment diastolic relaxation (5).
In this issue of JACC: Heart Failure, Maier et al. (6)
describe the results of RALI-DHF (RAnoLazIne for the
Treatment of Diastolic Heart Failure), a novel Phase IIa
proof-of-concept study of the acute effects of ranolazine on
hemodynamics and diastolic function in outpatients with
chronic HFpEF. In this small pilot study, the investigators
randomized 20 patients to either ranolazine or placebo.
Therapy involved 24 hours of intravenous infusion of the
study drug followed by 2 weeks of oral therapy. Short-term
intravenous ranolazine therapy was associated with modest
reductions in invasively measured left ventricular (LV) ﬁlling
pressures and pulmonary artery pressures, without concomitant changes in relaxation kinetics or pulmonary or systemic
vascular resistance. Unfortunately, cardiac output also
decreased with ranolazine, presumably due to reduced LV
ﬁlling pressure. After completion of the 2-week oral
regimen, no signiﬁcant changes in exercise capacity and
noninvasive indexes of diastolic function, measured by
cardiopulmonary exercise testing and echocardiography,
respectively, were demonstrated (6).
RALI-DHF provides an excellent early opportunity to
evaluate the potential challenges faced by Phase II trials. The
study appropriately employed strict inclusion criteria in
deﬁning HFpEF, consistent with a consensus report from
the European Society of Cardiology (7). The investigators
used an agent with known effects on diastolic function and
appropriately measured its short-term effects on various LV
relaxation parameters. In terms of evaluation and endpoint
analysis, Maier et al. (6) utilized invasive hemodynamic
testing, echocardiography, and cardiopulmonary exercise
testing to monitor drug efﬁcacy in their patient sample.
However, RALI-DHF was limited by its small sample size,
which resulted in an underpowered study. In addition, the
study could have beneﬁted from exercise testing instead of
pacing to increase heart rate during the invasive hemodynamic procedure, thereby allowing for a more realistic and
physiological assessment of the effects of ranolazine during
increases in heart rates. Finally, echocardiographic evaluation after only 2 weeks of oral therapy was too early and
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Table 1

Comprehensive Recommendations for the Conduct of Phase II Trials in Heart Failure With Preserved Ejection Fraction*

Parameter

Problems

Recommendations

Patient enrollment

Many trials have been small, single-center
experiences

Appropriately powered, multicenter investigations
Must balance sample size with ﬁnancial considerations
Optimal Phase II trial sample size likely 100–200 range

Inclusion/exclusion
criteria

Poorly deﬁned inclusion criteria
(“one size ﬁts all” approach)
Heterogeneous patient population with
varying underlying etiologies, pathophysiologies

Use of speciﬁc consensus guideline-based criteria to enroll patients who meet criteria for HFpEF
Signs and symptoms of HF present at time of enrollment
LVEF >50%, LV end-diastolic volume index <97 ml/m2, and evidence of increased LV ﬁlling
pressures
Presence of a high-risk marker (previous HF hospitalization within last 6 months or elevated
natriuretic peptides)
Exclusion of subgroups within HFpEF where off-target mechanisms drive symptoms and
outcomes

Subtypes

Current HFpEF studies make no or little effort
to enroll speciﬁc etiologic/pathophysiological
subtypes

Target speciﬁc etiologic and pathophysiological subtypes based on mechanism(s) of
experimental therapeutic agent being tested
Recognize diverse HFpEF pathophysiologies (diastolic dysfunction, pulmonary hypertension/
right heart failure, abnormal ventricular-arterial coupling, chronotropic incompetence,
extracardiac ﬂuid overload), and tailor trial enrollment and outcomes accordingly
Recognize clinical HFpEF subtypesy (“garden-variety,” CAD-associated, atrial arrhythmiapredominant, right heart failure, HCM-like, restrictive cardiomyopathy, high-output, valvular),
and tailor trial enrollment and outcomes accordingly

Enrollment

Difﬁcult, slow enrollment

Create HFpEF specialty clinical programs that speciﬁcally diagnose/treat HFpEF and enroll
patients in clinical trials
Use EMR to enhance and automate patient identiﬁcation and enrollment

Comorbidities

Aside from exclusion criteria, little assessment
of comorbidities

Comprehensive assessment of comorbidities, competing risks
Obesity and physical inactivity: assessment of visceral adiposity, metabolic proﬁle; ﬁtness
tracker (e.g., pedometer, accelerometer)
CAD: deﬁned algorithm for diagnosis of CAD, including stress testing and coronary
angiography when necessary
Hypertension: ambulatory blood pressure monitoring, arterial tonometry
Parenchymal lung disease: pulmonary function testing
Sleep apnea: overnight polysomnography; sleep tracker
Chronic kidney disease: urinary and serum biomarkers of renal function at baseline and
throughout the study
Atrial arrhythmias: continuous ambulatory ECG monitoring
Diabetes mellitus: fasting glucose, HOMA-IR, hemoglobin A1c, assessment of diabetes
complications
Medication noncompliance: assessment of compliance of all drugs (not just experimental
study drug) using devices that scan and track medications

Targets

Limited understanding of markers/targets

Further collection of registry and trial data in patients with HFpEF
Instead of large-scale registries with few data points, smaller registries with high-density
phenotypic data are needed

Duration of therapy

Short-term duration

Longer-term follow-up and drug administration, thorough dose-ﬁnding and exposure analysis

Evaluation metrics

Predominantly invasive evaluation without
physiological dynamic testing
Echocardiographic evaluation of left heart
structure and basic function only
No tissue characterization

Predominantly noninvasive, dynamic exercise challenge and/or maneuver-based evaluation
Echocardiography: serial measurements of cardiac structure and function; comprehensive
analysis of diastolic function (includes Doppler and tissue Doppler); speckle tracking for
assessment of strain; noninvasive pulmonary artery pressure and pulmonary vascular
resistance; comprehensive assessment of RV structure and function
Cardiac MR: gold standard for volume and mass, wall motion, scar; tissue characterization
(e.g., T1 mapping for assessment of diffuse ﬁbrosis, T2 mapping for edema); assessment of
microvascular dysfunction, NMR spectroscopy for metabolic proﬁling of the myocardium
Arterial tonometry: assessment of arterial wave reﬂections, pulse-wave velocity,
augmentation index, ventricular-arterial coupling
Exercise testing: diastolic stress echocardiography, cardiopulmonary exercise testing,
exercise echocardiography; assessment of chronotropic and vasodilatory response to
exercise
Biomarker: natriuretic peptides, troponin, renal function, galectin-3; match biomarkers with
target of drug; measure study drug concentration, pharmacokinetics; collect blood and urine
for banking to allow for future studies
ECG/telemetry: continuous ambulatory ECG monitoring for assessment of arrhythmias;
standard 12-lead ECG for assessment of QT and T-peak-to-T-end intervals; measure heart
rate variability
Physical activity: measure ambulatory activity level using pedometer or similar ﬁtness
tracker as an outcome measure
Invasive hemodynamics: use of provocative maneuvers; physiological maneuvers (such as
supine cardiac catheterization table bicycle ergometer testing) are preferred, but leg raise or
ﬂuid challenge (or provocative drug testing such as vasodilator challenge) can also be
performed, depending on mechanism of the experimental therapeutic being tested
Continued on the next page
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Continued

Parameter
Endpoints
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Problems

Recommendations

Mismatch between surrogate short-term endpoints
and long-term end outcomes

Match intermediate endpoint to mechanism of action to increase translation of improved shortterm outcomes to long-term beneﬁt
Collect data on cardiac and noncardiac hospitalizations, causes of death; collect data on
frequency of hospitalizations
Consider implantable hemodynamic monitoring

*The comprehensive list of tests provided for comorbidity assessment and evaluation metrics should not all be performed in every study; instead, these tests should be tailored to each particular study based
on the trial budget and the speciﬁc mechanism of action for the study drug. yHFpEF subtypes are based on clinical classiﬁcation; in the clinical trial setting, speciﬁc criteria should be used to diagnose each
clinical subtype if being used for trial inclusion/exclusion. The “garden-variety” subtype of HFpEF refers to the typical elderly hypertensive HFpEF patient with obesity, metabolic syndrome and/or diabetes,
and chronic kidney disease.
CAD ¼ coronary artery disease; ECG ¼ electrocardiography; EMR ¼ electronic medical record; HCM ¼ hypertrophic cardiomyopathy; HF ¼ heart failure; HFpEF ¼ heart failure with preserved ejection
fraction; HOMA-IR ¼ homeostatic model assessment–insulin resistance; LV ¼ left ventricular; LVEF ¼ left ventricular ejection fraction; MR ¼ magnetic resonance; NMR ¼ nuclear magnetic resonance;
RV ¼ right ventricular.

likely prevented the investigators from identifying potential
longer-term effects of ranolazine in HFpEF.
Invasive hemodynamic testing, a key feature of RALI-DHF,
requires further scrutiny. The role of invasive hemodynamic
assessment in Phase II HFpEF studies is presently uncertain.
Two decades of experience from drug development programs
in HFrEF have suggested a lack of correlation between shortterm hemodynamic or symptomatic parameters and long-term
clinical endpoints. There appears to be a distinct disconnect
between successful Phase II programs and subsequent negative
Phase III clinical trials in this area. Agents such as inotropes
that acutely improve systolic function (but increase cardiac
workload) in HFrEF may have neutral or even deleterious
effects on long-term safety endpoints. By contrast, established
therapies in HFrEF such as beta-blockers that may acutely
contribute to decompensation of the failing myocardium have
consistently demonstrated longer-term clinical outcome
beneﬁt. Additional major drawbacks to invasive investigations
are high trial costs and the limited number of enrolled subjects.
The investigators of RALI-DHF recognize that small, singlecenter studies may be underpowered to provide deﬁnitive
answers, and in a heterogeneous syndrome such as HFpEF,
may not be generalizable enough to lay the groundwork for
deﬁnitive Phase III studies.
Invasive hemodynamic monitoring therefore likely has a
limited and speciﬁc role in the setting of HFpEF trials.
Hemodynamic data may be most useful for: 1) developing a
mechanistic understanding of a novel drug’s action, thereby
bridging pre-clinical and clinical studies during the exploratory T1 translational phase (8); 2) clarifying optimal dosages
in dose-ranging investigations; and 3) identifying speciﬁc
subgroups that are most likely to beneﬁt in later Phase III
trials. In Phase II HFpEF studies, invasive hemodynamic
testing is most likely to be helpful if it is comprehensive (i.e.,
includes pressure–volume analysis and contemporaneous
echocardiography) and includes dynamic exercise testing.
Although RALI-DHF represents a small, underpowered,
short-term invasive hemodynamic Phase II trial, the recently
published PARAMOUNT (Prospective Comparison of
ARNI with ARB on Management of Heart Failure with
Preserved Ejection Fraction) study (9), which evaluated
a novel angiotensin-receptor neprilysin inhibitor (LCZ696),
represents the other end of the Phase II spectrum, and

exempliﬁes many features of a well-conducted early-phase
study in HFpEF. PARAMOUNT collected safety and
efﬁcacy data on over 300 patients from 65 centers and 13
different countries. Drug monitoring was achieved using
biomarkers and echocardiography during a treatment period
spanning 36 weeks (9). PARAMOUNT might serve as the
paradigm for the evaluation of upcoming drugs or devices in
this area, although its relatively large size and scope for a
Phase II trial might prove to be too costly to be the norm.
For the majority of agents with established mechanisms
of actions, appropriately powered, multicenter Phase II
HFpEF studies with sample sizes in the 100 to 200 range,
with detailed echocardiography and/or cardiac magnetic
resonance imaging, might be the most optimal trial design.
Thus far, the management of patients with HFpEF has
revolved around active detection and aggressive treatment of
comorbidities (10). Based on available clinical trial data,
therapies known to be effective in HFrEF appear to have
a limited role in patients with HFpEF. Thus, novel treatment
targets and agents are required in HFpEF in the near future
to ameliorate the high morbidity and mortality burden. The
exploratory RALI-DHF study represents 1 of several
ongoing early Phase II studies in HFpEF, an area that is
largely uncharted, lacking an effective roadmap. An established paradigm for the routine testing and evaluation of new
therapies for patients with HFpEF is therefore sorely needed.
Recent advances in cardiac imaging and biomarkers related to
HF have expanded the available arsenal clinicians and trialists
can use to diagnose, characterize, and monitor treatment
response in HFpEF (11). As data begin to accrue in patients
with HFpEF, a concrete evaluative framework is required to
help guide initial drug development programs. Further
understanding of this unique patient population through
large registries and trials (12), along with speciﬁc recommendations for patient selection and intermediate endpoints
(Table 1), provides an initial starting point for this process.
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