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Abstract Heart failure with preserved ejection fraction
(HFpEF), a highly prevalent and complex clinical syndrome
with high morbidity and mortality, is often unrecognized and
not optimally treated. Clinical trials for HFpEF have been
plagued by low enrollment, and clinicians often approach
HFpEF patients with “therapeutic nihilism” given the per-
ceived lack of available therapies based on the disappointing
results of these prior trials. Due to these challenges, we have
pioneered the successful creation of dedicated, specialized
HFpEF clinical programs. Here, we discuss (1) the rationale
for the development of a specialized HFpEF clinical program;
(2) strategies for the systematic identification of HFpEF pa-
tients; (3) a standardized diagnostic and therapeutic approach;
(4) validation of the HFpEF clinical program paradigm; (5)
staffing and reimbursement considerations; (6) HFpEF clini-
cal trial enrollment; and (7) challenges and future directions
for HFpEF clinical programs. We conclude that it is feasible to
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create HFpEF clinical programs that fulfill the major unmet
need of identifying and caring for patients with HFpEF. These
clinics are essential for confirming the HFpEF diagnosis, pro-
viding standardized treatment, and facilitating clinical trial
enrollment. It is our hope that the information provided here
will encourage others to establish their own specialized
HFpEF programs, thereby allowing for comprehensive care
for these complex patients.
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Introduction

Heart failure with preserved ejection fraction (HFpEF) is a
common, debilitating syndrome that primarily affects elderly
patients [1]. HFpEF is now known to cause nearly 50 % of all
hospitalizations for heart failure (HF) in the USA, and it is
associated with a high mortality rate of approximately 65 %
at 5 years after HF hospitalization [1, 2]. Randomized con-
trolled trials have been very successful for the identification of
treatments for HF with reduced ejection fraction (HFrEF), but
have not had the same success in HFpEF [3¢¢]. The high rate
of morbidity and mortality, coupled with lack of improvement
in clinical trials, underscores the fact that the HFpEF syn-
drome is heterogenous, complex, and poorly characterized
[4].

To our knowledge, prior to the creation of the Northwestern
University HFpEF Program in 2007, a specific clinical pro-
gram for HFpEF patients had never before been implemented.
Furthermore, despite the increasing interest in HFpEF and the
creation of additional HFpEF specialty clinics, the number of
clinics for HFpEF patients pales in comparison to specific
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clinics and programs for HFrEF, particularly for patients pre-
and post-cardiac transplantation and ventricular assist device
placement. In addition, while general HF clinics do not typi-
cally exclude patients with HFpEF, large studies of HF clinics
have shown that the proportion of patients with HFpEF in
these clinics is typically quite low. For example, in the multi-
center COACH trial, which studied disease management pro-
grams in HF clinics, only 157/1023 (15 %) of enrolled patients
had an ejection fraction >40 % despite the inclusion of all HF
patients in these clinics (regardless of ejection fraction) [5, 6¢].

The reasons for the general lack of HFpEF clinics may be
that there are few if any proven treatments for HFpEF.
Currently, although these patients are common and frequently
hospitalized, internists, hospitalists, family physicians, and
general cardiologists frequently care for these patients.
Occasionally, these patients (typically with advanced HFpEF
and/or those with rare etiologies of HFpEF such as cardiac
amyloidosis) are referred to a general HF clinic, although the
approach and treatment in these clinics are geared towards
HFTEF, and the referral of HFpEF patients to a HF specialist
is often haphazard. Therefore, there is a continued unmet need
for expansion of HFpEF clinics to care for these patients.

Here, we discuss (1) the rationale for the development of a
specialized HFpEF clinical program; (2) strategies for the sys-
tematic identification of HFpEF patients; (3) a standardized
diagnostic and therapeutic approach; (4) validation of the
HFpEF clinical program paradigm; (5) staffing and reimburse-
ment considerations; (6) HFpEF clinical trial enrollment; and
(7) challenges and future directions for HFpEF clinical pro-
grams. Our goal is to provide practical advice for the devel-
opment and implementation of HFpEF programs so that more
of these challenging patients can receive optimal care and so
that we can continue to advance the field by enhancing enroll-
ment in HFpEF clinical trials.

Rationale for the Development of a Specialized
HFpEF Program

For many complex and severe diseases and clinical syn-
dromes, specialty clinics have arisen as a way to give multi-
disciplinary and comprehensive care with the goal of improv-
ing outcomes. The impetus for disease-specific clinics appears
to be the availability of specialized therapies. For example,
within cardiology, clinics exist for hypertrophic cardiomyop-
athy, pulmonary hypertension, heart transplantation, and lipid
problems, among others. Outside of cardiology, many special-
ized clinics—such as cancer-specific clinics (e.g., lung can-
cer), theumatologic disorder-specific clinics (e.g., systemic
sclerosis), and human immunodeficiency virus (HIV)
clinics—exist in order to give multidisciplinary, specialized,
and comprehensive care for patients with these chronic med-
ical conditions.
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When considered in the context of the aforementioned ex-
amples of specialty clinics in other fields in medicine, three
major impediments to the development of specific HFpEF
programs can be identified: (1) the long-standing under-appre-
ciation of the HFpEF syndrome; (2) the lack of clear and
consistent diagnostic criteria for HFpEF; and (3) the perceived
lack of therapies for HFpEF.

It is now clear that HFpEF is a true and distinct clinical
syndrome that is not simply a collection of comorbidities [7].
In addition, several studies have shown that HFpEF is increas-
ingly common and is associated with high morbidity and mor-
tality [1, 2]. These types of studies, along with inclusion of
HFpEF in HF clinical guidelines [8, 9], have increased the
attention to the HFpEF syndrome and likely have led to in-
creased frequency of diagnosis. Dedicated HFpEF clinical
programs can help with increasing recognition and acceptance
of HFpEF as a true clinical syndrome.

Although there is controversy in the most appropriate def-
inition for HFpEF, there is increasing consensus about diag-
nostic criteria. Two factors have likely led to confusion about
HFpEF diagnostic criteria. First, because HFpEF was previ-
ously termed “diastolic heart failure”, it was thought that pa-
tients with HFpEF must have significant diastolic dysfunction.
However, the echocardiographic diagnosis of diastolic dys-
function can vary widely from reader to reader [10], as the
diagnosis relies on multiple different criteria that are not al-
ways easy to apply in a consistent manner. Second, patients
with HFpEF, especially in the outpatient setting, can have a
BNP or NTproBNP value that is considered to be in the “nor-
mal” range (e.g., <100 pg/ml for BNP). However, we and
others have shown that up to 30 % of outpatients have a
normal BNP level [11], likely due to the high prevalence of
obesity in HFpEF (which is associated with increased BNP
clearance and decreased BNP production [12]). In addition,
compared to HFrEF, diastolic wall stress is lower in HFpEF
than HFrEF, which is another reason why BNP levels may be
low in HFpEF [13]. Because the criteria that include diastolic
dysfunction and BNP are so problematic, we advocate the use
of a diagnostic strategy (Table 1) that includes (1) symptoms

Table 1  Definition of HFpEF

Diagnostic criteria (must meet all three criteria)
1. Symptoms and/or signs of heart failure

* e.g., dyspnea, leg swelling, exercise intolerance, elevated JVP, rales,
pulmonary edema on chest radiography, etc.

2. Preserved left ventricular ejection fraction (>45-50 %)

3. Objective sign of a cardiac problem that is compatible with the HFpEF
syndrome

* Elevated natriuretic peptide level (e.g., BNP >100 pg/ml) or
* Increased left atrial size or

* Elevated LV filling pressure (increased E/e’, PCWP, or LVEDP [at rest
or with exercise])
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and signs of the HF syndrome, which can be based on clinical
history and testing, or in equivocal cases may require specific
exercise testing; (2) preserved ejection fraction (i.e., LVEF
>45-50 %); and (3) evidence that a cardiac problem compat-
ible with HFpEF is present. The last criteria typically requires
the presence of LV hypertrophy or left atrial enlargement or
elevated E/e’ ratio on echocardiography or elevated BNP (or
NTproBNP) or elevated LV filling pressures at rest (pulmo-
nary capillary wedge pressure [PCWP] >15 mmHg or LV end-
diastolic pressure >12 mmHg) or with exercise (PCWP
>25 mmHg during exercise). An important aspect of special-
ized HFpEF clinical programs is that they are the de facto
destination for patients to receive a definitive diagnosis of
HFpEF.

The final impediment to the creation of dedicated HFpEF
clinical programs is the perceived lack of specific therapies for
HFpEF. Many clinicians have a sense of “therapeutic nihil-
ism” when it comes to HFpEF patients [14]. While it is true
that large-scale HFpEF clinical trials have not met their pri-
mary outcome, many therapies that have been tested have
shown benefit in some way, as outlined below. Furthermore,
there are simple things that can be done in the HFpEF clinic
(risk factor modification, diet and exercise education, medica-
tion management, etc.) that can have a major impact on the
lives of HFpEF patients. Finally, the relative lack of therapies
for HFpEF compared to other cardiovascular disorders dic-
tates that we perform more clinical trials to identify new ther-
apies; however, poor enrollment in HFpEF clinical trials re-
mains a major problem. Dedicated HFpEF programs can pro-
vide a robust method to increase enrollment success, as de-
tailed below.

For the reasons outlined above, the creation of dedicated
HFpEF clinical programs is able to counter the aforemen-
tioned impediments by increasing awareness of the HFpEF
syndrome; providing a centralized place for diagnosis of the
HFpEF syndrome; and providing comprehensive treatment
for HFpEF patients. As general HF clinics (which predomi-
nantly have focused on HFrEF patients) have shown, a mul-
tidisciplinary approach to HF patients can improve quality of
life and reduce HF hospitalizations [15, 16].

Development of the Northwestern HFpEF Program

In 2007, the first dedicated HFpEF clinical program was de-
veloped and implemented at Northwestern University. To date
>1500 HFpEF patients have been cared for in the
Northwestern HFpEF Program. Patients in the Northwestern
HFpEF Program have been studied extensively (as part of a
prospective HFpEF registry [ClinicalTrials.gov;
NCTO01030991]) [11, 17-24, 25+, 26], and the large reservoir
of HFpEF patients in the program have led to successful,
leading enrollment in several major HFpEF clinical trials

including TOPCAT [27] (n=77) and NEAT-HFpEF [28]
(n=22). The success of the HFpEF program has centered on
standardized procedures for the identification, diagnosis, and
treatment of HFpEF patients. As described below, the clinical,
echocardiographic, and invasive hemodynamic characteristics
of patients enrolled in the Northwestern HFpEF Program,
along with replication of the HFpEF program at other medical
centers, have validated the ability to create successful HFpEF
programs.

How to Identify Potential HFpEF Patients Systematically

Several “low-tech” and “high-tech” strategies can be used to
identify HFpEF patients in a systematic fashion in order to
build up referrals to HFpEF clinics, which can be particularly
important when starting HFpEF programs. Of note at some
institutions, identification of patients systematically will re-
quire approval from their local institutional review board, al-
though this requirement is not universal. Besides jump-
starting HFpEF clinic enrollment in the early stages of an
HFpEF clinical program, systematic screening and identifica-
tion of patients also helps ensure that patients who are evalu-
ated by the HFpEF clinical program are likely to have the
HFpEF syndrome.

Easy to implement, simple strategies to identify HFpEF
patients include systematic screening of “hot spots” for
HFpEF patients. These “hot spots” are outlined in Table 2.
More sophisticated strategies include implementation of nat-
ural language processing (NLP) of the electronic health record
(EHR). NLP—a branch of computer science that combines
artificial intelligence and linguistics—uses machine learning
algorithms to facilitate computer reading and interpretation of
unstructured text that is commonplace in the EHR [29, 30].
NLP can be quite useful as a way to derive data from the EHR
due to the large amount of unstructured, free text entries in
hospital and clinic notes, discharge summaries, imaging re-
ports, procedure reports, and the like.

In the Northwestern HFpEF Program, potential patients
were initially identified by an automated, NLP-based daily
query of the inpatient EHR at Northwestern Memorial
Hospital (at the time of hospitalization) using the following
search criteria: (1) diagnosis of heart failure or the term heart
failure in hospital notes; or (2) BNP >100 pg/mL; or (3) ad-
ministration of >2 doses of intravenous diuretics. Identified
patients were offered post-discharge follow-up in the
Northwestern HFpEF Clinic if they met the following three
inclusion criteria: age >21 years, LVEF >50 %, and presence
of HF as defined by Framingham criteria [31]. After the index
hospitalization, the HF diagnosis is confirmed in the outpa-
tient HFpEF clinic. Although not required for the diagnosis,
all patients enrolled in this way have been found to meet the
European Society of Cardiology criteria for the diagnosis of
HFpEF [32], as published previously [19, 25+, 26]. All
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Table 2 “Hot Spots” for finding

HFpEF patients Notes

Location

Hospital admissions

Many hospitals have quality improvement initiatives to reduced heart failure

readmissions; thus, in patients with HFpEF are already being systematically
identified. Systematic query of the electronic health record can be quite helpful
in identifying potential patients. Note that heart failure does not have to be the
primary cause of hospitalization; many HFpEF patients are hospitalized for other
reasons.

Echocardiography
laboratory

Although not required for the diagnosis, patients with grade 2 or 3 diastolic
dysfunction (or increased E/e’ ratio) in the setting of a preserved ejection

fraction and increased left atrial size often have the HFpEF syndrome.
Elevated PA systolic pressure is also a clue to the possible diagnosis of HFpEF.

Cardiac catheterization
laboratory

Pulmonary hypertension
clinic

Exercise stress testing
laboratory

Patients with LV end-diastolic pressure >12 mmHg or pulmonary capillary wedge
pressure >15 mmHg.

The most common cause of pulmonary hypertension is HFpEF.

Patients referred for stress testing for work-up of dyspnea often have HFpEF. If
there are no signs of ischemia on stress testing and ejection fraction is preserved,

the diagnosis of HFpEF should be entertained in these patients.

CPET laboratory

CPET is the gold standard for the work-up of dyspnea. Decreased peak VO,,

decreased peak exercise O, pulse, and even elevated Vg/VCO, can be signs
of HFpEF in patients with a preserved ejection fraction.

Electronic health record

Systematic query of inpatient pharmacy logs (for multiple doses of IV diuretics) or

laboratory data (for elevated natriuretic peptide levels) as well as more sophistic
natural language processing-based queries can help identify HFpEF patients.

CPET cardiopulmonary exercise testing, HFpEF heart failure with preserved ejection fraction

patients who meet the aforementioned criteria are cared for in
the HFpEF program; however, those with more than moderate
valvular disease, previous cardiac transplantation, previous
history of a reduced LVEF <40 % (i.e., recovered EF), severe
LV dilation (LV end-diastolic volume >97 mL/mz), or con-
strictive pericarditis are excluded from HFpEF clinical studies
and trials. As the Northwestern HFpEF Program has matured
and become increasingly recognized, traditional referral path-
ways have increased; thus, although automated queries of in-
patients with HFpEF still occur, many patients are referred as
outpatients to the HFpEF program from referring providers.

Standardized Diagnosis and Assessment of HFpEF
Patients

Treatment of HFpEF starts with an accurate diagnosis of the
presence of HFpEEF, its underlying etiology, and the patho-
physiological factors that are present. It is important to note
that the HFpEF diagnosis is often missed. Table 1 displays the
diagnostic criteria for HFpEF that are used at Northwestern
and other HFpEF programs. If there is doubt about the diag-
nosis (e.g., dyspneic patient without obvious fluid overload
and normal BNP level), a right heart catheterization to mea-
sure hemodynamics and/or exercise testing to bring out the
diagnosis should be entertained. If exercise testing during in-
vasive hemodynamics is not available, a fluid challenge or
even a passive leg raise maneuver can be helpful in making
the HFpEF diagnosis [33].
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Once the diagnosis is made, the next step is to look for the
etiology of HFpEF. While it is easy to ascribe all HFpEF to
common comorbidities (i.e., “garden variety” HFpEF), it is
important to carefully evaluate for rare causes of HFpEF such
as infiltrative cardiomyopathies and constrictive pericarditis,
as these causes of HFpEF frequently have specific treatments
that differ from other forms of HFpEF [34¢]. Once rare causes
of HFpEF are excluded, it is important to screen for common
comorbidities. Supplementary Table S1 lists the standard lab-
oratory, imaging, and other ancillary tests performed at
Northwestern and other HFpEF programs when evaluating
for the etiology and comorbidities underlying HFpEF.
Supplementary Figure S1 displays the systematic screening
for coronary artery disease in HFpEF patients. If the patient
does not have a history of atrial fibrillation, cardiac rhythm
monitoring should be performed given evidence to suggest
that by the time atrial fibrillation is detected on surveillance
electrocardiography sub-clinical cerebral infarcts are already
present and are associated with measureable cognitive deficits
[35].

Standardized Therapeutic Approach to HFpEF Patients

A standardized approach to treatment of HFpEF is an essential
aspect of the HFpEF clinical program. Figure 1 displays a
stepwise approach to the treatment of patients with HFpEF.
This strategy includes general treatment recommendations
(likely to be beneficial in the majority of HFpEF patients)
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* Don’t miss the HFpEF diagnosis: if in doubt perform1
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unless
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Fig. 1 Stepwise approach to the treatment of heart failure with preserved
ejection fraction: general approaches and tailored treatment based on
phenotypic subtypes. HFpEF heart failure with preserved ejection
fraction, ACE angiotensin converting enzyme, CAD coronary artery

and specific recommendations for phenotypic subsets (based
on etiology, pathophysiology, or type of clinical presentation).

Once the diagnosis of HFpEF has been established, there
are general treatment principles that will likely benefit the
majority of patients with common forms of HFpEF. These
management strategies (e.g., sodium/fluid restriction, blood
pressure control [especially ACE-inhibitors or angiotensin re-
ceptor blockers], and diuretic therapy [particularly
spironolactone]) are broadly applicable because they relate
to the central manifestations of HF that are present in all
HFpEF patients (fluid retention, sodium avidity, and elevated
left atrial pressure) or they relate to common comorbidities
(e.g., systemic hypertension). Intensive management of co-
morbidities has not been formally tested in HFpEF-specific
clinical trials; nevertheless, our practice in our HFpEF pro-
grams is to managed comorbidities aggressively [36] (see
Supplementary Table S2) given that these conditions are very
common in HFpEF and compete with HFpEF to worsen

metoprolol)

« Cautious use of
diuretics and
vasodilators

disease if possible [ "
enroll in clinical trial

if possible

high output state
« Diuretics/ultrafiltrati
on

disease, LV left ventricular, BP blood pressure, PH pulmonary
hypertension, CAD coronary artery disease, RHF right heart failure, AF
atrial fibrillation, HCM hypertrophic cardiomyopathy

prognosis [37]. Supplementary Figures S2—S3 display algo-
rithms for the treatment of systemic hypertension [38] and use
of mineralocorticoid receptor antagonists in HFpEF [27,
39-41]. Supplementary Table S3 summarizes the current ev-
idence base for pharmacologic and non-pharmacologic treat-
ment of HFpEF, which can be quickly recalled in the clinical
setting using the mnemonic “ABCDE-LMNOP”. Finally, on-
going follow-up and prevention of HF hospitalizations are
important aspects of dedicated HFpEF programs, mirroring
many of the most helpful qualities of general HF clinics.

Validation of the HFpEF Clinical Program Paradigm

Although the Northwestern HFpEF Program has been able to
enroll a large number of HFpEF patients consistently over a
long-term period, proof of the validity of the program rests on
several criteria. First, it is important to note that the patients
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identified using automated NLP-based search queries and ul-
timately enrolled into the Northwestern HFpEF program truly
have objective criteria for the HFpEF diagnosis, as document-
ed previously [17, 25¢¢]. Second, patients enrolled in the
Northwestern HFpEF Program are similar to those enrolled
in epidemiology studies, observational registries, and HFpEF
clinical trials as shown in Supplementary Table S4. Finally,
and most importantly, since the creation of the original
Northwestern HFpEF Program in 2007, the paradigm of a
specialized HFpEF clinical program has been replicated at
several other institutions, as described below (see also
Table 3 which lists practical advice for starting and maintain-
ing a HFpEF program).

University of Minnesota HFpEF Program

The University of Minnesota HFpEF program began in
September 2013. Patients are identified using a standardized
EHR list of patients hospitalized at the University of
Minnesota Medical Center who have either (1) a diagnosis
of heart failure or (2) elevated natriuretic peptide levels

(NTproBNP >300 pg/ml). A trained clinic staff member
screens the EHR list (which is generated daily) a few times a
week using the algorithm outlined in Supplementary
Figure S4. For identified patients who meet Framingham
criteria for HF and who are likely to be able to come to clinic
(i.e., no late-stage cancer diagnosis, hospice status, or extreme
frailty), the clinic staff contacts the inpatient team or discharge
coordinator, and rapid follow-up in the HFpEF clinic is
arranged.

Besides standardized recruitment strategies, the Minnesota
HFpEF Program has increased awareness of their HFpEF clin-
ic through educational programs (outreach through grand
rounds presentations to cardiologists, internists, geriatricians,
pulmonologists, etc., and presentations to fellows in these
programs). Similar strategies have been utilized at the
Northwestern site as well.

The standardized diagnostic work-up and treatment of
HFpEF patients at the University of Minnesota is similar to
those outlined above. The Minnesota HFpEF Program has
been quite successful. In its first 3 years, >250 patients with
documented HFpEF have been cared for in the program, and

Table 3  Ten practical pearls for starting and maintaining an HFpEF clinical program

1.

Starting a HFpEF program is feasible! Remember that HFpEF generally constitutes half of all HF hospitalizations. Thus, the patients are out there, and
they just need to be identified, diagnosed, and treated. Starting a HFpEF program is feasible! Remember that HFpEF generally constitutes half of all
HF hospitalizations. Thus, the patients are out there, and they just need to be identified, diagnosed, and treated.

. Remember the “hot spots” when trying to identify patients for inclusion into the HFpEF program. Collaboration with HF discharge planners, HF nurse

educators, and HF quality improvement initiatives at your hospital is a quick first step to finding HFpEF patients in your hospital system.

. HFpEF patients have complex medical histories and problems lists. When first seeing a patient, focus on the HF/cardiology issues; pay attention to the

other medical issues, but be sure to keep up close communication with the patient’s primary care provider to tackle the non-cardiac issues. Subsequent
visits can be used to address comorbidities.

. Referring physicians often refer their HFpEF patients because they are quite symptomatic and the referring physician is running out of ideas to help

manage symptoms. As a result, there can often be a sense of relief that the patient is no longer their sole responsibility; however, it is all the more
important to have a primary care or other longitudinal provider involved to help co-manage the patient.

. Get objective data early. It is common to have patients referred for “dyspnea” or “fatigue” with vague symptoms and an equivocal physical exam,

particularly in those patients who are morbidly obese. Move forward with a dedicated echocardiogram with high-quality diastolic function assessment
and RV functional assessment. Proceed with right heart catheterization and/or cardiopulmonary testing early to help sort out HFpEF from isolated
pulmonary disease generalized deconditioning, or some other cause of exercise intolerance.

. Educate referring providers. The high mortality of HFpEF is akin to late stage cancers such as Stage 3B lung cancer. If the referring provider questions

the extensive diagnostic work-up (which may include invasive testing), an analogy that can be used is as follows: one would never expect an
oncologist to treat a patient with suspected cancer with chemotherapy or radiation therapy without a tissue diagnosis! The clinical situation is no
different in patients with HFpEF. Outreach to potential referring providers via grand rounds or other similar types of presentations can increase
referrals.

. If possible, recruit providers from other subspecialties to join you in the HFpEF program. Just as in the “Dyspnea Clinic”, having a pulmonologist

involved can be extremely helpful. Patients with unexplained dyspnea (who often have HFpEF with comorbid lung disease) become frustrated as they
bounce back and forth between the pulmonologist saying “it is not the lungs” and the cardiologist saying “it is not the heart”. A multidisciplinary
cardiopulmonary team can avert these problems and reach a conclusive diagnosis. Other multidisciplinary providers (besides nursing, pharmacy, and
ancillary staff) include geriatricians, nephrologists, sleep specialists, and palliative care providers.

. Once the HFpEF clinic/program is up and running, having one or more clinical trials to offer patients is very important. First, having available clinical

trials allows for increased referrals because the HFpEF clinic can provide something that others cannot. Second, these trials offer novel therapies for
patients; HFpEF is a syndrome with high morbidity—with no definitive treatments, having something to offer in the way of a clinical trial can be a
boon for patients and the HFpEF provider.

. Most patients will not be interested in signing up for many clinical trials or research studies at the first visit. It takes time to build rapport and trust as

with any patient population and so the HFpEF provider should defer any conversations about clinical trials for a follow up visit unless a patient has
been referred to specifically for a clinical trial or research study.

10. Ifpossible, keep detailed track of patients enrolled, number of clinic visits, tests ordered, and outcomes, especially HF hospitalization. Doing so will

assist in documenting both successes and areas of improvement for the HFpEF program and will also demonstrate value to the healthcare system,
which is helpful in garnering increased resources for the HFpEF program.
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these patients have been enrolled in a prospective research
registry for improved phenotyping of HFpEF patients. In ad-
dition, these patients have been screened for and ultimately
enrolled in the large-scale Novartis PARAGON-HF trial (a
randomized controlled trial of LCZ696 [angiotensin
receptor-neprilysin inhibitor] vs. placebo), making the
Minnesota HFpEF Program a leading US enroller for the trial.

Johns Hopkins University HFpEF Program

The Johns Hopkins University HFpEF program began in
July 2014. Patients were initially identified using a systematic
search of all inpatients with the diagnosis of HF or symptoms
and sign of decompensated HF, after which criteria for HFpEF
(as described in Table 1) were applied. Currently, the primary
referral source of patients for the Johns Hopkins HFpEF clinic
is the HF Bridge Clinic, a HF outpatient clinic that is staffed
by nurse practitioners. This clinic is primarily focused on pa-
tient visits for those recently discharged from hospital, with
the goal to prevent readmission. The Johns Hopkins HF
Bridge Clinic averages approximately ~1000 visits per year,
and nearly 50 % of the patients enrolled have HFpEF. Patients
seen in the HF Bridge Clinic are referred to the HFpEF Clinic
if they meet the criteria in Table 1.

Once referred to the Johns Hopkins HFpEF Program, the
patients undergo a standardized evaluation that is similar to
the ones used at the Northwestern and Minnesota HFpEF
programs, as outlined in Supplementary Table S2. The Johns
Hopkins HFpEF Program is unique in that it is predominantly
African American, younger by nearly a decade, and with less
of a female predominance compared to epidemiology studies
and registries [42]. These differences likely reflect the urban
environment and communities surrounding Johns Hopkins
Hospital.

Since initiation of the Johns Hopkins HFpEF Program,
>200 patients have been cared for in the program, and 94
patients have been enrolled in HFpEF clinical trials including
ROPA-DOP, a single-center randomized controlled study of
diuretic strategy and dopamine in acute decompensated
HFpEF admitted to Johns Hopkins Hospital (clinicaltrials.gov
identifier: NCT01901809); PARAGON-HF; and NEAT-
HFpEF [28].

The Multidisciplinary Dyspnea Clinic: An Alternate
Approach to a HFpEF Program

The University of Utah has taken an alternate approach to
developing a HFpEF program by creating a multidisciplinary
“Dyspnea Clinic” that is a joint venture between cardiologists
and pulmonologists. In this particular program, the focus is on
unexplained dyspnea, which is often due to HFpEF but could
also be due to an alternate cause. Given the ubiquitous

presence of dyspnea in HFpEF patients, the Dyspnea Clinic
approach to HFpEF has been quite successful at the
University of Utah.

The University of Utah Dyspnea Clinic began in July 2013.
Patients are identified via traditional referral methods for the
diagnoses of unexplained dyspnea, pulmonary hypertension,
HFpEF, or connective tissue disease with dyspnea.
Approximately 40 % of patients are referred internally from
general medicine, cardiothoracic surgery, pulmonary, cardiol-
ogy, and rheumatology clinics at the University of Utah; 40 %
of patients are referred externally from surrounding hospitals
and practices; and 20 % of patients are referred after a hospital
discharge diagnosis of HFpEF or pulmonary hypertension.
Patients seen in the Utah Dyspnea Clinic undergo a standard-
ized diagnostic evaluation. From July 2015 to June 2016, the
Utah Dyspnea Clinic had a total of 2912 patient visits (704
new patient visits, 2208 return patient visits). The Utah pro-
gram has been a leading US enroller in the PARAGON-HF
trial.

Because much of the surrounding region has a long-
standing problem with physician shortages, the Utah
Dyspnea Clinic has developed algorithms to evaluate and treat
referrals within a large, 500-mile radius from their location.
The clinic has also developed telemedicine and outreach pro-
grams (including mobile echocardiography) to care for their
referral population, thereby allowing for the diagnosis of
HFpEF over a large geographic region.

Staffing Needs and Reimbursement

The specific staffing needs and reimbursement models vary
from institution to institution; however, it is clear from our
collective experience that a multidisciplinary approach is es-
sential. In some instances, such as the Utah Dyspnea Clinic,
multiple subspecialities (e.g., cardiology and pulmonary) are
represented in these clinics. A nurse and/or nurse practitioner
(or other allied health professional) is essential for the care of
patients with HFpEF, as shown repeatedly in research on gen-
eral HF clinics. Given the high likelihood of polypharmacy, a
pharmacist can also be quite helpful as part of the team. The
multifaceted aspects of the HFpEF syndrome make it a perfect
example of a clinical syndrome in need of a “patient-centered
medical home” concept [43, 44].

Adequate reimbursement for services provided by HFpEF
programs is essential for funding the personnel who staff these
programs. However, given the typical older age of these pa-
tients (i.e., Medicare-cligible age range), the commitment of
most hospitals to reduce HF (including HFpEF) readmissions
as a quality metric; the high complexity of patient visits; and
the multiple diagnostic tests and therapeutic modalities re-
quired for the optimal care for these patients, we have found
that the economic rationale for HFpEF programs is readily
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apparent. Nevertheless, the costs (and potential savings) of
HFpEF programs require further study.

Enrollment in HFpEF Clinical Trials

Enrollment in HFpEF clinical trials has proven to be quite
challenging, likely because of poor recognition of the
HFpEF syndrome, the therapeutic nihilism describe above,
and the lack of awareness of the availability of clinical trials.
For example, in the TOPCAT trial [27], which required 270
enrolling sites in six countries, the average enrollment rate
was a dismal 2.3 patients per site per year worldwide, and
even worse in the US (1.4 patients per site per year). One of
the major benefits of dedicated HFpEF programs is that they
augment HFpEF clinical trial enrollment (e.g., the rate of en-
rollment in TOPCAT at Northwestern University was 23.3
patients per year). Given the pressing need for the identifica-
tion of novel therapies for HFpEEF, it is important to optimize
clinical trial enrollment in order to increase the efficiency and
effectiveness of HFpEF clinical trials. Dedicated HFpEF clin-
ical programs provide several advantages in that they have a
large number of HFpEF patients who are cared for in a single
place, they know how to diagnose HFpEF accurately, and they
provided standardized care for these patients. The success of
the four HFpEF programs described above serves as a testa-
ment to the utility of forming HFpEF clinical programs for the
purpose of increasing HFpEF clinical trial enrollment.

Potential Challenges and Future Directions

Some may view HFpEF programs as examples of the “over-
specialization” that plagues modern medicine, fragmenting
medical care for these complex patients. Furthermore, some
generalists may refrain from referring their patients to HFpEF
programs because they fear that the specialty program will not
provide collaborative care and instead will take over the care
of their patient. We have found that contrary to these chal-
lenges, the development of HFpEF programs provides a
chance for more holistic, comprehensive, multidisciplinary
care, and could be viewed as a model for the multidisciplinary
patient-centered medical home given the high comorbidity
burden in the HFpEF syndrome. In addition, we have found
it to be critically important to promote a collaborative care
environment between the HFpEF specialist and the generalist,
as advocated for other specialty programs.

The creation of dedicated HFpEF programs is still in its
relative infancy. Progress towards transitioning these pro-
grams to the model of a patient-centered medical home, and
validation of the clinical and economic effectiveness of
HFpEF programs will be essential future initiatives. Finally,
further expansion of HFpEF clinical programs to an increasing

@ Springer

number of both academic and community healthcare institu-
tions in geographically and socioeconomically diverse areas
will be important to continue to increase HFpEF clinical trial
enrollment and other scientific research initiatives for the
HFpEF syndrome.

Conclusions

It is feasible to create HFpEF clinical programs that fulfill the
major unmet need of identifying and caring for patients with
HFpEF. These clinics are essential for confirming the HFpEF
diagnosis, providing standardized treatment and facilitating
clinical trial enrollment. It is our hope that the information
provided here will encourage others to establish their own
specialized HFpEF programs. Ultimately, we believe these
HFpEF programs will serve as a model for patient-centered
medical homes, thereby allowing for multidisciplinary care
for these complex HFpEF patients.
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