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Abstract Heart failure with preserved ejection fraction
(HFpEF) is a major cause of HF-related morbidity and mor-
tality, with no medical therapy proven to modify the underly-
ing disease process and result in improvements in survival.
With long-standing pulmonary venous congestion, a majority
of HFpEF patients develop pulmonary hypertension (PH).
Elevated pulmonary pressures have been shown to be a major
determinant of mortality in this population. Given the paucity
of available disease-modifying therapies for HFpEF, there has

been a considerable interest in evaluating new therapeutic
options specifically targeting PH in this patient population.
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Introduction

Patients with heart failure with preserved ejection fraction
(HFpEF) are being increasingly recognized, with almost
50 % of all patients with HF having a normal left ventricular
systolic function [1]. Both morbidity and mortality in patients
with HFpEF are similar to those suffering from HF with
reduced EF (HFrEF) [2]. Pulmonary hypertension (PH), char-
acterized by elevation of the mean pulmonary artery pressure
(PAP) to ≥25 mmHg, can develop in up to 50 % of patients
with HFpEF [3, 4]. Importantly, HFpEF patients with PH
(HFpEF-PH) have reduced survival and increased hospitali-
zation compared to those without PH [5–7].

HFpEF-PH is highly prevalent and considerably more
common than other more investigated forms of PH [5, 7].
Observational studies have shown a 53% prevalence of PH in
a wide cohort of patients with HFpEF, as assessed by right
heart catheterization (RHC) [3, 8]. The current management of
PH in HFpEF is predominantly based on addressing systemic
blood pressure, heart rate, circulating volume, and myocardial
ischemia, with no specific focus on pulmonary vasculature
remodeling. In addition, the use of drugs with proven efficacy
in HFrEF provides little benefit in patients with HFpEF, in
general, and little to no response in those with associated PH
[9–11]. As a result, clinical outcomes and symptomatic im-
provement in patients with HFpEF-PH remain poor. The
development of therapeutic strategies targeting both the
unique pathophysiology of HFpEF and the associated PH

This article is part of the Topical Collection on Pulmonary Hypertension

M. Kanwar : R. Agarwal :G. Sokos : S. Murali : R. L. Benza (*)
Cardiovascular Institute, Allegheny General Hospital, 320 East
North Ave, 16th floor, South Tower, Pittsburgh, PA 15212, USA
e-mail: rbenza@wpahs.org

M. Kanwar
e-mail: mkanwar@wpahs.org

R. Agarwal
e-mail: ragarwal@wpahs.org

G. Sokos
e-mail: gsokos@wpahs.org

S. Murali
e-mail: smurali@wpahs.org

R. J. Tedford
Division of Cardiology, Department of Medicine, Johns Hopkins
Medical Institutions, 568 Carnegie; 600 North Wolfe Street,
Baltimore, MD 21287, USA
e-mail: ryan.tedford@jhmi.edu

M. M. Clarke : C. Walter
Division of Pharmacy, Allegheny General Hospital, 320 East North
Ave, Pittsburgh, PA 15212, USA

M. M. Clarke
e-mail: mclarke@wpahs.org

C. Walter
e-mail: cwalter@wpahs.org

Curr Hypertens Rep (2014) 16:501
DOI 10.1007/s11906-014-0501-5



offers a unique opportunity to treat these patients and is the
focus of this review.

Pathophysiology of HFpEF-PH

The pathophysiology of HFpEF-PH is complex and probably
multifactorial. It is important to recognize that both the inci-
dence of HFpEF and elevations in PAP increase with aging
and that both these processes appear to be concordant with
age-related elevations in systemic vascular stiffness. Since
many patients with HFpEF are elderly, one must consider if
the elevations in PAP noted in HFpEF are truly pathological
and not merely related to the aging process. However, con-
trary to this observation is the fact that the degree of PH
typically seen in the context of HFpEF clearly exceeds that
expected with the normal aging process. Thus, in order to
understand the unique contribution of HFpEF to the develop-
ment of PH, one must also understand the fundamental mech-
anisms that contribute to the development of HFpEF (Fig. 1).

The main drivers of this form of HF are impaired left
ventricular (LV) filling (diastolic dysfunction) and ventricular-
vascular uncoupling. Diastolic dysfunction related to increased
myocardial stiffness occurs both from (a) increased type I
collagen synthesis and deposition in the extracellular matrix,
as well as from decreased matrix degradation from downregu-
lation of matrix metalloproteinases (MMPs) and upregulation
of tissue inhibitors of matrix metalloproteinases (TIMPs) and
(b) increased cardiomyocyte stiffness related to myocyte hy-
pertrophy, dysfunction of the cytoskeletal protein, titin
hypophosphorylation, and cross-bridge detachment. As these
ultrastructual changes progress, elevations in LV end-diastolic
and left atrial pressures (LAP) ensue and become the initial
triggers for the development of PH. In this early phase, the
elevations in PAP in HFpEF are concordant with the LAP and
the resultant PH is considered “passive” (isolated postcapillary
PH or IpcPH) [12]. However, over time, progressive abnormal-
ities in the pulmonary circulation develop as a result of chron-
ically elevated LAP that mirror the pathologic changes seen in
pulmonary arterial hypertension (PAH), including both abnor-
malities of pulmonary arteries (intimal fibrosis and medial
hypertrophy) and pulmonary venules (combined precapillary
and postcapillary PH or CpcPH).

Ventricular-vascular uncoupling is characterized by in-
creased pulmonary vascular stiffness, decreased compliance,
and abnormal vasorelaxation, both from endothelial dysfunc-
tion and vasoconstriction. This results in increased load for the
right ventricle (RV) endocardium. Many patients with LV
diastolic dysfunction also have septal dysfunction, which
can worsen RV function [13]. Even though the LVEF is
normal in HFpEF, LV contractility may be impaired [14].
Because a substantial component (∼30 %) of RV contractility
is generated by the LV, due to shared short axis fibers and

transseptal contributions, impaired LV contractility may im-
pair RV contractility [15]. Though the normal RV can increase
contractility to match increases in afterload, in the setting of
impaired RV/LV interactions, the RV loses its ability to com-
pensate, causing ventricular-vascular uncoupling [16, 17].
This results in increased ventricular workload per unit of stress
and greatly accelerates the onset of RV failure. Adaptive RV
remodeling accompanies IpcPH with transition to maladapta-
tion as the condition progresses to CpcPH. The RV is now not
only dilated and hypertrophied but also dysfunctional, with
increased wall stress and increasingly severe tricuspid valve
insufficiency [18, 19]. Progressive fibrosis and pulmonary
vascular remodeling ensue, which in association with lung
capillary stress failure result in decompensated RV failure,
eventually leading to death [20••] (Fig. 2).

Thus, from a therapeutic standpoint, drugs or drug combi-
nations that act in concert to improve LV diastology and RV/
PA coupling and reduce RVafterload offer the greatest hope of
treating the consequences of HFpEF-related PH.

Diagnosis of HFpEF-PH

Although PH in HFpEF is recognized by noninvasive modal-
ities such as echocardiogram, it remains a hemodynamic diag-
nosis. IpcPH and CpcPH are differentiated hemodynamically
by parameters that suggest a component of pulmonary vascular
disease (i.e., a precapillary component). These parameters in-
clude the transpulmonary gradient (TPG), which is the mean
PAP minus the pulmonary artery wedge pressure (PAWP),
pulmonary vascular resistance (PVR) [TPG divided by cardiac
output], and the diastolic pulmonary gradient (DPG) [diastolic
pulmonary artery pressure (dPAP) minus PAWP]. Elevations in
TPG and PVR are not specific for pulmonary vascular remod-
eling or even pulmonary arterial vasoconstriction. TPG is de-
pendent on cardiac output (flow), and both parameters are also
influenced by elevations in LAP [21, 22]. On the other hand,
the diastolic PAP is not subject to these same effects and
therefore the DPG has recently been proposed as a better way
to differentiate IpcPH from CpcPH [12]. In one study of
patients with left heart failure and an elevated TPG >12mmHg,
a DPG of ≥7 mmHg identified a higher-risk group compared
with those with a low DPG [23]. However, even the DPG is
influenced by other hemodynamic factors, including heart rate
[24], and may be particularly prone to measurement error.

Distinguishing HFpEF-PH from IPAH

Differentiating patients with PH due to HFpEF from those
with PAH is challenging and requires careful consideration of
clinical, radiologic, and hemodynamic data (Table 1). Demo-
graphic and clinical features more predominate in HFpEF-PH
compared with PAH include older age, female gender, and
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features of the metabolic syndrome (hyperlipidemia, obesity,
diabetes, and hypertension) [25, 26]. Echocardiographic find-
ings of LA enlargement, increased LA volume index, ad-
vanced diastolic dysfunction, and absence of a mid-systolic
“notch” in the RV outflow tract Doppler signal are more
commonly found in HFpEF-PH [27]. It is important to re-
member that mild diastolic dysfunction is not uncommon in
PAH, so this finding alone is not sufficient to make a diagnosis
of HFpEF-PH [28].

In most cases, and in particular if PAH-specific therapies
are being considered, invasive hemodynamic measures by
RHC must be performed. In the presence of PH, a resting
PAWP or left ventricular end-diastolic pressure (LVEDP)
>15 mmHg is consistent with a diagnosis of HFpEF. In a
retrospective study of 580 patients undergoing simultaneous

left and RHC, Halpern and colleagues reported PAWP mea-
surements were approximately 3mmHg less than LVEDP, and
defining PH group by LVEDP (rather than PAWP) led to a
reclassification in over half of their cohort [29]. At least some
of this discrepancy may be explained by the common but
incorrect practice of relying on digitized or computer-
generated mean PAWP values, which are averaged over the
entire respiratory cycle. Care must be taken to ensure adequate
wedging of the balloon-tipped catheter confirmed by typical
waveform appearance and by measuring a PAWP saturation
whenever possible. In cases where a PAWP cannot be obtain-
ed or if there is a concern about its accuracy, direct LVEDP
measures should be considered [30].

A resting PAWP ≤15 mmHg does not necessarily rule out
HFpEF [31]. Treatment with diuretics and afterload reducers

Fig. 1 Multiple factors
contribute to the pathophysiology
and progression of pulmonary
hypertension (PH) in patients
with heart failure with preserved
ejection fraction (HFpEF). MMP
matrix metalloproteinases, TIMP
tissue inhibitors of matrix
metalloproteinases, IpcPH
isolated precapillary pulmonary
hypertension, CpcPH combined
pre- and postcapillary pulmonary
hypertension

Fig. 2 Role of right ventricular
(RV) failure and progressive
remodeling in the morbidity and
mortality associated with HFpEF-
PH
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could lower PAWP into the normal range [32], or occult left
heart disease may only be realized after volume expansion or
additional stressors. Therefore, provocative measures during
RHC may be useful in certain situations. In a study of 207
patients who initially met hemodynamic criteria for PAH,
Robbins and colleagues reported 22 % had an increase in
PAWP >15 mmHg after a 500 cc saline bolus, leading to a
reclassification of these patients as occult HFpEF [33]. Impor-
tantly, the patient characteristics of those reclassified as occult
HFpEF were more similar to those with HFpEF-PH than
PAH. Recent recommendations suggest that a 500 cc fluid
bolus over 5–10 min is safe and may help distinguish PAH
from HFpEF-PH, although there is no consensus cutoff value
and results must be interpreted with caution [25, 29]. Exercise
has also been used as a provocative measure to help differen-
tiate HFpEF-PH from PAH. Thadani et al. studied 10 seden-
tary patients without demonstrable cardiovascular disease and
showed an average rise in PAWP of 7 mmHg during the
supine exercise, though none to an absolute value of greater
than 20 mmHg [34]. However, since there are no widely
accepted standards regarding the method, level, or position
of exercise or well-defined cutoffs for what constitutes an
abnormal response, current guidelines do not recommend
incorporation of exercise as a provocative measure into rou-
tine clinical practice [25].

Management of PH in HFpEF

Current Guidelines

There is limited published data to give guidance on the phar-
macologic management of patients with PH from left heart
disease, and data for the treatment of HFpEF-PH is even

sparser. Studies for the management of HFpEF have previously
focused on therapies that have demonstrated benefit in patients
with HFrEF. However, results of these trials have been disap-
pointing and have not demonstrated the same morbidity and
mortality benefits seen in HFrEF trials [7–9].

For HFpEF-PH management, current guidelines recom-
mend the treatment of symptoms of congestion and volume
overload, targeting LV relaxation and comorbidities that con-
tribute to HFpEF [35•, 36, 37]. These include the management
of pulmonary congestion, ischemia, sleep apnea, atrial fibrilla-
tion, and diabetes. Aggressive management of systemic hyper-
tension should be instituted, especially in patients with LV
hypertrophy and diabetes mellitus. Although the evidence of
ACE inhibitors, ARBs, beta-blockers, and aldosterone antago-
nists are lacking in HFpEF, it is appropriate to utilize these
agents to treat comorbidities based on current guidelines for
these conditions. Nitrates are also oftentimes used to relieve
symptoms of congestion and improved blood pressure control.
Judicious use of diuretics, along with sodium and fluid restric-
tion, is essential to regulate and maintain a normal LAP in
patients with HFpEF. Management of volume overload can be
difficult in HFpEF, as these patients are often very sensitive to
the rapid changes in preload that occurs with diuresis and
inadvertent hypotension and renal insufficiency can commonly
occur. However, it is important to remember that the chronic
control of elevated LAP is critical to reverse HFpEF-PH and
essential if later active pulmonary vasodilator therapies to
promote vascular remodeling are pursued. It is unclear whether
improvement in associated metabolic conditions, such as obe-
sity, diabetes, sleep apnea, and blood pressure will result in
improved pulmonary vascular remodeling, but in the absence
of ill effects, we would recommend pursuing these modifica-
tions, as they likely have favorable effects on LV diastology.

Both atrial and ventricular tachyarrhythmias contribute to
the mortality associated with HF. Treatment of atrial

Table 1 Features distinguishing pulmonary arterial hypertension (PAH) from combined pre- and postcapillary pulmonary hypertension (CpcPH)

PAH HFpEF CpcPH

Clinical parameters:

Age Typically 3rd–5th decade Typically 6th–8th decade

Comorbidities (hypertension, diabetes, CAD,
hyperlipidemia, obesity, metabolic syndrome)

Rare Common

Atrial arrhythmias Rare Common

Obstructive sleep apnea Rare Common

Echocardiographic parameters:

LA size, volume Normal Increased

LV diastolic function Normal to mildly abnormal Moderate to severely abnormal

Hemodynamic parameters:

Resting PAWP Always <15 mmHg May be < or >15 mmHg

Response to volume challenge PAWP <15 mmHg (increase ≤5 mmHg) PAWP >15 mmHg (increase >5 mmHg)

Response to exercise challenge PAWP <15 mmHg (increase ≤5 mmHg) PAWP >15 mmHg (increase >5 mmHg)
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fibrillation improves diastolic filling in patients with HFpEF
and hence LAP [38]. Thus, control of dysrhythmias, particu-
larly atrial fibrillation, is an essential part of the early pulmo-
nary vascular remodeling process.

Pharmacological Therapies Directed at Pulmonary Artery
Remodeling

Given the lack of therapies for HFpEF-PH, it has been debated
whether PAH-targeted therapies can be used to treat this
condition. Both endothelin receptor antagonists (ERA) and
prostanoids have been successful treatment options for PAH.
As patients with long-standing HFpEF-PH may also develop
pulmonary vascular remodeling akin to PAH, it makes intui-
tive sense that selected patients, particularly those with
CpcPH, could potentially benefit from these therapies. How-
ever, clinical trials utilizing these particular agents in the
treatment of PH due to left heart disease have been neutral
or even detrimental [39–43]. Selective dilation of the pulmo-
nary vessels in patients with postcapillary PH, without simul-
taneously ensuring the unloading of the LV, can cause pro-
found pulmonary venous congestion resulting in sudden pul-
monary edema, which greatly increases the morbidity in pa-
tients with this form of PH [44, 45]. However, some experi-
mental data does exist to suggest that some ERAs may posi-
tively affect LV remodeling in HFpEF, thereby offering a
means to control both the “trigger” for this form of PH (i.e.,
impaired LV filling and resultant high LAP) and simulta-
neously improve PA remodeling. Theoretically, this balance
between these two conditions could mitigate the aforemen-
tioned rise in pulmonary venous pressures.

Sitaxsentan, a selective ET-A receptor antagonism initially
designed to treat PAH, was noted in preclinical trials to im-
prove diastolic dysfunction and LV hypertrophy [46–48]. Its
safety and efficacy were evaluated in HFpEF patients with
New York Heart Association (NYHA) class II or III symptom
in a randomized, double-blind, placebo-controlled trial [49].
Patients treated with sitaxsentan had improved exercise toler-
ance (p=0.03) compared to placebo, with no significant dif-
ference in NYHA class or echocardiographic measures of
diastolic dysfunction. Despite the disappointing results in the
ENABLE trials [44], a trial with the nonselective endothelin
antagonist, bosentan, was recently completed in Patients with
Diastolic Heart Failure and Secondary Pulmonary Hyperten-
s ion (BADDHY; Cl in ica lTr i a l s . gov iden t i f i e r :
NCT00820352). The results of this trial are forthcoming. In
addition, a trial with macitentan, a tissue-specific, nonselec-
tive ERA, is currently underway to study the efficacy and
safety of this new ERA in patients with HFpEF-PH (MELO-
DY; ClinicalTrials.gov identifier: NCT02070991).

Currently, the most compelling published data for pharma-
cological treatment targeting PH in HFpEF involves phospho-
diesterase (PDE) inhibitor sildenafil. The PDE-5 isoenzyme is

responsible for the degradation of cyclic guanosine
monophosphate (cGMP), inhibition of which leads to in-
creased concentrations of cGMP, thereby facilitating smooth
muscle relaxation [50]. Guazzi et al. randomized 44 symp-
tomatic HFpEF patients with PASP >40 mmHg to sildenafil
vs. placebo for 1 year [51••]. Sildenafil improved the mean
PAP (−16.7±3 and −18.2±2.4 mmHg) from baseline and at 6
and 12 months, respectively, compared to no improvement
seen in the placebo group (+1.0±0.7 and +2.8±1.1 mmHg).
The RELAX trial also studied sildenafil in patients with
NYHA class II to IV symptoms in which 216 HFpEF patients
were randomized to either sildenafil (n=113) or placebo (n=
103) [52•]. Overall, there was no significant difference in the
primary endpoint of change in peak oxygen consumption at
24 weeks (−0.20 mL/kg/min for sildenafil vs. −0.02 mL/kg/
min for placebo, p=0.90). The seemingly disparate results of
these two trials may be explained by differing trial design,
patient numbers, and baseline characteristics. For example,
there were notable differences in systolic blood pressures (153
vs. 126 mmHg), LV mass (166 vs. 65 g/m2), and PASP (54.5
vs. 41 mmHg) between the study by Guazzi and RELAX,
respectively. This later point is particularly relevant for
HFpEF-PH, as the patients in the RELAX trial did not have
significant PH. In addition, the ability of PDE-5 inhibitors to
enhance cGMP in HFpEF might be limited by insufficient
endogenous stimulation of soluble guanylate cyclase (sGC),
secondary to reduced NO availability in these patients. Addi-
tional trials utilizing PDE inhibitors are still underway, includ-
ing a single-center phase III trial investigating whether silden-
afil treatment results in an improvement in exercise capacity
and a reduction of PAP without decrease of CO in HFpEF-PH
(ClinicalTrials.gov identifier: NCT01726049). Unfortunately,
the National Institutes of Health-sponsored trial utilizing the
PDE-5 inhibitor, Tadalafil, in PH related to left heart disease
(PITCH-HF) was recently terminated because of lack of en-
rollment (ClinicalTrials.gov identifier: NCT01910389).

Deficient nitric oxide-soluble guanylate cyclase-cGMP
(NO-sGC-cGMP) signaling plays a role in endothelial dys-
function and impaired cardiac relaxation in patients with HF.
Riociguat is a direct sGC stimulator, thereby increasing the
sensitivity of sGC to endogenous NO. In addition, it has anti-
fibrotic, anti-proliferative as well as vasodilatory properties,
with proven efficacy in patients with PAH and chronic throm-
boembolic PH. Its hemodynamic effects, safety, and pharma-
cokinetics in patients with HFpEF-PH were studied in a
randomized, double-blind, placebo-controlled phase IIa trial
(DILATE-1) [53]. The primary end point was the peak de-
crease in mPAP from baseline to 6 h after a single dose, which
did not change significantly (p=0.6). However, the hemody-
namic and echocardiographic effects of a single dose of
riociguat study should not be extrapolated to the potential
short- or long-term treatment responses with this agent in
HFpEF or HFpEF-PH. A similar agent, Vericiguat
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(BAY1021189) is currently in a phase II randomized, placebo-
controlled clinical trial in patients with HFpEF (SOCRATES-
PRESERVED), exploring the pharmacodynamics, safety and
tolerability, and pharmacokinetics of the drug. It should be
noted though, that patients in this trial, similar to RELAX, are
not being selected for the presence or absence or PH. Thus, the
results of this trial may only give us insight to the effects of
this drug on HFpEF and not HFpEF-related PH.

Other Therapies

The lack of compelling evidence for treating HFpEF patients
with standard HF therapies has led to a greater study of agents
with direct relaxant effects and anti-inflammatory properties.
Ranolazine, a partial fatty acid oxidation inhibitor, which
inhibits the late sodium current and reduces sodium-
dependent calcium overload, is believed to improve LV relax-
ation and diastolic function. Interestingly, ranolazine may also
have a direct benefit on RV function by improving glucose
metabolism in hypertrophied RV. As RVH and RV function
have prognostic importance in PH and especially in HFpEF-
PH patients, who have compromised cardiac output from not
only lower LV stroke volumes but also from marginal RV
function, modulators of RV myocardial performance are crit-
ically important. In RVH induced by PA banding in an animal
model, RV metabolism was shown to switch from glucose
oxidation to fatty acid oxidation and glycolysis. Inhibiting
fatty acid oxidation improves RV energetics and metabolic
efficiency, thus directly enhancing RV function [54].
Ranolazine was shown to improve RV oxygen consumption
and RV function as well as promote RVH regression in ex-
perimental rats [48]. This preclinical data lends support for
future study of ranolazine in HFpEF-PH patients with RV
failure.

Additionally, it is well established that patients with
HFpEF have limited exercise tolerance due to impaired
chronotropic response and vasodilator reserve [55]. In addi-
tion, heart rate response is a major determinant of cardiac
output in PH patients [56]. Hence, the rationale for beta-
blocker use in HFpEF patients to slow heart rates and allow
greater diastolic filling time has been challenged. In patients
with HFpEF-PH, the reliance on heart rate augmentation may
be more important than previously realized and further studies
are needed to understand the mechanisms of autonomic dys-
function in these groups. The use of nebivolol in HFpEF-PH is
being evaluated in a prospective, open-label clinical study
(ClinicalTrials.gov identifier: NCT02053246).

Use of Remote Hemodynamic Monitoring for Management
of HFpEF

A rise in PAP has been shown to herald a HF decompen-
sation, often prior to the onset of worsened symptoms.

Given that rises in LAP and pulmonary venous congestion
are drivers of symptoms in patients with HFpEF-PH and
that the current mainstay of management includes volume
management, a patient management strategy utilizing re-
mote, direct, or indirect measurements of LV filling pres-
sures is promising. The ability to continually follow he-
modynamic measurements and adjust therapy based upon
these measurements is aimed at reducing HF exacerba-
tions and hospitalizations.

The COMPASS-HF trial utilized a programmable device
with a transvenous sensor lead to measure intracardiac pres-
sure [57]. Patients with implanted device had a nonsignificant
21 % lower rate of all HF-related events compared with the
control group (p=0.33). A subgroup analysis of HFpEF re-
vealed a 20 % reduction in HF-related events (p=0.66), in-
cluding a 29 % relative risk reduction in HF hospitalizations
(p=0.43). Given that the primary end point of significant
reduction in HF-related events was not achieved, this device
has not been approved for use.

The CHAMPION trial included patients with NYHA
functional class III HFrEF or HFpEF who had been hospi-
talized for HF exacerbation within the past 12 months [4].
This trial utilized the CardioMEMS sensor implanted into a
distal PA branch, which directly measured PAP. Measure-
ments from the device were obtained on a daily basis and
then were transmitted electronically by patients to a central-
ized database, and treatment decisions were made based
upon a predefined protocol. Of the 550 patients analyzed,
314 were identified as WHO group II PH (due to left heart
disease), of which 55 (17.5 %) had HFpEF. Irrespective of
LVEF, patients without PH were at significantly lower risk
for mortality than those with PH (hazard ratio (HR) 0.31,
95 % confidence interval (CI) 0.19 to 0.52, p<0.0001). In
addition, PH patients had higher HF hospitalization rates
than nonPH patients (0.77/year vs. 0.37/year; HR 0.49,
95 % CI 0.39 to 0.61, p<0.001). The primary end point of
the rate of HF-related hospitalizations at 6 months was
reduced by 28 % in the treatment group (p=0.0002), includ-
ing importantly those patients with HFpEF-PH. This sug-
gests that this device may be useful in the management of
patients with WHO group II PH, including those with
HFpEF-PH. The CardioMEMS device has recently received
FDA approval for use.

The LAPTOP device is an indwelling monitor implanted in
the left atrium by a transseptal puncture technique, which
promises to allow for more accurate direct measurement of
LAP. Unfortunately, the phase III clinical trial of the LAPTOP
device was recently terminated due to higher incidence of
periprocedural complications in the implant group.
(ClinicalTrials.Gov identifier: NCT01121107). The device/
implant technique may be redesigned in the future, providing
another opportunity to evaluate this innovative device in
HFpEF-PH.
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Future Directions, Personal Observations, and Hypothesis
of Interest

As noted in the preceding sections, our understanding of
complex underpinnings of HFpEF is still at a nescient
level. This lack of clarity has delayed the development
and deployment of efficacious molecules to treat this
disease. This, coupled with the often-delayed diagnosis,
can lead to the development of a progressive pulmonary
vasculopathy, which in some patients may eventually
evolve into a condition that resembles PAH. Once PH
matures, the usual ramifications on RV function ensue,
leading to biventricular dysfunction, excess neurohumoral
activation, cardiorenal syndrome, and death. Unfortunate-
ly, there is no current therapy for treating this form of
pulmonary vascular remodeling, especially if attempted in
isolation. This later point is the key to developing a
graded and combined approach to treating HFpEF-PH,
especially if CpcPH is prominent. This approach involves
the early identification and tenacious control of LAP, the
initial trigger for HFpEF-PH, combined with measures to
directly improve diastolic relaxation. If and only if this
can occur will the implementation of current PH-specific
medications prove to be efficacious in remodeling the
pulmonary vasculature without the concomitant increase
in morbidity noted in earlier trials of this therapeutics.
Future trials in HFpEF-PH should incorporate this philos-
ophy in order to maximize the potential for success.
Achievement of this therapeutic goal would be a signifi-
cant breakthrough for this highly morbid and mortal com-
bined disease state.

Conclusion

HFpEF-PH is a common, poorly understood, and highly
morbid disease entity for which there is no current effec-
tive therapy. This condition is commonly confused with
IPAH in light of their similar hemodynamic profiles and
lack of appreciation and assessment of historical risk
factors, dynamic LV filling properties, and/or LV/LA
morphometrics. Current treatment regimens for HFpEF-
PH have either focused either on restoring LV diastolic
filling properties or treatment of PH in isolation, resulting
in less than satisfactory outcomes. A combined approach,
which initially focuses on tenacious control of LAP and
improvement of diastolic filling with the later initiation of
pulmonary vascular remodeling therapy, could provide a
rational and potential efficacious strategy for treating this
combined condition. Use of indwelling monitors that al-
lows ongoing assessment of LAP and PA pressures may
be useful in this approach.
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