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Opinion statement

Coronary artery disease (CAD) is a major cause of heart failure with preserved ejection frac-
tion (HFpEF). In studies of HFpEF, the reported prevalence of CAD varies widely, which may
be the result of inconsistent definitions of CAD, geographic and ethnic differences in CAD
burden, varying definitions of HFpEF (including different cutoffs for “preserved ejection
fraction”), and differences in study design. Despite these limitations, pooled analysis of
prospective HFpEF studies demonstrates that CAD is common in HFpEF, with an estimated
prevalence of approximately 50%. Based on available data, patients with signs and symp-
toms of heart failure who have preserved left ventricular ejection fraction and evidence of
CAD (HFpEF-CAD) most likely comprise a distinct etiologic and pathophysiologic subset of
HFpEF. Therefore, future clinical trials in HFpEF should a priori stratify by CAD or specifically
target patients with CAD, strategies that may improve the disappointing track record of
therapies tested in HFpEF. The combination of systematic evaluation and management
of CAD in HFpEF, along with promising future therapies for HFpEF-CAD, may lead to im-
proved outcomes for this challenging clinical syndrome.

Introduction
Heart failure with preserved ejection fraction (HFpEF)
is a challenging clinical entity [1•,2]. Previously under-
appreciated, it now is well known that HFpEF is com-
mon, costly, and deadly [3–6]. Development of
successful therapies for patients with HFpEF has suf-
fered from the heterogeneity of the HFpEF syndrome
[1•,7•], controversy regarding its underlying patho-

physiology [8–11], disagreement over whether it is tru-
ly a distinct clinical entity or simply part of a
continuum with heart failure (HF) and reduced ejec-
tion fraction (EF; systolic heart failure) [8,12,13•,14–
16,17•,18–23], and the presence of several HFpEF
comorbidities that represent competing risks for mor-
bidity and mortality [24•].



Our understanding of the relationship between cor-
onary artery disease (CAD) and HFpEF also is incom-
plete, owing to the heterogeneous definitions of CAD
used in prior pathophysiologic, epidemiologic, obser-
vational registry, and clinical trial studies of HFpEF
[25], as well as differences in CAD prevalence based
on geographic location and ethnic composition of the
study sample. Emerging data suggest that HFpEF associ-
ated with CADmay be a distinct clinical subset and one
that may be the future target of novel therapies. This re-
view highlights these data and presents a framework for
evaluating and managing CAD in patients with HFpEF.

Scope of the HFpEF problem
HFpEF, already a major public health problem and one
of themost common causes of hospitalization for those
older than 65 years, will continue to increase in preva-
lence as the population ages [5,26,27]. Treatment for
HFpEF therefore is a high-priority unmet need. Epide-
miologic studies have demonstrated a high mortality
for patients after HF hospitalization, regardless of un-
derlying EF and despite differences in comorbidities,
age, gender, and cardiac structure and function [3,6].
More recent meta-analyses suggest that when data from
several large studies, including clinical trials, are com-
bined (whether using aggregate study data or individual
patient-level data), patients with HFpEF have a better
outcome than those with HF and reduced EF
[28••,29]. However, these data should not be inter-
preted to mean that HFpEF patients are at low risk. Al-
though these meta-analyses found that HFpEF carries a
lower risk of death than HF with reduced EF, patients
with HFpEF nonetheless still have a highmortality rate.
Furthermore, other studies have shown that patients
withHF, regardless of EF, have severely reduced exercise
capacity and peak oxygen consumption on cardiopul-
monary exercise testing [30], underscoring the signifi-
cantly decreased quality of life that accompanies
HFpEF.

In HFpEF, variation in outcomes among studies
may be a result of differences in study design (eg, in-
patient vs outpatient, clinical trials vs epidemiologic
studies), underlying comorbidities, or geographic/eth-
nic differences. For example, clinical characteristics
and outcomes may differ significantly depending on
the proportion of patients in the study sample who
are African American, in large part because there are
known ethnic differences in the prevalence of obstruc-
tive CAD. Compared with Caucasians, African Ameri-

cans have less obstructive epicardial coronary disease
but more frequently have severe systemic hypertension
and left ventricular (LV) hypertrophy [31–35]. There-
fore, in geographic regions where the proportion of Af-
rican Americans is higher, HFpEF-CAD may be less
common than in other areas.

Where are patients with HFpEF? Who are patients
with HFpEF?
Although HFpEF is common and quite prevalent, espe-
cially in the elderly population [3,6,36,37], identifica-
tion of patients with HFpEF is far from straightforward.
Nowhere is this more apparent than in clinical trials of
HFpEF. Identifying patients with systolic HF is straight-
forward because a reduced EF is quite apparent on imag-
ing modalities such as echocardiography and left
ventriculography. HFpEF, however, suffers from lack of
a “number,” such as reduced EF, to make the diagnosis
readily apparent. Recent studies suggest that the product
of left atrial volume and LVmass [38•] and the presence
of elevated pulmonary artery systolic pressure on echo-
cardiography [39•] may be important clues to the
presence of HFpEF. Nonetheless, there is no one easy-
to-use test to reliably diagnose HFpEF.

Besides the challenge of diagnosis, a variety of
health care providers currently care for most patients
with HFpEF. Although these patients comprise up to
half the general HF population, they make up a much
smaller percentage of those visiting HF specialty clin-
ics, making enrollment of patients in HFpEF clinical
trials quite challenging. Large HFpEF clinical trials,
such as Irbesartan in Heart Failure With Preserved Sys-
tolic Function (I-PRESERVE) [40], have had difficulty
identifying and enrolling patients, and have required
large numbers of sites across the world to meet enroll-
ment goals.

Beyond difficulties in identifying, diagnosing, and
recognizing HFpEF, there also are significant differen-
ces between underlying etiology and pathophysiology
among various study types [41]. HFpEF clinical trials
often enroll younger, more commonly male, less eth-
nically diverse patients with relatively preserved renal
function [42,43]. Epidemiologic studies and observa-
tional registries, on the other hand, tend to encompass
a broader HFpEF population that includes more wom-
en and elderly patients, is more ethnically diverse, and
includes those with worse renal function [3,6,36,37].
Small pathophysiologic studies, although key to un-
derstanding the HFpEF syndrome, have notoriously
studied homogenous subsets of patients with HFpEF
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and commonly have excluded patients with CAD
[8,30,44,45]. Omission of patients with CAD from
some pathophysiologic studies may be one of the crit-
ical factors underlying the controversy regarding mech-
anisms of HFpEF. For example, some investigators
have argued that patients with HFpEF, despite a nor-
mal EF, have reductions in systolic function, noting
that HFpEF patients have lower EF than matched con-
trols and have reductions in longitudinal systolic tis-
sue Doppler velocities [12,14,19,20,46,47]. In these
studies, patients with CAD were not excluded and
comprised significant proportions of the study groups
(Fig. 1a). Meanwhile, other investigators have argued
that overall systolic function (especially chamber func-
tion) is similar when patients with HFpEF are com-
pared with matched hypertensive controls [8,45];
however, these studies have excluded patients with sig-
nificant CAD. Therefore, it is possible that in HFpEF,
underlying systolic function differs based on the pres-
ence or absence of CAD, and that the presence of CAD
has a major effect on the pathophysiologic substrate
predisposing these patients to the HF syndrome.

How common is CAD in HFpEF?
Pooled analysis of prospective HFpEF studies sug-
gests that CAD is present in approximately 50% of
patients with HFpEF, but definitions of CAD are
quite variable and often poorly documented
(Table 1). Several studies have found that the prev-
alence of CAD in HFpEF is lower than that in sys-
tolic HF; for example, among 52,187 patients
hospitalized for acute decompensated HF, 26,322
had preserved EF and were less likely to have CAD
compared with those with reduced EF (50% vs
59%, PG0.0001) [37], and recent data from the
Framingham Heart Study showed that prior myocar-
dial infarction (MI) decreased the odds of HFpEF
compared with systolic HF (odds ratio, 0.32; 95%
CI, 0.19–0.53). However, the prevalence and severity
of angiographically documented CAD in patients
with HFpEF has not been well studied [25]; thus,
the true prevalence of CAD in HFpEF remains
unknown.

The presence of CAD is associated with increased
risk of developing HFpEF, and when documented
angiographically, CAD is associated with increased
mortality in HFpEF. In the Cardiovascular Health
Study (CHS), prevalent CAD was associated with a
threefold higher rate (41% vs 15%) of incident HF
during follow-up in community-dwelling subjects

older than 65 years [48,49]. In CHS, the same investi-
gators also found that the population attributable risk
of prevalent CAD was equivalent to that of hyperten-
sion [48,49]. In the Coronary Artery Surgery Study
(CASS), which documented CAD by coronary angiog-
raphy, the presence and extent of CAD were major
determinants of prognosis in patients with HFpEF
[50]. Similarly, in the Duke Cardiovascular Databank
of patients with angiographically documented CAD,
the presence of severe multivessel CAD was associated
with increased mortality in patients with HFpEF [51].
Based on the aforementioned data, it is clear that the
contribution of CAD as a comorbid condition in
HFpEF cannot be ignored.

Mechanisms of HFpEF in patients with CAD
The syndrome of HFpEF, including the pathophysi-
ology underlying it, is quite heterogeneous [7•,52].
One or more (typically multiple) different etiologic
and pathophysiologic factors lead to the develop-
ment of the HFpEF syndrome, complicating the elu-
sive search for a rational classification system for
these patients. The various pathophysiologic mecha-
nisms for HFpEF that have been identified include
diastolic dysfunction [53], systolic dysfunction (de-
spite a preserved EF) [12,14,18–21,46,54,55], LV en-
largement [56,57], abnormal ventricular-arterial
coupling [58], noncardiac mechanisms of fluid over-
load [7•,59], and chronotropic incompetence
[60,61•]. Of these mechanisms, CAD has most often
been associated with diastolic dysfunction. However,
there are compelling data associating CAD with sys-
tolic dysfunction and LV enlargement in patients
with HFpEF.

There are several determinants of diastolic func-
tion, but the two major ones are 1) active relaxation,
an energy-dependent process vulnerable to ischemia,
and 2) passive LV chamber compliance, which
decreases (the left ventricle becomes stiffer) with ische-
mia and infarction as fibrosis ensues. Several studies
have demonstrated the interplay between myocardial
ischemia and diastolic dysfunction, including demon-
stration that acute myocardial ischemia impairs both
regional and global diastolic function, inducing im-
paired relaxation and slowing diastolic filling [25].
Acute ischemia also results in an upward and leftward
shift of the LV end-diastolic pressure-volume relation-
ship, resulting in decreased LV chamber compliance
and LV diastolic pressure elevation [62]. If longstand-
ing, chronic ischemia can cause cardiac hypertrophy
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and changes in the extracellular matrix, which eventu-
ally will alter LV compliance permanently [63]. There-
fore, in the setting of both acute and chronic ischemia,
any additional insult, such as acute hypertension or in-
creased central blood volume, will quickly raise LV fill-

ing pressures even further and result in pulmonary
edema. Diastolic dysfunction itself also may lead to is-
chemia. Calcium-overloaded myocytes cannot relax ef-
fectively; therefore, myocytes (and the myocardium as
a whole) exist in a state of prolonged tension that

a

b

Figure 1. Evidence for systolic dysfunction in patients with heart failure and preserved ejection fraction (HFpEF) associated
with coronary artery disease (CAD). a Mitral annular systolic tissue Doppler velocities (S’): patients with HFpEF compared with
control subjects. b Reduced preload recruitable stroke work (PRSW): a predictor of heart failure hospitalization in 885 patients
with stable coronary artery disease and preserved ejection fraction (950%). For panel B, univariate PG0.0001 and multivariate
P=0.035 after adjustment for age, comorbidities, pulse pressure, renal function, and cardiac structure and function (including
ejection fraction, left ventricular mass, and diastolic dysfunction).
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interferes with diastolic coronary filling, thereby exac-
erbating ischemia [25]. LV hypertrophy acts synergisti-
cally with CAD to worsen diastolic function. In
addition to increased LV wall thickness leading to sub-
endocardial ischemia, studies have shown that
patients with LV hypertrophy and CAD have higher
pulmonary capillary wedge pressure (PCWP) at rest
and strikingly high PCWP with exercise [64].

Emerging data suggest that systolic dysfunction
(despite a preserved EF) and LV enlargement also
may underlie the pathophysiology of HFpEF-CAD.
Several studies have shown that patients with HFpEF

have reduced longitudinal systolic mitral annular ve-
locities compared with matched controls (Fig. 1a)
[12,14,18–21,46] and that these decreases in systolic
tissue velocities lie on a continuum between controls
and overt systolic HF. Many of these studies included
a large proportion of patients with CAD, highlighting
the possibility that CAD and myocardial ischemia are
causes of reductions in longitudinal cardiac systolic
function. However, none of these studies specifically
investigated this possibility. Other, more global systol-
ic function parameters, such as increased LV end-sys-
tolic volume, reduced EF (within the range of

Table 1. Prevalence of coronary artery disease in prospective studies of heart failure with preserved ejection
fraction
Study (study acronym)a Patients with

HFpEF, n
LVEF, % Terminology and criteria for

CAD diagnosis
CAD
prevalence, %

Brucks et al. [21] 33 40–50 CAD (undefined) 67
Brucks et al. [21] 102 950 CAD (undefined) 51
Curtis et al. [96] (DIG) 593 46–55 Ischemic heart failure (undefined) 65
Curtis et al. [96] (DIG) 395 955 Ischemic heart failure (undefined) 44
Gottdiener et al. [49] (CHS) 39 45–55 CAD (undefined) 69
Gottdiener et al. [49] (CHS) 170 955 CAD (undefined) 58
Guazzi et al. [97] 93 945 CAD (undefined) 49
Gustafsson et al. [98]
(DIAMOND-CHF)

2218 948 Ischemic heart disease (undefined) 49

Kirk et al. [99] (CHHF) 80 945 Ischemic heart disease (undefined) 38
MacCarthy et al. [100]
(UK-HEART)

163 950 Ischemic heart disease (undefined) 76

Macin et al. [101] 136 940 Ischemic heart disease etiology (prior MI,
CABG, or PCI; functional ischemia;
or ≥50% coronary stenosis)

14

McAlister et al. [102] 121 945 Ischemia (prior MI, CABG, or PCI; 975%
coronary stenosis, or focal areas of
akinetic myocardium)

49

Ojeda et al. [103] 62 945 Ischemic cardiomyopathy (undefined) 16
Perenkil et al. [104] 171 950 CAD (undefined) 58
Smith et al. [105] 200 940 Prior MI 39
Yusuf et al. [43] (CHARM) 3023 940 Ischemic etiology (undefined) 57
Total 7599 50
aStudies were compiled using data from Somaratne et al. [28••] (all studies were prospective outcome studies comparing heart failure with
preserved ejection fraction [HFpEF] with systolic heart failure, and nearly all patients in these studies had documentation of left ventric-
ular ejection fraction [LVEF]). The following studies were excluded: Ghali et al. [106] and Kupari et al. [107] (HFpEF defined by fractional
shortening, not ejection fraction); Madsen et al. [108] (no data on prevalence of coronary artery disease [CAD] by ejection fraction group);
and Andersson and Hall [109] (excluded patients with CAD).
CABG coronary artery bypass grafting; CHARM Candesartan in Heart Failure-Assessment of Reduction in Mortality and Morbidity; CHHF
Copenhagen Hospital Heart Failure Trial; CHS Cardiovascular Health Study; DIAMOND-CHF Danish Investigations of Arrhythmia and Mortality
on Dofetilide in Congestive Heart Failure; DIG Digitalis Investigation Group; MI myocardial infarction; PCI percutaneous coronary inter-
vention; UK-HEART United Kingdom Heart Failure Evaluation and Assessment of Risk Trial.
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normal), reduced end-systolic pressure-volume ratio,
and reduced preload recruitable stroke work
(Fig. 1b) [55,57], have been shown to be risk factors
for HF hospitalization in patients with CAD and pre-
served EF.

CAD and HFpEF: diagnostic considerations

Evaluation of CAD in patients with HFpEF: should all
patients with HFpEF undergo coronary angiography?
CAD is important in the pathogenesis of HFpEF,
symptoms of ischemia can mimic symptoms of HF, and
CAD is a treatable comorbidity in HFpEF. Therefore,
identification of CAD is extremely important in HFpEF.
The lower frequency of CAD observed in HFpEF
compared with overt systolic HF may partly be the result
of less systematic evaluation of CAD in HFpEF. The
frequency with which CAD evaluation occurs in HFpEF
is unknown but is likely lower than that of systolic HF,
in which evaluation for the presence of CAD is nearly
universal. Yet studies have shown that even in patients
with preserved EF and no suspicion or evidence of CAD
who are hospitalized with acute HF, CAD prevalence is
as high as 35% [65,66•]. Therefore, systematic
evaluation of CAD in HFpEF is essential.

As stated earlier, CAD prevalence in HFpEF varies
widely among studies but is most likely in the 50%
range. If the 50% prevalence of CAD is taken as the
pretest probability of CAD in the HFpEF patient
population, the utility of noninvasive stress testing
seems questionable if there are no contraindications
for coronary angiography. Consider the following:
best estimates of stress test sensitivity and specificity
in the literature are 90% and 75%, respectively, for
adenosine myocardial perfusion studies and 80%
and 84%, respectively, for dobutamine stress echo-
cardiography [67]. Using a pretest probability of
50%, the posttest probability for a normal stress test
in HFpEF therefore is 12% to 19%. If “real-world”
estimates of stress test sensitivity and specificity are
used, the posttest probability of CAD despite a nor-
mal stress result is even higher (eg, if sensitivity and
specificity are both 80%, the posttest probability is
20%, and if sensitivity and specificity are both
70%, the posttest probability is 30%). These high
posttest probabilities in the setting of a normal
stress test result suggest that coronary angiography
should be performed in HFpEF as a first-line test.
If there are contraindications to coronary angiogra-
phy (eg, high risk for contrast nephropathy due to

significant chronic kidney disease) or if performing
stress testing will help localize and evaluate the bur-
den of ischemia, stress testing may be performed,
but only with the knowledge that a normal stress
test result does not push the posttest probability of
CAD below the threshold at which most clinicians
would feel comfortable completely excluding CAD.
Figure 2 outlines a practical approach to evaluating
CAD in patients with HFpEF.

Risk factors for HFpEF development in patients
with stable CAD
Recent guidelines advocate a staging system for HF
that highlights the importance of preventing HF as op-
posed to simply treating it after it becomes clinically
evident [27]. Indeed, over the next several years, the
biggest improvement in HF morbidity and mortality
likely will come from HF prevention. The presence
of CAD is one of the criteria for stage A HF (high risk
for developing HF). Patients with a history of MI, re-
gardless of EF, meet the criteria for stage B HF (asymp-
tomatic HF). In patients with CAD and preserved EF,
clinical and echocardiographic risk factors for HF de-
velopment have been identified. Recognizing these
risk factors should help determine which patients with
stage A or B HF have the highest likelihood of progres-
sion to stages C and D. In the Prevention of Events
With Angiotensin Converting Enzyme Inhibition
(PEACE) study, which randomly assigned 8290
patients aged ≥50 years with documented CAD and
documented EF ≥40% to receive the angiotensin-con-
verting enzyme (ACE) inhibitor trandolapril or place-
bo, a risk score was developed to predict incident HF
(patients with prevalent HF were excluded from the
study) [68••].

During a median follow-up of 4.8 years, the PEACE
study identified the following risk factors for incident
HF: increased age, elevated body mass index, history
of MI, coronary artery bypass grafting (CABG) surgery,
diabetes, hypertension, angina, cerebrovascular dis-
ease, current smoking, glomerular filtration rate less
than 60 mL/min/m2, EF of 41% to 50% (compared
with EF ≥50%), and use of calcium channel blockers,
diuretics, digitalis, or antiarrhythmic medications.
Non-use of lipid-lowering medication also was a risk
factor for HF development [68••].

In the Heart and Soul Study of stable outpatients
with CAD, the great majority of whom had preserved
EF 950% at baseline, several echocardiographic varia-
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bles predicted future risk of HF hospitalization. In-
creased LV mass index, increased left atrial volume in-
dex, decreased LV outflow tract velocity time integral
(a surrogate for stroke volume), greater severity of mi-
tral regurgitation, and higher grade of diastolic dys-

function all were independent predictors of HF
hospitalization during follow-up. A risk score using
these five echocardiographic parameters was a power-
ful predictor of subsequent HF hospitalization over
4.4 years of follow-up [69••].

Figure 2. Diagnosis and treatment algorithm for coronary artery disease (CAD) in patients with heart failure and preserved ejec-
tion fraction (HFpEF). ACE—angiotensin-converting enzyme; ACS—acute coronary syndrome; ARB—angiotensin receptor block-
er; BP—blood pressure; CABG—coronary artery bypass grafting; CI—chronotropic incompetence; CKD—chronic kidney disease;
HF—heart failure; LV—left ventricular; LVEF—left ventricular ejection fraction; MI—myocardial infarction; PCI—percutaneous
coronary intervention.
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Treatment

& Compared with the number of large-scale randomized trials for
patients with systolic HF, relatively few have been designed specifi-
cally for those with HFpEF. The latter trials have shown little benefit,
leading some to conclude that there are no evidence-based treat-
ments for this patient population. However, comorbidities drive
adverse outcomes as often as or more frequently than the syndrome
of HF in patients with HFpEF [24•]. Furthermore, the pathophysi-
ology of HF in patients with HFpEF is directly related to underlying
comorbidities such as CAD. Therefore, treatment of comorbidities
such as CAD is vital to the management of HFpEF and currently is
the main treatment option for these patients [24•].

Coronary revascularization
& At first glance, revascularization of the epicardial coronary arteries

with CABG or percutaneous coronary intervention (PCI) would seem
to be a good option for patients with HFpEF and CAD. However,
based on available data (which are limited), there is no known
benefit (or harm) from revascularizing patients with CAD in the
setting of HFpEF. In CASS, coronary revascularization with CABG in
patients with HFpEF did not improve mortality (although it should
be noted that morbidity and mortality rates for CABG have improved
since CASS was published; thus, the contemporary utility of CABG in
HFpEF is unknown). PCI data from 1997 to 2001 suggest that after
undergoing PCI, patients with HFpEF have a higher adverse event
rate compared with those without HF, although more recent data on
the outcomes of PCI in HFpEF are lacking [70]. Finally, although
some studies have demonstrated improvements in LV diastolic
function after coronary revascularization, others have shown that
pulmonary edema recurs in patients with CAD and HFpEF despite
coronary revascularization [25,50,71–74].

& Despite these challenges, patients may have alternative indications
for revascularization based on other HFpEF-related comorbidities or
in the setting of an acute coronary syndrome. In addition, revascu-
larization is an important diagnostic maneuver in some patients,
such as those with predominant dyspnea or exertional intolerance
but little in the way of volume overload. Resolution of symptoms
after revascularization in these patients can exclude the diagnosis of
HFpEF.

Standard medical therapy for coronary artery disease
& Many of the standard medical therapies for patients with CAD, such

as β-blockers, ACE inhibitors, and angiotensin receptor blockers,
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have been tested in HFpEF clinical trials, with overall disappointing
results [43,75,76•]. However, very few of these trials have specifically
undertaken subgroup analysis in patients with CAD, and none has
done so in an a priori fashion. Nonetheless, given the large evidence
base for these therapies in CAD, there is no reason to withhold them
from patients with HFpEF, as long as the caveats listed in the fol-
lowing text are followed.

& β-Blockers are a cornerstone of CAD treatment. However, clinicians
who treat HFpEF should take advantage of the beneficial effects of
vasodilating β-blockers for treating both CAD and hypertension
(which is almost universal in the HFpEF syndrome). Support for
the use of vasodilating β-blockers also comes from the Coreg
Heart Failure Registry (COHERE) and the Study of the Effects of
Nebivolol Intervention on Outcomes and Rehospitalization in
Seniors With Heart Failure (SENIORS), a randomized controlled
trial [75,77•]. In COHERE, patients with HF treated with carve-
dilol had better outcomes than those treated with other β-block-
ers, regardless of underlying EF [77•]. Carvedilol, which now is
available in generic form, therefore is an ideal choice, especially
because it is a powerful antihypertensive and does not raise he-
moglobin A1c [78]. The SENIORS study showed that in elderly
patients with HF, nebivolol reduced mortality regardless of EF
[75]. The “preserved EF” arm of the SENIORS study, however,
was defined as EF greater than 35%, and few patients had an EF
greater than 50%, which is not characteristic of the typical
HFpEF patient population. Although β-blockers are first-line
therapy for patients with CAD, and studies such as COHERE
and SENIORS support the use of vasodilating β-blockers in
HFpEF, these drugs can exacerbate chronotropic incompetence,
an important cause of exercise intolerance in some patients with
HFpEF [60,61•], as noted earlier. Therefore, whenever possible,
patients with HFpEF should undergo exercise testing to deter-
mine their heart rate response to exercise. If a patient is found
to have chronotropic incompetence, insertion of a dual-chamber,
rate-adaptive pacemaker should improve heart rate response to
exercise and will allow use of a β-blocker. Some elderly patients
may refuse pacemaker therapy; in these cases, treatment must be
individualized, and the benefits of β-blocker therapy for CAD
must be weighed against the adverse consequences of worsening
chronotropic incompetence. Of note, the use of rate-adaptive
pacing for chronotropic incompetence in patients with HFpEF is
being tested in the Restoration of Chronotropic Competence in
Heart Failure Patients With Normal Ejection Fraction (RESET)
study.

& Inhibition of the renin-angiotensin-aldosterone axis also is an im-
portant therapy for both CAD and HFpEF. ACE inhibitor use in CAD
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is most well-established in patients with symptomatic systolic HF
and in those with asymptomatic LV dysfunction. However, high-risk
CAD patients, such as those with HFpEF, likely benefit from ACE
inhibitor therapy. For example, in the Perindopril for Elderly Patients
With Chronic Heart Failure (PEP-CHF) trial, which had difficulty
enrolling patients, the use of perindopril in patients with HFpEF was
not associated with a mortality benefit. However, in this trial, there
was symptomatic improvement with perindopril and a mortality
benefit in the subgroup of patients who had prior MI, suggesting a
benefit for ACE inhibitors in patients with HFpEF and CAD [76•].
The Candesartan in Heart Failure-Assessment of Reduction in Mor-
tality and Morbidity (CHARM)-Preserved and I-PRESERVE trials of
candesartan and irbesartan, respectively, for the treatment of HFpEF
were both disappointing, and it is not clear whether the subgroup of
patients with CAD in these trials benefited from these drugs [43]. In
addition, the Hong Kong Diastolic Heart Failure study failed to show
that angiotensin receptor blockade was beneficial above and beyond
its effects on blood pressure [79]. Aldosterone blockade (with epler-
enone) has been shown to improve post-MI outcomes in patients with
reduced EF. Whether aldosterone antagonists can improve outcomes
in the HFpEF population as a whole currently is being tested in the
TOPCAT (Treatment of Preserved Cardiac FunctionHeart FailureWith
an Aldosterone Antagonist) study. Subgroup analysis of patients in
TOPCAT who have CAD should be undertaken to determine whether
aldosterone blockade helps in this patient population.

& Potent statins, such as atorvastatin and simvastatin, are essentially
required drugs for treating CAD and should not be withheld in
patients with HFpEF-CAD. Observational data suggest beneficial
effects of statins in HFpEF [80,81], but in reality, most HFpEF
patients have one or more comorbidities (eg, CAD or diabetes) or a
high Framingham risk score, so they should receive statins anyway.

& Treating angina in patients with both CAD and HFpEF may be
challenging. Ranolazine may be the best option in these patients
because it is a potent antianginal agent and there is experimental
data showing improvement in diastolic dysfunction with ranolazine
[82]. Nitrates, commonly used to treat angina, can improve diastolic
relaxation directly and reduce central blood volumes through veno-
dilation, leading to rapid resolution of pulmonary edema and con-
gestion. Thus, nitrates should be especially useful in patients with
HFpEF-CAD. In reality, however, patients with HFpEF-CAD often
develop tolerance to nitrates after a few months, and in some HFpEF
patients with abnormal ventricular-arterial coupling, the addition of
nitrates may lead to lightheadedness and dizziness. Calcium channel
blockers (CCBs) also are used commonly in the setting of angina;
however, these drugs may be detrimental in patients with HFpEF-
CAD. CCBs, especially dihydropyridines, may exacerbate lower-
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extremity edema. In addition, CCBs were associated with increased
risk of incident HF in the PEACE trial. Therefore, CCBs should be
used only if the aforementioned options have been exhausted and
angina or blood pressure control remains a problem.

& Digoxin should not be used in patients with HFpEF-CAD, based on the
results of the Digitalis Investigation Group (DIG) ancillary trial, a study
of patients with HFpEF and EF greater than 45% treated with digoxin
versus placebo. In the digoxin group, there was a trend toward de-
creased HF hospitalizations but a trend toward increased hospitaliza-
tions for unstable angina [42]. Therefore, use of digoxin inHFpEF-CAD
may exacerbate myocardial ischemia and lead to adverse outcomes.

& Although data are limited, cardiac rehabilitation and exercise training
may be important adjunctive treatments for patients with HFpEF-CAD.
Theutility of cardiac rehabilitationhas beendemonstrated for secondary
prevention in patients with CAD [83]; therefore, it should be used in
HFpEF-CAD, given the possible beneficial increases in exercise capacity.

Evolving approaches

Establishment of a dedicated multidisciplinary HFpEF clinical program
& Despite HFpEF’s high prevalence, morbidity, and mortality rates,

there have been few clinical programs dedicated specifically to
patients with this condition. Although HF specialty clinics are
widespread and have been associated with clinical benefit, patients
with HFpEF make up only a small proportion of these larger HF
clinics. Given the paucity of proven treatments and ongoing clinical
trials for HFpEF compared with systolic HF, patients with HFpEF
may easily become marginalized in standard HF clinics, and enroll-
ment in clinical trials may be challenging.

& For these reasons, we have established a multidisciplinary HFpEF
clinical program incorporating the benefits of a standard HF clinic
but specializing in the subset of HF patients with a preserved EF.
Patients are identified for enrollment in the clinic based on a query
on the inpatient electronic medical record. Each day, the inpatient
record is scanned for patients who meet at least one of the following
criteria: 1) key words or a diagnosis of heart failure in the patient
notes, 2) a B-type natriuretic peptide (BNP) level greater than
100 pg/mL, or 3) two or more doses of intravenous diuretics. EF
(available for most patients) and BNP levels are documented on all
identified patients, and the medical records of the patients on the list
with an EF greater than 50%are reviewed on a daily basis, starting with
patients with the highest BNP levels. If patients meet Framingham
criteria for HF, their physicians are contacted to arrange for follow-up
in the HFpEF clinic. Once patients arrive in the HFpEF clinic, a major
aspect of their evaluation is determining the presence and severity of
CAD, along with treatment of CAD if it exists, as outlined in Fig. 2.
Although anecdotally this program has been quite successful in diag-
nosing and treating patients withHFpEF and enrolling them in clinical
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trials, further research must be conducted to determine whether spe-
cialized HFpEF clinical programs truly are beneficial.

Ranolazine
& Ranolazine, an inhibitor of the late inward sodium channel (INa), is an

effective agent for treating chronic stable angina [82]. In both LV hy-
pertrophy andmyocardial ischemia, late INa is augmented, resulting in
increased cytosolic calcium, increased myocyte diastolic tension, im-
paired relaxation, and worsening of ischemia. Through inhibition of
late INa, ranolazine can reduce diastolic calcium concentration and has
been shown to decrease diastolic tension [84•,85]. Interestingly, in
patients with congenital long QT syndrome due to a genetic defect in
the late INa channel, treatment with intravenous ranolazine shortened
the prolonged QTc and significantly improved diastolic function
[86•]. We recently showed that in patients with suspected HF, in-
cluding those with HFpEF, increased QTc interval is independently
associated with decreased early mitral annular tissue Doppler velocity
(E’) [87]. Therefore, it is possible that ranolazine, by inhibiting late INa

and shortening the QTc interval, may improve diastolic function in
these patients. Further study is required to determine whether rano-
lazine can truly improve diastolic function in HFpEF and whether this
improvement will translate into meaningful clinical benefit.

Lusitropic agents
& In a preclinical model of ischemic HF, istaroxime, a novel sodium-

potassium ATPase and SERCA2a stimulator, improved systolic and
diastolic function without increasing myocardial oxygen demand
[88]. Istaroxime causes cytosolic calcium accumulation during systole
and rapid sequestration of calcium during diastole. The beneficial
clinical effects of istaroxime on both systolic and diastolic function
were demonstrated in a phase 2 human study in patients with acute
decompensated systolic HF [89,90•]. Although the capability of im-
proving lusitropy without increasing oxygen demand would be de-
sirable in HFpEF-CAD, it remains to be seen whether istaroxime, or
other SERCA2a stimulators, will be beneficial in this setting.

Nonpharmacologic treatment of left ventricular hypertrophy and HFpEF
& As discussed earlier, the combination of hypertensive LV hypertrophy

and CAD compounds the problem of myocardial ischemia and leads
to more severe elevations in LV filling pressures at rest and with ex-
ercise. Therefore, optimal treatment of systemic hypertension is
critical in patients with HFpEF-CAD. Indeed, treatment of hyper-
tension has been shown in multiple studies to be associated with
reductions in future risk of HF, especially when thiazide diuretics are
used [91,92]. Unfortunately, compliance with multiple antihyper-
tensive agents may be difficult because of medication-medication
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interactions, medication intolerance, and unwanted side effects.
Therefore, nonpharmacologic interventions for hypertension in
patients with HFpEF would be an exciting development. Studies of
two such therapies, radiofrequency ablation for denervation of renal
sympathetic nerves [93••,94] and carotid sinus stimulation [95],
were published recently, and if the effect of blood pressure lowering
using these nonpharmacologic measures emulates the effects of
blood pressure lowering in pharmacologic trials, both will be
promising new potential therapies for patients with HFpEF-CAD.
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