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ABSTRACT
The 2017 focused update of the 2013 ACC/AHA guideline
on heart failure contains new and important recommendations on prevention, novel biomarker uses, heart failure
with preserved ejection fraction (HFpEF), and comorbidities
such as hypertension, iron deficiency, and sleep-disordered
breathing. Potential implications for management of acute
decompensated heart failure will also be explored.

KEY POINTS
Despite advances in treatment, heart failure remains
highly morbid, common, and costly. Prevention is key.
Strategies to prevent progression to clinical heart failure
in high-risk patients include new blood pressure targets
(< 130/80 mm Hg) and B-type natriuretic peptide screening to prompt referral to a cardiovascular specialist.
An aldosterone receptor antagonist might be considered to
decrease hospitalizations in appropriately selected stage C
HFpEF patients. Routine use of nitrates or phosphodiesterase-5 inhibitors in such patients is not recommended.
Outpatient intravenous iron infusions are reasonable in
persistently symptomatic New York Heart Association
stage II to III heart failure with reduced ejection fraction
(HFrEF) to improve functional capacity and quality of life.
The new systolic blood pressure target is less than 130 mm
Hg for stage A heart failure, stage C HFrEF, and stage C HFpEF.
Dr. Brotman has disclosed consulting for Portola Pharmaceuticals.
doi:10.3949/ccjm.86a.18022

n 2017, the American College of CardiI(AHA),
ology (ACC), American Heart Association
and Heart Failure Society of America

(HFSA) jointly released a focused update1 of
the 2013 ACC/AHA guideline for managing
heart failure.2 This is the second focused update of the 2013 guidelines; the first update,3
in 2016, covered 2 new drugs (sacubitril-valsartan and ivabradine) for chronic stage C
heart failure with reduced ejection fraction
(HFrEF).
Rather than focus on new medication
classes, this second update provides recommendations regarding:
• Preventing the progression to left ventricular dysfunction or heart failure in patients
at high risk (stage A) through screening
with B-type natriuretic peptide (BNP) and
aiming for more aggressive blood pressure
control
• Inpatient biomarker use
• Medications in heart failure with preserved
ejection fraction (HFpEF, or diastolic heart
failure)
• Blood pressure targets in stage C heart failure
• Managing important comorbidities such
as iron deficiency and sleep-disordered
breathing to decrease morbidity, improve
functional capacity, and enhance quality
of life.
These guidelines and the data that underlie them are explored below. We also discuss
potential applications to the management of
hospitalization for acute decompensated heart
failure (ADHF).
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TABLE 1

Heart failure stages and functional classes
NYHA class I
No physical limitations

NYHA class II
Slight limitation
of physical activity

NYHA class III
Marked limitation
of physical activity

NYHA class IV
Symptoms at rest

Stage A
Patients at risk for heart
failure
No structural disease

Stage B
Structural disease
No heart failure symptoms

Stage C
Structural disease
Heart failure symptoms

Stage D
End-stage disease

NYHA = New York Heart Association
Reprinted from Okwuosa IS, Princewill O, Nwabueze C, et al. The ABCs of managing systolic heart failure: past, present, and future.
Cleve Clin J Med 2016; 83(10):753–765. doi:10.3949/ccjm.83a.16006

STOP-HF:
At 4 years,
LV dysfunction
in 9.7%
of controls
vs 5.9% of the
BNP-screened
group
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■■ COMMON, COSTLY, AND DEBILITATING

■■ BIOMARKERS FOR PREVENTION

Heart failure—defined by the ACC/AHA as
the complex clinical syndrome that results
from any structural or functional impairment
of ventricular filling or ejection of blood—remains one of the most common, costly, and
debilitating diseases in the United States.2
Based on National Health and Nutrition Examination Survey data from 2011 to 2014, an
estimated 6.5 million US adults have it, with
projections of more than 8 million by 2030.4,5
More than 960,000 new cases are thought to
occur annually, with a lifetime risk of developing it of roughly 20% to 45%.6
Despite ever-growing familiarity and some
significant strides in management, the death
rate in this syndrome is substantial. After admissions for heart failure (which number 1
million per year), the mortality rate is roughly
10% at 1 year and 40% at 5 years.6 Also staggering are the associated costs, with $30.7
billion attributed to heart failure in 2012 and
a projected $69.7 billion annually by 2030.5
Thus, we must direct efforts not only to treatment, but also to prevention.
Preventive efforts would target patients
with ACC/AHA stage A heart failure—those
at high risk for developing but currently without evidence of structural heart disease or
heart failure symptoms (Table 1).7 This group
may represent up to one-third of the US adult
population, or 75 million people, when including the well-recognized risk factors of coronary
artery disease, hypertension, diabetes mellitus,
and chronic kidney disease in those without
left ventricular dysfunction or heart failure.8

Past ACC/AHA heart failure guidelines2
have included recommendations on the use of
biomarkers to aid in diagnosis and prognosis
and, to a lesser degree, to guide treatment of
heart failure. Largely based on 2 trials (see below), the 2017 guidelines go further, issuing
a recommendation on the use of natriuretic
peptide biomarkers in a screening strategy to
prompt early intervention and prevent the
progression to clinical heart failure in highrisk patients (stage A heart failure).
The PONTIAC trial
The NT-proBNP Selected Prevention of
Cardiac Events in a Population of Diabetic
Patients Without a History of Cardiac Disease (PONTIAC) trial9 randomized 300 outpatients with type 2 diabetes mellitus and an
elevated N-terminal proBNP (NT-proBNP)
level (> 125 pg/mL) to standard medical
care vs standard care plus intensive up-titration of renin-angiotensin system antagonists
and beta-blockers in a cardiac clinic over 2
years.
Earlier studies10 had shown NT-proBNP
levels to have predictive value for cardiac
events in diabetic patients, while the neurohormonal treatments were thought to have an
established record of preventing primary and
secondary cardiovascular events. In PONTIAC, a significant reduction was seen in the
primary end point of hospitalization or death
due to cardiac disease (hazard ratio [HR]
0.351, P = .044), as well as in the secondary
end point of hospitalization due to heart failure (P < .05), in the aggressive-intervention
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group. These results laid the foundation for
the larger St. Vincent’s Screening to Prevent
Heart Failure (STOP-HF) trial.11
The STOP-HF trial
The STOP-HF trial randomized 1,235 outpatients who were at high risk but without left
ventricular dysfunction or heart failure symptoms (stage A) to annual screening alone vs
annual screening plus BNP testing, in which
a BNP level higher than 50 pg/mL triggered
echocardiography and evaluation by a cardiologist who would then assist with medications.11
Eligible patients were over age 40 and had
1 or more of the following risk factors:
• Diabetes mellitus
• Hypertension
• Hypercholesterolemia
• Obesity (body mass index > 30 kg/m2)
• Vascular disease (coronary, cerebral, or peripheral arterial disease)
• Arrhythmia requiring treatment
• Moderate to severe valvular disease.
After a mean follow-up of 4.3 years, the
primary end point, ie, asymptomatic left ventricular dysfunction with or without newly
diagnosed heart failure, was found in 9.7% of
the control group and in only 5.9% of the intervention group with BNP screening, a 42%
relative risk reduction (P = .013).
Similarly, the incidence of secondary end
points of emergency hospitalization for a cardiovascular event (arrhythmia, transient ischemic attack, stroke, myocardial infarction,
peripheral or pulmonary thrombosis or embolization, or heart failure) was also lower at 45.2
vs 24.4 per 1,000 patient-years, a 46% relative
risk reduction.
An important difference in medications
between the 2 groups was an increase in subsequently prescribed renin-angiotensin-aldosterone system therapy, mainly consisting of
angiotensin II receptor blockers (ARBs), in
those with elevated BNP in the intervention
group. Notably, blood pressure was about the
same in the 2 groups.11
Although these findings are encouraging,
larger studies are needed, as the lack of blinding, low event rates, and small absolute risk
reduction make the results difficult to generalize.

TABLE 2

Recommendations for measuring biomarkers
in heart failure
Patient group

Classa

At risk of heart failure
BNP or NT-proBNP for prevention

IIa

Ambulatory with new-onset dyspnea
BNP or NT-proBNP for diagnosis

I

With NYHA class II–IV symptoms
BNP or NT-proBNP for prognosis
I
Other biomarkers of myocardial injury or fibrosisb for prognosis IIb
With acute dyspnea in the emergency department
BNP or NT-proBNP for diagnosis
BNP or NT-proBNP, and cardiac troponin for prognosis

I
I

Hospitalized for acute decompensated heart failure
BNP or NT-proBNP, and cardiac troponin for prognosis
I
BNP or NT-proBNP before discharge for prognosis
IIa
Other biomarkers of myocardial injury or fibrosisb for prognosis IIb
a
b

Class of recommendation (I strong, IIa moderate, IIb weak).
For example, soluble ST2 receptor, galectin-3, and high-sensitivity troponin.

BNP = B-type natriuretic peptide; NT-proBNP = N-terminal pro-B-type natriuretic
peptide; NYHA = New York Heart Association
Information from reference 1.

New or modified recommendations
for screening
The 2017 update1 provided a class IIa (moderate) recommendation for natriuretic peptide
biomarker-based screening with subsequent
guideline-based treatment directed by a cardiovascular specialist in patients at high risk
of heart failure but without structural heart
disease or heart failure symptoms (stage A)
(Table 2).
Employing this novel prevention strategy
in the extremely large number of patients with
stage A heart failure, thought to be up to onethird of the US adult population, may serve as
a way to best direct and utilize limited medical
resources.8
■■ BIOMARKERS FOR PROGNOSIS
OR ADDED RISK STRATIFICATION
The 2013 guidelines2 recognized that a significant body of work had accumulated showing
that natriuretic peptide levels can predict out-
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comes in both chronic and acute heart failure.
Thus, in both conditions, the guidelines contained separate class Ia recommendations to obtain a natriuretic peptide level, troponin level,
or both to establish prognosis or disease severity.
The 2017 update1 underscores the importance of timing in measuring natriuretic peptide levels during admission for ADHF, with
emphasis on obtaining them at admission
and at discharge for acute and postdischarge
prognosis. The completely new class IIa recommendation to obtain a predischarge natriuretic peptide level for postdischarge prognosis was based on a number of observational
studies, some of which we explore below.

The model
that included
the discharge
natriuretic
peptide level
was the most
predictive
of death
or rehospitalization
at 1 year
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The ELAN-HF meta-analysis
The European Collaboration on Acute Decompensated Heart Failure (ELAN-HF)12 performed a meta-analysis to develop a discharge
prognostication score for ADHF that included both absolute level and percent change in
natriuretic peptide levels at the time of discharge.
Using data from 7 prospective cohorts totaling 1,301 patients, the authors found that
incorporation of these values into a subsequently validated risk model led to significant
improvements in the ability to predict the
end points of all-cause mortality and the combined end point of all-cause mortality or first
readmission for a cardiovascular reason within
180 days.
The OPTIMIZE-HF retrospective analysis
Data from the Organized Program to Initiate
Lifesaving Treatment in Hospitalized Patients
With Heart Failure (OPTIMIZE-HF) were retrospectively analyzed13 to determine whether
postdischarge outcomes were best predicted by
natriuretic peptide levels at admission or discharge or by the relative change in natriuretic
peptide level. More than 7,000 patients age 65
or older, in 220 hospitals, were included, and
Cox prediction models were compared using
clinical variables alone or in combination with
the natriuretic peptide levels.
The model that included the discharge
natriuretic peptide level was found to be the
most predictive, with a c-index of 0.693 for
predicting mortality and a c-index of 0.606 for
mortality or rehospitalization at 1 year.

New or modified recommendations
on biomarkers for prognosis
The 2017 update1 modified the earlier recommendation to obtain a natriuretic peptide or
troponin level or both at admission for ADHF
to establish prognosis. This now has a class Ia
recommendation, emphasizing that such levels be obtained on admission. In addition, a
new class IIa recommendation is made to obtain a predischarge natriuretic peptide level
for postdischarge prognosis. The former class
Ia recommendation to obtain a natriuretic
peptide level in chronic heart failure to establish prognosis or disease severity remains
unchanged.
Also worth noting is what the 2017 update
does not recommend in regard to obtaining biomarker levels. It emphasizes that many patients,
particularly those with advanced (stage D) heart
failure, have a poor prognosis that is well established with or without biomarker levels. Additionally, there are many cardiac and noncardiac
causes of natriuretic peptide elevation; thus,
clinical judgment remains paramount.
The 2017 update1 also cautions against setting targets of percent change in or absolute
levels of natriuretic peptide at discharge despite observational and retrospective studies
demonstrating better outcomes when levels
are reduced, as treating for any specific target
has never been studied in a large prospective
study. Thus, doing so may result in unintended
harm. Rather, clinical judgment and optimization of guideline-directed management and
therapy are encouraged (Table 2).
■■ PHARMACOLOGIC TREATMENT
FOR STAGE C HFpEF
Although the 2013 guidelines2 contain many
class I recommendations for various medications in chronic HFrEF, not a single such recommendation is found for chronic HFpEF. A
review by Okwuosa et al7 covered HFrEF, including the most recent additions on which
the 2016 update was based, sacubitril-valsartan and ivabradine. The 2016 update was similarly devoid of recommendations regarding
specific medications in HFpEF, leaving only
the 2013 class IIb recommendation to consider using an ARB to decrease hospitalizations
in HFpEF.
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Evidence behind this recommendation
came from the Candesartan in Heart Failure
Assessment of Reduction in Mortality and
Morbidity program’s randomized controlled
trial in 3,025 patients with New York Heart
Association (NYHA) class II to IV heart failure and left ventricular ejection fraction over
40%, who were treated with candesartan or
placebo.14 Over a median follow-up of 36.6
months, there was no significant difference in
the primary composite outcome of cardiovascular death or admission for heart failure, but
significantly fewer patients in the candesartan
arm were admitted (230 vs 270, P = .017).
Thus the recommendation.
Although this finding was encouraging, it
was clear that no blockbuster drug for HFpEF
had been identified. Considering that roughly
half of all heart failure patients have preserved
ejection fraction, the discovery of such a drug for
HFpEF would be met with much excitement.15
Subsequently, other medication classes have
been evaluated in the hope of benefit, allowing
the 2017 update to provide specific recommendations for aldosterone antagonists, nitrates, and
phosphodiesterase-5 inhibitors in HFpEF.
■■ ALDOSTERONE ANTAGONISTS FOR HFpEF
Mineralocorticoid receptor antagonists had
previously been shown to significantly reduce
morbidity and mortality rates in patients with
HFrEF.16 In addition to aldosterone’s effects on
sodium retention and many other pathophysiologic mechanisms relating to heart failure,
this hormone is also known to play a role in
promoting myocardial fibrosis.17 Accordingly,
some have wondered whether aldosterone antagonists could improve diastolic dysfunction,
and perhaps outcomes, in HFpEF.
The Aldo-DHF trial
The Aldosterone Receptor Blockade in Diastolic Heart Failure (Aldo-DHF) trial investigated whether the aldosterone antagonist
spironolactone would improve diastolic function or maximal exercise capacity in chronic
HFpEF.18 It randomized 422 ambulatory patients with NYHA stage II or III heart failure,
preserved left ventricular ejection fraction (≥
50%), and echocardiographic evidence of diastolic dysfunction to receive spironolactone
25 mg daily or placebo.

Although no significant difference was
seen in maximal exercise capacity, follow-up
over 1 year nevertheless showed significant
improvement in echocardiographic diastolic
dysfunction (E/e') and perhaps reverse remodeling (decreased left ventricular mass
index). These improvements spurred larger
trials powered to detect whether clinical outcomes could also be improved.
The TOPCAT trial
The Treatment of Preserved Cardiac Function
Heart Failure With an Aldosterone Antagonist
(TOPCAT) trial19 was a large, multicenter, international, double-blind, placebo-controlled
trial that investigated whether spironolactone
could improve clinical outcomes in HFpEF. It
randomized 3,445 patients with symptomatic
heart failure and left ventricular ejection fraction of 45% or more to spironolactone 15 to
45 mg daily or placebo.
The effect on a composite primary outcome
of death from cardiovascular cause, aborted
cardiac arrest, or hospitalization for heart failure was evaluated over a mean follow-up of
3.3 years, with only a small (HR 0.89), nonclinically significant reduction evident. Those
in the spironolactone group did have a significantly lower incidence of hospitalization for
heart failure (12.0% vs 14.2%, P = .04).
Although the results were disappointing
in this essentially negative trial, significant
regional variations evident on post hoc analysis prompted further investigation and much
controversy since the trial’s publication in
2014.
Participants came in roughly equal proportions from the Americas (United States,
Canada, Brazil, and Argentina—51%) and
from Russia and Georgia (49%), but outcomes between the two groups were markedly different. Concern was first raised when
immediate review discovered a 4-fold lower
rate of the primary outcome in the placebo
groups from Russia and Georgia (8.4%), a
rate in fact similar to that in patients without heart failure.19 This led to further exploration that identified other red flags that
called into question the data integrity from
the non-American sites.20
Not only did patients receiving spironolactone in Russia and Georgia not experience the

TOPCAT:
Disregarding
suspect data
strengthened
evidence of
spironolactone
benefit

CL EVEL AND CL I NI C J O URNAL O F M E DI CI NE    V O L UM E 86 • NUM BE R 2   F E BRUARY 2019

127

HEART FAILURE GUIDELINES

TABLE 3

Recommendations for patients with
heart failure with preserved ejection fraction
Recommendation

Classa

Aldosterone receptor antagonistsb

IIb

Angiotensin II receptor blockers

IIb

Routine use of nitrates or phosphodiesterase-5
inhibitors is ineffective

III

Class of recommendation (I strong, IIa moderate, IIb weak, III no benefit).
In patients with ejection fraction ≥ 45%, elevated B-type natriuretic peptide levels
or heart failure admission within 1 year, estimated glomerular filtration rate > 30 mL/
min, creatinine < 2.5 mg/dL, potassium < 5.0 mmol/L.
a

b

Information from reference 1.

reduction in clinical outcomes seen in their
American counterparts, they also did not
manifest the expected elevations in potassium
and creatinine, and spironolactone metabolites were undetectable in almost one-third of
patients.21
These findings prompted a post hoc analysis that included only the 51% (1,767 paA weak
tients) of the study population coming from
the Americas; in this subgroup, treatment
(class IIb)
recommendation with spironolactone was associated with a
statistically significant 18% relative risk refor aldosterone duction in the primary composite outcome,
a 26% reduction in cardiovascular mortality,
receptor
and an 18% reduction in hospitalization for
antagonists
heart failure.20

in HFpEF

New or modified recommendations
on aldosterone receptor antagonists
Recognizing both the encouraging data
above and the limitations of post hoc analyses, the 2017 focused update provides a class
IIb (weak) recommendation stating that
aldosterone receptor antagonists might be
considered to decrease hospitalizations in
appropriately selected patients with HFpEF
(Table 3).1
Nitrates and phosphodiesterase-5 inhibitors
Earlier studies indicated that long-acting nitrates are prescribed in 15% to 50% of patients
with HFpEF, perhaps based on extrapolation
from studies in HFrEF suggesting that they
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might improve exercise intolerance.22 Some
have speculated that the hemodynamic effects
of nitrates, such as decreasing pulmonary congestion, might improve exercise intolerance
in those with the stiff ventricles of HFpEF as
well, prompting further study.
The NEAT-HFpEF trial
The Nitrate’s Effect on Activity Tolerance
in Heart Failure With Preserved Ejection
Fraction (NEAT-HFpEF) trial22 investigated
whether extended-release isosorbide mononitrate would increase daily activity levels
in patients with HFpEF. This double-blind,
crossover study randomized 110 patients with
HFpEF (ejection fraction ≥ 50%) and persistent dyspnea to escalating doses of isosorbide
mononitrate or placebo over 6 weeks, then
to the other arm for another 6 weeks. Daily
activity levels during the 120-mg phase were
measured with a continuously worn accelerometer.
No beneficial effect of nitrates was evident,
with a nonsignificant trend towards decreased
activity levels, a significant decrease in hours
of activity per day (–0.30 hours, P = .02), and
no change in the other secondary end points
such as quality-of-life score, 6-minute walk
distance, or natriuretic peptide level.
Suggested explanations for these negative findings include the possibility of rapid
dose escalation leading to increased subtle
side effects (headache, dizziness, fatigue)
that, in turn, decreased activity. Additionally, given the imprecise diagnostic criteria
for HFpEF, difficulties with patient selection
may have led to inclusion of a large number
of patients without elevated left-sided filling pressures.23
The RELAX trial
The Phosphodiesterase-5 Inhibition to Improve Clinical Status and Exercise Capacity in
Heart Failure With Preserved Ejection Fraction (RELAX) trial24 investigated whether the
phosphodiesterase-5 inhibitor sildenafil would
improve exercise capacity in HFpEF. Improvements in both exercise capacity and clinical
outcomes had already been seen in earlier trials in patients with pulmonary hypertension,
as well as in those with HFrEF.25 A smaller
study in HFpEF patients with pulmonary hypertension was also encouraging.26
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Thus, it was disappointing that, after
randomizing 216 outpatients with HFpEF to
sildenafil or placebo for 24 weeks, no benefit
was seen in the primary end point of change in
peak oxygen consumption or in secondary end
points of change in 6-minute walk distance or
composite clinical score. Unlike in NEATHFpEF, patients here were required to have
elevated natriuretic peptide levels or elevated
invasively measured filling pressures.
The study authors speculated that pulmonary arterial hypertension and right ventricular
systolic failure might need to be significant for
patients with HFpEF to benefit from phosphodiesterase-5 inhibitors, with their known effects of dilation of pulmonary vasculature and
increasing contractility of the right ventricle.24
New or modified recommendations
on nitrates or phosphodiesterase-5 drugs
Given these disappointing results, the 2017
update provides a class III (no benefit) recommendation against the routine use of nitrates
or phosphodiesterase-5 inhibitors to improve
exercise tolerance or quality of life in HFpEF,
citing them as ineffective (Table 3).1
■■ IRON DEFICIENCY IN HEART FAILURE
Not only is iron deficiency present in roughly
50% of patients with symptomatic heart failure (stage C and D HFrEF),27 it is also associated with increased heart failure symptoms
such as fatigue and exercise intolerance,28 reduced functional capacity, decreased quality
of life, and increased mortality.
Notably, this association exists regardless
of the hemoglobin level.29 In fact, even in
those without heart failure or anemia, iron deficiency alone results in worsened aerobic performance, exercise intolerance, and increased
fatigue.30 Conversely, improvement in symptoms, exercise tolerance, and cognition have
been shown with repletion of iron stores in
such patients.31
At the time of the 2013 guidelines, only a
single large trial of intravenous iron in HFrEF
and iron deficiency had been carried out (see
below), and although the results were promising, it was felt that the evidence base on
which to make recommendations was inadequate. Thus, recommendations were deferred
until more data could be obtained.

Of note, in all the trials discussed below,
iron deficiency was diagnosed in the setting of
heart failure as ferritin less than 100 mg/mL
(absolute iron deficiency) or as ferritin 100
to 300 mg/mL with transferrin saturation less
than 20% (relative deficiency).32
The CONFIRM-HF trial
As in the Ferinject Assessment in Patients
With Iron Deficiency and Chronic Heart Failure (FAIR-HF) trial,33 the subsequent Ferric
Carboxymaltose Evaluation on Performance
in Patients With Iron Deficiency in Combination With Chronic Heart Failure (CONFIRMHF) trial34 involved the intravenous infusion
of iron (ferric carboxymaltose) in outpatients
with symptomatic HFrEF and iron deficiency.
It showed that benefits remained evident with
a more objective primary end point (change
in 6-minute walk test distance at 24 weeks),
and that such benefits were sustained, as seen
in numerous secondary end points related to
functional capacity at 52 weeks. Benefits in
CONFIRM-HF were evident independently
from anemia, specifically whether hemoglobin
was under or over 12 g/dL.
Although these results were promising,
it remained unclear whether such improveIron deficiency
ments could be obtained with a much easier
to administer, more readily available, and less is present
expensive oral iron formulation.
in roughly 50%
The IRONOUT-HF trial
of symptomatic
The Iron Repletion Effects on Oxygen Upheart failure
take in Heart Failure (IRONOUT-HF) trial35
investigated whether oral, rather than intra- patients
venous, iron supplementation could improve
peak exercise capacity in patients with HFrEF
and iron deficiency. This double-blind, placebo-controlled trial randomized 225 patients
with NYHA class II to IV HFrEF and iron
deficiency to treatment with oral iron polysaccharide (150 mg twice daily) or placebo for 16
weeks.
Contrary to the supportive findings above,
no significant change was seen in the primary
end point of change in peak oxygen uptake or
in any of the secondary end points (change in
6-minute walk, quality of life). Also, despite
a 15-fold increase in the amount of iron administered in oral form compared with intravenously, little change was evident in the
indices of iron stores over the course of the
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TABLE 4

Recommendations for managing
blood pressure in heart failure
Patient group

Classa

With hypertension at increased risk
< 130/80 mm Hg should be the optimal blood pressure

I

With heart failure with reduced ejection fraction
Guideline-directed medical treatment titrated to attain a
blood pressure of < 130/80 mm Hg
Nondihydropyridine calcium channel blockers not
recommended
With heart failure with preserved ejection fraction
and symptoms of volume overload
Diuretics to control hypertension

I
III

I

With heart failure with preserved ejection fraction
and persistent hypertension after management
of volume overload
Guideline-directed medical therapy titrated to attain systolic I
blood pressure < 130 mm Hg. Although there are limited
data to guide the choice of antihypertensive therapy in HFpEF,
preferred agents include RAAS inhibition with ACE-I, ARB, and
mineralocorticoid receptor antagonists (spironolactone).
Nitrates not recommended in HFpEF, unless given for symptom- III
atic coronary artery disease, due to association with a signal of
harm or decreased exercise tolerance.
Class of recommendation (I strong, III no benefit).
ACE-I = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker;
HFpEF = heart failure with preserved ejection fraction; RAAS = renin-angiotensinaldosterone system

a

Information from reference 1.

study, with only a 3% increase in transferrin
saturation and an 11 ng/mL increase in ferritin. The intravenous trials resulted in a 4-fold
greater increase in transferrin saturation and a
20-fold greater increase in ferritin.36
What keeps heart failure patients from
absorbing oral iron? It is unclear why oral
iron administration in HFrEF, such as in
IRONOUT-HF, seems to be so ineffective,
but hepcidin—a protein hormone made by
the liver that shuts down intestinal iron
absorption and iron release from macrophages—may play a central role.37 When iron
stores are adequate, hepcidin is upregulated
to prevent iron overload. However, hepcidin
is also increased in inflammatory states, and
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chronic heart failure is often associated with
inflammation.
With this in mind, the IRONOUT-HF
investigators measured baseline hepcidin levels at the beginning and at the end of the 16
weeks and found that high baseline hepcidin
levels predicted poorer response to oral iron.
Other inflammatory mediators, such as interleukin 6, may also play a role.38,39 Unlike oral
iron formulations such as iron polysaccharide,
intravenous iron (ferric carboxymaltose) bypasses these regulatory mechanisms, which
may partly explain its much more significant
effect on the indices of iron stores and outcomes.
New or modified recommendations on iron
The 2017 update1 makes recommendations
regarding iron deficiency and anemia in heart
failure for the first time.
A class IIb recommendation states that it
might be reasonable to treat NYHA class II
and III heart failure patients with iron deficiency with intravenous iron to improve
functional status and quality of life. A strong
recommendation has been deferred until
more is known about morbidity and mortality effects from adequately powered trials,
some of which are under way and explored
further below.
The 2017 update also withholds any recommendations regarding oral iron supplementation in heart failure, citing an uncertain evidence base. Certainly, the subsequent
IRONOUT-HF trial does not lend enthusiasm
for this approach.
Lastly, given the lack of benefit coupled
with the increased risk of thromboembolic
events evident in a trial of darbepoetin alfa vs
placebo in non-iron deficiency-related anemia
in HFrEF,40,41 the 2017 update provides a class
III (no benefit) recommendation against using erythropoietin-stimulating agents in heart
failure and anemia.
■■ HYPERTENSION IN HEART FAILURE
The 2013 guidelines for the management of
heart failure simply provided a class I recommendation to control hypertension and lipid
disorders in accordance with contemporary
guidelines to lower the risk of heart failure.1
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SPRINT
The Systolic Blood Pressure Intervention Trial (SPRINT)42 sought to determine whether
a lower systolic blood pressure target (120 vs
140 mm Hg) would reduce clinical events in
patients at high risk for cardiovascular events
but without diabetes mellitus. Patients at
high risk were defined as over age 75, or with
known vascular disease, chronic kidney disease, or a Framingham Risk Score higher than
15%. This multicenter, open-label controlled
trial randomized 9,361 patients to intensive
treatment (goal systolic blood pressure < 120
mm Hg) or standard treatment (goal systolic
blood pressure < 140 mm Hg).
SPRINT was stopped early at a median follow-up of 3.26 years when a 25% relative risk
reduction in the primary composite outcome
of myocardial infarction, other acute coronary
syndromes, stroke, heart failure, or death from
cardiovascular causes became evident in the
intensive-treatment group (1.65% vs 2.19%
per year, HR 0.75, P < .0001).
All-cause mortality was also lower in the
intensive-treatment group (HR 0.73, P = .003),
while the incidence of serious adverse events
(hypotension, syncope, electrolyte abnormalities, acute kidney injury, and noninjurious falls)
was only slightly higher (38.3% vs 37.1%, P =
.25). Most pertinent, a significant 38% relative risk reduction in heart failure and a 43%
relative risk reduction in cardiovascular events
were also evident.
Of note, blood pressure measurements
were taken as the average of 3 measurements
obtained by an automated cuff taken after the
patient had been sitting quietly alone in a
room for 5 minutes.
New or modified recommendations
on hypertension in heart failure
Given the impressive 25% relative risk reduction in myocardial infarction, other acute coronary syndromes, stroke, heart failure, or death
from cardiovascular causes in SPRINT,42 the
2017 update1 incorporated the intensive targets
of SPRINT into its recommendations. However,
to compensate for what are expected to be higher
blood pressures obtained in real-world clinical
practice as opposed to the near-perfect conditions used in SPRINT, a slightly higher blood
pressure goal of less than 130/80 mm Hg was set.

Specific blood pressure guidelines have
not been given for stage A heart failure in the
past. However, as for other new approaches to
prevent heart failure in this update and given
the 38% relative risk reduction in heart failure seen in SPRINT, a class I recommendation is given to target a blood pressure goal
of less than 130/80 mm Hg in stage A heart
failure with hypertension (Table 4).
Although not specifically included in
SPRINT, given the lack of trial data on specific blood pressure targets in HFrEF and the
decreased cardiovascular events noted above,
a class I (level of evidence C, expert opinion) recommendation to target a goal systolic
blood pressure less than 130 mm Hg in stage C
HFrEF with hypertension is also given. Standard guideline-directed medications in the
treatment of HFrEF are to be used (Table 4).
Similarly, a new class I (level of evidence
C, expert opinion) recommendation is given
for hypertension in HFpEF to target a systolic
blood pressure of less than 130 mm Hg, with
special mention to first manage any element
of volume overload with diuretics. Other than
avoiding nitrates (unless used for angina) and
phosphodiesterase inhibitors, it is noted that
few data exist to guide the choice of antihypertensive further, although perhaps reninangiotensin-aldosterone system inhibition,
especially aldosterone antagonists, may be
considered. These recommendations are fully
in line with the 2017 ACC/AHA high blood
pressure clinical practice guidelines,43 ie, that
renin-angiotensin-aldosterone system inhibition with an angiotensin-converting enzyme
(ACE) inhibitor or ARB and especially mineralocorticoid receptor antagonists would be
the preferred choice (Table 4).

SPRINT:
38% lower
risk of heart
failure and 43%
lower risk of
cardiovascular
events
with intensive
treatment

■■ SLEEP-DISORDERED BREATHING
IN HEART FAILURE
Sleep-disordered breathing, either obstructive
sleep apnea (OSA) or central sleep apnea, is
quite commonly associated with symptomatic
HFrEF.44 Whereas OSA is found in roughly
18% and central sleep apnea in 1% of the general population, sleep-disordered breathing is
found in nearly 60% of patients with HFrEF,
with some studies showing a nearly equal proportion of OSA and central sleep apnea.45 A
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TABLE 5

Studies of sleep-disordered breathing
in heart failure
SERVE-HF54 (Treatment of Sleep-Disordered Breathing With
Predominant Central Sleep Apnea by Adaptive Servo
Ventilation in Patients With Heart Failure)
Aim: To determine whether adaptive servo-ventilation, a form of
noninvasive ventilation that automatically adjusts to give the right
amount of inspiratory pressure support upon inhalation, vs standard
therapy alone could decrease morbidity and mortality in heart failure
with reduced ejection fraction and predominantly central sleep apnea
as was suggested by a post hoc analysis of a previous trial.52
Design: Multicenter, single-blind randomized controlled trial, N = 1,325
Primary end point: Composite end point of time to event for death
from any cause, lifesaving cardiovascular intervention (transplant, left
ventricular assist device, defibrillation), or unplanned hospitalization
for heart failure over 5 years.
Findings: Not only was there no significant change in the primary
end point, the treatment arm actually showed a significant increase in
cardiovascular (hazard ratio 1.34, P = .0006) and all-cause (hazard ratio 1.28, P = .01) mortality. One prominent but hotly debated hypothesis is that the Cheyne-Stokes respirations in central sleep apnea are
compensatory in severe heart failure, perhaps allowing the pulmonary
musculature to rest, attenuating sympathetic nervous system activity,
and avoiding acidosis due to hypercapnia.
SAVE56 (Sleep Apnea Cardiovascular Endpoints)
Aim: To determine whether continuous positive airway pressure
(CPAP) plus standard therapy vs standard therapy alone would decrease cardiovascular events in patients with moderate to severe obstructive sleep apnea and known coronary or cerebrovascular disease.
Design: Multicenter, randomized controlled trial, N = 2,717
Primary end point: Composite end point of death from cardiovascular cause, myocardial infarction, stroke, or hospitalization for unstable
angina, heart failure, or transient ischemic attack over nearly 4 years.
Secondary end points: Cardiovascular secondary end points
included the individual components of the primary composite end point,
other composites of cardiovascular events, revascularization procedures,
new-onset atrial fibrillation, new-onset diabetes mellitus, and death
from any cause. Noncardiovascular end points included daytime sleepiness, snoring, mood (depression, anxiety), and quality-of-life scores.
Findings: Contrary to prior observational studies and despite a
marked improvement in apneic-hypopneic events with CPAP (29/hour
to 3.7/hour), no significant difference in the primary composite end
point (17% vs 15.4%, P = .34) or cardiovascular secondary end points
was evident. Significant improvement was seen in the noncardiovascular secondary end points such as daytime sleepiness, snoring, mood
(depression, anxiety), and quality-of-life scores.
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similar prevalence is seen in HFpEF, although
with a much higher proportion of OSA.46
Central sleep apnea tends to be a marker of
more severe heart failure, as it is strongly associated with severe cardiac systolic dysfunction
and worse functional capacity.47
Not surprisingly, the underlying mechanism of central sleep apnea is quite different
from that of OSA. Whereas OSA predominantly occurs because of repeated obstruction
of the pharynx due to nocturnal pharyngeal
muscle relaxation, no such airway patency
issues or strained breathing patterns exist in
central sleep apnea. Central sleep apnea,
which can manifest as Cheyne-Stokes respirations, is thought to occur due to an abnormal ventilatory control system with complex
pathophysiology such as altered sensitivity of
central chemoreceptors to carbon dioxide, interplay of pulmonary congestion, subsequent
hyperventilation, and prolonged circulation
times due to reduced cardiac output.48
What the two types of sleep-disordered
breathing have in common is an association
with negative health outcomes. Both appear
to induce inflammation and sympathetic nervous system activity via oxidative stress from
intermittent nocturnal hypoxemia and hypercapnea.49 OSA was already known to be associated with significant morbidity and mortality rates in the general population,50 and
central sleep apnea had been identified as an
independent predictor of mortality in HFrEF.51
At the time of the 2013 guidelines, only
small or observational studies with limited
results had been done evaluating treatment
effects of continuous positive airway pressure
therapy (CPAP) on OSA and central sleep
apnea. Given the relative paucity of data, only
a single class IIa recommendation stating that
CPAP could be beneficial to increase left ventricular ejection fraction and functional status
in concomitant sleep apnea and heart failure
was given in 2013. However, many larger trials were under way,52–59 some with surprising
results such as a significant increase in cardiovascular and all-cause mortality (Table 5).54
New or modified recommendations
on sleep-disordered breathing
Stemming from several trials,54,56 3 new recommendations on sleep-disordered breathing
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were made in the 2017 update (Table 6).
Given the common association with heart
failure (60%)45 and the marked variation in
response to treatment, including potential
for harm with adaptive servo-ventilation and
central sleep apnea, a class IIa recommendation is made stating that it is reasonable to obtain a formal sleep study in any patient with
symptomatic (NYHA class II–IV) heart failure.1
Due to the potential for harm with adaptive servo-ventilation in patients with central
sleep apnea and NYHA class II to IV HFrEF,
a class III (harm) recommendation is made
against its use.
Largely based on the results of the Sleep
Apnea Cardiovascular Endpoints (SAVE)
trial,56 a class IIb, level of evidence B-R (moderate, based on randomized trials) recommendation is given, stating that the use of CPAP
in those with OSA and known cardiovascular
disease may be reasonable to improve sleep
quality and reduce daytime sleepiness.
■■ POTENTIAL APPLICATIONS IN ACUTE
DECOMPENSATED HEART FAILURE
Although the 2017 update1 is directed mostly
toward managing chronic heart failure, it is
worth considering how it might apply to the
management of ADHF.
■■ SHOULD WE USE BIOMARKER TARGETS
TO GUIDE THERAPY IN ADHF?
The 2017 update1 does offer direct recommendations regarding the use of biomarker levels during admissions for ADHF. Mainly, they emphasize that the admission biomarker levels provide
valuable information regarding acute prognosis
and risk stratification (class I recommendation),
while natriuretic peptide levels just before discharge provide the same for the postdischarge
timeframe (class IIa recommendation).
The update also explicitly cautions against
using a natriuretic peptide level-guided treatment strategy, such as setting targets for predischarge absolute level or percent change in
level of natriuretic peptides during admissions
for ADHF. Although observational and retrospective studies have shown better outcomes
when levels are reduced at discharge, treating
for any specific inpatient target has never been

TABLE 6

Recommendations on sleep apnea
in heart failure
Patient group

Classa

With New York Heart Association (NYHA) class II–
IV heart failure and suspicion of sleep-disordered
breathing or excessive daytime sleepiness
A formal sleep assessment to distinguish obstructive vs
central sleep apnea is reasonable
With cardiovascular disease and obstructive
sleep apnea
Continuous positive airway pressure may be reasonable to
improve sleep apnea and reduce daytime sleepiness
With NYHA class II–IV heart failure with reduced
ejection fraction and central sleep apnea
Adaptive servo-ventilation causes harm

IIa

IIb

III

Class of recommendation (IIa moderate, IIb weak, III harm).

a

Information from reference 1.

tested in any large, prospective study; thus,
doing so could result in unintended harm.
So what do we know?
McQuade et al systematic review
McQuade et al57 performed a systematic review of more than 40 ADHF trials, which
showed that, indeed, patients who achieved a
target absolute natriuretic peptide level (BNP
≤ 250 pg/mL) or percent reduction (≥ 30%) at
time of discharge had significantly improved
outcomes such as reduced postdischarge allcause mortality and rehospitalization rates.
However, these were mostly prospective cohort studies that did not use any type of natriuretic peptide level-guided treatment protocol, leaving it unclear whether such a strategy
could positively influence outcomes.
For this reason, both McQuade et al57
and, in an accompanying editorial, Felker et
al58 called for properly designed, randomized
controlled trials to investigate such a strategy.
Felker noted that only 2 such phase II trials in
ADHF have been completed,59,60 with unconvincing results.

Sleepdisordered
breathing
is found
in nearly 60%
of patients
with HFrEF

PRIMA II
The Multicenter, Randomized Clinical Trial
to Study the Impact of In-hospital Guidance for Acute Decompensated Heart Failure
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Patients
with lower
biomarker
levels
at discharge
do better,
but biomarkerdirected
therapy
has been
disappointing
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Treatment by a Predefined NT-ProBNP Target
on the Reduction of Readmission and Mortality Rates (PRIMA II)60 randomized patients to
natriuretic peptide level-guided treatment or
standard care during admission for ADHF.
Many participants (60%) reached the predetermined target of 30% reduction in natriuretic peptide levels at the time of clinical
stabilization and randomization; 405 patients
were randomized. Patients in the natriuretic
peptide level-guided treatment group underwent a prespecified treatment algorithm, with
repeat natriuretic peptide levels measured
again after the protocol.
Natriuretic peptide-guided therapy failed
to show any significant benefit in any clinical
outcomes, including the primary composite
end point of mortality or heart failure readmissions at 180 days (36% vs 38%, HR 0.99,
95% confidence interval 0.72–1.36). Consistent with the review by McQuade et al,57
achieving the 30% reduction in natriuretic
peptide at discharge, in either arm, was associated with a better prognosis, with significantly
lower mortality and readmission rates at 180
days (HR 0.39 for rehospitalization or death,
95% confidence interval 0.27–0.55).
As in the observational studies, those who
achieved the target natriuretic peptide level
at the time of discharge had a better prognosis than those who did not, but neither study
showed an improvement in clinical outcomes
using a natriuretic peptide level-targeting
treatment strategy.
No larger randomized controlled trial
results are available for guided therapy in
ADHF. However, additional insight may be
gained from a subsequent trial61 that evaluated biomarker-guided titration of guidelinedirected medical therapy in outpatients with
chronic HFrEF.
The GUIDE-IT trial
That trial, the Guiding Evidence Based Therapy Using Biomarker Intensified Treatment in
Heart Failure (GUIDE-IT)61 trial, was a large
multicenter attempt to determine whether a
natriuretic peptide-guided treatment strategy was more effective than standard care in
the management of 894 high-risk outpatients
with chronic HFrEF. Earlier, promising results
had been obtained in a meta-analysis62 of more

than 11 similar trials in 2,000 outpatients,
with a decreased mortality rate (HR 0.62)
seen in the biomarker-guided arm. However,
the results had not been definitive due to being underpowered.62
Unfortunately, the results of GUIDE-IT
were disappointing, with no significant difference in either the combined primary end
point of mortality or hospitalization for heart
failure, or the secondary end points evident
at 15 months, prompting early termination
for futility.61 Among other factors, the study
authors postulated that this may have partly
resulted from a patient population with more
severe heart failure and resultant azotemia,
limiting the ability to titrate neurohormonal
medications to the desired dosage.
The question of whether patients who
cannot achieve such biomarker targets need
more intensive therapy or whether their heart
failure is too severe to respond adequately
echoes the question often raised in discussions
of inpatient biomarker-guided therapy.58 Thus,
only limited insight is gained, and it remains
unclear whether a natriuretic peptide-guided
treatment strategy can improve outpatient
or inpatient outcomes. Until this is clarified,
clinical judgment and optimization of guideline-directed management and therapy should
remain the bedrock of treatment.
■■ SHOULD ALDOSTERONE ANTAGONISTS
BE USED IN ACUTE HFpEF?
Given the encouraging results in chronic HFpEF from post hoc analyses of TOPCAT, are
there any additional recent data suggesting a
role for aldosterone antagonists such as spironolactone in acute HFpEF?
The ATHENA-HF trial
The Aldosterone Targeted Neurohormonal
Combined With Natriuresis Therapy in Heart
Failure (ATHENA-HF) trial63 compared
treatment with high-dose spironolactone (100
mg) for 96 hours vs usual care in 360 patients
with ADHF. The patient population included
those with HFrEF and HFpEF, and usual care
included low-dose spironolactone (12.5–25
mg) in roughly 15% of patients. High-dose
mineralocorticoid receptor antagonists have
been shown to overcome diuretic resistance,
improve pulmonary vascular congestion, and
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partially combat the adverse neurohormonal
activation seen in ADHF.
Unfortunately, the trial was completely
neutral in regard to the primary end point of
reduction in natriuretic peptide levels as well
as to the secondary end points of 30-day mortality rate, heart failure readmission, clinical
congestion scores, urine output, and change
in weight. No suggestion of additional benefit was seen in subgroup analysis of patients
with acute HFpEF (ejection fraction > 45%),
which yielded similar results.63
Given these lackluster findings, routine use
of high-dose spironolactone in ADHF is not
recommended.64 However, the treatment was
well tolerated, without significant adverse effects of hyperkalemia or kidney injury, leaving
the door open as to whether it may have utility
in selected patients with diuretic resistance.
Should ARNIs and ivabradine be started
during ADHF admissions?
The first half of the focused update3 of the
2013 guidelines,2 reviewed by Okwuosa et al,7
provided recommendations for the use of sacubitril-valsartan, an angiotensin-neprilysin
inhibitor (ARNI), and ivabradine, a selective sinoatrial node If channel inhibitor, in
chronic HFrEF.
Sacubitril-valsartan was given a class I recommendation for use in patients with NYHA
class II or III chronic HFrEF who tolerate an
ACE inhibitor or an ARB. This recommendation was given largely based on the benefits in
mortality and heart failure hospitalizations seen
in PARADIGM-HF (the Prospective Comparison of ARNI With ACEI to Determine Impact
on Global Mortality and Morbidity in Heart
Failure)65 compared with enalapril (HR 0.80,
95% CI 0.73–0.87, P < .001).
There is currently no recommendation on
initiation or use of ARNIs during admissions
for ADHF, but a recent trial may lend some
insight.66
THE PIONEER-HF trial
The Comparison of Sacubitril/Valsartan vs
Enalapril on Effect on NT-proBNP in Patients Stabilized From an Acute Heart Failure Episode (PIONEER-HF) trial66 randomized patients admitted for acute HFrEF, once
stabilized, to sacubitril-valsartan or enalapril.
Encouragingly, the percentage change of na-

triuretic peptide levels from the time of inpatient initiation to 4 and 8 weeks thereafter,
the primary efficacy end point, was 46.7%
with sacubitril-valsartan versus 25.3% with
enalapril alone (ratio of change 0.71, 95% CI
0.63–0.81, P < .001). Although not powered
for such, a prespecified analysis of a composite of clinical outcomes was also favorable for
sacubitril-valsartan, largely driven by a 44%
decreased rate of rehospitalization. More definitive, and quite reassuring, was that no significant difference was seen in the key safety
outcomes of worsening renal function, hyperkalemia, symptomatic hypotension, and angioedema. These results were also applicable
to the one-third of study participants who had
no former diagnosis of heart failure, the onethird identifying as African American, and
the one-third who had not been taking an
ACE inhibitor or ARB. These results, taken
together with the notion that at study completion the patients become similar to those
included in PARADIGM-HF, have led some
to assert that PIONEER-HF has the potential
to change clinical practice.
Ivabradine was given a class IIa recommendation for use in patients with NYHA
class II or III chronic HFrEF with a resting
heart rate of at least 70 bpm, in sinus rhythm,
despite being on optimal medical therapy including a beta-blocker at a maximum tolerated dose.
This recommendation was largely based
on SHIFT (Systolic Heart Failure Treatment
With the If Inhibitor Ivabradine Trial), which
randomized patients to ivabradine or placebo
to evaluate the effects of isolated lowering of
the heart rate on the composite primary outcome of cardiovascular death or hospitalization. A significant reduction was seen in the
ivabradine arm (HR 0.82, 95% CI 0.75–0.90,
P < .0001), mainly driven by decreased hospitalizations.67
Subsequently, a small unblinded singlecenter study was undertaken to evaluate the
efficacy and safety of initiating ivabradine
during admissions for ADHF.68

Routine use
of high-dose
spironolactone
is not
recommended

THE ETHIC-AHF trial
The Effect of Early Treatment With Ivabradine Combined With Beta-Blockers vs
Beta-Blockers Alone in Patients Hospital-
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TABLE 7

Iron deficiency in heart failure: Upcoming trials
FAIR-HF271 (Intravenous Iron in Patients With Systolic Heart Failure
and Iron Deficiency to Improve Morbidity and Mortality)
Estimated completion: October 2020
AFFIRM-AHF72 (Study to Compare Ferric Carboxymaltose With Placebo in Patients With Acute Heart Failure and Iron Deficiency)
Estimated completion: June 2019
HEART-FID73 (Randomized Placebo-controlled Trial of FCM as Treatment for Heart Failure With Iron Deficiency)
Estimated completion: January 2021
IRONMAN74 (Effectiveness of intravenous iron treatment vs standard
care in patients with heart failure and iron deficiency)
Estimated completion: February 2021

Large-scale
trials
of intravenous
iron therapy
in HFrEF
are under way
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ized With Heart Failure and Reduced Left
Ventricular Ejection Fraction (ETHIC-AHF)
trial68 sought to determine the safety and effectiveness of early coadministration of ivabradine with beta-blockers in patients with
acute HFrEF.
This single-center, unblinded study randomized 71 patients to ivabradine and betablockade or beta-blockade alone upon clinical
stabilization (24–48 hours) after admission for
acute decompensated HFrEF.
The primary end point was heart rate at
28 days, with the ivabradine group showing
a statistically significant decrease (64 vs 70
bpm, P = .01), which persisted at 4 months.
There was no significant difference in the
secondary end points of adverse drug effects
or the composite of clinical event outcomes
(all-cause mortality, admission for heart failure or cardiovascular cause), but a number of
surrogate end points including left ventricular ejection fraction, BNP level, and NYHA
functional class at 4 months showed mild improvement.
Although this study provided evidence
that the coadministration of ivabradine and a
beta-blocker is safe and was positive in regard
to clinical outcomes, the significant limitations due to its size and study design (singlecenter, unblinded, 4-month follow-up) simply
serve to support the pursuit of larger studies
with more stringent design and longer followup in order to determine the clinical efficacy.

The PRIME-HF trial
The Predischarge Initiation of Ivabradine in
the Management of Heart Failure (PRIMEHF) trial69 is a randomized, open-label, multicenter trial comparing standard care vs the
initiation of ivabradine before discharge, but
after clinical stabilization, during admissions
for ADHF in patients with chronic HFrEF
(left ventricular ejection fraction ≤ 35%).
At subsequent outpatient visits, the dosage
can be modified in the ivabradine group, or
ivabradine can be initiated at the provider’s
discretion in the usual-care group.
PRIME-HF is attempting to determine
whether initiating ivabradine before discharge
will result in more patients taking ivabradine
at 180 days, its primary end point, as well as in
changes in secondary end points including heart
rate and patient-centered outcomes. The study
is active, with reporting expected in 2019.
As these trials all come to completion, it
will not be long before we have further guidance regarding the inpatient initiation of
these new and exciting therapeutic agents.
■■ SHOULD INTRAVENOUS IRON BE GIVEN
DURING ADHF ADMISSIONS?
Given the high prevalence of iron deficiency in
symptomatic HFrEF, its independent association
with mortality, improvements in quality of life
and functional capacity suggested by repleting
with intravenous iron (in FAIR-HF and CONFIRM-HF), the seeming inefficacy of oral iron
in IRONOUT, and the logistical challenges of
intravenous administration during standard
clinic visits, could giving intravenous iron soon
be incorporated into admissions for ADHF?
Caution has been advised for several reasons. As discussed above, larger randomized
controlled trials powered to detect more definitive clinical end points such as death and
the rate of hospitalization are still needed before a stronger recommendation can be made
for intravenous iron in HFrEF. Also, without
such data, it seems unwise to add the considerable economic burden of routinely assessing
for iron deficiency and providing intravenous
iron during ADHF admissions to the already
staggering costs of heart failure.
Thus far, only a single meta-analysis is
available, including 893 patients70 largely
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from the FAIR-HF and CONFIRM-HF trials. While it does suggest benefit in both
cardiovascular mortality and recurrent hospitalizations for heart failure (rate ratio 0.59,
95% CI 0.40–0.88; P = .009), more definitive
guidance will be provided by the results from
4 large randomized placebo-controlled studies
currently under way or recruiting. All 4 seek
to examine the effects of intravenous iron
on morbidity and mortality in patients with
HFrEF and iron deficiency, using a variety of
end points ranging from exercise tolerance, to
hospitalizations, to mortality (Table 7).71–74
The effects seen on morbidity and mortality that become evident in these trials over
the next 5 years will help determine future
guidelines and whether intravenous iron is
routinely administered in bridge clinics, during inpatient admissions for ADHF, or not at
all in patients with HFrEF and iron deficiency.

■■ INTERNISTS ARE KEY
Heart failure remains one of the most common, morbid, complex, and costly diseases in
the United States, and its prevalence is expected only to increase.4,5 The 2017 update1
of the 2013 guideline2 for the management
of heart failure provides recommendations
aimed not only at management of heart failure, but also at its comorbidities and, for the
first time ever, at its prevention.
Internists provide care for the majority of
heart failure patients, as well as for their comorbidities, and are most often the first to come
into contact with patients at high risk of developing heart failure. Thus, a thorough understanding of these guidelines and how to apply
them to the management of acute decompensated heart failure is of critical importance. ■
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