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Abstract

Heart failure (HF) is a societal burden due to its high prevalence, frequent admissions for acute decompensated heart failure
(ADHF), and the economic impact of direct and indirect costs associated with HF and ADHF. Common etiologies of ADHF
include medication and diet noncompliance, arrhythmias, deterioration in renal function, poorly controlled hypertension, myo-
cardial infarction, and infections. Appropriate medical management of ADHF in patients is guided by the identification of signs and
symptoms of fluid overload or low cardiac output and utilization of evidence-based practices. In patients with fluid overload,
various strategies for diuresis or ultrafiltration may be considered. Depending on hemodynamics and patient characteristics,
vasodilator, inotropic, or vasopressor therapies may be of benefit. Upon ADHF resolution, patients should be medically opti-
mized, have lifestyle modifications discussed and implemented, and medication concierge service considered. After discharge, a
multidisciplinary HF team should follow up with the patient to ensure a safe transition of care. This review article evaluates the

management options and considerations when treating a patient with ADHF.
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Introduction

There are approximately 5.1 million American adults with a
diagnosis of heart failure (HF), with an estimated 1 million
hospitalizations annually for HF exacerbations.' The rate of
hospitalization has not changed significantly since 2000, with
up to 50% of patients readmitted within 6 months.*> More than
274 000 deaths were related to HF in 2009, totaling 1 in 9
mortalities in the United States." A 2008 study found that in
patients with stage D HF who were discharged from the hos-
pital for acute decompensated heart failure (ADHF), only
32.9% were alive and had not been rehospitalized after 1 year.’
The estimated cost of a hospital admission for a HF exacerba-
tion is greater than US$12 000.° The total direct and indirect
costs associated with HF approach US$32 billion (in US 2008
dollars), with more than 70% of these expenses associated with
the provision of health-care services including hospitaliza-
tions."”” This number is expected to reach US$70 billion by
2030." Because of the high prevalence of HF, frequent read-
missions for ADHF, and economic burden associated with the
spectrum of HF, utilization of evidence-based practices can
have significant patient and societal benefits.

Pathophysiology

The heart is classically described as a pump that functions
almost exclusively on pressure gradients established by

physiological changes. The heart provides cardiac output to the
systemic vasculature, which may be adjusted to meet physio-
logic needs by changes in stroke volume, heart rate, or both.®
The HF can occur with a reduced ejection fraction (HFrEF), a
preserved ejection fraction, or both. When ventricular preload
increases, short-term benefits are seen as stroke volume
increases as a function of ventricular contractility. However,
chronically, the contractile force of a failing heart is reduced
due to its inability to overcome excessive pressure and volume.
This hemodynamic mismatch is accommodated through ven-
tricular remodeling. In the long term, the extent of ventricular
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remodeling leads to a significant reduction in the left ventricu-
lar ejection fraction (LVEF), which subsequently leads to a
cardiac output that is insufficient for systemic demands.’

In this state of HFTEF, neurohumoral hyperactivity develops
in an attempt to preserve cardiac output. Increased secretion of
specific hormones, most notably those in the renin—angioten-
sin—aldosterone system (RAAS), represents the humoral limb
of this preservation response, whereas the sympathetic nervous
system (SNS) represents the neuronal limb.'°

The RAAS, which affects cardiac pathophysiology through
systemic vasoconstriction and sodium retention leading to
intravascular fluid retention, was the first humoral system stud-
ied in HF."' Renin is converted from prorenin and then cleaves
angiotensinogen to form angiotensin I, which is then converted
to angiotensin II by angiotensin-converting enzyme (ACE).
Angiotensin II is the most potent systemic vasoconstrictor in
humans and responds to relative volume depletion and hypo-
tension via vasoconstriction and increasing aldosterone levels
to maintain homeostasis. Aldosterone is produced in the adre-
nal glands in response to perceived systemic volume depletion
and leads to the retention of sodium by the kidneys. The
increase in systemic vasoconstriction increases afterload, which
leads to RAAS upregulation in order to overcome these elevated
pressures. In patients with HF, this RAAS upregulation predis-
poses a failing heart to development of ADHF.” Aldosterone and
angiotensin II produced in the brain affect SNS activation and
progression of HFrEF.'>"3 It is postulated that angiotensin II
initiates a positive feedback mechanism, including upregulation
of the angiotensin II type 1 receptor, increased production of
superoxide anions, and nitric oxide inhibition."*

Additionally, the SNS is hyperactive in HF. Although it is
difficult to clinically evaluate the SNS, particularly in ADHF,
changes in SNS activity have been observed.'” In HFrEF,
increased concentrations of plasma norepinephrine result from
a combination of decreased clearance and increased central
nervous system sympathetic outflow.'® The SNS hyperactivity
may exacerbate HF by stimulating the RAAS and contributing
to the development of left ventricular dysfunction.'”"'®

Several factors increase the likelihood that a patient will
develop HF. Coronary artery disease and myocardial ischemia,
the leading causes of HF in the United States, cause decreased
perfusion and thus increased hypertension. Primary myopathy
and myocardial infarction affect contractility that leads to vol-
ume and pressure overload. Hypertension and stenotic valves
can lead to increased myocardial stiffness, hypertrophy of the
affected ventricle, and restricted stroke volume. Valvular
regurgitation may result in the development of elevated end-
diastolic pressure, ventricular dilation, and reduced systolic
function. Each of these causes and many more lead to ventri-
cular remodeling, reductions in cardiac output, and elevated
filling pressures.” Common etiologies of ADHF include med-
ication and diet noncompliance, arrhythmias, deterioration in
renal function, poorly controlled hypertension, myocardial
infarction, viral, fungal, and bacterial infections, congenital
cardiomyopathies, and amyloidosis.'® Additionally, many
medications may precipitate or exacerbate HF, including those
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Figure 1. Forrester classification of acute decompensated heart
failure.”?

with negative inotropic effects (eg, nondihydropyridine cal-
cium channel blockers, itraconazole, and terbinafine), drugs
that promote sodium and water retention (eg, glucocorticoids,
nonsteroidal anti-inflammatory drugs (NSAIDs), and thiazoli-
dinediones), and those that are directly cardiotoxic (eg, doxor-
ubicin, cocaine, and amphetamines).zo’2 !

Clinical Features

The presentation of a patient with ADHF varies depending on
fluid status and cardiac output. Therapy for ADHF is selected
based on this clinical presentation.'® Patients may be congested
(wet) or not congested (dry) and exhibit poor perfusion (cold) or
adequate perfusion (warm). These clinical presentations are
described in the Forrester classification system (Figure 1). Hemo-
dynamic parameters may be included in this assessment; how-
ever, the utilization of a pulmonary artery catheter has decreased
in recent years because its addition to clinical assessment has not
been shown to affect length of stay and overall mortality®>2>. A
careful clinical assessment includes a thorough patient history,
physical examination, and evaluation of hemodynamic para-
meters, which may change as interventions are initiated and
titrated to effect. Patients with clinical features representing con-
gestion often will have the cardinal symptoms of ADHF, includ-
ing dyspnea, fatigue, and fluid retention that manifest with an S3
gallop and jugular venous distention.'” Of note, the presence of an
S3 gallop upon cardiac auscultation is highly specific for ADHF.
Patients with pulmonary edema may present with respiratory
acidosis, hypoxemia, and greatly increased work of breathing.”
Patients who present with poor perfusion (cold), and especially
those who are dry, are more difficult to distinguish than those with
fluid overload. They present with signs of low cardiac output
including extreme fatigue, cool extremities, and often but not
always with gastrointestinal symptoms of poor appetite, nausea,
and early satiety. Additionally, they typically present with wor-
sening renal function and low serum sodium.*®
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Biomarkers

The diagnosis of ADHF primarily should be based on signs and
symptoms, with biomarkers playing a supporting diagnostic
role.?” The role of B-type natriuretic peptide (BNP) in the
diagnosis, management, and prognosis of ADHF has evolved
over time.”® It is secreted from cardiac myocytes in response to
atrial or ventricular wall stretch, as seen in HF. Its physiologi-
cal roles include diuresis, natriuresis, and inhibition of neuro-
hormonal activity. Increased levels of BNP correlate well with
findings of impaired left ventricular function. A finding of BNP
>100 pg/mL in a patient with dyspnea improves diagnostic
accuracy, especially in patients with an intermediate likelihood
of HF exacerbation.?® In fact, BNP values less than 100 pg/mL
have a 96% negative predictive value for HF as the source of
dyspnea.’® A relative increase of greater than 123% of the
baseline BNP value likely represents a clinically meaningful
elevation in cardiac filling pressures and supports the diagnosis
of ADHF.*® However, in patients taking sacubitril-valsartan,
neprilysin inhibition leads to increased BNP unassociated with
a HF exacerbation.>' Beyond initial diagnosis of exacerbation,
frequent BNP measurements have not been shown to provide
additional benefit in guiding diuretic therapy during a
hospitalization.>?

The Acute Decompensated Heart Failure National Registry
(ADHERE) study provides specific data on the prognostic
value of a variety of physiologic markers in ADHF. A quartile
division of BNP (<430 pg/mL, 430-839 pg/mL, 840-1729 pg/
mL, and >1730 pg/mL) accurately predicted the risk of inpa-
tient death (1.9%, 2.8%, 3.8%, and 6.0%, respectively).*>-**

In addition to BNP, other parameters described in the
ADHERE study were blood urea nitrogen (BUN), systolic
blood pressure (SBP), and serum creatinine. A BUN
>43 mg/dL served as the best predictor of in-hospital mortal-
ity, followed by SBP <115 mm Hg and serum creatinine
>2.75 mg/dL. Patients meeting all 3 parameters had an in-
hospital mortality of 20%.>* Other negative prognostic factors
include poor functional capacity, ischemic etiology, elevations
in troponin I, and hyponatremia. In patients with ADHF, 30%
to 70% have detectable plasma levels of troponin I, which is
associated with an increase in both postdischarge mortality and
rehospitalization. Approximately 25% of patients with ADHF
have mild hyponatremia, which is associated with a 2- to 3-fold
increase in in-hospital and postdischarge mortality.*

General Management Principles

An appropriate medical management of ADHF is guided by the
identification of signs and symptoms of fluid overload or low
cardiac output. Assessment of the patient using the Forrester
classification system is useful in tailoring care to a specific
patient. Regardless of ADHF subset, strict fluid intake and
output, weight monitoring, recognition of changes in HF signs
and symptoms, and appropriate electrolyte management are
essential. Supplemental oxygen, positive pressure ventilation,
and mechanical support are other medical strategies for the

Table I. Monitoring for Hospitalized Patients With Acute Decom-
pensated Heart Failure.”’

Monitoring

Characteristics Frequency  Specifics

Electrolytes At least daily Potassium
Sodium

Fluid status Fluid intake and output

Heart failure Ascites

signs Edema

Hepatojugular reflex
Hepatomegaly
Increased jugular venous
Distention

Liver tenderness
Pulmonary rales

Heart failure Dyspnea
symptoms Fatigue
Lightheadedness
Nocturnal cough
Orthopnea

Paroxysmal nocturnal dyspnea

Blood urea nitrogen

Serum creatinine

Determine after voiding in the
morning

Take possible food intake due to
improved appetite into account

Orthostatic blood pressure if
indicated

Oxygen saturation daily until stable

Renal function

Weight

More than
daily

Vital signs

Adapted with permission from Lindenfeld et al. ] Card Fail. 2010;16(6):el-e194.

management of ADHF. This review will focus on pharmaco-
logical treatment, including the optimization of both in-
hospital and oral, evidence-based medications prior to dis-
charge. Specific monitoring recommendations for patients hos-
pitalized with ADHF should be followed to provide safe care
while determining efficacy of therapies (Table 1). Accurate
monitoring of pulse oximetry, blood pressure, and electrocar-
diography are needed to provide safe and effective care.
Patients should be admitted to an intensive care unit (ICU) if
there is persistent hemodynamic instability that necessitates
frequent, invasive monitoring and titration of intravenous
(IV) medications, such as diuretic and vasoactive agents.19
Treatment teams should strive to meet specific goals for
patients admitted for ADHF (Table 2).?

In order to optimize therapy for discharge, physicians
should only temporarily discontinue or reduce the dose of oral
medications under certain circumstances. The ACE inhibitor,
angiotensin receptor blocker (ARB), neprilysin inhibitor, and
aldosterone antagonist therapies should be continued when
possible. Hyperkalemia or oliguria may necessitate dose reduc-
tion or discontinuation. After the improvement of renal func-
tion, these agents may be added back cautiously, with
monitoring of potassium and urine output. Patients experien-
cing symptomatic hypotension or cardiogenic shock may
require a dose reduction or discontinuation of an ACE inhibitor
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Table 2. Treatment Goals for Patients Admitted for Acute Decom-
pensated Heart Failure.”’

Consider and, where possible, initiate a disease management program

Educate patients concerning medications and self-management of
heart failure

Identify and address precipitating factors

Identify etiology

Identify patients who might benefit from device therapy

Identify patients who might benefit from revascularization

Identify risk of thromboembolism and need for anticoagulant therapy

Improve symptoms, especially congestion and low-output symptoms

Minimize side effects

Optimize chronic oral therapy

Optimize volume status

Restore normal oxygenation

Adapted with permission from Lindenfeld et al. ] Card Fail. 2010;16(6):el-e194.

and B-blocker in order to prevent further hemodynamic com-
promise.?”*® However, discontinuation of B-blocker therapy
should be done with caution in patients with fluid overload
who maintain adequate end-organ perfusion (ie, ADHF subset
II) due to the substantially higher adjusted risk for rehospitali-
zation and mortality with cessation.>’° Patients taking
digoxin should be continued on therapy with serum concentra-
tion monitoring to ensure a target concentration of 0.5 to 1 ng/
mL because digoxin withdrawal frequently leads to worsening
of HF.>>*' Table 3 contains complete management of oral
pharmacotherapy in ADHF.*?

Subset |

Patients in subset I have adequate perfusion and are not fluid
overloaded; their cardiac index (CI) and pulmonary capillary
wedge pressure (PCWP) are within clinically acceptable ranges
(CI > 2.2 L/min/m?, PCWP < 18 mm Hg). If these patients
present to the hospital, it often is because their normal com-
pensatory mechanisms are only able to partially correct their
worsening hemodynamic profiles. The key interventions for
these patients are to maximize their evidence-based, oral med-
ications and continue appropriate monitoring. These patients
have the lowest mortality rate among the 4 subsets of ADHF.*’

Subset Il

Patients in subset II have adequate perfusion but are fluid over-
loaded; their CI is acceptable but their PCWP is elevated, often
leading to a clinical picture of pulmonary edema. The specific
treatment goal is to reduce congestion by lowering PCWP
without reducing CI, significantly increasing HR, or further
activating neurohormonal pathways more than is essential to
restore appropriate hemodynamics. Preload reduction using IV
loop diuretic therapy is the mainstay of therapy in patients with
ADHEF subset II. The IV vasodilator therapy may be added for
acute symptomatic relief in patients not adequately responding
to diuresis or ultrafiltration (UF). The mortality rate in subset II
is twice that of subset .2

Management of fluid balance with IV diuretics is a balancing
act and preload, represented by PCWP, should not be exces-
sively decreased because it may compromise cardiac output.
Target PCWP values are 15 to 18 mm Hg, rather than the normal
values of 5 to 12 mm Hg, to optimize cardiac output.?’ Because
the Frank—Starling curve has a shallower slope over the 15 to 18
mm Hg range, patients routinely maintain cardiac output upon
reaching this goal PCWP.’ Various strategies exist for providing
diuresis to accomplish this goal effectively. Because of observa-
tional experiences with IV loop diuretics and the variable oral
absorption with oral furosemide, IV therapy is preferred in
ADHF.?’ The IV bolus dosing of loop diuretics can reduce ven-
tricular filling pressures within 15 minutes, which can help alle-
viate patient symptoms of ADHF before diuresis even begins.**
Because electrolyte disturbances and worsening renal function
may occur with aggressive diuresis, a basic metabolic panel
should be obtained routinely while diuresis is provided. Strict
sodium limitation (less than 2 g daily) and fluid restriction (less
than 1.5-2 L daily) help accomplish diuresis more effectively
while protecting against moderate and severe hyponatremia.”’

Although there is no universally accepted methodology for
dosing, monitoring, and evaluating end points with diuretic
therapy, there are benefits and risks associated with the various
strategies studied and used in clinical practice, including high
versus low dose and intermittent versus continuous infusion
dosing.?”***¢ Studies that compared intermittent bolus versus
continuous infusion dosing of IV loop diuretics have predomi-
nately had smaller sample sizes and shown conflicting
results.***>*” In the largest, randomized trial of IV loop diure-
tic use in ADHF, a 4-way comparison between high- and low-
dose intermittent bolus and continuous dosing revealed
differences in the strategies. There were no significant differ-
ences in patient-reported global assessment of symptoms
between the low-dose (defined as the daily outpatient oral loop
diuretic dose given 1V) and high-dose (defined as 2.5x the
daily outpatient oral loop diuretic dose given IV) groups or
between the intermittent (defined as twice daily IV loop diure-
tic) and continuous infusion groups. The low-dose group expe-
rienced less transient acute kidney injury compared to the
high-dose group (14% vs 23%; P = .04). However, the high-
dose group had greater net volume loss and change in weight.
Additionally, patients who received continuous infusions were
not provided an initial bolus dose before beginning the infusion,
which may have reduced the effectiveness of the continuous
infusion and does not represent current practice.*® Clinicians
should balance the benefit of greater diuresis from a high-dose
strategy with the risk of transient renal dysfunction. In patients
with ADHF subset II, it is reasonable to use a more aggressive,
high-dose IV loop diuretic dosing strategy because these patients
are far less likely to experience symptomatic hypotension or
significantly worsened renal function upon presentation.

The goal diuresis in ADHF patients is 1 to 2 L/d, with 2 L/d
being more appropriate in patients presenting in subset II. If
this diuresis goal is not being met, and the patient still exhibits
signs and symptoms of congestion, several strategies may be
attempted to achieve adequate diuresis. Further sodium and
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Table 3. Management of Oral Pharmacotherapy in Acute Decompensated Heart Failure.>*?
ACEi/ARB/NI B-Blocker Digoxin Diuretic MRA
Subset |  Maintain or increase while  Maintain or increase Maintain; often not  Maintain or reduce, if Maintain or
checking renal function needed possible increase
Subset Il Maintain; defer uptitration  Maintain; defer uptitration Maintain; verify Increase dosage and/or ~ Maintain; defer
plasma add a second diuretic uptitration
concentration
Subset Ill  Reduce or withdraw Reduce or withdraw; evaluate the Maintain; verify Maintain/reduce with Reduce or
need for inotropic support plasma caution withdraw
concentration
Subset IV Withdraw Withdraw; evaluate the need for  Maintain; verify Individual cases must be  Withdraw

inotropic support

plasma evaluated

concentration

Abbreviations: ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; MRA, mineralocorticoid receptor antagonist; NI, neprilysin

inhibitor.

* Recommendations reflect expert opinions and relevant clinical trials data. Dose reductions may be up to one-half the patient’s home dose. After resolution of the
decompensation event, medication dosages should be uptitrated to the previous dose or best-tolerated dose as soon as safely possible.

Adapted with permission from Piepoli et al. Int ] Cardiol. 2014;176(2):321-326.

fluid restriction may resolve the congestion. As mentioned
previously, patients who were initiated on a low-dose IV loop
diuretic strategy may be transitioned to a high-dose strategy.?’
Because the plasma concentration of the loop diuretic must
exceed the threshold concentration to elicit diuresis, a high-
dose strategy may benefit patients previously unresponsive to
the low-dose strategy.*® Other strategies include transitioning
to a continuous infusion loop diuretic strategy, adding a thia-
zide diuretic due to its different mechanism of action or UF.?’

If greater than 200 mg/d of IV furosemide or an equivalent
dose of another IV loop diuretic does not provide adequate
diuresis, the patient is considered to have failed IV loop diure-
tic monotherapy.?” This may occur if the renal tubular epithe-
lial cells distal to the loop of Henle are hypertrophied and have
increased compensatory sodium reabsorption.**->* Thiazide
and thiazide-like diuretics inhibit this sodium reabsorption and
create a synergistic effect that improves signs and symptoms of
congestion.’'>* However, no improvement in long-term mor-
bidity or mortality has been shown with this combination of
diuretics.>*"3° Oral metolazone at doses of 2.5 to 5 mg provided
once 30 minutes before an IV loop diuretic dose is the most
studied and cost-effective regimen.’’ The IV chlorothiazide
should not be used preferentially to metolazone because of its
high cost without a proven superiority to metolazone.’® Close
monitoring is needed as patients who previously were not
achieving diuresis goals may overshoot those goals with this
synergistic strategy and develop renal dysfunction, electrolyte
abnormalities, and symptomatic hypotension.?”->!

Another option to relieve congestion is UF, which removes
isotonic plasma by establishing a transmembrane pressure gra-
dient that allows filtering across a semipermeable membrane.
Although UF removes total body sodium better than diuresis,
determining the appropriate rate of intravascular volume
removal remains a challenge. Accepted common practice is
serial monitoring of electrolytes and hematocrit values and
maintaining them within normal limits.>® Common removal
rates are 200 to 500 mL/h in 8 to 12 hours of sessions, but fluid

removal should be individualized to the patient.’®>” When
intravascular volumes are depleted too rapidly or too exten-
sively, neurohormonal activation, renal dysfunction, and hypo-
tension may occur. Preliminary trials that evaluated UF
compared with IV diuresis for initial fluid removal strategies
were small in size and showed no differences in dyspnea at
48=hours.”®* In patients with persistent congestion and wor-
sening renal function, there was no difference in change in
body weight at 96 hours, but there was a statistically significant
increase in serum creatinine in the UF group.®® One limitation
of this trial is the lack of individual tailoring of UF rate to each
patient, which may have precipitated the acute kidney injury in
some patients and inadequate resolution of congestion in other
patients.®"* If clinicians choose to use UF, diligent monitoring
of end-organ function and intravascular volume is essential.

In patients who do not respond adequately to IV diuresis,
addition of an IV vasodilator may be considered. Nitroglycerin
is the preferred agent for preload reduction in patients with
ADHF subset II. A continuous infusion is started at 5 to
10 pg/min and increased by 5 to 10 pg/min every 5 to 10 minutes
as necessary and tolerated by the patient. Major dose-limiting
side effects include hypotension and excessive decrease in
PCWP. The IV nitroglycerin preferentially venodilates at lower
doses, which leads to a reduction in the left ventricular filling
pressure and pulmonary congestion. As the dose of nitroglycerin
is increased, arterial dilation develops, leading to afterload
reduction, increased stroke volume and increased cardiac output.
It should not be used in patients with elevated intracranial pres-
sure, restrictive cardiomyopathy, pericardial tamponade, or con-
strictive pericarditis.”” The IV nitroglycerin was compared to
nesiritide, milrinone, and dobutamine in 15 230 patients with
predominant ADHF subset II. Nitroglycerin and nesiritide were
associated with lower in-hospital mortality rates compared to
dobutamine and milrinone.*?

In patients with concomitant hypertension or in whom nitro-
glycerin is not providing an adequate effect, sodium nitroprus-
side may be considered because of its equal arterial and venous
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vasodilatory effects and ease of titration.?” Infusions are started
at 0.1 to 0.2 pg/kg/min and increased by 0.1 to 0.2 pg/kg/min
every 5 to 10 minutes as necessary and tolerated by the patient.
Use requires an arterial line and ICU admission due to potential
side effects and need for accurate blood pressure monitoring.
The effective dose range is usually 0.5 to 3 pg/kg/min.®>%*
Nitroprusside use is contraindicated in patients with compen-
satory hypertension secondary to disease states such as aortic
coarctation, ventricular septal defect, or elevated intracranial
pressure. Patients with hepatic impairment are at increased risk
of developing cyanide toxicity, and those with renal impair-
ment are at increased risk of developing thiocyanate toxicity.**
However, these complications occur very infrequently when
used by an experienced care team at doses less than or equal
to 3 pg/kg/min for up to 72 hours.®*®° In the largest, retro-
spective trial of patients in ADHF who received nitroprusside,
long-term benefits were seen in mortality and progression to
heart transplant. However, patients who received nitroprusside
were transitioned to isosorbide dinitrate, hydralazine, or a com-
bination of these 2.°* Because there is more substantial data in
HF that suggest African Americans derive a mortality benefit
with the combination of hydralazine and isosorbide dinitrate,
these results may not be due exclusively to nitroprusside.®®
The role of nesiritide, recombinant human BNP, has dimin-
ished in recent years.””®’ After nesiritide was originally
approved for ADHF subset II based on the improvements in
PCWP, suggested dosing and monitoring strategies were still
evolving.®® Subsequent meta-analyses found that nesiritide use
was associated with increased 30-day mortality and worsening
renal function.®*”" Some of this effect may be attributed to the
use of higher doses and more frequent dose titrations than are
now recommended. Subsequent studies have compared nesiri-
tide to placebo and to fixed-dose dopamine at 2.5 pg/kg/min. In
both instances, there were no significantly different effects on
mortality, rehospitalization, or resolution of congestion.’*”?
Additionally, patients in the nesiritide group developed more
asymptomatic and symptomatic hypotension.”* In light of the
possible risk for renal failure, hypotension, and increased mor-
tality, nesiritide should be considered only for the normotensive
patient needing emergent resolution of pulmonary congestion
who has a contraindication to nitroglycerin or nitroprusside.
Inotropic agents, such as milrinone and dobutamine, are not
recommended in ADHF subset II except as a last resort after
failure of all other therapies.”” When milrinone was compared
with placebo, there were no differences in in-hospital mortality
or cumulative days of hospitalization. More patients in the
milrinone group developed sustained hypotension requiring
intervention as well as new atrial arrhythmias.”* Both milri-
none and dobutamine increased mortality in these patients.**
Dopamine has not demonstrated a role in ADHF subset I1.27"3

Subset Il

Patients in subset IIT have inadequate perfusion, often due to a
decreased intravascular volume; their CI is insufficient, and
their PCWP may or may not be adequate to support end-organ

perfusion. The specific treatment goal is to restore ade-
quate end-organ perfusion, which is accomplished by pro-
viding isotonic IV fluids if the PCWP is below 15 mm Hg.
If the PCWP is 15 to 18 mm Hg, the mean arterial pressure
(MAP) and SBP dictate treatment. These patients have a
greater mortality than those in subset I but less than those
in subsets II and IV.?’

In patients who initially are dehydrated (PCWP <15 mm
Hg), provision of IV fluids may or may not result in adequate
perfusion. Among patients with mild reduction in LVEF, IV
fluids alone are likely to restore adequate perfusion; whereas
patients with depressed LVEF often require fluids and inotrope
therapy. Additionally, if hemodynamics permits (MAP >50 mm
Hg and SBP >90 mm Hg), a trial of IV vasodilator therapy is
reasonable if there are no signs of acute kidney injury or
symptomatic hypotension.?’

The IV vasodilator of choice for patients in subset III is
nitroprusside due to its mixed arterial and venous vasodilation
seen at safe doses.””%>%* The same precautions exist in these
patients as are present in subset II patients who receive IV
nitroprusside; however, these patients are at greater risk for
hypotension and end-organ dysfunction. Because the ongoing
processes of increasing intravascular volume and mobilization
of volume through arterial and venodilation are intertwined, an
imbalance in the pharmacotherapies prevents a sufficient
upward, leftward shift in the Frank—Starling curve and may
predispose patients to symptomatic hypotension and end-
organ dysfunction. In patients who do not tolerate or have a
contraindication to nitroprusside, IV nitroglycerin is the pre-
ferred vasodilator and IV nesiritide may be considered as a last-
line therapy. Every attempt should be made to avoid using IV
inotrope therapy due to the poor outcomes associated with the
use of these agents.?”*”’* The IV inotrope therapy should only
be added to the treatment regimen in patients who do not qua-
lify for initial therapy with an IV vasodilator or have resistance
to vasodilator therapy.*’

Dopamine should only be started before previously dis-
cussed IV vasodilator and IV inotrope therapies in patients who
initially have a MAP <50 mm Hg.?” Dopamine demonstrates
dose-dependent hemodynamic effects. Lower doses of dopa-
mine (2.5-10 pg/kg/min) should be used, with a focus on the -
1 adrenergic receptor activity. Vasoconstriction and arrhyth-
mias due to dopamine occur frequently with doses >10 pg/
kg/min; however, the individual effects on target receptors
differ between individual patients.”>’® This vasoconstriction
may complicate treatment and necessitate the use of an IV
inotrope instead of dopamine.*””

Subset IV

Patients in subset IV have inadequate perfusion despite being
overloaded with fluid; their CI is decreased in the face of an
elevated PCWP. These patients are in cardiogenic shock. In
many patients, dopamine or IV inotrope therapy should be
considered initially. However, in patients with an adequate
SBP and stable renal function, treatment should be directed
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at reducing afterload with an IV vasodilator and supporting
compensatory hemodynamic changes. At two-and-a-half times
that of subset I patients, these patients have the greatest mor-
tality of any ADHF subset.”’

Diuresis in patients with cardiogenic shock and fluid over-
load is a delicate balance of relieving fluid overload, while
avoiding worsening of hypotension and shock. Additionally,
due to hypotension, patients may also have some degree of
acute kidney injury. Careful assessment of the patient’s hemo-
dynamic parameters is necessary to determine whether diuretic
therapy is indicated and whether such therapy is having the
intended effects. Although the role of invasive devices is not
well defined, this subset of patients often benefits most from
short-term monitoring. If hemodynamics is supported with
other modalities, including medications and devices, a reason-
able approach is to use initial diuretic doses as seen for other
subsets of ADHF. This includes I'V therapy at doses equivalent
or larger than home diuretic doses.>””” Based on responses in
both urine output and hypotension, dose adjustments may be
made including escalating doses, addition of continuous infu-
sion loop diuretics, or adjunctive therapy to loop diuretics. Of
note, while not studied in ADHF, doses of loop diuretics have
been shown to induce an acute vasoconstrictor response in
chronic HF.”® Depending on the patient’s underlying systemic
vascular resistance in the setting of shock, this may be bene-
ficial or harmful.

Vasodilator therapy should be avoided in subset IV patients
who are volume overloaded with hypotension due to their pro-
pensity for worsening hypotension.'*” The direct vasodilatory
effects of nitroglycerin and nitroprusside lower SVR and
decrease blood pressure, further complicating the management
of shock.” Although nesiritide works via different neurohor-
monal mechanisms, hypotension is a recognized adverse effect,
and its longer half-life further complicates its use in these
patients.®® Additionally, the renal dysfunction associated with
its use is likely to be worsened in the setting of shock.®”

Despite the risks, patients in subset IV have the greatest
potential benefit from inotropic therapy. In patients with car-
diogenic shock, inotropes can treat acute hypotension by
increasing cardiac output with less reduction in filling pres-
sures.”” They must still be used with caution since inotropic
agents can increase heart rate, promote myocardial ischemia,
and increase myocardial oxygen consumption. However, there
is little direct evidence for or against their use in cardiogenic
shock. Of note, the major trials refuting the use of inotropic
therapy in ADHF including Outcomes of a Prospective Trial of
Intravenous Milrinone for Exacerbations of Chronic Heart Fail-
ure, with milrinone, excluded patients with cardiogenic
shock.” Likewise, the ADHERE registry which evaluated
patients receiving milrinone, dobutamine, or nesiritide demon-
strated increased mortality with these agents, but the vast
majority of included patients did not have hypotension, making
these results less applicable to this subset.®” Although direct
evidence is lacking, patients with cardiogenic shock are at high
risk of imminent death, and therefore, augmenting cardiac
function and blood pressure with these agents is usually

justified. In particular, levosimendan offers another option that
requires more evaluation in ADHF but proposes potential ben-
efits.®! In these cases, they either provide additional time for
patient decision-making or act as a ““bridge” to more definitive
therapy including mechanical device support or transplant.
Mechanical support in the setting of ADHF including intra-
aortic balloon pumps, ventricular assist devices, or extracorpor-
eal membrane oxygenation can be useful for patients with
cardiogenic shock. These modalities are useful for both bridge
to transplant and destination therapy, and a full discussion on the
indications and use of these treatments is available elsewhere.®*

Keys for Discharge
Medications

The transition of care from hospital to discharge originates at the
time of admission. As mentioned previously, chronic mainte-
nance therapy should be continued during a hospitalization
unless contraindications exist.'” Continuing p-blocker and ACE
inhibitor therapies during ADHF has been shown to be benefi-
cial.>”? Results from the Carvedilol or Metoprolol European
Trial (COMET) and OPTIMIZE-HF studies demonstrated that
the risk of death was greater in patients with ADHF whose
B-blocker dose was reduced or discontinued altogether.>”-*°
Conversely, initiation of a low dose of a B-blocker is recom-
mended only after euvolemia is achieved, and diuretics, vasodi-
lators, and inotropes are discontinued.'® Loop diuretic therapy
should be transitioned from an IV to oral dosage form after
volume status is restored.®® Patients may be placed back on their
chronic maintenance dose and should be instructed to adjust that
dose according to increases in weight gain and presence of con-
gestive symptoms.>’ Initiating an aldosterone antagonist during
hospitalization allows for careful monitoring of potassium,
serum creatinine, and medication dosing, reducing the risk of
development of hyperkalemia and renal insufficiency.””%* After
the acute decompensation is resolved, chronic maintenance med-
ications should be uptitrated to their recommended target doses.
Depending on length of stay, patients may continue uptitration in
the outpatient setting.**

Lifestyle Modifications

Patients should be counseled prior to discharge on essential
lifestyle modifications. Dietary education points that should
emphasized include restricting sodium intake to less than
2 g/d and fluid intake to less than 2 L/d or 1 to 1.5 L/d in
patients with hyponatremia. Patients are encouraged to perform
moderate exercise for 30 minutes at least 5 d/wk, if deemed
safe. In addition, patients should be advised to quit smoking
and limit alcohol consumption to 2 or less drinks per day for
men and 1 or less drink per day for women. All patients with
HF are at high risk for influenza and pneumococcal disease
and should receive vaccinations according to recommended
schedules. Also, patients should be counseled to avoid certain
over-the-counter medications that may exacerbate HF symp-
toms and affect disease progression including NSAIDs and
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sympathomimetic (eg, pseudoephedrine, amphetamines, and
methylphenidate) medications.?’-®

Pharmacy Concierge Services

As the rate of hospital readmission for HF continues to rise, the
need for identifying and resolving potential causes for these
readmissions remains a paramount concern for health sys-
tems.®®*®” Since the establishment of the Hospital Readmis-
sions Reduction Program in 2012, the Centers for Medicare
and Medicaid Services can reduce reimbursement to hospitals
with excess readmissions due to HF.®® Nonadherence to med-
ications and lifestyle modifications is a major contributor for
readmissions, and pharmacist involvement in patient care has
demonstrated a reduction in HF hospitalization and mortal-
ity.8°! A study conducted in Spain by Lopez-Cabezas et al
showed that the implementation of a pharmacist in discharge
counseling and telephone follow-ups reduced readmission rates
up to 12 months, decreased total days of hospital stay, and
improved treatment compliance.”® More recently, a study by
Warden et al evaluated the impact of a pharmacy-driven dis-
charge program and revealed a reduction in 30-day all-cause
mortality and HF-related readmissions after the involvement of
pharmacists in medication reconciliation, discharge counsel-
ing, and follow-up telephone calls after discharge.”®

Specialized HF Clinics

Management of patients with HF through specialized clinics
has been shown to reduce hospitalization, increase medication
adherence, and increase titration efficacy of evidence-based HF
medications.”**> Recently, Jackevicius et al found that increas-
ing early follow-up within 1 to 2 weeks with a multidisciplinary
HF clinic team consisting of a physician assistant, pharmacist,
case manager, and cardiologist led to decreased 90-day read-
mission rates. Additionally, clinic patients had lower 90-day
all-cause mortality.”®

Conclusion

The management of ADHF is quite complex and requires a
systematic and multidisciplinary approach. Accurate patient
assessment to determine fluid status and hemodynamics is a
key to determining optimal treatment for a particular patient.
Therapies commonly used in management include diuretics,
vasodilators, and, in selected patients, inotropes. Additionally,
patient education and management of concomitant disease
states can optimize therapy and successfully reduce readmis-
sions and minimize morbidity and mortality.
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