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Dear Colleagues:

Each year, nearly one million patients in the United States are hospitalized with acute decompensated heart failure (ADHF). In the
past, there have been limited practice guidelines for the emergency management of this condition. Data from the ADHERE (the
Acute Decompensated Heart Failure National Registry), indicate that ADHF patients are repeatedly hospitalized, and otherwise have
a very high rate of morbidity and mortality. The management and care of this patient group remains suboptimal. This comprehensive
and progressive monograph will review the latest diagnostic and therapeutic modalities for ADHF and suggest methods to improve
the care for these patients at your institution. Insights and lessons from ADHERE will also be reviewed and discussed.

The Emergency Medicine Cardiac Research and Education Group-International (EMCREG) is pleased to present this educational
monograph summarizing our 2005 EMCREG Symposium on the Emergency Department Diagnosis and Treatment of
ADHF held in Orlando, Florida. This program is also available as an on-demand web cast on the included CD-BOM and at
http: //adhf.digiscript.com beginning June 2005. It is our hope that this material will provide emergency physicians with information
necessary to improve and facilitate care for this unique patient population.

EMCREG Educational Mission

The mission of EMCREG-International is to provide up-to-date, evidence based, and clinically useful educational materials to
healthcare providers involved in the care of emergency conditions. We take great pride and effort to provide these materials free
of commercial bias. While these educational endeavors are sponsored in part by industry, speaker or contributor influence or
bias is carefully reviewed and strictly prohibited. Comments regarding any of our educational materials can be referred directly
to Andra L. Blomkalns, MD, Director of CME and Enduring Materials at support@emcreg.org.

Sincerely,

_lﬁ

Andra L. Blomkalns, MD W. Brian Gibler, MD

Assistant Professor, Residency Director Professor and Chairman
Department of Emergency Medicine Department of Emergency Medicine
University of Cincinnati University of Cincinnati

Cincinnati, OH Cincinnati, OH

Director, CME and Enduring Materials President, EMCREG-International

EMCREG-International

Accreditation: The University of Cincinnati College of Medicine designates this educational activity for a maximum of 2 hours of Category 1 credit
towards the AMA Physician’s Recognition Award. Each physician should claim only those hours that he/she actually spent on the educational activity.
The University of Cincinnati is accredited by the Accreditation Council for Continuing Medical Education (ACCME) to support continuing medical
education for physicians.

This educational monograph was supported in part by an unrestricted educational grant from Scios.

This document is to be used as a summary and clinical reference tool and NOT as a substitute for reading the valuable and original source documents.
EMCREG will not be liable to you or anyone else for any decision made or action taken (or not taken) by you in reliance on these materials. This
document does not replace individual physician clinical judgment.

Clinical judgment must guide each professional in weighing the benefits of treatment against the risk of toxicity. Doses, indications and methods of
use for products referred to in this program are not necessarily the same as indicated in the package insert and may be derived from the professional
literature or other clinical courses. Consult complete prescribing information before administering.




Table of Contents

Diagnosis of Acute Decompensated Heart Failure inthe ED............................. 1
Judd E. Hollander, MD

Professor
Department of Emergency Medicine
University of Pennsylvania, Philadelphia, PA

Treatment of Acute Decompensated Heart Failure in the ED........................... 5]
Douglas M. Char, MD

Assistant Professor
Division of Emergency Medicine
Washington University, St. Louis, MO

The Evolving Role of BNP in the Diagnosis and Treatment of CHF:
A Summary of the BNP Consensus Panel Report............coooiiiiiiinn, 17
W. Frank Peacock, MD

Professor
Vice-Chair, Research, Department of Emergency Medicine
The Cleveland Clinic, Cleveland, OH

Background and Findings From the ADHERE NATIONAL REGISTRY.................. 27
William T. Abraham, MD
Professor

Chief, Division of Cardiovascular Medicine
The Ohio State University, Columbus, OH

Disease Management of Acute Decompensated Heart Failure: The ADHERE
Emergency Medicine Module ... 33
Richard L. Summers, MD

Professor
Department of Emergency Medicine
University of Mississippi Medical Center, Jackson, MS

Acute Decompensated Heart Failure Disease Management Tools ................... 39
Sean P. Collins, MD

Assistant Professor

Department of Emergency Medicine

University of Cincinnati, Cincinnati, OH

Continuing Medical Education QUESEIONS ........oviiiiiiii e 47




Contributing Authors

William T. Abraham, MD

Professor

Chief, Division of Cardiovascular Medicine
The Ohio State University

Columbus, Ohio

Douglas M. Char, MD
Assistant Professor
Washington University

Sean P. Collins, MD
Assistant Professor
University of Cincinnati
Cincinnati, Ohio

Judd E. Hollander, MD
Professor

University of Pennsylvania
Philadelphia, Pennsylvania

W. Frank Peacock, MID
Professor

The Cleveland Clinic
Cleveland, Chio

Richard L. Summers, MD
Professor

University of Mississippi
Jackson, Mississippi

St. Louis, Missouri

EMCREG Members

W. Brian Gibler, MD, President
University of Cincinnati
Cincinnati, Ohio

V. Anantharaman, MD
Singapore General Hospital
Singapore

Tom P. Aufderheide, MD
Medical College of Wisconsin
Milwaukee, Wisconsin

Roberto Bassan, MD
Pro-Cardiaco Hospital
Rio de Janeiro, Brazil

Andra L. Blomkalns, MD
University of Cincinnati
Cincinnati, Ohio

Gerald X. Brogan, MD
North Shore University Hospital
Plainview, New York

David F. M. Brown, MD
Massachusetts General Hospital
Boston, Massachusetts

Douglas M. Char, MD
Washington University School of
Medicine

St. Louis, Missouri

James M. Christenson, MD
St. Paul's Hospital
Vancouver, British Columbia

Sean P. Collins, MD
University of Cincinnati
Cincinnati, Ohio

Herman H. Delooz, MD
University Hospital Gasthuisberg
Leuven, Belgium

Deborah S. Diercks, MD
U.C. Davis Medical Center
Sacramento, California

Gregory J. Fermann, MD
University of Cincinnati
Cincinnati, Ohio

Francis M. Fesmire, MD
Erlanger Medical Center
Chattanooga, Tennessee

J. Lee Garvey, MD
Carolinas Medical Center
Charlotte, North Carolina

Gary B. Green, MD
Johns Hopkins Medical
Institutions

Baltimore, Maryland

Jin H. Han, MD
University of Cincinnati
Cincinnati, Ohio

James W. Hoekstra, MD
\Wake Forest University
Winston Salem, North Carolina

Judd E. Hollander, MD
University of Pennsylvania
Philadelphia, Pennsylvania

Brian R. Holroyd, MD
University of Alberta Hospitals
Edmonton, Alberta, Canada

Shingo Hori, MD
Keio University
Tokyo, Japan

Edward C. Jauch, MD
University of Cincinnati
Cincinnati, Ohio

Raymond E. Jackson, MD
William Beaumont Hospital
Royal Oak, Michigan

J. Douglas Kirk, MD
U.C. Davis Medical Center
Sacramento, California

Christopher J. Lindsell, PhD
University of Cincinnati
Cincinnati, Ohio

Evandro Mesquita, MD
Pro-Cardiaco Hospital
Rio de Janeiro, Brazil

Richard M. Nowak, MD
Henry Ford Hospital
Detroit, Michigan

Masatoshi Oba, MD
Furukawa City Hospital
Japan

Brian J. O'Neil, MD
Saint Johns Hospital
Detroit, Michigan

Joseph P. Ornato, MD
Medical College of Virginia
Richmond, Virginia

Arthur M. Pancioli, MD
University of Cincinnati
Cincinnati, Ohio

W. Frank Peacock, MID
The Cleveland Clinic
Cleveland, Ohio

Charles V. Pollack, MD
University of Pennsylvania Hospital
Philadelphia, Pennsylvania

Harry Severance, MD
Duke University Medical Center
Durham, North Caralina

Wialter A. Schrading, MD
York Hospital
York, Pennsylvania

Corey M. Slovis, MD
Vanderbilt University
Nashville, Tennessee

Richard L. Summers, MD
University of Mississippi
Jackson, Mississippi

Brian R. Tiffany, MD
Maricopa Medical Center
Phoenix, Arizona

James E. Weber, MD
University of Michigan
Flint, Michigan

Robert J. Zalenski, MD
Wayne State University
Detroit, Michigan




DIAGNOSIS OF ACUTE DECOMPENSATED

HEART FAILURE IN THE ED i

Judd E. Hollander, MD

Department of Emergency Medicine, University of Pennsylvania

Philadelphia, PA

OBJECTIVES:

1. Define the use of BNP to distinguish heart failure from other etiologies of shortness of

breath

2. Delineate the role of BNP for risk stratifying patients with heart failure

INTRODUCTION

As we have improved the care of patients with acute coronary syndromes (ACS), pa-
tients with cardiovascular disease are living longer than ever. Effective interventions to
decrease mortality of patients with ACS have increased the incidence of heart failure.
The cost of heart failure now exceeds $56 billion a year, most of which is due to hos-
pitalization. Unfortunately, heart failure is a chronic condition and nearly half of pa-
tients admitted to the hospital are readmitted within six months. To determine optimal
therapy for patients with acute decompensated heart failure (ADHF), the emergency
physician must be able to confidently diagnose patients with heart failure. This requires
knowledge of the diagnostic methods used to identify patients with heart failure as well
as knowledge of the different etiologies of heart failure.

Sorting Out the Etiology of Heart
Failure

The potential etiologies of acute heart
failure are multifactorial and should
be broadly divided into two categories:
(1) the underlying etiology of the heart
failure, and (2) the etiology of the acute
precipitant that results in worsening from
the chronic compensated state. For some
patients, particularly those presenting for
the first time, these two components may
be identical. The most common etiolo-
gies of heart failure are coronary artery
disease and long-standing hypertension.
Other potential etiologies include di-
lated, hypertrophic, and restrictive car-
diomyopathies; myocarditis; pericardial
tamponade; valvular heart disease; and
secondary effects of pulmonary diseases
or metabolic disorders.

Although investigation of the underlying
etiology is important to help determine
whether there is a reversible component
of the disease, this is usually beyond the
scope of the emergency physician. There
are, however, several etiologies for heart
failure that the emergency physician
should be aware of, as they may require
modification of initial therapy. These are
severe aortic stenosis, idiopathic hyper-
trophic subaortic stenosis or hypertrophic
obstructive cardiomyopathy, and pulmo-
nary hypertension. Identification of pa-
tients with these conditions is important
because aggressive preload and afterload
reduction can lead to cardiovascular col-
lapse since these patients cannot increase
their forward blood flow through the
fixed mechanical lesion (such as a flow-
restricted aortic valve).

The potential etiologies
of acute heart failure
are multifactorial and

should be broadly
divided into two
categories: (1) the
underlying etiology of
the heart failure, and
(2) the etiology of the
acute precipitant that
results in worsening
from the chronic

compensated state.
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Reliance upon clinical
impression alone
leads to diagnostic
uncertainty because the
signs and symptoms
of heart failure are

relatively nonspecific.

The Breathing
Not Properly Trial
demonstrated that
BNP is useful for
the diagnosis of CHF
in the ED.
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Separate and distinct from the initial eti-
ology is the cause of the acute precipi-
tant. Congestive heart failure can be ex-
acerbated by worsening of the underlying
condition, by medication or dietary non-
compliance, or by development of new
or complicating medical conditions (e.g.,
ischemia, dysrhythmias, pulmonary em-
bolus, or infection). Approximately 80%
of patients presenting to the emergency
department (ED) with heart failure have
a prior diagnosis of heart failure.

Progress in the Diagnosis of Heart Failure
The diagnosis of heart failure has tradi-
tionally been challenging. Reliance upon
clinical impression alone leads to diag-
nostic uncertainty because the signs and
symptoms of heart failure are relatively
nonspecific. Key symptoms such as short-
ness of breath are nonspecific in patients
with comorbidities such as reactive air-
way disease. Likewise, routine laboratory
tests, electrocardiograms, and radiographs
cannot be relied upon to always guide an
accurate and appropriate diagnosis.

Despite these challenges, diagnostic ca-
pabilities in heart failure have improved
in recent years with recognition of the
role that B-type natriuretic peptide (BNP)
plays in the disease. In addition to being
a pump, the heart is an endocrine organ
that functions together with other physi-
ological systems to control fluid volume.
The myocardium produces natriuretic
peptides, one of which is BNP, a hormone
with diuretic, natriuretic, and vascular
smooth muscle relaxing actions. BNP is
a natural antagonist for the sympathetic
nervous system and the renin-angioten-
sin-aldosterone axis. BNP is secreted in

response to wall stretch, ventricular di-
lation and/or increased filling pressures.
Measurement of endogenous BNP is thus
a clinically sensible way to assess wheth-
er a particular patient has heart failure.

The Breathing Not Properly study of
1,586 patients who presented to EDs with
shortness of breath showed that BNP lev-
els alone were more accurate predictors
of the presence or absence of heart failure
than any historical factors, physical find-
ings, or laboratory values.'? BNP levels
were much higher in patients who were
subsequently diagnosed with heart fail-
ure than in those diagnosed with noncar-
diac dyspnea (675 pg/dL vs. 110 pg/dL).
A BNP cutoff value of 100 pg/mL had
a sensitivity of 90% and a specificity of
76% for differentiating heart failure from
other causes of dyspnea, and a cutoff of
50 pg/mL had a negative predictive val-
ue of 96%. Without knowledge of BNP
levels, emergency physicians had a 43%
indecision rate in trying to make a diag-
nosis. BNP levels added significantly to
the clinical impression, as it was found
that clinical decision-making in conjunc-
tion with BNP levels could have reduced
the diagnostic indecision rate to 11%. In
multivariate analyses, BNP levels always
contributed to the diagnosis, even after
taking into account findings from the
history and physical examination. Thus,
the Breathing Not Properly trial demon-
strated that BNP levels have significant
clinical utility for both the diagnosis
and risk stratification of heart failure
patients in the ED.!?> Both diastolic and
systolic dysfunction are associated with
high BNP levels of more or less the same
degree.?
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BNP must be used with caution in certain
populations. Although BNP can help dif-
ferentiate pulmonary from cardiac etiolo-
gies of dyspnea, some types of lung dis-
ease, such as cor pulmonale and pulmo-
nary embolism have elevated BNP levels;
however BNP is not usually elevated as to
as high a level as it is in patients with heart
failure. In a subgroup of patients with a
history of reactive airway disease in the
Breathing Not Properly trial, of 417 sub-
jects with a history of asthma or chronic
obstructive pulmonary disease without a
history of CHF, 21% were found to have
newly discovered CHF. Only 37% were
identified in the ED, while a BNP >100
pg/mL identified 93%.* Additionally, BNP
levels >100 pg/mL provided diagnostic
information beyond that obtained from in-
dividual chest radiographic indicators.’

There is a significant inverse relationship
between body weight (body mass index)
and BNP levels.® Thin patients with heart
failure are more likely to have elevated BNP
values in the absence of heart failure. Con-
versely, obese patients are more likely to
have lower levels of BNP for any given se-
verity of heart failure. As a result, BNP lev-
els should be used with caution in patients
with obesity, unless of course baseline BNP
values are known. Then the obese patient
can be followed for decompensation.

The Breathing Not Properly Trial dem-
onstrated that BNP is useful for the diag-
nosis of CHF in the ED. The REDHOT
Study suggests that BNP might also be
useful to improve triage and disposition of
patients who present to the ED with heart
failure.” This trial demonstrated a “discon-
nect” between the physician perception of
the severity of heart failure and the actual
BNP value. In the first phase, 464 patients

visiting EDs with complaints of breath-
ing difficulty had BNP measurements
taken on arrival. Physicians were blinded
to BNP results; however inclusion in the
trial required a BNP > 100 pg/ml. Patients
discharged from the ED had higher BNP
levels than those admitted to the hospital
(976 pg/ml vs 766 pg/ml). With respect to
the admitted patients, 11% had BNP lev-
els <200 pg/ml, which is indicative of less
severe CHF. Most of these patients were
perceived to have class III or I'V heart fail-
ure. Mortality for these patients was 0% at
30 days and only 2% at 90 days, suggesting
that patients with heart failure and low lev-
els of BNP might have actually been safe
for discharge. With respect to patients that
were actually discharged, 78% had BNP
levels >400 pg/mL. At 90 days, mortality
was 9%. There was no mortality of those
discharged with BNP levels <400 pg/mL.
This suggests that use of BNP in the ED
might also help determine which well ap-
pearing patients are high risk for a bad out-
come over the short term (90 days).

Elevated BNP levels are useful for as-
sessing risk stratification and prognosis
in patients with heart failure. BNP levels
are related to changes in limitations of
physical activities and functional status.
Harrison et al. followed 325 patients for 6
months after an index visit to the ED for
dyspnea.® Higher BNP levels were asso-
ciated with a progressively worse prog-
nosis. The relative risk of 6-month CHF
admission or death in patients with BNP
levels >230 pg/mL was 24 times the risk
of patients with levels less than 230. When
combined with troponin I, both troponin I
and BNP alone and in combination pre-
dict survival in CHE.’ Both together have
additive prognostic risk.

Y

Elevations of BNP are
useful for assessing

risk stratification and
prognosis in patients

with heart failure.
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The utility of BNP to diagnosis CHF is well estab-
lished; however, it’s ability to drive treatment is still
under study. REDHOT II is a randomized controlled
trial comparing treatment and outcomes of patients
where therapy is guided by serial BNP measurements
in the experimental group. This study should shed
some light on the utility of BNP to drive treatment.

Due to the voluminous data on the clinical utility of
BNP, consensus panel guidelines were recently pub-
lished.!” These recommendations state:

* Many patients presenting to emergency services
with dyspnea, a history, physical examination,
and a chest x-ray and ECG should be undertaken
together with laboratory measurements that
include BNP.

* As BNP levels rise with age and are affected by
gender, comorbidity, and drug therapy, the plasma
BNP measurement should not be used in isolation
from the clinical context.

* If the BNP is <100 pg/mL, then heart failure is
highly unlikely (negative predictive value, 90%).

e If the BNP level is >500 pg/mL, then CHF is
highly likely (positive predictive value, 90%)

* For BNP levels of 100-500, one should consider
the following conditions in the differential

diagnosis

a. Baseline BNP value due to stable underlying
dysfunction

b. Right ventricular failure from cor
pulmonale

c. Acute pulmonary embolism
d. Renal failure
» Patients may present with CHF with normal

BNP levels or with levels below what

might one expect can occur in the following

situations:

a. Flash pulmonary edema (<1-2 hours)

b. Heart failure up-stream from the left
ventricle (i.e., acute mitral regurgitation
from papillary muscle rupture)

c. Obese patients (body mass index >30

kg/m?)
—

Emergency Diagnosis and Treatment of
Acute Decompensated Heart Failure (ADHF)
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TREATMENT OF ACUTE DECOMPENSATED HEART

FAILURE IN THE EMERGENCY DEPARTMENT i

Douglas M. Char, MD

Division of Emergency Medicine, Washington University

St. Louis, MO

OBJECTIVES:

1. Describe a simple two step approach to assessing the clinical status of ED patients with

ADHF

2. Define the role of vasodilators as the mainstay of therapy for ADHF

INTRODUCTION

Acutely decompensated heart failure (ADHF) is a common reason for patients seeking
emergency department (ED) care and the leading Medicare diagnosis for hospitalized
patients over the age of 65. Hospital readmission for heart failure is common; ap-
proximately 20% of patients are readmitted within 30 days and 50% within 6 months.'
Recent advances in the understanding of the complex pathophysiologic process that
exacerbate heart failure has led to improved diagnoses and effective ED treatment of

this clinical entity.

Pathophysiology and Hemodynamic
Assessment

In the past decompensated heart failure
was felt to be due to volume overload
and impaired forward flow. Treatment
was focused on maximizing cardiac out-
put. It has now become apparent that in
most ADHF/pulmonary edema there is
increased systemic vascular resistance
superimposed on reduced myocardial re-
serve (both systolic and diastolic).> Many
variables play a role in ADHF that exac-
erbate left ventricular (LV) dysfunction
and lead to deterioration. Low cardiac
output results in decreased renal flow and
stimulates neurohormonal activation, in-
cluding the release of angiotensin II. De-
creased cardiac output causes progressive
blood volume expansion further increas-
ing LV filling pressures and myocardial
oxygen consumption. Hypotension pro-
motes baroreceptor activation leading

to increased sympathetic tone and vaso-
constriction which further increases sys-
temic vascular resistance compromising
systolic performance. There is marked
up-regulation of vasoconstrictors, includ-
ing norepinephrine, angiotensin II and
endothelin, aldosterone and arginine va-
sopressin rise contributing to the salt and
water retention. **

To counter-balance the effects of neuro-
hormones, released by the sympathetic
nervous system and the renin-angioten-
sin-aldosterone system (RAAS), and to
maintain circulatory homeostasis, the
body produces a family of vasodilator
antiproliferative natriuretic peptides that
play an important role in heart failure.’
Atrial and B-type natriuretic peptides
are released from the myocardium in re-
sponse to increased atrial natriuretic pep-
tide and ventricular B-type natriuretic

The release and
production of stored
natriuretic peptides are
insufficient to balance
the fluid retention
of the RAAS.
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Figure 1.

Two-Minute Assessment of Hemodynamic
Profile. Reproduced and reprinted with
permission from Nohria A, Lewis E,
Stevenson LW. JAMA 2002;287:628-640.

Diagram indicating 2 x 2 table of hemodynamic profiles for patients
presenting with heart failure. Most patients can be classified in a
2-minute bedside assessment according to the signs and symptoms
shown although in practice some patients may be on the border be-
tween the warm-and-wet and cold-and-wet profiles. This classification

Evidence for Congestion

helps guide initial therapy and prognosis for patients presenting with
advanced heart failure. Although most patients presenting with hypo-
perfusion also have elevated filling pressures (cold and wet profile),
many patients present with elevated filling pressures without major
reduction in perfusion (warm and wet profile). Patients presenting
with symptoms of heart failure at rest or minimal exertion without
clinical evidence of elevated filling pressures or hypoperfusion (warm
and dry profile) should be carefully evaluated to determine whether

(Elevated Filling Pressure)

Orthopnea

High Jugular Venous Pressure
Increasing S

Loud P

Edema

Ascites

Rales (Uncommon)
Abdominojugular Reflux
Valsalva Square Wave

their symptoms result from heart failure.

Congestion at Rest?

No Yes

Evidence for Low Perfusion % Warm and Dry Warm and Wet
Narrow Pulse Pressure 9:_, No A B
Pulsus Alterations ©
Cool Forearms and Legs 5
May be Sleepy, Obtunded ‘®
ACS Inhibitor-Related £

Symptomatic Hypotension & Cold and Dry Cold and Wet
Declining Serum Sodium Level = Yes
Worsening Renal Function 3 L (o3

peptide (BNP) stress. They increase glomerular fil-
tration rate (GFR), inhibit sodium reabsorption and
reduce vascular smooth muscle tone, causing a diure-
sis, natriuresis and balanced arterial and venous dila-
tion. All these effects contribute to reduced plasma
volume, blood pressure and ventricular preload. BNP
has lusitropic (relaxing) effects and may be antifibrot-
ic and antiproliferative.® In ADHF, the release and
production of stored natriuretic peptides are insuffi-
cient to balance the fluid retention of the RAAS.

Rapid bedside assessment of ADHF can be simpli-
fied by placing the patient into one of four hemody-
namic profiles [Figure 1]. Two key hemodynamic
parameters are the presence or absence of elevated
filling pressures (wet or dry) and adequacy of perfu-
sion (warm or cold). Congestion corresponds to el-
evated pulmonary capillary wedge pressure (PCWP),

and impaired perfusion is suggested by a low cardiac
index. Greater than 90% of patients presenting with
ADHEF are congested (wet). They may have adequate
or reduced perfusion with the majority experiencing
elevated systemic vascular resistance. Congestion
(elevated filling pressure) in ADHF is represented
by dyspnea and orthopnea and elevated jugular ve-
nous pressure. Rales while a helpful sign are absent
in 80% of patients with chronically elevated filling
pressures due to pulmonary lymphatic compensation.
Peripheral edema is relatively insensitive to elevated
filling pressures, and associated with many noncardi-
ac causes. The third heart sound (S3) while a sensitive
marker, is rarely appreciated. The most readily avail-
able indicator of perfusion is blood pressure and pulse
pressure. This rapid assessment system allows for ap-
propriate targeting of therapy in ADHF patients.
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Determining the Etiology of Acute
Decompensation and Setting
Treatment Goals

The etiologies of ADHF are multifactori-
al but can be divided into two categories:
(1) the underlying the heart failure, and
(2) the acute precipitant that results in de-
terioration from the chronic compensated
state. In patients presenting for the first
time the two components are identical.
The most common causes of heart fail-
ure are coronary artery disease and long-
standing hypertension. Other etiologies
include dilated, hypertrophic and restric-
tive cardiomyopathies, myocarditis, peri-
cardial tamponade, valvular heart disease
and secondary effects of pulmonary and
metabolic disorders. Understanding the
underlying etiology is important in help-
ing to determine if there is a reversible
component present. The emergency phy-
sician must be aware of number of spe-
cial causes of heart failure that require
consideration when making therapeutic
decisions. In severe aortic stenosis, id-
iopathic hypertrophic subaortic stenosis
or hypertrophic obstructive cardiomy-
opathy, and pulmonary hypertension, ag-
gressive afterload reduction can lead to
cardiovascular collapse as these patients
cannot increase their forward blood flow
in the face of a fixed mechanical lesion.”

Greater than 80% of patients presenting
to the ED with ADHF have a prior diag-
nosis of heart failure. An acute precipi-
tant can often be identified. Exacerba-
tion or worsening of the underlying con-
dition can be due to medication or dietary
non-compliance, or the development of a
new or complicating medical condition

(such as ischemia, dysrhythmia, pulmo-
nary embolus or infection). Treatment
depends on the severity of the symptoms
and decompensation time course. 3°

Therapeutic goals in ADHF patients can
be divided in three phases. The primary
goal in the ED is restoration of oxygen-
ation, organ perfusion and total body
fluid balance. This is accomplished by
reversing acute hemodynamic abnormal-
ities and relieving symptoms. Intermedi-
ate goals include minimizing end-organ
damage, reducing hospitalization dura-
tion and initiation of beneficial medical
therapies, and should commence in the
ED. Long-term goals focus on reducing
readmission and improving long-term
survival with treatment that decreases
disease progression. This occur after the
patient leaves the ED.!® While national
guidelines exist for many acute cardio-
vascular conditions there are no consen-
sus guidelines for the management of
ADHEFE. Given the lack of randomized
controlled trials, consensus that incorpo-
rates evidence-based literature and expert
opinion should be used as guidelines.!!

Approach to Initial Treatment

Our improved understanding of the etiol-
ogy of heart failure and its progression has
identified the RAAS and neurohormonal
pathways as targets of therapy, and may
explain the benefits of neurohormonal
blockers such as angio-converting en-
zyme (ACE) inhibitors, beta-blockers, al-
dosterone blockers (e.g., spironolactone)
and supraphysiologic doses of natriuretic
peptides (such as ANP and BNP) in the
treatment of heart failure.
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Two key hemodynamic
parameters are the
presence or absence
of elevated filling
pressures (wet or dry)
and the adequacy
of perfusion

(warm or cold).
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L
Initial therapy should be guided by the patient’s Figupe 2.
hemodynamic profile [Figure 2].*!" For patients Acute decompensated heart failure (ADHF) treatment
without evidence of elevated filling pressures or algorithm. Reprinted with permission from DiDomeni-
hypoperfusion (dry and warm), no immediate co et al. Ann Pharmacother. 2004;38:643-660

intervention is needed. Care should focus on
maintaining stable volume status and preventing
disease progression. These patients rarely pres-

After diagnosis of ADHF, initiate therapy based on presenting signs and sympoms

ent to the ED. In patients with elevated filling ¥ ¥
. (A) Si d S f Volume Overload ; .
pressures but adequate perfusion (wet and warm) OrthopnealPND - Increased VD (8) Stans and Sympoms of Low Cardiac Output
. . ) DOE/SOB S3orsd Alorod mental satus . Inadequate response 1
therapy aims to diurese. Assuming they are al- Plingedoma oy S Pro.ronal azotomia equate e
ready receiving ACE inhibitors, the goal is to en- pongeston, L Tewe Gootexvemies
hance their diuretic regimen. In more advanced i : ] ;—l—J
cases the use of intravenous loop diuretics and (© Mild | [ (€ Moderate-Severe Volume overload (G) Mild-Moderate (9) Very-Low
. . . . volume Inadequate response to IV diuretics Cardiac Output
vasodilators, such as nitroglycerin or nesiritide, overioad || Proenalazotema Pulmonary artery
ncreased oxygen requirements thete I d
can accelerate symptom resolution. The main CPAP or BIPAP requirements SBP > 90 mm Hg Hah SVR
' ;a;:lagtiueem disposition unclear High PCWP
challenge is avoiding hypotension. In this situ- Outpatent rosemice dose 100 md day oo 260 mm Hg
. . . . . . > mm
ation inotropic therapy is contraindicated. For Oma B-blocker “~Gonsider vasodiltors
. . . N X h ically? _afterimliaticn of
congested (elevated filling pressure) patients with (B) IV Diuretics | I— inotroplc suppor
.. . .. e Onpofi ide at home? /\lo
clinical hypoperfusion (wet and cold) it is usually ~ Give totaldoso as IV bolus -
133 . ’9 (max 180mg) (1) Milrinone (1) Dobutamine
necessary to “warm up in order to dry out”. For « No po furosemide at home? 0375 na/ka/min + 2.5 uglkg/min infusion
/ ) ~SCr <2.0 - start with 40mg IV push inrson « May also require
these patients, in whom reflex responses support - SCr>2.0 - start with 80mg IV push + Adjust dose renally vasopressors for BP
. . . . Suppo
the failing circulation, B-blockers and ACE inhib- ! I T T
. . . . . Inadequate Res_p(_)ne
itors may need to be withdrawn until stabilization < 250-500 mL within 2 ours | | e R |
inadequate Respone
is achieved. Low cardiac output is often associ- !
. . . . Consider Moderate-Severe ‘
ated with high systemic vascular resistance, and e e ) o | Consider Very-Low Cardiac Output (J) |
(F) IV Diuretics + IV Vasodilators
Q o n R anQ . IV furosemide
AJR = abdominal Jugular reflex; BiPAP = bilevel pDSItIVE airway - If furosemide given previously, double previous IV dose (max - 360 mg)
A 0 a a 9 « If no fi ide gi iousl d signs/: 1t f vol load,
pressure; BNP = b-natriuretic peptide; Cl = cardiac index; GiV6 40,180 g IV 2 doscribed ghove s oo me overoa
CPAP = continuous positive airway pressure; DOE = dyspnea on PLUS
exertion; HJR = hepatojugular reflex; JVD = jugular venous distention; Oesiritide 2 ig/kg IV push, then 0.03 g/kg vein infusion
— 1 . = Nitroglycerin 5-10 pg/min infusion
PCWP - pU|mUnary Caplllary Wque ROESSUIE: PND = paFOXy5m8| « to achieve 30-50% decrease in PCWP, dose of 140-160 pg/min may be
nocturnal dyspnea; SBP = systolic blood pressure; SCr = serum necessary
creatinine; SOB = shortness of breath; SVR = systemic vascular
resistance.

may improve with vasodilator therapy alone. There  may be surprisingly stable and do not present with
remains controversy about the role of inotropic-vaso-  urgent symptoms. Unless they have subnormal filling
dilator agents such as dobutamine and milrinone, due  pressures (volume depleted) or excessive vasodilation
to the increased risk for ischemic events and tachyar-  they often do not improve acutely. Inotropic infusion,
rhythmias. Patients with low cardiac output without  while helping the symptoms, may lead to dependency
evidence of elevated filling pressure (cold and dry)  and tachyphylaxis.
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Pharmacologic Options

An ideal agent for ADHF would be one
that rapidly reduces PCW relieving symp-
toms and hypoxia, induces balanced arte-
rial and venous dilation, lacks positive
inotropic effects, promotes natriuresis
and doesn’t cause reflex neuroendocrine
activation.

Diuretics are traditionally used to reduce
preload thereby improving symptoms in
ADHF patients. They do not have any
direct myocardial benefit but activate the
neurohormonal system leading to aldoste-
rone elevation. Diuretics have been used
for decades and most providers are very
comfortable with them despite the fact
that they lack of evidence of improved
mortality. Intravenous furosemide causes
a decrease in PCWP and right atrial pres-
sure as a result of venodilation and diure-
sis.”? There is a concomitant decrease in
stroke volume, increase in systemic vas-
cular resistance and pronounced spike in
neurohormonal activation. Increases in
the RAAS and sympathetic nervous sys-
tem activation (norepinephrine levels)
can be seen shortly after furosemide in-
fusion."

In one trial of high-dose loop diuretics,
compared to low dose diuretics com-
bined with intravenous vasodilators,
patients treated with high-dose furose-
mide did significantly worse in all out-
come measures.'* A recent analysis of
eight small trials found that there was
greater diuresis and a better safety pro-
file if diuretics were given as a continu-
ous instead of bolus infusion.”” While
intravenous diuretics promote natriuresis
and diuresis, they do so at the expense of
neurohormonal activation and systemic

vasoconstriction that prevents reduction
of ventricular filling pressures. Diuretic
resistance is a clinical state in which
diuretic response is diminished or lost.
This may be caused by prerenal azote-
mia, hyponatremia, sodium retention or
altered diuretic pharmacokinetics. There
is a cycle of low cardiac output leading to
diminished renal perfusion which in turn
produces volume overload and worsens
heart failure. These deleterious effects
are even more pronounced in patients
with underlying renal insufficiency. Di-
uretic requirements increase as the heart
failure progresses. '’

Arginine vasopressin is a neurohormone
produced by the central nervous system in
response to changes in serum osmolarity,
severe hypovolemia or hypotension. One
approach to antagonizing vasopressin’s
action is to selectively block its receptor,
resulting in aquaresis without electrolyte
imbalances or neurohormonal stimula-
tion. The novel compound tolvaptan is
an antagonist that causes increased urine
output and decreases body weight and
edema. One study looked at weight re-
duction following 24 hours of infusion in
patients with impaired ventricular func-
tion (EF <40%). There was no difference
in in-hospital mortality or worsening of
heart failure. This novel agent shows
promise of facilitating fluid loss without
adverse sequelae in patients with reduced
systolic function.'®

Inotropes have been a mainstay of thera-
py for ADHF because of their beneficial
effects on hemodynamic parameters,
namely increasing cardiac contractility,
which improves cardiac output.!” Inotro-
pes are used infrequently in the ED due
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Initial therapy should be
guided by the patient’s

hemodynamic profile.

Diuretics have been
used for decades and
most providers are very
comfortable with them
despite the fact that
they lack of evidence of

improved mortality.
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primarily to logistical concerns. Recent large studies
demonstrated a lack of efficacy in many ADHF pa-
tients and exposed safety concerns. Inotropes increase
heart rate and myocardial oxygen demand, aggravate
ischemia, precipitate arrhythmias and can cause hy-
potension. A trial comparing dobutamine versus ne-
siritide, demonstrated that dobutamine increases ven-
tricular ectopy and ventricular tachycardia.'® Milri-
none failed to demonstrate significant improvements
in length of hospitalization, symptom relief or mortal-
ity, compared to placebo. It was however associated
with sustained hypotension and tachyarrhythmias in
the OPTIME-CHEF trial.' Dobutamine is preferred
in patients who are hypotensive (systolic BP <90
mm Hg) since it exerts its effects by stimulating -
adrenergic receptors. Higher doses are often required
in patients on chronic -blocker therapy. Milrinone
is a phosphodiesterase inhibitor and its action is not
impacted by concomitant -blocker use. Milrinone
doesn’t increase myocardial oxygen consumption
or effect heart rate to the same degree that dobuta-
mine does. In general, given their inability to affect
outcome and increased incidence of adverse effects,
inotropic support should be reserved for patients with
very low cardiac output. They should only be used in
the ED setting on patients with symptomatic hypoten-
sion until further therapy (intra-aortic balloon pump)
can be instituted.

Calcium sensitizers such as levosimendan produce
increased inotropy in a cyclic AMP-independent
fashion by increasing the sensitivity of troponin C to
intracellular ionized calcium, as well as peripheral
vasodilation through the vascular K-ATPase chan-
nels. An effective positive inotrope, levosimendan
increases in stroke volume and cardiac index and de-
creases PCWP, right atrial pressures, pulmonary ar-
terial pressures and mean arterial pressures.”’ In this
study, the hemodynamic effects were maintained dur-
ing a 48 hour infusion and for at least 24 hours after
discontinuation. When levosimendan was added to
dobutamine in New York Heart Association class IV

patients refractory to dobutamine and furosemide,
39% of patients getting all three agents compared to
none in the standard group, experienced a 40% in-
crease in cardiac index.? This exciting agent is in the
early clinical trials.

Vasodilators reduce preload and afterload, enhancing
ventricular function and cardiac output by improving
resting hemodynamics. Vasodilators reduce ventric-
ular filing pressures (PCWP) and preload, and over
time myocardial oxygen consumption. Vasodilators
also decrease systemic vascular resistance (SVR or
afterload), reduce ventricular workload, increase
stroke volume and improve cardiac output.?

Nitrates, in particular nitroglycerin, have been the
first-line prehospital and ED therapy for patients with
severe symptoms. Nitrates (nitroglycerin and nitro-
prusside) act by increasing cyclic guanosine mono-
phosphate in the vascular smooth muscle leading to
vasodilation. They improve symptoms and decrease
PCWP relatively quickly. Nitroglycerin use is limited
by fear of hypotension, and need for titration second-
ary tachyphylaxis, yet it is frequently underdosed.
Nitroglycerin has direct affects on large coronary ar-
teries and increases collateral flow, making it a useful
in patients with myocardial ischemia. However, there
are no trials looking at its outcome efficacy. Nitro-
prusside while efficacious is used infrequently due
to concerns about thiocyanate toxicity (especially in
the face of hepatic or renal hypoperfusion / dysfunc-
tion). It can also precipitate profound hypotension,
exacerbate ischemia by inducing coronary steal, and
requires invasive monitoring. Both of these agents
cause reflex activation of the RAAS and sympathetic
nervous system which limits their long-term use. "

Angiotensin-converting enzyme (ACE) inhibition
blocks conversion of angiotensin I into angiotensin II,
resulting in diminished systemic vascular resistance,
blood pressure, preload and afterload. ACE inhibitors
also block the degradation of bradykinins, a natural-
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ly occurring vasodilator. ACE inhibitor
therapy increases renal perfusion and de-
crease renal vascular resistance improv-
ing glomerular filtration rate by inducing
vasodilation in both afferent and efferent
arterioles. The major drawback to the use
of intravenous ACE inhibitors such as
enalaprilat in the acute setting is its pro-
pensity to induce hypotension. In the sta-
ble patient the agent’s major limitations
are renal insufficiency and angioedema.
Enalaprilat has been used in the setting
of ADHF secondary to uncontrolled hy-
pertension. Oral ACE inhibitors are rec-
ommended early out for those patients
not already receiving them. However, the
patient must be hemodynamically stable
before these agents are initiated, and this
limits their aggressive up front use in the
ED. Angiotensin-receptor blocker can be
substituted in patients who can’t tolerate
ACE inhibitors.

Recent attention has been focused on the
acute blockade of deleterious neurohor-
mones. Endothelin (ET) is a vasocon-
strictor peptide released from vascular
endothelium and smooth muscle of the
renal and pulmonary systems. Tezosen-
tan is a highly specific and potent ET
receptor antagonist. There is a dose de-
pendent increase in cardiac index due to
vasodilation and decrease in PCWP.? In
the RITZ project, tezosentan improved
hemodynamic but not clinical outcome of
patients with acute heart failure. A recent
trial evaluating lower doses, in hospital-
ized ADHF patients with dyspnea despite
initial treatment, showed increased car-
diac index and decreased PCWP within
6 hours at the 5 mg/hour and 25 mg/hour
treatment groups, and by 24 hours in the

1 mg/hour cohort. The effect continued
beyond treatment discontinuation in the
1 mg/hour group. Endothelium levels
were increased in the higher dose groups,
suggesting sympathetic nervous system
activation, but not in the 1 mg/hour sub-
set. Tezosentan’s effect while clinically
significant, is not presently appropriate
for the ED given its delayed onset.?*

The natriuretic peptide family consists of
four distinct peptides. Atrial natriuretic
peptides (ANP) and B-type natriuretic pep-
tides (BNP) are structurally similar. C-type
natriuretic peptides (CNP) and D-type na-
triuretic peptides (DNP) are less well char-
acterized. Atrial and B-type natriuretic pep-
tides have important central and peripheral
sympathoinhibitory effects. Dampening of
the baroreceptors, suppressed release of
catecholamine from autonomic nerve find-
ings and especially suppression of sym-
pathetic outflow from the central nervous
system have all been reported.”

The long-term continuous infusion of
ANP has been shown to be clinically
useful in patients with severe acute heart
failure. Hemodynamic measurements
evaluated by Swan-Ganz catheter signifi-
cantly improved with ANP. In a recent
study, hemodynamic indices character-
ized by decreases in right atrial pres-
sure, mean pulmonary arterial pressure,
and PCWP and an increase in cardiac
index, were observed after ANP infu-
sion. Left ventricular performance was
enhanced without the development of
tolerance. The activation of the RAAS
promotes structural remodeling of the
heart and progression of heart failure.
ANP thereby improved left ventricular
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Given their inability to
affect outcome and
increased incidence
of adverse effects,

inotropic support
should be reserved
for patients with very

low cardiac output.
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Patients treatment
early on tend to have
shorter hospital
stays and better
outcomes than those
whose intervention

was delayed.
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function possibly by blunting myocardial
remodeling.?*?” While available in Asia
and Europe, ANP is not approved for use
in the United States.

BNP is an endogenous neurohormone,
produced in the ventricles in response to
increased wall stress that occurs from vol-
ume overload in ADHF patients. Nesirit-
ide is the first natriuretic peptide (identi-
cal to endogenous BNP) to be available
in the United States for the treatment of
ADHF. Within minutes of administra-
tion nesiritide produces significant reduc-
tions in PCWP, right atrial pressure and
systemic vascular resistance, as well as
concomitant increases in stroke volume
and cardiac output. Nesiritide has addi-
tional advantages over other vasodilators
such as nitroglycerin, including diuresis,
natriuresis and lusitropy. The beneficial
coronary artery effects of nitroglycerin
are also present in nesiritide. Addition-
ally, nesiritide lacks the proarrhythmic
and tachycardia seen with inotropes and
many vasodilators.?

The Vasodilation in the Management of
Acute Congestive Hear Failure (VMAC)
trial compared the use of nesiritide, ni-
troglycerin or placebo in addition to stan-
dard therapy in 489 patients with ADHF.
This safety and efficacy trial found that
nesiritide reduced PCWP more than ei-
ther nitroglycerin or placebo at 3 hours
and 24 hours. Improvements in dyspnea
and global clinical status in the nesirit-
ide-treated patients were greater than
those in the placebo recipients and simi-
lar to those in the nitroglycerin group.

Nesiritide’s hemodynamic effecters were
long-lasting without the need for upward
titration, whereas titration was necessary
in order to maintain nitroglycerin’s ef-
fect. This was most striking in the subset
of patients with right heart catheters on
a constant dose of nitroglycerin, where
rapid attenuation of the desired effect and
rise in PCWP was seen at 3 hours.

BNP doesn’t increase heart rate or pro-
voke arrhythmias and has no inotropic
effects. This lack of arrhythmogenicity
is especially important in heart failure
patients with atrial fibrillation and those
predisposed to ventricular tachycardia.
The PRECEDENT study compared the
proarrhythmic effects of dobutamine ver-
sus 2 doses of nesiritide in 255 patients.
Dobutamine significantly increased ven-
tricular tachycardia events. Nesiritide
did not increase heart rate despite greater
reduction in blood pressure. Both agents
were equally effective in improving signs
and symptoms of heart failure.'* Compared
to dobutamine, nesiritide reduced 21-day
hospital readmissions for heart failure and
had lower 6-month mortality.”

In the Prospective Randomized Outcomes
Study of Acutely Decompensated Con-
gestive Heart Failure Treated Initially
in Outpatients with Natrecor (PROAC-
TION) study, 237 patients were random-
ized to standard care or at least 12 hours
of nesiritide infusion in an ED observa-
tion setting. Importantly, none of these pa-
tients was subject to invasive or ICU level
monitoring in the ED, yet did well. Mor-
tality rates and complications were similar
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between the two groups. Nesiritide was
associated with a 57% reduction in hospi-
tal readmission within 30 days compared
with standard therapy and a substantial
decrease in total length of stay over the
ensuing months after the index visit.*

In a pooled analysis from the PROAC-
TION,* VMAC,”® and NSGET* trials,
the short term risk of death from nesirit-
ide was investigated. As none of the
studies included in the pooled analysis
were powered to determine mortality dif-
ferences, there is no conclusive evidence
of harm. The manuscript concluded that
when compared to nonionotropic based
therapy, nesiritide may be associated with
an increased risk of death. Further study
with mortality outcomes of nesiritide
compared to conventional therapy have
yet to occur. As with any new therapy,
the favorable attributes must be weighed
against the potential risks.*

Early Goal Directed Therapy

Early goal directed therapy (EGDT) ap-
proach emphasizes aggressive upfront
treatment, because preliminary evalu-
ations have shown that patients treated
early out tend to have shorter hospital
stays and better outcomes than those
whose intervention is delayed. It aims
to achieve 1) hemodynamic and respi-
ratory improvement, 2) prompt relief of
symptoms, 3) enhanced decision-making
in the ED with an emphasis on timely
transition to inpatient care if indicated, 4)
early initiation of therapy also facilitates
hospital discharge and 5) avoidance of
high resource utilization.'"** Care needs

to focus on rapid initiation of proven
therapies that improve patient symptom
and cardiorespiratory status without
placing the patient at risk for immediate
(arrhythmia, hypotension, ischemia) and
delayed (worsening renal insufficiency,
toxicity) adverse events. There is grow-
ing evidence that EGDT has both clinical
and economic advantages over more con-
servative treatment approaches.

There is a subpopulation of patients,

moderately sick requiring more than a

few hours of care, who don’t necessarily

need hospital admission. The availability

of an ED observation unit makes good

clinical and economic sense. EGDT can

be initiated and patients monitored for

improvement. Patient selection is criti-

cally important in determining who will

most benefit from an observation unit

stay (matching acuity with available ser-

vices). General selection criteria include

the following;

1. adequate systemic perfusion (normal
mental status),

2. evidence of reasonable
hemodynamic stability (HR >50 and
< 130 beats/min, systolic BP > 90
and <175 mm Hg, oxygen saturation
>90%),

3. no evidence of acute cardiac
ischemia by ECG or biomarkers,

4. chest x-ray findings compatible with
the diagnosis of heart failure,

5. diagnosis of HF (BNP > 100 pg/
mL) without other confounding
morbidities.**

Y

Vasodilators reduce
preload and afterload,
enhancing ventricular
function and cardiac

output by improving

resting hemodynamics.
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Initial treatment of ADHF is generally Figure 3.
based on the presence or absence of pul- Primary Targets of Treatment in Heart Failure.
monary congestion (volume overload) Reproduced and reprinted with permission from Jessup
and an assessment of perfusion (cardiac M, Brozema S. N Engl J Med 2003;348:2007-2018.
output) [Figure 3]. While treatment al- Copyright © 2003 Massachusetts Medical Society.

gorithms focus on parental therapy dur-
ing the early phase, continuation of the
patient’s chronic heart failure medica- Beta-blockers
tion, including B-blockers and ACE in- \

2

hibitors are important. Mild congestion
improves with intravenous diuretics.
Monitoring of urine output is critical. For
those with normal renal function a goal of

500 ml/hr is acceptable. Patients with in- Digoxin,
inotropes [

adequate response to furosemide should / /
be assessed for the presence of moderate . - .l =5
to severe volume overload, and vasodila- R - : -

.-"

Cardiac-

. B S resynchronization
tor therapy should be considered. Intra- > therapy
venous nitroglycerin or nesiritide should
be started in patients with adequate blood » ACE i”hibittori;l )

. . angiotensin-receptor blockers,
pressure to speed relief of congestion. aldosterone antagonists
If nitroglycerin is used it will be neces-
sary to up titrate the infusion frequently. © [~ Diuretics, .
Patients with evidence of poor perfusion ! glelosiEfoe / w
antagonists, lw
nesiritide * i
&
/ ST
Kidney ACE-inhibitors, Peripheral
Treatment options for patients with heart failure affect angiotensin-receptor blockers, arteries
the pathophysiological mechanisms that are stimulated vasodllatprs.(}alpha-bl.ockade,
in heart failure. Angiotensin-converting—enzyme (ACE) nesiritide, exercise
inhibitors and angiotensin-receptor blockers decrease I

afterload by interfering with the renin—angiotensin—aldosterone system, resulting in peripheral vasodilatation. They also
affect left ventricular hypertrophy, remodeling, and renal blood flow. Aldosterone production by the adrenal glands is
increased in heart failure. It stimulates renal sodium retention and potassium excretion and promotes ventricular and
vascular hypertrophy. Aldosterone antagonists counteract the many effects of aldosterone. Diuretics decrease preload
by stimulating natriuresis in the kidneys. Digoxin affects the Na+/K+ —ATPase pump in the myocardial cell, increasing
contractility. Inotropes such as dobutamine and milrinone increase myocardial contractility. Beta-blockers inhibit the
sympathetic nervous system and adrenergic receptors. They slow the heart rate, decrease blood pressure, and have
a direct beneficial effect on the myocardium, enhancing reverse remodeling. Selected agents that also block the alpha-
adrenergic receptors can cause vasodilatation. Vasodilator therapy such as combination therapy with hydralazine and
isosorbide dinitrate decreases afterload by counteracting peripheral vasoconstriction. Cardiac resynchronization therapy
with biventricular pacing improves left ventricular function and favors reverse remodeling. Nesiritide (brain natriuretic
peptide) decreases preload by stimulating diuresis and decreases afterload by vasodilatation. Exercise improves periph-
eral blood flow by eventually counteracting peripheral vasoconstriction. It also improves skeletal-muscle physiology.
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should be considered for inotropic support. Dobuta-
mine should be started in patients with low cardiac
output and systolic blood pressure <90 mm Hg. They
may require vasopressor support if hypotension de-
velops. Patients with low cardiac output but adequate
blood pressure may benefit from milrinone, especial-
ly if they are already taking beta-blockers. Those re-
quiring inotropic support will require admission to an
intensive care unit. Those receiving vasodilators can
often be managed in a less acute setting (telemetry or
ED observation unit). Preliminary analysis from the
ADHERE registry indicated that length of stay was
reduced by up to a third in patients receiving vaso-
active agents (vasodilators, nesiritide or inotropes) in
the ED or observation unit, compared with patients
who had vasoactive therapy initiated in the hospital.®
This early initiation of emergency department therapy
is associated with lower hospital mortality, decreased
frequency of invasive procedures and decreased ICU
length of stay. Thus, early targeted vasoactive therapy
in the ADHF patient seems to be very promising.

SUMMARY

In the majority of patients who present to the ED with
ADHEF, initial therapy with oxygen and diuretics will
not adequately reduce filling pressures or improve
cardiac output enough to improve symptoms. Inotro-
pes improve symptoms in the short-term but are del-
eterious in the long-run. Vasodilators are frequently
necessary as they address the primary underlying
pathophysiology of heart failure. Nitroglycerin and
nitroprusside are effective but their use is hampered
by adverse effects and limitations. Natriuretic pep-
tides such as nesiritide, with their neurohormonal
antagonism, may offer several benefits over conven-
tional vasodilators and inotropes for the treatment of
ADHEF. It has been shown that nesiritide can be used
safely in the ED and upfront use can reduce hospital
length of stay.

Ky

New pharmacological agents under investigation at-
tempt to enhance our understanding of abnormal
neuroendocrine function in heart failure. By specifi-
cally targeting key points such as the activation and
feedback process, they may prevent disease progres-
sion and acute decompensation.’®* While we await
new treatment modalities, current ED efforts must
focus on the early implementation of effective strate-
gies to improve symptoms and correct the underlying

physiology.
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OBJECTIVES:

1. Discuss the application and limitations of BNP testing in the emergency setting
2. Describe the appropriate candidate for BNP therapy

INTRODUCTION

A BNP expert consensus panel,! consisting of individuals with basic, methodologic, and
clinical expertise, was convened in 2004 to create a summary document to help guide
the clinician on the recent explosion of natriuretic peptide (NP) data. This document
contains the data from their recommendations most applicable to the emergency

physician.

Natriuretic Peptide Physiology

More than a pump, the heart is a critical
endocrine organ functioning with other
physiological systems to control fluid
volume. Myocytes manufacture a fam-
ily of peptide hormones, termed the NPs,
represented by atrial natriuretic peptide
(ANP) and B-type natriuretic peptide
(BNP). Release of the NPs is stimulated
by volume overload,” and physiologi-
cally, they have powerful diuretic, natri-
uretic, and vascular smooth muscle relax-
ing actions. Importantly, they also serve
as antagonists to the sympathetic nervous
system and the renin-angiotensin-aldo-
sterone axis (RAAS).>* Release of NP’s
results from cardiac wall stretch, ventric-
ular dilation, or increased pressures from
circulatory volume overload. The effects
of NP’s result in lowering blood volume
and pressure.

BNP is derived from a precursor, pre
proBNP, which undergoes several cleav-

ages. The assay relevant products are
the inert N-terminal pro-BNP fragment,
and physiologically active BNP. BNP’s
are preferentially produced and secreted
by the cardiac ventricles,’ although fluid
overload may cause rapid BNP manufac-
ture in both heart chambers.® The primary
function of NPs is to defend against vol-
ume overload. After release into circula-
tion, BNP actions are modulated at target
sites by specific cell membrane recep-
tors, termed A, B, and C, which mediate
physiological actions by cyclic GMP.
Cyclic GMP has potent vasodilatory ac-
tions. BNP also causes an intravascular
fluid shift, from the capillary bed into the
interstitium, which contracts intravascu-
lar volume and decreases BP.*!° In addi-
tion, BNP is a RAAS antagonist, where it
counteracts sodium conservation, vaso-
constriction, and volume retention. BNP
also inhibits the release of renin from
kidney cells and aldosterone from adre-

The effects of NP’s
result in lowering
blood volume

and pressure.
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nal cells. BNP is primarily metabolized by the NPR-C
receptor, although some additional degradation may
occur by neutral endopeptidase.'!* Neutral endopep-
tidase has a wide tissue distribution, including adi-
pose, kidneys, lung, and brain (Figure 1).

Figure 1. BNP EFFECTS

Acute Decompensated Heart Failure (ADHF)

quires 15-minutes to perform, and reports BNP levels
from 5 to 5000 pg/mL. This assay is rated as mod-
erately complex assay per Clinical Laboratory Im-
provement Amendments (CLIA) regulations.

BNP for Diagnosis of Heart
Failure

Despite advances in our under-
standing of heart failure (HF)

Hemodynamic
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* Arteries’
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pathophysiology, diagnosis is
still difficult. While emergen-
cy department (ED) diagnosis
needs to be rapid and accurate,”
the signs and symptoms of HF
are nonspecific. Respiratory
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distress can preclude obtaining
the history, and dyspnea is non-
specific in the elderly or obese.?!
Routine labs, ECG, and x-rays
are also not accurate enough to
always make the correct diagno-

sis. 2>

Biologic Determinants on BNP Measurements.
Blood levels of NPs are affected by a variety of factors,
including circadian rhythm, age, exercise, and body
posture.!* Many drugs including diuretics, angiotensin-
converting enzyme inhibitors, adrenergic agonists, sex
and thyroid hormones, glucocorticoids, sodium intake,
and other conditions impact levels. BNP increases with
age and gender. Baseline and pathologic levels are
higher in women.'>!¢ The age induced BNP increase
may be due to the decline in myocardial function'” or
to decreased clearance.

BNP Assay

It should be made clear that the BNP assay is not a
stand-alone test. Its greatest value is when it is used
with the physician’s clinical judgment, and with other
appropriate testing. The Triage BNP assay system is
the only FDA approved point-of care assay.'® It re-

—

CONSENSUS STATEMENTS:

GENERAL COMMENTS.

The laboratory should perform BNP testing
on a continuous 24-hour basis with a
turn-around-time (TAT) of 60 minutes or
less. The TAT is defined as the time from
blood collection to notification of result

to physician or caregiver. Either central
laboratory instrumentation or point of care
testing systems are acceptable.

* In considering NP measurements, one
needs to carefully consider laboratory
and biologic variation, including gender,
sex, obesity, and renal function.

* The results of natriuretic testing is
dependent on the type of test you are
obtaining. N terminal pro BNP and
bioactive BNP are NOT interchangeable.
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The Breathing Not Properly study® was a large, mul-
tinational, prospective study using BNP to evaluate
dyspnea in 1586 dyspneic ED patients. BNP levels
were measured on arrival, and physicians assessed
the probability of the patient having HF. Two cardi-
ologists, blinded to the BNP level, reviewed all data
after hospitalization to produce a “gold standard”
clinical diagnosis. BNP levels alone more accurately
predicted the presence or absence of HF than any oth-
er finding. The 100 pg/mL cutpoint had a 90% sen-
sitivity and 76% specificity for a HF diagnosis. In
multivariate analysis, BNP levels always contributed
to the diagnosis, even after considering features of the
history and physical examination.

BNP levels may also help in disposition decisions.
The Rapid Emergency Department Heart Failure Out-
patient (REDHOT) Trial demonstrated a “strong dis-
connect” between the perceived severity of HF, and
illness severity as determined by BNP. On average,
patients discharged from the ED had a higher BNP
than those admitted, 976 pg/mL, versus 766 pg/mL,
respectively. BNP also predicted outcomes of patients
discharged, 78% had a BNP > 400 pg/mL, however,
there was no mortality at 30 days if the BNP was less
than 400 pg/mL.

The Swiss BASEL Study?* examined cost-effective-
ness of using BNP through the diagnosis and hospital-
ization in acute decompensated heart failure (ADHF).
In 452 patients, ED measurement of BNP was asso-
ciated with a 10% decrease in hospital admissions,
a 3-day decline in length of stay, and an $1800 sav-
ings, with no effects on mortality or re-hospitalization
rates.

BNP and Renal Failure

Chronic kidney disease (CKD) influences the cut-
point for BNP. In general, as CKD advances, a higher
BNP cut-point is implied. A cut-point of approxi-
mately 200 pg/mL is reasonable for those with an

CONSENSUS STATEMENT: USING BNP TO

HELP TRIAGE ED PATIENTS WITH DYSPNEA.

BNP is of diagnostic utility in the evaluation
of patients with acute dyspnea. Thus, in
new patients presenting with dyspnea to

an emergency setting, a history, physical
examination, chest x-ray and ECG should
be undertaken together with laboratory
measurements that include BNP. Current
data suggest the following guidelines:

As BNP rises with age and is affected
by gender, comorbidity, and drug use, it
should not be used in isolation from the
clinical context.

If the BNP is <100 pg/mL, then HF is
highly unlikely (NPV = 90%).

If the BNP is >500 pg/mL, then HF is
highly likely (PPV = 90%).

If the BNP is 100-500 pg/mL, consider:
a baseline BNP elevated due to stable
underlying dysfunction, right ventricular
failure from cor pulmonale, acute
pulmonary embolism, or renal failure.

Patients may present with HF and a
normal BNP, or with levels below what

is expected in the following situations:
flash pulmonary edema (<1-2 hours), HF
up-stream from the left ventricle (such
as with acute mitral regurgitation from
papillary muscle rupture and obese
patients (body mass index [BMI] >35).

estimated glomerular filtration rate (GFR) <60 mL/
min/1.73 m?. Using this approach, BNP maintains a
high level of diagnostic utility, with an area under the
ROC curve of >0.80 across all CKD groups.

B—
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CONSENSUS STATEMENTS: COMORBIDITIES
AND SPECIAL ISSUES THAT INFLUENCE THE

INTERPRETATION OF BNP LEVELS.

Emergency Diagnosis and Treatment of
Acute Decompensated Heart Failure (ADHF)

CONSENSUS STATEMENT: BNP IN
PULMONARY AND ASSOCIATED CARDIAC
DISEASE.

* BNP is altered with chronic renal
insufficiency (estimated GFR < 60 mL/
min), with a recalibration of the cut off
value to 200 pg/mL.

* BNP is helpful in the evaluation of
dyspnea when it is very low or high. NT
pro BNP has greater correlation with
eGFR than BNP, hence levels can be
elevated even with the normal age related
decline of renal function in the eGFR 60-
90 mL/min range.

* When the eGFR is below 60 mL/min, N
terminal proBNP can be considerably
elevated and in this setting its utility in
the evaluation of HF is unknown.

* Baseline BNP levels might therefore be
important in dialysis patients, as changes
most likely reflect volume status. Thus
a pre-dialysis BNP may help determine
the amount of volume which should be
removed.

* In approximately 20% of patients with
pulmonary disease, BNP is elevated
implying combined HF and lung disease,
cor pulmonale, or a misdiagnosis when
the true etiology of dyspnea is HF.

* In the setting of PE, BNP is elevated in
1/3 of cases and is associated with RV
pressure overload and a higher mortality.
BNP is not diagnostic for acute PE.

* Pulmonary disease which results
in pulmonary hypertension and RV
pressure or volume overload can lead to
elevated BNP levels, usually in the range
of 100-500 pg/mL.

Cardiopulmonary Disease

Some non-HF cardiopulmonary disease may cause
BNP elevations. These include cor pulmonale, lung
cancer, pulmonary embolism (PE) and primary pul-
monary hypertension. In these, BNP may be elevated,
but not to the extent found in ADHF. In PE, BNP may
be prognostic since patients with a BNP in the upper
normal range or > 100 pg/mL have a higher mortal-
ity rate.”” Although BNP is not an adequate screening
test for PE, in the setting of a suspected or confirmed
embolic event, a BNP elevation implies RV pressure
overload and increased mortality risk. Finally, in pri-
mary pulmonary hypertension, BNP elevations par-
allel the extent of pulmonary hemodynamic changes
and right HE.?®

Preserved Systolic Function (PSF) Heart Failure
Diastolic myocardial dysfunction, also known as PSF,
is the cause of HF in as many of 50% of cases and
is also associated with high BNP.*3 BNP has been
found to be approximately half as high in PSF as in
cases of systolic dysfunction.?!

CONSENSUS STATEMENT: BNP IN

DIASTOLIC DYSFUNCTION.

* BNP might be used to detect patients
with diastolic dysfunction.

* BNP concentrations above age-adjusted
cut-points may identify elderly patients
with diastolic dysfunction.
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Obesity

Obesity is an important risk factor for coronary ar-
tery disease and HF.**% Physiologically, adipose tis-
sue is related to the natriuretic clearance receptor®®-’
and obesity can interfere with the usual diagnostic
approach to HF. Mehra*® documented an inverse re-
lationship between Basal Metabolic Index (BMI) and
BNP. Lower levels of BNP in the obese (BMI>30Kg/
M?2) were noted, despite similar severity of HF com-
pared to a lean cohort, and nearly 40% of obese pa-
tients had BNP <100 pg/mL.

CONSENSUS STATEMENT: BNP IN OBESITY.

Since obese patients (body mass

index [BMI] > 30kg/m?) express lower
levels of BNP for any given severity

of HF, cautions should be exercised in
interpreting BNP levels in such patients.

BNP and Acute Coronary Syndromes (ACS)

Large studies report NP elevations in unstable angina
without myocardial necrosis.**° As ischemia may re-
sult in only small NP elevations, their sensitivity and
specificity are inadequate as a “rule out” tool. How-
ever if present, an elevation of NP in ACS is a pow-
erful predictor of adverse events. In 2,525 patients*!

grouped into BNP quartiles 40 hours after ACS onset,
an increasing BNP was associated with higher 10-
month mortality, and this relationship persisted even
without evidence of HF or myocardial necrosis.

CONSENSUS STATEMENT: BNP IN SUDDEN

DEATH, ACS, AND CAD.

When used together, BNP and cardiac
troponin provide a more effective tool
for identifying patients at increased risk
for clinically important cardiac events re-
lated to HF and ACS. Multimarker panels
with BNP and troponin are now available,
where each of these markers provide
unique and independent outcome data.

BNP and Prognosis

BNP elevation is a powerful marker of HF prognosis.
In 325 patients, followed for 6 months after an ED
visit for dyspnea, the relative risk of 6-month HF ad-
mission or death, was 24 times higher if the BNP was
>230 pg/mL (Figure 2).# This was confirmed by the
Val-HeFT trial, where the lowest quartile of BNP (<
50 pg/mL) had the lowest all-cause mortality and the
highest quartile (> 238 pg/mL) had the highest mor-
tality, 32% at 30 months (Figure 2).

Figure 2.
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Reprinted with permission from Ann
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Acute Decompensated Heart Failure (ADHF)

Giving BNR in the
form of nesiritide, can
restore neurchormonal

homeostasis and is
associated with reduced
filling pressures,
decreased pulmonary
vascular resistance,
lowered central

VENOUS pressures,

and reduction in

systemic BP.

_

BNP as Therapy

When ADHF occurs, the balance between
vasoconstrictors and endogenous vasodi-
lators is disturbed. This forms the basis
as to why exogenous BNP is given as
therapy despite high endogenous levels,
is analogous to giving insulin for insulin
resistance. In ADHF, high levels of BNP
occur as a “distress hormone”, where su-
pra-normal levels are no longer effective
at maintaining the balance of vasocon-
striction and vasodilation. Hence giving
BNP, in the form of nesiritide, can restore
neurohormonal homeostasis.

NP are much closer to ideal drugs for
ADHEF than other agents. The use of ne-
siritide is associated with reduced filling
pressures, decreased pulmonary vascu-
lar resistance, lowered central venous
pressures, and reduction in systemic BP.
There is also increased cardiac output due
to the unloading effect of vasodilatation,
but without reflex tachycardia. Moreover,
reducing preload and afterload without
increasing heart rate is consistent with
decreased myocardial oxygen consump-
tion and a decrease in ventricular stress
- a stimulus presumed to drive the neu-
rohormonal activation of ADHF. Lastly,
tolerance to these effects does not occur,
and these changes in hemodynamics are
present and persistent throughout the ad-
ministration of nesiritide.

To date, nesiritide is the only natriuretic
peptide available in the US for IV thera-
py. Colucci et al.**, in the Efficacy Trial,
showed that nesiritide causes a dose-re-
lated decrease in PCWP, systemic vas-
cular resistance, mean right arterial pres-
sure, dyspnea, fatigue, a significant in-
crease in cardiac index, and an improve-

ment in global status. The most common
side effect was dose-related hypotension.
The Comparative Trial** evaluated ne-
siritide versus many other cardiovascular
agents, including dobutamine, milrinone,
nitroglycerin, dopamine, and amrinone.
Global clinical status, fatigue, and dys-
pnea improved in all groups, with no sig-
nificant differences between nesiritide and
standard therapy. The most common side-
effects were bradycardia and dose-related
hypotension.

In 1998, Burger et al,* conducted the
PRECEDENT study. Its primary objec-
tive was to compare heart rate and ar-
rhythmias with two doses of nesiritide
(0.015 or 0.03 pg/kg/min) to dobutamine.
They concluded that although inotropic
HF therapies, including dobutamine and
milrinone, are associated with favorable
hemodynamic and symptomatic effects,
they cause arrhythmias and tachycardia
which may increase myocardial oxygen
demand, ischemia, and mortality. They
demonstrated fewer arrhythmias and no
heart rate increase with nesiritide. Fur-
thermore, the rates of 21-day readmis-
sion and 6-month mortality were higher
with dobutamine. The authors concluded
that nesiritide is safer than dobutamine
for short-term ADHF management.

The VMAC trial* was a safety and ef-
ficacy study of intravenous nesiritide
versus intravenous nitroglycerin or pla-
cebo in 489 ADHF patients with dyspnea
at rest. Swan Ganz catheterization was
performed in roughly half, at the physi-
cian’s choice. Patients were randomized
into four blinded groups, each receiving
standard therapy and: fixed dose nesirit-
ide, titratable nesiritide, titratable nitro-
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glycerin, or placebo. Nesiritide had a faster onset
and greater reduction in PCWP than nitroglycerin.
The improvement in clinical status and dyspnea was
similar in both groups (Figure 3). They concluded
that when added to standard care, nesiritide improves
hemodynamic function more effectively than IV ni-
troglycerin or placebo.

In another evaluation, a risk adjusted comparison of
outcomes from the ADHERE registry of more than
100,000 ADHF patients found improved survival with
vasodilators compared to inotropes. When comparing
vasodilators, there are similar outcomes between ne-
siritide and nitroglycerin.

The current approved use of nesiritide is for ADHF.
Although guideline statements are lacking, the totality
of diagnostic and therapeutic data regarding nesiritide

yield an intuitive rationale and a reasonable evidence-
based approach for ADHF assessment and manage-
ment. One of the most valuable findings is that begin-
ning vasoactive therapy in the ED is associated with a
3.1-day reduction in hospital length of stay compared
to therapies not initiated until after admission. This
suggests that the choice of therapy in the ED may criti-
cally impact the course of the patient.*’

INTEGRATING BNP LEVELS INTO A
RATIONAL USE OF NESIRITIDE

While BNP is approved by the FDA for HF diagnosis,
its usefulness to monitor treatment is still under study.
However, some suggestions can be made. We believe
that one can stratify patients to the high-risk category in
part by using BNP levels. Fonorow* recently analyzed
the ADHERE database and found that high BUN levels
provide a poor prognosis for patients in ADHF. Thus,
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Figure 3.

Vasodilation in the Management of Acute CHF (VMAC] trial: Primary end point is
pulmonary capillary wedge pressure changes over 3 hours.48
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the combination of high BNP and poor renal function
identifies high-risk patients (Figure 4).

If patients are admitted with BNP levels <500 pg/mL
and BUN levels are <40 (lower risk), one can often
start treatment with parenteral diuretics. Subsequently,
they can be reclassified into low- or high-risk groups
based on their response over the next 6-12 hours.
Those with an adequate diuresis, a fall in BNP, and
no deterioration in renal function may be candidates
for continued diuretics/vasodilators until euvolemia
is reached. Hopefully this will lead to a BNP level
<400 pg/mL in these patients. In one study, patients
whose discharge BNP levels were < 430 pg/mL had a
reasonable likelihood of not being readmitted within
the following 30 days.* If the BNP level was > 400
pg/mL, the volume status required re-evaluation. If
the patient is not yet euvolemic, nesiritide might be
considered for 24 hours.

If patients after receiving 6—12 hours of intravenous
diuretics have an inadequate diuresis, no change or an
increase in BNP, and worsening renal function, they
should be considered at high risk. If their systolic BP
is at least 90 mm Hg, they can be given 1-2 days of

Emergency Diagnosis and Treatment of
Acute Decompensated Heart Failure (ADHF)

nesiritide with iv diuretics. BNP can then be checked 6
hours after cessation of nesiritide and oral vasodilators
and diuretics can be used until euvolemia is achieved.

Patients with systolic BPs <90 mm Hg often need va-
sopressors and/or inotropes, sometimes under Swan-
Ganz guidance. In our experience at the Cleveland
Clinic, if these individuals show improvement in BP
and symptoms, we will then transition their therapy
to nesiritide. If there is no improvement on inotro-
pes or pressors, further invasive strategies should be
considered. Finally, it is conceivable that in patients
who are admitted with very high BNP levels, or have
impaired renal function, nesiritide might be started
immediately.

SUMMARY

In summary, the BNP Consensus Panel of 2004 has
provided consensus approaches for the use of BNP
for the diagnosis and treatment of HF. Ideally, the
use of these recommendations will improve the care
of your patients.

—p- Treatment options (cardiac):
Consider acute coronary syndromes

Physical examination,
chest x-ray, ECG, BNP level

Patient presenting with dyspnea

Treatment options for HF

with BP > 90: Diuretics plus nesiritide, —egem
especially with chronic kidney disease
and pulmonary congestion; consider adding
vasodilators if hypertensive; consider
adding inotropes for poor perfusion

Figure 4.

BNP Consensus
Algorithm

BNP <100 pg/mL | BNP 100-500 pg/mL
1
Clinical suspicion of HF or
HF le (29
very unprobable (2%) past history of HF?
I
| HF probable (90%)

f

BNP >500 pg/mL

HF very probable (95%)

_

Treatment options (noncardiac):

asthma; pneumonia; sepsis

Consider COPD; pulonary embolism;

Treatment options: Diuretics as required;
consider nesiritide if pulmonary congestion,
or for borderline hemodynamic instability,
creatinine > 1.5 mg/dL, CrCl < 60 mL/min,
BUN > 40 mg/dL

Treatment options for HF
with BP <90 or shock:
Diuretics, inotropes, vasodilators
and/or nesiritide to follow
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OBJECTIVES:

1. Describe the methods and process of the ADHERE registry

2. Describe how findings of the ADHERE registry can be used to direct and improve care

for ADHF patients

INTRODUCTION

Acute decompensated heart failure (ADHF) represents a major public health problem.
In the United States, there are approximately 1 million hospitalizations annually with
a primary discharge diagnosis of ADHF. Nearly twice as many hospitalizations are as-
sociated with heart failure, as a secondary diagnosis. These numbers are expected to
increase over the next two decades.'* Heart failure takes a particularly high toll on the
elderly. Since the early 1990s, ADHF has been the leading cause of hospitalization in
persons over the age of 65 years. Reported death rates appear excessive both during
and after hospitalization and high readmission rates suggest that inpatient care does not
result in effective long-term management.*> The enormous direct costs associated with
treating the 5 million Americans with chronic heart failure are mostly attributable to
the inpatient management of episodes of decompensation.® It has been proposed that
these dismal statistics exist, in part, due to a poor understanding of the characteristics
of patients admitted with ADHF and how to treat them. In this regard, most informa-
tion about ADHF is derived from clinical trials that are small (hundreds of patients)
and poorly representative of patients hospitalized for ADHF, due to the many inclusion
and exclusion of such trials.

A few registries have been developed to evaluate chronic heart failure in the outpa-
tient community setting.”® The Acute Decompensated Heart Failure National Registry
(ADHERE) was developed to provide a large, national database describing the clinical
characteristics, physician practice and treatment patterns, and outcomes of patients
hospitalized with ADHF.

Methodology of ADHERE States. Data are collected on the episode
ADHERE is a large, multicenter reg-  of hospitalization beginning with the
istry designed to amass a large clinical  point of initial care and ending with the
database on the clinical characteristics, patient’s discharge, transfer out of the
management, and outcomes of patients  hospital, or in-hospital death. ADHERE
hospitalized for ADHF across the United  is sponsored by Scios, Inc. (Fremont,

The Acute
Decompensated
Heart Failure National
Registry (ADHERE)
was developed to
provide a large, national
database describing the
clinical characteristics,
physician practice and
treatment patterns,
and outcomes of
patients hospitalized
with ADHF.
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California). The specific objectives of ADHERE are
(1) to describe the demographic and clinical charac-
teristics of patients who are hospitalized with ADHF,
including specific subgroups of interest; (2) to char-
acterize the initial emergency department evaluation
and subsequent inpatient management of patients
hospitalized with ADHF; (3) to identify patient char-
acteristics and medical care practices associated with
improved health outcomes in patients hospitalized
with ADHF; (4) to characterize trends over time in
the management of ADHF; and (5) to assist hospitals
in evaluating and improving quality of care for pa-
tients hospitalized with heart failure. Additional goals
of ADHERE include development of predictive mod-
els for mortality, complications, and length of hos-
pital stay and to link with de-identified data on lon-
gitudinal trends in the clinical care and outcomes of
registry patients. Aggregate data from the ADHERE
database is also used for the observational study of
treatment effects.

Sites were selected to represent the “real world” of
ADHF. Sites included both academic (84 hospitals)
and nonacademic (190 hospitals) hospitals and were
geographically diverse including 46 hospitals in the
Northeastern United States, 86 hospitals in the South,
66 hospitals in the Midwest, 22 hospitals in the West,
and 54 hospitals in the Mid-Atlantic region. Some of
the largest acute care hospitals in the United States
are participating but sites are diverse in size, ranging
from 72 to 1610 beds. Sites are reimbursed a nominal
fee for each completed case report form.

For the purpose of this registry, ADHF is defined as
either new-onset heart failure or decompensation of
chronic, established heart failure with symptoms suf-
ficient to warrant hospitalization. Patients are iden-
tified for inclusion in the registry from admissions
given a discharge diagnosis of heart failure based on
International Classification of Diseases, Ninth Revi-

sion (ICD-9) coding. Eligibility is not contingent on
the use of any particular therapeutic agent or regimen.
Patients may be male or female and must be at least
18 years old at the time of hospital admission. The
registry is accumulating data on individual hospital-
izations, not individual patients, and it is possible that
some patients may be enrolled in the registry more
than once. The goal of the registry is to enroll a repre-
sentative patient sample. Sites are encouraged to enroll
admissions meeting entry criteria as consecutively as
possible. Hospitals with more than 75 eligible patients
in a month are allowed to enroll a random sample of
these consecutive admissions using a Joint Commis-
sion for Accreditation of Healthcare Organizations
(JCAHO)-approved sampling method (Specifications
Manual for National Implementation of Hospital Core
Measures, JCAHO, 2003, section 4).

Data are collected by chart review and entered using
a web-based electronic data capture (EDC) system
designed by Phase Forward (Waltham, Mass) and li-
censed by the study contract research organization,
Pharmalink FHI (Research Triangle, NC). Data are
recorded concerning demographics, medical his-
tory, non-intravenous and intravenous cardiovascu-
lar medications, initial evaluation (at site hospital),
chronic infusion therapy, hospital course, disposition,
and procedures. Information related to four specific
aspects of the JCAHO quality improvement initiative
for heart failure are also captured: (1) patient instruc-
tion on diet, weight, and medication management at
discharge; (2) assessment of left ventricular systolic
function documented or scheduled; (3) angiotensin-
converting enzyme (ACE) inhibitor use at discharge
in patients considered candidates for this therapy
based on accepted clinical criteria; and (4) counsel-
ing on smoking cessation in current smokers. Human
subjects considerations, patient confidentiality, site
monitoring, and other specific methodological issues
have been previously outlined in detail, elsewhere. '
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Insights from ADHERE

From October 2001 through December 2004, 150,745
heart failure discharges were enrolled in ADHERE.
The mean age of patients was 72.5 years and 52%
were women. Most patients were white (74 %) or black
(21%) and were covered by Medicare or Medicaid
(79%). Seventy-six percent of patients enrolled had a
prior history of heart failure and one-third had a histo-
ry of admission for ADHF within the prior 6 months.
A history of hypertension was common (74%), as was
coronary artery disease (57%) and diabetes (44%).
Other important or common co-morbid conditions
included history of atrial fibrillation (31%), chronic
obstructive pulmonary disease or asthma (31%),
and chronic renal insufficiency (30%). Most patients
(89%) presented with dyspnea. Rales and peripheral
edema were present in 67% and 65% of the cases,
respectively. Of patients with documented left ven-
tricular ejection fraction prior to admission, 42% had
preserved or only mildly depressed systolic function.
The characteristics of patients enrolled in ADHERE
are very different from those of patients included in
clinical trials [Table 1].

Table 1.

Comparison of Patients Enrolled in Randomized
Controlled Trials of ADHF Versus ADHERE.

Y

The median length of stay for all hospitalized patients
was 4.3 days (mean 5.8 days. The in-hospital mortal-
ity rate was 3.9% (10.6% for patients who received
treatment in an intensive care unit (ICU). Registry
data on the JCAHO quality of care indicators showed
that only 32% of patients were given instruction on
diet, weight monitoring, activity level, worsening
symptoms, follow-up appointments, and medication
management at discharge. Assessment of left ven-
tricular systolic function was either documented or
scheduled in 83% of patients. A total of 66% of the
patients judged eligible to receive an ACE inhibitor
by standard clinical criteria were discharged on this
medication. Counseling on smoking cessation for cur-
rent smokers was given to 40% of eligible patients.

ADHERE Mortality Analyses

To date, two primary analyses of mortality have been
performed on ADHERE. These include a classification
and regression tree (CART) analysis in all patients to
define covariate adjusted odds ratios of death (11) and
a multivariable regression and propensity analysis in
patients receiving IV vasoactive medications to de-
fine covariate adjusted probability of treatment (12).
The former analysis allows the development and vali-
dation of a predictive model for in-hospital mortality,
based on patient characteristics discerned at the time

Characteristic Clinical Trials ADHERE
Average Age (years) 55-65 72.5

Gender (% Women) 20-25 52
Ischemic Etiology (%) 50 60
Renal Insufficiency (%) Usually excluded 30
Preserved LV Systolic Function (%) Usually excluded 42
Atrial Fibrillation (%) <25 31
Diabetes (%) 25-30 44
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of presentation. That is, the CART analysis provides
— for the first time — a way to stratify patients for risk
of in-hospital mortality. The latter analysis permits
the comparison of treatment choice on outcome. Spe-
cifically, the covariate and propensity score adjusted
risk of in-patient mortality was evaluated by treatment
status comparing intravenous dobutamine, milrinone,
nesiritide, and nitroglycerine.

In order to develop a practical user-friendly bedside
tool for risk stratification for patients hospitalized
with ADHF, CART analysis of the ADHERE data-
base was performed using the first 65,235 discharges
enrolled.!" The first 33,046 hospitalizations (from
October 2001 through February 2003) served as the
derivation cohort and were analyzed to develop the
risk prediction model. Then, the validity of the model
was prospectively tested using data from 32,229 sub-
sequent hospitalizations (validation cohort) enrolled
in ADHERE from March 2003 through July 2003. In-
hospital mortality was similar in the derivation (4.2%)
and validation (4.0%) cohorts. Recursive partitioning
of the derivation cohort for 39 variables indicated that
the best single predictor for mortality was high ad-
mission levels of blood urea nitrogen (= 43 mg/dL),

followed by low admission systolic blood pressure
(< 115 mm Hg), and then by high levels of serum
creatinine (= 2.75 mg/dL). A simple risk tree identi-
fied patient groups with mortality ranging from 2.1%
to 21.9% (Figure 1). The odds ratio for mortality
between patients identified as high and low risk was
12.9 (95% confidence interval, 10.4-15.9) and simi-
lar results were seen when this risk stratification was
applied prospectively to the validation cohort. These
results suggest that ADHF patients at low, interme-
diate, and high risk for in-hospital mortality can be
easily identified using vital sign and laboratory data
obtained on hospital admission. The ADHERE risk
assessment tool provides clinicians with a validated,
practical bedside instrument for mortality risk strati-
fication. Similar to the contemporary approach to the
triage and management of chest pain patients based on
risk assessment at presentation, the ADHERE CART
analysis may ultimately help direct the placement and
therapy of patients presenting with ADHF.

To compare in-hospital mortality of ADHF patients
receiving parenteral treatment with one of four intra-
venous vasoactive medications, a retrospective anal-
ysis of data from ADHERE was performed.'? Data

Figure 1.
~— Less than Greater than =
ADHERE Risk
Assessment Tree from 2.68% 8.98%
CART Analysis. Adapted n=25,122 n=7,202
from Fonarow et al,
JAMA. 2005;293:572- Systolic BP Systolic BP
980 with permission 115 115
from the American
Medical Association. 5.49% 2.14% 15.28% 6.41%
n=4,099 n=20,834 n=2,048 n=5,102
Creatinine
43
12.42% 21.94%
n=1,425 n=620
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from the first 65,180 patient episodes (from October
2001 through July 2003) were included in this analy-
sis. Cases in which patients received nitroglycerin,
nesiritide, milrinone, or dobutamine were identified
and reviewed (n = 15,230), to determine if the choice
of intravenous vasoactive therapy affected in-hospital
mortality. Since the choice of therapy was not direct-
ed by a protocol but by clinician judgment or prefer-
ence, proper adjustment based on factors influencing
treatment decision (using adjustment for covariates
and propensity scoring) were made. Risk factor and
propensity score-adjusted odds ratios (ORs) for in-
hospital mortality were calculated.

Patients who received intravenous nitroglycerin or
nesiritide had lower in-hospital mortality than those
treated with dobutamine or milrinone. The risk factor
and propensity score-adjusted ORs for nitroglycerin
were 0.69 (95% confidence interval [CI]: 0.53-0.89,
p <0.005) and 0.46 (0.37-0.57, p <0.005) compared

Table 2.

144

with milrinone and dobutamine, respectively. The
corresponding values for nesiritide compared with
milrinone and dobutamine were 0.59 (0.48-0.73, p
<0.005) and 0.47 (0.39-0.56, p <0.005), respectively.
The adjusted OR for nesiritide compared with nitro-
glycerin was 0.94 (0.77-1.16, p = 0.58). Thus, thera-
py with either a natriuretic peptide or vasodilator was
associated with significantly lower in-hospital mor-
tality than positive inotropic therapy in hospitalized
ADHF patients in ADHERE. The risk of in-hospital
mortality was similar for nesiritide and nitroglycerin
(Table 2). These observations are consistent with
findings from randomized controlled trials and sup-
port the use of vasodilators (nesiritide or nitroglyc-
erin) as first-line intravenous agents for the treatment
of ADHF. The selection of a specific intravenous va-
sodilator may be guided by the results of randomized
controlled trials.”* Of course, inotropes may still play
a role for those who present in or in impending car-
diogenic shock.

Mortality Odds Ratios in Pair-Wise Treatment Comparisons in the ADHERE Registry.
Reprinted with permission from Abraham et al, JACC 2005 (In Press).

Analysis* NTG (n=6055) NTG(n=5713) NES(n=4663) NES(n=4270) NES(n=4402) DOB (n = 3656)

VS. VS.

VS. VS. VS. VS.

MIL(n=1660) DOB(n=3478) MIL(n=1534) DOB(n=3301) NTG(n=5668)  MIL (n = 1496)

Unadjusted 0.34(0.28-0.41)'  0.24(0.20-0.28)'  0.53 (0.44-0.64)'  0.37 (0.32-0.44)'  1.64(1.38-1.94)'  1.39 (1.15-1.68)!
Adjusted for covariates'  0.69 (0.54-0.88)'  0.46 (0.38-0.57)'  0.59 (0.48-0.73)'  0.47 (0.39-0.56)'  0.95 (0.78-1.16)* 1.27 (1.04-1.56)5

Adjusted for covariates  0.69 (0.53-0.89)'  0.46 (0.37-0.57)'  0.59 (0.48-0.73)'  0.47 (0.39-0.56)'  0.94 (0.77-1.16)* 1.24 (1.03-1.55)%

and propensity score

B W
B
B
Siilal ]
6
i
[ ] h
g
B a
m eh
[
- b

[ )]
»

[ p
B

»

S 3 8

[}

[ (-

[ ] B

]

» &

L ]

¥ b




SUMMARY

Registries such as ADHERE may provide insights
that cannot be discerned from randomized controlled
trials. Heart failure patients enrolled in clinical trials
are very different than heart failure patients in the
community, as demonstrated by the characteristics
of more than 150,000 discharges for ADHF in AD-
HERE. The ADHERE registry provides important
insights into ADHF treatment and outcomes that may
favorably impact future care. Specifically, it provides
us with a valuable risk-assessment tool and with in-
sights into the effects of treatment selection on out-
comes in ADHF patients.
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OBJECTIVES:

1. Review the necessary elements and process required for a well-orchestrated disease

management program

2. Discuss the abjectives, design and logistics of the ADHERE Emergency Medicine Module

INTRODUCTION

A major factor limiting the long-term efficacy of current congestive heart failure (CHF)
treatment strategies is a lack of compelling data confirming which approaches and
therapies work best in most clinical situations. Studies have shown that the care given
to CHF patients varies widely, based on the location where patients receive treatment
and the specialty of the physician who treats them. In the absence of any established
standards or best-practice guidelines, physicians have little evidence on which to base
treatment decisions. Because of this lack of consensus standards, many CHF patients
receive less than optimal care. The National Registry ADHERE is the first national
registry that prospectively collects observational data from across the United States in
order to track and study the medical management of patients hospitalized with acute
decompensated heart failure (ADHF).! ADHERE is sponsored by Scios and overseen
by an independent scientific advisory committee of nationally recognized heart failure
experts. To date, more than 275 hospitals and more than 100,000 patient cases have
been entered into the ADHERE registry, making it the largest, most extensive registry
of its kind.

The original registry is referred to as the
Core Registry. As interest in the long-
term outcomes of these patients emerged,
the Longitudinal Module was developed

Disease Management

Traditional approaches to the treatment
of disease have been a “component-based
management model” whereby selected

to follow the course of these patients
beyond the immediate hospitalization
and into the outpatient setting. More
recently, the ADHERE Disease Manage-
ment Quality Initiative for Care Begin-
ning in the Emergency Department Mod-
ule (ADHERE ED DM) was initiated to
give insight into the treatment patterns
and overall quality of disease manage-
ment (DM) of ADHF in the emergency
setting.

portions of the disease are managed by
certain specialists that address specific
aspects of the patient’s illness. In this
system, the internist or cardiologist fo-
cuses on the long-term management of
CHF whereas the emergency physician is
concerned with the acute stabilization of
a decompensated state. The newer con-
cepts of disease management incorporate
the entire spectrum of patient care and
include the full use of ancillary health

The National Registry
ADHERE is the first
national registry that
prospectively collects

observational data
from across the United

States in order to

track and study the
medical management

of patients
hospitalized with acute
decompensated heart
failure (ADHF).
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care and social services. Because ADHF patients have
a combination of both an acute and chronic condition it
is important to begin to consider the longitudinal course
of their management even as we begin the stabilization
process in the emergency department (ED). This con-
sideration has become more important in recent years
as the ED has become the safety-net and primary care
provider for many of these patients. It is not uncom-
mon for ADHF patients to become frequent patients
in our emergency departments. By default, the emer-
gency physician then becomes responsible for their
overall care and must consider issues such as access to
outpatient medications, the ramifications of their inpa-
tient management and the longitudinal impact of early
treatment decisions within the emergency setting.>*
There is considerable evidence to suggest that the treat-
ment plan initiated by the emergency physician has a
significant impact on the long-term outcomes of other
common disease processes such as pneumonia and
acute coronary syndromes. It is reasonable to expect
that the same would be true in the treatment of ADHF.>*
There are typically three common elements to any
well-orchestrated disease management program:

1. Identify patients at elevated risk of adverse
outcomes

2. Intervention to reduce those risks

3. Systematic evaluation to assess the impact of the
intervention

Good disease management practice also requires the
physician to think about the patient’s pathology from
both the short-term and long-term management per-
spectives. This is particularly important when treat-
ing chronic diseases such as CHF due to the differ-
ences in the pathophysiologic mechanisms involved
in the acute and chronic presentations. CHF in its
acutely decompensated form is primarily a problem
of plumbing. Within the vascular conduits involved
in ADHEF, there is a mismatch in the pressures, resis-
tances and fluid volumes required to maintain blood
flow or cardiac output which further results in a con-
gestive state that limits oxygenation by the lungs.
This condition has the potential for positive feedback
and can rapidly spiral to an unstable state. Traditional
therapies such as nitroglycerin, morphine and diuret-
ics can ameliorate the congestion by manipulation
of the acute plumbing derangement. The result is a
dramatic change in the immediate clinical situation
and the patient often appears almost back to normal
in terms of symptoms. However, despite this illusion
of stability, the chronic pathophysiology of CHF and
the underlying cause of the decompensation is still
present.>® The congestion and fluid retention of the
heart failure state is a natural physiologic adjustment
to a dysfunctional Starling-Venous Return relation-
ship and is necessary to bring cardiac output back to
normal (Figure 1).5¢ The cost of this adjustment is

. CcO
Figure 1.
The congestion and fluid retention or
of the heart failure state is a VR

natural physiologic adjustment to
a dysfunctional Starling-Venous

shift in venous return by fluid retention

Depressed
contractility

Return relationship. CO = cardiac
output. VR = venous return

Atrial Pressure
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higher atrial pressures that can lead to
pulmonary edema and dyspnea which
brings the patient acutely to the ED. If
this mechanism is not taken into consid-
eration in the disposition of stabilized
ADHF patient then there is tremendous
potential for overall treatment failure.
Proper disease management also requires
a global perspective of all aspects of the
patient’s pathophysiology to be success-
ful.

In the past few decades we saw an em-
phasis on an evidence-based approach to
DM with a focus on utilizing results from
clinical trials to dictate the best treatment
options for patients with specific disease
states or presentations. More recently
we have begun to realize the necessity of
balancing this population-based proba-
bilistic view of treatment with a scien-
tific-oriented analysis of the physiologic
nuances of the individual patient in a
goal directed approach to management.’
ADHF DM is especially amenable to this
notion since there is little current trials-
based information and the pathophysi-
ologic spectrum of disease presentation
is varied. However, as we develop an
emergency medicine ADHF DM strategy
it is important that we look at the process
as a whole and the impact of treatment
plans on outcomes.?

For all these reasons a registry that tracks
the course of patients with ADHF from
the emergency medicine perspective can
be instrumental in defining the best prac-
tices for future DM.

ADHERE Emergency Medicine
Module

The ADHERE Emergency Medicine
Module is expected to be the vehicle
through which a comprehensive disease
management process is developed from
the unique perspective of emergency
medicine as a specialty. Building on prior
ADHERE programs, this module was de-
signed by emergency physicians with the
intention of answering specific questions
of interest to those managing ADHF pa-
tients that present to the ED and follows
their hospital course and outcomes.

Program Objectives

The main objectives of AHERE ED DM

are:

1. Develop a large clinical ADHF
database from acute care hospitals
across the United States

2. Examine the current national state
of medical management of patients
presenting to the ED for ADHF

3. Compare pre/post outcomes of
implementation of a Disease
Management program for ED
presentations of ADHF

Some of the secondary objectives include:
1. Assist hospitals in evaluating and
improving quality of care by
a. tracking quality indicators
b. providing monthly and quarterly
site specific and United States
benchmark data
2. Characterize trends over time in the
management of ADHF

Y

As we develop an
emergency medicine
ADHF DM strategy it is
important that we look
at the process as a
whole and the
impact of treatment

plans on outcomes.
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Components of the ED
DM program include:
1. Treatment algorithms
2. Order Sets

3. Physician/BN
education

Patient Education
5. Discharge Instructions

Feedback loop (data
monitoring tools)

_

3. For the ADHF patient in an ED

setting

a. Describe demographic and clini-
cal characteristics of ADHF

b. Characterize the initial ED
evaluation & subsequent man-
agement

c. Identify characteristics and
medical care associated with
improved outcomes

Program Design

Overview: The study design is that of a
multi-center, continuous, observational,
quality improvement initiative focusing
on the management of patients treated
in the hospital for ADHF in the United
States with an emphasis on emergency
medical care. It is expected that there
will approximately 150 hospitals partici-
pating, continuously enrolling patients
for about 18 months or up to 60,000 pa-
tient episodes. Sites are eligible to par-
ticipate if they are a current ADHERE
site or if they are in the top 1,700 largest
United States acute care hospitals with a
median number of annual HF discharges
of ~300 patients. Selected academic and
community hospitals will be equally dis-
tributed along the spectrum of HF patient
volume and geography. Components of
the ED DM program include:

Treatment algorithms®

Order Sets

Physician/RN education

Patient Education

Discharge Instructions
Feedback loop (data monitoring
tools)

AN o

Patient population: Patient eligibility is
not linked to a specific therapeutic agent
or regimen. Patients eligible for entry
into the ADHERE Registry include those
over the age of 18 admitted to an acute
care hospital and treated actively for
ADHEF, either as a new onset with decom-
pensation or as chronic heart failure with
decompensation. This would include those
patients who receive a principal ED or
hospital discharge diagnosis of ADHF or
is diagnosed clinically and is documented
in the DRG codes. Patients are excluded
if ADHF is a co-morbid condition, but is
not a principal focus of diagnosis or treat-
ment during the ED or hospital episode.

Staff and Institutional requirements:
1. Sites must commit to utilizing a
DM strategy and will be required
to implement at least three of five
components listed below.
2. Each site must have:
* One ED Physician as the Principal
or Co-principal investigator
* One dedicated Registry
Coordinator
a. Requires access to all ED and
hospital chart data
b. Can perform electronic data
capture (EDC) entry
* Inpatient physicians (such as
cardiologists)
a. Encouraged to participate as
a Co-principal investigator
to facilitate a fully integrated
DM Quality Improvement
program
* ED HF algorithm
* HF admission orders
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* Patient discharge instructions
* Physician HF education
 Patient HF education

Data Collection: The ADHERE Registry is a large
database of primary clinical information collect-
ed from hospital records of patients at select in-
stitutions nationwide. No prior registry has con-
ducted research at this level on the clinical care
of patients with ADHF. Using medical records,
data are collected from the point of initial care
through patient discharge from the hospital. The
registry is completely confidential, and all pa-
tient data are kept anonymous through encrypted
treatment. Data include:

* Demographics

e EMS data

*  Medical history

* Initial medical evaluation
* Hospital course

* Medications

* Procedures

* Disposition

The program is designed to collect data surrounding
the episode of hospital care that begins in the ED as
the point of initial care and ends with ED or hospital
discharge, transfer or death. If the institution is also
a part of the ADHERE core the patient may tracked
up to 90 days after admission. Data are collected
through an Internet-based EDC system. Participating
institutions enter data using a standard web browser
connected to an EDC system customized for the AD-
HERE registry. The system has been fully tested and
is compliant with federal regulations:

e 21 CFR 11, Guidance on Computerized Systems
used in Clinical Trials, and ICH GCP guidelines
e All site staff will be trained on these regulations

Ky

e EDC system access is controlled by the data
coordination center and system entry is limited
by username/password—protected logon
procedures.

* Hospitals will be prevented from accessing
electronic case report forms or aggregate data
from any hospital other than their own.

To follow the patient across recurring visits the Lon-

gitudinal Unique Identifier (LUID) system will be

utilized for confidentiality:

* Computer generated unique identifier
a. LUID encryption uses the US Federal
Standard SHA-1.
b. The LUID algorithm will be independently
validated by Booz Allen, Homeland Security
- Information Assurance, Civil Business
Segment.

*  With a given set of variables, a LUID is
generated that cannot be related back to an
individual.

* Patient level variables used to construct the
LUID are not stored in the system, and this
information cannot be de-encrypted from the
LUID stored in the database.

* The LUID is stored in the database along with
patient data and allows for longitudinal tracking
of hospital readmissions and patient outcomes.

Endpoints: In order to meet the overall objectives
of the Program, a number of specific endpoints are
targeted from within the data collection process. The
most important of these areas of focus include:

Impact of Disease Management Tools on Outcomes
* Length of stay, symptomatology
¢ Recidivism, time to treatment
Disposition of Patient
* based on presentation parameters (i.e.
Cr>2.0)

_
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Impact of diuretics relative to outcomes
* Dose and timing
* Defining which patients are responders.
BiPAP & CPAP
* Impact on drug therapy
* Impact on symptoms & outcomes
*  Oxygen Saturations
Resource utilization
* Benefit of observation units
Treating Physicians
*  Primary Care, Specialists and Consultants

Quality Initiative: The ADHERE Registry issues a
Benchmark Report each quarter to participating clin-
ics and hospitals. These reports summarize registry
data collected on acute heart failure treatment during
the previous year. The reports also make available
institution-specific, regional, and national statistics
(such as quality indicators) to participating hospitals
in order to help them evaluate and improve the care
they provide to patients. The goal is for the individual
hospital to utilize this information to effect change in
order to optimize overall disease management.

SUMMARY:

ADHF is expected to become on the most difficult
medical and financial problems facing our healthcare
systems. Preliminary evidence from the ADHERE
Core Registry and a number of other clinical trials
indicate that the emergency department should be the
focal point for the disease management process of
ADHF. The ADHERE ED DM program presents a
real opportunity for the emergency medicine commu-
nity to better understand the issues surrounding this
disease state and to objectively outline the best course
for overall disease management.
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OBJECTIVES:

1. Discuss components of emergency department heart failure disease management tools
2. To understand how disease management tools could improve the care of emergency
department patients with heart failure

INTRODUCTION

The rising prevalence and cost of care for heart failure is staggering. Almost 5 million
Americans have heart failure, with 550,000 new cases diagnosed each year at a total
cost of $27.9 billion.! The incidence is expected to continue to increase dramatically
due to our aging population (9.8% prevalence of heart failure in individuals over age
74), improved survival from acute coronary syndromes (ACS), and management ad-
vances in cardiovascular diseases.>* Hospitalization accounts for over 60% of heart
failure costs.’ Over half of patients older than 65 years with congestive heart failure
(CHF) are readmitted within 6 months of hospital discharge.®

While medical risk factors are well know to be associated with hospital readmission (age,
increased length-of-stay and number of comorbidities),”® often overlooked social factors
(such as single marital status, readiness for discharge, medication and dietary noncom-
pliance) also influence the chance of CHF readmission.®'° Heart failure disease man-
agement (DM) programs are designed to target social risk factors resulting in decreased
recidivism.

Heart failure DM
programs have proven
to be effective at

reducing subsequent

Heart Failure Disease Management

Heart failure DM programs have proven
to be effective at reducing subsequent
readmissions in those discharged after a
CHF admission.*!""12 Tt has been suggest-
ed that DM programs are nearly as effec-
tive as that seen with angiotensin-con-
verting enzyme inhibitors, beta-blockers
or digoxin.!* DM programs stress the
need for coordinated, comprehensive
care both during hospitalization and af-
ter discharge. They generally consist of a
multi-faceted approach including patient
education and teaching, dietary assess-

ment, medication analysis and social ser-
vices consultation. These processes have
traditionally occurred once the patient is
hospitalized.

Why Disease Management in the ED?
Because the emergency department (ED)
is the portal for 80% of hospital admis-
sions for heart failure, it represents an
ideal place to begin a DM program. CHF
patients discharged directly from the
ED have a high rate of recidivism, and
disease management may help avoid
unnecessary readmissions.'** Those pa-

readmissions in those
discharged after a

CHF admission.
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tients managed in an observation unit
(OU) receive definitive care, including
medication adjustment and follow-up ar-
rangements, and DM has been suggested
to impact recidivism in these patients.'> !¢
Whether it is initiation of CHF standard-
ized orders for an inpatient admission, or
comprehensive education, and teaching in
the patient discharged from the ED or OU,
disease management can be potentially
initiated on every ED patient with CHF.

The impact of early ED intervention and
treatment has been seen in other disease
processes such as pneumonia and ACS.
The CRUSADE initiative has suggested
that, those patients with non ST-segment
elevation myocardial infarction (NSTE-
MI) that receive treatment with glyco-
protein (GP) IIb/IIla inhibitors within

Table 2.

Emergency Diagnosis and Treatment of
Acute Decompensated Heart Failure (ADHF)

24 hours of hospital admission have a decreased likelihood of in-hospital
morbidity and mortality compared with those patients that receive treat-
ment after 24 hours (p<0.0001) (Table 1)."!18 Patients with pneumonia
that receive antibiotics within 4 hours of hospital arrival have a reduced
hospital length-of-stay (LOS) and in-hospital mortality (Table 2)."> A
separate analysis found that after adjustment for clinical and demographic
variables, initial antibiotic administration in the ED, and door-to-needle
time was associated with reduced LOS.*

Table 1.

In-hospital outcomes stratified by time to lib/llla inhibitor treatment.
GPIIB/IIIA < 24h No GP lIb/llla < 24h P
(n=17,355) (n=32,023)

Death (%) 2.7 47 <0.001

(Re)-Infarction (%) 3.0 3.0 0.67

Cardiogenic Shock (%) 2.9 22 <0.001

CHF (%) 6.3 9.4 <0.001

RBC transfusion (%) 12.0 13.0 < 0.001

Antibiotic administration within 4 hours of arrival and patient outcomes

stratified by risk classes*

Antibiotic Within
Outcome Measures 4 h, % (95% CI)

All patients

30-d mortality
In-hospital mortality
Length of stay ~5 d
30-d readmission

PSl risk classes Il and Il

30-d mortality

11.6 (10.9-12.3)
6.8 (6.3-7.3)

42.1 (41.0-43.2)
13.1 (12.4-13.9)

2.1 (1.5-2.7)
0.9

In-hospital mortality (0.6-1.4)

Length of stay ~5d 31.2 (29.4-33.1)

30-d readmission 9.4 (83-106)
PSl risk classes IV and V

30-d mortality 15.5 (14.6-16.4)

In-hospital mortality
Length of stay ~5 d
30-d readmission

9.2 (8.4-9.9)
46.5 (45.3-47.8)
14.7 (13.8-15.7)

Antibiotic After
4 h, % (95% CI)

12.7 (11.8-13.6)
7.4 (6.7-8.1)

45.1 (43.8-46.5)
13.9 (12.9-14.9)

3.4 (2.6-4.4)
1.2 (0.7-1.9)
35.3 (32.9-37.7)
10.9 (9.4-12.6)

16.5 (15.4-17.7)
9.9 (9.0-10.9)
49.2 (47.6-50.8)
15.2 (14.0-16.5)

Adjustedt
AOR (95% Cl) P Value
0.85 (0.76-0.95) .005
0.85 (0.74-0.98) .03
0.90 (0.83-0.96) .003
0.95 (0.85-1.06) .34
0.62 (0.42-0.93) .02
0.77 (0.42-1.44) 42
0.86 (0.75-0.99) .03
0.87 (0.70-1.07) 19
0.87 (0.78-0.98) .03
0.86 (0.74-1.00) .04
0.92 (0.84-1.00) .04
0.99 (0.88-1.12) .89

Abbreviations: AOR, adjusted odds ra-
tio; Cl, confidence interval; OR, odds
ratio; PSI, Pneumonia Severity Index.
*Patients without prehospital antibi-
otic treatment.

tUnivariate analysis comparing the
antibiotic timing subgroups “within 4
h” vs “after 4 h.”

$Multivariate analysis comparing the
antibiotic timing subgroups “within 4
h" vs “after 4 h" using logistic regres-
sion. The logistic regression model
included the timing of initial antibiotic,
PSI, admission to the intensive care
unit, census regions of hospitalization,
race/ethnicity, and other processes of
care (oxygenation assessment, blood
culture within 24 hours, and initial an-
tibiotic consistent with current guide-
lines). Adapted and reprinted with
permission from Houck et al. Arch
Intern Med. 2004;164:637-644.
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ED Heart Failure Disease Management Tools
There are several aspects to ED disease management. The first component is imple-
menting an ED heart failure treatment algorithm (Figure 1). Categorizing a patient
based on their perfusion status (warm versus cold), fluid status (hypervolemic, eu-
volemic, hypovolemic) and level of disease severity will help dictate initial therapy.
The majority of patients will be hypervolemic and well-perfused and will respond to

diuretics and vasodilators.

The second component of DM is the introduction of ED CHF admission orders. Ad-
mission orders ensure continuity of care from the ED to the inpatient ward with regard
to medications, labs, and ancillary tests. It also ensures that the patient that spends sev-
eral hours in the ED waiting for an inpatient bed is appropriately managed while care

Options

? Inotropes

? Consider Hemodynamic
Monitoring

? ICU Admission

Consider Other Diagnoisis NIO Decompensated Heart Failure
and Treatment Likely?

| Stat ED-HF Consensus Panel |

i

Emergency Department Patient with Suspected
Acute or Decompensated Heart Failure

YES -
| Imminent Respiratory Failure Anticipated b Options

Cardiogenic Shock or
YES Symptomatic Hypotension?

L]

| Perform History and Physical Exam |

2

Hypoperfusion (cool extremities)
or Altered Mental Status

‘NO

The Estimate of Severity
Is Increased by:

? Abdominal Signs of Oximetry1
? History of Multiple HF Admits

? BUN >43 mg/dL}
? SBP <115 mm Hg'
? Creatinine >2.75 mg/dL'

? Weight Above Normal Dry Weight
? ECG with LVH, Elevated BP

? T BUN, Hyponatremia

? Known Low Ejection Fraction
? Poor Response to Therapy

‘YES

Concurrent
with Workup:
Initiate Early ED
Therapy Based on
Clinical Estimate
of Severity

Critical Severity
(~10% of all HF patients)
? Oxygen
? Loop Diuretic
? Nesiritide, Nitroglycerin
or Nitroprusside

Moderate Severity

? BiPAP/CPAP Trial

? Endotracheal
Intubation

? If BP elevated,
Consider Rapid
Vasodilation
with Nitroglycerin

YES or Nitroprusside

? ICU Admission

Perform Workup

? BNP
? ECG

? CXR

? 02 SAT
\ ? Cardiac Markers

?CBC
? Electrolytes

~=p==p>| (~80% of all HF patients)

? Oxygen

? Loop Diuretic

? Nesiritide

? Nitropaste or SL
Nitroglycerin prn

? Patient Education

Low Severity
(~10% of all HF patients)

? Oxygen

? Nitropaste or SL
Nitroglycerin prn

? Loop Diuretics Trial

? Patient Education

ICU

Telemetry or Observation Unit

Observation Unit or Medical Floor "
Discharge Home

Figure 1.
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Because the emergency
department is the
portal for 80%
of hospital admissions
for heart failure, it
represents an ideal
place to initiate a

DM program.

ADHF Treatment Algorithm. Guidelines
forthe early stabilization and disposition
of acute decompensated heart failure
in the emergency department.

_



R

Emergency Diagnosis and Treatment of
Acute Decompensated Heart Failure (ADHF)

is transitioning from the emergency physician to the
admitting team. There are other advantages to stan-
dardized orders. The amount of evolving literature is
overwhelming- in 1995 there were 10,000 random-
ized controlled trials published.?! Standing orders
ensure guideline compliance from the literature, yet
allow physicians some autonomy by allowing for in-
dividual patient adjustments.

The third component of DM is the completion of a pa-
tient discharge checklist. This checklist is a method of
ensuring those patients that meet criteria for specific
interventions (medications, smoking cessation, car-
diac rehabilitation) are given the appropriate medica-
tions and instructions upon discharge. The institution
of a discharge medication program at 10 hospitals in
Utah was associated with dramatic improvements in
appropriate discharge prescriptions and the relative
risk of death and readmission at 30-days and 1-year
after hospital discharge (Figures 2 and 3).?* This
program focused on nursing-initiated documenta-
tion of appropriate medications upon discharge from
the hospital. When an appropriate medicine was not
prescribed at discharge, the discharge-planning nurse

contacted the attending physician or resident directly,
after which the missing medication could be added to
the discharge list if there were no contraindications.

The final component of DM is patient education.
Unlike other acute inpatient disease process such as
pneumonia and pyelonephritis, acute CHF exacer-
bations are treated until the subject is back to their
baseline compensated state- the underlying disease
process is never completely cured. As a result, patient
behavior after hospitalization may have a tremendous
influence on the progression of their disease process,
and subsequent morbidity and mortality. It has been
suggested that over 50% of readmissions are possi-
bly or probably preventable, and that medication and
dietary noncompliance, inadequate discharge plan-
ning or follow-up, failed social support, and not rec-
ognizing symptom recurrence were a big contributor
to these preventable readmissions. ° A DM program
that empowers the patient with knowledge about their
disease process, appropriate follow-up, and signs of
decompensation, increases the likelihood of avoiding
readmissions.

Figure 2.

100
Proportion of patients receiving the 90
appropriate discharge prescriptions. ig:
The 5 targeted medications were 60
given as indicated to patients f 50
without documentedcontraindications E, 40
before and more than 3 years after 5 307
implementation  of the  discharge ?g:
medication program (1998 and 0 | | | , |
2002, respectively). Data for 1998 1998 1999 2000 2001 2002
and 2002 were collected through the Year
same process. ACE = angiotensin- -o— Aspirin --a- Statin —- 3-Blocker
converting enzyme. Reprinted with ~m--ACE inhibitor —4-Warfarin

permission from Lappe et al. Ann
Intern Med 2004; 141(6):446.
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A Practical Example: Disease Management in the Observation Unit

In January 2002, the University of Cincinnati Department of Emergency Medicine ini-
tiated an acute decompensated heart failure observation unit (OU) protocol. The proto-
col selects non-high-risk patients for management over a 23-hour period. During this
time patients receive vasodilators and diuretics as well as further evaluation including
echocardiography and ACS risk stratification evaluation (serial cardiac markers with
the option for rest ischemia imaging) (Figure 4). An educational video has been de-
veloped that instructs the patients about their disease process, diet, medications, and
warning signs that their heart failure may be worsening. Discharge planning occurs
through a combination of cardiology nurse practitioner evaluation, as well as follow-
up in the heart failure and general internal medicine clinic.

N

These results testify
to the fundamental
contribution a DM

program can make to

the management of the
heart failure patient; in
this preliminary study,
charges were halved by
not admitting a patient,
and an average of one
bed-day was saved
per observational

unit patient.
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Figure 4.

Inclusion / Exclusion Criteria Fulfilled University of Cincinnati
ADHF pathway.

1. IV diuretic equivalent to home daily dose
2. Restart home ACEI £ IV ACEI
3. Nitrates

1. Electrolytes - standing 2-hour reassessment:

replacement S
2. BNP levels U/0, JVD, dyspnea, VS, BNP?

Diagnostics:

1. 0,3, 6 hour cardiac enzymes
2. Echocardiography

3. Rest perfusion scan

Nitrate / Diuretic / ACEI
Pathway

Nitrate / Diuretic

Pathway

1. Reassess every 2-4 hours
2. HF education/video

Discharge criteria met?

1. Cardiologist consult
2. Discharge home <+——YES NO—>
3. F/Uin 7-10 days

Admit

We evaluated the effectiveness of the OU protocol by
comparing patients managed in the OU with a similar
risk-matched cohort of inpatients.”® Overall, 59 pa-
tients who were being admitted to the hospital with
presumed decompensated heart failure were enrolled
in the study. All patients had a history of heart failure
and satisfied two major, or one major and two minor
modified Framingham Criteria. Inclusion and exclu-
sion criteria were selected based upon prior risk stud-
ies so as to identify what current practice indicates
is a low to moderate risk patient. Patients currently
believed to be at high risk and patients with new onset
heart failure were not included.

One patient was found to have no prior history of
heart failure, and two patients left the inpatient setting
against medical advice. Inclusion of these subjects
may affect the data but this represents the clinical
scenario and it is important to include these sources
of error in outcomes analysis. Thirty-two patients

were admitted to hospital while 27 were placed in the
observation unit. Eight (29.6%) OU patients required
subsequent admission.

Outcomes measured in this study included read-
missions for CHF, repeat visits to the ED for heart
failure, and death. There were 6 events among ad-
mitted patients (18.8%) and 4 events among OU pa-
tients (14.8%). Any difference was not significant
(p=0.482). All events included a readmission for heart
failure. All but one event included a heart failure-re-
lated ED visit. We also compared crude estimates of
bed-hours and costs between the two groups. Use of
the OU avoided admission in 70.4% of cases. Median
time from triage to discharge for OU patients was
26.5 hours (range 13.8 — 108.6 hours) while patients
admitted directly from the ED had a median length
of stay of 58.1 hours (range 22.8 — 173.0 hours). The
length of hospital stay was significantly shorter for
OU patients than for admitted patients (p<0.001).
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Charges for the two groups of patients
were obtained, categorized by the source
of the charge. Figure 5 shows the source
of charges for admitted and OU patients
(outliers not shown).

The total charge was significantly low-
er for the OU patients (Median $4203,
Range $2518 — $17485) than for admit-
ted patients (Median $8398, range $4283
— $34604) (P=0.001). Inpatient charges
and pharmacy charges were different
between the two groups (P<0.001 and
P=0.042, respectively). These results
testify to the fundamental contribution a
DM program can make to the manage-
ment of the heart failure patient; in this
preliminary study, charges were halved
by not admitting a patient, and an average
of 1 bed-day was saved per OU patient.
A combination of a treatment pathway,
patient education and discharge planning
are integral components in making OU
treatment successful.

SUMMARY

Disease management is an integral com-
ponent in the comprehensive care of heart
failure patients, and has been shown to
reduce readmissions and the overall cost
of care.!! The ED acts as a major portal
for heart failure admissions and because
of this, emergency physicians have the
potential to significantly impact the care
of HF patients. The majority of ED pa-
tients, whether admitted, managed in an
OU, or discharged home, will likely ben-
efit from one or more of the components
of DM.

10000 —
[ Admitted
[ ]Jou
i
o
Qo 5000 T
3 %
9]
2
©
S
T Figure 5.
L ]
0 %
Laboratory Inpatient ED Pharmacy

Y

The majority of ED
patients, whether
admitted, managed in
an OU, or discharged
home, will likely benefit
from one or more of

the components of DM.

Boxplots showing the source
and amount of charges for
observation unit and admitted
patients. (* indicates a
significant difference )
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Continuing Medical Education Post-Test

Based on the information presented in this monograph, please choose one correct response for each of the following
questions or statements. Record your answers on the answer sheet on page 48. To receive Category I credit, complete
the post-test and record your responses on the answer sheet. Mail in the return envelope no later than June 1, 2006. A
passing grade of 80% is needed. A certificate will be sent to you upon your successful completion of the post-test.

Diagnosis of Acute Decompensated Heart 4) Which of the following is not true about the role of
Failure in the ED vasodilators in acutely decompensated heart?
a) They reduce preload and afterload

b) Myocardial oxygen consumption is often
increased

1) A 61-year-old male tobacco smoker with a history
of asthma presents to the emergency department
with shortness of breath of 3 days’ duration. He
has exertional dyspnea, orthopnea and hears
some wheezing when he is breathing. Physical
examination reveals scant crackles at the bases

¢) They increase stroke volume and improve
cardiac output
d) They may cause hypotension

bilaterally with 9 cm of jugular venous distention, e) The best hemodypamic ind‘icator of vasodilator
an S4 heart sound, and no murmur. Which of the ther' apy response is a drop in the pulmonary
following best supports a diagnosis of congestive capillary wedge pressure

heart failure?

a) Cardiomegaly on chest radiography Pertinent BNP Consensus Panel

b) A BNP level of 1200 pg/dL Recommendations

¢) Normal chest radiography

d) A BNP level of 311 pg/dL 5) In an analysis of more than 46,000 patients enrolled

in the ADHERE registry, the ED use of vasoactive
therapy, as compared to delayed usage on the
inpatient unit, was associated with which of the
following:

2) Which of the following diseases can result in low
grade BNP elevations (<500 pg/dl)?

a) Right ventricular failure from cor pulmonale a) decreased mortality

b) Acute pulmonary embolism b) lower ICU admission rate
¢) CHF in an obese patient c) shorter hospitalizations
d) CHEF in a patient with normal body mass index d) fewer invasive procedures
e) All of the above e) all of the above

6) An elevated troponin, in the setting of acute
Treatment of Acute Decompensated Heart decompensated heart failure is associated with:

Failure in the Emergency Department a) longer ICU hospitalization

b) increased mortality

c) longer hospitalization

d) a higher rate of intubation and balloon pump
usage

e) all of the above

3) The patients clinical status can be determined by
assessing then for which of the following?
a) Degree of cardiac perfusion and presence of
congestion

b) Degree of cardiac perfusion and blood pressure
¢) Blood pressure and presence of congestion

d) Renal function and volume status

e) Renal function and peripheral edema

_



Continuing Medical Education Post-Test (cont.)

Background and Findings from the
ADHERE National Registry

7)

8)

When describing the patient population in the
ADHERE registry in comparison to other ADHF
trials, all of the following are true EXCEPT:

a. Patients in ADHERE tend to be older.
b. About half the patients in ADHERE are women.

c. Renal insufficiency patients are excluded from
ADHERE.

d. The ADHERE population includes academic and
community center.

e. All of the above are true.

In the ADHERE intravenous vasoactive mortality

analysis, which of the following statements are true:

a. Patients who received in-hospital nitroglycerin
had lower in-hospital mortality.

b. Patients who received intravenous nesiritide had
lower in hospital morality.

c. Patients treated with dobutamine or milrinone
had higher in-hospital mortality.
A and C are correct

e. A, B, and C are correct

Disease Management of Acute

9)

_

Decompensated Heart Failure: The
ADHERE Emergency Medicine Module

Which of the following are required for a successful
point-of-care program?

a. Quality control

Education of physicians

Laboratory accreditation and regulation
Defined and regulated testing procedures

All of the above

o a0 o

10) Factors that should be considered in the cost analysis
of a point-of-care testing program include all of the
following EXCEPT:

a. Laboratory result turn-around-time (TAT)
Time to disposition

Patient and physician (consumer) demand
Cost of testing platform and reagents

All of the above are correct.

o a0 o

Acute Decompensated Heart Failure Disease
Management Tools

11) The components of disease management include all
of the following except:
a. Treatment algorithm

Admission orders

Patient discharge checklist

Patient education

All of the above

o a0 o

12) Patient education and a discharge checklist are two
disease management tools that are used to improve
medication and dietary compliance in an effort to
decrease 30-day hospital readmission. The current
30-day readmission rate for heart failure patients
discharged from the hospital is approximately:

a. <10%

b. 20%
c. 45%
d. 70%
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Continuing Medical Education Post-Test Answer Form and Evaluation

After you have read the monograph, carefully record EVALUATION QUESTIONNAIRE
your answers by circling the appropriate letter for each  Op 4 scale of 1 to 5, with 1 being highly satisfied and 5
question and complete the evaluation questionnaire. being highly dissatisfied, please rate this program with
respect to:
Mail the answer sheet to: Highly satisfied Highly dissatisfied
Office of Continuing Medical Education Overall quality of material: I 2 3 45
University of Cincinnati College of Medicine Content of monograph: 12 3 45
PO Box 670567 Other similar CME programs: 1 2 3 4 5
Cincinnati OH 45267-0567 How well course objectives were met: 1 2 3 4 5
CME expiration date June 1, 2006. What topics would be of interest to you for future CME
programs?
1 a b c d
2 a b c d e
Was there commercial or promotional bias in the
3. a b c d e presentation? 1 YES U NO IfYES, please explain:
4 a b c d e
5 a b c d e
How long did it take for you to complete this monograph?
6 a b c d e
7 a b c d e
Name (Please print clearly):
8 a b c d e
Degree:
9 a b c d e
Specialty:
10. a b c d e Academic Affiliation (if applicable):
11. a b c d e
Address:
12. a b c d
City: State:____ Zip Code:

Telephone Number: ( )
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