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Preface

“To act as a unit. The motto of the Cleveland
Clinic reflects the spirit of this textbook; cooperation
among a multi-specialty group, and integration of
care among the physicians, nursing staff, pharma-
cists, social workers, and consultants. Our patients
with heart failure, in particular the patients with
advanced heart failure, pose complex problems for
the medical team. When we formed the George M.
and Linda H. Kaufman Center for Heart Failure, we
thought the only way to adequately address this chal-
lenge was to coordinate care among the many dis-
ciplines. This textbook is our effort to explain that
process, and our thinking about how to approach
patients with various stages of heart failure.

This model in medicine is not new. In many
respects this process is very similar to the care of
patients with congenital heart disease as employed in
many children’s hospitals across the world. Many of
these centers have developed interdisciplinary teams
of pediatric cardiologists, congenital heart surgeons,
and affiliated consultants and support staff. The team
works together to make the proper diagnosis, prevent
the progression of disease, identify optimal medical
therapy and the proper timing for interventional and
surgical therapies. Centers of excellence evolved from
this approach.

The care of heart failure patients has advanced
along the same lines. The most common cause of sys-
tolic dysfunction in industrialized nations is ischemic
cardiomyopathy. This requires a complex approach
including proper diagnosis, medical therapy and
then decision-making regarding percutaneous thera-
pies, surgical therapies, potentially electrical therapies
such as biventricular pacing and implantable car-
dioverter defibrillators, and a variety of mechani-
cal circulatory support devices and transplantation.
All are potential therapies. Various chapters in this
book reflect our thinking about the proper role for
these therapies. Whenever possible, we use the most

up-to-date evidence-based medicine. This is inher-
ently easier to study in drug trials. Surgical trials
are more difficult to accomplish, especially when the
surgical decision-making and techniques may be
very complex. For instance, a patient with ischemic
cardiomyopathy may be well served by coronary
artery bypass, mitral and/or tricuspid valve repair, left
ventricular reconstruction, and possibly additional
therapies for surgical ablation of atrial fibrillation,
and placement of left ventricular epicardial pacing
wires for perioperative and postoperative biventricu-
lar synchronous pacing. Drug trials study one drug at
a time and therefore, there are fewer confounding
variables. Despite these limitations, the surgical trials
recently include the REMATCH trial, the random-
ized trial of the Acorn CorCap Device, the ongoing
STICH trial, and the Myocor Coapsys RESTOR-MV
trial. Since surgery and medical therapy work on
different targets, and in different fashions, we think
optimal patient care is derived by doing the most
complete surgery that is practical, and then continu-
ing medical therapy for patients with severe left
ventricular dysfunction.

Each chapter of this textbook is written around
one aspect of the treatment for heart failure, because
it is easiest to organize the topics that way. When it
comes to an individual patient, however, the strategy
has to adapt a variety of different therapies together.
We hope that our attempt to clarify our thinking is
clear. Much of what we do is based on sound scien-
tific evidence, and in other instances the art of med-
icine has to be applied. We have tried to explain
which part of care is science, and which is the art, in
each chapter.

When we began this textbook we were Medical
and Surgical Directors of the Kaufman Center for
Heart Failure. By the time of the textbook’s publica-
tion however, both of us had evolved, Jim Young to
be the Chair of Medicine at the Cleveland Clinic, and

ix
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Patrick McCarthy to be the Chief of Cardiothoracic
Surgery Division and Co-Director of the Bluhm
Cardiovascular Institute at Northwestern Memorial
Hospital. The “transplant” of the multidisciplinary
team to Northwestern to create centers in heart
failure, valve disease, and atrial fibrillation among
others, has been an interesting and enlightening
broadening of the concept of the Kaufman Center

for Heart Failure. It appears to be a mindset of ideal
patient care that can be easily transferred and broad-
ened to other medical centers. We hope that this text-
book serves as a stimulus for others to employ this
patient care model.

Patrick M. McCarthy, MD
James B. Young, MD
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CHAPTER 1

Epidemiology of heart failure:
progression to pandemic?

Randall C. Starling

Introduction

Congestive heart failure (CHF), traditionally con-
sidered an edematous disorder, was described hun-
dreds of years ago. Hypertension and valvular heart
disease were the most frequent co-morbidities [1].
Physicians could only attempt to control pulmonary
and peripheral congestion with diuretic therapy.
Heart failure was a progressive disease culminating
in biventricular dysfunction, anasarca, and finally
organ failure due to hypoperfusion. Symptomatic
heart failure in the 21st century is most often
characterized by effort intolerance (dyspnea) and
fatigue. CHF is growing at epidemic proportions,
particularly in the elderly, consuming significant
health-care dollars and resulting in disability and
premature death. Common illnesses, including coro-
nary artery disease, hypertension, and diabetes mel-
litus, are the major etiologic risk factors. In the United
States, heart failure incidence is twice as common in
hypertensives and five times greater in persons who
have had a myocardial infarction (http://www.
nhlbi.nih.gov/health/public/heart/other/CHEhtm)
[2]. The National Heart, Lung and Blood Institute
(NHLBI) estimates that 75% of heart failure cases
have antecedent hypertension. Major advances in
the treatment of coronary artery disease and acute
ischemic syndromes that have saved countless lives
have resulted in a growing population of chronic
patients with left ventricular dysfunction that may
develop clinical heart failure. The NHLBI estimates
that 22% of male and 46% of female myocardial
infarction victims will develop heart failure within 6

years (Figure 1.1). Heart failure is the most common
indication for hospitalization in the United States in
patients over 65 years of age. It is estimated that
about one-half of patients with heart failure are
greater than or equal to 65 years old. Finally, it is now
recognized that the syndrome of heart failure may
also arceur as a consequence of diastolic dysfunction.
Recent reports have shown that 40-50% of patients
hospitalized with heart failure have normal ejection
fractions.

The mainstay of heart failure therapy today is
“treatment” for established and symptomatic dis-
eases. The public health impact of heart failure
for our society will continue to grow until effective
primary and secondary prevention strategies qre
adopted and employed. The recent heart failure
guideiines now define patients at risk of heart
failure (ACC Stage A) as a high priority for pre-
emptive therapy. Patients with advanced heart fail-
ure, ACC Stage D (www.acc.org/guidelines/heart
failure) represents almost 10% of the total heart
failure population, have the highest short-term
mortality and consume the greatest percentage of
resources [3]. The cost of treating advanced sympto-
matic heart failure is a growing economic burden for
industrialized nations. An analysis of six countries
revealed that 1-2% of total health-care expenditures
were for heart failure and about 70% of the total
heart failure cost was consumed for hospital costs
[4]. The rapidly increasing prevalence of heart fail-
ure clearly represents the most important public
health problem in cardiovascular medicine [1,4,5].
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Figure 1.1 (a) Incidence of heart failure in men and women age 50-79 years by hypertension status. Stage 1 hypertension is
defined as a systolic BP of 140-159mmHg or diastolic BP of 90-99 mmHg in people not receiving antihypertensive medica-
tion; Stage 2 or greater is defined as systolic BP of 160 mmHg or greater, diastolic BP of 100 mmHg or greater, or current use
of antihypertensive medication (adapted from [2]). Source: Framingham Heart Study, National Heart, Lung, and Blood
Institute. (b) Incidence of heart failure by myocardial infarction status (adapted from [2]). Source: Cardiovascular Heart

Study, National Heart, Lung, and Blood Institute.

CHF: congestive heart failure; BP: blood pressure; MI: myocardial infarction.

Epidemiology

An epidemic is described as affecting or tending
to affect a disproportionately large number of indi-
viduals within a population, community, or region at
the same time (excessively prevalent). Pandemic
refers to a disease occurring over a wide geographic
area and affecting an exceptionally high proportion
of the population. Heart failure is a worldwide phe-
nomenon that is indeed pandemic. Heart failure
affects approximately 2—4 million Americans and
over 15 million people worldwide [5]. The American
Heart Association estimates there are 4.9 million
Americans alive in 2002 with CHF (http://www.
americanheart.org). Based on the 44-year follow-
up of the NHLBI's Framingham Health Study,
heart failure incidence approaches 10 per 1000 pop-
ulation after 65 years of age. Despite declining
mortality rates for cardiovascular disease in the
United States, hospitalizations for heart failure have

increased substantially. Hospital discharges for CHF
in the United States rose from 377,000 in 1979
to 999,000 in 2000, a 165% increase (http://www.
americanheart.org).

The criteria for the diagnosis of the syndrome of
CHEF are not standardized, hence population esti-
mates may underestimate the extent of heart failure.
Measures used in population-based studies and
cardiovascular drug research rely on a composite of
signs, symptoms, and diagnostic findings. Attempts
to validate the Framingham Clinical Heart Failure
Score against a measure of ejection fraction showed
that, in patients with a low left ventricular ejection
fraction (LVEF <C0.40), 20% met none of the criteria
for CHE A cohort of 2000 persons aged 25-74 years
living in Scotland underwent a detailed assessment
of cardiac status including echocardiography [4].
The overall prevalence of left ventricular systolic
dysfunction (ejection fraction 30%) was 2.9%;
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concurrent symptoms of heart failure were found in
1.5%, while the remaining 1.4% were asympto-
matic. Prevalence was greater with age and in men,
reaching 6.4% in men aged 65-74 years. Therefore,
population estimates of heart failure have many
pitfalls, and utilization of death rates and hospital-
izations likely grossly underestimate the true magni-
tude of the heart failure pandemic. An analysis using
administrative data sets to create a definition of
heart failure using diagnosis codes (REACH Study)
confirmed the heart failure epidemic in the United
States [6]. The authors concluded that International
Classification of Diseases, Clinical Moditication
(ICD-9-CM) codes and automated sources of data
can be used within health systems to describe the
epidemiology of heart failure. Newer modalities
such as the brain natriuretic peptide assay may
enable investigators to interrogate populations to
determine the incidence of subclinical ventricular
dysfunction, hence diagnosing and perhaps treating
asymptomatic patients and ultimately improving
long-term outcomes.

Incidence and prevalence

Incidence refers to the number of new cases
observed in ayear in a defined population. Prevalence
refers to the number of cases observed at a specified
point in time in a defined population. The crude
incidence of heart failure (unadjusted for age) ranges
from one to five cases per 1000 population per year,
and increases sharply with advancing age to as high
as 40 cases per 1000 population over 75 years in some
studies |7]. A reflection of the incidence of heart fail-
ure in the US is made from the Framingham Study
and the Framingham Offspring Study, representing
a population of over 10,000 [8]. The incidence of
heart failure raises with age in both men and women
as shown in Figure 1.2. The incidence of CHF after
adjustment for age is one-third lower in women
than in men. Based on the increasing age of the US
population and improved survival, it is estimated
that the CHF prevalence will nearly double to 5.7
million cases by the year 2030 [9].

A recent analysis of the Framingham Heart Study
cohort demonstrated over the past 50 years that the
incidence of heart failure has declined among
women, but not men; however, survival after the
onset of heart failure has improved in both sexes [10].

30
Men
W Women
20
10 H _
= W

30-39 40-49 50-59 60-69 70-79 80-89
Age (years)
Figure 1.2 The annual incidence of congestive heart
failure is shown by population age/decade in men and
women amond The Framingham Heart Study subjects
(adapted from [8], with permission from the American
College of Cardiology Foundation).

When established clinical criteria are used to define
heart failure, the lifetime risk for heart failure is one
in five for both men and women [11]. Both hyper-
tension and antecedent myocardial infarction signi-
ficantly impact the lifetime risk for heart failure
between ages 40 and 80 years in both men and
women. These findings highlight the importance of
risk factor modification to reduce ischemic heart
disease and the potential impact of antihypertensive
therapy to reduce the development of overt dlinical
heart failure.

Mortality

Since 1968, heart failure as the primary cause of
death has increased fourfold [8]. The most dismal
prognosis for patients with severe symptoms (New
York Heart Association Class IV) and coronary artery
disease was a 43% and 18% survival rate at 1 and 3
years, respectively [12]. Symptomatic patients with
dilated nonischemic cardiomyopathy who are with
medical therapy have a better prognosis compared to
patients with underlying coronary artery disease [12].

Survival in patients with heart failure has improved
over the past 50 years. The 30-day, 1-year, and 5-year
age-adjusted mortality among men declined frorn
12%, 30%, and 70% from 1950 through 1969 to
11%, 28%, and 59% in the period from 1990 through
1999. In women, the corresponding rates were 18%,
28%, and 57% for the period 1950 through 1969, and
10%, 24%, and 45% from 1990 through 1999 [10].
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Overall there was an improvement in survival rate
after the onset of heart failure of 12% per decade, a
significant reduction in both men (P = 0.01) and
women (P = 0.02). The explanation for this is purely
speculative; however, the improved survival was tem-
porally associated with the use of both angiotensin-
converting enzyme inhibitors (ACEls) and beta
blockers. Another analysis examined the short- and
long-term mortality of patients after initial hospital-
izations for heart failure using a cohort of 38,702
consecutive patients from April 1994 through March
1997 in Ontario, Canada. The crude 30-day and
1-year mortality rates were 11.6% and 33.1%, respec-
tively [13]. Complex interactions atuong age, sex,
and co-morbidities impacted short- and long-term
survival. In the oldest co-morbidity-laden subgroup,
30-day and 1-year mortality were 23.8% and 60.7%,
respectively. A subgroup analysis from the Digitalis
Investigation Group (DIG) study showed that, in
ambulatory patients with CHF, estimated creatinine
clearance predicts all-cause mortality independently
of established prognostic variables [14]. In Cox
regression analyses, independent predictors of mor-
tality were estimiated creatinine clearance, 6-min
walk distance =262 m, ejection fraction, recent hos-
pitalization for worsening heart failure, and need for
diuretic treatment. It is obvious that, as a population
ages, heart failure becomes more prevalent and the

(a) 65—74 years
—=== Prostate cancer
—=—== Bladder cancer
Colorectal cancer
Heart failure
Lung cancer

1.0 -

Adjusted probability of survival

0.0- T T T ]
0 1 2 3 4 5

Year of follow-up

mortality raises, especially in patients with compro-
mised renal function and co-morbidities. It has been
recognized that elderly persons have a substantial
risk for death after a diagnosis of heart failure with
normal left ventricular systolic function. A longitudi-
nal population based in 5888 persons of at least
65 years of age revealed that 4.9% had CHEF, and
ejection fraction was normal in 63%, borderline
decreased 15% or impaired in 22%, and determined
by a core echocardiographic laboratory [15]; 45% of
those with heart failure and 16% without heart fail-
ure died within 6-7 years [15]. A cross-sectional sur-
vey was performed in Olmsted County, Minnesota
to determine the prevalence of diastolic and systolic
dysfunction, and if diastolic dysfunction was predic-
tive of all-cause mortality [16]. A cohort of 2042
randomly selected residents of Olmsted County aged
45 years or older were surveyed between June 1997
and September 2000. The prevalence of heart failure
was 2.2% with 44% having an ejection fraction
>50%. Among those with moderate or severe dias-
tolic or systolic dysfunction, <<50% had recognized
heart failure. Both mild and moderate or severe dias-
tolic dysfunction were predictive of all-cause mortal-
ity (hazard ratio for severe diastolic dysfunction:
10.17; P < 0.001).

Despite medical advances, heart failure remains
a lethal illness. Heart failure in the elderly has the

(b) 70-79 years
-==== Breast cancer
—=== Colorectal cancer
Ovarian cancer
Heart failure

1.0 Jave, N e |_UING CaNCEF

Adjusted probability of survival

0.0 T T T T
0 1 2 3 4 5

Year of follow-up

Figure 1.3 Five-year age-adjusted, survival curves following an incident admission for heart failure versus common types
of cancer in age-matched patients. (a) Scottish men and (b) Scottish women (adapted from [17] with permission from the
European Society of Cardiology). Source: Adapted with permission from [32].
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highest mortality. Heart failure with preserved sys-
tolic function is a growing concern and carries an
ominous prognosis. Mortality from heart failure is
high, and most patients and families are uninformed
and unprepared for the risk of death and need to
make end-of-life decisions. A recent Scottish analy-
sis showed that the 5-year age- and sex-adjusted
mortality for heart failure is worse than common
forms of cancer [17] as depicted in Figure 1.3.

Reasons for increasing
prevalence

The prevalence of heart failure increases with age.
Furthermore, advances in the pharmacologic and
surgical management of coronary artery disease,
arrhythmias, valvular heart disease, and hyperten-
sion have resulted in an ever-enlarging aging pool
of patients who are likely to develop worsening sys-
tolic or diastolic function and pathologic ventricu-
lar remodeling leading to irreversible heart failure.
Effective medical and surgical interventions have
resulted in a reduction in mortality. However, the
prevalence of heart failure is rising because predis-
posing conditions (coronary artery disease and dia-
betes mellitus) are palliated but not cured. The use
of implantable cardiac defibrillators (ICDs) will
reduce the incidence of sudden cardiac death but
does not change the natural history of heart failure/
pump dysfunction.

Economics of heart failure

Recent estimates of total annual health-care expen-
ditures for heart failure in Americans have ranged
from $10.3 to $37.8 billion [18,19]. The disparity of
these figures demonstrates the lack of available accu-
rate economic data, but the cost to American society
per year is at least $10 billion and may be as high as
$40 billion. The American Heart Association esti-
mates $21.0 billion for direct and indirect costs
of CHF in the United States in 2001 [20]. The
breakdown includes: $14.3 billion hospitals/nursing
homes, $1.5 billion physicians/professionals, $1.6
billion medications, $1.5 billion home health care,
and $1.6 billien for lost productivity/mortality.
Hence, 68% of the total expense is for inpatient care,
very similar to the estimates consumed on inpatient

care (73% and 62%,) in the other two reports [18,19].
Considering the rates of hospitalization (including
readmissions) for heart failure, it is not surprising
that 1-2% of the total health-care expenditures is
consumed for heart failure in a number of industri-
alized countries [4].

The frequency of hospitalizations for CHF
accounts for much of the economic burden. A con-
servative estimate of cumulative care costs during
hospitalization ranges from $6000 to $12,000 per
admission. Approximately, 35% of the diagnosed
heart failure population become hospitalized on
an annual basis [5]. Multiple hospitalizations, par-
ticularly of elderly patients with multiple co-morbid
conditions (50% have three or more), are especially
common. Indeed, it has been found that the
3-month readmission rate after an index hospital-
ization for CHF was as high as 47% of discharges
[21]. Many factors are related to the high rates of hos-
pitalization for heart failure, including progression
of underlying disease, inappropriate treatment
plans, lack of patient compliance with prescribed
regimens or diet or both, and use of detrimental
drug therapy in certain heart failure settings. There
are many patient- and physician-specific issues that
contribute to “heart failure decompensation” which
are potentially reversible [22]. An analysis in
Germany of 179 patients admitted to the hospital
with acute decompensation of pre-existing heart
failure concluded that 54% of admissions could be
regarded as preventable [23]. Noncompliance with
drugs or diet was the leading cause of acute decom-
pensation, present in 42%. Practitioners should uti-
lize pharmacologic agents, proven to be effective in
multicenter clinical trials, at target doses when
managing chronic heart failure.

Interventions to reduce the high frequency and
acuity of hospitalization, prolonged length of hos-
pital stays and frequent emergency room visits are
essential to attenuate costs. Qutpatient care is less
costly. Thus, the costs to intensify the outpatient
delivery of care are trivial and are offset by the
major reduction in total health-care costs if hospital
days are reduced. One goal should be to improve
the “effectiveness” of inpatient stays such that the
readmission rate declines. Up to 25% of Medicare
expenditures for hospitalizations are for readmis-
sions [24]. Thus, in heart failure, improving
the “quality of the hospitalization” may be most
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cost-effective. Reduction in length of stay initiatives
are important but should not compromise efforts
to decrease the risk of hospital readmission.

Severity of heart failure and
resource utilization

Patients with advanced heart failure represent
about 10% of the total heart failure population,
experience the highest short-term mortality and
consume tremendous resources. With improved
pharmacotherapy and management, an increasing
pool of patients are expected to survive with severe
left ventricular dysfunction who will ultimately die
from refractory heart failure. Patients with refrac-
tory heart failure are the consumers of expensive
technologic-sophisticated therapies, including car-
diac transplantation, mechanical circulatory assist
devices, automatic ICDs, biventricular pacemakers,
outpatient intravenous inotropic therapy, and fre-
quent high-acuity admissions (intensive care unit
stays and hemodynamic monitoring). A European
analysis has shown that it is more expensive to treat
severe heart failure than mild heart failure, prima-
rily due to the high rate and costs of hospitalization
over a 6—12-month period prior to dying [25]. An
admission for cardiac transplantation and post-
operative care averages $303,400. Cost for implan-
tation and care associated with a left ventricular
assist device averages $175,000, and implantation of
a cardiac defibrillator $50,000. Specialized regional
heart failure centers will play a critical role in the
delivery of cost-effective high-quality care to this
group of patients. The proper use of sophisticated
therapies, including ventricular assist devices, biven-
tricular pacemakers/ICDs, outpatient infusion ther-
apies, and high-risk surgical procedures (coronary
artery bypass grafting (CABG), mitral valve repair,
and Dor procedure) can improve outcomes and
reduce costs.

Heart failure guidelines

Clinical practice guidelines have been developed
by carefully evaluating the world’s literature with
emphasis on well-controlled randomized clinical
trials of solid scientific validity and expert opinion
from prominent clinicians. Consensus guideline
documents for the evaluation and management

of heart failure have been published [3,26]. Heart
failure experts believe that the pharmacologic
treatment of patients remains suboptimal and that
both beta blockers and ACEI are underutilized. The
guidelines emphasize the importance of appropri-
ate pharmacologic therapy (target doses and ACEI
use for asymptomatic left ventricular dysfunction)
and nonpharmacologic treatment (counseling, edu-
cation, and lifestyle modifications) in the manage-
ment of heart failure. The economic and quality
of care ramifications related to the adoption and
improved adherence of heart failure guidelines are
enormous. The advent of published guidelines has
led to the development of disease care management
algorithms that can be implemented within health-
care systems [27,28].

Educational programs can improve quality of
life for the patient and reduce hospitalization.
Multidisciplinary interventions designed to improve
dietary compliance and reduce hospital admissions
in heart failure patients have been found to be highly
effective. A multidisciplinary heart failure disease
management program is employed at the Cleveland
Clinic Health System [27]. The cornerstone of a heart
failure disease management program is to employ
pharmacologic therapy in compliance with evidence-
based heart failure guidelines and to develop a mech-
anism to monitor compliance both for patients and
physicians. Elderly, socially deprived, recently hospi-
talized heart failure patients are at increased high risk
for readmission and likely will derive the greatest
benefit from disease management programs [29,30].

The future and the
heart failure epidemic

Many heart failure patients are treated suboptimally
with pharmacotherapy [26,31,32]. A US survey
showed that cardiologists are more likely to pre-
scribe ACEIs than are general practitioners and
internists [38]. A survey comparing the practice pat-
terns between cardiologists and heart failure special-
ists showed general conformity but concluded that a
portion of heart failure patients may be better man-
aged by heart failure specialists [33]. Few data are
currently available to prove that heart failure special-
ists provide superior care for heart failure patients.
Perhaps the greatest impact of heart failure special-
ists is to evaluate patients with cryptogenic heart
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failure with the goal to find treatable components
that have precipitated the heart failure syndrome
(i.e. surgical coronary and/or valvular disease, dysyn-
chrony responding to resynchronization therapy,
ablation for tachycardia-induced cardiomyopathy).
A recent study concluded that cardiology participa-
tion in outpatients with new-onset heart failure was
associated with improved guideline adherence and a
reduction in the composite endpoint of death plus
cardiovascular hospitalization [34]. Specialized cen-
ters for heart failure can treat severe decompensated
patients, often resulting in prolonged stabilization
and improved quality of life in patients originally
referred expecting cardiac transplantation was the
only option [35].

Strategies to attack the epidemic of heart failure
should include the following initiatives:

(a) reduction of inpatient costs;

(b) investment in outpatient care and development
of chronic disease management programs;

(¢) reduce admissions (more important than
reduction in length of stay);

(d) focus efforts/resources on the “high-risk”
patient (history of frequent readmissions);

(e) utilization of specialized “heart failure providers”
(physicians, nurses, dietitians, rehabilitation
specialists);

(f) extensive patient education.

Dedicated “specialized heart failure centers”
should include the following mandates to help
achieve these initiatives:

(a) detailed patient evaluation to “stage” disease
and ensure appropriate diagnosis and
treatment;

(b) close patient monitoring at intervals tailored
to the individual patient’s needs;

(¢) immediate access to “heart failure team” staff
and timely responses to patient needs;

(d) patient education concerning heart failure.

Specialized heart failure centers can provide expert-
ise in the medical and surgical management of heart
failure [36]. Surgical therapy for heart failure (high-
risk standard cardiac surgical procedures, trans-
plantation, mechanical circulatory assist devices,
ventricular remodeling procedures (partial left
ventriculectomy, Dor procedure, Acorn device®,
Myosplint®), transmyocardial laser revascularization,

etc.) has become an essential component and now
extends far beyond transplantation [37]. Many
high-risk patients will benefit from standard surgi-
cal procedures with a safety net of mechanical sup-
port and transplantation available at specialized
heart failure centers.

Primary prevention is the solution to heart fail-
ure. However, secondary prevention strategies to
alleviate morbidity and reduce mortality are the
immediate focus to reduce the burden of this global
pandemic.
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CHAPTER 2

Heart failure clinical trials:
shaping the evidence for
treatment guidelines

James B. Young

Introduction and overview

As has been abundantly documented, heart failure
in the year 2006 remains the only cardiovascular
disease or syndrome with an increasing prevalence
and extraordinary morbidity and mortality [1-3].
Arguably, the syndrome has become the most
important inpatient medical challenge in the
United States, particularly from the economic per-
spective. As Figure 2.1 demonstrates, survival rates
in patients with the diagnosis of congestive heart
failure are improving somewhat as medical, inter-
ventional, and surgical therapies advance, but out-
comes are still far from ideal. There has been a
stepwise increase in the 5-year survival for both
men and women diagnosed with congestive heart
failure and followed in the Framingham Study
between 1950 and 1999 [3]. A decade-by-decade
analysis plotted in Figure 2.1 demonstrates that the
5-year survival rate for men has improved from
about 30% to 40% over time. Still, the fact that the
5-year survival rate for men is only 40% (and
women only about 55%) emphasizes the extraordi-
nary challenge at hand. Certainly, a better under-
standing of the pathophysiology and molecular
biodynamic difficulties which cause, and then
perpetuate, the heart failure syndrome has led to
new therapies. Perhaps longer-term outcomes will
be improved with greater insight and understand-
ing while more definitive therapeutic interventions
directed at the molecular basis of remodeling
and cardiac failure emerge. Ultimately, however,
our goal should be prevention of heart failure in a
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Figure 2.1 Patient survival curves for men and women
followed in the Framingham study and segregated by
decade of diagnosis [3]. Though there has been some
improvement over time with outcomes, the 5-year survival
rates for both men and women with congestive heart
failure remain dismal.

fashion similar to successful prevention of infec-
tious scourges, such as smallpox, polio, and tuber-
culosis. Unfortunately, unlike those communicable
diseases, the pathophysiology of the heart failure
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syndrome is more multi-faceted and the syndrome
far less well understood.

Nonetheless, over the past 25 years clinical trials
have played an important and unparalleled role
in shaping the evidence we now use for guiding
interventions in the heart failure patient. Indeed,
the emergence of “guidelines” over the past decade
detailing best treatment practices have been made
possible, for the most part, because of outcomes well
defined and characterized by clinical trial evidence.
In fact, one of the more robust arenas for practice of
so-called “evidenced-based” medicine has been in
patients with heart failure, and this is because of the
successful completion of well over 120 clinical trials
of varying size, design, and complexity [2].

Clinical trials and evidence-
based medical practice

As can be seen in Figure 2.2, clinical trials play a key
role in the ever cycling evidence-based medical
practice. Initial clinical experience and observation
of ill patients drive a desire to treat patients who
have significant suffering and disability from heart
failure or, for that matter, any disease. Initially,
rudimentary interventions are developed that are
generally based on limited understanding of dis-
ease pathophysiology and the potential for benefi-
cial response. In the best of circumstances, research
and experimentation emerge which are focused
both on basic science and clinical questions, such
that pathophysiologic processes, and perturbed
molecular biodynamics associated with disease,
become better understood. Disease paradigms
can be evaluated and extrapolation then made to
humans. In patients with heart failure, two excel-
lent examples of this are the characterization of
ventricular remodeling linked to disturbance of
cardiac cell molecular maintenance resulting in
hypertrophy and clinical heart failure in patients
with chronic, poorly controlled hypertension.
Another example is our present insight into how
the renin—angiotensin—aldosterone system modu-
lates molecular dynamics such that ventricular
hypertrophy develops. Basic observations must be
intimately linked to clinical experimentation, with
therapies developed that can be subjected to indi-
vidual human experimentation and randomized tri-
als, with systematic overviews of data occasionally

done to generate hypotheses which can be studied
in subsequent clinical trials.

Usually, early clinical experimentation, often lim-
ited to only a few patients, generates rudimentary
treatment strategies. This leads to more carefully
done, long-term, prospective, randomized, and con-
trolled clinical trials which allow a more robust con-
sensus to emerge and this is what sets the stage for
development of treatment guidelines. A challenge is,
then, to educate health care providers, patients, and
the public with the knowledge gained from these
clinical experiments, such that health care providers
and health care systems can implement best medical
practices.

Obviously, the clinical trial is key to developing
guidelines as well as implementation strategies. It is
within a singular clinical practice that individual
patient treatment occurs, but, hopefully, utilizing
guidelines that have been developed from clinical trial
observations. One can then continue to objectively
assess patient responses, public health issues, and
implement quality improvement strategies such that
the clinical outcome is improved. Obviously, obser-
vation will be cyclical with the research and experi-
mentation chain begun again and again.

With respect to heart failure syndromes, one of the
more frustrating issues is that many patients, if not
most, in clinical trials do not respond to the thera-
peutic ministrations tested. Indeed, most “positive”
randomized clinical trials done in patients with sys-
tolic left ventricular dysfunction show a reduction in
mortality at 1 or 2 years of 15-30% which is usu-
ally statistically significant. This means, however, that
many patients do not see benefit from intervention.
Understanding why that occurs is challenging and
should drive the continued cycle of repetitive clinical
experimentation and trials. Unlike treating an infec-
tious disease, we are hampered in our heart failure
clinics because the syndrome is vastly more hetero-
geneous than lobar pneumonia caused by pneumo-
coccal bacterium. We are further fettered by not
having a “sensitivity and susceptibility” test for a spe-
cific treatment as we do for antibiotic therapy of
many bacterial infections. Clinical trials would obvi-
ously be much easier to do if we could exactly deter-
mine which heart failure patient will, in fact, respond
to blockade of angiotensin II receptors, for example.

Figure 2.3 summarizes the different methods of
obtaining evidence that ultimately impact decision
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making in any clinical environment [4]. Of course,
as can be seen in the lower left-hand corner of this
figure, the least precise and most invalid method of
addressing patients with heart failure is to treat them
based on simple whim, prejudice, and uninformed
decisions. On the other hand, the greatest control of
confounding in studies, which will lead to the most
precise and valid observation, is the large-scale,
multi-center, randomized, properly controlled, clin-
ical trial. Indeed, the likelihood of discovery of truth,
or the precision of a trial, is often directly related to
the size or power of the study. Arguably, best control
of confounding is reached when one has a double-
blind, placebo controlled, randomized clinical trial
design, sized with statistical power enough to defin-
itively address the hypothesis. Obviously, this can
neither occur in all clinical settings, nor can every
relevant question to the practice of medicine be
answered in such fashion. Certainly other ways of
gaining evidence can be helpful and should never be
ignored. Indeed, it is the totality of evidence that is
most important. Single center randomized trials,
cohort case control studies, registry analysis, case
series, and case reports (even with a therapeutic trial
of N = 1) can all provide, depending on the circum-
stance, valuable information. Simply remember the
clinical story of heart transplantation. Nonetheless,
it has been multi-center, large-scale, randomized,
clinical trials in patients with heart failure that has
best shaped our clinical treatment guidelines.

There are some disadvantages to clinical trials.
Table 2.1 puts the advantages and disadvantages of
these efforts into perspective. Knowing the limita-
tions of clinical trials can help temper interpretation
of the evidence and prompt development of new
clinical trial approaches. Certainly, clinical trials have
a difficult time evaluating the “Art of Medicine”.
Medicine is, after all, still an art with respect to both
professionalism and patient care. We must remem-
ber that we have an extraordinarily incomplete
understanding of many disease states, including
heart failure. Still, clinical trials in heart failure can
only address a limited number of questions and the
lengthy duration of most large-scale multi-center,
heart failure trials causes inflexibility in patient man-
agement and they generally ignore advances made
while the trial is ongoing. Anyone involved with
design, implementation, and management of a clini-
cal trial knows the fear of a “blockbuster” observa-
tion coming out of another trial before yours is

Table 2.1 Clinical trial advantages and problems.

Issues

Advantages

¢ Most precise and valid study of treatment outcomes
¢ Best characterization of risk/benefit ratios

¢ Quantify precisely outcomes

¢ Define adverse events

Disadvantages

¢ Hard to evaluate the ”"Art of Medicine”

¢ Limited number of questions can be answered

¢ Lengthy duration causes inflexibility and ignores
intercurrent advances

Study populations are highly biased

Large sample size usually required
¢ Costs are enormous

Generally only study “add-on” therapies in rote

sequence

¢ Focus on observations that can easily be quantified
(death)

¢ Ignore important issues that cannot easily be
quantified (quality of life)

¢ Driven largely by health care industry need for

regulatory approval of therapies

Difficult to perform surgical trials

completed, particularly if it suggests that an impor-
tant therapy was absent in your trial. Also problem-
atic with clinical trials is that study populations are
highly biased and large sample size is usually
required. This is best illustrated by the fact that
women, racial minorities, the elderly, and patients
with significant co-morbidities are underrepresented
in most major heart failure trials that have been done
to date. Due to the complexities of study design, and
number of patients required in a multi-center clini-
cal trial, the costs of doing these studies are stagger-
ing and largely borne by the medical-industrial
complex which is, for the most part, motivated by the
need for regulatory approval of therapies. Obviously,
this limits significantly the questions that can be
studied. Clinical trials also seem to focus more on
observations that can be easily quantified, such as
death or hospitalization. These endpoints can be
readily determined, however, adjudication of finer
distinctions become problematic. For example, did a
patient die because of an arrhythmia (sudden cardiac
death) or was death due to progressive systemic con-
gestion and organ malfunction? On the other hand,
most clinical trials generally ignore important issues



Heart failure clinical trials 13

that cannot easily be quantified, such as quality of life
and neurocognitive function. We have also backed
ourselves into a difficult polypharmacy corner
because clinical trials usually just “add on” one ther-
apy after another, so that at the end of the day, “stan-
dard therapies” in patients with heart failure require
utilization of many different drugs including an
angiotensin-converting enzyme (ACE) inhibitor, an
angiotensin II receptor blocker, a beta-adrenergic
blocker, and an aldosterone antagonist, in addition
to diuretics, digoxin, and mineral supplements.
Unfortunately, when the trials are lined up, it is diffi-
cult to determine if truly additive effects are appar-
ent. Clinical trials in the future likely will compare
one overall treatment paradigm against a second.
Finally, it is possible, but vastly more difficult to per-
form trials of surgical interventions in heart failure
patients and, though some have been done, better
methods need to be developed to clarify risk/benefit
of these procedures.

Heart failure clinical trial focus

Table 2.2 paints a broad picture of the heart failure
clinical trial evolution and should be coupled to
Figure 2.3, Panels (a) and (b). In the 1960s, heart
failure was largely considered a “dropsical” syn-
drome with fluid retention creating peripheral
edema, organ congestion and malfunction, and
dyspnea syndromes. Rudimentary understanding
of the pathophysiology of heart failure created a
desire to improve cardiac contractility and relieve
congestion. Limited therapies were available, how-
ever, but in the mid-1960s the loop diuretic
furosemide greatly changed management strategies.
Digitalis preparations, usually digoxin, were used to
treat the contractility impairment. It is fascinating
to review the literature which emerged in the 1950s
and 1960s regarding loop diuretics and digitalis
preparations. No large-scale, randomized, well-
controlled clinical trials with meaningful outcomes
were done. Interestingly, an extraordinary literature
emerged addressing the most effective way to “digi-
talize” a patient and effect best blood levels, based
on organ function and dose. Sadly, only more
recently, has it been realized that out-comes were
likely worsened with historic approaches because
individuals were being overdosed! It has only been a
new analysis of the seminal Digitalis Investigation
Group (DIG) trial, which was originally completed

Table 2.2 Heart failure clinical trial focus.

Time period Focus Issues
1960-1970s ¢ Congestion * New diuretics
¢ Blood pressure ¢ New anti-
hypertensive's
1970-1990s ¢ Hemodynamics * "Vasodilation”
1985-2000s ¢ Neurohumors s RAAS
modulation
2000s—present ¢ Biomechanical * Surgery
remodeling e CRT

Future Pharmacogenomics e “Designer”

drugs

RAAS: renin—aldosterone—angiotensin systems; CRT: cardiac
resynchronization therapy.

and presented in 1997, that the proper dose and best
therapeutic level of digoxin have finally been agreed
upon [5]. In the 1960s and 1970s observational
studies and a few randomized clinical trials began in
earnest. It was in this environment that design con-
siderations for heart failure studies emerged. Early
clinical efforts focused on hemodynamic manipula-
tion, particularly arterial and venous vasodilation
with blood pressure lowering. Indeed, early studies
in the 1950s with hexamethonium, hydralazine, and
nitroglycerin characterized the beneficial clinical
and hemodynamic responses that could be seen
with vasodilation. At that time, proposing such
studies was a radical departure from “common wis-
dom” because vasodilation would generally be asso-
ciated with a falling blood pressure. Indeed, though
that did occur, this was associated with falling pul-
monary artery pressures, relief of dyspnea, and gen-
eralized clinical improvement. Interestingly, these
observations led directly to a study of nitroproside in
acute myocardial infarction patients which, for the
most part, was a negative clinical trial. Nonetheless
the first Vasodilator in Heart Failure Patient Trial
(V-HeFT) reported in 1986 (Table 2.3), the reduc-
tion in morbidity and mortality that occurred when
the vasodilators hydralazine and isosorbide nitrate
were given together and compared to placebo in
the first large-scale, randomized, clinical trial of
congestive heart patients to be reported. Another
control agent, prazosin, though a balanced arterial
and venous dilator, was of no benefit and suggests
that vasodilator actions alone could not explain
observed beneficial outcomes. Another, arguably,
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Table 2.3 Clinical trials shaping our therapeutic approaches.

Trial acronym (intervention tested; year published)

ACE inhibitors/angiotensin e BEST (bucindolol) 2001
receptor blockers post-MI/CHF e CAPRICORN (carvedilol) 2001
o CATS (captopril) 1992 o COMET (carvedilol) 2003

* AIRE (ramipril) 1993 Calcium channel blockers in CHF
* SMILE (zofenopril) 1995 « PRAISE (amlodipine) 1996

¢ TRACE (trandolapril) 1995 o V-HeFT-Ill (felodipine) 1997

* CATS (captopril) 1996 o MACH-I (mibefradil) 2000

* VALIANT (valsartan) 2003 « PRAISE Il (amlodipine) 2000

ACE inhibitors in CHF
* CONSENSUS (enalapril) 1987 Enoximone: oral enoximone in moderately severe
¢ SOLVD (enalapril) 1991-1992 CHF (enoximone) 1990

¢ V-HeFT-1l (enalapril) 1991

* MHFT (captopril) 1992

o ATLAS (lisinopril) 1999

¢ APRES (ramipril) 2000
OVERTURE (omapatrilat) 2001

Inotropes in CHF

Xamoterol (xamoterol) 1990
PROMISE (milrinone) 1991
DIMT (ibopamine) 1993
PROVED (digoxin) 1993
RADIANCE (digoxin) 1993
VEST (vesharinone) 1993
PICO (pimobendan) 1996
DIG (digoxin) 1997

PRIME-II (ibopamine) 1997
LIDO (levosimendan) 2002
OPTIME-CHF (milrinone) 2002
ESSENTIAL (enoximone) 2005

Angiotensin receptor blockers in CHF

e ELITE (losartan) 1997

e RESOLVD (candesartan) 1999

e SPICE Trial (candesartan) 1999

e STRETCH (candesartan) 1999

ELITE-II (losartan) 2000

RESOLVD: B-Blocker Study (candesartan/metoprolol)

2000 ¢ SURVIVE (levosimendan) 2005
¢ Val-HeFT (valsartan) 2000 e REVIVE (levosimendan) 2005
* CHARM (candesartan) 2003 Other treatments in CHF

Anti-arrhythmics in CHF

e BASIS (amiodarone) 1990

o CHF-STAT (amiodarone) 1993
¢ GESICA (amiodarone) 1994

¢ SWORD (d-sotalol) 1996

o CAMIAT (amiodarone) 1997
* EMIAT (amiodarone) 1997 OPT-CHF (oxypurinol) 2005

* DIAMOND-MI (dofetilide) 1999 ACCLAIM (immune modulation) 2006
o AMIOVERT (amiodarone) 2000 Vasodilators in CHF

* DIAMOND-CHF (dofetilide) 2000
o MUSTT (variable) 2000

PIAF (diltiazem/amiodarone) 2000

RALES (spironolactone) 1999
IMPRESS (omapatrilat) 2000
ATTACH (infliximab) 2001

IMAC (IVIG) 2001

RENAISSANCE (etanercept) 2002
EPHESUS (eplerenone) 2003

V-HeFT-I (hydralazine/isosorbide dinitrate) 1986
Hy-C (hydrazaline) 1992
PROFILE (flosequinan) 1993
REFLECT (flosequinan) 1993
FIRST (prostacyclin) 1997
MOXCON (moxonidine) 1999
ENABLE | & Il (bosentan) 2001
RITZ (tezosentan) 2001
EARTH (darosentan) 2002
VMAC (nesiritide) 2002
A-HeFT (bidil) 2004

Beta-Blockers in CHF

e MDC (metoprolol) 1993

¢ CIBIS (bisoprolol) 1994

¢ MEXIS (metoprolol) 1995
PRECISE (carvedilol) 1996

o MOCHA (carvedilol) 1996

CIBIS-Il (bisoprolol) 1999
MERIT-HF (metoprolol cr/xl) 2000

ACE: angiotensin-converting enzyme; CHF: congestive heart failure; IVIG: intravenous immunoglobulin; MI: myocardial
infarction; acronyms for clinical trials not listed. For complete list of trials see [1].
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more interesting and even earlier study, the Beta-
Blocker Heart Attack Trial (BHAT), reported in 1982
(Table 2.3) on a large subset of heart failure patients
post-myocardial infarction who received inderal in a
randomized, multi-center, placebo controlled clini-
cal trial and demonstrated that the patients gaining
the most benefit were those significantly ill in the
peri-infarct setting having congestive heart failure! It
is hard to recall now, but giving a beta-blocker to a
patient of this sort in the late 1970s and early 1980s
was believed to be irresponsible.

The original V-HeFT Trial lead to the “vasodilator
in heart failure” hypothesis which was pursued for
many years. Interestingly, the ACE inhibitor trials
were developed because this agents were believed to
be effective “vasodilators” and anti-hypertensive
agents not because they were significant modulators
of the renin—angiotensin system. The successes of
heart failure trials with ACE inhibitors did, once the
importance of the renin—angiotensin—aldosterone
system was identified, usher in the “neurochumoral
modulation” hypothesis for heart failure therapies.

Table 2.3 and Figure 2.4 (a) and (b) list the
acronyms of seminal trials that emerged after the
original vasodilator studies were performed [5].
These trials have focused largely on ACE inhibitors,
angiotensin receptor blockers, anti-arrhythmics,
beta-adrenergic receptor blockers, calcium channel
blockers, a variety of inotropes and “inodilators”
(agents with varying degrees of inotropic effects and
vasodilators), and a variety of other more direct-
acting atrial and venous vasodilators, and other ther-
apies in heart failure. It is less important to know
the acronym definition than the intervention studied
and the year observations were presented. More
detailed descriptions of the studies can be found in
the Clinical Trials Database maintained by the
American College of Cardiology [5]. In summary, it
has been these trials, along with the defibrillator and
cardiac resynchronization studies detailed in Table
2.4, that created our therapeutic knowledge base in
heart failure and upon which the heart failure treat-
ment guidelines summarized in Figure 2.5 rest.

Simply stated, ACE inhibitors are clearly indicated
to reduce morbidity and mortality after a myocardial
infarction when significant left ventricular dysfunc-
tion and heart failure are present. The angiotensin
receptor blocking agent valsartan has been stud-
ied in this setting as well, and compared to an

ACE inhibitor, arguably, has equivalent benefit. ACE
inhibitors have also been demonstrated to be the
underpinning therapeutic agent in all patients with
symptomatic left ventricular systolic dysfunction and
many believe these drugs can prevent the develop-
ment of symptomatic heart failure in individuals at
risk or with asymptomatic left ventricular systolic
dysfunction. More recently, angiotensin receptor
blockers, particularly candesartan and valsartan, have
also been demonstrated to be effective in patients
with symptomatic left ventricular systolic dysfunc-
tion. Some believe that angiotensin receptor blockers
produce benefit of equivalent magnitude compared
to ACE inhibitors. Interestingly, a combination of
candesartan and an ACE inhibitor can achieve added
improvement, at least as noted in one of the CHARM
Trials [5]. Beta-adrenergic blockers represent another
group of drugs quite beneficial in heart failure
patients. Carvedilol, sustained release metoprolol,
and biosoprolol all have demonstrated impressive
results in heart failure patient populations. Indeed, it
is the combination of beta-adrenergic blockers and
ACE inhibitors (or angiotensin receptor blockers)
that, today, remains the basic approach for heart
failure patient management. Interestingly, anti-
arrhythmic agents and calcium channel blockers have
not lived up to original expectations with respect to
morbidity and mortality reduction in heart failure
populations. As heart failure patients have a very high
risk of sudden cardiac death, one would have thought
that anti-arrhythmic drugs would be helpful. Most
anti-arrhythmic agents have not been associated with
benefit and, indeed, some such as pronestyl and
quinidine, among others, are linked to worse out-
comes in individuals with heart failure. Amiodarone
is the one anti-arrhythmic drug which, arguably, has
demonstrated some benefit in highly select patients
studied in clinical trials, but when this approach
is compared to implantation of a defibrillator or
cardiac resynchronization device the benefits pale
in comparison. Calcium channel blockers, once
thought ideal agents for heart failure because of
their excellent tolerability and effectiveness as anti-
hypertensive agents (secondary to vasodilation),
have not demonstrated benefit in the clinical trials
listed in Table 2.3.

One of the more contentious questions is related
to the role of inotropes in patients with heart failure.
Obviously, when patients are identified as having
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(a)

Vasodilator hypothesis

HF is “dropsy”
¢ Bedrest

¢ Dig

* Mercuriols

Bamard, Heart transplant 1967

BBF described; Ferreira, 1965
Furosemide available, 1967
Braunwald/New Engl J Med

review, 1967
Framingham Study;
New Engl J Med, 1971

ACE-| Synthesis;
Cushman, 1977

Chatterjee

Hydralazine;
Prazosin; Miller, 1977

Hexamethonium; Kelly, 1953
Hydralazine; Judsin, 1956
TNG (SL); Johnson, 1959

Phentolamine; Majid, 1971
Nitroprusside; Guiha, 1974
Minoxidil/ISDN, 1978,
Saralasin; 1977

Teprotide; Curtis/Gavras, 1978
Captopril; Davis, 1979

(b)

Vasodilator hypothesis Neurohumoral hypothesis -

The future
¢ Pharmacogenomics
¢ Prevention

S

Negative clinical trial

Equivocal clinical trials

ltalics = Post Ml Trials

Figure 2.4 Parts (a) and (b) comprise a timeline of observational and randomized clinical trials performed over the last
half century that have guided our heart failure treatment practices and provided the evidence for clinical treatment
guidelines [2,5].

HF: heart failure; MI: myocardial infarction.
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Table 2.4 Defibrilator and cardiac resynchronization trials.

Trial acronym (intervention tested; year published)

Implantable cardioverter defibrillators in CHF
¢« MADIT 1996

¢ CABG Patch 1997

o AMIOVERT (ICD/amiodarone) 2000

¢ CASH 2000

* MADIT-1l 2002

¢ MIRACLE ICD (ICD/CQT) 2003

¢« COMPANION (ICD/CRT) 2004

¢ SCD-HeFT 2005

Cardiac resynchronization therapy
¢ MUSIC (CRT) 2001

¢ MIRACLE (CRT) 2002

¢« COMPANION (CRT/ICD) 2002

¢ MIRACLE-ICD (CRT-ICD) 2003

¢ CARE-HP (CRT) 2005

decreased systolic left ventricular function one would
think an inotrope is beneficial. This has not, however,
proven the case with a variety of drugs ranging from
phosphodiesterase inhibitors to calcium sensitizers
and digoxin. Digoxin is the one agent which seems
more clearly associated with morbidity reduction
(hospitalization for heart failure), however. Whether
levosimendan will prove beneficial in the long run is
going to rest with final analyses of two large clinical
trials, SURVIVE and REVIVE, presented at the 2005
annual American Heart Association meeting. There
was some suggestion in the REVIVE Trial that acute
administration of intravenous levosimendan benefi-
cially affected a quality of life and re-hospitalization
endpoint. The SURVIVE Trials suggested that dobu-
tamine and levosimendan with respect to long-term
morbidity had similar outcomes. Many other treat-
ments for heart failure have been studied with vari-
able results. Blocking the aldosterone pathways with
spironolactone or eplerenone has proven effective
in heart failure patients with left ventricular sys-
tolic dysfunction generally (RALES) and in post-
myocardial infarction heart failure more specifically
(EPHESUS). On the other hand, omapatrilat and
oxypurinol did not prove efficacious in heart failure
clinical trials. Immune modulation with anti-
tumor necrosis factor (TNF) antibodies also did not
benefit patients and there was some suggestion that
infliximab could actually be harmful in this patient

population. We are awaiting additional clinical trials
of immune-modulation efforts to determine if this
is a viable strategy for heart failure patients.

Vasodilators also have been somewhat disappoint-
ing in heart failure patients with a few exceptions. The
previously mentioned hydralazine and isosorbide
nitrate combination studied in the V-HeFT Trial led
to an interesting clinical trial of a proprietary combi-
nation of these drugs in African Americans, the
A-HEEF Trial which demonstrated rather profound
effects on mortality and morbidity in patients of
African American heritage. Centrally blocking the
alpha-adrenergic pathways with moxonidine seemed
to create detriment as was also seen with studies of
flosequinan and prostacycline. Vasodilators operating
by blocking endothelin (bosentan, tezosentan, and
darosentan) have also been disappointing, and these
agents likely will no longer be pursued in patients
with congestive heart failure.

Finally, as listed in Table 2.4 several clinical trials
have definitively addressed the question of auto-
matic implantable cardioverter defibrillators and
cardiac resynchronization devices in patients with
symptomatic systolic left ventricular dysfunction.
Clearly, in individuals similar to those studied in
the clinical trials, these devices are extraordinarily
important. Indeed, in some individuals with wide
QRS complexes, mitral regurgitation, and ischemic
heart disease predisposing them to a sudden cardiac
death risk, the impact has been rather dramatic and
far superior to treatment with pharmaco-therapeutic
strategies only.

Clinical trial-based
therapeutic guidelines

Figure 2.5 summarizes the most recent (2005)
American College of Cardiology and American
Heart Association “stages” in the development
of heart failure and recommended therapies.
Therapeutic recommendations are linked to the clin-
ical trials with the compendium of evidence available
determining the strength of the recommendation.
Stage A patients are individuals at high risk for the
development of heart failure but without structural
heart disease or symptoms of heart failure. These are
represented by patients with hypertension, athero-
sclerotic cardiovascular disease, diabetes, obesity, the
metabolic syndrome, or patients undergoing therapy
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Figure 2.5 American College of Cardiology and American Heart Association “Stages” in the development of heart failure and treatment guidelines [2].
NYHA: New York Heart Association; ARB: angiotensin receptor blockers; HF: heart failure; ACEl: angiotensin converting enzyme inhibitor.
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with cardiotoxins, such as adriamycin and those with
a familial history of cardiomyopathy. Therapeutic
recommendations based on clinical (largely studies
in hypertensive and diabetic patients) suggest that
one should treat the hypertension, control athero-
sclerotic risk factors, and consider prescription of an
ACE inhibitor or angiotensin receptor blocker in
appropriate patients having vascular disease and dia-
betes. Stage B heart failure includes those with struc-
tural heart disease but without signs or symptoms of
heart failure and, like Stage A patients, are generally
New York Heart Association functional Class I. These
are characterized by individuals having a previous
myocardial infarction or demonstrating left ventric-
ular hypertrophy with systolic or diastolic dysfunc-
tion. An individual with asymptomatic valvular
heart disease would also be correctly classified as
having Stage B heart failure. In these patients, all
measures detailed under Stage A are appropriate
and, in addition, prescription of an ACE inhibitor
or angiotensin receptor blocker and beta-adrenergic
blocker is generally appropriate. When a Stage B
heart failure patient develops symptoms, the transi-
tion is made to Stage C which characterizes indi-
viduals having structural heart disease and prior or
current symptoms. These patients present with
shortness of breath, fatigue, and reduced exercise tol-
erance. Therapy begins with all measures for Stages A
and B patients, dietary salt restriction, diuretics
for fluid retention, and ACE inhibitors with beta-
adrenergic blockers. Other drugs in sub-select
patients would be aldosterone antagonists, angio-
tensin receptor blockers, digitalis preparations, and
the combination of hydralazine and isosorbide
nitrate. It is also in these patients who, despite best
medical therapy, remain symptomatic that cardiac
resynchronization with a biventricular pacemaker
would be appropriate. These Stage C patients are
generally New York Heart Association Class II-IV.
Also certain patients in this group could benefit with
an implantable defibrillator. Finally, Stage D repre-
sents refractory heart failure requiring speciali-
zed interventions and frequent hospitalizations.
Compassionate end of life care may be most appro-
priate but some are candidates for cardiac trans-
plantation, chronic inotropic infusion, permanent
mechanical circulatory support, or experimental
surgery or drugs. These patients are generally New
York Heart Association functional Class IV.

Future directions for
heart failure clinical trials

In the future, it is likely that heart failure clinical
trials will continue with great vigor because of the
challenge outlined at the beginning of this chapter.
Certainly, polypharmacy is daunting and hopefully
we will see fewer “add-on” trials. Polypharmacy
limits patient compliance and since most agents stu-
died to-date lower blood pressure and worsen renal
function, there are limitations we have with the
intensity of vaso-active medications we can give.
Furthermore, blocking individual receptor sites may
not be adequate to force a de-remodeling process as
drivers for this pathologic event are heterogeneous
and redundant. Future clinical trials, in all likeli-
hood, will delve a bit deeper into determining clini-
cal predictors of beneficial outcomes. Indeed, as
alluded to, perhaps only 30% of a study population
responds to any intervention. By gaining more insight
into heart failure pathophysiology, we likely will be
able to define more specifically which patients will
benefit from which specific therapy. Clinical trials
will also explore pharmacogenetic and genomic

Table 2.5 Future directions for heart failure clinical trials.

Emerging principals

¢ Polypharmacy daunting
— Limits of patient compliance
— Only so much blood pressurefrenal function to work
with
— Remodeling drivers heterogeneous and redundant
¢ Clinical predictors of beneficial outcomes limited
— Perhaps 30% of study population respond favorably
— Incomplete insight into heart failure pathophysiology
still exists
¢ Pharmacogenomics largely ignored today
— Genetic links to heart failure ill characterized
— Environmental modifiers of genetic predisposition
to heart failure is plastic
¢ Better definitions of patient populations needed
— "Systolic” versus “diastolic” heart failure
— "Congestive” versus "non-congestive” states better
recognized
— Co-morbidities deserve better attention (diabetes,
renal insufficiency, anemia, etc.)
¢ Clinical trials must better represent “real world clinical
practice”
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issues, perhaps better defining environmental mod-
ifiers of genetic predisposition to heart failure. We
also need to do a better job of defining heart failure
patient populations in our clinical trials and focus
more on “diastolic” heart failure, though representing
half of the patients admitted to the hospital with
congestive heart failure have vet to be studied
intensely. Clinical trials will also have to better char-
acterize co-morbidities in the heart failure setting,
particularly diabetes, renal insufficiency, and ane-
mia. Finally, heart failure clinical trials in the future
must better represent a real world clinical prac-
tice and have patient entry specifically linked to
older, female, and multi-co-morbidity populations
(Table 2.5).
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CHAPTER 3

Standard medical therapy

of heart failure

Mohamad H. Yamani

Heart failure continues to emerge as a rapidly
growing clinical problem with an immense socio-
economic burden that is associated with a rising
incidence and prevalence driven by the aging of the
world population [1,2]. It represents the most fre-
quent cause of hospitalization in the Medicare pop-
ulation. It is estimated that 10% of patients over the
age of 75 years have heart failure. In 2001, 4.7 mil-
lion Americans were alive with CHF spending an
estimated $21.0 billion for direct and indirect costs
on this devastating disease [3].

Despite major advances in the pathophysiologic
understanding of heart failure, the morbidity and
mortality rates of these patients continue to rise
reflecting thus, the complexity and heterogeneity
of this lethal disease. The last two decades have wit-
nessed an evolution of therapeutic strategies and
an intense investigation of novel pharmacotherapy
that resulted in improved survival and quality of life
for patients with this syndrome. Unfortunately, many
patients remain suboptimally treated because many
of these advances have not been translated into clin-
ical practice use [4].

The goal of this chapter is to provide an inte-
grated approach to the medical management of
chronic heart failure directed towards symptom con-
trol, preventing progression of left ventricular dys-
function, and improving survival (Table 3.1).
Standard medical therapy comprises five classes of
drugs: digitalis, diuretics, direct-acting vasodilators,
neurohumoral antagonists, and beta-adrenergic
receptor blockers. Guidelines for medical therapy
are linked to staging the severity of the heart failure

Table 3.1 Standard medical therapy of heart failure.

Improve Reversal of Improve
Class symptoms LV remodeling survival
Digitalis + 0 0
Diuretics + 0 0
Spironolactone + + +
ACE inhibitors + + +
ARBs + + +
Vasodilators
Hydralazine + + 0 +
nitrates
Amlodipine + 0 0
Beta-blockers + + +
Inotropes + 0 0

LV: left ventricle; ACE: angiotensin converting enzyme;
ARBS: angiotensin receptor blockers.

syndrome with angiotensin-converting enzyme
(ACE) inhibitors and beta-blockers as the corner-
stones of pharmacological therapy.

Digitalis glycosides

The Digitalis Investigation Group trial (DIG-trial)
has shed light on the 200-year-old controversy
surrounding the use of digoxin in heart failure
[5]. Several prior minor clinical trials and two
large withdrawal studies, PROVED (Prospective
Randomized Study of Ventricular Function and

21
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Efficacy of Digoxin) [6] and RADIANCE (Ran-
domized Assessment of Digoxin and Inhibitors of
Angiotensin-Converting Enzyme) [7], have demon-
strated efficacy of digoxin in the symptomatic
treatment of systolic heart failure. Digoxin with-
drawal has been consistently associated with clini-
cal deterioration. When patients were randomly
assigned to either continue active digoxin therapy
or to withdraw from active therapy and receive a
matching placebo, 40% of patients in the PROVED
trial and 28% of patients in the RADIANCE trial
who received placebo noted a significant worsen-
ing of heart failure symptoms compared with 20%
and 6%, respectively, in patients who continued to
receive digoxin. Deterioration was noted irrespec-
tive of whether patients were receiving background
therapy with diuretics alone or diuretics plus ACE
inhibitors. Recently, the data from PROVED and
RADIANCE were further analyzed to determine
whether there was a relationship between serum
digoxin concentration and clinical efficacy related
to digoxin in patients with symptomatic left ven-
tricular dysfunction [8]. [t was noted that the ben-
eficial effects of digoxin on common clinical end
points in patients with heart failure were similar,
regardless of serum digoxin concentration. Although
the withdrawal design may be biased in favor of the
drug and cannot establish safety, the DIG trial has
resolved these issues [5]. In that study with nearly
8000 randomized patients with New York Heart
Association (NYHA) class I-11I CHF, digoxin treat-
ment had neither a beneficial nor an adverse effect
on all-cause mortality. There was a significant
decrease in deaths due to CHF but a counterbal-
ancing trend toward an increase in deaths ascribed

Na* concentration that in turn activates
the Na*—Ca2?* exchange mechanism,
which leads to an increase in intracellu-
lar Ca?* resulting in a positive inotropic
effect.

to arrhythmias and acute myocardial infarction
(MI). The DIG trial, like previous studies, found
that digoxin therapy was associated with a 28%
reduction in patients hospitalized for CHF (from
32.5% to 25.1%, P < 0.001). This benefit tended
to be greater in patients with lower ejection frac-
tions, non-ischemic cardiomyopathy, more severe
symiptorns and larger cardiothoracic ratios on
radiography.

All major clinical practice guidelines and con-
sensus recommendations (ACC/AHA) [9] for heart
failure has recommended digoxin for patients who
continue to be symptomatic despite adequate
treatment with an ACE inhibitor and a diuretic.

Digoxin is an inhibitor of the Na™/K™-ATPase
pump (Figure 3.1), which increases the intracellular
sodium concentration that in turn activates the
Na*/Ca’" exchange mechanism, which leads to an
increase in intracellular Ca** [10]. Activation of car-
diac ryanodine receptors has also been described [11].
These processes serve as the underlying mechanisms
for digoxin’s inotropic activity, although the clinical
benefits of digoxin are thought to be primarily related
to its modulating neurohormonal effects [12]. These
effects result in a decrease in serum norepinephrine
concentration [13], improved baroreceptor func-
tion [14], and a decrease in sympathetic nerve activity
[15]. Digoxin also has important electrophysiologic
effects that result in a decrease in atrioventricular
node conduction [16]. These electrophysiologic
effects may sound like an attractive therapeutic strat-
egy for the control of the ventricular rate in patients
with atrial fibrillation. However, the clinical efficacy of
digoxin in this group of patients is controversial. This
controversy has been fueled recently by the finding
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that digoxin potentiates the shortening of atrial effec-
tive refractory period, and hence, its use may in fact
facilitate short-term recurrences and predisposes
toward further episodes of atrial fibrillation [17].

Although clinical data has firmly established a
role for digoxin therapy in patients who have symp-
tomatic CHF with reduced systolic function, debate
will continue concerning its use in patients with
dilated cardiomyopathy and few symptoms and
when it should be initiated in relation to other med-
ications. Further, little is known about the role of
digoxin in the presence of diastolic dysfunction. It
has recently been argued that digoxin may have a
potential benefit in patients with preserved left ven-
tricular systolic function based on a subgroup analy-
sis of the DIG trial which showed a similar reduction
in heart failure hospitalization endpoint in such
patients as was achieved in patients with ejection
fraction less than 45% [18]. Whether a future study
would be conducted to address this specific issue is
unlikely, and therefore, the controversy over the use
of digoxin may not come to an end.

Diuretics

Salt and water retention comprises one of the hall-
marks of chronic heart failure. It results from the
activation of neurchormonal system and although
it 1s usually apparent on physical examination, it
may be subclinical or even absent. Even when there
1s no evidence of fluid retention, normal intravas-
cular volumes may be associated with elevated ven-
tricular filling pressures during physical activity.
The predominant impact of diuretic therapy is to
reduce left ventricular filling pressure and relieve
congestion as illustrated by the Frank-Starling curve
in Figure 3.2 (from point A to B). Diuretics have
also been reported to improve cardiac performance
at rest and during exercise shifting the curve upward
and to the left (Figure 3.2, new point D) [19,20].
Some of these hemodynamic benefits are likely due
to the release of vasodilatory prostaglandins with
secondary reduction in systemic vascular resistance,
improvement in neurohormonal system and result-
ant vasodilatation [21,22]. A decrease in chamber
radius results with reduction in wall stress (Laplace
effect) and hence, improvement in myocardial oxy-
gen demands [19]. Diuretic-induced volume reduc-
tion also decreases secondary mitral regurgitation
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Figure 3.2 Frank-Starling curve in normal subject and
heart failure patients.

and thereby improves cardiac output [23]. Thus,
diuretics produce rapid hemodynamic and clinical
improvement in most symptomatic patients. Despite
these initial improvements, which may be sustained
during chronic treatment [24], diuretics have not
been subjected to rigorous mortality trials with
clinical endpoints. Of course, it would be ethically
challenging to conduct such a trial in patients with
advanced and overt heart failure symptoms where
the need for diuresis is essential to alleviate the fluid
overload status.

Diuretic therapy is usually initiated with restric-
tion of daily salt intake (1.5-2.0g). However, judi-
cious use of diuretics is required since over-diuresis
may in fact lead to reduction in cardiac output as
the patient may move from the flat segment to the
ascending portion (Figure 3.2, new point C) of the
Starling curve. Aggressive diuresis is associated
with further activation of the renin—angiotensin—
aldosterone system and the sympathetic nervous
system, as well as with electrolyte imbalances, so it
is preferable to combine these agents with ACE
inhibitors in most cases. Some patients with mild
symptoms obtain adequate symptom relief from
ACE inhibitors alone, but they are the exception
rather than the rule. In contrast, asymptomatic
patients with left ventricular dysfunction usually
do not require diuretic therapy.

Diuretics comprise a group of four classes [25]
that act on different sites in the nephron (Figure 3.3,
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Table 3.2). Acetazolamide, a carbonic anhydrase
inhibitor, acts on the proximal tubule. The “loop™
diuretics consist of sulfonamide derivatives
(bumetanide, furosemide) and non-sulfonamide
derivatives (ethacrynic acid, torsemide), which act on
the ascending loop of Henle, and are considered to be
most potent. Thiazides, indapamide, and metolazone
act on the early portion of the distal convoluted
tubule, and are moderately potent. The “potassiurn-
sparing” spironolactone, amiloride, and triamterene
are mildly potent and act on the late portion of the
distal tubule and in the collecting duct.

Thiazide diuretics may be sufficient in patients
with mild symptoms and are preferable in hyper-
tensive individuals, as they provide more prolonged
blood pressure control [26]. Loop diuretics are
required in most patients with moderate-to-severe
symptoms [27]. Because an intraluminal threshold
must be exceeded to obtain the desired effect, greater
diuresis is best achieved by increasing the amount
of each dose. Divided doses are appropriate to
prolong the period of diuresis. When it is difficult
to obtain and adequate diuresis or if the total daily
dose becomes high (above 320 mg of furosemide), a
useful strategy is to combine diuretics with different
sites of action [28]. Metolazone, because it is effec-
tive even in patients with substantial reductions in
glomerular filtration rate, is often used in this set-
ting [29], and the combination of metolazone and
a loop diuretic is the most effective approach to
stabilizing refractory patients [30]. Several factors

Loop diuretics

Figure 3.3 Sites of action of different
diuretics on the nephron.

Table 3.2 Select diuretics in heart failure.

Initial Recommended

Agent dose (mg)  maximum dose (mg)
Hydrochlorothiazide 25qd 50qd

Metolazone 2.5qd 10 bid

Furosemide 20qd 240 bid

Torsemide 10qd 200qd

Bumetanide 0.5qd 10qd
Spironolactone 25qd 100 bid

contribute to the appearance of diuretic resistance,
a phenomenon seen in as many as 1 in 3 patients
with CHF [31]. Renal blood flow and glomerular
filtration rate are reduced. Increased neuroen-
docrine activity increases the proximal tubular
absorption of sodium. Loop diuretics flood the
distal nephron with sodium, which induces hyper-
trophy of the tubular cells, thereby increasing their
reabsorptive capacity for sodium. Together, these
developments result in a reduction of the frac-
tional excretion of sodium and the development of
resistance to the natriuretic activity of diuretic
monotherapy. Further, bowel edema, which impairs
drug absorption, and use of non-steroidal anti-
inflammatory agents, which impair the natriuretic
effects of loop diuretics, also contribute to the diuretic
resistance phenomenon. The combination of a loop
diuretic and thiazide may achieve a significantly
greater diuresis than doubling the doses of either
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alone. However, caution must be exercised to avoid
severe electrolyte disturbances, and intermittent
metolazone administration is preferred. The addi-
tion of low doses of spironolactone (12.5-50.0 mg
a day) may also be helpful, even in patients receiv-
ing ACE inhibitors, although careful monitoring of
K" is essential.

Because of the impressive results of the ACE
inhibitor trial and the desire to avoid hypotension
and renal dysfunction while administering these
agents, many physicians are under-utilizing diuret-
ics. A noteworthy diuretic withdrawal trial demon-
strated that a large number of heart failure patients
require diuretic treatment, and that substitution of
an ACE inhibitor is not usually sufficient [32].

Important side effects of diuretics include elec-
trolyte and metabolic abnormalities, such as hypona-
tremia, hypokalemia, metabolic alkalosis, increased
uric acid, hyperglycemia, and insulin resistance. The
use of potassium-sparing diuretics may be helpful to
reduce the severity of hypokalemia. Other specific
side effects include ototoxicity of furosemide, and
gynecomastia and galactorrhea associated with
spironolactone.

Interest in spironolactone in the management of
heart failure has resurged since the inception of the
Randomized Aldactone Evaluation Study (RALES),
which showed 30% reduction in the risk of death,
35% reduction in hospitalizations related to worsen-
ing heart failure and a significant improvement in
heart failure symptoms among patients treated with
Aldactone [33]. Spironolactone has been shown to
attenuate the process of myocardial fibrosis [34,35],
and induce a favorable sympathovagal response with
improved heart rate variability [35,36]. Other stud-
ies have also shown that spironolactone improves
endothelial dysfunction, increases nitric oxide bioac-
tivity, and inhibits vascular angiotensin 1 (AI)/
angiotensin I (AIl) conversion in patients with
heart failure, providing thus, novel mechanisms for
its beneficial impact on cardiovascular mortality
[37]. The role of aldosterone antagonism was fur-
ther examined in post-infarction heart failure in the
Eplerenone Post-Acute Myocardial Infarction Heart
Failure Efficacy and Survival (EPHESUS) study
[38]. During a mean follow-up of 16 months, the
use of eplerenone, a selective aldosterone antagonist,
was associated with a relative risk reduction of 15%
in total mortality (P = 0.008). The rate of the other

primary end point, death from cardiovascular causes
or hospitalization for cardiovascular events, was
reduced by eplerenone (relative risk: 0.87, P = 0.002),
as was the rate of sudden death from cardiac causes
(relative risk: 0.79, P = 0.03). The results of both
RALES [33] and EPHESUS [38] provide strong
evidence for the addition of an aldosterone anta-
gonist to optimal conventional therapy in patients
with CHF and reduced left ventricular systolic
function.

Direct-acting vasodilators

The rationale for vasodilator therapy has evolved
from the recognition that cardiac performance
could be modulated by altering loading conditions.
A wide variety of vasoactive medications have been
investigated, and most have been found to produce
acute, and in some cases sustained, hemodynamic
improvement. Among the non-parenteral direct-
acting vasodilators, only hydralazine and nitrates
have been shown to positively affect clinical end-
points. However, several other vasodilators, such as
prazosin, minoxidil, flosequinan, epoprostenol and
some calcium channel blockers have been found to
be ineffective or even resulted in adverse effects.
The best evidence for a beneficial effect of direct-
acting vasodilators comes from the Vasodilator-Heart
Failure Trial (V-HeFT) studies [39,40], which showed
that chronic therapy with hydralazine 300 mg a day
and isosorbide 160mg a day increased exercise
tolerance and prolonged survival. Symptom and
exercise improvement were at least as great as with
enalapril, but the latter agent was associated with
better survival. Because of the latter finding and the
better side effect profile of ACE inhibitors, direct-
acting vasodilators are used primarily in patients
who are not candidates for ACE inhibitors or who do
not tolerate them. Nitrates and hydralazine are also
reasonable agents to add for patients who remain
symptom-limited on optimal therapy with diuret-
ics, ACE inhibitors, and beta-blockers. Recently, the
addition of a fixed dose of isosorbide dinitrate plus
hydralazine to standard therapy for heart failure
including neurchormonal blockers was found to
be efficacious and improve survival among African
American patients with advanced heart failure
[41]. The study was terminated early due to a sig-
nificantly higher mortality rate in the placebo
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group than in the group given isosorbide dinitrate
plus hydralazine (10.2% versus 6.2%, P = 0.02).
The results of this study does not however preclude
the possibility of survival benefit in other ethnic
groups. It might have been ideal to compare this
combination to conventional therapy (which by
present standards includes an ACE inhibitor and a
beta-blocker) for all patients with heart failure,
regardless of race. Because mitral regurgitation is
frequent in severe heart failure and is afterload-
dependent, hydralazine may be particularly useful
when regurgitation is substantial [42]. Nitrate toler-
ance limits the efficacy of these agents. However, the
concomitant use of hydralazine may prevent toler-
ance to the hemodynamic effects of nitrates by scav-
enging free oxygen radicals [43].

Calcium channel blockers have fueled some inter-
est to treat heart failure, as these agents are both
potent vasodilators and effective for other cardio-
vascular conditions. However, the first-generation
calcium channel blockers, including the dihydro-
pyridine nifedipine, showed disappointing results in
patients with symptomatic heart failure or severe
left ventricular dysfunction [44—46].The second-
generation dihydropyridines were expected to be of
more value, and of all the calcium channel blockers,
these drugs were the ones most studied in patients
with heart failure. Amlodipine, which improved
exercise capacity, had a neutral effect on mortality
in a large morbidity and mortality trial known as
the Prospective Randomized Amlodipine Survival
Evaluation (PRAISE) trial [47]. This trial enrolled
1153 patients with severe NYHA class III and IV
heart failure and ejection fractions of less than 30%.
Overall there was no difference in mortality between
the amlodipine and placebo-treated patients, estab-
lishing for the first time the safety of a calcium chan-
nel blocker in patients with heart failure. Amlodipine
has higher selectivity for the pulmonary and coronary
vasculature than do the first-generation calcium
channel antagonists, and it lacks the negative
inotropic properties associated with diltiazem and
verapamil. These pharmacologic features may
explain its neutral effect on mortality in this trial.
An interesting finding, was that the patients clini-
cally classified as having non-ischemic cardiomyo-
pathy had 45% lower mortality on amlodipine.
However, this survival benefit has not been repro-
duced by the subsequent randomized PRAISE II

trial [48]. The neutral effects of amlodipine suggest
safety and thus, make it possible to recommend
amlodipine for the treatment of angina and hyper-
tension in patients with reduced ejection fractions
or symptomatic heart failure.

Felodipine (another new calcium channel blocker)
in the Vasodilator-Heart Failure Trial 111 (V-HeFT-
III), exerted a well-tolerated additional sustained
vasodilator effect in patients with heart failure
treated with enalapril, but the only possible long-
term benefit was a trend for better exercise toler-
ance [49]. However, no survival benefit was noted
with this agent.

Mibefradil, a T-type calcium channel blocker, had
no significant effect on morbidity or mortality in
patients with moderate-to-severe heart failure in the
Mortality Assessment in CHF Trial (MACH-1 study)
[50]. In fact, there was a trend for increased mortal-
ity with mibefradil in the first 3 months in patients
with severe heart failure especially those who were
receiving amiodarone.

The above studies, therefore, do not support the
concept that a dihydropyridine calcium antagonist
can strikingly augment the favorable clinical response
to ACE inhibitors in heart failure. Nonetheless,
amlodipine and felodipine can be used safely in
patients with heart failure if used for another indica-
tion requiring vasodilatation as in patients with
hypertension or valvular regurgitation.

Neurohumoral antagonists

ACE inhibitors

The discovery of ACE inhibitors has significantly
altered the natural history of CHF over the past two
decades. Although the use of these agents stem from
the fact that plasma renin activity and other compo-
nents of the renin—angiotensin system are elevated
in CHE it is now clear that ACE inhibitors are
effective even in patients with normal circulating
levels of these hormones [51]. This discordance is
likely explained by the importance of the tissue
renin—angiotensin  system, the inhibition of
bradykinin degradation, and resulting increase in
prostaglandin levels and endothelial release of nitric
oxide (Figure 3.4). ACE inhibitors inhibit the con-
version of Al to All in the vasculature by blocking
the ACE enzyme. They enhance the actions of
kinins and augment kinin-mediated prostaglandin
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synthesis. ACE inhibitors decrease both preload and
afterload, and improve cardiac function with signif-
icant and sustained hemodynamic benefits [52].
ACE inhibitors have been shown to improve
exercise tolerance over a period of weeks to months
in patients with mild-to-moderate heart failure
[53]. Chronic therapy has been associated with
improved peripheral vasodilation and enhanced
tissue oxygen extraction [54]. The benefits of ACE
inhibitors also included improvement in endothe-
lial function [55], reduction of cardiac fibrosis
[56], reversal of ventricular remodeling [57] and
favorable effects on coronary vascular events [58].
The clinical benefits of ACE inhibitors on symp-
toms and survival have been demonstrated in sev-
eral trials in patients with severe heart failure
(Cooperative New Scandinavian Enalapril Survival
Study, CONSENSUS) [59], mild-to-moderate heart
failure (the original Captopril Multicenter Study,
Studies of Left Ventricular Dysfunction (SOLVD)
treatment trial, and V-HeFT-II) [40,60,61], and
chronic or post-MI asymptomatic left ventricular
systolic dysfunction (SOLVD prevention trial,
Survival and Ventricular Enlargement (SAVE), Acute
Infarction Ramipril Efficacy (AIRE) and others)
[62—65]. These results indicate that ACE inhibitors
should be used in all patients with low ejection frac-
tions, regardless of symptoms. Six ACE inhibitors
are approved for heart failure treatment: captopril,
enalapril, lisinopril, fosinopril, quinapril, and tran-
dolapril. It is recommended to up titrate dosage to

Figure 3.4 The effect of ACE inhibitors
and ARBs on the renin-angiotensin sys-
tem. ACE inhibitors by blocking ACE
cause an increase in bradykinin, which
results in an increase in nitric oxide and
prostaglandins.

achieve desirable clinical benefit (Table 3.2). ACE
inhibitors were found to be more effective in reduc-
ing mortality in the NYHA class IV patients as
noted in CONSENSUS trial [59] with a reported
mortality reduction of 40% compared to 8% mor-
tality reduction in less severe heart failure, NYHA
class I-II, reported in the SOLVD prevention trial
[60]. Their efficacy was greatest in patients with the
worst left ventricular ejection fraction [60,62].
Pooled analysis of the SOLVD prevention and treat-
ment trials has shown that the effect of ACE
inhibitors on the risk of heart failure hospitalization
was less in the Africa-American population [66]. Fur-
ther research is required to elucidate these ethnic
differences. The SOLVD echocardiography sub-
study provided clear evidence that ACE inhibitors
prevent the progressive increase in left ventricular
mass and volume [67], suggesting thus, that the
clinical benefits are related to their favorable impact
on the remodeling process. However, these benefits
may be attenuated with concomitant administra-
tion of aspirin [68,69]. Further, the addition of
aspirin to ACE inhibitors has been noted to be
associated with increased heart failure hospitaliza-
tion rates suggesting the presence of a significant
negative interaction between these agents [70].
The preventive use of ACE inhibitors in patients
at high risk of cardiovascular events has been well
illustrated in the Heart Outcomes Prevention Evalu-
ation (HOPE) study [71] where the use of ramipril
was associated with a relative risk reduction of 22%
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(P < 0.001) in the combined primary endpoint of
cardiovascular death, non-fatal myocardial infarct
and non-fatal stroke. The results of European trial
On reduction of cardiac events with Perindopril in
stable coronary artery disease (EUROPA) study
were very much in accord with the results of
HOPE, and extended the administration of perindo-
pril to a wider population with coronary artery dis-
ease [72]. Treatment with perindopril was associated
with 20% relative risk reduction (P = 0.0003) in
the primary endpoint of cardiovascular death, MI
and cardiac arrest. However, such a vasculoprotec-
tive effect has not been substantiated in the Preven-
tion of Events with Angiotensin-Converting Enzyme
Inhibition (PEACE) Trial, where the addition of
trandolapril, in patients with stable coronary heart
disease and preserved left ventricular function, to
“current standard” therapy did not confer further
benefit in terms of death from cardiovascular causes,
MLI, or coronary revascularization [73].

The absolute contraindications to the use
of ACE inhibitors include pregnancy, hypersensi-
tivity or life-threatening angioedema, acute renal
failure, and hyperkalemia (serum K" greater than
5.5mmol/L). Moderate hyperkalemia or renal
insufficiency with serum creatinine concentrations
up to 3.0mg/dl mandates the need for careful
monitoring and does not preclude the use of ACE
inhibitors. ACE inhibitors are not recommended
in patients with significant bilateral renal artery
stenosis. There is a 10-30% incidence of ACE
intolerance manifested by hyperkalemia, hypoten-
sion, azotemia, dysgeusia, cough, angioedema, or
agranulocytosis.

ACE inhibitors can be initiated without difficulty
in most patients (Table 3.3), although the occasional
acute drop in blood pressure or occurrence of renal
dysfunction or hyperkalemia mandates low dosage
administration with careful monitoring. Patients at
higher risk for these adverse effects are those with
low baseline blood pressure (systolic pressure less
than 100 mmHg), intravascular volume depletion,
hyponatremia (serum Na* less than 135 mmol/L),
baseline K™ more than 5.0 mmol/L, and diabetes. In
such patients, an initial captopril dose of 6.25mg
may be administered, and the blood pressure
should be observed 1-2h after the dose. In other
patients the initial doses can be higher (captopril
12.5mg tid or enalapril 2.5mg bid). Telephone

Table 3.3 Select ACE inhibitors in heart failure.

Initial Target Recommended
Agent dose (mg) dose (mg) maximum dose (mg)
Captopril 6.25tid 50tid 100tid
Lisinopril 5qd 20qd 40qd
Enalapril 2.5bid 10bid 20 bid
Ramipril 5qd 10qd 20qd
Quinapril 5qd 20qd 40qd
Trandolapril  1qgd 4qd 4qgd

follow-up to determine whether symptoms of
hypotension have occurred is advisable and renal
function and K* should be reassessed within a
week. The doses should be gradually titrated to cap-
topril 50 mg tid or enalapril 10 mg bid as tolerated,
even if the patient has improved at lower dosages.
Although ACE inhibitor usage is increasing, even
among primary care physicians [4], most physicians
prescribe doses well below those shown to be effec-
tive in clinical trials. There continues to be debate
on the optimal ACE inhibitor dose to be used. The
Assessment of Treatment with Lisinopril on Survival
(ATLAS) study compared the effects of low
(2.5-5mg) and high (32.5-35mg) doses of lisino-
pril on morbidity and mortality rates in patients
with NYHA class [I-1V heart failure [74]. Although
the all-cause mortality was similar in both dose
groups, the combined end point of mortality and
worsening heart failure favored the use of a high
dose. Further, a post-hoc investigation of the ATLAS
database has shown that the high dose was associ-
ated with a reduction in vascular and arrhythmic
events, as well as benefits on ventricular remodeling
which could have accounted for the decrease in
death or hospitalization noted in the high-dose
group [75]. A recent study characterizing vascular
tissue AI/AII conversion changes in heart failure
patients on chronic lisinopril therapy has shown
that vascular ACE inhibition was significantly
reduced, suggesting gradual reactivation of vascular
ACE in CHF over time [76]. This reactivation
process was suppressed by increasing the dose of the
ACE inhibitor. It is concluded that ACE inhibitor
therapy in most patients with CHF can be suc-
cessfully titrated to and maintained at high doses,
and that more aggressive use of these agents is
warranted.
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Angiotensin receptor blockers

These agents block the cell surface receptor for All
at the tissue level (Table 3.4) and therefore, they
block the effects of Al produced not only through
the classical ACE pathway but also by the chymase
pathway [77]. Since some of the side effects of ACE
inhibitors such as cough and angioedema are
bradykinin related, these agents are better tolerated
than ACE inhibitors with fewer side effects since
they are not associated with bradykinin release.

Angiotensin receptor blockers (ARBs) have similar
beneficial hemodynamic effects to ACE inhibitors in
reducing preload, afterload, and increasing cardiac
output while improving exercise performance
[78,79]. However, ACE inhibitors remain the ther-
apy of choice for all levels of heart failure and left
ventricular dysfunction. Currently, there are no data
to support using ARBs as first-line agents except in
patients who are intolerant to ACE inhibitors (usu-
ally due to angioedema, rashes or intolerable cough).

There is no evidence that ARBs produce less renal
dysfunction than ACE inhibitors. The Evaluation
of Losartan in the Elderly (ELITE) study compared
losartan and captopril in elderly patients with heart
failure. No significant differences were observed in
the primary end point, incidence of renal dysfunc-
tion (10.5%), between the two groups [80]. However,
the secondary mortality end point demonstrated less
all-cause mortality in the losartan group (4.8%
versus 8.7%, P = 0.035). These interesting survival
benefits, however, were not reproduced in the sub-
sequent ELITEII (the Evaluation of Losartan in the
Elderly II) trial, a larger clinical trial that showed
no significant differences in the primary end point,
all-cause mortality, between the two groups [81].

ARBs have a favorable profile on morbidity
including decreasing symptoms and hospitalizations
while improving quality of life, ejection fraction,
and NYHA functional class.

Whether a more complete blockade of the tissue
ACE, by combining ACE inhibitors and ARBs, is a
more effective therapeutic strategy has been studied
recently by several pilot trials. The Randomized eval-
uation of Strategies for Left Ventricular Dysfunction
(RESOLVD) pilot study compared candesartan,
enalapril, and their combination in CHF [82].
Although the combination therapy had a favorable
effect on ventricular remodeling, no significant dif-
ferences were noted in exercise, functional class, or

Table 3.4 Select ARBs in heart failure.

Initial Target Recommended
Agent dose (mg) dose (mg) maximum dose (mg)
Losartan 25qd 50qd 100qd
Candesartan 16qd 32qd 32qd
Valsartan 80qd 160 qd 320qd

quality of life. A second RESOLVD pilot study evalu-
ated the addition of long-acting metoprolol to
enalapril and candesartan [83] with the main objec-
tive to determine tolerability of extensive neurchor-
monal blockade with the combination of an ACE
inhibitor, AIl receptor blocker, and beta-blocker.
Again, no differences in exercise, functional class, or
quality of life were noted between any of the groups,
but significant improvement of left ventricular sys-
tolic function and attenuation of remodeling with a
greater decrease of AIl and renin levels was noted
when metoprolol was added.

The results of the Valsartan Heart Failure trial,
the largest Al receptor antagonist trial, indicated a
lack of effect of valsartan on all-cause mortality
when added to ACE inhibitor therapy [84]. Further
lessons derived from a subgroup analysis indicated
that the addition of Valsartan to an ACE inhibitor
and a beta-blocker baseline therapy resulted in a
significant increase in mortality. These unexpected
findings raised a huge concern suggesting that
extensive blockade of the renin—angiotensin system
may in fact be lethal rather than beneficial.

The impact of candesartan, a recently Food and
Drug Administration (FDA) approved agent, on
morbidity and mortality in patients with heart
failure has been evaluated in Candesartan in Heart
Failure Assessment of Reduction in Mortality and
Morbidity (CHARM) [85]. CHARM comprised
three parallel ongoing trials, patients with left ven-
tricular dysfunction and intolerant to ACE inhibitors
(CHARM-Alternative) [86], patients with left ven-
tricular  dysfunction taking ACE inhibitors
(CHARM-Added) [87], and patients with preserved
left ventricular function, left ventricular ejection
fraction exceeding 40% (CHARM-Preserved) [88].
The primary outcome of the overall program was
all-cause mortality, and for all the component trials
was cardiovascular death or hospital admission for
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CHE Overall, candesartan was well tolerated and
significantly reduced all-cause mortality (adjusted
hazard ratio: 0.90, P = 0.032) [85]. The primary
outcome was significantly reduced in each of the
CHARM-Alternative [86] (adjusted hazard ratio:
0.70, P < 0.0001) and CHARM-Added [87]
(adjusted hazard ratio: 0.85, P = 0.01) trials with
moderate impact in the CHARM-Preserved trial
(88] (adjusted hazard ratio: 0.86, P = 0.051).

A recent meta-analysis could not confirm that
ARBs are superior in reducing all-cause mortality or
heart failure hospitalization in patients with symp-
tomatic heart failure when compared to ACE
inhibitors [89]. Therefore, ACE inhibitors still remain
the therapy of choice. Further, two major studies
were designed to address the issue whether losartan
in the Optimal Trial in Myocardial Infarction with
Angiotensin I Antagonist Losartan (OPTIMAL)
study [90] or valsartan in the Valsartan In Acute
Myocardial Infarction (VALIANT) study [91] are
considered to be superior or as good as the proven
ACE inhibitor captopril in improving survival in
high-risk post-MI patients. In the OPTIMAL study
[90], Losartan was significantly better tolerated than
captopril, with fewer patients discontinuing study
medication. However, a non-significant difference in
total mortality in favor of captopril was noted (rela-
tive risk: 1.13, P =0.07) suggesting that ACE
inhibitors should remain first-choice treatment in
patients after complicated acute MI unless if the
patient is ACE intolerant, then losartan might be
considered as a substitute. Valsartan was found to be
equally effective as captopril in reducing all-cause
mortality (hazard ratio: 1.00, P = 0.98) in the
VALIANT study [91]. Combining valsartan with
captopril increased the rate of adverse events with-
out improving survival. VALIANT added another
evidence that ACE inhibitors should be considered
as first-line therapy for such patients.

Beta-adrenergic receptor blockers

Beta-blockers constitute a promising new avenue
for the treatment of CHE The increased sympa-
thetic activity noted in CHF plays an important
role in the progression of the cardiac dysfunction
and correlates with severity of the syndrome [92].
Such activated adrenergic response is associated
with down-regulation of beta-adrenergic receptors,

myocyte apoptosis, augmented renin release, and
increased arrhythmias [93-96].

Three generations of B-blockers are available
(Figure 3.5). First-generation agents are non-
selective antagonists (i.e., they block both B1- and
[B2-adrenergic receptors). Second-generation agents
are selective agents. Third-generation agents are
non-selective and they posses ancillary properties
such as vasodilation. Carvedilol has moderate alpha-
adrenergic receptor antagonist effect and moderate
vasodilating effects [97]. Bucindolol has a weak
alpha-adrenergic receptor antagonist effect and mild
vasodilating effects [98]. Both carvedilol and bucin-
dolol lower cardiac norepinephrine spill over with-
out causing up-regulation of the beta-receptors
[99,100]. By contrast, metoprolol has been shown
to be associated with up-regulation of the beta-1
receptors without significant effect on cardiac nor-
epinephrine [99,101]. A unique feature of carvedilol
is its protective effect against in vivo low-density
lipoprotein oxidation [102]. The antioxidant activ-
ity of carvedilol is approximately 10 times greater
than that of vitamin E. It also prevents leukocyte
adhesion to smooth muscle cells, and protects against
reactive oxygen species-induced damage [103].
Whether these pharmacologic differences translate
into differences in clinical outcome is yet to be
determined. Multiple mechanisms of action of beta-
blockade have been described including sympathetic
modulation, reversal of remodeling, improved beta-
receptor pathway function, modulation of calcium
handling and reduced apoptosis [104-106]. Recently,
beta-blockers have been shown to reverse protein
kinase A hyper phosphorylation of the ryanodine
receptor (RyR2), a key calcium release channel pres-
ent on the sarcoplasmic reticulum which is required
for excitation—contraction coupling [107]. The
resulting attenuation of intracellular Ca** overload
may prevent the development of left ventricular
remodeling and may, in part, explain the improved
cardiac function observed in heart failure patients
treated with beta-adrenergic receptor blockers [108].
In addition to the favorable effects on myocardial
function and structure, the general mechanisms
through which beta-blocking agents reduce mortality
likely involve their established anti-arrhythmic and
anti-ischemic properties [109]. In contrast to ACE
inhibitors, beta-blocking agents have consistently
lowered the sudden death rate in heart failure trials,
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Figure 3.5 Beta-adrenergic receptor antagonists.

which suggests an anti-arrhythmic contribution to
mortality reduction.

The use of beta-blockers in CHF, although coun-
terintuitive, is not new. However, only recently
have trials provided evidence of clinical benefit.
Experience with three highly different agents has now
shown that chronic therapy consistently improves left
ventricular function, as assessed by the ejection frac-
tion, and prevents progression and hospitalizations
[110-112]. Several studies have suggested that beta-
blockade may be more effective in patients with non-
ischemic cardiomyopathy [111,112], but it has not
been a consistent finding [110].

Seven mortality trials evaluated the impact of
second- and third-generation beta-blockers on
patients with chronic heart failure (Table 3.5). No
mortality benefit was noted with metoprolol in
“Metoprolol in Dilated Cardiomyopathy” (MDC)
[111], bisoprolol in “Cardiac Insufficiency Bisoprolol
Studies” (CIBIS 1) [112], carvedilol in the
“Australia~New Zealand” (ANZ) [113], or bucin-
dolol in “Beta-blocker Estimation of survival trial”
(BEST) [114]. However, significant reduction in
all-cause mortality was associated with metoprolol
CR/XL in the “MEtoprolol CR/XL Randomized
Intervention Trial in Heart Failure” (MERIT-HF)
[115], bisoprolol in “Cardiac Insufficiency Bisoprolol
Studies II” (CIBIS II) [116], and carvedilol in both,
the “United States Carvedilol Clinical Trial Program™
[110] and the “Carvedilol Prospective Randomized

Cumulative Survival Trial” (COPERNICUS) [117].
Several meta-analyses of beta-blocker trials have
conclusively shown that beta-blocker use is asso-
ciated with a consistent 30% reduction in mortal-
ity, 40% reduction in hospitalizations, and 38%
reduction in sudden death in patients with chronic
heart failure [118,119]. It was estimated that 26
patients would need to be treated to avoid one
death [120].

The data is persuasive that these drugs are effec-
tive in preventing progressive symptoms and left
ventricular remodeling in moderate-to-severe heart
failure. There is also evidence that these beneficial
effects are also seen during early mild heart failure
[121]. Patients with decompensated heart failure or
volume overload, however, are not candidates, as
early deterioration is frequent. It is also uncertain
whether all beta-blockers produce comparable
effects. Whether one agent is superior remains to
be determined. This controversy has been substan-
tially advanced by the results of The Carvedilol or
Metoprolol European Study (COMET) [122], a
European trial that compared all-cause mortality
between carvedilol and metoprolol over a 4-year
period. Carvedilol reduced mortality by 17% when
compared with metoprolol (P = 0.0017). However,
questions have been raised about the interpretation
of these findings since the trial did not use the
metoprolol-controlled release formulation that was
shown to prolong survival in MERIT-HF [115].
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Table 3.5 Mortality trials of beta-blockers.

Trial Beta-blocker NYHA Mortality risk reduction P-value
MDC (1993) Metoprolol 111V (dilated cardiomyopathy) 9% NS
MERIT-HF (1999) Metoprolol CR/XL -1V 35% 0.0062
CIBIS-1 (1994) Bisoprolol -1V 20% NS
CIBIS-11 (1999) Bisoprolol -1V 34% <0.0001
ANZ Carvedilol 111 (ischemic cardiomyopathy) 28% NS
US Carvedilol (1996) Carvedilol -1V 65% <0.001
COPERNICUS (2001) Carvedilol [\ 35% 0.0014
BEST (2001) Bucindolol -V 10% NS
NS: not significant; NYHA: New York Heart Association.
The benefits of beta-blockers are seen in paﬁents Table 3.6 Select beta-blockers in heart failure.

already receiving ACE inhibitors, suggesting that
combined blockade of two neurohormonal systems Recommended
(renin—angiotensin system and sympathetic nervous Initial Target maximum
system) can produce additive effects. The CAPRI- Agent dose (mg) dose (mg) dose (mg)
CORN study examined the addition of carvedilol to  Metoprolol 12.5bid  100bid 100 bid
background ACE inhibitor therapy in patients with ~ Metoprolol 12.5qd  200qd 200qd
post-infarction left ventricular systolic dysfunction  CR/XL
[123]. Significant reductions in all-cause mortality =~ Bisoprolol  1.25bid ~ 5qd (<85kg) ~ 20qd
(23%, P =0.031), cardiovascular mortality (25%, 10qd (>85kg)

Carvedilol 3.125bid  25bid (<85kg) 25bid (<85kg)

P = 0.024), and non-fatal MI (40%, P = 0.041) were
noted in the carvedilol group compared to placebo
providing thus, additional benefit to ACE inhibitor
background therapy. However, extensive blockade of
multiple neurchormonal systems in patients with
heart failure could be deleterious as is evidenced
from the subgroup analysis of the Valsartan Heart
Failure Trial (Val-HeFT) where a significant increase
in mortality was noted in the subgroup that was
receiving valsartan in addition to both beta-blockers
and ACE inhibitors [84]. Whether a beta-blocker is
superior to an ACE inhibitor is yet to be determined.
The Carvedilol and ACE-inhibitor remodeling mild
heart failure evaluation (CARMEN) trial evaluated
the need for combined treatment for remodeling and
order of introduction by comparing enalapril against
carvedilol and their combination [124]. Left ventric-
ular end-systolic volume index was reduced by
5.4ml/m? (P =0.0015) in favor of combination
therapy compared to enalapril. CARMEN was the
first study to demonstrate that early combination of
ACE-1 and carvedilol significantly reverses LV
remodeling in patients with mild-to-moderate CHF
suggesting thus, the need for early institution of beta-
blockade.

50bid (>80kg) 50bid (>80kg)

As the use of beta-blockers in heart failure
expands, caution must be exercised and hence, sev-
eral points must be emphasized. First, these agents
should be administered to stable patients in the
absence of refractory hemodynamic compromise.
Second, the initial dosages should be small (Table
3.6). Third, 10% or more of the patients deteriorate
early, but many of these patients can be gradually
titrated to target doses. In patients with severe
symptoms and elevated filling pressures, a useful
strategy is to increase the diuretic dosage at the time
of initiating beta-blockers.

Suggested approach to the
pharmacologic therapy of
congestive heart failure secondary
to systolic dysfunction

The severity of heart failure symptoms is the driving
force for selecting the appropriate pharmacologic
approach (Figure 3.6) for the treatment of CHF and
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Asymptomatic Mild symptoms | [Moderate-to-severe Refractory
EF <40% NYHA class Il NYHA class Ill NYHA class IV
Beta-blockers :
ACE inhibitors ——"
I Diuretics ||='|>
I Digoxin I|=>—

I Hydralazine + nitrates

———

IAIdosterone antagonists '|=>

Figure 3.6 Suggested approach to treat-
ment of congestive heart failure.

left ventricular dysfunction, based on published
guidelines [125].

Asymptomatic left ventricular
dysfunction

The recognition of benefits of neurohormonal
antagonists in the early asymptomatic stage of heart
failure has revolutionized the philosophy of heart
failure therapy that has evolved from symptom
treatment to prevention strategy. Hence, the impor-
tance of early detection of left ventricular dysfunc-
tion with the ultimate goal to prevent further
deterioration in left ventricular function before the
appearance of heart failure symptoms. It has been
suggested that neurohumoral activation precedes
the development of symptoms. A post-hoc analysis
of the SOLVD trial has shown that increased plasma
norepinephrine levels in patients with asympto-
matic left ventricular dysfunction appear to predict
all-cause and cardiovascular mortalities and devel-
opment of clinical events related to the onset of
heart failure or acute ischemic syndromes [126].
Plasma norepinephrine levels above the median of
393 pg/mL were associated with a relative risk of
2.59 (P = 0.002) for all-cause mortality and 1.88
(P = 0.002) for development of heart failure. It has
also been shown that coronary endothelial function
is abnormal in patients with asymptomatic left ven-
tricular dysfunction highlighting thus, the potential

importance of the endothelium in the early devel-
opment of heart failure [127].

In patients who are identified as having left ventric-
ular systolic dysfunction (ejection fractions of less
than 35-40%) without symptoms, the proved ther-
apy is an ACE inhibitor, which should be initiated
in all such mdividuals. Three clinical trials, SAVE [63],
AIRE [64], and Trandolapril Cardiac Evaluation
(TRACE) [128] have clearly indicated that in MI
survivors with asymptomatic left ventricular dys-
function, ACE inhibitor use has been associated with
19-27% reduction in all-cause mortality and 22-29%
reduction in the development of heart failure.

Data from the post-MI beta-blocker trials have
also suggested that this class of agents may have an
important role in such patients as well. A post-hoc
analysis of the SAVE study has shown that treatment
with a beta-adrenergic blocking agent in addition to
the use of the ACE inhibitor, captopril decreases
cardiovascular mortality and morbidity in patients
with asymptomatic left ventricular dysfunction after
MI [129]. Beta-blocker use was associated with a
30% reduction in risk of cardiovascular death and
21% reduction in the development of heart failure.
The beneficial effects of beta-blocker use in patients
with asymptomatic left ventricular dysfunction after
MI appear to be additive to those of ACE inhibitor.
A synergistic reduction in the risk of death was also
noted in the SOLVD Prevention trial with the
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combination of a beta-blocker and enalapril [130].
These data therefore, clearly show an important
role for beta-blockers in patients with asympto-
matic left ventricular dysfunction. At this point it
might be prudent to use a combination strategy of
ACE inhibitor and beta-blocker with the goal of
reversing remodeling and preventing the develop-
ment of heart failure.

Symptomatic left ventricular
dysfunction

In symptomatic patients, initial therapy usually
consists of a combination of diuretics and ACE
inhibitors, started together or in sequence. A few
patients with mild symptoms and no evidence of
fluid retention may be managed with ACE inhibitors
alone. Beta-blockers should be instituted early with
mild-to-moderate symptoms and aldosterone antag-
onists should be added with moderate-to-severe
symptoms. Digoxin is recommended if the patient
remains symptomatic. Patients who continue to be
symptomatic on all these drugs may respond to
increasing doses of diuretics or to the addition of a
direct-acting vasodilator, such as a nitrate. With
increasing symptoms (NYHA class II1), more aggres-
sive use of diuretics and vasodilators, including
hydralazine particularly in patients with substan-
tial mitral regurgitation, is appropriate. Advanced
class I1I and class IV patients often require combi-
nation diuretic regimens, with loop diuretics sup-
plemented by metolazone. Patients refractory to all
of these approaches may benefit from intermittent
or chronic intravenous inotropic therapy with
dobutamine or milrinone.

There is enough evidence to support the use of
beta-blockers in patients with mild-to-moderate
symptoms with the objective of preventing progres-
sion. Their role in severely symptomatic patients
has also been recently confirmed but they should
be initiated after achieving euvolemic status and
full hemodynamic stabilization of the patient.

The A-II blockers are logical alternatives to ACE
inhibitors in intolerant individuals, but they
should be considered a second choice.

Amlodipine is promising for patients with non-
ischemic cardiomyopathy and might be considered
an alternative to hydralazine and nitrates as a
fourth line of therapy in these patients, but the data
for beta-blockers is more robust.

Intravenous inotropic agents such as dobuta-
mine and milrinone can be helpful in patients with
acute decompensation and refractory heart failure
to achieve hemodynamic stabilization [131,132].
However, the recent results of The Outcomes of a
Prospective Trial of Intravenous Milrinone for
Exacerbations of Chronic Heart Failure (OPTIME-
CHEF) trial [133] do not support the routine use of
intravenous milrinone as an adjunct to standard
therapy in the treatment of patients hospitalized for
an exacerbation of chronic heart failure. In fact,
sustained hypotension requiring intervention and
new atrial arrhythmias occurred more frequently in
patients who received milrinone. Though questions
regarding safety of these agents have been raised, a
reasonable compendium of data supports the con-
tention that the use of outpatient intermittent or
continuous inotropic therapy ameliorates symptoms
[134,135]. However, the use of intermittent infu-
sion of these agents has no proven mortality benefit
[136] and other studies have shown increased risk
of mortality [137].

Cardiac assist devices and transplantation have
an important role in the management of patients
with refractory heart failure. The selection of can-
didates and appropriate timing of transplantation
are important issues but are beyond the scope of
this chapter.

Management of the patient with
heart failure and preserved
systolic function

It is estimated that 20—40 % of patients with heart
failure have preserved left ventricular systolic func-
tion (ejection fractions of more than 45%), and
this percentage rises among the elderly [138-141].
However, other comorbidities such as anemia,
thyroid abnormalities and pulmonary disease
should be excluded before the clinical picture is
attributed to heart failure. Valvular abnormalities
must also be ruled out. Intermittent ischemia often
induces episodic symptoms and signs of heart fail-
ure without accompanying chest pain, particularly
when underlying left ventricular hypertrophy or
diabetes is present. Stress testing may be helpful
when planning therapy for these patients, even if
revascularization is not being considered. If all
these explanations are excluded, amyloidosis
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should also be considered, albeit specific therapy is
not available. However, after complete evaluation,
most patients are not found to have a specific etiol-
ogy but, rather, to have multiple contributory
causes, including hypertension, left ventricular
hypertrophy, diabetes and coronary disease; and
the symptoms are ascribed to diastolic dysfunction.
The clinical presentation of heart failure due to
diastolic dysfunction overlaps considerably with
that of systolic dysfunction.

Unfortunately, but not surprisingly, in view of its
multifactorial nature, heart failure due to diastolic
dysfunction is often difficult to treat, even though it
tends to carry a more benign prognosis [141,142].
There is no specific therapy for diastolic heart fail-
ure, although calcium channel blockers have been
advocated [143]. In the absence of specific therapy,
there are three primary goals of treatment: to reduce
symptoms, to control hypertension and reverse con-
sequent left ventricular hypertrophy and to prevent
myocardial ischemia.

Diuretics provide the most symptom relief if
fluid retention is a feature. Thiazide diuretics are
among the most effective therapy for isolated sys-
tolic hypertension [144], and chronic diuretic ther-
apy tend to produce the greatest regression of left
ventricular hypertrophy [145,146], which is an
important mechanism of diastolic dysfunction.
Hypertension is not only the main stimulus to left
ventricular hypertrophy in these patients; it is also
a frequent precipitant of ischemia and therefore
should be aggressively controlled. Beta-blockers
and ACE inhibitors complement diuretics well and
calcium channel blockers are another effective
alternative. Central sympatholytics may also miti-
gate episodic hypertensive episodes. Beta-blockers
and calcium channel blockers can also be used to
treat ischemia. Because tachycardia is often poorly
tolerated in these patients, the former agents
should be used when the basal or exercise heart rate
is excessive.

Ancillary therapy in heart failure
patients

CHEF is usually accompanied by a number of med-
ical illnesses or conditions that may complicate its
management, some of which are briefly discussed
below.

Treatment of hypertension

The increased afterload effect of hypertension con-
tributes to the worsening of heart failure and hence,
an aggressive treatment is warranted to achieve a
desirable clinical effect. At least two large studies,
Systolic Hypertension in the Elderly Program (SHEP)
[147] and Swedish Trial in Old Patients (STOP) with
Hypertension [148], reported reduction in the inci-
dence of heart failure and other cardiovascular events
with optimal treatment of hypertension. Indeed,
patients with CHF often perform better when their
pressures are at the low end of normal. Unless the
patient becomes symptomatic from hypotension or
develops renal dysfunction or angina due to renal or
coronary hypoperfusion, systolic blood pressures of
90 mmHg or even lower should be accepted. Agents
such as diuretics, ACE inhibitors, beta-blockers and
vasodilators, form the cornerstone of therapy for
CHF and are usually sufficient to control blood
pressure. Central sympatholytics are effective; but
given the most recent data on beta-blockers (initi-
ated at low doses) and amlodipine, they are the
more preferable choices.

Treatment of angina

When angina persists in patients with heart failure,
revascularization is the favored approach in select
candidates who demonstrate evidence of myocar-
dial viability and this issue is discussed elsewhere in
this text. The use of nitrates as an initial therapeutic
approach is reasonable and the cautious use of beta-
blockers and amlodipine are additional options.

Treatment of arrhythmias
Both supraventricular and ventricular arrhythmias
are common in patients with heart failure and often
pose challenging management problems [149]. In
patients who develop atrial fibrillation, it is desirable
butnot always possible to restore and maintain sinus
rhythm [150]. Poor rate control may exacerbate car-
diac dysfunction and a coordinated atrial contraction
may improve cardiac output. The main medication
likely to be helpful in this setting is amiodarone.
Digoxin, directly or indirectly by improving the heart
failure, appears to maintain sinus rhythm. There were
significantly fewer hospitalizations for supraventric-
ular tachycardia with digoxin in the DIG trial [5].
Because sudden, presumably arrhythmic, deaths
account for 40—50% of deaths in heart failure patients
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and because ventricular arrhythmias are an indicator
of worse prognosis, the finding of symptomatic and
even asymptomatic ventricular ectopy is often con-
sidered ominous [149]. Patients with symptoms sug-
gestive of an arrhythmia, such as syncope or
near-syncope, require careful evaluation. Those with
demonstrated sustained or symptomatic ventricular
tachycardia on monitoring should be considered for
implantable defibrillator placement [151,152]. The
role of implantable cardioverter-defibrillators in heart
failure has recently been addressed by The Sudden
Cardiac Death in Heart Failure Trial (SCD-HeFT)
which is discussed elsewhere in this text.

Patients with asymptomatic ventricular ectopy,
including moderately long burst of ventricular
tachycardia, present a dilemma [149]. Two trials
have evaluated amiodarone in such individuals but
unfortunately reached opposite conclusions. The
Grupo de Estudio de la Sobravida en la Insuficiencia
Cardiaca en Argentina (GESICA) study found that
amiodarone 300 mg daily prolonged survival and pre-
vented both sudden and non-sudden death in a group
of patients with severe CHF primarily due to non-
ischemic cardiomyopathy [153]. In contrast, a
Veterans Administration cooperative study using a
400 mg daily dosage in patients with predominantly
NYHA class II CHF due in most cases to coronary
artery disease found no benefit despite a significant
rise in ejection fraction and successful suppression of
asymptomatic ventricular arrhythmias [154]. The
most likely explanation for these discordant findings
is that the benefits of amiodarone may be conveyed by
its beta-blocking activity and be limited to non-
ischemic cardiomyopathy [155]. In any case, pharma-
cologic therapy for asymptomatic ventricular
arrhythmias is not encouraged.

Anticoagulation

Patients with heart failure are at increased risk of
thromboembolism [156]. Several markers of platelet
activity have been found to be increased in CHF
patients, including beta-thromboglobulin, platelet
factor 4, osteonectin, and cellular adhesion mole-
cules [157-159]. Patients with atrial fibrillation are at
particularly high risk and should receive warfarin
anticoagulation. Anticoagulation is also recom-
mended for patients with a history of thromboem-
bolism and those with mobile intracardiac thrombi.
However, the rate of arterial thromboembolism in

patients who are in sinus rhythm is low, 2.0-2.4% in
large studies. Though a cohort analysis from the
SOLVD study indicates that anticoagulation may
improve survival in patients with heart failure [160],
two randomized trials, The Warfarin and Antiplatelet
Therapy in Heart Failure (WATCH) trial [161] and
the Warfarin versus Aspirin in Reduced Cardiac
Ejection Fraction (WARCEF) trial [162] were
designed to evaluate the optimal antithrombotic
agent for heart failure patients with a composite pri-
mary end point of death and stroke. Unfortunately,
the WATCH trial was terminated prematurely by the
Veterans Affairs (VA) Cooperative Study Program
because of poor enrollment with a resulting reduc-
tion of its power to achieve its original objective
though no significant differences in primary out-
come were seen among the different agents, warfarin,
aspirin or clopidogrel in this underpowered study.
The results of the ongoing WARCEEF trial may pro-
vide further information regarding the role of anti-
coagulation and/or antiplatelet therapy in the heart
failure population.

The use of aspirin in heart failure patients is also
controversial. Most of these patients have underlying
coronary artery disease, for which aspirin is often
administered but for which evidence of efficacy for
long-term therapy is limited. What makes this prob-
lematic is that there is a suggestion that aspirin may
interfere with the benefit of ACE inhibitor therapy.

Important drug interactions

Unfortunately, the management of CHF is a chal-
lenging problem and requires a polypharmacy.
Because of its effects on renal and hepatic function,
drug metabolism is likely to be abnormal. Thus
care must be taken to avoid drug interactions and
excessive dosing. The most obvious drug interac-
tions are those that involve digoxin (quinidine and
amiodarone) and warfarin (amiodarone). A more
frequent problem is the interaction of ACE inhibitors
with aspirin. A significant benefit of ACE inhibitor
is mediated by the increased bradykinin levels,
which result in enhanced synthesis of vasodilatory
prostaglandins. In contrast, aspirin inhibits cyclooxy-
genase, and thereby suppresses prostaglandin pro-
duction. Thus, these counteracting effects may result
in antagonism between ACE inhibitor and aspirin
therapy in heart failure patients [163,164]. A recent
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subgroup analysis of the CONSENSUS II has
shown that the survival benefit of enalapril was less
favorable among patients taking aspirin than among
patients not taking aspirin at baseline [165].
Another adverse interaction has been recorded in
the Multicenter Oral Carvedilol Heart Failure
Assessment (MOCHA) trial where aspirin was
noted to alter the beneficial effects of beta-blockers
on left ventricular ejection fraction in patients with
CHF and therefore, it was suggested that it may
impair reverse remodeling [166].

Follow-up of patients with heart
failure

It is recommended that patients be followed prima-
rily by clinical assessments, including a quantitative
assessment of the patient’s activity tolerance and
symptoms and careful physical examination. Serial
testing procedures are discouraged because they are
poorly reproducible and are insensitive to either dete-
rioration or improvement. Exceptions to this recom-
mendation include assessments for transplantation
and the evaluation of findings such as new heart
murmurs or abrupt changes in clinical course.

Conclusion

CHEF is a lethal disorder with a growing social and
economic burden. There have been seminal advances
in the diagnosis and management of heart failure,
but several have not been adequately incorporated
into practice. Guidelines have attempted to rectify
this deficiency by providing evidence-based medi-
cine supported by clinical trials. The pharmacolog-
ical treatment of heart failure entails a combined
preventive and symptomatic management strategy.
ACE inhibitors and beta-blockers have strength-
ened the armamentarium to improve quality of life
and survival. Yet, there is always a critical need for
further research efforts to develop novel therapeu-
tic strategies to improve clinical outcome in this
gloomy syndrome.
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CHAPTER 4

Novel therapies in heart failure

W.H. Wilson Tang & Gary S. Francis

Introduction

Although there has been substantial progress in
recent years in the development of pharmacologic
therapies for heart failure, on average these drugs
increase lifespan by a few months or years at most
[1]. The therapies that are currently in vogue, includ-
ing renin—angiotensin—aldosterone inhibitors and
B-adrenergic blockers, simply delay the inexorable
progression of disease. There are no existing drugs
that “cure” heart failure. Therefore, there is an ongo-
ing need to develop effective new therapies for the
management of this condition that might slow fur-
ther progression of heart failure.

The marketplace largely drives the development
of new and innovative therapies. Heart failure is now
the single most common reason for patients over
the age of 65 years to be admitted to the hospital
[2], and data from the Framingham Heart Study
suggest that the lifetime risk of developing heart
failure is about 20% in both men and women [3].
Contemporary therapies are not wholly satisfactory,
leading pharmaceutical and biotechnology compa-
nies to invest millions of dollars into the develop-
ment of new drugs. Regulatory agencies maintain
very high standards for the approval of new phar-
maceutical therapies. Relative to other specialties,
development of new drugs for cardiovascular dis-
ease has been a successful enterprise, but remains
challenging [4]. This has led to the current industry
concept that heart failure is a “niche market.”

This chapter provides a brief overview of several
“up and coming” developmental strategies of med-
ical therapy for patients with heart failure, (some
with preliminary data and others only preclinical
data), recognizing that many of these therapies will
never come to market. We will briefly discuss several

44

approved drug classes that are extending their cur-
rent heart failure indications, several drug classes
that have tried in large-scale clinical trials without
success, and several promising drug classes that are
currently under investigation.

Approved drugs classes with
extended indications

Selective aldosterone receptor
antagonists

It is now clear that aldosterone plays a far more
important role in cardiovascular disease than orig-
inally envisioned. Aldosterone promotes collagen
deposition and structural remodeling in the heart
and the blood vessels in response to altered loading
conditions and various forms of tissue injury [5].
Angiotensin-converting enzyme (ACE) inhibitors,
though widely and successfully used in the treat-
ment of hypertension and heart failure, do not con-
sistently suppress the release of aldosterone. This
“escape” of aldosterone and its action on the heart
and blood vessels may account for some of the organ
damage that occurs in patients with hypertension
and heart failure [6]. Aldosterone receptors are largely
nuclear receptors. That is, they are activated in the
cytosol by aldosterone and carry their message to
the nucleus where they activate the transcription of
numerous genes. Therefore, much of the pharma-
cologic activity of aldosterone is delayed for hours
to days. There are also non-nuclear aldosterone recep-
tors on external cell membranes that subserve non-
genomically regulated functions such as the transport
of cations (sodium and potassium) across cell mem-
branes. Blocking these receptors can cause immedi-
ate pharmacologic effects. The “proof of concept”
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here is that aldosterone antagonism favorably alters
the natural history of heart failure as pointed out
in the Randomized Aldactone Evaluation Study
(RALES) trial [7]. Despite RALES, widespread use of
spironolactone has been limited because of adverse
effects including hyperkalemia, renal insufficiency,
painful gynecomastia, impotence, and menstrual
irregularities, in some instances even have harmful
consequences if not carefully utilized [8].

Eplerenone (Inspra, Pfizer) is a new, highly selec-
tive aldosterone receptor antagonist that has demon-
strated efficacy in patients with hypertension [9].
Several studies have demonstrated that eplerenone
has effective blood-pressure-lowering effects in
patients with hypertension [10,11]. The recent
EPHESUS (Eplerenone Post-AMI (Acute Myocardial
Infarction) Heart Failure Efficacy and Survival)
Study involved 6200 subjects with left ventricular
ejection fraction (LVEF) <<40% plus clinical heart
failure, and randomized them 3-10 days post-
myocardial infarction (post-MI) to eplerenone versus
placebo. The EPHESUS study has confirmed mortal-
ity and morbidity benefits of eplerenone in patients
with post-infarction heart failure [12]. The drug
appears to be much more selective for the mineralo-
corticoid receptor than spironolactone, thus reducing
the troublesome side effects of painful gynecomastia
[13]. A large multicenter study is currently underway
to establish the efficacy of eplerenone in reverse left
ventricular (LV) remodeling in patients with mild-
to-moderate heart failure. As with all aldosterone
antagonists, hyperkalemia (especially in the setting
of renal insufficiency and diabetes mellitus) remain
a potential problem. Therefore, careful patient selec-
tion and close monitoring of electrolytes and renal
function will be essential with eplerenone use, as it
now is with spironolactone.

One of the more dramatic effects of aldosterone
antagonism is the regression of established LV hyper-
trophy and reversal of LV remodeling. This effect is
magnified when eplerenone is used with ACE inhibi-
tion as demonstrated by the recent 4E (Efficacy and
Safety of Eplerenone, Enalapril, and Eplerenone/
Enalapril Combination Therapy in Patients With Left
Ventricular Hypertrophy) study [14]. In this study,
the effects of eplerenone plus enalapril were syner-
gistic and additive. Inhibition of the aldosterone
receptors also abrogates vascular and myocardial
remodeling [15,16]. Spironolactone reduces collagen

deposition and remodeling of injured myocardial tis-
sue [17] thereby improving diastolic heart function
[18,19]. It is likely that aldosterone receptor antago-
nists will be helpful even in less ill patients, but
such indications will only be justified if results from
the upcoming European EMPHASIS (Eplerenone
in Mild Patients Hospitalization and Survival Study
in Heart Failure) trial are positive. Several studies
are also currently underway to explore the role
of eplerenone in reverse remodeling in the setting
of valvular diseases and in diastolic dysfunction.
In addition, a large international mortality trial,
TOPCAT (Treatment Of Preserved Cardiac Function
Heart Failure with an Aldosterone Antagonist) is also
ongoing to determine if treating patients with dias-
tolic heart failure with spironolactone is beneficial
or not.

Natriuretic peptides

B-type natriuretic peptide (BNP) is an endogenous
circulating natriuretic peptide that is synthesized
constitutively by cardiac myocytes and released into
the circulation in the setting of cardiac dysfunc-
tion, such as heart failure [20]. As a counter-
regulatory peptide, BNP has multiple functions. It
mediates vasodilation via a vascular cyclic guano-
sine monophosphate (¢cGMP) receptor pathway,
promotes a modest natriuresis, is anti-trophic and
suppresses vasoconstrictor neurohormonal actions
to a modest extent. Plasma levels of BNP progres-
sively rise in heart failure as symptoms worsen
[21]. Therefore, it would seem natural to consider
exogenous BNP as a form of therapy, particularly
in patients with acute heart failure who require an
intravenous agent.

Recombinant human BNP has been synthesized
and developed for intravenous use [22]. Intravenous
BNP, known as nesiritide (Natrecor, Scios), has been
approved for short-term intravenous use in patients
with acute heart failure syndrome (AHFES). In the
VMAC (Vasodilation in the Management of Acute
Congestive Heart Failure) trial, nesiritide was found
to be at least as effective as intravenous nitroglycerin
[23]. It has the added advantage of promoting a
rather smooth decline in central filling pressures
while providing a synergistic diuretic effect when
used in conjunction with loop diuretic therapy.
However, patients who demonstrate a substantial
diuresis in response to nesiritide and diuretics may
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develop volume depletion hypotension, which can
persist for several hours unless volume is replaced.
Data from the PRECEDENT (Prospective Random-
ized Evaluation of Cardiac Ectopy with Dobutamine
or Nesiritide Therapy) trial suggested that nesiritide
is not proarrhythmic [24]. Nesiritide is often given
as a bolus followed by an infusion drip, but recent
experience have limited to just low-dose infusions.
The duration of the infusion is usually determined
by the clinical and hemodynamic response to the
drug. Most patients are maintained on nesiritide for
24-48 h. Nesiritide is currently being investigated in
the European registration trial, ENTA (Evaluating
Treatment with Nesiritide in Acute Decompensated
Heart Failure), and a large international mortality
mega-trial of 7000 subjects is in the planning stages
to refute recent concerns regarding the association
of the use of nesiritide and worsening renal function
and late mortality[25,26]. Meanwhile, further investi-
gations into the role of nesiritide regarding renal
preservation or deterioration will be explored sev-
eral smaller studies.

Similar approaches using recombinant atrial natri-
uretic peptide (carperitide, Daiichi/Fujisawa)[27]
and recombinant urodilatin (ularitide, Protein
Design Labs, Inc)[28], are currently undergoing clin-
ical trials in the United States. Other “endogenous
vasolidators” such as urocortin II (Neurocrine
Biosciences)[29] as well as “chimeric” peptides like
the eel ventricular natriuretic peptide (VNP) are also
in early clinical phase development. The concepts of
all these compounds are similar to that of nesiritide,
except that each compound boasts to have its unique
properties or different-half-lives at different sites of
action that will require further research validation.

Another active area of investigation is the role of
intermittent infusion of nesiritide. The pilot FUSION
(Follow-Up Serial Infusions Of Nesiritide) study
evaluated 210 patients at high risk of hospitaliza-
tion for heart failure, who were randomized to one
of three treatment arms: standard care or serial
infusions of either 0.005 or 0.01 mcg/kg/min of nesir-
itide. During a 12-week period, more patients in
the standard-treatment group died or were hospi-
talized than in the nesiritide-treated groups (58%
versus 48%, P = 0.185), without a significantly dif-
ferent incidence of serious adverse events. The effects
of long-term intermittent (1-2 times per week)
nesiritide outpatient infusion in advanced heart

failure will be examined in the 24-week, 900-patient
FUSION-II study that has recently completed enroll-
ment. The objective of this approach is to reduce hos-
pitalizations for acute decompensated heart failure
episodes with intermittent nesiritide infusions. Long-
term nesiritide infusion for advanced heart failure
patients waiting for cardiac transplantation will also
be tested in the TMAC (Nesiritide in Transplant —
Eligible Management of Congestive Heart Failure)
study.

Statin therapy

Statin therapy has been widely used in patients with
hypercholesterolemia and coronary artery disease.
Pleiotropic properties of statins may include non-
specific anti-inflammatory effects, improvements in
endothelial dysfunction, inhibition of cardiac hyper-
trophy pathways, restore autonomic balance, reduc-
tion in oxidative stress, and increase in nitric oxide
bioavailability [30-35]. The idea that statins may
be beneficial in patients with heart failure stem
from several post-hoc analyses on the utilization of
lipid-lowering agents in heart failure clinical trials
and observational clinical series [36—39]. Recent
mechanistic data are also pointed to improvements
in LV remodeling in a prospective randomized-
controlled trial [43], but preliminary results from the
UNIVERSE (Rosuvastatin Impact on Ventricular
Remodeling lipids and cytokines) trial in Australia
did not show any additional benefits in improving
cardiac remodeling with resuvastating therapy [44].
Several upcoming heart failure trials using rosu-
vastatin (Crestor, AstraZeneca) are ongoing. These
included the Italian GISSI (Gruppo Italiano per lo
Studio della Sopravvivenza nell'Infarto Miocardico)
Prevenzione trial that investigates whether treat-
ment with rosuvastatin or fish oil improves mortal-
ity and morbidity of people with symptomatic
heart failure of any etiology already receiving stan-
dard treatment [45]. The multicenter CORONA
(COntrolled ROsuvastatin multiNAtional trial) is
a long-term, randomized, double-blind, placebo-
controlled, multi-national study to evaluate rosuvas-
tatin 10 mg on cardiovascular mortality and morbid-
ity and overall survival in 4950 patients with chronic
ischemic cardiomyopathy (NYHA II-IV). Until these
results are available, the role of statin therapy in
patients with heart failure should still be confined to
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the treatment of dyslipidemia or secondary preven-
tion following ischemic events.

Erythropoietin analogues

Anemia has been more widely recognized in patients
with heart failure, and may contribute to the clas-
sic signs and symptoms [46]. The exact mechanisms
are unclear, but may simple relate to chronicity of
the heart failure states, nutritional deficiencies, or
dilutional effects due to hypervolemia. The overall
prevalence of anemia in the general heart failure pop-
ulation is estimated to be about 15%, while patients
with more advanced heart failure have a higher
prevalence of anemia, (estimated to be about 25%)
[47,48]. The anemia of heart failure is associated with
worsening symptoms, greater impairment in func-
tional capacity, higher mortality, and poorer progno-
sis in both systolic and diastolic dysfunction [49].
Critically ill patients, including those in the intensive
care unit with heart failure, typically require multiple
red blood cell transfusions [50]. Although the cause
of anemia in heart failure is multifactorial [51], the
risks and benefits of intervening specific targets in the
vicious cycle of anemia, chronic renal failure and
exacerbation of heart failure is unclear.

It is well known that anemia contributes to the
morbidity and mortality of patients with another
disease of end-organ dysfunction — end-stage renal
failure (ESRD) [52]. Patients with ESRD are now
routinely treated with recombinant human ery-
thropoietin (rHUuEPO) and intravenous iron. A large
proportion of patients with heart failure and ane-
mia have normal or even elevated serum levels of
erythropoietin, suggesting that the response to ery-
thropoietin in the setting of anemia rather than the
lack of erythropoietin may be abnormal in this
population. A study by Silverberg and colleagues
showed that when anemia in patients with heart
failure was corrected by treatment with rHuEPO,
there was marked improvement in cardiac and
patient function associated with fewer hospitaliza-
tions and decreased diuretic requirements [53,54].
A novel erythropoiesis stimulating protein (NESP,
or darbepoetin alpha), a hyperglycosylated analog
of rHUEPO with 3 times longer half-life.

Although the concept of using rHuEPO to treat
patients with heart failure is rational, the selection
of patients, the appropriate dosing, and the thera-
peutic target hematocrit level remain problematic.

There is a theoretical concern that raising blood
viscosity and plasma volume could contribute to
additional afterload stress, worsening fluid overload
and hypertension, and further impairing cardiac
function. Additionally, the “anemia” of heart failure
may be, in part, a dilutional problem caused by fluid
retention, rather than an actual decrease in red blood
cell mass. Despite these uncertainties, it is reasonable
to consider rHUEPO as a management strategy for
patients with anemia and heart failure. Preliminary
results from two Phase II studies showed that treat-
ment with darbepoetin alfa in anemic patients with
symptomatic heart failure was well-tolerated, effec-
tively raised hemoglobin, and improved patients’
symptoms [44,55]. This hypothesis is currently being
tested in large, international randomized-controlled
trial called RED-HF (Reduction of Events with
Darbepoetin alfa in Heart Failure) using darbepoet-
ing alpha injections.

Drug classes that faltered
in clinical trials

Endothelin receptor antagonists
Endothelin is a family of 21-amino acid peptides
(ET-1, ET-2, and ET-3) that have potent vasocon-
striction and growth properties in both the pul-
monary and systemic vascular circulations [56,57].
Endothelin-1 (ET-1) is synthesized in the vascular
endothelial cells from its precursor, big-ET-1. The
large molecule is cleaved by endothelin-converting
enzymes (ECE-1 and ECE-2) or other less specific
proteases such as neutral endopeptideases (NEPs)
to release active ET-1. Synthesis of ET-1 is regu-
lated by many factors, including neurohormones
(angiotensin-II, norepinephrine, vasopressin),
cytokines (tumor necrosis factor-alpha (TNF-a),
transforming growth factor beta, bradykinin),
thrombin and mechanical stress. Plasma ET-1
levels correlate with disease severity and prognosis
in patients with heart failure [58]. Like angiotensin-
11, endothelin may have an important role in the
pathophysiology of heart failure progression, includ-
ing remodeling.

Since the original report by Yanagisawa and col-
leagues in 1988 [59], there has been an explosive
growth of information regarding endothelin and
its role in the progression of cardiovascular dis-
ease. Recognizing its huge potential, pharmaceutical
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laboratories quickly developed a series of endothelin
receptor antagonists and ECE inhibitors designed
to block the detrimental effects of endothelin [60].
However, it was soon recognized that there were at
least two endothelin receptors, including A (ET,) and
B (ETy), that subserve somewhat different functions.
ET, receptors bind ET-1 and ET-2 with much higher
affinity than ET-3 [61]. ET, stimulation leads to
vasoconstriction. In contrast, ETy receptors bind
all three endothelins with relatively equal affinities,
and mediate vasorelaxation as well as clearance of
circulating ET-1. Of interest, infusion of ET-3 (rel-
atively selective to ETy receptors) results in vasocon-
striction [62]. Both receptors may mediate pathologic
hypertrophy and fibrosis.

The first widely studied endothelin receptor
antagonist was the dual endothelin receptor antag-
onist, bosentan (Tracleer, Actelion). Bosentan
demonstrated an acute, highly favorable hemody-
namic effect in patients with chronic heart failure
[63]. Cardiac output was improved and LV filling
pressure was reduced. However, bosentan also
increased plasma levels of ET-1, probably by inhibit-
ing the clearance of ET-1 by ETj receptors. The
consequences of this observation are not certain.
Preliminary animal and human studies suggested
that there are short-term benefits of bosentan in
patients with heart failure. This was followed by the
REACH-1 (Research on Endothelin Antagonism in
Chronic Heart Failure) trial — a multi-center, ran-
domized controlled trial comparing bosentan (target
dose 500 mg twice daily) to placebo in patients with
advanced heart failure (NYHA IIIb-1V, LVEF = 35%,
n = 370). The study showed an initial worsening in
the bosentan group (especially with worsening heart
failure during the fast titration group in the first 20
days) and was terminated prematurely as a result of
an unexpectedly high incidence of dose-dependent
liver function abnormalities (15.6% in the bosentan
group) [64]. Clinical benefits were observed in
patients who received the full 6 months of ran-
domized treatment with bosentan. The REACH-1
data suggested the hypothesis that despite a poten-
tial early adverse effect profile over time, bosentan
may improve morbidity and mortality. As a result,
the ENABLE (Endothelin Antagonist Bosentan for
Lowering Cardiac Events in Heart Failure) trials
(NYHA [Ib-1V, LVEF <35%, n = 1613) were con-
ducted to compare bosentan (target dose 125mg

twice daily) with placebo in patients with advanced
heart failure. These two parallel trials, ENABLE-1
(Europe, n = 750) and ENABLE-2 (North America,
n = 750), either combined or analyzed separately,
indicated no overall mortality benefit with bosen-
tan therapy [65]. The survival curves again crossed
over, as was seen in REACH-1. The study demon-
strated that patients randomly assigned to bosentan
developed weight gain from edema. The mechanism
of salt and water retention with bosentan is not
well understood.

Other endothelin receptor antagonists that have
been tested in clinical trials include the dual ET,/
ETy antagonist enrasentan (SB 217242, GlaxoSmith-
Kline) and J-104132 (Banyu/Merck). Also, selective
ET, receptor antagonists, sitaxsentan (TBC-11251,
ICOS-Texas Biotechnology), darusentan (LU-
135252, Abbott), edonentan (BMS-207940, Bristol-
Myers Squibb), and ambrisentan (BSF-208075,
Myogen) have all been tried as potential drug ther-
apy for heart failure. However, disappointing results
from Phase II/IIT studies on enrasentan (ENCOR
[66]) and darusentan (EARTH [67]) indicate no
clinical benefit. In the case of darusentan, there was
a strong trend for the drug to increase morbidity,
and cardiac remodeling was not prevented at any
dose within the 6 months of therapy. The reason for
the failure of this drug class as heart failure therapy in
unclear, although dosing has often been the concern
[68]. Furthermore, tezosantan (Veletri, Actelion),
an intravenous ET,/ETy antagonist, has demon-
strated potential favorable hemodynamic effects in a
series of Phase II studies (Randomized Intravenous
Tezosentan Studies, RITZ 1-5). However, disappoint-
ing results from VERITAS (Value of Endothelin
Receptor Inhibition with Tezosentan in Acute Heart
Failure Study)[69] reported no statistically signifi-
cant differences in changes in dyspnea at 24 h, death
or worsening heart failure at 7 or 30 days, or over-
all mortality at 6 months between those receiving
Tezosentan versus placebo [70].

On the other hand, there are substantial data to
support the use of bosentan in patients with pul-
monary hypertension (PH) [71]. Bosentan signifi-
cantly improves exercise capacity, symptoms, and
functional status in patients with PH. Results from
large-scale studies of bosentan in patients with
primary pulmonary hypertension (PPH) have
established its long-term safety and tolerability
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profiles. Bosentan has been approved in November
2001 by the US Food and Drug Administrations and
registered for this indication. Sitaxentan (Thelin,
Encysive Pharmaceuticals) is also undergoing
approval process as PH therapy, but a Phase II study
is currently underway to evaluate its potential use in
the setting of diastolic heart failure.

Neutral endopeptidase and
vasopeptidase inhibitors

NEPs are ubiquitous enzymes that are responsi-
ble for degrading numerous peptides, including
bradykinin and the counter-regulatory natriuretic
peptides [72]. Natriuretic peptides are cleared from
the body by NEPs and by c-receptors (clearance),
primarily located in the brush borders of the kidney.
Pharmacologists have reasoned that since endoge-
nous natriuretic peptides have a favorable profile in
hypertension and heart failure, delaying their degra-
dation by inhibition of NEPs should result in higher
plasma levels of these peptides and reduced blood
pressure with a modest natriuresis and diuresis.
Prototype compounds such as ecadotril and can-
doxatril (UK-79300) were studied in the early 1990s
and provided proof of concept.

Vasopeptidase inhibitors (VPI) are single hybrid,
molecular compounds that inhibit two distinct zinc
metalloproteases: NEP and ACE. Vasopeptidase
inhibitors attenuate the formation of angiotensin-
[T while increasing endogenous levels of natriuretic
peptides and bradykinin. The initial experience with
vasopeptidase inhibitors was generally positive in
that they significantly lowered blood pressure and
promoted a modest diuretic and natriuretic effect.
The development of omapatrilat (Vanlev, Bristol-
Myers Squibb) was an attempt to eventually market
a hybrid compound to inhibit both ACE and NEPs.
The added benefit of prolonging counter-regulatory
natriuretic peptides, in addition to a further reduc-
tion in high blood pressure, and a modest natriuresis
and diuresis, includes the inhibition of the sympa-
thetic and renin—angiotensin—aldosterone systems
[73,74]. Preliminary data from IMPRESS (Inhibi-
tion of Metalloproteases by Omapatrilat in a Ran-
domized Exercise and Symptoms Study) [75]
suggested a very favorable hemodynamic and neuro-
hormonal effect in patients with heart failure. Based
on a large dataset that demonstrated both safety
and efficacy, two additional large studies were

conducted: the OVERTURE (Omapatrilat Versus
Enalapril Randomized Trial of Utility in Reducing
Events) trial for heart failure (NYHA II-1V,
LVEF <30%, n = 5770) [76], and the OCTAVE
(Omapatrilat Cardiovascular Treatment Assessment
Versus Enalapril) [77] trial for hypertension.
Omapatrilat was associated with a lower rate of
worsening heart failure and renal impairment in
OVERTURE [76], but showed an increased rate of
hypotension and dizziness. Mortality was not favor-
ably influenced by omapatrilat. Although omapa-
trilat was superior to enalapril in systolic blood
pressure reduction in OCTAVE, angioedema was
increased in patients assigned to omapatrilat (2.2%),
particularly in African-Americans (5.5%) and in
smokers (3.9%) [78]. The OPERA (Omapatrilat in
Persons with Enhanced Risk of Atherosclerotic
events) trial was a large study designed to examine
the safety and efficacy of omapatrilat in older patients
with Stage I isolated systolic hypertension [79],
and was discontinued due to poor enrollment.
Omapatrilat and other VPIs [80] are unlikely going
to be approved for hypertension or heart failure.
Meanwhile, a unique dual ECE/ NEP inhibitor,
daglutril (SLV306, Solvay) is reportedly still under-
going Phase II trial called REMODELED (Reduce
Myocardial Dilatation and Enlargement by the
Enzyme-inhibitor Daglutril) to determine its poten-
tial benefits in reverse remodeling in patients with
heart failure.

Novel anti-adrenergic therapies

Moxonidine (Physiotens/Moxon, Eli Lilly/Solvay)
and rilmenidine are imidazoline-1 (I;) receptor
agonists that powerfully inhibit sympathetic traffic
from the central nervous system to the periphery
[81,82]. Short-acting moxonidine is widely used in
Europe as an anti-hypertensive agent. Unlike cloni-
dine, a mixed agonist that stimulates both «; and
a, receptors, moxonidine is a relatively selective I;
agonist. Therefore, some of the side effects of cloni-
dine, such as dry mouth and somnolence, can be
avoided with moxonidine. The overly active sym-
pathetic nervous system in patients with heart fail-
ure was a logical target for the use of moxonidine.
In order to test the hypothesis that moxonidine
would have a favorable effect on morbidity and mor-
tality in patients with heart failure, the MOXCON
(Effect of Sustained-Release Moxonidine on
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Mortality and Morbidity in Patients with Congestive
Heart Failure) trial was designed and conducted
[83]. The new sustained-release moxonidine prepa-
ration was compared to placebo in patients on
receiving conventional therapy for heart failure.
The trial was stopped early when the Data Safety
Monitoring Board noted an early excessive number
of deaths in the moxonidine arm of the trial
Subsequent data analysis indicated that moxoni-
dine SR, the preparation used in the MOXCON
trial, was associated with a very substantial fall in
plasma norepinephrine levels, sometimes up to
50% from baseline [84,85]. There is the possibility
that sustained-release moxonidine was detrimental
because of its propensity to over-inhibit the sym-
pathetic nervous system. The observations from
MOXCON provided a first glimpse into the possi-
bility that there may be limits to the concept of
comprehensive neurohormonal blockade. Based
on the results of MOXCON and a concomitant
safety and efficacy study, MOXSE (Moxonidine
Safety and Efficacy) [86], investigators have recom-
mended that for patients not receiving moxonidine
for hypertension, the drug should not be abruptly
stopped, but that it should be tapered over several
days to avoid a rebound hypertensive phenome-
non. The future of centrally acting sympatholytics
drugs for the treatment of heart failure remains
uncertain.

There have been other efforts to develop anti-
adrenergic agents with novel targets. Early studies on
dopamine analogs such as ibopamine have raised
hopes that these drugs may reduce catecholamine
release via the inhibition of postganglionic
sym-pathetic nerves and sympathetic ganglia [87].
Bromocriptine and its vascular dopaminergic effects
have also been studied in the 1980s [88]. Nolomirole
(CHF1035, Chiesi), an esterified amino-tetraline
derivative, is an oral selective dual agonist of DA,
dopaminergic presynaptic receptors and o, adren-
ergic receptors. This novel vasodilator produced
improvement in symptoms and eXercise capacity
without arrhythmogenic side effects in Phase II stud-
ies [89]. However, the ECHOS (Echocardiography
and Heart Outcomes Study) showed no significant
difference between nolomirole and placebo in hospi-
talizations, NYHA class, mortality, or 6-min walk test
between the groups[55], dampening the early enthu-
siasm for this drug.

Cytokine antagonists

The failing heart has been known to express the
inflammatory cytokine TNF-«, which likely con-
tributes to hypertrophy, remodeling and develop-
ment of cardiomyopathy. There is a body of literature
suggesting that TNF-« is important in the patho-
genesis of heart failure [90]. Patients with heart
failure develop progressively higher levels of TNF-a
as their conditions worsens [91,92]. There is grow-
ing interest in the development of novel drugs that
inhibit cytokines, important mediators of inflam-
mation [90]. Infliximab (Remicade, Centocor), a
chimeric (mouse/human) immunoglobulin G;
monoclonal antibody against TNF-«, is widely
used to treat patients with Crohn’s disease and
rheumatoid arthritis. Etanercept (Embrel, Immunex/
Amgen) is a fusion protein that is widely used in
patients with rheumatoid arthritis. Etanercept is
designed to inhibit the effects of TNF-« by binding
to circulating TNF-«, thus limiting its interaction
with its cognate membrane-bound receptor. Pre-
liminary data with etanercept in both experimental
models and in patients with heart failure were
strongly supportive of the concept that TNF-«
contributes to the development of heart failure.
In small, observational studies, antagonism of
TNF-a with etanercept was associated with objective
myocardial and clinical improvement. Based on
these observations, two related randomized control
trials; RENAISSANCE (in the United States and
Canada) and RECOVER (in Europe and Australia)
were conducted. The studies, whether analyzed
separately or combined (as RENEWAL, or Ran-
domized Etanercept Worldwide Evaluation), did
not show a morbidity or mortality benefit of etan-
ercept over placebo in patients receiving conventional
therapy [93,94]. The Phase II ATTACH (Anti-TNF-«
Therapy Against CHF) study using intermittent
intravenous infusion of infliximab also demonstrated
worsening clinical endpoints especially at high doses
[93,94]. The reasons for the lack of efficacy in TNF-«
antagonism strategies have been widely debated,
but are not entirely clear. The lack of benefit may be
related to inappropriate dosing, partial agonist activ-
ity of drug-bound TNF-«, or flawed trial designs
[95]. New analogs of thalidomide [96] (a potent
TNF-a inhibitor) and pentoxifylline [97] (a widely
used xanthine derivative that blocks TNF-«) are
being considered as potential therapeutic agents.
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Sodium-hydrogen exchange
Sodium—hydrogen exchange (NHE) has been con-
sidered a key target for the treatment of heart failure
[98]. NHE is a major mechanism for intracellular
pH regulation in most cell types. Myocytes have
ubiquitous NHE-1 subtype, which is a major con-
tributor to ischemic and reperfusion injury since
it is the primary regulator of intracellular pH.
Therefore, NHE-1 inhibitors exert marked cardio-
protective effects during ischemia, and may halt
chronic maladaptive myocardial remodeling and
the development of heart failure [99,100]. [t appears
that NHE-1 may even represent a common down-
stream mediator for various hypertropic factors such
as angiotensin I, ET-1, and B;-adrenergic receptor
activation. Amiloride has NHE inhibitory proper-
ties. However, clinical trials program in ZONIPORIDE
(CP-597396, Pfizer) and cariporide (Sanofi/Aventis),
both new selective inhibitor of NHE-1, have report-
edly been halted.

Oral phosphodiesterase

(PDE3) inhibitors

Cyclic nucleotide phosphodiesterases such as PDE3
degrade cyclic nucleotides. They are therefore impor-
tantin cyclic AMP (cAMP) and possibly cyclic GMP-
mediated signaling in cardiac and vascular smooth
muscle myocytes. Normally, cAMP phosphorylates
various proteins (i.e. protein kinase A) that in turn
phosphorylate proteins that modulate the entry of
Ca’" into the contractile apparatus. Drugs that
inhibit phosphodiesterases raise cAMP levels, lead-
ing to enhanced inotropic and vasodilatory actions
that have proven to be useful in the short-term treat-
ment of heart failure and severe pulmonary hyper-
tension. With long-term oral usage, however, oral
PDE3 inhibitors increase mortality in patients with
advanced heart failure (NYHA II-IV) — first in
the PROMISE (Prospective Randomized Milrinone
Survival Evaluation) trial for milrinone [101] and
the PICO (Pimobendan in Congestive Heart Failure)
trial for pimobendan (Vetmedin, Abbott) [102]. It is
presumed that continuous stimulation of cAMP may
be detrimental due to tachycardia, arrhythmias, and
“overwork” of the inotropic state of myocardial cells.
However, patients with mild to moderate heart fail-
ure treated with concomitant B-blockers and low-
dose pimobendan therapy show improvement in
morbidity and mortality [103]. Furthermore, therapy

with pimobendan facilitated initiation of carvedilol
in patients with severe heart failure [104]. Phase II
studies with the PDE3 inhibitor toborinone (OPC-
18790, Otsuka) are in progress.

Enoximone (MDL 17043, Myogen) is an orally
active selective PDE3 inhibitor. Like milrinone, it
enhances the inotropic state of the heart by increasing
the levels of cAMP, thereby increasing phosphory-
lation of various proteins that regulate Ca’" avail-
ability. Enoximone was widely studied in the 1980s
along with its analog piroximone. Both drugs
demonstrated markedly positive inotropic proper-
ties. However, they also raised heart rate, were
arrhythmogenic, and are believed to increase the
potential for excessive mortality when used long-
term. However, enoximone is still used in some coun-
tries, particularly France. Interest in oral enoximone
has been recently resurrected by the possibility that
the concomitant use of a B-receptor antagonist
and enoximone may offer theoretical advantages.
The inotropic response to enoximone in patients
receiving 3-adrenergic blockade is preserved or even
enhanced, unlike the mutually antagonistic effects
of B-blockade and dobutamine. Beta-blockers and
enoximone, when given concomitantly, may reduce
the up-regulation of inhibitory G; protein. In theory,
the favorable effects of enoximone and B-blockers
are operationally additive. Additionally, enoximone
might be used as a bridge to B-blocker initiation
in patients who might otherwise be intolerant to
B-blocker therapy because of advanced heart failure.

The Phase II results from EMOTE (A Phase 11
Randomized, Double-Blind, Placebo-Controlled
Parallel Study of Oral Enoximone in Intravenous
Inotrope-Dependent Subjects) has recently been pre-
sented. A total of 201 patients with advanced heart
failure (NYHA III-1V, inotrope dependent, LVEF
(=25%, LVEDD (=5.4cm or 2.7 cm/m?) were ran-
domized to receive enoximone (25/50 mg 3 times per
day) versus placebo. The primary endpoint of suc-
cessful inotrope weaning at 30 days was achieved by
61% patients in the enoximone group and 51% in the
placebo-treated group (not statistically significant).
However, there was a benefit of lower rates of death
or re-initiation of IV inotrope therapy at 60- and
90-day periods favoring enoximone [105]. The safety
and efficacy of low-dose oral enoximone has been
tested in a Phase III program, which includes the
ESSENTIAL (Studies of Oral Enoximone Therapy in
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Advanced Heart Failure, including ESSENTIAL-I
in North and South America, and ESSENTIAL-II
in Europe), and EMPOWER (Enoximone Plus
Extended-Release Metoprolol Succinate in Subjects
with Advanced Chronic Heart Failure). The results of
these trials have been announced, and oral enoxi-
mone did not improve long-term morbidity and
mortality in patients with advanced heart failure
[106, 107]. At present, there are no plans to continue
further development of oral enoximone as heart fail-
ure therapy.

Novel drug classes with promising
clinical development

Arginine vasopressin antagonists
Neurohormonal excesses are well known to contri-
bute to the pathophysiology of heart failure. Plasma
arginine vasopressin (AVP) levels are increased in
patients with heart failure and likely contribute to
progression of the syndrome through activation of
V1. and V, receptors [108]. Activation of the Vi,
receptors causes vasoconstriction, platelet aggrega-
tion, and adrenocorticotrophic hormone (ACTH)
stimulation. Activation of the V, receptors within the
renal collecting duct promotes sodium and water
retention. Experimental studies indicate that block-
ade of the Vy, or V, receptors, either alone or in
combination, results in a beneficial hemodynamic
profile and less ventricular remodeling following
myocardial injury [109,110]. Based on these con-
cepts, there has been a long-standing interest in the
development of AVP receptor antagonists for the
treatment of heart failure [111].

There are also AVP antagonists that combine V,
and V, receptor blockade. The V, receptor blockade
in a post-infarction model reduces myocardial
remodeling. In the recent ACTIV CHF (Acute and
Chronic Therapeutic Impact of a Vasopressin
Antagonist in Congestive Heart Failure) study, 319
patients treated with tolvaptan (OPC-41061,
Otsuka), a selective V2 vasopressin receptor antag-
onist, had significant weight reduction due to fluid
loss compared with placebo [112]. Tolvaptan
improved serum sodium levels, and did not cause
electrolyte imbalance, affect hemodynamics, or
worsen renal function. All-cause mortality was 5.4%
in the tolvaptan groups, and 8.7% in the placebo
group, a difference that did not reach statistical sig-
nificance. Result from the larger Phase III trial,

EVEREST (Effects of Vasopressin Antagonists in
Heart Failure: Outcome Study with Tolvaptan), will
soon be announced. EVEREST hopes to demon-
strate that low-dose (30 mg/day) oral tolvaptan can
improve clinical outcomes in as well as symptoms
in patients with AHFS treated with standard ther-
apy. Meanwhile, hemodynamic effects of tolvaptan
will be further clarified in the ongoing ECLIPSE
(Multicenter, Randomized, Double-blind, Placebo-
controlled Study to Evaluate the Effect of Single Oral
Tolvaptan Tablets on Hemodynamic Parameters
in Subjects with Heart Failure) trial. Another
dual antagonist, lixivaptan (cardiokine) is cur-
rently undergoing Phase II evaluation for the same
indication.

The benefits of selective V, antagonist such
as conivaptan (Vaprisol or YM087, Yamanouchi
Pharmaceuticals) has been best seen in the treat-
ment of hyponatremia, and several Phase II studies
have been completed but the results have not been
published[113]. It is not clear whether conivap-
tan will be developed as a heart failure drug.
Other selective V, receptor antagonists, SR-121463b
(Sanofi-Synthelabo) and VPA-985 (Wyeth-Ayerst),
are also being tested in Phase-II clinical trials for
hyponatremia. It is a hope that these drugs will be
useful in the treatment of fluid overloaded states by
increasing free-water excretion, improving dilutional
hyponatremia, promoting peripheral vasodilation,
and improving cardiac performance. How they
should be used in conjunction or instead of stan-
dard loop diuretics will remain a challenge if these
drugs are approved for AHFS or chronic mainte-
nance. Furthermore, the lack of an agreeable end-
point for clinical trials in AHFS has discouraged
many of these compounds from pursuing clinical
development [114].

Adenosine receptor blockers

Adenosine is an endogenous vasoactive substance
whose action is mediated through at least four recep-
tors [115]. The most prevalent receptors are type 1,
which promote vasoconstriction, and type 2, com-
prised of two subtypes (2A and 2B), which promote
vasodilation. In the kidney, type 1 receptors located
on pre-glomerular afferent vessels and in the tubules,
and are involved in the regulation of glomerular
filtration. Whole-body fluid balance is strongly
dependent on the ability of the kidney to maintain
stable intraglomerular hydraulic pressure. Several
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selective adenosine type 1 receptor antagonists have
been developed. These agents enhance fluid (diure-
sis) and sodium (natriuresis) excretion in animals
and experimental models of fluid retention by
increasing afferent arteriolar dilation and thus intra-
glomerular hydraulic pressure [116]. This is also
observed in normal and edematous humans [117]. In
both animals and humans, these effects are generally
achieved without major changes in glomerular filtra-
tion. Animal studies have confirmed the location of
adenosine type 1 (A;) receptors in relevant tissue sites
in the kidney. Clinical trial results with adenosine
antagonists had mixed results. The early results with
BG9719/CVT-124 (Adentri, Biogen) in heart failure
suggested promise [118], whereas trials in hyperten-
sion and renal failure have been more equivocal.

Clinical trials with another second-generation
adenosine A, receptor antagonist, BG-9928 (Biogen
Idec/Medicines Company) are also underway. The
AB-CHF (A Phase II Randomized, Double-Blind,
Placebo-Controlled, Trial Comparing Adenosine
Blockade with BG9928 with Placebo for the
Prevention of Worsening Renal Function in Patients
with Acute Decompensated Heart Failure) is
designed to initiate this drug therapy at the
Emergency Department, with the goal to demon-
strate efficacy in lowering the incidence of worsen-
ing renal insufficiency. Another novel intravenous
A receptor antagonist, KW-3902 (NovaCardia), has
shown diuretic properties via impressive increases in
glomerular filtration rates (GFR) and renal plasma
flow. This is particularly apparent in those that
were less responsive to loop diuretics over time
during AHFS, where over 50% increase in GFR
was documented with the use of KW-3902. This
drug currently is being tested in a multi-center
Phase III trials program, PROTECT (A Placebo-
Controlled Randomized Study of the Selective A;
Adenosine Receptor Antagonist KW-3902 for
Patients Hospitalized With Acute Heart Failure and
Volume Overload to Assess Treatment Effect on
Congestion and Renal Function) studies, as adjunc-
tive therapy to diuretics in decompensated heart
failure. A separate study looking at patients with
diminishing responses to loop diuretics will also
be conducted. However, cases of seizure have been
reported at high infusion doses as blocking adeno-
sine receptors may lower seizure threshold in vul-
nerable subjects, therefore safety of this drug class
has to be established.

Renin inhibitors

Along the same lines of thought to counteract the
“escape” phenomenon in the renin—angiotensin—
aldosterone system (RAAS) system, there has been a
long history of efforts to develop competitive recep-
tor antagonists to block the downstream effects of
angiotensin and/or aldosterone. In contrast, halt-
ing the detrimental effects of the RAAS at the most
upstream point of the cascade may offer theoretical
advantages for cardiovascular protection. With the
success of B-adrenergic blockers (which are well-
known inhibitors of renin production), the possi-
bility adverse effects of a “built-up” of plasma renin
activity from downstream RAAS blockade [6] is
now realized. There have been many attempts to
synthesize an oral selective renin inhibitor [119],
and only recently a non-peptide inhibitor of renin,
aliskiren, has been successfully developed. Aliskiren
(SPP100, Novartis) has been shown to inhibit the
production of angiotensin I and II in healthy vol-
unteers, and is an effective anti-hypertensive agent
in early clinical trials [120]. Aliskiren is currently
being evaluated in a mechanistic multicenter study
in stable patients with hypertensive heart failure,
called the ALOFT (Aliskiren Observation of Heart
Failure Treatment) trial, and Phase III studies are in
the planning stages if the results from ALOFT are
encouraging.

Novel drug classes with challenging
clinical development

Calcium sensitizers

Levosimendan (Simdax, Abbott) is a novel calcium
sensitizer developed in Europe that improves myo-
cardial contractility without increasing myocardial
oxygen demand [121-123]. Levosimendan binds to
troponin-C in the myocyte, and is hypothesized to
exert effects of calcium sensitization, thereby enhanc-
ing contractility without disturbing the energy bal-
ance of the heart [124]. Itis associated with a modest
increase in heart rate, a substantial increase in cardiac
output, and a reduction in LV filling pressure. Both
levosimendan and OR-1896 are phosphodiesterase
inhibitors that promote vasodilation, although the
inotropic effects thought to be independent of the
type of PDE inhibited [125]. Whether the inotropic
effects of levosimendan is due to PDE inhibition or
calcium sensitization remains highly debated [126].
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In patients with severe low-output heart failure
syndrome, levosimendan is thought to be more effi-
cacious than dobutamine. The pharmacokinetics
and pharmacodynamics of levosimendan are also
highly complex and not well understood. There is
an active metabolite of levosimendan, OR-1896, that
has active inotropic properties long after the discon-
tinuation of the infusion [127]. The benefit of intra-
venous levosimendan in the LIDO (Levosimendan
Infusion Versus Dobutamine in severe Low-Output
Heart Failure, n = 203) study entailed a lower rate
of worsening heart failure and a lower mortality
than intravenous dobutamine (6.8% versus 17% at
31 days and 26% versus 38% at 6 months, respec-
tively) [128]. In the setting of pulmonary edema
within 5 days of an acute MI, short-term intravenous
infusion of levosimendan was associated with a
reduction of worsening heart failure without risk
of hypotension and ischemia when compared to
placebo in the post-MI LV failure study, RUSSLAN
(Randomized Study on Safety and Effectiveness
of Levosimendan in patients with Left Ventricular
Failure After an Acute Myocardial Infarction study,
n = 504) [129]. Levosimendan has been approved
in Europe for the treatment of low-output heart
failure, primarily based on data from the LIDO
study. Recently, the CASINO (Calcium Sensitizer
or Inotrope or None in Low-Output Heart
Failure) study was prematurely halted as the results
further suggested that levosimendan significantly
improves 6-month survival when compared with
placebo or dobutamine in patients with decompen-
sated heart failure [130]. Six-month mortality
in patients randomized to levosimendan was
15.3%, while the mortality rate in the placebo
and dobutamine groups were 24.7% and 39.6%,
respectively. Following the promising results of the
REVIVE-1 (Randomized, Multicenter Evaluation of
Intravenous Levosimendan Efficacy versus Placebo,
n = 100) trial, two pivotal, Phase III randomized,
placebo-controlled trials, REVIVE-2 in the United
States and Australia (n = 800), and SURVIVE
(Survival Of Patients With Acute Heart Failure In
Need Of Intravenous Inotropic Support, n = 700)
trial has been completed and announced but not
published. Overall, patients treated with levosimen-
dan had less self-reported dyspnea at day 5, but no
differences in clinical event rates were found. These
some-what disappointing results have dampened

the enthusiasm of this compound, and provided
challenges for levosimendan to be approved in the
United States without further studies.

Calcium transient modulators
Other drugs that improve calcium homeostasis
include the calcium handling modulator, caldaret
(MCC-135, Mitsubushi/Takeda). The presumed
mechanism of action of MCC-135 is to enhance cal-
cium reuptake by the sarcoplasmic reticulum (SR)
without any anti-adrenergic or PDE effects. However,
the results were not as impressive in a multicenter
Phase II study [131], and limited information have
been announced regarding the future development
of this compound in the heart failure arena.
Ranolazine (Ranexa, CV Therapeutics) was origi-
nally thought to shift myocardial energy metabolism
away from free fatty acids toward glucose for the pro-
duction of adenosine triphosphate (ATP), but now
ranolazine is being considered as a late sodium
current inhibitor that reduces calcium overload in the
myocardium. Ranolazine has anti-ischemic effects
without reducing blood pressure or heart rate, side
effects commonly seen with the use of traditional
anti-ischemic agents. However, prolonged QT inter-
vals (likely due to its sodium channel effects) have
worried regulatory agencies regarding the safety
profile of this compound. Therefore, ranolazine has
promise as a drug that could supplement existing
therapy without added concerns about hypotensive
or bradycardic side effects. Ranolazine has been
shown to lessen the frequency of angina attacks and
increase symptom-free exercise duration in the set-
ting of chronic ischemic heart disease [132], and is in
the process of seeking for regulatory approval for the
indication for treating angina. A large, multicen-
ter study using intravenous ranolazine MERLIN-
TIMI 36 (Metabolic Efficiency with Ranolazine for
Less Ischemia in Non-ST Elevation Acute Coronary
Syndromes, n = 5500) is currently underway to study
the effects of ranolazine in acute coronary syndromes.
In the setting of cardiac dysfunction, preclinical data
have confirmed that ranolazine reduces short- and
long-term myocardial ischemic injury in various
animal models [133-135]. In addition, early preclini-
cal observations suggest positive effects of ranolazine
in the management of congestive heart failure [136].
There is hope that these drugs may some day be
developed as part of the heart failure regimen.
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Immunomodulation therapy
There has been a recent shift from targeting specific
cytokines and their receptors to a broad-spectrum
anti-inflammatory strategy via the exploitation of
the physiologic anti-inflammatory immune response
to apoptotic cells. The basis of this novel technology
is the concept that removal of apoptotic cells may
trigger the immune system to modulate key inflam-
matory mediators. Immunomeodulation uses a device
technology to extract a small amount of patients’
blood and expose cells to oxidative stress (a combina-
tion of heating to 108°F, ultraviolet light and ozone)
to render them senescent. The senescent cells that are
re-administered to the patient intramuscularly subse-
quently undergo apoptosis. Exposure to the apop-
totic cells accelerates the natural process of cell
turnover to induce an anti-inflammatory response by
macrophages and lymphocytes. Preliminary results
from a randomized, double-blind, Phase II study of
75 patients with advanced heart failure demon-
strated significant reduction in morbidity and
mortality following implementation of Celacade
(VAS-991, Vasogen) [137]. Neutral results from a
large pivotal, Phase III mortality and morbidity
study of Celacade, ACCLAIM (Advanced Chronic
Heart Failure Clinical Assessment of Immune
Modulation Therapy, LVEF <30%, NYHA II-1V,
n = 2000) have been announced, although there
were some indication of mortality benefit in the
NYHA class II patient subset.

Other non-specific immunomodulatory strate-
gies including plasmapheresis and immunoglobulin
infusions are also under active investigations.

Xanthine oxidase inhibition

Chronic heart failure is associated with hyper-
uricemia and elevations in circulating markers of
inflammation which often translates to poor prog-
nosis [138,139]. Activation of xanthine oxidase,
through free radical release, causes leukocyte and
endothelial cell activation. Oxypurinol, a xanthine
oxidase inhibitor and the metabolic derivative of
the gout drug, allopurinol, may act as hydroxyl
radical scavengers, and help to restore endothelial
and myocardial dysfunction [140]. Early proof-of-
concept studies, EXOTIC (European Xanthine
Oxidase Inhibitors Trial In Cardiac Disease) and
EXOTIC-EF (Evaluation of Xanthine Oxidase Inhi-
bition on Cardiac Ejection Fraction), demonstrated

improvement in cardiac function following admin-
istration of intravenous oxypurinol without signifi-
cant safety concerns. Recent reports of the “La Plata”
study on oral oxypurinol showed significant
improvement in LV ejection fraction at 28 days of
follow-up, but no significant differences in 6-min
walk test results. The pivotal OPT-CHF (Oxypuri-
nol Therapy for CHF) study is designed to demon-
strate the efficacy and safety of oral oxypurinol vs.
placebo in a randomized, double-blind, 24-week
trial in 400 patients in up to 50 centers. The OPT-
CHEF trial has finished enrollment in December 2005,
and the preliminary results did not show any sur-
vival benefit in advanced heart failure [141].

Novel targets of therapy

Modulation of fatty acid and glucose
metabolism
Metabolic modulation has long been considered to
be a potential strategy in heart failure therapy
[142-144]. The primary substrate of the heart is
long-chain fatty acids (about 70%), mainly in the
form of oleate and palmitate. The key in vivo regu-
lator is the arterial plasma free fatty acid concentra-
tions: fatty acid uptake and oxidation increases in
proportion to the arterial plasma concentration.
High fatty acid levels in turn reduce myocardial
efficiency by increasing myocardial oxygen require-
ments in the setting of ischemia and sympathetic
overactivation [145]. Therefore, partial fatty acid
oxidation (pFOX) inhibition serves as a promising
target of therapy particularly in the setting of
ischemic cardiomyopathy. The anti-anginal drug
trimetazidine (Teveten, Solvay), which has been
widely used outside the United States, is an inhibitor
of the long-chain activity of 3-ketoacyl-CoA
thiolase. Trimetazidine (20mg 3 times a day) has
been shown to improve long-term LV systolic and
diastolic function, symptoms, glucose metabolism,
and endothelial function when compared to placebo
in patients with ischemic cardiomyopathy, with
[143,146] or without diabetes [147,148].
Inhibitors of carnitine palmitoyl-transferase I
(CPT I), the key enzyme for the transport of long-
chain acyl-coenzyme A (acyl-CoA) compounds into
mitochondria, have been developed as agents for
treating type 2 diabetes mellitus [149]. Findings
that the CPT I inhibitor, etomoxir, has positive
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inotropic effects on heart muscle, were unexpected
and can be attributed to selective changes in the
dysregulated gene expression of hypertrophied car-
diac myocytes. The first clinical trial with etomoxir
in patients with heart failure showed that etomoxir
improved the clinical status and several parameters
of heart function [150]. Putative molecular mecha-
nisms likely involve an increased expression of
SERCA2, the Ca’>" pump of SR and a-myosin heavy
chain (a-MHC) of failing heart muscle [151].
Etomoxir could also act on peroxisome prolif-
erator activated receptor alpha (PPAR-a), thus
up-regulating the expression of various enzymes
that participate in $-oxidation [136]. However, eto-
moxir research has been halted due to lack of effi-
cacy in Phase II studies. Whether newer cholesteryl
ester transfer protein (CETP) inhibitors such as
torcetrapib (CP-529414, Pfizer) [152] will be tested
in this population also remains in question.

Glucose is a more efficient fuel, particularly when
oxygen supply is diminished. Glucagon-like pep-
tide-1 (GLP-1) is a novel way to tackle the metabolic
balance by enhancing myocardial and whole-body
glucose metabolism. So-called incretins or “gut hor-
mones,” GLP-1 is naturally synthesized in intestinal
endocrine cells in two principal major molecular
forms, as GLP-1 (7-36) amide and GLP-1 (7-37)
[153]. There has been several human studies show-
ing potential benefits of GLP-1 infusions in
improving functional capacity, enhancing endothe-
lial function, as well as improving cardiac perform-
ance [154-156]. The PROCLAIM study (Effect of
AC2592 Administered by Continuous Subcutaneous
Infusion in Subjects With Advanced Chronic
Congestive Heart Failure) is a proof-of-concept
study in patients with advanced heart failure
(NYHA III-IV) using a continuous subcutaneous
infusion of AC2592 (Amylin Pharmaceuticals). Other
potential strategies for enhancing GLP-1 actions
including long-acting analogs such as albugon
(Human Genome Science/GlaxoSmithKline), and
blocking its breakdown by dipeptidyl peptidase
(DPP-1V) via DPP-IV inhibitors such as NVP-
DPP728 (Novartis), MK0431 (Merck), saxagliptin
(Bristol-Myers Squibb), and others. However, many
of these compounds, however, are still in early clin-
ical trial phases for diabetic indications and are
unlikely to be tested in the heart failure arena in the
near future.

Advanced glycosylation end-products
cross-link breakers

Glucose and other reducing sugars react non-
enzymatically with proteins leading to the formation
of advanced glycosylation end-products (AGEs)
and AGE-derived protein cross-linking. Formation
of AGEs is a normal physiologic process, which is
accelerated under the hyperglycemic condition of
diabetes. Under normal conditions, AGEs build up
slowly and then accumulate over years. Numerous
studies have indicated that AGEs contribute to
the pathologic events leading to diabetic compli-
cations, including nephropathy, retinopathy, vas-
culopathy, and neuropathy. They may also be
important in acute coronary syndromes. Potential
therapeutic approaches to prevent these compli-
cations include pharmacologic inhibition of
AGE formation and disruption of pre-formed
AGE-protein cross-links [157]. Animal models and
preliminary clinical trials have shown that the
AGE-inhibitor, pimagedine (aminoguanidine HCI,
Alteon) and the cross-link breaker, alagebrium
(ALT-711, Alteon), are able to reduce the severity of
the multiple end-results of advanced glycosylation
[158]. These agents are potential treatments for
glucose-derived complications of diabetes and age-
ing. Data from the DIAMOND (Distensibility
Improvement and Remodeling in Diastolic Heart
Failure) trial have been positive. Patients who
received alagebrium for 16 weeks in the DIA-
MOND trial experienced a rapid remodeling of the
heart, resulting in a statistically significant reduc-
tion in LV mass, as well as a marked improvement
in LV diastolic filling. Positive results from several
Phase I studies for alagebrium including the SAP-
PHIRE (Systolic and Pulse Pressure Hemodynamic
Improvement by Restoring Elasticity), and the
SILVER (Systolic Hypertension Interaction with
Left Ventricular Remodeling) trials have also been
reported [159]. Results from a parallel, open-label
study on patients with systolic heart failure and
diastolic dysfunction called PEDESTAL (Patients
with Impaired Ejection Fraction and Diastolic
Dysfunction: Efficacy and Safety Trial of Alagebrium)
were presented at the recent American Heart
Association scientific sessions, and showed trends
consistent with DIAMOND. However, recent safety
concerns have emerged regarding liver toxicity in
male rats treated with alagebrium, and the clinical
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development of this drug class in hypertension
and erectile dysfunction has been discontinued.
Nevertheless if the benefits outweigh the risks, this
novel approach will be highly promising.

Matrix Metalloproteinases Inhibitors
Collagen deposition leading to increased stiffness
can result from alterations in the balance of promot-
ers and inhibitors of matrix metallo proteinases
(MMPs) [160]. However, this concept of inhibiting
MMPs to reduce collagen deposition suffers from
problem of using a therapeutic target that has
widespread effects that extend beyond the failing
myocardium. Recent results from the PREMIER
(Prevention of MI Early Remodeling) study showed
that the prototype MMP inhibitor, PG-116800 did
not show significant benefits in preventing left ven-
tricular remodeling over placebo following myocar-
dial infarction [161]. This inhibitor has yet to be
tested in the setting of diastolic heart failure. Several
other drugs are also being considered to target
MMP/TIMPs in this population; but until a more
specific target can be identified, this strategy remains
largely theoretical.

Copper chelating therapy

Another intriguing concept that has emerged over
the past few years is the role of copper metabolism in
the development of diabetic cardiomyopathy. Cooper
and colleagues published several key articles illustrat-
ing the efficacy of trientine, a copper chelating agent
for Wilson’s disease, in reversing LV remodeling
(predominantly regression of hypertrophy) without
lowering blood sugar [162, 163]. It was also shown to
substantially improve cardiomyocyte structure, and
to reverse elevation in LV collagen and 3-1 integrin.
These data are believed to implicate accumulation of
elevated loosely bound copper in the mechanism of
diabetic cardiomyopathy and to support the use of
selective copper chelation in the treatment of this
condition. This hypothesis is now being tested in a
new formulation of trientine (under the name
Laszarin™, Protemix Inc.). Early phase reports of
oral treatment with trientine results in elevated cop-
per excretion in humans with type 2 diabetes and, fol-
lowing 6 months of treatment, causes elevated LV
mass to decline significantly toward normal [163]. To
date, trientine has been well- tolerated by patients in
clinical trials, and it has a long safety profile in the

treatment of Wilson’s disease. A Phase IIb clinical trial
of trientine administration in patients with diabetic
heart failure with a quality of life (exercise tolerance)
outcome is currently underway. Larger clinical trials
are in the planning stages. Nevertheless, our under-
standing of why copper chelation may work is rudi-
mentary; it is unclear whether it will work outside the
setting of diabetes mellitus, and whether structural
changes may directly translate into clinical benefits.

Nitric oxide modulation

Nitric oxide is synthesized in endothelial cells and has
a wide range of functions that are vital for maintain-
ing a healthy cardiovascular system. Reduced nitric
oxide availability has been implicated in the initia-
tion and progression of many cardiovascular diseases,
including heart failure [164]. The administration of
exogenous nitric oxide to help prevent disease pro-
gression is an attractive therapeutic option. Nitric
oxide donor drugs represent a useful means of sys-
temic nitric oxide delivery. Moreover, organic nitrates
have been used for many years to provide effective
symptomatic relief from angina pectoris. However,
nitrates have limitations and a number of alternative
nitric oxide donor classes have now emerged.

Nebivolol (Nebilet®, Bertek/Mylan) is a new,
long-acting, lipophilic, cardioselective B;-adrenergic
receptor blocker that is used for treating hyper-
tension in Europe. It lacks intrinsic sympath-
omimetic activity and does not significantly affect
glucose or plasma lipid metabolism. It has mild
vasodilating properties that are attributed to its
interaction with the L-arginine/nitric oxide path-
way, which results in enhanced release of endothe-
lial nitric oxide [165]. Recent publication of the
SENIORS (Study of the Effects of Nebivolol Inter-
vention on Outcomes and Rehospitalisation in
Seniors with Heart Failure) trial showed significant
reduction in combined endpoint of death and hos-
pitalization even though all-cause mortality did
not reach statistically significant differences between
nebivolol and placebo [144].

BiDil (Nitromed) is a new preparation of two
old drugs, isosorbide dinitrate and hydralazine. In
principle, it delivers nitric oxide from the nitrate
moiety and therefore has the potential to improve
endothelial function and myocardial performance.
Hydralazine appears to retard nitrate tolerance, in
addition to reducing systemic vascular resistance.
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Retrospective data from the V-HeFT studies sug-
gest that African-Americans with heart failure may
preferentially respond better to the hydralazine—
isosorbide dinitrate combination than to ACE
inhibitors. These concepts have been the subject
of a recent, randomized control trial (A-HeFT, or
African- American Heart Failure Trial) that demon-
strated marked reduced mortality and morbidity in
African-American patients with advanced heart
failure when treated with BiDil versus placebo on
top of standard therapy including ACE inhibitors,
B-adrenergic blockers and/or aldosterone antago-
nists [167]. However, there is still much debate
regarding the confounding factors of blood pressure
reduction versus true effects of improving nitric
oxide bioavailability, and whether these observa-
tions can be generalized in the general heart failure
population at large.

While increased availability of nitric oxide may
be beneficial in chronic heart failure patients
and profound endothelial dysfunction, excessive
vasodilatory consequences may be detrimental.
There is increasing recognition of a syndrome with
frank circulatory collapse, either from large anterior
MI, or a sepsis-like presentation, which is some-
times referred to as “cytokine storm.” In this set-
ting, vasodilatory therapy clearly is inappropriate,
and vasopressor drugs such as norepinephrine and
vasopressin are often required. Large MI, compli-
cated by cardiogenic shock, may be accompanied
by a severe inflammatory response. This in turn
releases various mediators, including cytokines,
leading to high levels of nitric oxide and peroxy-
nitrite production with subsequent deleterious
hemodynamic effects. Indeed, a recent small case
series of 11 patients with cardiogenic shock reported
marked improvements following infusion of a
nitric oxide synthase inhibitor, N(G)-monomethyl-
L-arginine (L-NMMA or tilarginine, Arginox) at
1 mg/kg bolus plus 1 mg/kg/h infusion for 5h [168].
On the other hand, blocking nitric oxide synthases
may lead to similar downstream effects of other
vasoconstrictors in reducing end-organ tissue oxy-
genation at the microcirculatory level. The SHOCK-2
(Should we Emergently Revascularize Occluded
Coronaries for Cardiogenic Shock) trial is a Phase II
dose-ranging study of 79 patients with persistent
cardiogenic shock randomized to tilarginine at dif-
ferent doses versus placebo, and found significant

reduction in high-dose treatment groups (1.5 mg/kg
bolus plus 1.5mg/kg/h infusion over 5h) compared
to placebo even though the overall difference was not
statistically significant [169]. This led to the approval
of tilarginine as an orphan drug by the FDA in 2005.
A multinational pivotal Phase III study, TRIUMPH
(Tilarginine Acetate Injection in a Randomized
International Study in Unstable AMI Patients with
Cardiogenic Shock) has recently announced its ter-
mination based on lack of efficacy, which cause doubt
for its broad use.

Hormone and enzyme replacement
therapy
Anderson—Fabry disease is an X-linked inherited
disorder of metabolism due to mutations in the
gene encoding «-galactosidase A, a lysosomal
enzyme [170]. The enzymatic defect leads to the
organ accumulation of incompletely metabolized
glycosphingolipids, including kidneys, cornea, peri-
pheral nerves, and the heart. Severe pain in the
extremities, hypohidrosis, and end-organ dysfunc-
tion are the leading symptoms in patients with
Anderson—Fabry disease. Inability to prevent the
progression of glycosphingolipid deposition causes
significant morbidity, often associated with signifi-
cant impact on quality of life and diminished life-
span from early onset strokes, heart attack, and
progressive renal failure. The disease manifests pri-
marily in hemizygous males. However, there is
increasing recognition that heterozygous (carrier)
females may also develop disease-related complica-
tions. It is now recognized that some patients with
LV hypertrophy may in fact have Anderson—Fabry
disease [171]. However, there is not a widely avail-
able blood test to verify the disease, and there are
uncertainties about when treatment should be started
or even the long-term benefits of this therapeutic
strategy. Agalsidase beta (Fabrazyme®, Genzyme),
have been tested in clinical studies [172,173] and
have gained approval for clinical use. The chal-
lenge, however, is to identify patients who have
Anderson—Fabry disease and those who may be eli-
gible for and can afford this expensive therapy.
There has been a long-standing, historical inter-
est in using thyroid hormone and its analogs in the
treatment of patients with heart failure [174].
Thyroid hormone has many favorable effects on
the failing cardiovascular system, including increased
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myocardial contractility and heart rate, cardiac
output, and blood volume, in addition to reducing
systemic vascular resistance. Thyroid hormones
have shown to produce inotropic, lusitropic, and
vasodilator effects in patients with acute heart fail-
ure [175]. Thyroid hormone also stimulates the
secretion of erythropoietin. In contrast, hypothy-
roidism has long been associated with impaired
cardiac function [176]. Based on these long-
standing observations, a number of small observa-
tional studies have examined the potential use of
thyroid hormone in the treatment of heart failure.
Intravenous triiodothyronine has been used acutely
to treat advanced heart failure [177], and is associ-
ated with hemodynamic improvement and resolu-
tion of symptoms. However, the long-term use of
oral thyroid hormone in the treatment of heart
failure is problematic, and it may be safer to use a
thyroid hormone analog such as 3,5-diiodothyro-
propionic acid (DITPA, Titan Pharmaceuticals)
[178,179]. Indeed, a Phase II study using DITPA in
patients with advanced symptomatic heart failure
and low-T3 syndrome is ongoing.

The past decade has also seen the development
of growth hormone and its secretagogs, such as
CP-424391 (Pfizer), as therapies for heart failure.
The rationale behind their use is that growth hor-
mone may stimulate the growth of myocardial cells
and improve organ function. A small, preliminary
study indicated that recombinant human growth
hormone, given to patients with idiopathic dilated
cardiomyopathy, increased myocardial mass and
reduced the size of LV chamber, resulting in
improvement in hemodynamics, myocardial energy
metabolism, and clinical status [180]. Favorable
effects have been noted in experimental heart
failure using insulin growth factor-1 (IGF-1) [181].
However, a randomized, double-blind, placebo-
controlled trial of human recombinant growth
hormone in patient with chronic heart failure due
to dilated cardiomyopathy failed to demonstrate
short-term improvement in clinical status [182].
Its use in critically ill patients also did not improve
outcome and even tended to increase mortality.

Potential beneficial effects of ghrelin, a novel
growth hormone releasing peptide isolated from the
stomach, have been observed. Ghrelin levels are ele-
vated in cachetic patients with advanced heart failure
[183]. In humans, infusion of ghrelin improves

hemodynamics acutely [184]. Long-term adminis-
tration reverses cardiac remodeling, improves exer-
cise capacity, and attenuates the development of
cardiac cachexia in patients with chronic heart failure
[185,186]. It is likely that further human studies on
ghrelin will be conducted. Various other analogs of
endogenous hormones, such as adrenomedullin and
urocortin-II, are also in the early stages of clinical
trial programs.

Novel non-pacing devices

Ultrafiltration/Aquapheresis

Optimization of fluid balance and the restoration
of desirable levels of preload and afterload via the
mechanical removal of fluid by ultrafiltration (or
aquapheresis) has been a longstanding target for
nephrologists in managing patients with ESRD
[187]. Slow continuous ultrafiltration and contin-
uous refilling of the intravascular volume from the
interstitium may stabilize circulating blood volume
and preserve organ perfusion. A new simplified
peripheral ultrafiltration system (Aquadex-100,
CHEF Solutions Inc.) has been developed to remove
up to 0.5L of fluid per hour without central arte-
rial or venous access [188]. However, appropriate
patient selection and clinical efficacy remains to be
determined. Several completed studies, including
RAPID-CHF (Relief for Acutely Fluid Overloaded
Patients with Decompensated congestive heart
failure), OFFLOAD (Observational unit treatment
of Fluid Overload) and EUPHORIA (Early Ultra-
filtration Therapy in Patients with Decompensated
Heart Failure and Observed Resistance to Inter-
ventions with Diuretic Agents) trials, have demon-
strated safety and efficacy of ultrafiltration systems
in the urgent care setting. The ongoing multicenter
UNLOAD (Ultrafiltration versus IV Diuretics for
Patients Hospitalized for Acute Decompensated Con-
gestive Heart Failure trial, patients with fluid over-
loaded AHFS treated with aquapheresis achieved
more volume removal, weight loss, and clinical out-
comes compared to those received conventional
intravenous diuretics [44].

Targeted renal therapy via intra-renal
infusion

Intra-renal (IR) infusion therapy has been limited to
experimental animal and human mechanistic stud-
ies on renal perfusion and glomerular feedback
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mechanisms. With the increasing recognition of the
“cardio-renal syndrome” as a poor prognostic factor
particularly in patients admitted with decompen-
sated heart failure on aggressive diuretic regimens,
targeted renal therapy via direct cannulation of the
renal arteries may provide potential salvage of renal
function and reduce morbidity and mortality. Several
trials using IR infusion of nesiritide have been initi-
ated using a novel selective infusion catheter system
for the renal arteries (Benephit™ Infusion System,
FlowMedica) in patients with heart failure and
cardio-renal syndrome. The premise is that targeted
renal infusion of a vasoactive drug may provide
direct renal effects without producing hemodynamic
compromise.

Aortic flow augmentation device

A novel invasive approach for severely decompen-
sated patients utilizes mechanical afterload reduc-
tion by a peripherally accessed, external rotary
blood pump to enhance blood flow in the descend-
ing aorta. A multicenter pivotal study, MOMEN-
TUM (Multicenter trial of the Orqis Medical CRS
Enhanced Treatment of CHF, Unresponsive to Medi-
cal therapy), is currently in the planning stages to
test the safety and efficacy for this aortic flow aug-
mentation device, the Cancion Cardiac Recovery
System (Orqis Medical) [189]. Preliminary animal
and human studies on its hemodynamic efficacies
have been promising, albeit very invasive [190—193].
As technology for ventricular assist device (VAD)
therapy advances, it is likely that smaller and more
efficient VADs will be designed specific for contrac-
tile support of the failing heart [194,195].

Novel mechanical assist devices

Mechanical assist devices have focused on improv-
ing forward flow by providing either pulsatile or
non-pulsatile pumps as “replacements” of myocar-
dial function. However, currently available mechani-
cal devices are invasive and mainly focus on salvaging
patients with end-stage systolic dysfunction. Most of
these strategies are highly invasive, with potential
complications that can be extensive and devastating,
which has limited their indications. Better implanta-
tion techniques and smaller sizes with lower throm-
botic and infectious complications will likely lead to
broader adoption (see Chapter — regarding mechan-
ical assist devices). Besides the ongoing clinical

development of ventricular assist devices that focuses
on improving cardiac output (such as HeartMate II,
Jarvik, and VentrAssist, some new devices are specifi-
cally targeting the diastolic recoil properties that
may improve diastolic dysfunction. The ImCardia
(CorAssist Cardiovascular Inc) is an elastic, self-
expanding device with a special silicon lattice material
that is attached to the external surface of the IV[196].
The ImCardia harnesses the heart’s systolic energy
during recoil from systole in order to reduce diastolic
intra-cardiac pressure. The device operates without
the need for external source of energy. Human feasi-
bility trials are commencing in the near future.

Conclusions

The development of new pharmacologic therapy for
the treatment of heart failure has undergone substan-
tial growth in recent years, largely driven by the
increase in prevalence of cases. Many of the novel
drugs never progress beyond Phase I or I trials. The
trials and potential drugs mentioned in this review is
only a partial list of what is under evaluation. Because
of the vast heterogeneity of the syndrome and the
lack of a single recognizable lesion, drugs cannot be
easily targeted toward a single mechanism or lesion.
Although some recent clinical trials in heart failure
have been disappointing, the process of developing
drugs to treat heart failure is long and tortuous. There
is currently a much greater appreciation of how to
develop new drugs and test them in the clinical arena.
Although a novel drug may alter surrogate markers
and the progression of heart failure, unless there is
a measurable improvement in clinical outcome,
such as mortality and morbidity, it is unlikely to
be approved. Currently, regulatory agencies do not
accept improvement in surrogate markers as a sole
measure for approval. The usual approval process
requires that the “total package,” including improve-
ment in survival, morbidity, and surrogate markers,
all moving in a positive direction. There must be an
internal constituency of all the surrogate markers,
and by far improvement in LV remodeling appears to
be most tightly coupled to improvement in mor-
bidity and mortality. In the future, it is possible that
novel pharmacologic therapies will be required to
retard or reverse the progression of LV remodeling
in addition to demonstrating improvement in mor-
tality and the need to for hospitalizations. Drug
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development for patient with acute decompensated
heart failure and diastolic heart failure is a vexing
problem. We do not know which “outcome” to meas-
ure, how to measure it, or when to measure it.
Improvement in hemodynamic profile is necessary,
but not sufficient. The availability of new devices and
infusion systems is likely going pave the way for an
interventional approach to this growing problem,
particularly with the goal of renal preservation.

For now, there is a growing recognition that
early pharmacologic intervention in patients at
risk of developing heart failure may delay or even
prevent the onset of heart failure. Thus from a pub-
lic health standpoint, early pharmacologic inter-
vention may provide a larger preventive benefit
than a polypharmacy approach at end-stage heart
failure [1]. This hypothesis is supported by several
clinical trials on at-risk patients where a decreased
incidence of heart failure was observed with the use
of ACE inhibitors or angiotensin receptor blockers
[197-201]. It is possible, albeit unproven, that the
very early use of renin—angiotensin—aldosterone
inhibitors and (3-adrenergic blockers may markedly
delay or prevent the development of heart failure if
initiated in Stage A (patients with multiple risk fac-
tors for developing heart failure without any signs
and symptoms or structural abnormalities) [202].
To date, there are no randomized, controlled trials
that vigorously tested the prevention hypothesis in
early heart failure, in part, due to our inability to
easily screen and detect patients with asymptomatic
heart disease. Undertaking a trial to test this hypoth-
esis would also be a formidable task because the
event rate is relatively low and the sample size would
have to be huge. Along this line of thinking, there is
an attempt to design a trial using biomarkers (in the
case of cardiac dysfunction, plasma NT-proBNP
levels) to add aliskiren to standard therapy to pre-
vent the development of heart failure (TIMI 43, or
“AVANT-GARDE”). Many experts now agree that
the future of heart failure management resides in the
preventive arena, and novel therapeutic approaches
should consider in patients at earlier stages of heart
failure.
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Implantable cardioverter
defibrillators and biventricular
pacemakers in congestive

heart failure
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The last few decades have seen major advancements
in the management of patients with congestive
heart failure (CHF). The myriad of newer therapies
and the newer insights into older therapies have
contributed significantly to the reduction in mor-
tality and morbidity in patients with heart failure.
This chapter will explore the clinical expression of
ventricular arrhythmias in these patients and also
discuss the role of implantable cardioverter defibril-
lators (ICD) and cardiac resynchronization therapy
(CRT) in modifying the natural history of this
growing epidemic.

Sudden cardiac death in
heart failure

Sudden cardiac death (SCD) has changed in defini-
tion a long way since the original description of this
term by Kuller ef al. in 1966 [1]. Most definitions
now would account for SCD as death frorn unex-
pected circulatory arrest, usually from a cardiac
arrhythmia, occurring within 1h of the onset of
symptoms [2]. The importance of defining this syn-
drome was realized due to the need to compare the
randomized therapies in large clinical trials. The def-
inition has been changed variously in accordance
with the need for evaluating the results in various
trials and continues to have its limitations in differ-
entiating arrhythmic and non-arrhythmic deaths.
Hinkle and Thaler |3] tried to differentiate between
the two, classifying arrhythmic deaths as those in

which the subject collapsed abruptly and the pulse
ceased prior to circulatory collapse, whereas circula-
tory failure deaths were those in which peripheral
circulation collapsed before the cessation of the pulse.
Such a classification revealed that 58% of the deaths
in heart failure were arrhythmic and the remaining
were due to circulatory collapse. Most of the arrhyth-
mic deaths are out of hospital dearhs and most deaths
due to circulatory collapse occur in hospital. Studies
have reported the incidence of seemingly arrhyth-
mic deaths as being between 23% and 49% [4-7].
The need for differentiating between arrhythmic
and non-arrhythmic deaths became important in
order to risk stratify patients for SCD and to scien-
tifically apply the various pharmacological and non-
pharmacological treatment modalities for patients
with heart failure and lef: ventricular (V) dysfunc-
tion. This led to the publication of a standardized
reporting system for classification of deaths in ICD
trials by the North Arnerican Society of Pacing and
Electrophysiology (NASPE) Policy Conference in
1993 [8]. They classified deaths as either sudden car-
diac, non-sudden cardiac, operative or non-cardiac.
SCDs were those which were either a witnessed
cardiac arrest, or within 1h of the onset of acute
symptoms or an unexpected unwitnessed death in
a patient known to be well in the previous 24 h.
Non-SCDs were those due to progressive CHE
and/or a low output state preceding the ventricular
arrhythmias, if any. Operative deaths were those
within 30 days of attempted ICD implant or before
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hospital discharge or the direct result of an ICD
implant-related complication. Non-cardiac deaths
included the rest of the events.

Ventricular arrhythmias causing

SCD in heart failure

A number of complex inter-relationships predis-
pose to the occurrence of ventricular arrhythmias in
patients with heart failure. Though the mechanisms,
type and frequency of the arrhythmias may differ in
patients with and without coronary artery disease,
all patients with heart failure are at higher risk of
developing ventricular arrhythmias. Many of these
could be fatal and life threatening. The correct appli-
cation of the different management strategies for
these arrhythmias requires some insight into the
pathogenesis of these electrical disturbances.

The mechanisms that trigger these arrhyth-
mias could either be substrate specific to patients
with coronary artery disease, dilated, restrictive or
hypertrophic cardiomyopathy or could be due to
common electrophysiological, environmental and
drug-related issues in these patients. Cellular hyper-
trophy, myocardial stretch and interstitial fibrosis
leading to prolongation of action potential duration,
spatial heterogeneity, reduction of conduction veloc-
ity predispose to re-entry circuits, and the increase
in triggered activity favors the development of ven-
tricular tachyarrhythmias in these patients [9-13].
Abnormal neurohormonal responses like increased
central sympathetic outflow, stimulation of the
renin-angiotensin system and the persistent stim-
ulation of the adrenergic system cause enhanced
automaticity [14,15]. Other important triggers like
hypokalemia and hypomagnessemia, especially com-
mon in the setting of chronic diuretic therapy may
lead to torsades de pointes.

Coronary artery disease

There is strong evidence to suggest association
between coronary artery disease and ventricular
tachyarrhythmias causing SCD. It is believed to be
responsible for 65% of sudden deaths in men and up
to 40% in women [16]. Most of the patients with
heart failure have coronary artery disease-related
scars as the etiopathologic mechanism. Autopsy data
have shown that even patients with dilated cardiomy-
opathy could have scars in up to 14% of patients [17].
The most probable mechanism that leads to SCD in
these patients is an initial occurrence of sustained

monomorphic ventricular tachycardia (VT), which
would subsequently degenerate into ventricular fib-
rillation (VF). This patient population provides an
extremely durable substrate for re-entry circuits due
to scar-related zones of slow conduction inter-
mingled with normal areas of viable myocardium
[18-20]. The characteristic feature of such tachycar-
dias is that they have a reproducible initiation and
termination by critically timed extrastimuli and acti-
vation mapping demonstrates reentrant excitation
[21]. Most of these circuits are probably due to intra-
mural re-entry but many could have endocardial and
epicardial extensions. The recurrence rate of these
arrhythmias is more than 40% after the initial pres-
entation, at a rate of 3-5% annually over 15 years.
The inducibility in the electrophysiology (EP) labo-
ratory exceeds 90% even up to 6 years after the index
event [21,22]. Analysis of the data from the bipolar
electrograms retrieved from such patients suggest
that there may be more than one mechanism for the
causation of episodic VT, but sustained episodes with
uniform morphology and stable cycle length are due
to fixed re-entry circuits in the region of inexcitable
scar tissue [23].

Initial VF in patients with coronary artery disease
is most often the result of either an acute ischemic
episode resulting from a recent thrombotic occlusion
of a coronary artery or due to the degeneration from
a sustained VT in the setting of prior myocardial
infarction (MI). The data in relation to the associa-
tion with a recent thrombotic occlusion is conflicting
and various studies show the incidence of such phe-
nomenon from less than 20% to more than 95% in
survivors of SCD [24-27]. In conclusion, the mecha-
nism of VF is poorly understood. However, in the
setting of ischemia, LV dysfunction does predispose
to ventricular arrhythmias and in the setting of
heart failure, ischemia does lead to the lowering of
threshold for the development of fatal arrhythmic
events. As mentioned earlier, the occurrence of VF is
most often related to the degeneration of sustained
monomorphic episodes of VT, which in turn may be
related to ischemia or other factors as electrolyte
imbalances or neurohormonal activation [28,29].

Polymorphic VT is less common in patients with
LV dysfunction. It is mostly associated with episodes
of long QT syndrome, electrolyte imbalances, drug
exposures and toxicity or bradycardia related to
sinus or atrioventricular (AV) node dysfunction.
Such bradycardia could either be related to the
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degeneration associated with the underlying disease
or the effect of drugs. In situations when polymor-
phic VT is associated with bradycardia, it is referred
to as “torsades de pointes” and responds well to cate-
cholamines and pacing. The significance of poly-
morphic VT is that it suggests a higher likelihood of
recurrence and identifies patients who are unlikely to
tolerate drugs like amiodarone and other QT pro-
longing drugs [21,30].

It is a controversial issue whether less complex
ventricular arrhythmias like ventricular premature
beats (VPBs) and non-sustained V'Ts are predictors
of SCD. There are conflicting results on this aspect
from two retrospective analyses [31,32]. The trials
which addressed this issue partly were the Argentin-
ian Study Group for the Prevention of Cardiac
Insufficiency (GESICA-GEMA) Investigators [33].
The incidence of non-sustained arrhythmias in
patients with heart failure was found to be 33.5%
and the combination of the VPBs and non-sustained
VT conferred a relative risk of 2.2 for total mortality
and 5.5 for sudden death. This data had the limi-
tation that most patients in this study had non-
ischemic dilated cardiomyopathy including Chagas’
disease. Another trial throwing some light on this
issue was the Prospective Randomized Milrinone
Survival Evaluation (PROMISE) trial, which showed
that 48% of the deaths occurring in patients with
an LV ejection fraction (LVEF) of less than 0.35 and
New York Heart Association (NYHA) Class III-IV
heart failure were sudden and the strongest predic-
tor of mortality was the frequency of non-sustained
episodes of VT [34].

In summary, it is clear that patients with ischemic
cardiomyopathy provide a fertile base for the occur-
rence of all types of ventricular tachyarrhythmias,
which in turn predispose to SCD. Most of the sus-
tained V'Ts may originate by more than one mecha-
nism, but their sustenance is guided by the provision
of a reliable substrate of heterogenous myocardium
through reentrant mechanisms. VF is frequent and
is either a consequence of degeneration of sustained
VT or due to acute deteriorating factors of which
ischemia is probably the most common. VPBs and
non-sustained VT may not be fatal in their individ-
ual capacity, but SCDs are seemingly closely related
to their presence and frequency in patients with
severe LV systolic dysfunction. They are however,
not reliable predictors of sudden death in an indi-
vidual patient.

Non-ischemic dilated cardiomyopathy

The pathophysiological basis for ventricular arrhyth-
mias in patients with non-ischemic dilated cardiomy-
opathy has been less well understood. Endocardial
plaques and myocardial scar are frequently observed
in these patients. The ventricular myocardium is
characterized by patchy areas of interstitial fibrosis.
Most of the patients in this category have relatively
normal electrograms and activation patterns from
the endocardial surface, especially when compared
with patients of ischemic cardiomyopathy. Hence,
these patients are not as good of a substrate for scar-
related re-entrant arrhythmias. However, patients
who do present with sustained VT, have more of
scar-related heterogeneity in conduction and easy
inducibility and reproducibility of VT by pro-
grammed stimulation. Such patients have low
amplitude, wide, and fractionated endocardial elec-
trograms [35]. Using three-dimensional mapping,
Hsia et al. have shown that in patients with sustained
VT and non-ischemic cardiomyopathy referred for
an ablation, the majority of the patients had only a
modest area (<<25%) of endocardial abnormality
[36]. These low voltage abnormal areas were located
near the ventricular base in the perivalvular regions
and 88% of the mapped VTs originated from the
ventricular base, corresponding to regions with
abnormal endocardial electrograms. Delacretaz et al.
[37] found that in patients with non-ischemic car-
diomyopathy, 58% of patients showed the above
characteristics suggesting scar-related re-entry as
the pathophysiological basis. Another 20-40% of
patients may have bundle branch re-entry tachy-
cardia and these patients have the highest effi-
cacy with catheter ablation with success rates close
to 100%.

Frequent ventricular ectopy and non-sustained
VT are relatively more common than sustained VT,
in patients with non-ischemic cardiomyopathy. Such
non-sustained arrhythmias may be present in up
to 60—87% of patients. Unlike patients presenting
with sustained monomorphic VT, the inducibility
of sustained VT at EP study in patients presenting
with a cardiac arrest or non-sustained ventricular
arrhythmias is extremely low (75-100% versus
0-15%, respectively). In patients presenting with
non-sustained VT or a cardiac arrest, even despite a
negative EP study, there continues to be a high
risk of VI/VF recurrence and sudden death. This
persists despite drug suppression or slowing of any
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inducible arrhythmia. Hence, the predictive role of
such arrhythmias and the utility of EP studies in
determining long-term prognosis and guiding ther-
apy in these patients has been fairly limited [38—41].
This also suggests that the genesis of non-sustained
arrhythmias in this group of patients is more likely
to be due to mechanisms of focal automaticity or
triggered mechanisms, unlike sustained monomor-
phic VT, which seems to be related to scar-related
re-entry phenomenon similar to that in patients
with ischemic cardiomyopathy.

Risk stratification for SCD in

heart failure

A large number of variables have been studied to
predict the risk of SCD in patients with heart fail-
ure and especially so in the presence of coronary
artery disease. The most potent predictor for long-
term survival continues to be the LV function
[42,43]. Other entities like 24 h holter monitoring,
invasive electrophysiologic testing, signal averaged
electrocardiogram (SAECG), baroreflex sensitivity
and heart rate variability, either in isolation or in
combination, have been unable to predict the high
risk groups accurately or to guide anti-arrhythmic
or ICD therapy [44-48].

As has become increasingly clear by the various
secondary prevention trials for ICD therapy [49-51]
and with the discussion above, there now seems to
be little doubt that patients with sustained mono-
morphic VT and VF and those with polymorphic
VT are a high risk group for recurrence of such
arrhythmias and SCD. Hence, aggressive and expen-
sive therapy in such groups is justified. For long,
there has been debate regarding the role of invasive
electrophysiologic testing in patients with non-
sustained VT and frequent VPBs in the setting of LV
dysfunction, more so in the presence of coronary
artery disease. Invasive EP testing has been shown
to be positive in 20-45% of patients with non-
sustained VT in such situations and these are the
patients who are capable of sustaining re-entry as
the mechanism of recurrent arrhythmias [52-54]. It
is not clear whether such testing would reliably iden-
tify the patients who have other mechanisms for
sustained VT.

Wilber et al. [52] had shown that inducibility of
sustained monomorphic VT by programmed electri-
cal stimulation in patients with coronary artery

disease and LV dysfunction was reliable in guiding
subsequent anti-arrhythmic therapy. Their study
revealed that inducible sustained monomorphic VT
despite anti-arrhythmic drugs (AADs) in such set-
tings would have a risk of SCD in up to 50% patients
over the next 2 years. In patients who had suppres-
sion of the tachycardia with drugs, the risk was
around 11% but even those patients in whom there
was no inducible tachycardia there was a 2—-6% risk
of cardiac arrest and SCD. As mentioned before, the
reliability of such testing is even lower in patients
with idiopathic dilated cardiomyopathy because it is
neither reliable in reproducing VT even in patients
with sustained spontaneous VT or syncope nor is the
absence of an inducible VT a marker of low risk for
sudden death [36,55]. However, with the results of
the Multicenter Automatic Defibrillator Implanta-
tion Trial (MADIT) II and the SCD in Heart Failure
Trial (SCD-HeFT) as discussed later, all the above
data is likely to require major reconsideration and
the value of EP testing stands challenged once again.

Another strong clinical predictor of SCD in
patients with heart failure and LV dysfunction is the
history of syncope. Unexplained syncope in patients
with heart failure has been associated with a history
of sudden death in up to 45% of patients [57] and
invasive testing frequently demonstrates an arrhyth-
mic cause in most of these patients. Although most of
them have been found to have sustained monomor-
phic VT, abnormalities of the sinus node, AV junction
and supraventricular arrhythmias are not uncom-
mon [58]. As discussed before, the role of invasive EP
testing in patients of dilated cardiomyopathy with
a history of syncope is much less reliable [59] as
it fails to show a consistent arrhythmic cause, but
these patients continue to remain at a very high risk
for SCD.

Impact of drugs on SCD

in heart failure

There have been major advancements in the knowl-
edge of the role of drugs in the changing profile of
morbidity and mortality in heart failure. One of the
earliest drugs that was found to make a significant
impact on the course of the disease were the
angiotensin-converting enzyme (ACE) inhibitors.
Most of the trials evaluating the role of ACE
inhibitors in heart failure have shown a significant
reduction or a trend towards lowering the mortality
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and morbidity in these patients [60-62]. More
recently there have been reports of significant
improvement in mortality in patients with aldo-
sterone antagonists though the mechanism for the
same is incompletely understood. The Randomized
Aldactone Evaluation Study (RALES) trial [63]
showed a 30% improvement in total mortality. There
had been fears regarding the safety with the use of
Digoxin in patients with heart failure, especially so
in patients with coronary artery disease. However,
the more recent prospective randomized study, the
Digitalis Investigation Group (DIG) trial, showed the
safety of the use of digoxin in patients with an LVEF
of less than 45% [64]. These patients did not show
any difference in the incidence of tachyarrhythmias
between the digoxin and the placebo group. The inci-
dence of bradyarrhythmias was slightly higher in the
digoxin group but was not associated with any
increase in mortality. There was a trend towards a
reduction in the progression of symptoms and death
due to heart failure in patients in the digoxin group
and this was more so and statistically significant in
patients with non-ischemic cardiomyopathy.

The role of the various AADs has also been widely
studied. The Cardiac Arrhythmia Suppression Trials
(CAST) [65,66] have well demonstrated that though
the Class I drugs (flecainide, encainide, and mori-
cizine) can effectively reduce the ectopy in patients
with heart failure, there was a significant increase in
the mortality in patients taking these drugs. Even
propafenone has been shown to be associated with
adverse results [51]. Most of the contribution of the
poor results with these drugs has been mainly attri-
buted to the increased risk of proarrhythmias asso-
ciated with these drugs, especially so in patients with
coronary artery disease and LV dysfunction.

The Class II agents, the beta-blockers, though not
primarily used as anti-arrhythmics in heart failure,
are another group of agents that have revolutionized
the treatment of heart failure. It has now been
increasingly realized that adrenergic stimulation con-
tributes significantly to the pathophysiologic
processes relating to the progression of heart failure.
Beta-blockers have effectively controlled this phe-
nomenon and the fears regarding their negative
inotropy and chronotropy contributing to the wors-
ening of heart failure have been put to rest. There is an
increasing aggressiveness to their early use in heart
failure and in the maximum tolerated doses. Both, the

selective and non-selective agents have been found to
be equally useful [67—69], and those with additional
alpha-blocking properties have shown more promis-
ing results, likely due to an additional effect of reduc-
ing the afterload in these patients. The trials have
uniformly shown consistent reduction in death, from
both, the progression to heart failure and SCDs due to
arrhythmic events. The benefit has extended to all
classes of heart failure and in patients with both
ischemic and non-ischemic cardiomyopathies.

Sotalol has been tried in patients with MI and LV
dysfunction but has not shown any promise. In fact,
it has been associated with a higher risk of sudden
death likely due to the increased risk of torsades de
pointes in these patients [70]. It is predominantly a
Class III agent and also has beta-blocking proper-
ties. Dofetilide has been shown to be a promising
anti-arrhythmic, but failed to contribute positively
to the mortality benefit in patients with LV dysfunc-
tion [71].

Despite the gamut of side effects that can be asso-
ciated with this drug, the only AAD that has consis-
tently shown to be fairly safe and effective in patients
with heart failure has been Amiodarone. Initially
developed as an antianginal agent, this drug gradu-
ally became popular as a Class III anti-arrhythmic
drug by virtue of its ability to block the outward
potassium currents. It also has mild antiadrenergic
and calcium channel blocking properties in addition
to mild Class I anti-arrhythmic effects and is used in
the management of almost all types of supraventric-
ular and ventricular tachyarrhythmias.

A large number of trials have been carried out to
study the role of Amiodarone in patients after MI
[72-74] and CHF [75-77]. The patient selection has
been either on the basis of frequent ventricular
ectopy or on the basis of echocardiographic evi-
dence of LV dysfunction. Hence, all of these trials
have tried to study the role of Amiodarone as a pri-
mary prophylactic agent in the subset of population
at a higher risk of SCD. Most of the trials have
shown that Amiodarone has shown a significant
decrease in the overall mortality or at least a trend
towards the same in comparison to the placebo
group. There has been a significant decrease in
the frequency of fatal ventricular arrhythmias and
the incidence of sudden death, which has been the
major contributor to the reduced overall mortality.
The effect has been more prominent in patients with
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an increased heart rate and in patients with more
severe ventricular dysfunction and heart failure.
However, the recently published SCD-HeFT trial [78]
suggests that Amiodarone, like all other AADs, needs
to be used with extreme caution, especially in patients
with more severe heart failure. It has been well toler-
ated in patients with severe ventricular dysfunction
in doses less than 300—400 mg/day, though the inci-
dence of side effects and discontinuation rates have
been significant.

The role of Amiodarone as the lone secondary
prophylactic agent against a placebo may be difficult
to study in this era of implantable defibrillators.
The only randomized secondary prevention trial of
amiodarone comparing it with conventional anti-
arrhythmic therapy is The Cardiac Arrest in Seattle:
Conventional Versus Amiodarone Drug Evaluation
(CASCADE) Study [79]. This study enrolled patients
who were out of hospital survivors of a VF arrest in
the absence of an acute MI. Most of them had coro-
nary artery disease and about a half of them had LV
dysfunction. The mean LVEF was 35%. The patients
were treated either with Amiodarone or with con-
ventional AADs and were followed by serial electro-
physiologic testing or Holter monitoring if the VT
was not inducible. Amiodarone was found to signif-
icantly reduce the number of cardiac deaths, recur-
rences of the arrhythmia, the number of syncopal
events, and the frequency of ICD shocks.

Amiodarone continues to be a popular drug for the
management of arrhythmias in patients with heart
failure. There is convincing, though indirect evidence
to suggest that it is more effective and safer than other
AAD:s for the prevention of recurrence of VI/VF and
probably in comparison to placebo too. A meta-
analysis [80] of the primary prevention trials shows
that there is a major trend towards the improvement
in overall cardiac mortality (13-15%) and a signifi-
cant reduction in the risk of arrhythmic deaths
(29%). The role of the drug in comparison to the
ICDs is discussed later in the chapter but the drug is
well tolerated in the hemodynamics of CHE, is fairly
effective and is safe if monitored carefully. The risk of
proarrhythmia is low and although many authors
[81] believe that hard evidence is lacking for justifying
its use as a primary prophylactic therapy against SCD,
it will continue to be the “poor man’s defibrillator”, at
least for secondary prophylaxis and in developing
countries, till a reasonable alternative is available.
Once again, the results of the SCD-HeFT trial, do not

show any mortality benefit in patients with heart fail-
ure when amiodarone was compared with placebo
for primary prophylaxis for SCD. In fact, the results
were more detrimental in patients with NYHA Class
III heart failure. However, it would be difficult to
make a final conclusion in this subgroup of patients
from this trial alone, as patients with NYHA Class I1I
constituted only 30% of patients in this trial.

ICDs in heart failure

The concept of defibrillation was not new to the man-
agement of ventricular tachyarrhythmias. However,
the development of the ICD has had a remarkable
impact on the prevention of SCD. Michael Mirowski,
first pioneered the earliest models of the device in
the 1960s, after he got frustrated seeing the death of
his friend and mentor by recurrent ventricular
arrhythmias. He finally innovated and implanted
the first device [82] in human beings in 1980 and
since then the “magic shock box” has evolved a long
way from being a treatment in desperation to almost
the gold standard of therapy, and now often a treat-
ment of first choice in many patients. There has now
been more than decade follow up in patients in
many trials that have undergone an ICD implanta-
tion and the role of the device in the various disease
states is expanding by the day.

There have been numerous trials to study the role
of the ICD in patients with coronary artery disease
and LV dysfunction as these patients form the largest
base of the population to benefit from the device.
The role of the ICD has been differently studied in
patients who have either experienced or survived an
episode of SCD or have shown a high risk for the
likelihood of suffering from such an episode.

The ICD is not just an automatic “shock box”, but
is essentially a very intelligent and sophisticated
device. It has two main components, including a
pulse generator and the leads. The combination of
these two components enables the device sense the
electrical activity in the ventricle (or the atria as the
case may be) beat by beat and to identify the abnor-
mal rhythms by various programmed algorithms.
They then are able to accumulate charge within a
capacitor and deliver a high energy shock so as to
revert these fatal arrhythmias into normal rhythm.
The initial ICDs had capacitors that were bulky and
the device needed to be implanted in the anterior
wall of the abdomen. The energy was delivered
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through surgically placed pericardial patches. How-
ever, advancements in integrated circuit design and
capacitor technology have produced an ICD small
enough to be implanted in the pre-pectoral fossa
and employ transvenous leads precisely like pace-
makers. The devices provide rate-adaptive single or
dual chamber anti-bradycardia pacemaker func-
tionality, and store electrograms and <liagriostic
information which can be easily retrieved by teleme-
try. Now these devices can also deliver resynchro-
nization therapy for heart failure.

ICD therapy: secondary prevention trials
There are four major multicenter international trials
which have assessed the efficacy of the ICD in com-
parison with drugs in patients who have survived an
episode of SCD or a life-threatening arrhythmia.
The entry criteria for patients in each of these trials
have been an episode of VI/VE and understandably,
most of these patients had coronary artery disease
and LV dysfunction.

Anti-arrhythmics Versus Implantable
Defibrillator trial (AVID)

This was the first and the largest of the secondary
prevention trials [49] The study included patients
who had either sustained a VF arrest or a syncopal
VT ora VT in the setting of an LVEF of less than 40%
or symptoms of severe hemodynamic compromise

(near syncope, heart failure, or angina). A total of
1016 patients were randomized to receive either
Class IIT anti-arrhythmic drug therapy or ICD ther-
apy. The primary end point of the study was all
cause mortality.

The patient profile was very similar in the two
groups as regards the age, sex, and LVEE More than
80% of the patients had coronary disease and the
mean LVEF was 31% in the patients receiving AALs
and 32% in the ICD group. Almost 60% of the
patients had functional NYHA Class [I-1II while
those with Class IV were excluded. Among the
patients in the drug therapy group, 96% of them
received amiodarone and the rest of them received
sotalol. The patients were followed up for a period of
3 years. An interim analysis in April 1997 by the Data
and Safety Monitoring Board recommended a pre-
mature termination of the trial because the differ-
ence in the all cause mortality between the two
groups had crossed the statistical limits enforcing an
early termination of the study (Figure 5.1). The [CD
group had a significant mortality benefit by 29%.
The 1 year mortality was 11% in the ICD group as
compared to 18% in the drug therapy group. The
mortality benefit in the ICD group was clearly due to
the reduction in the sudden, arrhythmic deaths [83]
and the maximum benefit was achieved in patients
with an LVEF of less than 35% [84]. This benefit was
sustained throughout the study period and was 27%
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at 2 years and 31% at 3 years. The average lifespan of
a patient was found to be increased by about 2.7
months at the end of 3 years from the index event.

The Canadian Implantable Defibrillator
Study (CIDS)

This multicenter trial [50] included 659 patients who
were randomized to either receive an ICD or amio-
darone. The entry criteria were similar to that in the
Anti-arrhythmics Versus Implantable Defibrillator
(AVID) trial except that the cut off point for the
LVEF was 35% and it also included patients with a
VT of more than 150 beats per minute or patients
with inducible VT in individuals with unmonitored
syncope. Initially it was decided that the primary
endpoint was to study the arrhythmic deaths and the
deaths occurring within 30 days from the initiation
of therapy but this was subsequently changed to all
cause mortality. The mean LVEF of the patients was
33% and 34% in the two groups, respectively, and
patients in NYHA Class IV were also included. The
results showed that there was a modest decrease in
the all cause mortality (20%, P = 0.14) and in the
incidence of arrhythmic deaths (30%, P = 0.09) at 5
years in patients receiving ICD therapy, but the dif-
ference was not statistically significant. The incidence
of coronary artery disease and the mean LVEF was
similar to that in the AVID trial but of note was the
fact that there was a significant crossover rate at
5 years of follow up (30% from ICD to amiodarone
and 16% from amiodarone to ICD). A post hoc sub-
group analysis showed that the maximum benefit
with the ICD was in patients with the highest risk of
SCD, which composed of the older patients with an
LVEF of less than 35% with NYHA Class III/IV heart
failure [85].

The Cardiac Arrest Study Hamburg

The Cardiac Arrest Study Hamburg was a multi-
center randomized study to compare ICD therapy
against the efficacy of drugs [86]. The drugs used
for comparison were propafenone, amiodarone and
metoprolol and a 3:1 ratio of randomization assign-
ment between the drug and ICD arms was used. A
total of 349 patients who were survivors of cardiac
arrest were enrolled in the study. As with all the other
trials, almost three-fourths of the patients had coro-
nary artery disease. However, the mean LVEF of the
patients in this study was higher (46%) and about

10% of the patients had no structural heart disease.
After 5 years of the start of the trial, in 1992, the
propafenone arm had to be discontinued when an
interim analysis [87] revealed that there was a higher
mortality in the propafenone group (29% versus
11%). Almost all the excess mortality was due to an
additional incidence of sudden deaths (11 in the
propafenone group versus none in the ICD group).
At the end of the study, which was at a mean follow
up of 57 months, there was a 23% reduction in the all
cause mortality with ICD therapy when compared
with drugs (amiodarone and metoprolol). These
results were borderline significant (P = 0.08) despite
the fact that about three-fourths of the patient were
in NYHA Class II, the mean LVEF and the incidence
of patients with normal hearts were higher and more
than half the patients received epicardial lead systems
by thoracotomy, which in itself increased the periop-
erative mortality to some extent. The authors felt that
all these factors could have led to the underestima-
tion of the beneficial effects of the ICD.

The Dutch study

This was a small study [88] which enrolled 60 con-
secutive patients who were survivors of a VI/VF
cardiac arrest, a greater than 4 week old MI and
inducible VT with programmed electrical stimula-
tion. The patients were randomized to either an ICD
implantation (# = 29) or to conventional treatment
(n = 31). The conventional treatment included an
EP guided therapy with drugs and if this failed the
patients underwent catheter/surgical ablation ther-
apy. In the event of failure of ablation too (as guided
by an EP study), the patients underwent an ICD
implantation. Though the study was small, the
protocol was quite aggressive in the management of
patients not undergoing an ICD implantation. The
mean LVEF of the patients in both groups was low
(29% in the conventional group and 30% in the ICD
group) and the Killip and NYHA Class distribution
was similar. The results showed that there was a sig-
nificant reduction in mortality in the ICD group
(14% versus 35%) and this was predominantly due
to the reduction in the sudden deaths.

ICD therapy: primary prevention trials

It is but natural that the impact of ICD therapy in
the secondary prevention trials generated enthusi-
asm in trying to identify the high-risk population
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which was likely to sustain a cardiac arrest in the
future. The importance of primary prevention stems
from the fact that in most environments, not more
than 5% of people can be resuscitated successfully
after a cardiac arrest. The search for such clinical
indicators to identify this high-risk population con-
tinues to make headway and is likely to have a signif-
icant impact on multiple aspects of therapy for heart
disease, scientifically, ethically, and economically.

The issue of primary prevention of SCD and the
role of the ICD in this context is importantly driven
by the accurate assessment of the underlying disease
and the accurate determination of the variables that
can risk stratify and define the “high-risk popula-
tion”. This is important in the otherwise seemingly
symptomless population, because ICD implantation
is a surgical procedure not completely void of any
risks, and its implantation has economic implica-
tions as well. Hence the knowledge from primary
prevention trials is important in filtering out the eli-
gible population which is likely to benefit from the
implantation of an ICD. The major primary preven-
tion trials to date and are discussed below.

Multicenter Automatic Defibrillator
Implantation Trial (MADIT)
This was the first study that tried to compare
the effect of prophylactic ICD therapy and anti-
arrhythmic drug therapy among patients at a high
risk of sudden death. Since non-sustained VT in
patients with a prior MI and LV dysfunction is asso-
ciated with 2-year mortality in the range of 30%
[43,89] these parameters were used to select the high-
risk population. The patients included in the study
had a prior Q-wave MI, an LVEF of less than 35%,
evidence of non-sustained VT and an inducible, non-
suppressible, sustained, monomorphic VT on inva-
sive electrophysiologic testing. The study included
196 patients, of which 101 patients received drug
therapy and 95 patients received an ICD. The mean
LVEF in the two groups of patients was not signifi-
cantly different (25% and 27%, respectively). Almost
two-thirds of the patients in either group were in
NYHA Class [I-1IT heart failure. The most commonly
used drug was Amiodarone (in about 80% of the
patients) but 9% of the patients were on no AADs
atall.

The results of the trial [90] were so dramatic that
the trial had to be prematurely terminated in 1996.

There was 39% mortality in the anti-arrhythmic
group versus 12% mortality in the ICD group
(P =10.009). The arrhythmic deaths in the two
groups were 13 and 3 respectively. In the ICD group,
almost 60% of the patients had received a shock in
the first 2 years after the implantation. Post hoc analy-
sis [91] again showed that the greatest benefit was
seen in patients with the worst ventricular function.
This was the first trial to show that ICD could
improve survival in a symptomless high-risk popula-
tion of coronary artery disease. There have been crit-
icisms on the MADIT trial in relation to the fact that
fewer patients in the conventional group were on
beta-blockers. There were some issues of poor com-
pliance with the drugs and the type of drug used, but
nonetheless it was the first trial which conceptualized
the importance of “risk stratification” and the role of
invasive EP study in achieving this goal objectively.

The Coronary Artery Bypass Graft Patch

trial (CABG-PATCH)

The CABG-patch trial enrolled patients undergoing
coronary artery bypass graft (CABG) surgery if they
had an LVEF of less than 36% and an abnormal
SAECG. The patients were randomly assigned to
receive either an ICD using epicardial lead systems at
the time of surgery or to receive no other anti-
arrhythmic therapy at all. By the design of the trial
itself, all patients had coronary artery disease. The
mean LVEF of the patients was 27%. About three-
fourth of the patients had NYHA Class II-1II heart
failure. The study recruited 900 patients and they
were followed up for a mean of 32 months prior to
the termination of the study. The results showed that
the total mortality was not different in the two
groups [92]. The total mortality was 27% in the ICD
group versus 24% in the control group. The study
suggested that coronary revascularization may have
decreased the trigger for arrhythmic events and that
SAECG could not prove to be a reliable non-invasive
alternative to invasive EP testing as an investigation
for risk stratification for SCD.

Multicenter Unsustained Tachycardia Trial
(MUSTT)

The Multicenter Unsustained Tachycardia Trial [93]
was not initially designed to evaluate the efficacy of
the ICD, but to study the role of an EP study guided
approach to prevent SCD in patients with a prior
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MI, an LVEF of less than 40% and evidence of non-
sustained VT. A total of 2202 patients were enrolled
and they underwent invasive EP study. Of these,
65% of the patients were non-inducible and they
were followed up as a registry. From the remaining
35% of patients, 704 were randomized to either
receive no specific treatment (n = 353) or to receive
EP guided treatment (n = 351). EP guided drug
testing was done to select the anti-arrhythmic drug,
but in those patients who were non-suppressible, an
ICD was implanted. Most of the patients in the drug
therapy group were receiving Class [A agents. The
mean LVEF was 30%. At 5 years of follow up it was
found that the total mortality was 24% in the ICD
group, 48% in the group receiving no therapy at all
and 55% in the group of patients receiving AADs.
The incidence of sudden death was 9% in the ICD
group versus 37% in the non-ICD group; once again
confirming that the major benefit of the ICD is by
reducing the arrhythmic deaths. This study not only
confirmed the superiority of the ICD in comparison
of drugs, but also showed the alarming harmfulness
of drugs (especially Class [A agents) in patients with
coronary artery disease and LV dysfunction.

Multicenter Automatic Defibrillator
Implantation Trial [T (MADIT II)
One of the more recent trials that focused on the
issue of primary prevention for SCD is the MADIT II
Trial [56,94]. This trial directly addressed the issue
whether LV function, the strongest known predictor
of survival in coronary artery disease, could in itself
be used for the risk stratification of patients for SCD
in order to decide whether they are likely to benefit
from ICD therapy. The trial began in July 1997 and
the results became available in 2002. However, the
results had far reaching implications and caused sen-
sation for electrophysiologists all around the globe.
The trial enrolled all patients over the age of 21
years who had evidence of a prior MI more than 4
weeks old, a recent echocardiographic demonstra-
tion of severe LV dysfunction (as defined by an LVEF
equal to or less than 30%) and they were random-
ized in a 3:2 ratio to either defibrillator therapy or
conventional therapy. A total of 1232 patients were
enrolled, of whom 742 received a defibrillator and
490 were allocated to receive conventional drug
therapy. Those patients who had undergone a recent
bypass surgery in the preceding 3 months, or had
experienced a recent infarction in the preceding 1

month or who had NYHA Class IV heart failure
were excluded from the study. The baseline clinical
characteristics and adjuvant medical therapy were
similar in the two groups at the start of the study.

The results showed that the survival curves ran
close for the first 9 months but then began to
diverge. During the average follow up of 20 months,
the mortality rates in the conventional therapy
group and the ICD group were 19.8% and 14.2%,
respectively. There was a significant reduction in the
all cause mortality in the ICD group and it was
about 21% in the first year and 28% each in the sec-
ond and third year, respectively (Figure 5.2). The
hazard ratio of 0.69 of the two curves was indication
of the fact that there was a 31% reduction in the risk
of death at any interval among the patients in the
defibrillator group as compared with patients in
the group receiving conventional therapy. Although
the subgroup analysis of patients when classified
according to age, sex, LVEF, NYHA Class, hyperten-
sion, diabetes, and blood urea did not show any
significant difference, it was notable that the differ-
ence in mortality was most prominent in patients
who had a QRS duration of more than 120 ms.
Interestingly, the hospitalizations were higher in the
ICD group and it was hypothesized to be due to
either longer survival in this group, ICD shocks-
related admissions or worsening heart failure due to
shock-related myocardial injury or backup ventricu-
lar pacing.

The trial added a new dimension for the risk
stratification and management of patients with coro-
nary artery disease and showed the possibility that
invasive catheterization for this purpose may be on
the verge of replacement by a simple non-invasive
assessment of the LVEE Although, it may still be
argued whether the distribution of patients with an
inducible ventricular arrhythmia was the same in
the two groups and that the issue of the type of the
anti-arrhythmic therapy used was not addressed, the
results are here to stay for a while and would have a
wide ranging economic implication based on the
fact that this would make 400,000 new patients eligi-
ble for the device annually in addition to the 3—4
million who would already be on the waiting list in
the United States alone.

Defibrillators In Acute MI Trial (DINAMIT)
The MADIT II trial made a significant impact on the
practice and management of patients with coronary
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artery disease and severe LV dysfunction. The utility
of defibrillators in improving long-term survival in
these patients re-emphasized the role of the arrhyth-
mic etiology of SCD in these patients. Most of the
defibrillator trials excluded patients who had a recent
revascularization or an acute MI. In fact, the CABG
patch trial failed to show any benefit of ICDs in
patients undergoing revascularization, the likely
cause being that patients were enrolled too early for
an 1CD. The role of prophylactic defibrillators shortly
after an acute MI was never really well defined and
the Defibrillators In Acute MI Trial (DINAMIT)
tried to answer this question objectively [95].

This open label trial randomized patients into two
groups, to either receive [CD therapy (332 patients)
or no I[CD therapy (342 patients). The paticrits
underwent randomization into either of these two
groups if they had an acute M1 within the last 6-40
days, had a LVEF of 35% or less and had impaired
cardiac autonomic function (which was assessed by
either a depressed heart rate variability or an elevated
average 24-hour heart rate on Holter monitoring).
During a mean follow up of 30 = 13 months, there
were 62 deaths in the group of patients who received
an ICD and 58 deaths in patients who did not receive
an [CD. There was no difference in the mortality
between the two groups of patients, clearly showing
that there was no beneficial role of an ICD in patients
shortly after an acute ML

Defibrillators In Non-Ischemic
Cardiomyopathy Treatment Evaluation

trial (DEFINITE)

The issue of the prophylactic use of defibrillators in
patients with non-ischemic cardiomyopathy contin-
ued to be a debatable one for a long time. The use of
electrophysiologic studies in these patients was
never found to be rewarding and the information on
the pathophysiology of ventricular arrhythmias in
these patients was also less defined. Two small stud-
ies, the Cardiomyopathy Trial (CAT) and the Amio-
darone versus [CD trial (AMIOVIRT) tried to answer
the question whether prophylactic therapy with
defibrillators in patients with non-ischemic car-
diomyopathy was better than standard medical ther-
apy or amnicelarone, respectively [96,97]. Both trials
had relatively small number of patients and short
duration of follow up and were unable to show any
evidence in favor of the [CDs.

The DEFibrillators In Non-Ischemic Cardiomyo-
pathy Treatment Evaluation (DEFINITE) trial [98]
was an investigator-initiared prospective trial which
randomized 458 patients with non-ischemic car-
diomyopathy, an LVEF of less than 36% and signifi-
cant ventricular ectopy [defined in this trial as a
mean premature ventricular contractions (PVC)
count of tnaore thau 10 per heur or nen-sustained VT
of more than 120bpm| into two groups. A total
of 229 patients received standard medical therapy
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with ACE inhibitors and beta-blockers and the other
229 patients received an ICD in addition to standard
medical therapy. The mean LVEF of the patients in
the study was 21%. The patients were followed up for
a mean of 29.0 * 14.4 months and 68 deaths
occurred during this time. Of these, 28 deaths
occurred in the ICD group and 40 deaths in the
group of patients treated with standard medical ther-
apy (P < 0.008). It was notable that the number of
arrhythmia-related episodes of SCD were signifi-
cantly lower in patients with an ICD, with 3 in the
ICD group and 14 in the non-ICD group (P = 0.006;
hazard ratio 0.20). Although the difference in total
mortality was not statistically significant, there was a
demonstrable trend towards survival benefit in
patients with an ICD and a significant reduction in
the number of arrhythmic deaths. The authors
believed that the study became underpowered due
to the fact that the number of arrhythmic deaths
was observed to be one-third of the total number
of deaths, against an expected value of 50%. They
thought that this might have contributed to the fact
that the difference in the primary end point (in this
case, total mortality) was not significant.

Sudden Cardiac Death in Heart

Failure Trial (SCD-HeFT)

The SCD-HeFT trial [78] was a long awaited trial
with the expectations to answer a lot of questions
before major changes could be made to the policies
governing ICD implantation in patients with heart
failure. With the role of ICDs becoming unchal-
lenged in the field of secondary prevention, most
of the recent research has focused on better defining
the role of ICDs in primary prevention of SCD. With
the lack of predictability of non-invasive and inva-
sive electrophysiologic studies, especially in patients
with non-ischemic cardiomyopathy, the emphasis of
patient selection has mainly been dependent on the
LV function, which till today continues to be the
best prognostic indicator of long-term survival in
patients with heart failure.

The SCD-HeFT trial enrolled 2521 patients from
September 1997 to July 2001 and these patients were
randomly assigned in equal proportions to receive
therapy with either placebo, amiodarone or a single
chamber ICD, in addition to their usual heart failure
management. All patients enrolled in the study were
over 18 years of age, had an LVEF of 35% or less and
had NYHA Class I or I1I chronic stable heart failure.

The trial was designed to include patients with both,
ischemic and non-ischemic LV systolic dysfunction.
All patients were followed till October 2003 for the
primary end point of the trial, which was death from
any cause.

After randomization, there were 847 patients in
the placebo group, 845 patients in the amiodarone
group and 829 patients in the ICD group. The
median LVEF of the patients was 25%. The cause of
heart failure was ischemic in 52% and non-ischemic
in 48% of the patients. About 70% of the patients in
were in functional NYHA Class II and 30% in
NYHA Class III. The median follow up was for 45.5
months. The use of beta-blockers at last follow-up
was a little lower in the Amiodarone group (72%
versus 79% in the placebo group and 82% in the
ICD group), but otherwise the three groups were
very similar in their baseline characteristics. During
the study period there were a total of 666 deaths
(26%). This included 244 deaths in the placebo
group (29%), 240 deaths in the amiodarone group
(28%) and 182 deaths in the ICD group (22%).
Hence, although amiodarone was no better than
placebo reducing the risk of mortality, there was a
23% reduction in the risk of death in patients who
received an ICD. There was an absolute reduction of
7.2% in the risk of mortality in these patients after
5 years (Figure 5.3). The results did not vary
according to the ischemic or non-ischemic etiology
of the patients.

There were a few other interesting observations in
this trial which were not the predefined end points
of the study but do leave room for thought. A total of
259 patients (31%) were known to receive a shock
from their device from any cause. Of these, 177
patients (21% of the ICD cohort or 68% of those
who received a shock) did so for a rapid VT or VF
(appropriate shocks). Hence, during the 5 years of
follow up, the average annual rate for any shock
from the device was 7.5% and that for an appropri-
ate shock was 5.1%. The reduction in the risk of
death in the overall patient population was not
dependent on the cause of CHF, but the patients
with NYHA Class III CHF demonstrate a pattern
which was typically different from that of the overall
population or of the previous trials. This group
showed no significant reduction in the risk of over-
all mortality in the ICD group when compared with
placebo. On the other hand, Amiodarone was asso-
ciated with a 44% increase in the risk of death in this
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group. In view of the trial design, the small number
of patients in this group and conflicting results with
previous ICD trials, it may be fair at this point of
time to agree with the authors that these results may
not be sufficient evidence to withhold ICD therapy
in patients with NYHA Class III CHE, but it does
merit the use of caution in prescribing Amiodarone
in these patients without an ICD. The history of
AADs in patients with CHF has never been exciting,
and now even Amiodarone has been put to question.

ICD therapy: post-implant issues

There have been various post-implant issues with
ICD therapy. The implantation of the device can be
fraught with complications. Apart from the usual
risks of hematomas and pneumothorax, there is a
risk of device system infection of 1-2% which
almost always requires extraction of the device and
leads. There may be dislodgement of the atrial or the
ventricular leads in 1-4% of patients. In distinction
to lead dislodgement in pacemakers, the conse-
quence of lead dislodgement or mechanical failure
can cause inappropriate shocks or failure of the
device to convert VE Late complications related
to insulation breaks, conductor fractures, and lead
dysfunction are not rare and were particularly a

352: 225-237. Reprinted with permission.) Copyright

problem with the early transvenous leads. There can
also be problems related to thrombosis and occlu-
sion of the veins. Many of these causes can lead to
the need for extraction of the leads and removal of
the device, and this in itself is fraught with the risk of
major complications in up to 2% of patients.

The ICDs can have a significant impact on the
quality of life (QOL). With the increasing survival in
these patients from protection by malignant arrhyth-
mias, thev are more likely to have progression and
worsening of their heart failure. In patients with
[CDs, there may be problems related to psycholog-
ical or even cosmetic distress that may need reas-
surance and appropriate attention. Some countries
may prohibit such patients from driving public
vehicles; or even their own, for the safety of others.
In situations where patients present with recurrent
svncopal events from their arrhythmias, this is of
special concern.

[CDs could also have potential interactions with
drugs which the general practitioners need to be
aware of. The drugs could alter the sensing and
detection of the events by diminishing the slew rate
and the rate of the tachycardia. They could lead to an
increase in the pacing and the defibrillation thresh-
olds. This is potentially important with Lidocaine
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and Amiodarone. Magnetic resonance and radio-
therapy could cause problems to the device and
need appropriate precautions. The surgical cautery
could trigger the device and hence the ICD therapy
needs to be switched off during such procedures.

Recurrent shocks from the device could be a
potential problem, especially so if the shocks are
inappropriate. This is usually the case in either
patients with atrial fibrillation or in patients with
recurrent episodes of non-sustained VT. Atrial fib-
rillation is most often the cause of inappropriate
shocks. Most of the times, troubleshooting can be
done by a simple reprogramming of the device in
accordance with the patient’s needs or by the addi-
tion of the appropriate pharmacotherapy to treat the
underlying rhythm disturbance.

ICD therapy: conclusions

It is now increasingly clear, that patients with CHF
from LV systolic dysfunction form a subgroup that
is at a high risk of SCD. Most of these patients have
coronary artery disease but a fair number have a
non-ischemic dilated cardiomyopathy. In either case,
the long-term survival is predominantly dependent
on the left ventricular function.

Patients with ischemic cardiomyopathy are espe-
cially predisposed to re-entrant ventricular arrhyth-
mias due to provision of a fertile substrate around
scars within areas of normal myocardium, and such
mechanisms are more easily identifiable by an inva-
sive electrophysiologic testing. Such patients have
a very high incidence of recurrence of a VI/VF
episode if they are lucky to survive the first episode.
Hence, as a mode of secondary prevention of SCD
in such patients, ICD therapy is the first line treat-
ment. However, ICD therapy may have a still larger
role to play in the primary prevention of sudden
death in these patients as evidenced by the recent
trials. An inducible VT in these patients does seem
to help in selecting patients who are likely to benefit
from the ICD, but lately it seems that the non-
invasive assessment of the LVEF may be all that is
required.

Patients with non-ischemic cardiomyopathy are
also predisposed to the occurrence of ventricular
arrhythmias. As of the current data available, it
seems logical to suggest that ICD therapy should be
the chosen mode of therapy for secondary preven-
tion. The role of the ICD in primary prevention is less
clear in view of the poorer sensitivity and specificity

of the EP study in these patients, but patients who
have non-sustained VT and a positive EP study are
likely to do better with an ICD as per the little infor-
mation available from the trials. Patients with a bun-
dle branch re-entrant tachycardia would do well
with a catheter ablation in view of its high rate of
success. The current data does not define the role of
the ICD in this subgroup of patients if the EP study
is negative, but there is data to suggest that the
patients who present with syncope would do better
with an ICD even if the test does not show any
inducible tachycardia [59,99].

With the availability of the results of the MADIT
IT and the SCD-HeFT trial and the more recent
Medicare guidelines, for patients with LVEF of less
than or equal to 35%, it is likely that the implanta-
tion of a defibrillator would soon become the stan-
dard of care for all patients for primary prophylaxis
of SCD. It is important to remember that patients
are unlikely to benefit if they are within 3 months of
a revascularization procedure, within a month of
their MI or if the primary myocardial disease is less
than 3 months of duration. This is the minimum
amount of time after which their LV function should
be reassessed before the decision for implanting an
ICD is taken. For patients who have had syncope of
unknown origin or have sustained a VF arrest or sus-
tained monomorphic VT in the presence of an LVEF
of 40% or less, ICD therapy would definitely be the
standard of care. The current guidelines [100] also
emphasize on the role of ICD therapy in patients
with and inducible VI/VF in the setting of LV dys-
function, but the guidelines would be expecting
major revisions and the role of electrophysiologic
studies to guide ICD therapy is likely to get limited
to patients with an LVEF between 35% and 40% or
for patients who have frequent non-sustained VT in
the immediate post-MI or post-revascularization
period.

There has also been a controversy regarding the
role of defibrillators in patients with functional
NYHA Class IV as these patients have a relatively
high incidence of progressive worsening of heart
failure and death from the same. Hence, the propor-
tion of benefit by reducing the incidence of SCDs by
an ICD may not be that impressive. However, as has
been discussed later in the chapter, patients in this
category may be fair candidates for an ICD if they
were to receive a device anyway, for example, for
reasons of intraventricular conduction needing
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biventricular pacing or for sinus or AV node dys-
function needing a pacemaker.

Biventricular pacing in CHF

Concept of dyssynchrony and
pacing in heart failure
The importance of the concept of pacing in heart
failure was first realized when it was reported that
patients could benefit from dual chamber pacing by
the manipulation of the AV delay. It was first reported
by Hochleitner and colleagues that physiologic dual
chamber pacing programmed to a short AV delay
could help in the early withdrawal of inotropic sup-
port in patients with heart failure [101] and that
these patients had symptomatic improvement on
follow up. Other researchers [102,103] found that
dual chamber pacing with optimization of the AV
delay could help patients with heart failure in
reducing their symptoms, improving cardiac output
and oxygen consumption, reducing diastolic mitral
regurgitation and also improve exercise capacity.
However, long-term follow up of controlled ran-
domized trials [104,105] showed that this benefit was
restricted to patients with evidence of prolonged AV
conduction time and pre-systolic mitral regurgita-
tion, which resulted in reduced diastolic filling times.
Patients with NYHA Class I1T and IV heart failure did
not show any significant improvement. Hence,
although the evidence may suggest that dual cham-
ber pacing may help in CHE, it was realized that the
benefit of this therapy is inconsistent and restricted
to patients who may show acute hemodynamic ben-
efit. The mode of benefit was predominantly due to
the optimization of the AV delay and both shorter
and longer than the optimum AV delays had deleteri-
ous effects [102,106]. In fact, as suggested by the
Dual Chamber And VVI Implantable Defibrillator
(DAVID) trial [107], dual chamber pacing in patients
with LV systolic dysfunction is associated with wors-
ening of heart failure and increased mortality.
Scientific data has shown that the failing heart not
only exhibits depression of cardiac contractility, but
there is also significant alteration of the conduction
pathways in these patients. This is not just an elec-
trocardiographic aberration, but there is emerging
data to show that it has wide ranging clinical impli-
cations that cannot be ignored. Almost 30% of
patients with CHF can have a wide QRS complex
suggestive of intraventricular conduction delay

[108,109]. The onset of the QRS complex is followed
by a delay in the onset of the ejection of blood into
the aorta. This interval, termed the pre-ejection
interval is prolonged in patients with intraventricular
conduction defects and a resultant wide QRS com-
plex. This causes a delay in the early diastolic filling of
the ventricle in the subsequent cardiac cycle, which
then impinges on to the atrial systole. Hence this
electromechanical delay causes a prolongation of the
LV contraction and relaxation intervals, worsening
of mitral regurgitation and a shortening of the dias-
tolic filling time [110-113]. This has a direct effect
on the stroke volume and cardiac output, as it is well
known that the efficiency of the failing heart is fairly
dependent on the diastolic filling in accordance with
the Frank—Starling law.

Adding more support to the adverse effects of
intraventricular conduction delay in these patients is
the evidence that it is associated with clinical insta-
bility and increased risk of death in heart failure
[114-116]. In fact, Baldasseroni et al. [117] have
reported a recent study of 5517 patients of heart fail-
ure of which 45.6% had ischemic heart disease, 36%
had dilated cardiomyopathy, and 12.6% had hyper-
tensive heart disease. A total of 25.2% of these
patients had left bundle branch block (LBBB), 6.1%
of patients had right bundle branch block (RBBB)
and 6.1% had another form of intraventricular
delay. It was interesting to note that patients with
LBBB had more severe heart failure (higher propor-
tion of patients with NYHA Class III and IV),
reduced systolic blood pressure, increased incidence
of third heart sound and more abnormal cardiotho-
racic ratios. The proportion of patients with an
LVEF of less than 30% was also higher in the LBBB
group and they also had a significantly higher mor-
tality in comparison to patients without LBBB or
any other intraventricular conduction defect (16.1%
versus 11.9%; hazard ratio 1.7). LBBB was found to
be an independent predictor of mortality and this
negative effect was not influenced by age, heart fail-
ure severity or of drug prescriptions. Even the recent
MADIT II trial has shown that the major advantage
of the benefit of mortality in patients with an LVEF
of 30% or less was most apparent in patients with a
wide QRS complex [94]. LBBB results in dyssyn-
chrony and abnormal septal motion even in patients
with normal LV function [118] and it is possible that
even these patients may have a higher incidence of
progression to cardiomyopathy [119].
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Role of cardiac resynchronization

The concept of biventricular pacing or what is
now commonly called Cardiac Resynchronization
Therapy (CRT) emerged in the late 1980s and the
early 1990s. In the initial animal studies, Burkhoft
et al. [120] showed that there was a linear relation-
ship that exists between the decrease in the LV pres-
sures and an increase in the width of the QRS
complex. Following this, Lattuca and his colleagues
[121] showed that simultaneous pacing of the left
ventricle (LV) and the right ventricle (RV) could
result in the narrowing of the QRS complex and a
reduction in the intraventricular dyssynchrony, both
electrically and mechanically. After the initial reports
in the early 80s in four patients [122], it was in 1996
that Cazeau et al. [123] first showed the beneficial
effects of biventricular pacing through a systematic
analysis. In 1998, Leclerq ef al. [124] studied the
acute hemodynamic effects of biventricular pacing in
patients with severely symptomatic heart failure and
intraventricular conduction defects. They showed
improvement in cardiac index and the pulmonary
capillary wedge pressures. In 1999, Kass et al. [125]
suggested the concept that LV pacing alone could
probably compete or even better the results of biven-
tricular pacing and that RV pacing was not only of no
benefit, but could be harmful. However, most of these
initial studies were acute hemodynamic studies and
provided no information on the long-term effects of
LV or biventricular pacing.

In a nutshell, the prime targets of pacing therapy
and cardiac resynchronization have been either a
correction of the faulty AV synchrony as discussed
earlier, or more commonly and more importantly,
to correct the abnormal intraventricular dyssyn-
chrony caused by the latency of conduction through
the ventricles themselves. Under normal circum-
stances, the LV contracts in a synchronous manner
within all its segments, such that there is a variability
of only about 40 ms in the electro-mechanical acti-
vation of its various segments. This produces the
most optimal and efficient ejection. However, when
one of the segments is prematurely activated and the
others delayed (as in patients with intraventricular
conduction delay), it leads to regions of early and
delayed mechanical activity as well [126—128]. Both
of these segments, the premature and the delayed
segments could represent areas of wasted contrac-
tion and effort, as the former would contribute to an

isovolumic contraction without any effective ejec-
tion of blood, whereas the delayed segments would
be contracting at times when there would be either a
higher stress in the areas which have already been
activated or a paradoxical stretch in them if they are
already in the phase of repolarization [129]. This
leads to a reduction in the cardiac output, delayed
relaxation and an increase in the end-systolic wall
stress, which in effect would increase the myocardial
oxygen consumption [130-133]. Studies have also
shown that this could lead to triggering of calcium
release which could lead on to the pro-arrhythmic
effects of dyssynchrony [134].

Biventricular pacing: rationale,
technique, and limitations

The previous discussion well illustrates the problems
that intraventricular conduction delay can have
adverse effects on the myocardial contractility and
efficiency. It is with this background that researchers
tried to evaluate the role of LV and biventricular
pacing in this subset of patients.

The initial clinical studies focused on the opti-
mization of the AV delay but as previously discussed,
the applicability of this approach was restricted to a
select few patients with AV conduction problems
and not to all patients with intraventricular conduc-
tion defects. In fact it was then believed that RV api-
cal pacing might be adding to the discoordination of
the segments and further worsening the LV func-
tion. Even RV outflow tract pacing was tried [135],
but without success. Hence, the focus was changed
to try methods to seek an early activation of the left
free wall instead. The result was the inception of
biventricular and LV pacing. The aim of biventricu-
lar pacing was not only to correct the AV synchrony
but also to ensure a uniformity of the ventricular
activation, contraction and relaxation sequences.
Since then, biventricular pacing has been shown to
markedly improve cardiac output, increase systolic
pressure, lower pulmonary capillary wedge pressures
[136,137], enhance ventricular systolic function and
pressure—volume loops [125] and improve the mag-
nitude and synchrony of wall contraction [138,139].
Another interesting phenomenon that these initial
studies showed was that the stimulation of the LV
alone at a single site also had equivalent results
as those of biventricular pacing [125,136,140]. The
reason of this phenomenon was not very clear and
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in long-term studies the emphasis continued to
remain on biventricular pacing.

There have also been reports of reduced mitral
regurgitation with biventricular pacing. The pre-
liminary presentation of the Multicenter InSync
Randomized Clinical Evaluation (MIRACLE) Study
[141] showed reduction in the systolic mitral regur-
gitation from 7 to 4 cm® One possible explanation
for this is that the patients with heart failure have
functional systolic mitral regurgitation and this is
usually worse with the normal pattern of activation
which causes contraction from the apex towards the
base. With biventricular pacing, the sequence of
activation is reversed and so occurs from the base to
the apex [142]. This reversal leads to a premature
activation of the base of the heart and is hypothe-
sized to cause a squeezing effect on the annulus
which may be leading to the reduction in the mitral
regurgitation.

Another important mechanism that has been pro-
posed is that patients with left bundle branch block
may have a delayed onset of the diastole in the LV in
comparison to the RV. This may cause an earlier fill-
ing of the RV which would decrease the potential
space available for the LV filling. Biventricular pacing
may reverse this problem and hence the LV may enter
diastole earlier and this may improve the diastolic
filling of the LV [143].

The standard procedure for the implantation of
the biventricular pacemaker initially involves plac-
ing the atrial and RV leads in the usual manner. The
RV lead is usually placed at the apex as the approach
is to try and have the maximum separation between
the RV and the LV leads. The LV lead was initially
placed surgically, but this procedure is more inva-
sive and involves a thoracotomy or thoracoscopy
under general anesthesia. At our institution, this
approach is limited only to patients where either the
patient is undergoing an open heart surgery for
other causes or there is a failure in placing the trans-
venous lead with an existing indication for a biven-
tricular pacing.

The epicardial approach was gradually replaced
by the transvenous approach which involved the
canulation of the coronary sinus with an open
lumen catheter. This paves the way for a balloon
catheter, which is used to perform an occlusion
venography and to identify the posterior and lateral
branches of the coronary sinus. The lead is then

directed in these branches so as to try and achieve a
stable position in one of the posterolateral branches
so as to have a maximum separation from the RV
apical lead and to also avoid pacing the diaphragm.
The sheath is then peeled away over the lead (or
removed using a slitter in some models as required)
and then secured in the pectoral pocket. The initial
success rates with this approach were lower, but with
improved operator experience and hardware, the
success rates have been over 90%. The clinical bene-
fits with placement of the coronary sinus lead in the
posterior or lateral portions of the heart far out-
weigh the benefits offered by placing the lead in the
anterior interventricular branches. At our institute,
in case there is failure to place the lead transvenously
in an optimum branch, it is preferable to implant the
lead surgically on the epicardial surface directly.

Clinical trials on resynchronization
therapy

The final status of any interventional therapy is best
judged by its comparison with the existing therapies
in randomized controlled clinical trials. The impact
of biventricular pacing has been under very close
and keen observation but it has finally made its place
secure in the armamentarium against congestive
heart failure (CHF). There is now large amount of
data from well designed clinical trials over the last
few years which has shown that the benefits of biven-
tricular pacing are objective, quantifiable, difficult to
ignore, additive to conventional therapy and more
than just a placebo effect.

The Pacing Therapies for CHF (PATH-CHF) trial
was a multicenter randomized trial that evaluated the
benefits of LV and biventricular pacing in patients
with moderate to severe CHF and intraventricular
conduction defects [140]. Patients were randomly
assigned to either biventricular pacing or to an atrio-
univentricular pacing mode (the mode was chosen
as LV or RV on the basis of an acute hemodynamic
study during implantation) and were paced in this
manner for 4 weeks. Subsequently pacing was
switched off for the second 4 weeks and the pacing
mode was crossed over to the other mode in the third
4 weeks. At the end of 12 weeks, the patients were fol-
lowed for 1 year after being placed in the best chronic
pacing mode as was obtainable on the basis of the
first 12 weeks. Both, the acute and long-term results
showed favorable results in the hemodynamics with
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improvement in the 6 min walking distance, QOL,
LVEF and the heart rate variability, with both LV and
biventricular pacing without any significant superi-
ority of one over the other.

The VIGOR-CHF Trial was the first trial in the
United States on CRT where an epicardial LV lead
was used in 18 patients and the effect of the therapy
was studied in these patients who were in NYHA
Class III or IV, had a mean LVEF of 27 * 6% and a
QRS duration of 167 = 295 [144]. The investigators
evaluated the Myocardial Performance Index (MPI)
which was defined as the ratio of isovolumetric con-
traction and relaxation time relative to the ejection
time. An improvement in the MPI was observed in
14 out of the 18 patients and it decreased from
0.77 £ 0.30 before implantation to 0.61 * 0.19 with
biventricular pacing.

The Medtronic InSync Study was a multicenter
European and Canadian Trial which examined the
safety and efficacy of a multisite pacing in refrac-
tory heart failure [145]. A total of 68 patients with
NYHA Class III or IV, drug refractory heart failure,
with an ILVEF of 35% or less, a QRS duration of
greater than 150 ms and LV End-Diastolic Diameter
(LVEDD) of 60mm or more underwent implan-
tation of a biventricular pacemaker. The patients
showed significant improvement in their NYHA
functional Class, 6 min walking distance and QOL
indices and this correlated well with their reduction
in QRS duration and the increase in their LVEE

In another small study by Alonso et al. [146], 26
patients with drug refractory CHF of NYHA Class
III or IV, an LVEF of 35% or less, an LVEDD of
60mm or more and a QRS width of more than
120 ms were enrolled. The patients received biven-
tricular dual chamber pacemakers and were then
classified as responders or non-responders as per
the symptomatic benefit that they reported from the
pacemaker in terms of the NYHA Class and the
exercise tolerance. The mean LVEF of the patients
was 23 *+ 8%, the mean IVEDD was 5 = 9mm and
the mean QRS duration was 178 = 24 ms. There were
19 responders and 7 non-responders. The patients
classified as responders showed an average improve-
ment of 1.3 in their NYHA Class status and an
increase in the oxygen consumption by a mean of
about 50%. It was interesting that the only difference
in the variables of the two groups on follow-up was
the post-pacing QRS duration which was signifi-
cantly lower in the responders (a mean of 154 versus

177 ms, respectively) and the authors postulated that
this variable was possibly a good parameter to assess
the efficacy of biventricular pacing.

The Multisite Stimulation in Cardiomyopathy
(MUSTIC) Trial results represent the first published
randomized data with biventricular pacing [147].
This was a single blind randomized crossover trial in
which patients received a biventricular pacemaker
and were then randomized to a period of 3 months
of active atrial-biventricular pacing or to an inactive
mode where they were kept at a backup VVI pacing
rate of 40 beats per minute. These patients were then
crossed over after 3 months to the opposite mode for
the next 3 months. Of the 67 patients chosen, 48 were
successfully randomized to follow up. The results
showed a 22% improvement in the exercise tolerance
as assessed by the 6 min walk test, a 32% improve-
ment in the QOL indices, an 8% increase in the peak
oxygen consumption and a two-thirds reduction in
the frequency of admission from heart failure in
patients with active pacing. In addition to this, 85%
of the patients preferred the active biventricular pac-
ing mode and only 4% of the patients favored the
inactive mode. The other patients had no preference
for either.

The same group followed up patients in a similar
study design for a longer period of time [148]. A total
of 42 such patients in sinus rhythm and 33 in atrial
fibrillation were successfully followed up for 12
months and they reported sustained improvement
in not only these parameters but also in the LVEF
(increase by 4-5%) and the mitral regurgitation
(decrease by 45-50%). It was interesting to note
such a high percentage of patients in atrial fibrilla-
tion and the fact that the benefit of biventricular
pacing appeared to be equivalent in patients with
atrial fibrillation also.

One of the largest initial experiences in a random-
ized double blind long-term follow-up of patients
with biventricular pacing has been reported by the
MIRACLE Trial Study Group [149]. This clinical
trial included 453 patients with moderate to severe
symptoms of heart failure associated with an LVEF
of 35% or less, an LVEDD of 55mm or more and
with a QRS interval of 130 ms or more. Of these, 228
patients were randomly assigned to the resynchro-
nization group and the other 225 patients remained
as the control group. Optimal conventional therapy
for CHF was continued in both the groups and the
patients were followed up to see the improvement in
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their NYHA functional Class, the QOL indices, and
the distance walked in 6 min as the primary end
points. The patients were also evaluated for changes
in the LVEF and the time on the treadmill during
exercise testing.

The baseline characteristics were similar in the
both groups in terms of the age and sex distribution,
the symptomatic and echocardiographic variables,
the hemodynamic parameters and the drugs that
they were receiving. About 90-93% of patients was
receiving ACE-I or angiotensin receptor blockers
(ARBs) and about 55-62% of the patients were
on beta-blockers. The mean QRS duration was
165 + 20 ms in the control group and 167 = 21 ms
in the cardiac-resynchronization group. The results
showed a significant benefit for the patients with
CRT and that the differences were apparent as early
as 1 month after the treatment and were sustained
without any attenuation throughout the study period
of 6 months. The patients with resynchronization
therapy showed a higher increase in the 6 min walk-
ing distance (+39 m versus +10 m; P < 0.005), more
significant improvement in the QOL index (—18.0
versus —9.0 points; P = 0.001), more improvement
in the LVEF (+4.6% versus —0.2%; P << 0.001) and

a larger increase in the time on treadmill exercise
testing (+81 s versus +19s; P = 0.001). There was a
nearly 50% reduction in the requirement of intra-
venous medication and need for hospitalization. [n
addition, there was also improvement in the peak
oxygen consumption, the end-diastolic dimension,
the mitral regurgitant jet and the duration of the
QRS interval. At 6 months, the risk of death or hos-
pitalization was 40% lower in the resynchronization
group (Figure 5.4).

However, there were certain areas of concern.
The median duration of the procedure was 2.7h
and even up to 7h in a few patients. The fluoroscopy
time was not reported but is likely to have been sig-
nificantly higher than the other procedures. There
were two procedure related deaths in the 571
patients. The incidence of coronary sinus dissection
was 4% and another 2% had coronary sinus perfo-
ration, though most of these patients recovered
without any sequelae. The incidence of infection
was 1.5% and there was a failure to implant the
device in eight patients. Moreover, only 67% of the
patients in the resynchronization group showed
symptom benefit and there was no survival advan-
tage that could be documented.
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Figure 5.4 Kaplan Meier estimates of the time to death or worsening heart failure in the control and resynchronization
groups in the MIRACLE trial. The risk of an event was 40% lower in the CRT group; P value 0.03. (From Abraham WT,
Fisher WG, Smith AL, et al. N Engl J Med 2002; 346: 1845-1853. Reprinted with permission.) Copyright © 2002 Massachusetts

Medical Society. All rights reserved.
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Another well-designed trial, which compared the
effects of either CRT alone or in combination with
defibrillator capabilities, is the Comparison of Medical
Therapy, Pacing and Defibrillation in Heart Failure
(COMPANION) trial. This trial [150] was designed
to see if resynchronization therapy with or without
defibrillators would reduce the risk of death and hos-
pitalization among patients with advanced heart fail-
ure with accompanying delay in their intraventricular
conduction. Among 1520 patients who were included
in this trial, randomization was done in a 1:2:2 design
such that 308 patients received optimal pharmaco-
logical therapy alone, 617 patients received optimal
medical therapy with biventricular pacemakers (CRT
group) and 595 patients received optimal medical
therapy with biventricular pacemaker-defibrillators
(CRT-D group). The criteria at enrollment included
an LVEF of 35% or less, NYHA Class III or IV heart
failure from ischemic or non-ischemic cardiomyopa-
thy, a QRS interval of more than 120ms and a PR
interval of more than 150 ms, sinus rhythm, absence
of absolute indications for a pacemaker or a defibril-
lator, and a hospitalization for the treatment of heart
failure or equivalent in the preceding 12 months. The
primary end point was the combined risk of death or
hospitalization from any cause and the secondary end
point was death from any cause.

The results showed that there was no significant
difference in the baseline characteristics between the
three groups. The implantation was successful in
87% of patients in the CRT group and 91% of
patients in the CRT-D group with a median proce-
dure time of 164 min and 176 min in the two groups,
respectively. The median duration of follow-up for
the primary end point in the three groups was 11.9
months, 16.2 months and 15.7 months, respectively
and that for the secondary end point was 14.8
months, 16.5 months and 16.0 months, respectively.
The 12-month rate of the primary composite end
point of death from any cause or hospitalization
from any cause was 68% in the pharmacologic ther-
apy group as compared with 56% in the CRT group
and 56% in the CRT-D group. Thus, either group
with resynchronization therapy, either with or with-
out defibrillators, showed a 20% risk reduction in
the primary end point. The secondary end point of
death from any cause was reduced by 24% in the
CRT group when compared with pharmacologic
therapy alone (P = 0.06) and by 36% in the CRT-D

group; the latter being statistically significant
(P = 0.003). As with any other heart failure trial, the
risk of death or hospitalization from heart failure
was also measured and this was found to be lower by
25% in the CRT group (P = 0.002) and 28% lower
in the CRT-D group (P < 0.001).

Despite the extremely complex nature of the
analysis and results of the trial, it was clear that there
was significant reduction in the risk of a composite
of death and severe symptomatic states from the use
of resynchronization therapy in patients with CHE
The magnitude of the benefit becomes more note-
worthy when it is realized that this is in addition to
the best medical therapy that patients were already
receiving. The benefit was maximized when resyn-
chronization therapy was combined with defibrilla-
tion capabilities and was progressively more with the
increasing duration of the QRS interval. The benefit
of this treatment extended to patients with both,
ischemic and non-ischemic cardiomyopathy.

A major recent breakthrough has been the impact
of resynchronization therapy alone on the survival in
patients with heart failure. This has been elegantly
demonstrated in the Cardiac Resynchronization —
Heart Failure (CARE-HF) Trial [151]. This was an
international, multicenter, randomized trial which
compared the effect of standard pharmacotherapy
alone with that of the combination of standard phar-
macotherapy with CRT (without a defibrillator) on
the risk of death and unplanned hospitalization for
major cardiac events in patients with LV systolic dys-
function and cardiac dyssynchrony. The enrollment
of the trial was done from January 2001 to March
2003 at 82 European centers. The primary end point
was death from any cause or an unplanned hospital-
ization for a major cardiovascular event. The princi-
pal secondary end point was death from any cause.

A total of 813 patients were enrolled for the trial
and were followed up for a mean of 29.4 months. The
patients were 18 years or older, had heart failure for at
least 6 weeks, had NYHA Class III or IV functional
status despite standard pharmacologic therapy, an
LVEF of 35% or less and a QRS interval of more than
120 ms. For patients with a QRS interval between 120
and 149 ms, two of the three criteria for dyssynchrony
had to be met for inclusion in the trial. These criteria
included an aortic pre-ejection delay of more than
140 ms, an interventricular mechanical delay of more
than 40 ms or delayed activation of the posterolateral
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wall [152-154]. After randomization, 404 patients
received medical therapy alone and 409 patients
received medical therapy with cardiac resynchroniza-
tion. During follow-up, the primary end point of
death from any cause or hospitalization for a major
cardiac event was reached in 224/404 patients in the
group on medical therapy alone (55%) versus 159/
409 patients in the group which received CRT in addi-
tion (39%). This amounted to a significant reduction
of death or hospitalization from resynchronization
therapy alone in the absence of a backup defibrillator
(hazard ratio 0.63; P << 0.001) (Figure 5.5a). There
was also a significant reduction in the secondary end
point of death from any cause. In comparison to 120
deaths from any cause in the patients on medical
therapy alone (30%), there were only 82 deaths (20%)
in the patients treated with cardiac resynchronization
in addition (P << 0.002) (Figure 5.5b).

The COMPANION Trial did show a survival ben-
efit from all cause mortality in patients who received
resynchronization therapy with defibrillator capabili-
ties. Previous meta-analysis has also shown [155,156]
that CRT can have a survival benefit. However, this is
the first trial to show independently that CRT alone
can improve survival in patients with heart failure.
In fact, 29 patients (7%) in the resynchronization
therapy group died of sudden death, signifying the
potential additive effect that defibrillator capabilities
could have further had on the mortality benefit in
this group. As per the author’s calculations from the
current trial, one death and three hospitalizations
were prevented for every nine devices that were
implanted in the CARE-HF trial. Other end points
were also analyzed in the study. There was a signifi-
cant improvement in the LVEF, the end-systolic vol-
ume index, the area of mitral regurgitation, the
interventricular mechanical delay, the NYHA func-
tional Class, the levels of N-terminal probrain natri-
uretic peptide, the systolic blood pressure on follow
up, among the other things that were monitored
during the trial. It was interesting to note though,
that the incidence of atrial arrhythmias or ectopy
was higher in the cardiac-resynchronization group.

The biventricular pacemaker-
defibrillator

We have already seen that the incidence of SCD is
high in patients with heart failure and a large propor-
tion of them are due to ventricular arrhythmias.

Although a few studies have shown that biventricular
pacing may diminish the need for ICD therapy in
terms of the number of shocks delivered by the
device [157], it does not necessarily obviate the need
for an ICD. Till the recently published CARE-HF
trial, there was insufficient data to show that resyn-
chronization therapy alone leads to any survival
advantage or any reduction in the incidence of SCD.
Up to 35% of patients with cardiomyopathy and a
potential indication for a biventricular pacing have
been shown to have inducible ventricular arrhythmia
[158]. The MADIT II and SCD-HeFT trials men-
tioned above, have shown that ICDs should form
part of the therapy for patients with severe LV sys-
tolic dysfunction. All this data would suggest that
most of the patients who require biventricular pacing
for systolic dysfunction would also be candidates for
an implantable defibrillator as these patients often
have an IVEF of 35% or less. Hence, it is
recognized that these patients may be candidates for
an additional device with defibrillator capabilities.

With these indications, it is likely that biventricu-
lar defibrillators would almost totally replace the
biventricular pacemakers for managing patients with
heart failure. However, cost considerations are still
likely to help the biventricular pacemakers to survive,
at least in the developing world. It is also important
to individualize patient therapy with or without
ICDs as all patients may not find repeated shocks
from an ICD as their preference, especially, if they are
interested only in the improvement in the QOL
rather than the quantity of life.

The safety and efficacy of biventricular defibrilla-
tors has been studied in the MIRACLE-ICD Trial
[159] in patients with NYHA Class III and IV heart
failure. The patients were randomized into two
groups after receiving a biventricular pacemaker-
defibrillator. All patients had the defibrillator func-
tions of the device activated but were randomly
assigned to two groups to have the CRT function
turned “off” or turned “on”. At 6 months of follow-up,
the patients with resynchronization therapy activated,
had improved QOL, improved functional status and
better exercise capacity. There was no increased risk
of pro-arrhythmia or compromised ICD function,
and these findings were especially important in light
of the findings of the inadvertent effects of pacing
in the DAVID trial. The MIRACLE-ICD II Trial also
showed that the benefits of biventricular pacing with
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time for the primary end point (death or unplanned hos-

pitalization; P value < 0.001) or the secondary end point (all cause mortality; P value < 0.002), respectively, in the CARE-HF

trial. This was the first trial to show a significant reduction in a

Il cause mortality from cardiac resynchronization even

without a defibrillator. (From Cleland JGF, Daubert IC, Erdmann E, et al. N Engl J Med 2005; 352: 1539-1549. Reprinted

with permission.) Copyright © 2005 Massachusetts Medical Soc

such devices extended to improvement in cardiac
structure and function in terms of improvement in
the LV diastolic and systolic volumes and the LVEF
[160]. Other studies have shown that the benefits of
such devices may even extend to patients with NYHA

iety. All rights reserved.

Class II symptoms [161]. The VENTAK-CHEF/
CONTAK-CD Trial randomized 490 patients with
CHF and wide QRS to receive either pacing or
no pacing from a biventricular-defibrillator system.
The results are still under review in relation to the



ICD and biventricular pacemakers in CHF 91

effect on mortality but the initial report suggests
symptomatic benefit in heart failure [144].

It is likely that even antitachycardia pacing may be
affected by the site of stimulation as this may guide
the ability of a stimulated impulse to enter a re-entry
circuit and with two stimulation sites being used by
the biventricular pacemaker, this may make it more
effective than RV-ATP alone. One of the major con-
cerns with the biventricular devices has been the issue
of double counting and this occurs because two dif-
ferent electrograms obtained from the right and the
left ventricle are fed into a single amplifier. Double
counting can be a source of inappropriate therapy in
up to 14% of patients and is most often due to sinus
tachycardia or could be due to VT also [162-164].
However, the newer devices use only the RV lead for
sensing and bypass the problem.

Biventricular pacing: future perspectives
and unanswered questions

The field of biventricular pacing is new and rapidly
evolving, both for the medical specialists and the
industry. The more answers that come, pave way for
more questions and quest for improvement. There
are still a lot of ongoing trials that are likely to throw
light on the important aspects related to the clinical
application of the device.

Many of the initial problems with the device have
paved way for advancements in understanding and
technology. The initial devices sensed both the RV
and the LV and hence gave problems with inappro-
priate shocks due to double counting. The newer
devices have RV only sensing to overcome this prob-
lem. There is also a capability to separately program
the LV and RV pacing outputs to better pace the two
leads with varying output and help in battery con-
servation. There is also evolution of over the wire
leads and bipolar leads with various programmabil-
ity options. This can help to achieve lower thresholds
and avoid phrenic nerve capture and even help leads
to function from relatively suboptimal positions dur-
ing difficult placement. The VENTAK-CHF Trial is
assessing the safety and efficacy of biventricular anti-
tachycardia pacing and defibrillation in this subset of
patients. The value of biventricular pacing in atrial
fibrillation is being assessed in the LV-Based Cardiac
Stimulation Post-AV Node Ablation Evaluation (PAVE)
Trial. Tt is interesting because patients are given a
standard dual chamber pacemaker after AV node
ablation and the RV and the LV leads are connected

to the ventricular and the atrial channels respec-
tively and LV dysfunction is not an essential crite-
rion for inclusion in the study. In addition, this
trial and the Bi versus Left Ventricular Pacing: an
International Pilot Evaluation on Heart Failure
Patients with Ventricular Arrhythmias (BELIEVE)
and the Optimal Pacing Site Study (OPSITE) Trials
are also trying to assess the difference if any
between single site LV pacing and biventricular
pacing. Other studies trying to assess the mortality
benefit if any of biventricular pacing include the
Pacing for Cardiomyopathies (PACMAN), Pacing
Therapies in Congestive Heart Failure (PATH-CHF
II), and Ventricular Resynchronization Therapy
Randomized Trial (VECTOR) Trials. There are also
studies evaluating the role of V-V timing program-
mability through these devices.

There have also been parallel and significant
strides in the development of hardware and tech-
niques to widen the applicability of biventricular
pacing. There is an availability of more trackable
over the wire leads which also have a lower profile
and can help in patients with an unfavorable coro-
nary sinus anatomy. Steerable sheaths are available
to increase the chances of successful cannulation of
the coronary sinus. Several alternative approaches as
the trans-septal and the pericardial approaches have
been tried but the risk of strokes and tamponade
preclude the use of these techniques as of now.

But despite all these issues, many questions remain
unanswered in relation to the role of biventricular
pacing. The sustenance of benefit and the effect on
survival has already been discussed. It still remains
important to differentiate which patients will and
which will not respond to biventricular pacing.
Multiple techniques using echocardiography and
magnetic resonance imaging (MRI) have been used
but they have as yet to come with firm conclusions.
There has however, been an increased realization
of the fact that electrical dyssynchrony perhaps
represents only a tip of the iceberg in terms of the
patients who need cardiac resynchronization. Many
techniques which measure the intraventricular dys-
synchrony using septal to posterior or lateral wall
motion delays, time to peak velocities in the various
myocardial segments, tissue strain analysis, tissue
doppler analyses, pre-ejection intervals, etc., have
shown that the real patients who benefit from CRT
are likely those who have mechanical dyssynchrony
in the various myocardial segments. As a corollary to
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this fact, it is not surprising that a large number of
patients who have a narrow QRS (less than 120 ms)
have been noted to have mechanical dyssynchrony.
The role of biventricular pacing is being studied in
these patients and the initial results seem encourag-
ing. If such patients were to improve from cardiac
resynchronization, it would not only open a new
channel of therapy for a lot of patients, it would open
doors for research on a number of questions relating
to the possible mechanisms of heart failure and the
reasons of benefit from resynchronization. The role
of LV pacing alone and the role of resynchronization
in patients with atrial fibrillation is being assessed. It
remains important to assess the role in patients with
NYHA Class II and in patients with normal systolic
function with intraventricular conduction defects.
Various mechanisms of benefit have been proposed,
but the exact mechanisms still remain unclear and it
remains to be determined whether the benefit would
be extendable for patients with RBBB and atrial fib-
rillation. There is still uncertainty about the best site
of pacing in both the LV and the RV and the rela-
tionship of the benefit with the post-pacing QRS
duration. As per the current information it appears
that the anterior branches of the coronary sinus are
definitely inferior choices in comparison to the LV
free wall. It will also be interesting to see whether LV
pacing alone may be as effective as biventricular pac-
ing and if so, why?

Biventricular pacing (cardiac
resynchronization): conclusions

There is evidence to suggest that conduction defects
are coupled with mechanical dyssynchrony and have
a significant association with the deterioration of
the failing heart, if not as an etiological role. The cor-
rection of this dyssynchrony leads to acute and
possibly long-term hemodynamic and symptomatic
clinical benefit. Biventricular pacing is an innovative
advancement in the field of correcting this dyssyn-
chrony and emerges as a powerful armamentarium
in the evolving therapies for the failing heart. There is
enough data to show that biventricular pacing bene-
fits a large number of patients with symptom reduc-
tion and improved hemodynamics. Most patients
who are candidates for biventricular pacing are also at
significant risk of SCD. Therefore, within economic
constraints, biventricular defibrillators are likely to
become the rule for such patients. It is also important
to realize that not all patients benefit from CRT.

About one-third of the patients with delayed electri-
cal activation on the ECG may not benefit from
the device. It remains elusive how to identify these
patients pre-operatively. Echocardiography and MRI
are being investigated to try and identify patients who
are likely to be responders or non-responders. It may
also be important to study these tools to try and iden-
tify patients who may be having evidence of dys-
synchronous segmental contraction but still have
evidence of a narrow QRS morphology on the ECG.
It would be interesting to investigate how such
patients would benefit from CRT or Multisite Pacing.

Currently, the ideal candidate for a biventricu-
lar device seems to be a patient with NYHA Class III
or IV heart failure despite medical therapy if he/
she has a left bundle branch block pattern, a QRS
of 2150ms and a left ventricular end diastolic
dimension of more than 55 mm. Patients with a QRS
of 120—149 ms have also shown to have benefit, more
so if they have associated evidence of mechanical dys-
synchrony. Patients with conduction abnormalities
other than left bundle branch block are also consid-
ered for therapy if they have a wide QRS pattern but
have been less well represented in the trials and hence,
lesser information is available about the response in
these patients. The information on the benefit in
patients with NYHA Class II symptoms and with a
narrow QRS should be available soon.
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CHAPTER 6

Managing a heart failure clinic

Nancy M. Albert

Introduction

Chronic left ventricular systolic dysfunction or heart
failure (HF) is a common disabling condition affect-
ing about 2.2% of the US population [1,2]. Today,
about 5 million people are living with HF and about
550,000 new cases are diagnosed each year [2].
Some patients with HF lead an independent and
full life, especially when ventricular remodeling is
mild and hormones producing vasodilation, diuresis
and natriuresis counterbalance the vasoconstricting
forces. However, moderate to marked limitations
that interfere with employment or usual activities
of daily living and result in emotional, economic and
social distress, and costs burdens many patients.

In the last decade, there have been remarkable
advances on many fronts related to understanding
of the pathophysiology of HF, the natural history of
the syndrome, as well as important advances in
pharmacologic, surgical, device, and medical ther-
apeutics. One such advance has been the move from
treating HF symptoms to treating the multi-faceted
HF condition. Through research, it is known that HF
can progress even when the patient remains asymp-
tomatic. Core drug therapies that promote regression
of ventricular remodeling or prevent its progres-
sion benefit patients by prolonging survival, decreas-
ing debilitating symptoms and improving morbidity.
Based on the belief that patients will benefit from
comprehensive treatment of the condition rather
than just treating symptoms, a disease management
approach has been advocated. One aspect of dis-
ease management is the use of a “HF clinic”. A HF
clinic program can aid in the verification of diag-
nosis, ensure full care planning, facilitate optimiza-
tion of drug therapies, promote changes in lifestyle
and self-management, increase patient and family

understanding of their condition and treatment
options and guide patients toward supportive
resources to promote adherence of the plan of care
and wellness.

Specifically, an HF clinic refers to a nurse-run
and coordinated, algorithm-driven, physician super-
vised, interdisciplinary outpatient model. T'his chap-
ter will provide support for the use of an HF clinic
in the continuum of care. It will focus on compo-
nents inherent in successful start-up and operation.
Then, attention will be given to issues and barriers
impacting clinical success and current limitations in
knowledge of HF clinics.

Why an HF clinic?

There is much evidence to support the use of a
HF clinic in outpatient management. The current
state of HF care, which is epitomized by a cycle of
acute care hospitalizations and acute episodic out-
patient care by a primary or emergency care provider,
has not led to a great improvement in patient qual-
ity of life or prognosis. When patients with decom-
pensated HF were followed after discharge from an
emergency department of a community hospital,
61% returned to the emergency department or were
admitted to the hospital within 3 months and the
median time to failure was 30 days [3]. In a Depart-
ment of Veterans Affairs study of patterns of hospi-
tal and clinic use and risk-adjusted death in 1996,
the cohort of 31,429 patients had a total of 34,907
hospital discharges. The average patient had 14
inpatient days, 67 visits with a primary care physi-
cian, 15 other visits for consultations or tests, and
1-2 emergent care visits during a 12-month period.
The overall adjusted risk adjusted mortality at 5 years
was 64% [4].
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To assess whether survival had improved over
time in a general population of patients with HF
admitted to a Scottish hospital with an HF diagno-
sis, crude case fatality rates in 1986 were compared
to those from 1987 to 1995. For the entire cohort,
fatality rates were 19.9% at 30 days, 44.5% at 1 year,
76.5% at 5 years and 87.6% at 10 years [5]. In this
group of 66,547 patients, the median age of males
and females was 72 and 78 years, respectively and
age had the most powerful effect on survival. Thus
within 30 days and after 30 days post-hospitalization
median survival rates improved in both men and
women from 1987 to 1995 when compared to 1986,
but only modestly (i.e., median 30 day mortality in
1995 declined to 18.6% and 1-year mortality declined
to 42.4%).

Using the same Scottish database, Stewart and
colleagues assessed 16,224 men and 14,842 women
after their first hospitalization for HF in 1991 and
compared their 5-year survival to patients being
admitted for the first time with myocardial infarc-
tion and the four most common types of cancer for
each sex. With the exception of lung cancer, those
hospitalized for HF had the poorest survival (approx-
imately 25% for both sexes) [6]. By comparison,
large, multi-center clinical trial research conducted
in recent years in the United States and Europe has
yielded encouraging short-term survival benefit
and improved quality of life [7]. While HF progno-
sis remains grim despite advances in pharmaco-
logic therapies, there is hope that team management
as recommended by the Cardiovascular Nursing
Council of the American Heart Association (AHA)
[8] will improve survival and enhance functional
capacity and quality of life. A HF clinic that delivers
care by practitioners with HF expertise and uses
an integrated approach to manage the syndrome
based on the current AHA and American College
of Cardiology (ACC) guidelines [7] can potentially
impact prognosis and also decrease the rate of hos-
pital recidivism.

The current state of recommended HF care is
complex. Proven pharmacologic therapies must be
administered to the right patients and at the right
dosage levels. The healthcare provider must juggle
multiple medications and pay close attention to
potential side effects, drug interactions, contraindi-
cations due to comorbidities, drug impact on serum
electrolyte levels, and serum drug levels that might

prove harmful. Many patient factors add to the com-
plexity, such as level of depression, patient under-
standing of the effects and side effects of drugs,
financial constraints, access to a pharmacy, willing-
ness to use therapy when traveling from home,
ability to read labels and follow administration
directions, and ability to open drug containers. In
addition, healthcare providers must keep pace with
advancements that may impact patient subgroups
(minorities, women) or influence polypharmacy
drug interaction. The average community-based
primary care physician may not be able to keep pace
with the latest research findings.

Edep and colleagues characterized physician prac-
tices by survey to learn if there was a difference
in HF management by specialty and how physi-
cians related to guideline recommendations [9].
Researchers found significant differences between
physician groups (general practitioners, internists
and cardiologists) in each of the major guideline
recommendations (evaluation of left ventricular
function, angiotensin converting enzyme (ACE)
inhibitor use, and ACE inhibitor dosages). Cardiol-
ogists reported practices that were more in con-
formity with published guidelines than the other
physician groups. These differences were large and
statistically significant [9]. One rationale for not
using specialty physicians is that inpatient costs
would increase. Harjai et al. compared caregiver
specialty during patient hospitalization for HF to
assess hospital costs, length of stay and in-hospital
mortality. In 614 consecutive patients admitted to a
large teaching center, researchers found no difference
in any of the outcome endpoints and concluded that
specialty care was not more expensive than that
provided by generalists [10].

In an outpatient setting, many HF specialty pro-
grams, conducted by cardiologists, nurses and other
healthcare providers who specialize in the care of
patients with HF and cardiac transplantation, have
reported favorable morbidity outcomes (subsequent
hospitalizations, length of hospital stay, quality of
life, and exercise tolerance) after as little as 3 months
of program implementation. The first published
report of an HF clinic program was in 1983 [11].
Subsequently, reports of programs that offered dif-
ferent combinations of care strategies followed. While
program features differed in each report, two things
were common HF clinic elements: adjustments in
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medical therapy consistent with guideline recom-
mendations and patient support (that was evidenced
in many ways: medication, exercise, nutrition and
lifestyle education classes; written education mate-
rials; vigilance monitoring for adherence to the
plan of care; home care; and telephonic support
initiated by the patient) [12—24]. In a meta-analyses
of comprehensive or multidisciplinary strategies
of support for older patients with chronic HF [25]
and a systematic review of multidisciplinary strate-
gies for patients at high risk for hospital re-admission
[26], pooled data reflected improvements in mor-
tality, hospitalization, cost of care and other clinical
outcomes [25-27]. Specialized HF clinic personnel
are more likely to keep abreast of research-based
advancements and are more likely to follow AHA/
ACC drug recommendations since they are con-
stantly practicing the art and science of HF manage-
ment and develop a greater repertoire of actions
when dealing with the complexities of management.
Ultimately, patients benefit since modulation of
the progression of HF and enhanced quality of
life are associated with drug and medical therapy
optimization.

Nurses usually carry out detailed patient educa-
tion of the complex aspects of HF pathophysiology
and management. Nurses who specialize in the care
of patients with HF have a stronger knowledge base
about important education topics as compared to
nurses with a critical care or medical-surgical
background [28]. This knowledge base may trans-
late into educational messages that lead to improved
patient outcomes. In a randomized trial of post-
hospitalization education and support provided by
knowledgeable cardiac nurses, not only did 1-year
readmission rates decrease by 39% in the interven-
tion group (and not in the control group), but the
combination of 1-year hospitalization or death
also decreased significantly (risk reduction: 31%,
P =0.01) [29].

Numerous reports have provided evidence of
oversights in promoting non-pharmacologic strate-
gies that might prevent hospitalization. Many hos-
pitalizations may be avoided if healthcare providers
frequently reassess variables known to precipitate
decompensation and also promote patient adher-
ence in self-care, self-management (including symp-
tom monitoring), and preventive recommendations.
Issues to be addressed are a failed social support

system; diet, fluid and exercise non-adherence; pre-
mature hospital discharge; inadequate discharge
planning and/or follow-up; failure to seek prompt
medical attention when symptoms emerge or
worsen; lack of understanding of the HF syndrome,
therapy benefits, and actions that can improve out-
comes; and lack of understanding of actions that
cause detriment [30-34]. In a randomized, con-
trolled study of 98 patients with advanced HF
receiving optimal medical care by HF specialty
cardiologists, patients were assigned to routine or
multidisciplinary care. Those assigned to multi-
disciplinary care by a nurse specialist and dietician
had decreased rehospitalization or death 3 months
post-intervention [35]. A HF clinic that uses special-
ized nurses is poised to meet the non-pharmacologic
issues inherent in a chronic, progressive condition
like HE, especially when a multidisciplinary approach
is used, the program includes some aspect of vigi-
lance monitoring, and encourages patients to com-
municate freely and at any time of the day [36].
Why an HF clinic? Specialized HF care physicians,
nurses and other healthcare providers can close the
gap between the state of knowledge concerning
HF, optimized treatments, and delivery of care.
Deficiencies that exist in the traditional care system
can be recognized and overcome through a coor-
dinated approach of prevention, education, and
research-based disease management strategies.

Getting started

Financial and patient outcome successes attributed
to care provided in an HF clinic are based on fac-
tors that must be recognized and attended to in the
planning phase. Questions to think about are listed
in Table 6.1 and include structural, process of care
and reimbursement issues [37,38]. It is important
to know your market (are you the only HF specialty
team in town with expertise?), know what other
care providers offer, understand the level of care
coordination across care settings (are patients trans-
ferred to the appropriate care setting or team as their
HF condition worsens?), and learn the local barriers
that prevent patients from receiving optimized care.

Once preliminary questions are answered and
there is insight in the level of support available, a
multidisciplinary planning team should be brought
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Table 6.1 Questions to ask in the early planning phase and impact of knowledge.

Questions

Impact of knowledge gained

Who is requesting that a HF clinic program be developed?

Who wants it to succeed?

Community primary care providers

Large (general) cardiology practice group
An advanced practice nurse

Hospital administrator(s)

Nursing administrator

Managed care organization

HF specialty physicians

Cardiac rehabilitation specialists
Pharmacist

What does recent patient data of quality indicators of

HF care reflect?

Is left ventricular ejection fraction assessed in every patient?
Are ACE-inhibitors and beta-blockers prescribed to most
patients and at high enough doses?

Is there written evidence of preventive therapies (i.e.,
smoking cessation)?

Is there written evidence of patient understanding in diet,
exercise, weight monitoring, medications and when to notify
the healthcare team of worsening condition?

What are the 7 and 30 day re-hospitalization rates of the
local hospital?

What is the in-hospital and 30 day mortality rates of the
local hospital?

How do hospitalization and mortality rates compare with
other local HF care providers?

How will patients be transferred or referred into the HF clinic?

Are you depending on primary care referrals? Cardiology
referrals? Referrals prior to hospital discharge?

Do the current practitioners have enough HF volume to
offset the cost associated with adding healthcare providers to
meet the needs of the program?

Describe your local HF patient population:

Elderly? Obese? Smokers? More hypertension and diastolic
dysfunction than systolic dysfunction? Comorbidities?
Education level? Literacy level? Insurance coverage?

Are there general economic issues (high unemployment rates;
lack of income)?

Are there general barriers to care (unsafe neighborhood, lack
of local pharmacy, lack of support services-cab or wheels on
meals)?

Those requesting a HF clinic will have overt and
hidden agendas that may impact the focus and
goals of the program and these may be different
than the goals of those who want the program to
succeed (if not one in the same). For example, a
hospital administrator may want to decrease HF
related hospitalizations to improve finances, but
may only want the clinic practitioners to focus on
discharge planning, not comprehensive HF care.

Putting together a HF clinic takes time, effort,

and funding. Prior to initiating a plan of action, it
is important to learn what the current status quo is
so that you can build on specific needs. If recent
quality indicators of HF care reflect optimized
patient data, the clinic may not succeed financially,
especially if the stakeholders are relying on patient
referrals.

If relying on outsiders to provide you with the
required patient volume to break-even financially,
you must be very sure that providers will actually
make referrals to your HF clinic. This requires dis-
cussion and collaboration by the two (or more)
parties prior to program planning.

If primary care providers only plan to refer patients
that are transplant candidates, then your program
may need to have a different focus (i.e., include
advanced HF research protocols) than a program
with a broader patient base.

Knowing your local patient population will prevent
development of actions that patients will not ben-
efit from (i.e., reading level in patient education
materials must meet the abilities of most patients;
if your property manager charges a parking fee or
parking is not readily available near the facility,
patients may cancel appointments).

(Continued)
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Table 6.1 (Continued)

Questions

Impact of knowledge gained

Does the infrastructure support a program that promotes
services across the continuum of care?

Care settings: home care, emergency care, acute

care, critical care, palliative care, subacute care.

* Are AHA/ACC guidelines followed in all care settings?

¢ Is there coordination across care settings if a patient must

be transferred?

Is there clinical expertise in HF across care settings?

Does the infrastructure support a program that treats
patients with any level of HF (functional class I-1V) or

only moderately to severely symptomatic patients?

How much attention should be paid to preventive
strategies; population-based education materials; telephonic
monitoring programs?

Do the partnering physicians follow the AHA/ACC evidence-
based guidelines?

Do the partnering physicians believe that algorithm or guideline-
based care practices can meet many patient care needs?

Can consensus be reached on pharmacologic treatment for dias-
tolic dysfunction since evidence-based guidelines are not available?

If programs are not available across the continuum
of care, it is prudent to create more than an out-
patient program when planning the HF clinic to
ensure optimized care when acute care or special
services are required.

Symptom management, psychosocial needs, educa-
tion, support services and resources can be devel-
oped specifically for the level of severity of HF that
the program is expecting to treat.

Potential process of care issues should be discussed
and agreed upon before implementation. If spe-
cific team members feel the guidelines are too
aggressive or rigid or non-specific, they may not
refer patients to the specialized HF clinic.

Will patients be mainly Medicare fee-for-service only?
Have secondary insurance?
Be in a managed care program?

Is the health insurance market stable in your local environment?

What is the number of hospital discharges per year in DRG 1277
What is the number of ambulatory care visits per year in your

hospital or clinic for ICD-9 code 428.07

How many patients were treated last year in the hospital and

ambulatory setting?

Medicare fee-for-service does not include cardiac
rehabilitation (in patients without coronary artery
disease), education self-care techniques, nutrition
counseling, telemonitoring, or home care unless
home bound.

In a volatile health reimbursement market,
patients may change healthcare providers to meet
reimbursement policies. All of the above can
impact optimization of care.

Is the HF volume in your center (hospital, office or
clinic) large enough to support at least one full-
time clinical nurse specialist or nurse practitioner
with prescription privileges? Hiring a part-time
employee(s) may interrupt services, especially
on-going nurse—patient communication. This may
decrease program benefits.

DRG: discharge related group; ICD: international classification of diseases.

together to shape the program. While a large group
might be unwieldy, itis important that program users
define the program’s scope and overcome issues and
barriers learned from answers to questions posed
in Table 6.1. Then, much of the process work can
be completed through electronic mail or small work
groups. The planning process may take over a year if
all elements are being generated by the team without
the benefit of communicating and collaborating with
groups experienced in developing, implementing and

evaluating a specific multidisciplinary program that
is similar in goals to the proposed model. No matter if
the planning team consults other organizations to
learn from their trials and errors, expect to take a con-
siderable amount of time in discussion with key
stakeholders and potential users of the program.

[tis important to determine who is most likely to
benefit from HF clinic interventions [39]. Identifying
patients most likely to benefit from the program
might be difficult since potential benefits are derived
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from medical interventions that the program advo-
cates, the patient population in need, patient health
plans and available HF resources in the continuum of
care that are beyond the scope of a HF clinic. Riegel
et al. conducted a study to learn which patients would
respond best to a HF disease management program.
Patients were matched on age, comorbidity and
preadmission functional class, then half were given a
disease management intervention and the other half
received usual care. In the investigators primary
analysis, there were no differences between groups in
overall or HF hospitalization rates and total costs at
6 months. However, they found that preadmission
patients in functional class II used less acute care,
leading to a reduction in total costs by 68% compared
to patients in the usual care group. Patients in func-
tional class I preadmission had a 288% increase in
total costs and a 14-fold increase in HF costs [40].

Another factor to consider is the scope of clinic
services. Will the HF clinic focus on patients with sys-
tolic dysfunction alone or include patients with HF
and preserved left ventricular function due to hyper-
tension, post-myocardial infarction, or other factors?
Since restrictive and hypertrophic cardiomyopathy
are less common, planning should include deciding
whether these patients are best served in a formal-
ized HF clinic program or require individualized
physician care. It must be determined whether the
program should focus on treating common comor-
bidities associated with HE such as diabetes, atrial
fibrillation, hypercholesterolemia, and depression.
Finally, the scope regarding routine laboratory mon-
itoring and treatment of serum anti-coagulation
level in patients on warfarin therapy should be
considered.

There are important considerations that are crit-
ical for a successful program, both in start-up and
long-term operation. The single most important
key element to success revolves around personnel:
(1) choosing the right physician champion, (2)
employing specialized, knowledgeable HF nurse(s)
who effectively collaborate with physicians, and (3)
utilizing the skills of a clinical nurse specialist to
initiate and maintain protocols (algorithms) and
actions related to new technology that are consistent
with the ever-changing recommended guidelines
and aid in the optimization of cost-effective care.
Table 6.2 lists qualities and roles of each personnel
type that can benefit a program. For all 3 groups of

personnel, it is important that they are effective com-
municators with administrators, physicians, multi-
disciplinary team members, and patients and have a
background of working closely with patients so that
they understand factors that impact medical care.

Physicians aligned with the HF clinic must be
supportive of the benefits of using an advance prac-
tice nurse caregiver to aid in meeting program goals.
Nurses are integral to the process of care since they
are challenged with providing coordinated and
integrative services as part of any clinical role. In a
HF clinic, their background and education allows
for systems thinking in the context of incorporat-
ing a patient’s values, environment, family, illness
experiences and view of health and wellness into
the plan of care [41]. When nurses recommend
interdisciplinary services, they coordinate activities
around the needs of the patient and family and are
available by phone to adjust the plan of care when
the focus changes from primary prevention to sec-
ondary prevention to tertiary care planning and
end-of-life.

A second element of success centers on the use of
evidence-based guidelines, algorithms and nomo-
grams developed specifically for the HF clinic. These
must be accurate, provide enough detail to be safely
and effectively used by all healthcare providers as
appropriate, include cut-off points or values that set
the limits of independent practice by the nurse
caregiver, and also be simple and easy to use so that
they are not perceived as a burden to caregivers or
do not cause untold complications. Ultimately, an
algorithm-driven program should provide enough
heterogeneity to meet the complexities of patients
with chronic HE, but be specific enough to provide
“best practice”, cost-effective, productive, account-
able care and prevent concerns among physicians
related to medical liability of nurse caregiver actions.
Guidelines should reflect consensus among care-
givers, since they are unlikely to be used when the
content is threatening or opinions vary from the
written plan of care.

A third element to successful clinic start-up and
an important aspect of gaining consensus in the
use of algorithms is education. This can be carried
out by providing all personnel with comprehensive
materials in a three-ring binder and pocket-sized
laminated cards that provide the same content in
a reduced size. Education is also carried out at
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Table 6.2 Personnel qualities and roles in an HF clinic.

Qualitiesiqualifications

Roles

Physician champion
Leader in HF management

Advocate to change other physicians practices

Belief that recommended guidelines are
appropriate and advocates usage

Awareness of benefits of HF nurse caregiver as
team member; understands HF nurse caregiver
capabilities

Litigator; motivator; quality leader; builds
consensus

HF clinic nurse caregiver

Advance practice nurse (nurse practitioner or
clinical nurse specialist) with prescription
privileges; able to coordinate and integrate
discontinuous care

Strong background in managing patients with HF

Experience with computer documentation and
information software programs

Patient advocate

Approves algorithms and guidelines developed for program;
assures validity of content; keeps pace with advances in HF
pharmacotherapeutics

Physician education; consultant to other disease management
programs associated with this clinic

Collaborates with other caregivers to ensure guidelines are fol-
lowed; overcomes barriers to guideline use among team members

Provides support, encouragement; acts as consultant; communi-
cates benefits of nursing role; promotes autonomous actions as
appropriate to nursing degree/license, background, certification(s)

Lead quality assurance or performance improvement initiatives;
provide feedback at annual performance appraisal; mitigate
conflicts, discuss problems or questions; provide feedback to
team members

Provide direct billable care that includes primary/secondary ather-
osclerosis prevention strategies; medication changes that pro-
mote therapeutic dosing; diagnostic testing and interpretation;
routine follow-up care and emergent care when symptoms worsen

Consults with primary care physician; facilitates consultation/
referrals with specialists, admitting physician, other multidiscipli-
nary care providers; keeps current in literature, especially medical
care knowledge

Enter data into database for quality initiatives and outcomes
analysis; assists in measuring program and patient outcomes

Assessment of patient psychosocial status and placement in
appropriate programs to meet needs; patient education; vigilance
monitoring for adherence to the plan of care

Clinical nurse specialist (masters prepared nurse with HF specialty)

Project development

Educator

Consultant

Program maintenance

Research

Program planning: task force point person; learn costs associated
with current care; works within administrative rules; develops
care management algorithms based on current guidelines; develops
budget, data collection variables for outcomes analysis, nurse care-
giver key job roles, paperwork to facilitate day-to-day operations

Educate nurse caregiver(s) in program plan and algorithm/
guidelines; ongoing education for self and nurse caregiver(s)
by article review, in-services, formal education

Coordinates and participates in site visits, telephone consultation
(patient and organization), and education workshops for
outside organizations; develops, initiates, manages or oversees
continuum of care programs

Revise algorithms and guidelines to keep pace with recom-
mended guidelines; develop new guidelines as needed; assess
program quality; promote effective operations

Use database to answer questions related to program effective-
ness; develop prospective research questions and protocols; facili-
tate new technology or systems that promote time efficiencies
and optimal patient outcomes
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monthly meetings with staff, nurses and other key
personnel. At meetings, key components of the
program can be reinforced, new additions or changes
can be reviewed and individuals can provide feed-
back on process or quality issues.

It is important to understand that organizational
systems that are directly associated with the HF clinic
may be inadequate to support the processes needed.
During the development phase of the HF clinic,
processes might require revision to facilitate the new
plans of care. For example, a program-specific order
sheet or care pathway that encourages patient transfer
directly from the HF clinic to another setting when
emergent, acute, subacute or pa]]iative care is recom-
mended must be associated with transfer procedures
and forms devised to assist patients in recording
daily weight and sodium and fluid intake for self-
assessment must be associated with the education
plan. The HF clinic may benefit from the purchase
of new equipment; such as a waiting room TV with
videotape machine, a computer with Internet access
for HF education programs, point of care serum
B-type natriuretic peptide testing equipment or a
biothoracic impedance hemodynamic monitor that
can be used in patient assessment.

A fifth element to success revolves around the
notion that the HF clinic is one program in the
continuum of HF care and should not be devel-
oped in isolation from other HF services or care
areas. Systemization of processes among care teams
and departments improves quality of care and
leads to better long-term outcomes. When patients
require emergent care, if is beneficial to utilize a
facility in which emergency physicians treat the HF
syndrome using protocols developed specifically to
optimize HF diagnosis and treatment and not just
manage the symptoms of decompensation. An
aggressive emergency department short-stay unit
program decreased early hospital recidivism in
patients who were discharged from the short-stay
unit to home [42]. Formalized home-based HF
programs have not only decreased the frequency of
unplanned hospitalizations and out-of-hospital
mortality within 6 months of discharge but bene-
fits persisted over a 4-year period, thus, decreasing
costs [43,44]. The development of an inpatient
management program led one group to demonstrate
improvements in core HF drug use, daily weight
compliance, left ventricular function assessment,

hospital costs and hospital length of stay [45]. Some
continuum of care programs are depicted in Figure
6.1. When utilized to meet individual patient and
general program needs, they promote close follow-
up, timely interventions and aggressive effective care.
While hospital or site-specific personnel can develop
these HF programs independently, a well-conceived
program requires HF expertise and collaboration.

Additionally, the collaborative effort between the
team implementing the program and the HF spe-
cialty team must be maintained over time to ensure
on-going proven efficacious therapies, since it is not
expected that generalists in acute, palliative, sub-
acute, home, emergency or other care settings will
keep abreast of complex HF therapies. It is possible
to have one advanced practice nurse to carry out a
dual role of HF clinic nurse caregiver and disease
management programs coordinator; however, nur-
turing and maintaining multiple programs require
intermittent but regular visibility; regular review
of protocols, algorithms and patient educational
materials; staff educational inservices and quality
improvement consultation. Separating the roles and
duties will not only increase nurse visibility in the
HF clinic, thereby augmenting revenue, but will also
increase visibility and extend communication among
other teams that provide HF services.

Before implementation: what's
next?

Prior to start-up of HF clinic operations, resources
and protocols must be established to track specitfic
patient and clinical outcomes, support patient self-
management, facilitate adherence to the plan of care,
streamline the process of vigilance monitoring,
and promote multidisciplinary services. The devel-
opment of the aforementioned systems might take
time and be expensive depending on the complex-
ity and resources chosen to carry out the plan.
Data collection and analysis of patient variables
over time is important if there is a need to justify
program expenses, ensure the program meets pre-set
clinical goals, grow the market (through advertising
or promotion), or show evidence of specific qual-
ity patient outcomes. While it is a noble idea to col-
lect data on demographics, personal and family
history, diagnostic tests, quality of life measures,
symptoms, functional class, pharmacotherapeutics,
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Acute Care
Program

o Admitting and
discharge order
sheets
+ RN-mediated
K+/Mg++

Cardiac Transplant
nomograms

(Pre/Post follow-up)
and HF Research
Programs
(drugs, devices,
psychosocial,
quality of life and
outcomes)

HF
Electrophysiology
Program

o CRT/ICD devices

» Assess data from
internal monitor

» Arrhythmia therapy

HF ICU Program

» Physician orders

+ RN-mediated
medication algorithms
(intravenous and oral)

¢ CCP (for health
care team and
patients)

HF Care

Specialized Home
Care Program
¢ Protocol driven
assessment and
care includes
RN-mediated
exercise, education
and follow-up

materials

information

guidelines

effectiveness

All programs include:
o Patient education-written

e Heart center hotline for
e Care based on AHA/ACC
e Regular nurse and physician

education and updates to
enhance program

Emergency Care
Program

» Physician orders

+ RN-mediated
medication and
care algorithms

«CCP

Nurse-on-Call
Program
» 24/7 RN-mediated
care available based
on written protocols

Palliative Care
Program

» Physician orders
(in- and outpatient)

*CCP

* RN-mediated

medication

algorithm for

worsening

congestive HF

Figure 6.1 Continuum of care programs.

HF Clinic-Outpatient
Program

» Advance practice
nurses provide
comprehensive care
(physician supervised)

» Medication and
care algorithms

¢ CCP

Subacute
Care Program

» Physician orders

«CCP

* Emphasis on
physical/cardiac
rehabilitation; diuretic
therapy optimization

and up-titration

of ACE-inhibitor

CCP: coordinated care pathway; CRT: cardiac resynchronization therapy; ICD: implantable cardioverter/defibrillator;

RN: registered nurse.

hospitalization, office and emergency care visits, etc.
over time; collection of data elements (and entry
into a computer database) distances the nurse care-
giver from patients, thereby decreasing patient
access to the program and potential revenue. In
addition, there may be data management costs and
institutional review board paperwork associated
with creating a useable database that can support
analysis of data at many levels as well as data cleaning

prior to analysis. A statistician may need to be
employed every time questions are generated. In an
effort to maintain a high level of clinical availability
for the nurse caregiver, it is important to carefully
determine exactly what variables are important to
collect, simplify the data collection process (espe-
cially in regard to surveys that address psychosocial
variables and quality of life) and then determine
if current computer billing or medical record
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documentation systems can support much of (or
all of) the program’s data collection needs.

Prior to implementation, self-management direc-
tives need to be agreed upon by the team and then
resources must be created to guide and motivate
the patient and family toward behavior change.
Decisions might include determining whether to
have a standard or individualized response to weight
gain (when to notify the team, taking extra diuret-
ics, using fluid restriction or limiting the diet restric-
tions to a greater degree) or developing systems to
enhance a patient’s self-efficacy for carrying out spe-
cific behaviors. Plans to promote self-management
may be relatively inexpensive to prepare (i.e., edu-
cation materials) while others take longer to plan
and implement and utilize more resources (ie.,
home care, telephonic or web communication or
support/education group). Ultimately, the best plans
are those that have a high patient participation
level and in which the ratio of cost to benefit is
maximized. Again, if implementation and/or pro-
gram evaluation plans involve using the nurse
caregiver’s time, then HF clinic activities will be
compromised and program revenue will decline.

Facilitating adherence to the plan of care is no
easy task since a ‘one size fits all” approach will not
work. Adherence is impacted by physical, economic,
social, cultural, and psychological support. In addi-
tion, adherence can be strengthened or hindered by
a patient’s or family’s self-confidence in carrying
out desired behaviors, self-esteem and understand-
ing of education that specifies the importance of
carrying out specific behaviors and actions. In order
for the nurse to advocate on the patient’s behalf,
the clinic visit must be long enough to allow time
for communication. A 1-h initial visit and 30-min
subsequent visits are needed to carry out usual
clinic activities of physical exam and subjective
patient assessment, assessment of effectiveness of
current therapies, implementation of the plan of
care, and provision of education. During the visit
period, the nurse must also make time to re-assess
patient education needs, learn about strengths and
weaknesses in the patient’s support system and
then use interdisciplinary resources to promote or
improve adherence.

Repetition in communicating education infor-
mation is important and patients must understand
the impact of their actions on outcome. In a study

to learn the factors that influenced knowledge
and adherence of self-care in patients with HE,
researchers conducted a needs assessment survey in
113 patients. While two-thirds of patients reported
receiving information about self-care, only 14% of
survey responders said they knew “a lot” and 37%
said they knew “little to nothing”. In addition, 40%
of responders did not recognize the importance of
limiting salt or weighing themselves [46]. Interest-
ingly, longer duration of HF did not lead to a higher
knowledge score. Patients had higher knowledge if
they were hospitalized in the last year or if they
received both information and advice about self-
care from a doctor and a nurse [46]. These results are
a reminder that knowledge does not equal adher-
ence! In addition, the results might reflect that
patients who perceive their HF condition to be “seri-
ous” (i.e., due to hospitalization) may be more open
to receiving knowledge and carrying our self-care.
Future research is needed to learn if there is a link
between perceived seriousness of the HF condition
and adherence to the plan of care.

Vigilance monitoring is used in many outpa-
tient programs and comes in many forms. Frequent
nurse-initiated telephone contact, computer com-
munication and other means are available to assist
or push patients toward carrying out appropriate
behaviors. Constant two-way communication that
reflects on-going support, especially in patients
who are socially isolated due to age or physical dis-
ability, promotes desired outcomes. Unfortunately,
the “best” form of vigilance monitoring is unknown
since published reports use a variety of monitoring
systems and monitoring is usually one of many
interventions in a study. It is known however, that
trials employing telephone contact to improve
coordination of primary care services failed to find
beneficial effects [47]. It is unknown if studies con-
ducted with HF specialty teams would lead to the
same results.

As discussed with data collection, on-going
program development, self-management directives
and vigilance monitoring are time intensive, espe-
cially if nurse-initiated or nurse-mediated. In addi-
tion, the patient becomes reliant on the nurse’s advice
and request for information and may not internal-
ize behaviors without on-going support. One way
to provide monitoring but not impact the nurses’
clinic schedule to a great degree is to have a 1-800
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telephone contact number for patients to call in
their issues, questions, requests for advice or requests
for a change in the plan of care. In this way, the
patient learns to recognize important symptoms
or changes reflecting worsening of condition and
actively intervenes, hopefully in the early stage.
Future research is needed to learn what systems
work best or if any system is good as long as patient
contact is regular and meaningful.

Finally, multidisciplinary services can be incor-
porated into the program in a direct or indirect
manner. When social work, nutrition, palliative care,
pharmacy, cardiac rehabilitation or other service
providers offer a formalized training program, a
request should be made to use their services on a reg-
ular basis in the HF clinic. Having a multidisciplinary
presence in the clinic on a regular basis not only pro-
vides valuable resources for patients but also acts as a
great clinical opportunity for the person in training.
For HF clinics that cannot support on-site multidisci-
plinary personnel, services are more likely to be uti-
lized by patients when mechanisms are putin place to
facilitate timely patient assessment and intervention
without requiring patients to travel a long distance or
be inconvenienced to a great degree. Keeping a list of
department contact people and phone numbers at
close hand may assist in the consultation process. In
addition, on-going communication with task force
members maintains program enthusiasm and dimin-
ishes inefficiencies in daily operations.

Barriers impacting HF clinic
success

A HF clinic will be viable over a long period of
time only if the healthcare community supports it.
There are many reasons why the phrase “if you
build it, patients will come” does not hold true when
implementing a HF clinic program. Table 6.3 lists
specific post-implementation issues and perceived
barriers that impact physician acceptance [48,49].
While the perceived barriers to sending patients
for care in a HF clinic listed in Table 6.3 are false
(with the exception of potential lack of survival
benefit), perceptions of healthcare providers are
often difficult to change. Healthcare team members
must be willing to be educated and to make changes
in standard processes of care. Even when physicians

verbalize benefits of sending patients to a HF clinic;
such as, limited time for patient education and
monitoring, little confidence in their knowledge
about the complexities of HF management and
lack of financial incentive to start their own HF
clinic program, the physician champion and other
physician supporters must provide formal educa-
tion in the following areas to achieve external suc-
cess: (a) current quality data that reflects specific
problems with traditional care system, (b) how the
HF clinic works, and (¢) how the HF clinic will ben-
efit both patients and physicians who use the serv-
ice. This is a daunting task since physicians may not
have the time to provide or attend more than a few
educational programs and may have even less time
to meet individually with the HF clinic team to
receive firsthand experiences of issues and barriers
that limit success.

Overcoming barriers

As already mentioned, it is difficult to change
ingrained perceptions without spending time, effort
and cost in on-going education, mentoring, and
consultation services. Another option in gaining
patient volume is to directly target patients and
their families. This can be achieved through direct
marketing by offering a seminar and lunch pro-
gram on HF to the public. To advertise for the pro-
gram, an announcement can be placed in a local
newspaper or a brochure can be mailed to homes
of people who are known in the community to be
on a certain drug regime (i.e., beta-blockers + ACE
inhibitors + diuretic). Another option is to have
large posters made that can be placed on an easel or
hung in a prominent place in the hallway, lobby,
elevator of the local hospital(s), medical office, etc.,
associated with the program. In addition, one-page
handouts, wallet cards or refrigerator magnets can
be placed in central meeting areas of local hospi-
tal(s) (i.e., individual floor waiting rooms, cafete-
ria) that contain key contact information.
“Continuum of care” programs offer another
avenue of referrals to a HF clinic. Case managers,
social workers and other multidisciplinary service
personnel can recommend the program when they
consult with patients. In addition, it is possible to
proactively gain patient volume by incorporating
HF clinic personnel services in a continuum of care
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Table 6.3 Issues and barriers to success once implemented.

Slow to gain acceptance due to

Perceived barriers

Use of algorithms, guidelines and pathways

Use of nurses

Lack of provider understanding of which HF
patients to refer, when to refer patients and why
to refer patients to the program

Political/Financial constraints

Patient and physician beliefs

Not all cardiologists and internal medicine practitioners are true
believers in a systematized process:

Decreased ability to risk stratify patients
(cookbook medicine)

Resistance to standardization of care

Oversimplification of protocols in patients with complex
comorbidities

Doubt the benefit of this approach; especially if research trial
patient demographics vary significantly from patient popula-
tion being served

Physicians do not understand the capabilities or know the
training of an advance practice nurse

Physicians do not want to give up care to a nurse

Physicians enjoy hands on practice and/or want to control
decision-making

Supervising physician has a fear of miscommunication or
believes there will be a lack of communication and consulta-
tion regarding patient care issues

Patient satisfaction will decrease

Fear of legal liability

Physicians think that HF specialty referrals (and therefore a HF
clinic) are for patients with an advanced condition requiring
transplant evaluation or research protocols

Physicians believe that it is not the right time to refer if asymp-
tomatic or only mild symptoms, if elderly or if patient/family
does not make a request for new or aggressive therapeutic
options

Patients with HF have a primary diagnosis when entering the
healthcare system that is not decompensated HF (i.e., new
onset atrial fibrillation or pneumonia)

Physicians believe they are optimizing care and do not need to
utilize a specialty program

After consultation in a HF clinic, the patient will be lost to
internal medicine or general cardiology follow-up

Lack of documented patient care updates to facilitate coordi-
nation of care between teams

Fear that patient will be angry when billed for physician
services but not treated by a physician

Fear that cost of care will increase and simultaneously, the
patient will not see immediate benefits, causing unease in the
physician—patient relationship

Insurance carrier will not pay for specialty services or more
aggressive therapies

Fear of increased admissions (especially in a managed care
market)

Patients believe HF comes and goes (with symptoms) and
cannot understand necessity for expensive polypharmacy and
lifestyle changes

Patients do not understand the seriousness of HF and do not
request a second opinion or specialty services
(Continued)



(RN

Managing a heart failure clinic

Table 6.3 (Continued)

Slow to gain acceptance due to

Perceived barriers

Physicians believe a patient who is non-compliant will not
benefit from program

Physicians may have ingrained beliefs about specific therapies
and do not want to use ”“proven therapies” (i.e., promoting
rest instead of exercise, not initiating beta-blocker therapy in
functional class | or IV patients or continued use of non-
steroidal anti-inflammatory agents when a patient became
fluid overloaded after initiating)

Physicians do not see survival benefits (and therefore do not

place value on the service)

program. For example, whenever a patient arrives
at the local Emergency Department and does not
have a primary physician who is associated with
that hospital, an automatic referral can be made to
a HF specialist to meet and consult on that patient’s
care. Before discharge from the Emergency Depart-
ment, it would be expected that the physician—
patient evaluation would take place. This evaluation
gives continuity of follow-up care; ensures that
patients who are candidates for cardiac arrhythmia
and dyssynchrony devices, cardiac transplantation,
or research protocols have the opportunity to
receive services; and promotes optimization of med-
ication therapies while the patient is still in the
hospital [50].

Report card

Many reports of HF management models have led
the Cardiovascular Roundtable, a subgroup of the
Advisory Board Company members (administrators
in approximately 2000 hospitals and healthcare set-
tings in the United States), to focus on gathering
data and publishing studies on progressive HF man-
agement and clinical practices. After an intensive
review of specific nurse-led, cardiologist-led and
case manager programs, they graded nurse-led clinic
programs a B+ (effective) and cardiologist-led pro-
grams an A (very effective) on a A—C grading scale,
based on the criteria listed in Table 6.4 [51,52].
Many cardiologist-led programs use nurses and
other multidisciplinary team caregivers to provide
expert clinical management, structured follow-up
and intensive education (similar to what has been
described in this chapter); thus, a cardiologist-led

management model can augment care services
beyond the traditional care approach and effectively
achieve improved outcomes.

Limitations

There are limitations in HF clinic program research
that might impact the beneficial outcomes seen in
many studies. Programs have not been powered to
study mortality as an endpoint [53]. Many programs
use a non-randomized, pre—post-intervention design
and even when patients were randomly assigned
to traditional care or disease management, some
researchers had carefully selected criteria for inclu-
sion, thereby limiting the intervention to those most
likely to benefit [54]. When the patient is entered
after hospitalization (no matter the assigned group),
the reduction in hospitalizations and cost data post-
intervention may be inflated. A better approach
would be to develop a research protocol that allows
post-hospitalization and ambulatory patients to
receive the care provided in a HF clinic, then study
all-comers. Many of the trials had a small sample
size and selection bias (most caregivers were cardi-
ologists, not internal medicine practitioners; patients
generally had advanced HF; and minorities and
women were not well represented), and only reported
finding after the first 3- or 6-month post-
intervention. Results from reports in the literature
are confined to patients who had multiple visits and
generally chose to partake and follow the plan of care.
Many patients choose not to adhere to scheduled
follow-up or to medication and lifestyle recommen-
dations in a program that is not a structured clinical
trial. In addition, it is still unknown if a HF clinic,
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Table 6.4 Cardiovascular roundtable grading matrix for nurse-led HF programs.

Grade
Criteria Nurse-led Cardiologist-led
1 Optimizes medical care A— A+
2 Reduces emergency department and hospital utilization A A+
3 Attracts physician buy-in and referrals B— A+
4 Promotes patient self-management A
5 Creates hospital revenue opportunities B B+
6 Impacts payer bottom line C+
Overall grade B+ A

Note: Grades developed after interviews with programs and dissemination of data provided from program sites.

Grading score: A, very effective; B, effective; C, somewhat effective.

led by HF nurse specialists but supervised by gen-
eral internists or primary care physicians would have
the same impact as the programs supervised by HF
specialty cardiologists.

A HF clinic as described in this chapter is
reliant on a specially trained HF nurse who not
only understands how to medically manage the HF
condition based on AHA/ACC management guide-
lines, educate patients at their level of understand-
ing and collaborate with others to optimize patient
functioning, but is also able to independently carry
out actions that reflect the above. The nurse must be
comfortable with decision-making and take respon-
sibility for making changes in the plan of care. An
assertive approach, especially when the supervising
physician does not show interest in following the
recommended management guidelines, requires an
open, honest physician—nurse relationship with
healthy discussions and negotiations in care plan-
ning and actions. Most HF clinic research reports
did not adequately describe the nurse’s background
except that they worked for a cardiologist service.
The results of these studies may not be generaliz-
able to different HF programs, especially when nurse
suggestions for optimized care based on current
evidence are abandoned by their cardiologist pre-
ceptor. Examples would be choosing to withhold
ACE-inhibitor therapy in the elderly or in those with
a baseline serum creatinine greater than 1.8 mg/dL
but under 2.5mg/dL, or choosing to administer
intravenous outpatient inotropic or vasodilator
infusions in patients whose oral therapies are not
optimized.

In summary, most studies have concluded that HF
clinics were effective in achieving endpoints under
study, especially when the focus was multidiscipli-
nary and utilized evidence-based practices. If
programs can continuously attain recommended
treatment goals and maintain patient changes over
a long time period, the burden of poor prognosis
and quality of life might be diminished. In addi-
tion, by attending to traditional risk factors for
cardiovascular disease (sedentary lifestyle, smok-
ing, obesity, hyperlipidemia, hypertension), HF
clinic programs might reduce cardiovascular mor-
tality, improve functional capacity and reduce the
risk of myocardial ischemia and infarction.
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CHAPTER 7

Novel imaging technologies for
heart failure patients

Richard D. White

Introduction

With the growing epidemic of heart failure within
the aging population of the western world, cardio-
vascular physicians will be contending more and
more with generally increasingly complex problems
in generally older patients. In the future, advanced
cardiac imaging modalities should offer support to
heart failure specialists in their efforts to fully under-
stand the nature and extent of disease causing heart
failure, to optimize and monitor eftects of their med-
ical treatment for it, and judiciously apply cardiac
catheter-based or surgical interventions when most
appropriate in their patients.

MRI and MDCT scanning:
attributes and limitations

Magnetic resonance imaging

Attributes

Use of magnetic resonance imaging (MRI) for assess-
ing the cardiovascular system has gradually become
more widespread over the past two decades [1]. For
imaging the heart, MRI has several well-recognized
advantages over other imaging modalities. Unlike
other imaging modalities, including cardiac multi-
detector computed tomography (MDCT), MRI car-
ries with it no risk to the patient related to exposure to
either ionizing radiation or iodinated contrast mate-
rials. In addition, MRI has well-established dynamic
imaging capabilities for the assessment of global
chamber function, tissue perfusion, regional myocar-
dial mechanics, and blood flow [1-5]. Capabilities for
myocardial characterization were greatly improved
with the introduction of the delayed-enhancement

MRI (DE-MRI) technique, requiring injection of a
non-iodine-based contrast agent (e.g. Gadolinium-
DTPA) [6]. With DE-MRI, acute myocardial necrosis
or remote myocardial scarring is clearly depicted as
high intensity (bright appearing) and, consequently,
is easily disringuishable frorn both norrnal aued vinble
ischemic areas (dark appearing) [7].

When static “dark-blood” imaging and dynamic
“bright-blood™ (cine) imaging (for overall morpho-
logic, systolic and diastolic assessment, ventricular
volumetric analysis, evaluation of regional ventri-
cular wall thickening, and detection and grading of
valve dysfunction), first-pass perfusion imaging with
bolus administration of MRI contrast agents (for dif-
ferentiation between preserved versus delayed versus
negligible myccardial pertusion), dvnamic myocar-
dial grid-tag imaging (for assessment of left ventricle
(LV) myocardial mechanics), velocity phase mapping
(for measurement of forward bulk flow from versus
reverse bulk flow into the ventricles over the cardiac
cvele) and DE-MRI (for evaluation of the regional
pattern and extent of myocardial necrosis or scar-
ring) are combined into a single examination, a com-
prehensive assessment of peri-cardiac and cardiac
anatomy, cardiac function, and myocardial viability
can be performed with or without physiologically or
pharmacologically induced stress [1,8-10].

Limitations

The application of cardiovascular MRI remains
limited primarily by well-recognized contra-
indications that are commonly found in patients
with heart failure; these include implanted active
permanent pacemakers or defibrillators or retained
components of either, due to their potential to
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become dysfunctional and/or unwanted conductors
(e.g. induction of ectopy or heating capable of burn-
ing) with the rapidly changing magnetic and radio-
frequency environments during the imaging process
[1,11]. In addition, the presence of ventricular assist
devices precludes the performance of cardiac MRI for
various reasons, including the risk of magnetic attrac-
tion. Due to similar MRI safety concerns, limitations
of basic life-support and physiologic-monitoring
equipment in the region of the MRI scanner are con-
siderable. Although frequently encountered, patient
claustrophobia can almost always be effectively
relieved with anxiolytic therapy [1].

MDCT scanning

Attributes

Widespread utilization of computed tomography
(CT) for cardiac imaging had in the past been lim-
ited by the need for specialized equipment, in par-
ticular electron-beam CT [12]. With the advent of
MDCT technology [13], however, true 3-dimensional
sub-second electrocardiographically (ECG) gated
imaging of the heart became feasible [14]. As a
result, motion (cardiac and respiratory) free imag-
ing of the cardiac chambers, valves, coronary vessels,
and surrounding tissues (e.g. pericardium) over an
extended range could be accomplished with helical
ECG-gated MDCT within a breath-hold period.
While the primary expression of ECG-gated MDCT
has been static 2-dimensional or 3-dimensional
displays for morphologic assessment [14,15], multi-
phasic reconstructions of the same data for cine
imaging (e.g. for ventricular volumetric analysis) is
now possible [16,17].

Initial clinical experience at large cardiac centers
indicates that for morphologic assessment of cardiac
disease, contrast-enhanced ECG-gated MDCT is
comparable-to-superior to MRI from the stand-
point of information supplied, especially pertaining
to coronary artery abnormalities [18-20]; it is clearly
superior from the standpoint of ease and expedience
of performance. Of course, application of ECG-gated
MDCT does not suffer from the aforementioned
contra-indications commonly confronting MRI in
routine clinical cardiac imaging.

Limitations
Unlike MRI, contrast-enhanced ECG-gated MDCT
requires the patient to be exposed to the risks from

X-rays (e.g. ionizing effects of radiation) and usu-
ally from iodinated contrast materials (e.g. possible
allergic reaction or renal insufficiency). Never-
theless, with proper screening (e.g. denial of con-
trast for creatinine levels >1.5g/dL or substitution
of Gadolinium-DTPA) [21] or pre-treatment (e.g.
steroid therapy for known allergy), almost all compli-
cations from contrast administration can be avoided.

MRI and MDCT scanning:
applications to heart failure

Non-ischemic heart disease
Causes of primarily diastolic heart failure
Factors extrinsic to the myocardium (e.g. pericar-
dial disease) or intrinsic to the myocardium (e.g.
infiltrative disease) may lead to the development of
heart failure characterized by diastolic dysfunction
[22]. The differentiation between primarily dias-
tolic heart failure and primarily systolic heart fail-
ure, moreover the distinction between causes of
diastolic dysfunction, cannot reliably accomplished
based on physical examination [23]. Consequently,
patients with suspected diastolic heart failure can
benefit greatly from the use of MRI and/or ECG-
gated MDCT, with enhanced decisions regarding
their medical versus surgical management, and if
surgery is warranted, regarding the procedure
needed (e.g. pericardiectomy for constrictive peri-
carditis or cardiac transplantation for end-stage
restrictive disease). Both imaging modalities can
overcome the limitations of trans-thoracic echo-
cardiography (TTE) and trans-esophageal echo-
cardiography (TEE) in directly visualizing the entire
pericardium in patients with constrictive pericardi-
tis as the cause of diastolic heart failure. The char-
acteristic conical/tubular deformation of the LV
and right ventricle (RV) due to the surrounding
abnormally constricting pericardium, along with
the associated bilateral atrial dilation and venous
distention (vena cavae and pulmonary veins), can
be easily detected using MRI and/or ECG-gated
MDCT for reliable diagnosis of constrictive peri-
carditis [1,24,25]. ECG-gated MDCT has the advan-
tage over MRI of clearly defining the extent of
pericardial calcification [26-29].

Dynamic MRI facilitates the important assess-
ment of ventricular filling patterns and pericardial
surface interactions. Cine imaging can reveal the
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late-diastolic abrupt limitation to ventricular filling
due to the surrounding abnormal pericardium in
constrictive pericarditis and a diastolic septal
“bounce” due to the rapid equalization of ventricular
pressures [1,25,29,30]. Dynamic grid-tag imaging
can demonstrate tethering of the visceral peri-
cardium on the epicardial surface with the parietal
pericardium due to adhesive components which may
cause impaired systolic function of the RV and/or LV,
mimicking restrictive cardiomyopathy [1].

Accordingly, MRI and/or ECG-gated MDCT can
be used to exclude the presence of hemodynamically
significant pericardial disease in patients presenting
with heart failure primarily due to diastolic dys-
function [22,23]. Characteristic findings of restric-
tive cardiomyopathy, such as abnormally thickened
ventricular myocardium, atrial dilation, venous dis-
tention, and/or fluid collections (ascites, pleural
effusions) can be easily detected using either imag-
ing modality [1,24,25,31,32]. Again, dynamic MRI
permits the appreciation of abnormally prolonged
(earlier phase) or rapid but abruptly terminated
(later phase) patterns of ventricular filling due to
stages of restrictive pathophysiology [1,22,23]. MRI
has the added advantage over ECG-gated MDCT of
being capable of detecting other associated func-
tional abnormalities (e.g. systolic dysfunction, atri-
oventricular valve regurgitation) [1,25], and is more
comprehensive in aiding the identification of the
cause of restrictive disease (e.g. hypertropic obstruc-
tive cardiomyopathy, infiltrative disease) [31,32].

When used in combination with TTE or TEE
assessment of intra-cardiac hemodynamics, MRI
and/or ECG-gated MDCT provide valuable mor-
phologic or functional information leading to more
optimal identification of patients with constrictive
pericarditis, their differentiation from patients with
restrictive cardiomyopathy, and selection and plan-
ning of surgical approaches (i.e. global pericardial
involvement versus primarily affecting one peri-
cardial region for selecting anterior versus lateral
pericardiectomy approach). Consequently, the pre-
operative evaluation may remain entirely non-
invasive, precluding the need for right-heart
catheterization.

Causes of primarily systolic heart failure
While TTE and TEE are important in evaluating
patients with primary systolic heart failure, even

3-dimensional forms of echocardiography may be
unable to fully evaluate a markedly dilated LV
chamber, including all portions of its cavity and
wall. Consequently, the extent of cavity dilation or
abnormal wall morphology (e.g. thinning or adher-
ent mural thrombus) may not be appreciated. The
role of TTE and TEE may then be relegated to the
evaluation or the mitral and aortic valve and to
basic assessments of global ventricular function.

MRI and ECG-gated MDCT can image the heart
with large fields of view, unlimited by acoustic win-
dows. Therefore, both provide the basis for com-
plete 3-dimensional quantitative assessments of
the LV for volumes and function without the need
for geometric assumptions [1,33]. MRI remains
the more established of the two imaging modalities
in this pursuit, with proven high reproducibility
[1,34-36].

Cine MR, in particular, has been shown to be
useful in the evaluation of patients with dilated
cardiomyopathy. This technique has been validated
for the quantification of cavity volumes and ejec-
tion fractions of the LV and RV, LV mass, LV wall
stress, and associated atrioventricular valve regur-
gitation [1,2,35,37-39]. It has been shown using
cine MRI that, despite increase in LV mass due to
eccentric hypertrophy, peak and end-systolic wall
stress are significantly increased in patients with
dilated cardiomyopathy [2,38]. Due to these capa-
bilities, cine MRI has been used to monitor positive
responses of LV volumes, ejection fraction, and wall
stress to medical therapy [40].

Regional systolic function in dilated cardiomy-
opathy has been assessed using dynamic MRI. Loss
in the normal increasing gradient of wall thicken-
ing from base to apex has been demonstrated using
short-axis cine MRI [2]. On the other hand, the
normal inverse relationship between regional ejec-
tion fraction and end-systolic wall stress from base
to apex was shown to be maintained in dilated car-
diomyopathy, although end-systolic wall stress was
found to be higher than normal at all levels [41].
Dynamic myocardial grid-tag imaging has been
used to estimate the extent of fiber and cross-fiber
shortening in the LV in patients with dilated car-
diomyopathy compared to normals; although the
normal transition in fiber orientation and depen-
dence on cross-fiber shortening in the endo-
cardium was found to be maintained in dilated
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cardiomyopathy, fiber shortening was found to be
markedly reduced [42].

In patients with dilated cardiomyopathy and stud-
ied with dynamic MRI before and following partial
left ventriculectomy, the beneficial effects on clinical
outcome of the presence of baseline septal stretch-
ing (positive strain) followed by post-surgical con-
traction (negative strain) on myocardial grid-tag
imaging, suggesting a “contractile reserve’, was
demonstrated [43]. Again using dynamic myocardial
grid-tag imaging, further reduction in the already
impaired baseline LV twist after partial left ven-
triculectomy was shown, indicating that improved
LV function was not reflective of improvement in
this measure of myocardial mechanics [44].

On dynamic myocardial grid-tag imaging, baseline
abnormal regional myocardial strains (e.g. reduced
circumferential shortening and abnormally directed
increased short-axis lengthening) in severe mitral
regurgitation without evidence of dilated cardiomy-
opathy (e.g. normal LV ejection fraction) have been
shown to persist after mitral valve repair [45].

Recently, the ability of DE-MRI to identify
patterns of myocardial scarring characteristic of
non-ischemic causes (e.g. myocarditis) of dilated
cardiomyopathy has been recognized [46,47].

Ischemic heart disease

Cardiac consequences of myocardial
infarction

Aswith non-ischemic heart disease, LV volumes and
ejection fraction can be accurately measured in the
setting of ischemic heart disease using MRI and/or
ECG-gated MDCT, with the aforementioned relative
advantages and disadvantages; this becomes partic-
ularly useful in patients with heart failure due to
chronic ischemic heart disease (CIHD) [1,10,48-50].
Both global and regional LV wall thinning and dys-
function due to CIHD can be assessed using these
imaging modalities [1,16,17, 51,52]. As well as
dimensions, the characteristic location and con-
figuration of a post-myocardial infarction (MI)
aneurysm (typically antero-apical and broad based)
[1,10,49] or pseudo-aneurysm (typically inferior
and narrow necked) [1,53,54] of the LV can be eas-
ily delineated using either MRI and/or ECG-gated
MDCT. Both complications predispose to intra-
cavitary LV thrombus formation which can be
detected by either imaging modality [1,10,53-56].

Mitral regurgitation due to ischemic changes
affecting the LV can be semi-quantitatively assessed
in a manner similar to that of TTE and TEE based
on jet appearance [1,10,57] or quantitated volu-
metrically based on cine series and velocity phase
maps [1,10,58].

Improved regional function following post-MI
LV antero-apical aneurysmectomy has been demon-
strated (Figure 7.1). Lengthening strain (representing
ability of LV to thicken) increased significantly in
the base and middle portions of the LV, especially
in the inferior wall, while shortening strain (repre-
senting ability of LV to circumferentially shorten)
did not change 6 weeks after linear repair with sep-
tal exclusion surgery [59].

Myocardial revascularization
Contrast-enhanced ECG-gated MDCT is the basis
for coronary CT angiography (CTA). The sensitiv-
ity and specificity of coronary CTA for the detec-
tion of luminal stenosis >50% in comparison to
selective coronary angiography have both contin-
ued to increase with improvements in technology
[60—64]. However, although coronary CTA is cur-
rently limited in its ability to provide accurate
measures of degree stenosis, it can differentiate
between sub-total/total occlusion and normal/
insignificantly narrowed conditions. Therefore, it can
be used in a complementary diagnostic role to assess
the status of a major epicardial coronary arterial
segment beyond a high-grade lesion being consid-
ered to receive improved flow by either an inter-
ventional procedure or surgical bypass grafting. In
addition, contrast-enhanced ECG-gated MDCT data
sets simultaneously provide information about
other cardiac structures, such as the myocardium
of the LV, thereby offering insights into the direct
relationship between the status of the coronary artery
and the condition of the dependent myocardial
region not offered by conventional angiography/
ventriculography.

Exciting evidence of the ability of coronary CTA
to identify and characterize early changes of ather-
osclerosis, prior to the onset of flow-limiting steno-
sis, is also emerging [65]. Coronary CTA has been
shown to be able to detect and characterize non-
calcified atherosclerotic plaques [20,66—69]. When
compared to coronary intravascular ultrasound for
the differentiation between atherosclerotic coronary
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plaque components it has demonstrated sufficiently
different attenuation levels between them to per-

mit their identification on coronary CTA. In addi-
tion, positive coronary arterial remodeling in the
absence of stenosis-producing plaque, a combina-
tion associated with the development of acute coro-
nary syndromes [70,71], can be successfully evaluated
using coronary CTA.

The determination of the extent of LV myocar-
dial necrosis and related dysfunction is important
in managing patients with CIHD with heart fail-
ure. Even if only small amounts of residual viable
myocardium are present, revascularization can be
beneficial, with improvement in LV function or
survival [72]. Current methods for evaluating via-
bility include dobutamine stress echocardiography,
single photon emission CT, and positron emission
tomography; each has different accuracies in dif-
ferent clinical scenarios [73]. The major limitation
with these modalities relates to their inability to
directly detect and quantitate non-transmural myo-
cardial necrosis or scarring. Consequently, the fact
that an ischemic region is slightly scarred and poten-
tially less responsive to revascularization or the fact

Figure 7.1 Improved LV function with
successful antero-apical LV aneurysmec-
tomy. Dynamic “bright-blood” and
dynamic myocardial grid-tag MRI before
(a, ¢) and after (b, d) LV aneurysmectomy
shows improved LV morphology from
obliteration of the aneurysm (circles),
along with increased overall function.

that a thinned and dysfunctional region with sig-
nificant scarring contains some residual viable
myocardium might go unappreciated with these
modalities. This important insight can now be pro-
vided by MRI, especially when the DE-MRI tech-
nique is utilized to delineate myocardial necrosis or
scarring [7,10]. An inverse correlation between the
amount of myocardial scarring on non-stress
DE-MRI and the probability of improved resting
function after revascularization for both relatively
intact LV function [74] and significant LV dysfunc-
tion [75] has been shown; in both settings, >50%
scarring per segment indicated a very low likeli-
hood of functional improvement of the segment
with revascularizaration. Using cine MRI alone, LV
end-diastolic wall thickness thresholds for high
likelihood (65% of segments at >15mm) and low
likelihood (4% of segments at <6 mm) of func-
tional improvement after revascularization have
been reported [76].

With MRI myocardial-viability maps combining
several imaging techniques, the relationship between
the pattern and extent of LV myocardial scarring
(by DE-MRI), LV end-diastolic wall thickness and
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(a) (b)

regional wall thickening (by cine MRI), LV myocar-
dial perfusion (by ultrafast first-pass perfusion
MRI), and systolic mechanics of the LV myocardium
(by dynamic myocardial grid-tag MRI), at rest or
with induced stress, can be directly assessed in a
CIHD patient during the planning of revascular-
ization (Figure 7.2) [1,10]. The combination of
results from the different MRI techniques provides
more accurate identifiers of viable versus scarred
myocardium and predictors of functional improve-
ment with intervention or surgery [77-79].

Integrated imaging, using MDCT-derived coro-
nary CTA and MRI-derived myocardial-viability
maps, can non-invasively provide information about
the morphologic and physiologic significance of
obstructive and non-obstructive atherosclerotic
coronary artery lesions. Lesion characteristics (e.g.
severity of stenosis, plaque composition, and remod-
eling) and the condition of the coronary artery dis-
tal to the lesion (e.g. presence or absence of collaterals
beyond an occlusive lesion) can be assessed in rela-
tion to the size and distribution of the resulting
myocardial damage [10,80].

By visual cross-referencing of coronary CTA
images and the corresponding myocardial-viability

Figure 7.2 MRI myocardial-viability
map. The MRI myocardial-viability map
demonstrates abnormalities in LV end-
diastolic wall thickness and regional
wall thickening by dynamic “bright-
blood” MRI (a), systolic mechanics of
the LV myocardium by dynamic myocar-
dial grid-tag MRI (b), LV myocardial per-
fusion by ultrafast first-pass perfusion
MRI (c), and myocardial histology by
DE-MRI (d) at rest in a CIHD patient. In
this case, evidence of transmural Ml
(arrows) in the distribution of the left
anterior descending coronary artery is
shown.

map in a coronary artery disease/CIHD patient,
transmural MI in the distribution of an occluded
and non-collateral-reconstituted epicardial coronary
artery can be easily distinguished from a non-
transmural Ml in the distribution of an occluded but
collateral-reconstituted epicardial artery (Figure 7.3)
[10,80]. Thus, the situation where no revas-
cularization is warranted (i.e. totally scarred
myocardium) despite the satisfactory status of the
distal coronary segment (i.e. patent distally) can be
distinguished from the situation where revascular-
ization is justified (i.e. residual viable myocardium
and patent distal artery) [10,80]. In addition, dif-
fuse reversible myocardial changes (e.g. hiberna-
tion) in a dilated LV may be attributed to coronary
artery disease by visualized diffuse vascular disease
of the coronary arteries and differentiated from
non-ischemic dilated cardiomyopathy by absence
of evidence of significant coronary atherosclerosis.

In an effort to link myocardial segments to known
coronary arterial topography as defined by coro-
nary angiography, the American Heart Association
introduced a 17-segment model of the LV for stan-
dardized description applicable to all cardiac imag-
ing modalities, including CT and MRI [81]; by this
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(c) (d)

model, each myocardial segment is assigned to one
of the three major coronary arteries. However, the
assignment of coronary artery supply to LV regions
remains empiric, based on population studies of

patterns, and may not pertain to individual patients
[80]. Therefore, the diagnostic evaluation and/or
treatment planning in patients with coronary artery
disease/CIHD has continued to rely on the follow-
ing: (1) imaging assessments of myocardial viability
by contrast-enhanced X-ray or nuclear ventricu-
lography, TTE or TEE, nuclear myocardial tomog-
raphy, contrast-enhanced CT, or MRI; (2) assessment
of coronary artery anatomy by selective coro-
nary angiography; and (3) mental fusion of infor-
mation from (1) and (2), often by a non-imager
planning revascularization [80]. However, high-
spatial-resolution, static 3-dimensional or dynamic
2-dimensional co-registered displays of coronary
CTA and myocardial-viability data are now possi-
ble. Such co-registered displays permit establish-
ment of the direct spatial relationship between a
specific coronary artery system anatomy and spe-
cific myocardial regions of the LV under considera-
tion for treatment in an individual patient [82].
Consequently, additional insights about the appro-
priateness of and/or approach to revascularization

Figure 7.3 Integrated use of coronary
CTA and myocardial-viability map. Non-
transmural Ml (curved arrow) beyond a
proximally occluded (black arrows) but
collateral-reconstituted (white arrows)
left anterior descending coronary artery
is shown on coronary CTA (a, b), dynamic
“bright-blood” (c), and DE (d) MRI.

of specific myocardial regions can be provided to
the interventional cardiologist or to the cardiac
surgeon.

Following interventional or surgical procedures
to improve myocardial perfusion, both coronary
MRI (including angiographic forms) and MDCT-
based ccronary CTA can be used for the non-
invasive assessment of bypass grafts. For both
imaging modalities, patency or occlusion of grafts
can be established by the presence or absence of con-
trast enhancement, respectively [1,83-86]; because
of their relatively larger size cornpared to internal
mammary artery grafts, venous aortocoronary
grafts can also be evaluated for degree of stenosis.
MRI has the advantage of allowing measurements of
flow velocity within a coronary artery bypass graft.

While the metallic mesh of coronary artery stents
may limit confident grading of in-stent restenosis
with MRI- or MDCT-derived CTA, determination
of stent patency, and occlusion is usually possible
[87-90].

Conclusion

MRI and ECG-gated MDCT are uniquely well suited
to evolve into “front line” diagnostic tools for the
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assessment of the wide range of issues that con-
front cardiovascular physicians in their caring for
patients suffering from heart failure.
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CHAPTER 8

Assessment of myocardial viability
in ischemic cardiomyopathy

Raymond Q. Migrino

Coronary artery disease (CAD) remains the leading
cause of mortality in the USA, and mortality rates are
higher in patients with severely depressed left ven-
tricular function [1,2]. Following acute myocardial
infarction (MI), left ventricular enlargement is one of
the strongest predictors of short-term and long-term
mortality (Figure 8.1) [3]. Left ventricular dysfunc-
tion may be regional or global. It is important to dis-
tinguish whether myocardial segments that appear
non-contractile or severely dysfunctional are viable
(hibernating or stunned myocardium) or non-viable
(scar or infarct). Revascularization may restore func-
tion in the former but not in the latter. The preva-
lence of viable myocardium in the setting of CAI»
is not well-established. In MI patients, up to 50%
may have hibernating tissue mixed with scar tissue.
Functional recovery of dysfunctional myocardial seg-
ments following surgical revascularization varies
from 24% to 82% [4—6]. Assessing myocardial viabil-
ity is important in identifying patients and coronary
territories amenable to revascularization.

The spectrum of viable myocardium in
CAD includes normal, ischemic or hibernating
myocardium. The absence of viable myocardium,
on the other hand, indicates scar or infarct. Normal
myocardium has normal function at rest with
augmentation following stress, as well as normal
resting coronary flow and flow reserve. Ischemic
myocardium may have normal or mildly decreased
function at rest but function decreases with stress.
The corresponding coronary flow may be normal
or mildly diminished at rest, but coronary flow
reserve is impaired. Hibernating myocardium is
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Figure 8.1 A model of the relationship between end-
systolic volume index and 30-day and 1-year mortality in
acute MI patients undergoing thrombolytic therapy.
Reprinted from [3] with permission.

functionally impaired, but viability is evidenced by
presence of contractile reserve, metabolic or elec-
trical activity, and improvement in function fol-
lowing revascularization.

The surgical practice of revascularizing all stenotic
arteries that are amenable to coranary bypiss regard-
less of the contractile state of the myocardium led to
interesting observations in the 1970s and 1980s that
previously dysfunctional myocardium improves after
bypass surgery [4,7-9]. Diamorid et al. [10] and
Rahimtoola [11] framed this phenomenon using
the concept of “hibernating myocardium” which
was originally defined as chronic, reversible left ven-
tricular dysfunction due to CAD. Hibernating
myocardium implies a state in which myocyte viabil-
ity is present despite evidence of diminished function
as manifested by absence or severe diminution of
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contractile function. The viability of myocytes is
demonstrated by improvement or return of function
after revascularization. The features that are consis-
tent with hibernating myocardium are perfusion—
contraction matching, recovery of myocardial sub-
strate and energy metabolism during periods of
ischemia, persistent inotropic reserve, and lack of
necrosis [12].

With diminished coronary perfusion, a protec-
tive downregulation of myocyte function occurs to
reduce oxygen demand and preserve viability for a
prolonged period of time [13]. This model of chronic
hypoperfusion, however, is being challenged by find-
ings from positron emission tomography (PET)
imaging studies of human subjects, which demon-
strate that myocardial dysfunction is disproportion-
ate to the degree of flow reduction [14]. In a majority
of patients, flow to hibernating myocardium was
70-80% of baseline blood flow [15,16]. An alter-
nate view of viable myocardium that is consistent
with this finding is cumulative and repetitive stun-
ning may occur despite absence or mild reduction
of resting blood flow [17]. Intermittent ischemia aris-
ing from increased demand in the setting of impaired
coronary flow reserve may account for the hypocon-
tractile yet viable state of the myocyte. The distinc-
tion between a chronic low flow and near normal
flow state as a cause of the dysfunctional yet viable
myocardium is further clouded by the inability of
PET imaging to resolve subendocardial from trans-
mural myocardial flow. This may lead to an over-
estimation of blood flow [12]. It is quite possible
that hibernating myocardium may exist in either a
chronic low flow milieu, or one that is near-normal
at rest but with impaired flow reserve.

In hibernating myocardium, the downregula-
tion of contractile function leads to reduced energy
demand and restoration of the myocardial ener-
getic state. There is close matching of myocardial
function and oxygen consumption as an adaptive
response to ischemia. Metabolic changes include
increased glucose uptake and reduced Kreb’s cycle
activity. During recruitment of inotropic reserve,
there is a further increase in glucose uptake and
lactate production [12].

Morphologic changes have been observed in
hibernating myocytes (Table 8.1). Both degenera-
tion and dedifferentiation have been described.
There may be myofilament, contractile protein, and

Table 8.1 Morphologic changes associated with hibernat-
ing myocardium.

A. Myocyte changes
Cardiomyocyte loss
Myofilament and contractile protein loss
Cytoskeletal degeneration
Small mitochondria
Glycogen deposits
Heterochromatin distribution over nucleoplasm
Apoptosis

o

. Interstitial changes
Cellular debris
Increased macrophages
Increased fibroblasts
Increased collagen

sarcoplasmic reticulum loss. There is cytoskeletal dis-
organization, small mitochondria, glycogen deposits,
heterochromatin distribution over the nucleoplasm,
and apoptosis. Interstitial changes include presence
of cellular debris, increased macrophages and fibrob-
lasts, and increased collagen [12]. If blood flow is not
restored, the process may lead to necrosis.

Clinical significance of
myocardial viability

In patients with CAD and left ventricular dysfunc-
tion, surgical revascularization has been shown
to confer survival benefits compared to medical
therapy [9]. Surgical treatment is an independent
prognostic factor for improved long-term survival
in patients with multivessel disease and moderate
to severe left ventricular dysfunction [18]. Revascu-
larization is also associated with improved func-
tional class and reduction of symptoms. However,
patients with moderate to severe left ventricular dys-
function may have high operative mortality rates,
ranging from 5% to 30%, depending on the degree
of dysfunction and associated co-morbidities [19].
The potential long-term benefit of revascularization
therefore needs to be tempered because of this high
“upfront cost”. As a result, efforts were undertaken to
selectively identify patients who would benefit from
revascularization. The assessment of myocardial via-
bility aims to determine whether revascularization
would confer clinical benefit. Clinical benefit has
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Table 8.2 The mechanisms underlying the techniques used to assess myocardial viability.

Mechanism Techniquels

Blood flow

Cell membrane integrity

Energy dependent cell processes Tc-99m, BMIPP
Metabolic utilization
Electromechanical activity
Wall thickness

Contractile reserve

Echo, MRI

Th-201, Tc-99m, Rb-82, C-11 acetate, first-pass Gd MRI, myocardial contrast echo
Th-201, Tc-99m, Rb-82, Gd contrast MRI

F-18 FDG, C-11 acetate, C-11 palmitate, N-13 glutamate
Electromechanical mapping (EMM)

Dobutamine echo/MRI/gated SPECT, post extra-systolic potentiation

been evaluated in two general areas: recovery of
segmental or global left ventricular function and
more importantly, improvement in symptoms or
survival.

A pooled review of studies employing the most
commonly used techniques revealed equivalent high
sensitivity in predicting functional recovery after
revascularization using TI-201 rest-redistribution,
TI-201 reinjection, Tc-99m sestamibi single photon
emission computed tomography (SPECT) imaging,
F-18 fluorodeoxyglucose positron emission tomog-
raphy (F-18 FDG PET), and low-dose dobutamine
stress echocardiography (DSE) (weighted average
90%, 86%, 81%, 88%, and 84%, respectively)
(Table 8.2). Specificity was lower with TI-201 rest-
redistribution (54%), reinjection (47%), and Tc-99m
(60%). F-18 FDG PET had intermediate specificity
(73%) and DSE had the highest specificity (81%) [6].
The comparison of the different techniques, how-
ever, is limited by the lack of randomized data, the
number of patients studied, definition of viabil-
ity used, and differences in patient characteristics.
Furthermore, the length of follow-up is frequently
3 months following revascularization. Full recovery,
though detectable immediately post-procedure [20],
may not be expected to occur until 6-12 months
following revascularization [21]. Despite these lim-
itations, the above techniques have shown robust-
ness in identifying dysfunctional myocardium that
would recover function following revasculariza-
tion. Low-dose dobutamine echocardiography has
the highest specificity, probably because it assesses
contractile reserve (which implies recruitment of sig-
nificant number of viable myocytes to be visually
perceptible) rather than merely detecting metabol-
ically or functionally intact myocytes that might
benefit from revascularization but whose aggregate

number may be insufficient to result in functional
improvement. A study of 70 patients with severe
ischemic cardiomyopathy who underwent revas-
cularization showed that the amount of scar is a
stronger predictor of functional recovery (i.e. less
scar predicts functional recovery) than FDG PET
mismatch; other predictors include increasing age
and presence of diabetes [22].

The more relevant issue is whether functional
recovery translates to improvement in symptoms,
reduction of ischemic events, and prolonged sur-
vival. The extent of myocardial viability has been
shown to predict improvement in heart failure
symptoms and exercise capacity following revascu-
larization [23,24]. A meta-analysis of myocardial
viability studies involving 3088 patients assessed
clinical outcomes following revascularization [25].
The average left ventricular ejection fraction was
32% and average follow-up was 25 months. Patients
underwent myocardial viability evaluation by thal-
lium-201, F-18 FDG PET or dobutamine echocar-
diography. The three techniques were equivalent in
predicting revascularization benefit (Figure 8.2).
Patients with viability who underwent revascular-
ization had the best survival and patients with via-
bility who were medically treated had the worst
survival (annual mortality rate 3.2% versus 16%,
respectively) (Figure 8.3). Patients without viability
had intermediate survival rates with a tendency
towardsincreased mortality in revascularized as com-
pared to medically treated patients (annual mortality
rate 7.7% versus 6.2%, respectively). Furthermore,
the improvement in survival with revascularization
in patients with viable myocardium is more pro-
nounced with greater degrees of left ventricular
dysfunction. The meta-analysis presents important
aggregation of data, but suffers important limitations
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Figure 8.2. Decrease in mortality with revascularization of
viable myocardium for each testing technique shown as
mean value with 95% confidence limits. Note wide
confidence limits, especially for thallium and echocardiog-
raphy. No measurable differences in test performance
were observed. EF = ejection fraction; FDG = F-18 fluo-
rodeoxyglucose [25]. (Reprinted with permission from the
American College of Cardiology Foundation. Journal of
the American College of Cardiology 2002; 39: 1156.)

that should temper the interpretation and general-
izability of its results. The studies used in the meta-
analysis were non-randomized, observational studies.
As such, the decisions for revascularization were
not based solely on viability assessment but also on
important co-morbidities and technical factors
that were not adjusted for adequately in the studies.
Furthermore, the quality of medical therapy in the
studies was not uniform and may not be reflective
of current advances. The study does point strongly
to the fact that patients with viability who are can-
didates for revascularization do well after the
procedure while those who are not do poorly. In
patients without evidence of viability, revascular-
ization does not appear to confer a survival advan-
tage, although the same limitation cited above applies
to this generalization.

To definitely establish that myocardial viability
and revascularization therapy are independently
predictive of clinical outcomes in CAD patients
with left ventricular dysfunction would require a
prospective, randomized controlled trial. This is
probably not practical at this point. The next best
thing would be to have clinical studies with provi-
sions for adjusting for differences in clinical char-
acteristics that may also affect clinical outcome and
confound the results. No study adequately adjusts
for baseline clinical variables that are relevant, such

(a) ~79.6% 23.0%
50 - "oz —1ar - 143
P < 0.0001 P=0.23
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0 .
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Figure 8.3 (a) Death rates for patients with and without
myocardial viability treated by revascularization or med-
ical therapy. There is a 79.6% reduction in mortality for
patients with viability treated by revascularization

(P < 0.0001). In patients without myocardial viability,
there was no significant difference in mortality with revas-
cularization versus medical therapy. (b) Same data as (a)
with comparisons based on treatment strategy in patients
with and without viability. Annual mortality was lower in
revascularized patients when viability was present versus
absent (3.2% versus 7.7%, P < 0.0001). Annual mortality
was significantly higher in medically treated patients
when viability was present versus absent (16% versus
6.2%, P = 0.001). Revasc = revascularization [25].
(Reprinted with permission from the American College of
Cardiology Foundation. Journal of the American College
of Cardiology 2002; 39: 1155.)

as factors that affect the decision on whether revas-
cularization or medical therapy would be under-
taken {e.g. tiny or non-revascularizable arteries,
significant co-morbidities, etc.). Furthermore, the
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Figure 8.4 Plot shows adjusted Kaplan—Meier estimated survival probabilities for patients with left ventricular dysfunc-
tion treated medically and with coronary artery bypass graft (CABG) by presence or absence of PET mismatch, reflecting
hibernating myocardium. (Reprinted with permission from Elsevier Science. Di Carli MF, Maddahi J, Rokhsar S, et al. Long-
term survival of patients with CAD and left ventricular dysfunction: implications for the role of myocardial viability
assessment in management decisions. Journal of Thoracic and Cardiovascular Surgery 1998; 116: 997-1004.)

few studies that did adjust for independent clinical
variables had a limited number of patients.
Despite these limitations, few studies did attempt
to assess whether the presence of myocardial viability
and/or the use of revascularization are independently
predictive of clinical outcomes. Di Carli e al. [26]
studied 93 patients with left ventricular dysfunction
who had F-18 FDG PET assessment for viability.
Coronary bypass surgery was performed in 43
patients and follow-up was done for 4 years. Using
Cox proportional hazards model, viability assessed
by PET mismatch was the strongest independent
predictor of death; the other variables were heart fail-
ure class and prior M1. Adjusted for clinical variables,
patients who underwent surgical revascularization
had improved survival compared with medical ther-
apy. In patients with PET mismatch, there was signif-
icant survival advantage in the bypass group as
compared to the medically treated group. In the
absence of PET mismatch, however, there was no dif-
ference in survival between surgical and medical
management (Figure 8.4). Cuocolo et al. [27] stud-
ied 76 ischemic cardiomyopathy patients who had
thallium-201 rest-redistribution testing. They found
that the variables independently predictive of cardiac
death are age, number of viable segments, and
absence of revascularization procedure. On the other
hand, Lee et ul. [28] studied 129 patients with left
ventricular dysfunction who had FDG-PET viability
evaluation treated either medically or with bypass
surgery. On Cox proportional hazards analysis, only

age and left ventricular ejection fraction but not
myocardial viability and revascularization were inde-
pendent predictors of survival. The presence of via-
bility and absence of revascularization, however, were
found to be independent predictors of ischemic
events, defined as unstable angina or M1.

In a purely surgically revascularized group, 70
ischemic cardiomyopathy patients with thallium-
201 viability assessment prior to coronary bypass
surgery were studied. After adjusting for clinical
variables, myocardial viability was found to be
independently predictive of improved survival free
from cardiac death or heart transplant [29]. On the
other hand, in analyses of ischemic cardiomyopa-
thy patients who were only treated medically, viable
or ischemic myocardium detected by dobutamine
echocardiography and thallium rest-redistribution
were found to be independent predictors of death
or ischemic events [30,31].

Although limited by the lack of randomized tri-
als, these studies strongly support the use of myocar-
dial viability assessment in the prognostic evaluation
of CAD patients with left ventricular dysfunction
and in guidance of therapy.

The mechanisms by which revascularization leads
to improved survival have not been well defined.
Improvement in left ventricular function certainly
plays a role, but resting left ventricular function
may not change following revascularization in
severe ischemic cardiomyopathy [32] despite clear
survival benefits in this patient group [22,33].
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Improved coronary flow in ischemic territories,
reduced arrhythmogenesis, and attenuation of
ventricular remodeling are possible additional
mechanisms underlying the clinical benefit of
revascularization.

Techniques to evaluate
myocardial viability

The assessment of myocardial viability relies on
techniques that evaluate different aspects of “living”
myocytes (Table 8.2). They include tests that assess
cell membrane function, energy dependent cell
processes, metabolic utilization, electromechanical
activity, and contractile reserve. Other techniques
are indirect correlates, such as myocardial wall
thickness and evaluation of blood flow.

PET

PET relies on the use of radionuclides that decay by
positron emission. The positrons travel a few milli-
meters in tissues before annihilating and produc-
ing two 511-keV gamma rays that are 180 degrees
apart. It confers several advantages over ordinary
SPECT imaging. There is higher spatial resolution
because of coincident imaging of higher energy
gamima rays, attenuation is less of an issue because
of the standard use of transmission scans for atten-
uation correction, and quantitative analyses of
blood flow and metabolic rates can be done.

Figure 8.5 Myocardial viability from
F-18 FDG PET. Resting Rb-82 perfusion
scan is represented in the right column
and FDG scan is in the left column with
both scans shown in short axis, horizon-
tal long axis, and vertical long axis
slices. Perfusion scan shows anterior and
apical perfusion defects. There is
increased FDG uptake in these corre-
sponding areas, indicating viability.
(Images courtesy of Wael Jaber, M.D.
and the Cleveland Clinic Nuclear
Cardiology laboratory.)

F-18 FDG

Myocytes under normal conditions utilize free fatty
acids and glucose as the major sources of energy.
With relative tissue hypoxia from ischemia, oxida-
tive metabolism of free fatty acids is reduced and
glucose metabolism becomes the preferred sub-
strate. Energy production comes mainly from anaer-
obic glycolysis [34]. This change in bioenergetics has
been utilized in myocardial viability assessment.
E-18 FDG is a glucose analog that is actively trans-
ported via glucose transporters into the myocyte. It
is phosphorylated by hexokinase in the cytoplasm but
does not undergo further metabolism and remains
trapped in the myocardium. Myocardial FDG uptake
can be evaluated subjectively or can be compared to
the uptake of a normal myocardial segment semi-
quantitatively. Uptake of FDG that is at least 50% of
the uptake in normal reference myocardial segment
is considered viable. Imaging with FDG is usually
paired with perfusion imaging such as nitrogen-13
ammonia or rubidium-82 chloride using PET or
with SPECT techniques using Tc-99m sestamibi or
tetrofosmin. Segmental defects seen in perfusion
imaging that show FDG uptake (flow—metabolism
mismatch) signify viability whereas concordant seg-
mental defects in both perfusion and FDG imaging
(flow—metabolism match) signify non-viability (scar
or infarct) (Figure 8.5). Normal myocardium may
appear to have relatively reduced FDG uptake com-
pared to ischemic segments because of preferential
utilization of fatty acids [35].
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There is heterogeneity in FDG uptake depending
on the fasting state, glucose, and insulin levels. To
reduce this heterogeneity, techniques such as oral
glucose loading or intravenous administration of
insulin have been utilized. Insulin clamp comprising
a constant infusion of glucose, insulin, and potas-
sium has also been utilized to maintain a steady state
glucose and insulin in the circulation [35].

Although PET is more commonly used for FDG
imaging, SPECT imaging on a gamma camera and
ultra-high energy collimators is being used. The
advantage of this approach is the wider availability
of gamma cameras. The disadvantage is the lower
resolution of SPECT compared to PET, although
the images are usually adequate for clinical inter-
pretation [35-38].

In a pooled evaluation of 12 small studies using
FDG PET for assessment of prediction of improve-
ment of regional contractile function, the average
sensitivity of 88% was comparable to thallium-201,
technetium-99m, and DSE techniques. The average
specificity of 73% was higher than thallium-201
and technetium-99m but lower than DSE [6]
(Table 8.2).

C-11 acetate, C-11 palmitate, and

N-13 glutamate

Viable myocytes maintain oxidative metabolism.
C-11 acetate has been used to assess both oxidative
metabolism and to measure regional blood flow.
Unlike FDG, the uptake of C-11 acetate does not
depend on substrate utilization [39]. In post-MI
patients undergoing revascularization, oxidative
metabolic rates were reduced only in irreversibly
injured segments. Segments with reversible dys-
function had baseline blood flow of 0.73 +
0.18 mL/min/g, significantly higher than the flow
in irreversibly dysfunctional segments, 0.43 =
0.18 mL/min/g [40]. C-11 palmitate has also been
used to assess oxidative metabolism. Another agent
that is not widely used is N-13 glutamate labeled
amino acid, which is increased in ischemic and
viable myocardium and decreased in areas of
myocardial necrosis [41].

SPECT imaging

Thallium-201

Thallium is a potassium analog that is used to assess
both flow and viability. The uptake of thallium-201

early after injection represents regional myocardial
blood flow but delayed redistribution occurs later
reflecting gradual uptake by cells with membrane
integrity. In normal myocytes, initial uptake is high
but falls rapidly within hours. On the other hand,
hibernating myocardium initially has low uptake
which then increases. A segmental defect on initial
resting thallium injection image that fills in 4 h later
during redistribution signifies viable myocardium
(Figure 8.6). This rest- and delayed-redistribution
image protocol has been shown to have diagnostic
accuracy for regional recovery [42]. In clinical prac-
tice, the typical stress and 4-h rest-redistribution
imaging protocol with thallium has been shown to
underestimate viable myocardium. Improved detec-
tion has been reported with reinjection of thallium
after rest-redistribution imaging, identifying up
to half of presumed irreversible defects [42—45]. An
uptake of 50% relative to the uptake in a normal
segment is the best predictor of functional recovery
after revascularization [4,46].

In a pooled analysis of seven studies using
thallium-201 stress-redistribution—reinjection pro-
tocol, the sensitivity in predicting regional functional
recovery was high (weighted average 86%) but with
low specificity (weighted average 47%). For rest-
redistribution imaging, pooled analysis of 8 studies
showed sensitivity of 90% and low specificity of 54%
[6] (Table 8.2).

Technetium-99m

Technetium-99m sestamibi and tetrofosmin are
two commonly used agents to assess myocardial
perfusion. Extraction by myocytes occurs in pro-
portion to coronary blood flow and is dependent
on cell membrane integrity and mitochondrial
function and thus myocardial viability. There is no
uptake in necrotic myocardium. Unlike thallium-
201, they have minimal redistribution [6,47-50].
Studies comparing Tc-99m sestamibi imaging with
thallium-201 rest-redistribution or reinjection and
F-18 FDG PET showed consistent findings that Tc-
99m sestamibi is less accurate in detecting myocar-
dial viability. Although the sensitivity in evaluating
improvement in regional functional outcome is
high (weighted mean 81%), the specificity was
variable (35-86%, weighted mean 60%) [6,51-57].
The addition of nitrates before the administration
of Tc-99m sestamibi has been reported to improve


Stud.es

Assessment of myocardial viability in ischemic cardiomyopathy

133

< p> Short axis (Apex —> Base)

Figure 8.6 Thallium-201 rest and 3 hour redistribution image in a patient with prior MI. There is severe reduction in tracer
activity in the anterior wall and apical regions (white arrows), which partially normalizes during redistribution signifying

residual myocardial viability in the region.

sensitivity (weighted mean 91%) as well as speci-
ficity (weighted mean 88%) [6,58—60] (Table 8.2).

BMIPP

lodine-123  i5-(p-iodophenyl)-3-R,S-methylpen-
tadecanoic acid (BMIPP) is a branched fatty acid
analog that is taken up by myocytes and retained in
the mitochondria. Studies have shown its utility in
differentiating viable from non-viable myocardium
and in predicting functional improvement after ML
A mismatch pattern with decreased BMIPP uptake
relative to perfusion tracers such as technetium-
99m sestamibi or thallium-201 is associated with
myocardial viability. A matched diminution of
BMIPP and perfusion tracer uptake is associated
with scar [42,61]. [n a study of 56 post-MI patients,
BMIPP and thallium-201 perfusion mismatch
within 30 days of the infarct was associated with

functional recovery and further improvement in
the mismatch 2—3 months after percutaneous revas-
cularization [62]. Using quantitative methods in 18
MI patients who underwent revascularization, a
pattern of mismatch with technetium-99m sestamibi
uptake <<70% and BMIPP uptake at least 10% lower
was found to be optimal in predicting global func-
tional recovery [61].

Echocardiography

Wall thickness

In clinical practice, a thinned, akinetic myocardial
segment usually portends scar and absence of via-
bility. This has been confirmed by several studies. In
28 ischemic cardiomyopathy patients undergoing
surgical revascularization, segmental diastolic wall
thickness of 25 mm predicted functional recovery
at 1 year with a sensitivity of 100% but a specificity



134 CHAPTER 8

of only 28%. Although the specificity is low, the
negative predictive value was 100%. This simple
test was not improved with the addition of DSE or
thallium-201. Thus, diastolic wall thickness of
<5 mm was deemed the best single and simple pre-
dictor of non-recovery of left ventricular function
[63]. Similarly, a study of 45 patients with left ven-
tricular dysfunction undergoing surgical coronary
revascularization showed that an end-diastolic wall
thickness of >>6 mm had a high sensitivity for pre-
dicting functional recovery of 94% with similar low
specificity of 48% [64]. Unlike the first study, how-
ever, the addition of contractile reserve information
from DSE improved the specificity of the test to
77% without a significant loss of sensitivity. The
role of diastolic wall thickness in the accuracy of
prediction of viability by DSE was studied in 53
patients undergoing revascularization. The accu-
racy and sensitivity of DSE in predicting functional
recovery was decreased in segments with thinned
end-diastolic thickness [65].

DSE

Myocardial viability assessment by DSE is based
on the recruitment of contractile reserve in viable
myocytes. Dobutamine is administered at low
(5-10 pg/kg/min) and higher (20-50 g/kg/min)
doses, with or without the addition of atropine.
Dobutamine stimulates primarily [31-adrenorecep-
tors with minimal 32 and a1 effects. Low-dose infu-
sion causes primarily inotropic stimulation and
evokes contractile reserve of viable myocardium,
causing segmental thickening. Higher doses cause
inotropic and chronotropic stimulation, leading to
increased myocardial oxygen demand in the setting
of impaired coronary perfusion. This leads to an
ischemic response, depletion of energy stores, and
diminution or absence of contractility [66,67].

Two patterns of response were found to be predic-
tive of viability. A biphasic pattern with improvement
in segmental function at low doses and subsequent
deterioration at higher doses is highly predictive of
recovery of function following revascularization. The
observed improvement at low dose probably rep-
resents recruitment of contractile reserve. A second
pattern is progressive worsening of wall motion
beginning at low doses. This has been attributed to
severely diminished perfusion that even a low dose of
dobutamine incites an ischemic response. A third
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Figure 8.7 Myocardial viability assessed by DSE. Apical
two-chamber view showing anterior and inferior walls in a
56-year-old male with moderate left ventricular dysfunc-
tion from CAD. The top panel shows end-diastolic frames
and lower panel shows end-systolic frames during rest,
low- and peak-dose dobutamine infusion and recovery.
There is resting inferior akinesia that did not improve with
low-dose dobutamine. However, with peak-dose dobuta-
mine, there was improved thickening in the mid and distal
inferior wall (white arrowheads). During recovery, the seg-
mental abnormality returned. The presence of contractile
reserve is consistent with viability in the inferior wall.
Compared to biphasic response (improvement at low dose
and deterioration of function at high dose), this pattern
of response is not as predictive of functional improvement
following revascularization. (Images courtesy of Michael
Picard, MD and the Massachusetts General Hospital
echocardiography laboratory.)

response, progressive improvement of function, had
a low predictive value for recovery of function [66]
(Figure 8.7).

In a pooled study of 16 studies utilizing low-
dose DSE, the average sensitivity in predicting
improvement of regional contractile function was
84% with specificity of 81% [6] (Table 8.2). The
sensitivity of DSE is comparable to SPECT or PET
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based techniques, but its specificity is higher. Other
advantages of DSE include availability, ease of use,
and absence of radiation. The disadvantages include
technical limitations in imaging patients with poor
acoustic windows such as obese patients or patients
with chronic lung disease and the subjective nature
of the evaluation. The use of harmonic imaging and
ultrasound contrast agents has greatly improved
endocardial border detection and image interpreta-
tion [67]. In patients where surface transthoracic
echocardiography does not provide adequate image
quality, transesophageal echocardiography (TEE) can
be employed. In a study of 52 patients who under-
went successful revascularization, dobutamine-TEE
was compared to dobutamine magnetic resonance
imaging (MRI) in predicting functional recovery
and the positive predictive values (85% versus 92%,
respectively) and negative predictive values (80% ver-
sus 85%, respectively) of the two techniques were
comparable [68]. Due to its invasive nature, dobuta-
mine-TEE is not as widely utilized, however.

Myocardial contrast echocardiography
Myocardial contrast echocardiography (MCE) uti-
lizes echogenic microbubbles approximating the size
of red blood cells that opacifies the myocardium and
provides information on myocardial perfusion from
antegrade or collateral circulation. The underlying
basis by which MCE assesses myocardial viability is
that an intact microcirculation is needed for contin-
ued viability [69]. In ML, loss of myocytes is accom-
panied by loss of microvasculature [70]. Intravenous
MCE is now being used to assess myocardial blood
flow. A high-energy impulse is applied that causes
bubble destruction and when new microbubbles
enter the imaging field, the rate of increase and
the peak plateau signal reflect myocardial blood
flow velocity and cross-sectional volume of the
microcirculation [71].

In patients with recent or remote MI, functional
segmental recovery correlated well with degree of
myocardial perfusion as assessed using intracoro-
nary MCE [72-74]. In a study of 23 ischemic heart
disease patients who had DSE and intracoronary
MCE prior to revascularization, both techniques
were equivalent in predicting functional recovery
of hypokinetic segments. For akinetic segments,
DSE and MCE had similar sensitivities (89% versus
94%, respectively), negative predictive values (93%

versus 97%, respectively) but MCE had poorer
specificity (92% versus 67%) and positive predic-
tive value (85% versus 55%). Using intracoronary
MCE, thallium-201 and DSE in stable ischemic
cardiomyopathy patients, Nagueh et al., [75] found
comparable sensitivities for all three (93%, 100%,
and 82%, respectively), but lower specificities for
MCE and thallium-201 as compared to the biphasic
response in DSE (45%, 36%, and 82%, respectively).
In another study, intravenous MCE was performed
together with Tc-99m sestamibi and dipyri-
damole—dobutamine stress echo in 17 MI patients
and functional recovery following percutaneous
revascularization was evaluated. The sensitivity of
MCE compared to Tc-99m sestamibi and dipyri-
damole—dobutamine echo was high (96%, 77%, and
79%, respectively) and the specificity was low (58%,
93%, and 87%, respectively) [76]. The poorer speci-
ficity of MCE in these studies may be because
myocardial perfusion is preserved in islands of
viable myocytes surrounded by extensive fibrosis
and revascularization fails to augment functional
activity [77]. This is supported by the finding that
with intravenous infusion of echo contrast, peak
myocardial contrast intensity closely correlated
with microvascular density and capillary area from
endomyocardial biopsy, but a significant overlap in
microvascular density was seen between segments
with and without functional recovery [69].

MRI

MRI provides superior spatial resolution and the
capability of tissue characterization, advantages over
other techniques that enhance its potential to identify
viable myocardium. Myocardial viability is evaluated
by MRI through several parameters, including dias-
tolic wall thickness, contractile reserve, tissue charac-
teristics as well as gadolinium contrast first-pass
effect, and delayed enhancement in myocardium.
Other potential applications include use of MR spec-
troscopy for chemical composition characterization.

Diastolic wall thickness and

contractile reserve

The high spatial resolution of MRI allows accurate
measurement of wall thickness. Similar to previously
discussed echocardiographic studies, a non-viable
or scarred myocardial segment is associated with
thinning and akinesia. Baer et al. [78] reported in
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Table 8.3 Sensitivity and specificity for detection of regional contractile functional recovery in patients with CAD and left

ventricular dysfunction following revascularization

Number of Number of

Technique studies patients Sensitivity? Specificity?
F-18 FDG PET [6] 12 332 71-100 (88) 38-91 (73)
TI-201 rest-redistribution [6] 8 145 44-100 (90) 22-92 (54)
TI-201 reinjection [6] 7 209 80-100 (86) 38-80 (47)
Tc-99m sestamibi [6] 7 152 73-100 (81) 35-86 (60)
Tc-99m sestamibi + nitrate [6] 3 55 88-95 (91) 88-89 (88)
DSE [6] 16 448 71-97 (84) 69-96 (81)
Echo end-diastolic wall thickness [63,64] 2 73 94-100 28-48
Myocardial contrast echo [75-77,108] 4 109 84-98 19-58

MRI end-diastolic wall thickness [78] 1 43 92 56
Dobutamine MRI [78-81] 4 116 50-89 70-94
MRI lack of early hypoenhancement [82] 1 20 19 89

MRI lack of CDE [82,88] 2 32 82-98 64-76

a: range (weighted mean).

43 patients that short axis diastolic wall thickness
of 5.5mm or greater is indicative of viability in
an infarct region based on functional recovery 4-6
months following revascularization with a sensitivity
of 92% and specificity of 56%.

In the same study, contractile reserve was also stud-
ied. It was found that low-dose dobutamine-induced
systolic wall thickening of 2 mm or greater was a bet-
ter predictor of functional recovery as compared to
diastolic wall thickness with sensitivity of 89% and
specificity of 94%. There was a significant increase in
left ventricular function in patients with contractile
reserve as compared to those without [78].

The relationship between myocardial viability
and contractile reserve (measured by low-dose
dobutamine-induced systolic wall thickening) has
also been reported in other studies. Gunning et al.,
[79] showed that dobutamine MRI was an insensit-
ive (50%) but specific (81%) test in 23 patients. In a
study of 25 patients, Trent ef al. [80] used semiauto-
mated edge detection methods to analyze thickening
and motion in viability assessment with dobutamine,
and found a sensitivity of 71% and specificity of 70%.
Dobutamine MRI was also useful in predicting global
functional recovery of akinetic myocardial segments
after revascularization in 25 patients, with sensitivity
of 76% and specificity of 100% [81] (Table 8.2). The
robustness of this technique remains to be seen in
larger series of patients.

Contrast-enhanced MRI

Myocardial viability can be assessed with cardiac
MRI using relaxation contrast agents such as
gadolinium chelates. Gadolinium, a large molecule
contrast agent that is distributed in the extracellu-
lar space and is excluded from myocardial cells
with intact membranes, decreases T1 and T2 relax-
ation of surrounding tissues. Two patterns have
been observed to characterize patients with MI.
First-pass images obtained immediately following
contrast injection demonstrate hypoenhancement
in the area of the infarct corresponding to reduced
blood flow and microvascular obstruction. The
second pattern is seen during delayed imaging
(10-20 min after contrast administration) with sig-
nal hyperenhancement that corresponds to myocar-
dial necrosis. In ischemically injured or infarcted
tissue, the volume of distribution of the gadolin-
ium in the myocardium is increased by interstitial
edema but more significantly by loss of cellular
membrane integrity allowing entrance of the con-
trast agent and by fibrosis. The exit of the agent
is also delayed in areas of irreversibly damaged
myocardium [67,82-86]. It is well-established in
the animal model that the areas of contrast delayed
enhancement (CDE) following gadolinium admin-
istration correspond to areas of infarct by triphenyl
tetrazolim chloride staining at every stage of heal-
ing following MI [87] (Table 8.3).
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The lack of CDE has been found to be more
accurate in predicting viability and functional recov-
ery as compared to lack of early hypoenhancement
[82]. Other studies have corroborated the useful-
ness of lack of CDE as a marker of viability. In 12
patients with ischemic left ventricular dysfunction
followed up to 3 months following revasculariza-
tion, lack of CDE was associated with functional
improvement with sensitivity of 98% and speci-
ficity of 76% [88] (Table 8.2). Kim et al. [89]
demonstrated in 50 patients that the presence and
transmural extent of CDE is related to functional
recovery following revascularization (Figure 8.8).
In myocardial segments without CDE, 78% had
improved contractility as compared to 1.7% of
segments with CDE in more than 75% of tissue.
Segments with intermediate levels of CDE had
functional improvement inversely proportional
to the transmural extent of hyperenhancement.
Several small series have supported this inverse
relationship between segmental functional recov-
ery and CDE in patients with acute MI treated
either medically or with additional revasculariza-
tion therapy [82,90-92]. Global left ventricular
function improvement was found to be best pre-
dicted by the extent of myocardial segments with
dysfunction but either did not have CDE or had
transmural extent <C25% of the left ventricular wall
thickness [92]. It is of interest that in segments with
transmural distribution of CDE, 5-15% still show
functional improvement [91,92].

The advantages of CDE MRI in the evaluation
of viability as compared to other modalities such as
PET, SPECT or echocardiography include high spa-
tial resolution that allows delineation of subendocar-
dial or varying degrees of transmural involvement,
and the ability to image all myocardial segments even
in obese patients. Disadvantages include inability to
image patients with pacemakers and defibrillators,
an increasingly substantial segment of the ischemic
cardiomyopathy population, as well lack of wide-
spread availability. CDE MRI, although promising,
still awaits validation at this time as an independ-
ent prognostic marker for survival in ischemic car-
diomyopathy patients. Two preliminary trial results
presented at a national meeting demonstrate the
potential of CDE for risk prognostication. In 257
CAD patients followed up for an average of 13.8
months, patients with no CDE had better freedom

from major adverse cardiac events (death, infarction,
unstable angina, decompensated heart failure, and
revascularization) as compared with those with CDE
[93]. The presence of CDE was the variable with the
highest hazard ratio (5.75, CI 2.8-11.5) as compared
to other risk factors such as age, left ventricular func-
tion, prior M1, hypertension, diabetes, and abnormal
electrocardiogram. The presence of CDE in >15% of
the left ventricular mass was also shown to be inde-
pendently associated with worse survival in a study of
100 CAD patients (average follow-up 25 months) on
routine cardiac care, as compared with those with
no CDE or CDE <15% of the myocardium [94].
Among several variables tested, only the presence of
CDE and reduced left ventricular ejection fraction
were found to be independent predictors of all-cause
mortality.

MR spectroscopy

MR spectroscopy allows interrogation of the
chemical composition and metabolism of myocar-
dial tissue. Although clinical utility has not been
established, preliminary data show promising
results. The focus has been on assessing myocardial
energetics. Using phosphorus-31 magnetic spec-
troscopy, Beer et al. [95] demonstrated in a study of
eight patients that 6 months following revasculariza-
tion, the phosphocreatine/ATP ratios of myocardial
segments with functional recovery were compara-
ble to normal controls. The segments that showed no
functional recovery had reduced phosphocreatine/
ATP ratios. Similarly, Yabe et al. [96] studied myocar-
dial high-energy phosphate levels in 41 CAD patients.
Phosphocreatine was significantly reduced in CAD
patients with both fixed and reversible thallium
defects, but ATP was reduced only in patients with
fixed defects. Using hydrogen instead of phospho-
rus MR spectroscopy in 10 CAD patients, Bottomley
and Weiss [97] reported that total creatine was
lower in infarct regions compared to non-infarcted
myocardium. These studies demonstrate that MR
spectroscopy has the potential for spatially localized
non-invasive determination of myocardial metabolic
state. The main disadvantage with MR spectroscopy
involves the need to use large voxel sampling size
(10 to >20mL) to compensate for its low intrinsic
sensitivity and low metabolite concentrations, thus
compromising spatial resolution. The technique is
also technically demanding.
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(a) Reversible dysfunction
Before revascularization

End diastole nd systole No hyperenhancement

(b) After revascularization

End diastole End systole

(c) Irreversible dysfunction
Before revascularization

End diastole End systole Hyperenhancement

(d) After revascularization

End diastole End systole

Figure 8.8 Representative cine images and contrast-enhanced images obtained by MRI in one patient with reversible
ventricular dysfunction (Panels a and b) and one with irreversible ventricular dysfunction (Panels ¢ and d). The patient
with reversible dysfunction had severe hypokinesia of the anteroseptal wall (arrows) and this area was not hyperen-
hanced before revascularization. The contractility of the wall improved after revascularization. The patient with irre-
versible dysfunction had akinesia of the anterolateral wall (arrows), and this area was hyperenhanced before
revascularization. The contractility of the wall did not improve after revascularization [89]. (Copyright © 2000
Massachusetts Medical Society. All rights reserved.)
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Invasive methods of viability
assessment

Electromechanical mapping
Electromechanical mapping (EMM) involves the
measurement of endocardial unipolar voltages
(UPV) and local shortening (LS) using ultra-low
electromagnetic field energy and a tip-deflecting
sensor catheter. Mostly performed without fluo-
roscopy, real-time three-dimensional maps can be
created from both the electrical activity (UPV) and
regional contractility data (LS) of the left ventricular
endocardium. It has been shown in animal experi-
ments that myocardial ischemia and MI were associ-
ated with reduced voltage potentials [98,99]. In a pig
model of myocardial hibernation, there is preserved
electrical activity in myocardial segments with
reduced coronary perfusion and function [100].
EMM has been compared to more established
imaging modalities for viability. It was found that
regional UPV and LS values were proportional to
thallium uptake score at rest and with redistribu-
tion in 61 patients with CAD [101]. In 51 CAD
patients, the highest UPV and LS were found in
normally perfused myocardial segments. There
were intermediate values for viable myocardium,
defined by fixed perfusion defect by technetium-
99m tetrofosmin SPECT but with normal or lim-
ited FDG uptake, and lowest values in scar tissue
[102]. Using lack of delayed enhancement contrast
MRI as a gold standard for viability, Perin ef al.
[103] found significantly lower UPV in myocardial
segments with subendocardial scar and even lower
values in transmural scar segments as compared to
normal myocardium. The threshold values for
UPV and LS that would distinguish normal from
viable and scarred myocardium are not clearly
established. Perin et al. [103] suggested a threshold
value of 7.9mV (sensitivity and specificity 80%)
and 6.9mV (sensitivity 93% and specificity 88%)
to distinguish normal from subendocardial and
transmural scar, respectively. With FDG PET data,
Keck e al. [102] found UPV of 4.5mV as a thresh-
old distinguishing viable from non-viable func-
tionally impaired myocardial segments (sensitivity
65% and specificity 90%). Fuchs et al. [101] sug-
gested UPV of 7.4mV (sensitivity 78% and speci-
ficity 68%) and LS of 5% (sensitivity 65% and
specificity 67%) as cutoff points to distinguish

viable from non-viable myocardium using thal-
lium data for comparison.

The disadvantage of EMM over other techniques
involves the invasive nature of the technique. Its
advantage involves the ability to detect ischemic
and viable myocardial zones to guide local delivery
of therapy that may be available in the future, such
as gene therapy or myoblast transfer. No study is
available yet that establishes the ability of EMM to
predict functional recovery or clinical outcomes.

Cardiac catheterization

The use of left ventriculography to assess myocardial
viability is currently of historical rather than clinical
importance in light of the available non-invasive
means of detection. However, left ventriculography
done as part of routine coronary angiography pro-
cedure may provide important information regard-
ing myocardial viability. Contractile reserve as a
marker of myocardial viability was first established
with angiography. Popio et al. [104] showed that
improvement in regional contractility following
premature ventricular contractions was associated
with functional recovery following surgical revascu-
larization in a study involving 31 patients. In another
study, post extra-systolic potentiation was also used
to detect residual myocardial function [105]. Con-
tractile reserve as a means to assess viability was
also examined using nitrates and catecholamines
infusion [4,106,107].

Summary

The identification of viable myocardium has impor-
tant functional and prognostic significance in the
treatment of CAD with left ventricular dysfunction.
Revascularization of viable myocardial segments is
associated with improved survival, but benefit has
not been established in revascularization of non-
viable myocardium. There are several techniques
being used to identify and quantify myocardial viabil-
ity. The most established techniques include thal-
lium-201 SPECT, F-18 FDG PET, and DSE. These
techniques have comparable efficacy in predict-
ing clinical outcomes and sensitivity in predicting
regional functional recovery. DSE has higher speci-
ficity in predicting regional functional recovery
compared to the other two techniques. Increasingly,
MRI techniques, including dobutamine MRI and



140 CHAPTER 8

gadolinium CDE are being used in the assessment of
myocardial viability. Other promising techniques are
at early stages of evaluation, but should contribute to
the enhancement of viability assessment.
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CHAPTER 9

Bypass surgery in the treatment
of ischemic cardiomyopathy

Bruce W. Lytle

The most common operation performed for patients
with congestive heart failure (CHF) is coronary
bypass surgery. In the United States, the majority of
patients with heart failure have a cardiomyopathy,
that is, at least in part, ischemic in origin: coronary
artery disease has contributed to their myocardial
dysfunction. It has been long known that coronary
bypass surgery improves or relieves angina and sub-
stantial evidence exists that bypass surgery prolongs
the life expectancy of patients with ischemic car-
diomyopathy. Recent series have also shown and
quantified the improvement of symptoms of CHF
following bypass surgery. In addition to advances
in the safety and effectiveness of bypass surgery there
have also been improvements in imaging techniques
that allow identification of patient subsets particu-
larly likely to benefit from revascularization.

Early in the bypass surgery era, randomized and
comparative observational trials were undertaken to

High angiographic risk

identify the impact of bypass surgery on long-term
survival. The results of these trials indicated that
patients with abnormal left ventricular (LV) function
experienced an improved survival rate with prompt
bypass surgery compared with the strategy of ini-
tial tnecical rnanagement with surgery being recorn-
mended later on if symptoms worsened (cross-over
to surgery). The Veteran’s Affairs (VA) Cooperative
Study of coronary artery bypass surgery was the
first such trial undertaken and began in 1972 [1].
Very early in the trial it was clear that patients with
left main coronary artery diseased benefitted from
bypass surgery and left main disease was an exclusion
criteria for subsequent enrollment. With time, it was
also clear that patients classified as “high-risk” angio-
graphic group, defined as the combination of triple-
vessel disease and impaired LV function, received
survival benefit from surgery (Figure 9.1). It has
been pointed out that by 15 years after operation

1.0
g-+r0.vq. 83 P =0.018 0.002 0.041
S, 08F ®.a.76
c *.
=
2 06fF
7]
=
2
g 04
o
a o---0 Medical :
0.2 Surgical o9 Figure 9.1 The initial randomlzed trial
of surgery versus medical treatment,
0 ; : . . : ; ; . the VA study of stable angina showed
0 5 4 6 8 10 12 14 16 18 @ .survwal adve.mtage for patients with
triple-vessel disease and abnormal left
] Years ventricular function who underwent
Medical 97 69 56 40 32 6 bypass surgery (reprinted with permis-
Surgical 71 61 56 43 25 6  sion from [1]).

145


ter.su

146 CHAPTER 9

(b) ()

P =0.40

P =0.0094

[o)]
c
2
= 0.72
? 06 = - =
2 0 0.65
2
=
[e]
[o 8
2 04l = -
®—® Surgically assigned
0--0 Medically assigned
0.2 = = -
POy M NN N N N Y T N N TN N N N N T T N ——
1 3 5 7 1 3 5 7 1 3 5 7
Years
Surgical 8 8 1 28 26 13 42 37 23
Medical 11 9 4 35 31 15 36 29 16
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with (@) single-, (b) double-, or (¢) triple-vessel disease that achieved statistical significance (reprinted with permission

from [2]).

the highly significant survival difference between
the medical and surgical groups had disappeared.
However, it is also important to note that only 30%
of patients were still alive at that point and that by
18 years 62% of the patients originally randomized
to receive medical treatment had “crossed-over” to
receive bypass surgery, thus receiving whatever sur-
vival benefit bypass surgery provided. Furthermore,
the VA trial was conducted in a primitive era of
bypass surgery prior to internal thoracic artery (ITA)
grafts and effective myocardial protection.

The Coronary Artery Surgery Study (CASS) was
undertaken in the latter years of the 1970s and
involved a randomized arm of patients with mild
or moderate angina and a registry arm of patients
who either did not qualify for randomization or
who did qualify but were not randomized. In the
randomized arm of the trial the patients with an
ejection fraction (EF) of <<50% were found to have
an improved survival rate at 10 years after random-
ization whether or not they had symptoms prior to
operation (Figure 9.2) [2]. Again, none of those
patients had severe angina, and cross-over to surgical
treatment was frequent as 38% of medically treated

patients had undergone surgery by 10 post-
operative years [3].

In CASS, many more patients were included in the
non-randomized registry than in the randomized
arm, and registry analyses documented some impor-
tant observations. For patients with mild angina
and moderate impairment of LV function survival
rates were improved according to a non-EF based
LV scoring method [4]. Few patients with severe LV
function were included in this registry study. For
patients with severe angina there was a major dif-
ference in survival for patients with triple-vessel
disease as 82% of the surgical group survived to 5
years, as opposed to 52% of the group initially
treated medically (Figure 9.3) [5].

Another important study from the CASS registry
involved the impact of bypass surgery on the risk of
sudden death [6]. Sudden cardiac death (death
within 1 h of the onset of symptoms) was the mode
of death in 26% of the deaths that occurred during
a 4.6-year follow-up. Surgery decreased the overall
risk of sudden death in most patient subsets that
were examined but was particularly effective in
decreasing the rate of sudden death for patients
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with multi-vessel disease and a history of CHE For
example, for patients with triple-vessel disease with
ahistory of CHE, by 5 years 31% of medically treated
patients had suffered sudden death compared to
9% of those surgically treated (Figure 9.4) [6].
Data from the CASS registry also addressed the
importance of the extent of revascularization on the
survival rate of patients after bypass surgery. Bell and
colleagues separated the surgically treated patients
into subgroups based on the number of grafts per-
formed as an indicator of complete versus incom-
plete revascularization. They found that the number
of grafts relative to the number of vessels diseased
did not impact on patients with normal ventricu-
lar function but that complete revascularization

significantly improved the survival rate of those
with ischemic cardiomyopathy [7].

A second VA Trial involved patients with unsta-
ble angina. [his trial also showed a survival benefit
for patients with abnormal LV function and triple-
vessel disease who underwent bypass surgery com-
pared with those treated with initial medical
management [8].

All of these trials were begun within the first
decade of the bypass surgery era when intra- and
postoperative strategies were relatively primitive.
Since that time conceptual and technical improve-
ments have lowered the short-term risks and
improved the long-term outcomes associated with
bypass surgery. Perioperative risks have diminished
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due to improvements in intraoperative myocardial
protection, increased surgeon experience, and more
consistent postoperative care strategies. The use of
platelet inhibitors has been shown to improve vein
graft patency rates and may diminish perioperative
ischemic events [9], and the use of 3-hydroxy-3-
methylglutaryl (HMG) co-enzyme A inhibitors
decreases angiographic progression of atheroscle-
rosis in bypass grafts and native coronary arteries,
and decreases the risk of cardiac events within the
first 3 years after bypass surgery [10,11]. ITA grafts
were not used to any significant degree in any of
the randomized trials. We now know that I'TA grafts
have superior early and late patency rates to vein
grafts and that even to 20 years after operation the
likelihood of late I'TA graft failure is quite low. These
improved patency rates are also clinically impor-
tant and the use of the “left internal thoracic artery
to left anterior descending coronary artery” (LITA-
LAD) graft has been shown to prolong long-term
survival rate and reduce the incidence of late cardiac
events [12]. Also, observational data is now accu-
mulating that the use of two I'TA grafts may improve
long-term survival rates and decrease the risk of
reoperation when compared with the single ITA
graft strategy [13].

The results of the randomized and observational
trials of the 1970s were reasonably consistent, obser-
vational studies since that time have also seemed to
indicate favorable outcomes for patients with abnor-
mal LV function and surgical outcomes have
improved dramatically since the trials were com-
pleted. These considerations have established bypass
surgery as the treatment of choice for prolonging
patient survival for patients with ischemic cardiomy-
opathy. Reviews by consensus panels have further
established the principal that abnormal LV function
combined with left main or multi-vessel coronary
artery disease represents an indication for bypass sur-
gery regardless of the severity of symptoms [14,15].

Non-operative therapies for patients with ischemic
cardiomyopathy have also improved. Pharmacologic
treatments including the use of angiotensin con-
verting enzyme inhibitors, beta-blockers, and diuret-
ics, often improve the symptoms of CHF and some
randomized trials have also noted that pharmaco-
logic therapies may decrease the mortality rate dur-
ing short follow-up periods [16]. The availability of
multiple anti-arrhythmic agents have decreased

symptoms induced by arrhythmias but an influence
on survival rate has been hard to show. Implantable
defibrillators, however, have appeared to decrease the
risk of death based on arrhythmia for some high-risk
patient subgroups [17]. In view of these advances
in non-operative therapy, it has been suggested that
revascularization may not still be needed to improve
the survival rate of patients with ischemic cardiomy-
opathy, and that more current randomized trials
comparing modern bypass surgery with modern
non-operative treatment are needed to re-establish
the indications for revascularization.

My own view is different. Patients with ischemic
cardiomyopathy have ended up with abnormal LV
function because of the occurrence of coronary vas-
cular events. Unless pharmacologic agents prevent
the occurrence of further ischemic events it would
seem logical that regardless of progress in the phar-
macologic treatment of heart failure and rhythm
disturbances that the presence of uncorrected coro-
nary stenoses still threatens the survival of patients
with ischemic cardiomyopathy. For patients with
myocardium jeopardized by the presence of coro-
nary stenoses and at risk for future coronary events,
why would we not expect bypass grafting to improve
the survival rate? There appear to be three situations
where surgery might not benefit. The first would be
if the operative risk outweighed the long-term ben-
efit. The second would be if there was a high inci-
dence of mortality that was unrelated to ischemia, or
if ischemia did not pose risk, and the third if bypass
grafting was ineffective in preventing ischemia.

In regard to the first issue, although there is an
incremental risk during bypass surgery produced
by abnormal LV function, with modern myocardial
protection that increment is small. The in-hospital
risk of bypass surgery, even for those with severe LV
dysfunction, represents a relatively small propor-
tion of the total risk of patients with ischemic car-
diomyopathy. Review of 14,075 Cleveland Clinic
Foundation patients undergoing primary isolated
bypass surgery during the years 1990-1999 showed
in-hospital mortality rates according to preoperative
LV function to be normal (n = 7203) 1.5%, mild
impairment (n = 3378) 0.8%, moderate impair-
ment (n = 2132) 2.5%, and severe impairment
(n = 1362) 3.2%, respectively. Other centers have
also demonstrated a low procedure-related mortal-
ity for operations for ischemic cardiomyopathy.
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Second, there is evidence that ischemic events do
contribute in a major way to the mortality of patients
with ischemic cardiomyopathy. Investigators from
the Assessment of Treatment with Lisinopril and
Survival (ATLAS) trial reported a detailed study of
autopsy data. In ATLAS, 1083 deaths occurred and
188 postmortem examinations were performed [18].
Thirty-three patients who underwent postmortem
examinations were judged to have died from non-
cardiac causes and of the 155 judged to have died
from heart disease, 56 had acute coronary pathol-
ogy noted at autopsy. Furthermore, 54% of patients
undergoing sudden death exhibited acute coronary
findings. Because of ischemia-induced arrhythmias
could result from ischemia not caused by new vas-
cular occlusion and postmortem examinations
might not always identify new changes in coronary
anatomy for patients with diffuse atherosclerosis,
these figures for the impact of new ischemic events
on death rate have to be considered minimum fig-
ures. Studies based on clinical judgements of cause
of death cannot be relied upon to identify deaths
related to ischemic events. In ATLAS, 26% of the
patients who underwent autopsy were found to
have died of myocardial infarction but only 4% of
patients who did not have a postmortem examina-
tion were judged to have died of myocardial infarc-
tion on clinical grounds. Studies of patients without
abnormal LV function who have asymptomatic
ischemia (Asymptomatic Cardiac Ischemia Pilot
(ACIP) Trial) have shown that myocardial ischemia
predicts mortality despite current medical therapy
[19]. Why would we think that ischemia is benign
for patients with abnormal LV function?

Third, can coronary bypass surgery prevent fatal
ischemic events? We know that coronary bypass sur-
gery does not totally prevent ischemic events of all
magnitude. There is relatively little evidence that
coronary bypass surgery over the long term lowers
the rate of diagnosis of myocardial infarction.
However, it does appear from the randomized trials
of the past that coronary surgery lowers the risk of
fatal myocardial infarction and we have already
noted the data from the CASS registry clearly show-
ing a decreased risk of sudden death after bypass
surgery for patients with symptoms of CHF [6]. In
addition, there are more recent data from the SOLVD
(Studies of Left Ventricular Dysfunction) studies that
the mortality rate from ischemic cardiomyopathy

is decreased by bypass surgery despite treatment
with modern pharmacologic therapy. One of the
SOLVD studies was designed to test the impact of
Anapril on the survival of patients with ischemic
cardiomyopathy (left ventricular ejection fraction,
LVEF = 0.35). Thirty-five percent of the 5410
patients in this study had undergone previous bypass
surgery a mean of 1.8 years prior to entry into the
study [20]. During a 3-year follow-up, those patients
had a 26% lower mortality rate than the patients
who did not have a history of bypass surgery, and
this decreased risk of death was mostly due to a
decreased risk of sudden death. Further work from
the SOLVD trial found that diabetic patients strongly
benefitted from bypass surgery in terms of survival
[21]. Tt is important to note that patients with
unstable angina or myocardial infarction within a
month of entry were excluded from the SOLVD
trial, meaning that the patients that were included
would not have been considered clinically to be ata
particularly high risk for ischemic events.

The authors of SOLVD have made the observa-
tion that the effect of bypass surgery in decreasing
the risk of sudden death may be a possible explana-
tion for the inability to demonstrate a positive effect
of implanted cardioverter defibrillators (ICD) on
survival rate in the Coronary Artery Bypass Graft
(CABG) Patch Trial. The CABG Patch Trial involved
patients with ischemic cardiomyopathy who all
underwent bypass surgery and tested ICD implan-
tation against pharmacologic management for the
prevention of mortality. There did not appear to be
a benefit from ICD implantation [22]. One expla-
nation for the lack of improvement with ICD
implantation was that the mortality rate in CABG
Patch for the patients who had bypass surgery and
pharmacologic treatment was only 6% per year.
Thus, bypass surgery may have lowered the mortal-
ity rate to a level where improvement was difficult
to demonstrate even with ICD implantation.

In the anti-arrhythmic versus implantable defib-
rillator (AVID) trial, patients with life threatening
ventricular arrhythmias received either anti-
arrhythmic drugs (AAD) or ICD implantation, and
while 80% of patients had ischemic cardiomyopa-
thy only 30% had undergone bypass surgery [17].
In AVID, patients with EF <C0.34 had an improved
survival rate with ICD implantation. However, this
improvement was based on a particularly bad
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outcome for the AAD patients with survival rates
of only 64% and 72% at 2 years of follow-up for
patients with EF <C0.20 and 0.20-0.34, respectively.
Although the ICD patients did have an improved
survival rate, those survival rates still were not very
good with 2 year survival rates of 72%, 82%, and
83% for patients with EF of <€0.20, 0.20-0.34,
and >0.34, respectively. Thus, the patients in the
AVID trial had high mortality rates despite ICD
implantation. It is true that the AVID patients
appeared to be at a greater arrhythmic risk than
those that were included in the CABG Patch trial
but these data also suggest that ICD implantation is
not a substitute for revascularization.

Patients with ischemic cardiomyopathy are het-
erogeneous in regard to coronary anatomy, ischemic
jeopardy, and myocardial viability. It is probable
that there are patients who can be categorized as
having ischemic cardiomyopathy that will benefit
very little from revascularization and some that
will benefit a lot. There are now available imaging
modalities that appear to be able to help identify
these patient subsets. There are multiple techniques
available and the information they provide con-
cerning myocardial viability differs. Single photon
emission tomography (SPECT) using thallium-21
or technetium-99 perfusion tracers examines cell
membrane integrity. Metabolic activity can be iden-
tified using positron emission tomography (PET)
and dobutamine stress echocardiography addresses
the issue of contractile reserve. All of these tech-
niques have been tested with clinically based trials
in regard to their prediction of long-term clinical
outcomes after revascularization and appear to have
some predictive value. Magnetic resonance imag-
ing (MRI) also may be used to predict viability and
outcomes although few data have correlated that
technique with long-term clinical outcomes. In gen-
eral, SPECT and PET tomography are quite sensi-
tive, that is to say, very few viable cells are necessary
for them to be identified as viable. However, the
strategies do not appear to be as specificin terms of
recovery of regional myocardial function after revas-
cularization. Dobutamine stress echocardiography
is not as sensitive but appears to be more specific
for the ability of myocardium to improve its func-
tion after revascularization.

Meta-analysis of 24 studies correlating myocardial
viability assessment and survival with or without

revascularization for patients with ischemic car-
diomyopathy was performed by Allman and col-
leagues [23]. There were 3088 patients in the studies
included in the meta-analysis with EFs of 32 = 8%.
Patients were followed for 25 = 10 months after
the diagnostic studies. For patients who exhibited
myocardial viability revascularization decreased
the risk of death by about 80%. There was a 3.2%
annual mortality for the revascularized group com-
pared with a 16% annual mortality for patients
who did not undergo revascularization. Patients who
did not demonstrate myocardial viability had a worse
annual mortality in the revascularized group (7.7%
per year) and a relatively better survival rate for
patients treated medically (6.2% per year). Patients
without myocardial viability did not exhibit an
improved survival rate in any subgroup based on
ventricular function. Patients with myocardial via-
bility exhibited more benefit from revascularization
as the EF decreased. Although the individual stud-
ies contain smaller patient numbers than the meta-
analysis, the findings of the individual studies were
consistent. The authors were unable to identify an
advantage for any particular type of viability study
in terms of the accuracy of prediction of outcomes.

Studies of myocardial viability can also be of value
in predicting the functional recovery of abnormal
myocardium after revascularization. Thallium
SPECT has been shown to predict improvement of
EF if large areas of viability are demonstrated.
Dobutamine echocardiography also has been shown
to be of value in predicting improvement in meas-
urements of global LV function.

More recent data indicate that identification of
viability myocardium preoperatively can predict
improved function class postoperatively [24].
Marwick et al. correlated improvement in exer-
cise capacity after revascularization with viable
myocardium of >20% of the LV mass as identified
by PET correlating with improvement in rate pres-
sure product [25]. Further Cleveland Clinic Foun-
dation studies have shown that PET appeared to be
more accurate in improvement of exercise capacity
than was dobutamine echo.

Based on the previous randomized trials of bypass
surgery versus medical treatment, the improvements
in the short- and long-term outcomes of bypass
surgery, the confirmatory data from more modern
trials that we have discussed, the continued high
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risk of patients with ischemic cardiomyopathy
despite non-surgical treatments, and data showing
the benefit of surgery for patients with myocardial
viability, it does not seem to me that randomized
trials testing revascularization versus non-surgical
treatment for patients with ischemic cardiomyopa-
thy and myocardial viability are either needed or
justified. However, there are many other questions
that are as yet unanswered.

First, what is the optimum role of percutaneous
procedures (PCT) in the revascularization of patients
with ischemic cardiomyopathy? Most revascular-
ization studies have involved revascularization via
bypass surgery for the overwhelming majority of
patients with ischemic cardiomyopathy. Even with
the use of coronary stenting, all comparative trials
of surgery versus PCT revascularization have docu-
mented less consistent revascularization with PCT.
On the other hand, PCT has shown to have been
effective at least over the short-term, for some high-
risk patient subsets [25]. The importance of com-
plete revascularization for a patient with ischemic
cardiomyopathy has also been a deterrent to the
routine use of PCT for these patients. For patients
with coronary vascular anatomy suitable for stent-
ing, second generation (drug-coated) stents may
provide more consistent and long lasting revascu-
larization than previous PCT technologies.

Second, patients with ischemic cardiomyopathy
are often post-bypass surgery. Reoperation for
patients with recurrent ischemia based on progres-
sion of atherosclerosis who also have abnormal LV
function is not a strategy that has been tested with
randomized trials.

Third, for patients without jeopardy of viable
myocardium there is not a great deal of evidence
that operation improves survival rate compared
with medical management.

However, despite the existence of these and other
questions, bypass surgery has a central role in the
treatment of ischemic cardiomyopathy and is the best
long-term strategy for the majority of these patients.
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CHAPTER 10

Valve surgery for patients with
left ventricular dysfunction

Patrick M. McCarthy

Introduction

Clinicians are frequently faced with patients with
heart failure, or severely impaired ventricular func-
tion, who have clinically significant valve lesions. In a
recent study from the University of Michigan a search
of their echocardiographic database illuminated the
problem and the poor prognosis of these patients [1].
Of the patients with a 35% or less left ventricular
ejection fraction (LVEF), 48.6% had either 3 or
4+ mitral regurgitation (MR), and 34.5% had 3 or
4+ tricuspid regurgitation (TR). By univariable and
multivariable analysis severe MR and TR regurgita-
tion both were shown to be significant predictors of
mortality (Figure 10.1). Additional studies from the
Mayo Clinic confirm the frequent finding of MR and
TRin congestive heart failure (CHF) patients, and the
poor prognosis of patients with significant MR and
TR [2].

P = 0.0001
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Historically, clinicians were taught that mitral
valve replacement in patients with a 40% or less EF
and low cardiac index was extremely high risk, and
that “the risk of operative mortality becomes prohib-
itive” | 3]. However, these words of wisdom from 1980
reflected the state of the art at that point in time. The
standard of care at that time was to replace the mitral
valve, with a ball-in-cage prosthesis and the subvalvu-
lar components impeded prosthetic valve function
(Figure 10.2). [n addition, the entire valve, including
the papillary muscles and subvalvular apparatus,
were removed. We now know, these “valvular—
ventricular” interactions are important to maintain
ventricular function [4,5]. After removal of the papil-
lary muscles and their chordal attachments to the
valve and to the valve annulus, the ventricle dilates
and becomes more dysfunctional. The high operative
mortality in 1980 was compounded by the lack of

P = 0.0003
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Figure 10.1 In a study from the University of Michigan, 3 or 4+ MR (left panel) was present in 48.6% of patients with an
EF of 35% or less, and 3 or 4+ TR was present in 34.5%. By univariable and multivariable analysis MR and TR predicted

reduced survival (reprinted with permission from [1]).
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sophisticated methods of myocardial protection, and
more limited capabilities for peri-operative care.
There are several other sources of information
indicating that MR portends a poor prognosis in
those with ischemic disease. The presence of MR

Caged ball
. valve (open)

Figure 10.2 In the 1970s and 1980s valve replacement,
rather than repair, was performed in most patients with
MR. During those operations the entire subvalvular appa-
ratus, along with the leaflets and chords, were removed to
avoid impingement on the ball-in-cage valve. This lead to
reduced ventricular function associated with a high opera-
tive and late mortality. Mitral valve surgery for patients
with LV dysfunction was high risk during that time

period.

— MR Grade-0
—— MR Grade-1
—— MR Grade-2
—— MR Grade-3 or 4
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357 322 310 292 246
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was shown to indicate a poor long-term outcome in
patients post myocardial infarction (MI) [6]. In a
study from the Cleveland Clinic, patients who under-
went percutaneous coronary intervention had a sig-
nificantly worse prognosis if there was 3 or 4+ MR,
compared ta those without MR [7]. Even those with
1 or 2+ MR, had reduced survival (Figure 10.3).
This was especially true for patients with an EF less
than 40%. Several other papers document the poor
prognosis of MR in patients with LV dysfunction
[8-10].

Surgical treatment of MR in
patients with severe LV
dysfunction

Since 1980, when mitral valve replacement in patients
with LV dysfunction was high risk, surgical outcomes
have improved considerably. Much has been learned
about the mechanisms of MR, intra-operative and
post-operative management, and the type of proce-
dure and ring prosthesis to be employed for valve
repair. Bolling published a series of patients who
underwent mitral valve repair (not replacement)
with severe LV dysfunction [11]. Surgeons were first
struck by the low operative mortality (2%). The con-
cept of the “pop-off” mechanism had been circulated
for decades to explain the high mortality of patients

P < 0.001

Figure 10.3 Patients who
underwent percutaneous
coronary intervention had a
significantly worse prognosis
if they had MR. This was
even true for those with only
1 or 2+ MR (reprinted with
permission from [7]).
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who underwent surgery for MR with severe LV dys-
function. According to this concept, MR was some-
what beneficial, in that the ventricle was unloaded
into the low-pressure left atrium. By removing this
pop-oft mechanism with a competent mitral valve,
afterload was increased on the ventricle (which now
had to eject solely into the systemic circulation). This
increased workload led to early peri-operative death.
Therefore, Bollings’ successful surgical series was
remarkable because it refuted this pop-off concept.
Equally remarkable, 3-year survival was approxi-
mately 75%, considerably better than they expected
for patients with heart failure with severe LV dysfunc-
tion and MR (Figure 10.4). Further studies from the
University of Michigan also showed that by removing
the volume overload caused by MR the ventricles
remodeled, end-diastolic and end-systolic volumes
decreased, forward stroke volume and cardiac output
improved, and EF improved [12] (Table 10.1).

These results were reproduced in one of our stud-
les from the Cleveland Clinic [13]. Also, in our series
we investigated hospital admissions for CHE All
patients had been admitted with heart failure at least
once, with a range of 1-6 times before surgery, and a
mean of 2 admissions. In addition to similar favor-
able survival like Bollings' report, freedom from
hospital readmission for heart failure was very high
in our series (Figure 10.5). Furthermore, we also

24 36
Months

Figure 10.4 Bolling and colleagues reported a series of
patients who underwent mitral valve repair, instead of
replacement, and found a low early mortality, and accept-
able late mortality for a group of patients with LV dys-
function and heart failure. Other surgeons began to adopt
this more aggressive strategy in patients with LV dysfunc-
tion (reproduced with permission from [11]).

observed late changes in ventricular volumes and
structure, and an improvement in ventricular func-
tion (Figure 10.6).

The recently completed Acorn Clinical Trial was
a multi-center-randomized prospective trial of
patients with low LVEF (mean 24%) and MR.
After just mitral valve surgery they found favorable
changes in LV volumes and exercise capacity, quality
of life, and New York Heart Association (NYHA)
class [14]. Notably, this was the first randomized
surgical study of patients with severe MR and severe
LV dysfunction, and it confirmed a low operative

Table 10.1 Changes after mitral valve replecement in
patients with severe LV dysfunction (reproduced with
permission from [12]).

Echocardiographic Post-operative

parameter Pre-operative (24 months) P-value

End-diastolic 281 = 86 206 + 88 <0.001
volume (mL)

EF (%) 16 =5 26 +8 0.008

Regurgitant 70 =12 13 =10 <0.001
fraction (%)

Cardiac output 3110 5.2*+038 0.001
(L/min)

Sphericity index 0.82=0.10 0.74 =0.07 0.005
(D/L)

—— Freedom from heart
failure admissions

~—— Qverall survival

Figure 10.5 In a study of mitral valve surgery patients
with severe LV dysfunction from the Cleveland Clinic, early
and late mortality were low. Also freedom from heart
failure readmission was high considering that all patients
had been hospitalized from 1 to 6 times for heart failure
before the operation, with a mean number of pre-operative
admissions of 2.1 = 1.5 (reproduced with permission

from [13]).
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EDD ESD SI SV
Follow-up 2.6 *+ 2 years (range 7 months—7 years)

Figure 10.6 After mitral valve surgery in patients with
severe LV dysfunction in the Cleveland Clinic study we
also observed improvement in ventricular volumes and
function (reproduced with permission from [13]).

EDD: end-diastolic diameter; ESD: end-systolic diameter;
Sl: sphericity index; SV: sphericity volume.

mortality (1.6%) with favorable changes in ventric-
ular function for both control (mitral valve surgery
only) or treated patients (mitral valve surgery with
CorCap™).

These studies have demonstrated in patients with
severe LV dysfunction and MR that contemporary
surgical results offer a low mortality, improved LV
volumes and function, improved exercise capac-
ity, quality of life and NYHA class, low need for
re-hospitalization for heart failure, and good mid-
term survival [s survival better than for those
patients being treated with contemporary medical
therapy that includes beta-blockers, biventricular
pacing, and defibrillators? The answer is not clear.
A recent report from the University of Michigan
showed no survival advantage for those treated
with surgery [8]. This retrospective, but propensity
matched, analysis (Figure 10.7) had the usual flaws of
all retrospective studies (such as determining retro-
spectively that a patient could have been a surgical
candidate) and also compared to the earliest mitral
valve surgery results using flexible rings that later
studies found to have a high risk for late MR recur-
rence (see next section on Ischemic MR). A random-
ized prospective trial of medical therapy versus
surgical treatment would be the ideal solution. Grant
applications for such a study have been submitted.
The ACC/AHA Practice Guidelines suggest that such
surgery can be considered, and is a Class ITb [15].
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Figure 10.7 A retrospective, propensity matched, study
from the University of Michigan showed no difference in
survival for medically or surgically treated patients with
low EF and severe MR. Although the study had flaws, and
reported Dr. Bolling’s earliest results using a flexible mitral
repair ring which was prone to failure, it points out the
need for a prospective-randomized trial of this patient
population (reproduced with permission from [8]).

CAD: coronary artery disease.

Ischemic MR

Ischemic MR (IMR) is different from functional
MR caused by idiopathic dilated cardiomyopathy for
several reasons. First, IMR is more common, so sur-
geons and cardiologists outside of major heart failure
programs frequently encounter these patients and
have to make decisions on how best to treat them.
Idiopathic cardiomyopathy patients are not com-
mon outside transplant centers and, as yet, uncom-
monly referred for surgery. Based on data from the
Cleveland Clinic with percutaneous coronary inter-
ventions, patients with MR had a worse prognosis
than those with no MR and, therefore, coronary
bypass with mitral valve repair may be the preferred
approach |7]. Second, many patients are encountered
who need coronary artery bypass (CAB) who have
mild or moderate MR and the decision has to be
made whether the mitral valve should be treated or
not at the time of CAB. Finally, the unique patho-
physiologic characteristics of IMR, and the com-
plexity of the MR jet, make it more challenging to
successfully repair. Fortunately new data can help the
surgeon provide a successful IMR repair.

A common surgical myth is that CAB alone will
consistently reduce or eliminate IMR. Sometimes this
will be true for the patient who has active ischemia
with a non-transmural MI and regional wall motion
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abnormalities. However, the majority of patients
who have had a transmural infarct have a more
fixed defect, with geometric changes of the ventricle
(remodeling), and therefore coronary bypass alone
would not be expected to eliminate MR. The group at
Brigham and Women’s Hospital studied patients with
3+ MR and found that after CAB alone, the MR con-
tinued [16,17] (Figure 10.8). At the Cleveland Clinic,
we looked at patients who had 2+ IMR which was
left untreated at the time of CAB [18]. A majority of
the patients either stayed at 2+ MR during follow-
up, or progressed to 3 or 4+ MR (Figure 10.9).
Furthermore, in a propensity-rnatched group, the
survival was worse for patients who had MR who
underwent coronary bypass, than for those who
underwent CAB but who had no MR (Figure 10.10).
Similar findings were reported from the University of
Toronto [19,20]. They did not find reduced survival
in those with mild or moderate MR, but they found
decreased event free survival, and worse late func-
tional status [19] (Figure 10.11).

Papers have indicated that if IMR is corrected at
the time of CAB, then late survival is better [20,21].
Not all studies would agree with this, however.
A recent study from Washington University indicated
no difference in survival in patients with 3—4+ MR
who were left untreated [22]. However, patients with
untreated MR were generally sick patients undergo-
ing emergency surgery and the survival was limited.
Other retrospective studies found no difference in
survival [23-25].

A randomized, prospective, surgical trial to
determine whether there are survival benefits,

1+ 2+ 3+ 4+
Post-op TTE

duced with permission from [16]).
TEE: trans-esophageal echocardiography;

TTE: transthoracic echocardiography.

20
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Figure 10.9 Cleveland Clinic data demonstrated that
patients with 2+ MR before coronary bypass typically
had persistent 2+ MR, or developed 3 or 4+ MR during
follow up (reproduced with permission from [18]).

Figure 10.10 In a Cleveland Clinic study the patients who
had untreated 2+ MR at CAB had worse survival than
matched patients that had CAB but who did not have
MR (reproduced with permission from [18]).
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Figure 10.11 From the University of Toronto, late event free survival was better in patients without MR undergoing CAB,
than in those with 1 or 2+ MR (reproduced with permission from [19]).

improved ventricular function benefits, decreased
re-hospitalization, or improved quality of life in
patients who undergo mitral valve repair along with
coronary bypass, instead of just CAB alone, has not
yet been performed, but is underway. The evidence
now is accumulating, however, that in today’s era, in
experienced hands, the mortality of adding mitral
valve repair to CAB is low. CAB itself will likely
add significant survival benefit to patients with low
EF and viable muscle [26—30|. The results of the
prospective multi-center Acorn CorCap™ study
indicate that removing or correcting the volume
overload from MR led to improvement in ventricular
function and size. Therefore, the weight of the evi-
dence seems to be favoring a lower threshold for
mitral valve repair with CAB than surgeons were
taught years ago. Prospective trials will help us sort
this out. The ACC/AHA Guidelines do not answer
this question [15].

IMR surgery

What is the mechanism of IMR, and therefore, how
is it best repaired? In some patients, would mitral
valve replacement be a better option than mitral
valve repair?

The mechanisms of chronic IMR are complex.
Most often, there is a posterior infarction with ven-
tricular scar in the distribution of the circumflex or
right coronary artery. This leads to localized regional

Figure 10.12 Patients with IMR frequently have a complex
jet of MR that arises from the medial commissure (P3 area
according to Carpentier’s classification). The jet is second-
ary to numerous factors including ventricular remodeling
that tethers the posterior papillary muscle (see animation
at http//cvbook.nmh.org).

wall motion abnormalities frequently associated with
ventricular dilation, a drop in EF, increase in ventric-
ular volumes, and remodeling to a globular-shaped
heart (change in sphericity) [32,33,34]. Papillary
muscle tethering restricts closure (Carpentier type
[1IB), especially involving the medial commissure
(P3 area) creating a complex jet that is predominantly
from the medial commissure, but that also may orig-
inate from the lateral commissure [32,33,34] (Figure
10.12). The valve leaflets and chordae appear to be
“normal,” but recent studies have shown that they are
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Figure 10.13 In most patient groups mitral valve repair leads to a better survival than mitral valve replacement, however,
in some subsets (usually the sickest patients) no benefit could be demonstrated because survival was reduced in both

groups (reproduced with permission from [41]).

Figure 10.14 When the mitral valve is severely tethered due to ventricular dilation (right panel vs. normal on left) the
mitral valve leaflets are pulled toward the apex. A variety of echocardiographic measurements have been used to
quantify this, including mitral valve tent height (reproduced with permission from [44]).

stiffer than normal leaflets and have a ditferent bio-
chemical composition [35]. It should be noted that in
rare circumstances there is severe acute MR from
papillary muscle rupture, or there is infarction and
fibrosis with elongation of the papillary muscles that
causes prolapse, but both of these are much less
common than the classic restriction of the leaflets
in patients with ventricular dilation from chronic
ischemic cardiomyopathy. Mitral annular motion is
reduced, and the typical three-dimensional annular
shape is distorted [34,36]. Historically, the medical
profession has believed that the “skeleton” of the
heart is fixed and therefore the inter-trigone area can-
not dilate. However, several recent reports indicate
that with idiopathic and ischemic cardiomyopathy
the inter-trigone area dilates as well as the posterior
annulus [37—40].

In summary, chronic IMR typically is caused by
ventricular infarction and remodeling that leads to
leaflet tethering (primarily at the medial commissure,
P3), dilation involving both the posterior and ante-
rior (inter-trigone) annulus, and changes of leaflet
stiffening. The MR jet is complex and eccentric and
may vary in intensity depending on factors such as
preload and afterload.

[n most circumstances, the literature indicates that
mitral repair is associated with a lower mortality than
mitral valve replacement [17,41-43]. However, there
are subsets when mitral valve repair shows no sur-
vival advantage over mitral vaive replacement [41]
(Figure 10.13). Furthermore, Calafiore demonstrated
that with severe mitral valve tethering, which is
reflected with an increased mitral valve coaptation
depth or “tent height” (Figure 10.14), that the leaflets
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are so severely tethered that repair using annular

reduction may not be sufficient to restore adequate
coaptation of the leaflets [44]. This then would lead
to residual, or later recurrent, MR. However, it should
be noted that these surgeons were using a suture-only
annuloplasty technique for mitral valve repair. In this
study, chord-sparing mitral valve replacement was
better. Modern techniques of chord-sparing mitral
valve replacement may reduce the deleterious effects
of removing the subvalvular apparatus [45]. In a
small series of our patients, we found no difference in
survival of repair versus replacement for patients with
severe LV dysfunction [13].

In summary, in almost all patients, in almost all
studies, mitral valve repair seems to be better than
replacement because of improved early survival. For
those with the most severe tethering of the leaflets,
then chord-sparing mitral valve replacement may be
an acceptable alternative.

The choice of which mitral repair annuloplasty
ring and technique has been controversial. Three
recent pieces of evidence help in this decision-
making process. First, experimental evidence from
Millers’ laboratory at Stanford University indicate

Figure 10.15 In a series of experi-
ments from Stanford University
they found that fixing the septal-
lateral dimension (or anterior—
posterior dimension) is the most
important aspect to maintain
valvular competence with IMR.

that fixing the septal-lateral dimension (anterior—
posterior) is the most important aspect to main-
tain valvular competence [40,43,46] (Figure 10.15).
A complete remodeling ring that will fix the septal-
lateral dimension of the annulus best accomplishes
this goal [43]. Second, human studies from Brazil
(Figure 10.16), as well as experimental studies from
Stanford and the University of Pennsylvania, indicate
that the inter-trigone area dilates [37—40]. A flexible
ring is a less desirable treatment for patients with
cardiomyopathy because it can become distorted by
inter-trigone dilation. Finally, studies using three-
dimensional echos in humans have shown that the
pattern of annular dilation and tethering of the
mitral leaflets is asymmetric in patients with ischemic
cardiomyopathy [34]. Tethering of the leaflets in
patients with idiopathic dilated cardiomyopathy is
uniform across medial, central, and lateral (corre-
sponding to P1, P2, and P3), but the tethering pre-
dominates at the medial aspect (P3) in ischemic
cardiomyopathy (Figure 10.17). From clinical obser-
vation and with these studies confirming the unique
aspects of ischemic cardiomyopathy, we concluded
that the ideal ring for annuloplasty in patients
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Figure 10.16 Autopsy studies from Brazil, and subsequently animal and human studies, have documented that the inter-
trigone area dilates in patients with ischemic and idiopathic cardiomyopathy. This has implications regarding the use of
a complete remodeling ring versus a partial band (reproduced with permission from [37]).
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Figure 10.17 IMR is asymmetric in that the jet predominantly originates at the medial aspect. This is due to tethering of
the valve leaflets at that area, which is markedly different from patients with normal symmetric closure of the valve,
and patients with idiopathic dilated cardiomyopathy also have symmetric tethering (reproduced with permission

from [34]).

with ischemic cardiomyopathy would be a com-
plete remodeling ring that was rigid, reduced the
septal-lateral dimension, and further reduced the
P3 region (the site of the most extensive tethering)
and conformed to the three-dimensional annular
shape caused by tension on the annulus at the P3
region. A new ring was released in 2004; the
Carpentier—-McCarthy-Adams IMR ETlogix ring

(see disclosure at end of the book (page 305)).
Animation of the concept of IMR and reduction with
an annuloplasty ring (Figures 10.12 and 10.18] can
be viewed at http://cvbook.nmbh.org. Early results are
encouraging [47].

The size of the ring used for IMR or idiopathic
cardiomyopathy is generally much smaller than for
patients with myxomatous mitral valve disease.
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Figure 10.18 Animation of the repair of IMR
using a new asymmetric three-dimensional
annuloplasty ring can be viewed at http//
wbook.nmh.org.

| NORMAL

Figure 10.19 While patients with heart failure from idiopathic or ischemic cardiomyopathy may have leaflets that appear

“normal” in terms of the morphology of the leaflet, studies have shown that there is extensive stiffening of the leaflets
due to changes in their biochemical properties. Since the leaflets are not elongated, however, generally IMR patients
are treated with small rings (26 or 28 mm) (reproduced with permission from [35]).

Patients with myxomatous mitral valve disease have
elongated leaflet length involving both the anterior
and posterior leaflet, especially when that leaflet is
flail [48]. On the other hand, patients with ischemic
or idiopathic cardiomyopathy have valves that appear
“normal” (Figure 10.19). While patients with myx-
omatous disease may need large rings (32-36 mm
are common), patients with ischemic functional
MR generally require small or normal-size rings
(26-28 mm). While using a small ring in patients

with myxomatous disease may contribute to systolic
anterior motion with LV outflow tract obstruction
(especially with a normal or small LV cavity), in the
setting of cardiomyopathy (usually with a dilated LV)
this is not a clinical concern.

The underlying problem in ischemic cardiomy-
opathy, however, is the changes in the ventri-
cular geometry that lead to tethering of the leaflets.
Operations have been suggested to relieve this tether-
ing such as: by moving the papillary muscles with
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Figure 10.20 The Coapsys™ device developed by Myocor
was designed to change both the septal-lateral dimension
of the mitral annulus, as well as move the underlying
pathology; the enlarged and remodeled LV. The animation
can be viewed at http://cvbook.nmh.org.

sutures [49]; reconstructing the ventricular wall pos-
teriorly for a posterior infarct [50]; placing a balloon-
inflated device outside the LV that pushes the wall of
the ventricle back to a more normal shape [51]; or
extending leaflets with pericardium [52].

One device to treat IMR is already in human
use undergoing clinical trials. The Coapsys™ device
(Myocor Inc., Minneapolis, MN) is a generation
beyond the Myosplint™ device (see Chapter 11 on LV
reconstruction). The device includes a single trans-
ventricular splint and pads on the outer surface of
the LV. Another pad is placed on the right ventricle
(RV) (Figure 10.20). The procedure is performed off-
pump with echo guidance. With continuous echo
monitoring, the pads are tightened until MR reduces,
and is eventually eliminated [53-56]. One pad on the
LV is positioned at the level of the mitral valve annu-
lus. This pad, during tightening, pulls the posterior
annulus toward the anterior leaflet, thereby decreas-
ing the septal-lateral dimension. The second pad, on
the free wall of the LV, is near the posterior papillary
muscle. This pad, when tightened, will change the
ventricular shape and decrease the distance of the
posterior papillary muscle to the mitral annulus.
The concept can be viewed in three-dimensional
animation at the website http://cvbook.nmh.org. The
Coapsys concept addresses both the septal-lateral
annular dilation and the lateral displacement of the

posterior papillary muscle. The Coapsys™ device
is being studied (Phase II) in the Randomized
Evaluation of a Surgical Treatment for Off-pump
Repair of the Mitral Valve (RESTOR-MV) trial,
which is ongoing in the United States [56]. The non-
randomized TRACE trial was performed outside the
United States [55]. This device is the first of its kind
that will treat both the annular problems of patients
with cardiomyopathy and ventricular remodeling
that was the initial cause of MR.

In summary, mitral valve surgery for patients
with severe LV dysfunction and MR historically was
high risk and with only limited effectiveness. The
outcomes and hence that reputation, however, are
changing. Several centers are now reporting mitral
valve repair in these patients with acceptable mortal-
ity. late improvements in ventricular function and
volumes, improved quality of life for the patient, and
improved NYHA class [57]. Three- and five-year sur-
vival appear to be quite good compared to patients
with MR, severe LV dysfunction, and only medical
therapy. The recently completed CorCap™ study
further emphasized these points in a multi-center,
prospective, randomized surgical trial [14]. These
reports should help lead to wider adoption of mitral
valve surgery for patients with LV dystunction. In
general, repair is preferable to valve replacement.
Because of inter-trigone dilation, and the desire
to maintain the septal-lateral dimension, complete
remodeling rings that are rigid and hold their shape
appear to be the best solution for patients with IMR,
otherwise recurrent MR may appear [58,59]. An
asymmetric ring that optimizes closure of the medial
commissure shows encouraging early results for IMR
patients. Ventricular solutions either through direct
surgical reconstruction, or with new devices that are
being developed, should add to the effectiveness and
durability of repair. Finally, for patients with excessive
tethering in whom annuloplasty would not be able
to maintain mitral valve competence, then, chord-
sparing mitral valve replacement (almost always
using a tissue valve) is a reasonable alternative.

Tricuspid valve surgery

The tricuspid valve is frequently overlooked when
we discuss patients with valve disease. However,
TR is very common in patients with heart failure


tnu.de
h.org
tr.its.de
iniprovememe.pt

164 CHAPTER 10

(3—4+ occurred in 34.5% of patients) and predicts
mortality [1,2,60]. Very little is written about the tri-
cuspid valve in the literature, especially surgical [61].
Only about 10% as many papers are written about
tricuspid valve surgery as are written about mitral
valve surgery.

We investigated the Cleveland Clinic database to
understand unrepaired TR in patients who under-
went mitral valve surgery. From 1993 until 2000, 5589
patients underwent mitral valve surgery without tri-
cuspid valve surgery at the Cleveland Clinic. Pre-
operative echocardiography showed that 845 patients
(15.8%) had either 3 or 4+ TR; therefore, in almost
16% of patients, the tricuspid valve was not repaired
despite significant pre-operative TR. Retrospectively
this may reflect the preconceived notion that follow-
ing mitral valve surgery, pulmonary artery pressures
will drop and therefore TR will resolve. It may also
have reflected intra-operative downgrade. The pre-
discharge echo after mitral valve surgery showed
that 9.0% still had 3 or 4+ TR. Therefore, TR does
not consistently resolve with mitral valve surgery.
Furthermore, in the most recent follow-up echos, TR
had increased to 11.4%, so it persists after mitral valve
surgery. However, re-operation for tricuspid valve
disease was very rare (0.7%). Part of this may be due
to the high risk of performing tricuspid valve surgery
in this setting. Studies from our institution and oth-
ers showed an operative mortality of 30-39% for
patients who underwent re-operation surgery for TR
after prior repair [61-63]. In summary, from our
database study and others, we concluded that TR is
not repaired as often as it should be and it frequently
persists if unrepaired [61,64-66].

Studies from our institution and others also
showed that functional TR is similar to functional
MR in that following successful tricuspid valve
surgery, the RV will remodel and RV function will
improve [67,68]. In a group of Cleveland Clinic
patients who underwent isolated TR surgery, there
was improvement in RV volumes (Figure 10.21)
and function (Figure 10.22), after correction of iso-
lated TR [61].

Functional TR also is similar to functional MR in
that effective consistent repair has been elusive. We
reported on 795 patients who underwent repair
for functional TR from 1990 to 1991 [61]. Overall,
14% of patients had 3 or 4+ TR on pre-discharge
echo, and by 1 year, this had increased significantly
(Figure 10.23). We then analyzed the experience to

Figure 10.21 Following isolated tricuspid valve surgery for TR
RV end-systolic and end-diastolic volume (RVESV and RVEDYV,
respectively) dropped. These are similar to the changes seen
following mitral valve repair for patients with severe LV
dysfunction (reproduced with permission from [67]).

Figure 10.22 Following isolated tricuspid valve surgery
for patients with TR the RVEF improved. This was associated
with a drop in RV volumes (reproduced with permission
from [67]).

Figure 10.23 Following isolated tricuspid valve repair for
functional TR pre-discharge TR persisted. approximately
14% at discharge and 3 or 4+ tricuspid rose with time
(reproduced with permission from [61]).
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Figure 10.24 Patients who had
severe TR (4+) were more likely
to redevelop TR following repair,

Years

60

Percentin TR grade 3+ or 4+

and 3+ TR patients were also
more likely (reproduced with
permission from [61]).

With PPM

Figure 10.25 Patients who had a
permanent transvenous pace-
maker (PPM) wire that crossed the
tricuspid valve were far more likely
to redevelop TR following valve
repair. By 8 years approximately

-

Years

determine what were the risk factors for failure. Pre-
operative 3 and 4+ TR patients were more likely
to redevelop TR (Figure 10.24). Not surprisingly,
but never analyzed before, patients who had a perma-
nent transvenous pacemaker that crossed the tri-
cuspid valve were also far more likely to redevelop
TR (Figure 10.25). Patients that had suture annulo-
plasty (DeVega technique) also were prone to have a
very high recurrence of TR (Figure 10.26). On the
other hand, patients that had a classic Carpentier tri-
cuspid repair ring (rigid near-complete ring) had no
increase over time (Figure 10.27). Patients who had a
flexible band (Cosgrove—Edwards) were more stable
than those who had the DeVega repair, but also devel-
oped recurrent TR during follow-up (Figure 10.28).
Risk factors for early failure were not pulmonary

60% of patients had recurrent
TR (reproduced with permission
from [61]).

Figure 10.26 Patients who had suture tricuspid annulo-
plasty (the Devega technique) were very likely to rede-
velop 3 or 4+ TR over time (P = blank) (reproduced with
permission from [61]).
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Figure 10.27 The most stable group of patients had a classic
Carpentier tricuspid repair ring (rigid near-complete ring)
and had no significant change in TR over time (reproduced
with permission from [61]).

Figure 10.28 Patients who had a flexible band (Cosgrove—
Edwards) were more stable than those who had a Devega
repair, but also developed recurrent TR during follow up
(P = 0.05) (reproduced with permission from [61]).

hypertension, advanced NYHA functional class, need
for mitral surgery, or ring size. Since this paper, addi-
tional echo studies indicate very similar results to
ischemic mitral repair; extreme tethering of the tri-
cuspid leaflets due to a dilated RV was a significant
risk factor for failure (Figure 10.29) [69,70].

Today our approach to TR has evolved, in large
part based on these recent studies and our experi-
ence treating patients with heart failure. For patients
undergoing conventional surgery (or LV assist device
(LVAD) implant), we perform tricuspid repair if
there has been =2+ TR on pre-operative studies.
We ignore intra-operative TR down grades. Tricuspid
surgery is typically performed on the beating heart
(after assuring there is no PFO or ASD), after the
other components of the surgery are completed, and

Figure 10.29 In an echocardiographic study the most signifi-
cant predictor of recurrent TR was extreme tethering of the
tricuspid valve leaflets due to a dilated RV (reproduced with
permission from [69]). RA: right atrium: LA: left atrium.

just before weaning from cardiopulmonary bypass. If
there is a transvenous pacemaker (or implantable
cardioverter-defibrillators, ICD) wire it is pushed
into a commissure (typically the postero-septal) and
this commissure is closed with suture. If there is
4+ TR, and/or extensive tethering from RV dilation,
then we perform bicuspidization of the tricuspid
valve by using suture to exclude the posterior leaflet
before ring repair. Finally a rigid, near-complete ring
designed for the unique three-dimensional anatomy
of the tricuspid valve is placed (see disclosure at
end of the book (page 305)). Rarely (<<5%) we would
do a chord-sparing tricuspid valve replacement for
extreme RV dilation and tethering. The ACC/AHA
Practice Guidelines recommend tricuspid valve sur-
gery (Class 1 or Ila) for severe symptormatic disease,
and Class IIb if the patient is undergoing mitral valve
surgery and has pulmonary hypertension or a dilated
annulus [15].

Aortic valve surgery in patients
with LV dysfunction

Clinicians frequently see patients with severe LV
dysfunction who have either severe aortic insuffi-
ciency or severe aortic stenosis. These two groups of
patients have historically been considered high risk
for surgery. Again, recent data indicate that surgery
can play a major role for this group of patients.
Similar to patients with MR and LV dysfunction,
patients with severe aortic insufficiency and LV dys-
function suffer from volume overload, ventricular
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Table 10.2 Characteristics of patients undergoing aortic
valve replacement for aortic insufficiency unmatched.

Study group Control group

LVEF = 30% LVEF > 30% P-value
Number 88 636
Mean age 56 = 12 52 £ 15 0.001
%Female 9% 23% 0.002
FC Il 33% 16% <0.0001
FC IV 8% 4% <0.0001
BUN 20 = 9.5 188 <0.0001
Mean F/U 8.2 = 6.5years 6.4 = 56 years

FC: functional class.

dilation, and reduced EF [71,72]. This can con-
tribute to ventricular fibrosis and collagen deposi-
tion. Patients presenting with very advanced LV
dysfunction and heart failure have been considered
for cardiac transplantation because conventional wis-
dom has been that this group of patients have irre-
versible LV dysfunction, operative mortality is about
10%, long-term mortality is high, and only a few
will have a meaningful recovery of LV function
post-operatively [73]. Because of this perception, and
our observation that this no longer appeared to be
true, we reviewed the Cleveland Clinic experience in
patients who had severe isolated aortic insufficiency
who underwent surgery [72,74].

From 1972 until 1998, 88 patients were identified
who had LVEF =30%, and 636 patients were the con-
trol group with LVEF >30% [72,74]. As expected, the
patients who had low EF had more advanced symp-
toms, and these were also older patients (Table 10.2).
This group of patients also had more severely dilated
end-diastolic and end-systolic dimensions than the
control group (Figure 10.30). Overall, the hospital
mortality for patients with severe LV dysfunction
was quite high during the 1970s but significantly
decreased over time (Figure 10.31). In fact, there had
not been a death in this group since 1986. Like the sit-
uation with severe MR and LV dysfunction this his-
torically was a very high-risk group of patients. But
we were now able to neutralize those risk factors.
Propensity matching was used to determine survival.
Survival for the matched group was lower for the
group with severe LV dysfunction (Figure 10.32).
However, since the date of operation had such a
significant impact on early survival, two groups

H Study
Control

P < 0.0001

Figure 10.30 Patients with a low EF from aortic insufficiency
were found to have significantly dilated LV end-diastolic and
end-systolic dimensions compared to the control group that
had higher EFs.

LVEDD: LV end-diastolic diameter; LVESD: LV end-systolic
diameter.
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Figure 10.31 Patients who had surgery for a low EF with
severe aortic insufficiency had a high operative mortality
during the 1970s and early 1980s. However, by the mid-
1980s this had been reduced and the operative mortality
since then was zero at the Cleveland Clinic, and not statis-
tically significantly different from patients with a normal
EF and severe aortic insufficiency.

were created. One showed projected survival for the
matched patients if they had had surgeryin 1980, and
the other if they had had surgery in 2000 (Figure
10.33). The survival curve for the patients operated in
2000 indicates that the early, and =-vear survival,
would be similar to patients with better LV function.
Studies also showed post-operative improvement in
EE, reduction in LV mass, and an improvement in LV
end-systolic dimension over time (Figure 10.34).
From these studies, we concluded that patients
with advanced LV dysfunction secondary to severe
aortic insufficiency should be offered aortic valve
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surgery and not transplantation. Their operative
mortality is no longer prohibitive. Early and mid-
term survival should be similar to the group of
patients with better LV function. However even

though the risk is low, ideally these patients will be
referred for surgery early because there could be late

Figure 10.32 By propensity matching survival in the low
EF group was lower, but this included the entire time period.

effects on their survival, and we do not expect ven-
tricular function will return to normal even though it
typically improves.

At the other extreme are the patients with severe
LV dysfunction and severe aortic stenosis. This group
of patients may not be able to generate a high gradi-
ent across the aortic valve. This group should be stud-
ied with dobutamine echocardiogram to determine
whether this is a “pseudo-stenosis” of the aortic valve,
or a true aortic stenosis [72]. Patients with pseudo-
stenosis usually increase the aortic valve area with the
administration of dobutamine as ventricular func-
tion improves. On the other hand, patients with
severe calcific stenosis will not change aortic valve
area with the infusion of dobutamine (Figure 10.35).
These patients also have been considered to be high
risk, but a recent study indicated that this is not as
dangerous as thought before.

We reviewed the outcomes of patients seen from
1990 to 1998 at the Cleveland Clinic who had severe
aortic stenosis with severe LV dysfunction [72,75,76].
Propensity matching was performed. The in-hospital

\Higher EF

Figure 10.33 Based on matching, if a patient had surgery in 1980 there would be a difference in early and late survival,
but projected outcome for surgery in 2000 showed no significant early difference in survival, including at 5 years.

Ejection fraction

Figure 10.34 The group of patients that
had aortic valve surgery for severe LV dys-
function showed an improvement in EF
over time, a reduction in LV end-systolic
dimension, and a reduction in LV mass.
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Figure 10.35 This patient had very severe aortic stenosis
from a bicuspid aortic valve, with severe LV dysfunction
and a very low gradient. In fact, the patient had originally
been listed for heart transplant. Further studies docu-
mented the extreme calcification of the valve and the
patient successfully underwent aortic valve replacement
instead of cardiac transplantation.

operative mortality for patients who underwent aor-
tic valve replacement (AVR) with severe LV dysfunc-
tion and a low gradient was 8%. A third group was
identified from the database who were not offered
surgery who had the same low EE low-gradient
characteristics (Table 10.3) [75]. This group followed
the “natural history” of patients with unoperated aor-
tic stenosis. Figure 10.36 shows the late survival for
the three groups of patients. The group of patients
who underwent AVR who had a low gradient with
severe LV dysfunction did not have as high a survival
as the group that had high-gradient aortic stenosis
and better LV function. However, the survival for
medically treated patients was abysmal. In follow-up
the majority of low EF AVR patients had returned to
NYHA Functional Class I or II (Figure 10.37). The
message from this study is that patients with severe
LV dysfunction and true aortic stenosis can undergo

Table 10.3 Propensity-matched patients who underwent AVR for AS (reproduced with permission from [75]).

AVR group Control group

(n = 39) (n = 56) P-value
Clinical data
Age, in years (range) 73 = 9 (44-86) 75 = 6 (58-90) 0.66
Male/female (%) 77/23 73/27 0.68
Body surface area (m?) 1.89 = 0.22 1.84 = 0.21 0.51
NYHA Functional Class [II/IV 29 (74%) 40 (71%) 0.75
CCS Class I/IV 12 (31%) 14 (25%) 0.54
Syncope 5(13%) 8 (14%) 0.84
Previous Ml 20 (51%) 23 (41%) 0.33
Previous CABG 14 (36%) 20 (36%) 0.99
Diabetes mellitus 15 (38%) 19 (34%) 0.65
Systemic hypertension 22 (56%) 33 (59%) 0.81
Creatinine level (mg/dL) 1.7+13 1.7+13 0.44
Multivessel CAD on angiogram 27 (69%) 18 (62%) 0.5

(n = 39) (n = 29)
Echocardiographic data
Aortic valve area (cm?) 0.60 +0.12 0.60 + 0.09 0.66
Mean TVG in mmHg (range) 24 + 5 (11-30) 24 + 4 (14-30) 0.60
Peak TVG (mmHg) 41 +8 1 +8 0.83
Moderate to severe MR 23 (59%) 33 (59%) 1.0
Pulmonary artery systolic pressure (mmHg) 47 =13 52 =13 0.04

(n = 25) (n = 34)
LVEF (%) 22+6 23+8 0.36
LV end-diastolic diameter (cm) 6.2 06 6.1 0.7 0.08
LV end-systolic diameter (cm) 50=+08 5.0+ 07 0.40
Moderate to severe RV dysfunction 22 (56%) 35(63%) 0.55

Data are presented as the mean value = SD or number (%) of patients.

CABG: CAB graft; CAD: coronary artery disease; CCS: Canadian Cardiovascular Society; TVG: transvalvular gradient.
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_AVR-high gradient

AVR-low gradient

2
Years of follow-up

Figure 10.36 We investigated patients who had severe LV
dysfunction, with severe aortic stenosis and a low gradi-
ent. A comparison group were those who had aortic valve
surgery who had a high gradient and normal LV function,
and finally a third group were identified who had a low
EF, low gradient, but who were treated with medical ther-
apy instead of AVR. The group treated with medical ther-
apy had a strikingly poor prognosis. There was a decrease
in survival in the group that had low EF with low gradient,
but generally an acceptable early and late mortality
(reproduced with permission from [72]).

Pre-operative

Post-operative

Figure 10.37 Change in NYHA functional class symptoms
in 44 of 46 late survivors in the AVR group (P < 0.001 for
change in NYHA Functional Class III/IV symptoms, pre-
operatively and post-operatively. N = number of patients
(reproduced with permission from [75]).

surgery with an acceptable early and late mortality.
AVR for this condition, and for those with (AI) and
severe LV dysfunction, are both Class I indicators for
surgery in the ACC/AHA Practice Guidelines [77].

Why is valve surgery safer today
for patients with LV dysfunction
and heart failure?

Cardiac surgery has advanced through a series of
stepwise improvements over the past decades. There

are no single changes that can be identified as the
major breakthrough that led to better survival than
reported from studies in the 1970s—1980s. However,
for most of us who have been performing cardiac sur-
gery during this time, it appears that many factors
play a role. First, intra-operative cardiac protection is
much better today for patients with valvular and
coronary disease. Antegrade and retrograde cardio-
plegia became routine at the Cleveland Clinic in the
early 1990s [78]. In addition to using cold blood car-
dioplegia, many surgeons use a “hot shot” of cardio-
plegia before removing the cross clamp. Cardiac
protection has become predictable with only the rare
need for an intra-aortic balloon pump. The surgeon
must be very meticulous about givirg cardioplegia to
be sure that the heart is fully arrested. Frequent,
repeated doses of cardioplegia in this group are war-
ranted, especially if there is severe LV hypertrophy.
Second, peri-operative monitoring and the use of
inotropes in this group have improved. The introduc-
tion of the phosphodiesterase inhibitor, milrinone,
ushered in a new era for the management of these
patients. The use of this drug may cause systemic
vasodilation requiring norepinephine, or occasion-
ally vasopressin (rarely methylene blue) (see Chapter
14 on post-operative care). These drugs have added a
potent new treatment to our arsenal. Finally, com-
pared to two decades ago our options for valve repair
versus replacement, and the prostheses themselves,
are better. The Starr—Edwards ball-in-cage valve was
common then and it does not have the favorable
hemodynamic characteristics of today’s low-gradient
biologic valves, or bi-leaflet mechanical valves. Poor
hemodynamic performance by the valve in the early
post-operative phase may have contributed to the
early morbidity and mortality observed in the early
days of valve surgery in this population.

Conclusion

Despite these advances, and publications in both the
cardiology and cardiac surgery literature, operations
for valve disease in patients with LV dysfunction are
still relatively rare considering the large population of
patients at risk. Modern techniques yield a low peri-
operative morbidity and mortality with improved
long-term ventricular function and improved patient
functional class. Many patients referred for trans-
plants are now instead able to be treated with valve
operations or, if they are already on a transplant list,
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may be de-listed following valve surgery [79]. Also,
inadequate results of valve repair for IMR and func-
tional TR have been identified as a problem and
new annuloplasty rings, concepts, and use of chord-
sparing valve replacement should decrease recurrent
or residual regurgitation. With more publications
addressing the topic of valve surgery in patients with
LV dysfunction, and as the prospective-randomized
trial data from the Coapsys and Acorn trials are pub-
lished, then referrals for this type of surgery should

increase.
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