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ADVANCES IN ELECTRICAL THERAPY FOR HEART FAILURE:
PROCEEDINGS FROM THE INTERNATIONAL ADVANCE CRT

SUMMIT

Cardiac resynchronization therapy (CRT) has
substantially altered the natural course of conges-
tive heart failure (CHF), exerting its physiological
impact through favorable ventricular remodeling,
with a reduction in left ventricular volumes and an
increase in ejection fraction. This in turn has re-
sulted in long-term clinical benefits with improved
quality of life and functional capacity, and a con-
comitant decline in hospitalization for heart failure
and overall mortality. The standard indications

for biventricular pacing — which initially included
patients with advanced heart failure and evidence
of systolic dysfunction (ejection fraction <0.35),
with conduction tissue disease and marked cardiac
symptoms (NYHA class III and IV heart failure)

— has now expanded to include even the mildly
symptomatic patient (NYHA Class I and II).

Despite the successes of resynchronization
therapy and the recent expansion of its role in
the treatment of patients with CHF, there remain
many inherent limitations to the technology and
its delivery. A significant proportion of patients
continue to remain non-responsive to this pacing
strategy. More important, even within the re-
sponder population, it is uncertain if we are doing
enough to maximize response.

On October 16 and 17, 2010, 30 internation-
ally renowned experts in CRT from 9 countries
convened in Philadelphia, Pennsylvania, for the
ADVANCE CRT Summit. This multidisciplinary

forum comprised experts from within the field of
heart failure, electrophysiology, cardiovascular
imaging, health policy, and stem cell therapy. The
summit was conducted with the intent to:
* Clarify the current state-of-the-art/best prac-
tices in assuring CRT response
» Establish consensus for best practice per-
taining to treatment guidelines and enhance
the “continuum” of CRT response
* Identify critical unanswered questions limit-
ing the understanding of CRT response
* Think beyond resynchronization therapy
for treating the failing heart, such as newer
forms of electrical treatment (ie, neuromod-
ulation), mechanical therapy, and stem cell
approaches
This supplement highlights some of the critical
issues presented and discussed at the Summit. The
articles included in this issue come from leaders in
the field of device therapy for heart failure. These
scholarly pieces highlight CRT in its present form,
while elaborating on strategies to enhance re-
sponse, as well as outlining future trends and syn-
ergies towards maximizing the potential benefit of
cardiac resynchronization therapy.

Jagmeet Singh, MD, DPhil
Guest Editor
Chair, ADVANCE CRT Summit
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Kenneth Ellenbogan, MD, VCU School of Medicine, Richmond, Virginia, USA
Finlay A. McAlister, MD, University of Alberta, Edmonton, Canada

* An elegant summary of the clinical trials, the variability in the
definition of response to resynchronization therapy; Linde et al
elaborate on strategies to better characterize the target populations,
better define response with the aim to improve overall outcomes to
device therapy in heart failure.

7  The Tale of Non-Responders to CRT: Lessons Learned From Oncology

Frank Ruschitzka, MD, University Hospital Zurich, Zurich, Switzerland

» Compares and contrasts cancer care with heart failure care; elaborates
on the differences in grading clinical response and successes in
oncology with those in cardiology, and the need to learn from this.

8 Understanding the Cardiac Substrate and the Underlying Physiology:
Implications for Individualized Treatment Algorithm

John Gorcsan, MD, University of Pittsburgh Medical School, Pittsburgh, Pennsylvania, USA
David Kass, MD, Johns Hopkins University Medical Institutions, Baltimore, Maryland, USA
Frederik Prinzen, PhD, Maastricht University, Maastricht, The Netherlands

» Describes the variability of the cardiac substrate and its subsequent impact
on clinical outcome. The authors describe an individualized
approach/algorithm to enhance response to CRT.

9 Contemporary and Future Trends in CRT Pacing to Enhance Response

Angelo Auricchio, MD, PhD, Fondazione Cardiocentro Ticino, Lugano, Switzerland
John Morgan, MD, Southampton University Hospitals and NHS Trust, Southampton, UK
Christophe Leclercq, MD, PhD, CHU Rennes, INSERM, Rennes, France

Derek Exner, MD, MPH, University of Calgary, Calgary, Canada

* Details different approaches to LV lead location and pacing strategies to enhance
resynchronization and clinical response
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Maria Costanzo, MD, Midwest Heart Specialists, Naperville, Illinois, USA
William Abraham, MD, Ohio State University, Columbus, Ohio, USA
Cheuk-Man Yu, MD, The Chinese University of Hong Kong, Hong Kong, China

» Looks beyond resynchronization therapy, and details alternative strategies
(i.e. LVAD’s, sensors, neuromodulation etc.) to treat patients with
progressive heart failure despite electrical therapy

11 Multispecialty Approach: Integration into Heart Failure Disease Management

Wilson Tang, MD, The Cleveland Clinic Lerner College of Medicine, Cleveland, Ohio, USA
John Boehmer, MD, The Penn State College of Medicine, Hershey, Pennsylvania, USA
Daniel Gras, MD, Nouvelles Cliniques Nantaises, Nantes, France

» Elaborates on the complexity of taking care of the heart failure patient with an
implanted device, and the need for instituting a multidisciplinary approach to
care for these patients

12 Managing Atrial Fibrillation in the CRT Patient: Controversy or Consensus?

Jonathan Steinberg, MD, Columbia University, New York, New York, USA
Ronald Berger, MD, PhD, Johns Hopkins University, Baltimore, Maryland, USA
Samir Saba, MD, University of Pittsburgh, Pittsburgh, Pennsylvania, USA

* Describes pathophysiology of atrial fibrillation and heart failure, while discussing

the merits and demerits of medical therapy, AV node ablation and pulmonary vein
isolation in this patient population.
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BACKGROUND, CLINICAL TRIALS, RESPONSE MEASURES, GUIDELINES, PRESENT AND
FUTURE TARGET POPULATIONS

Cecilia Linde, MD, PhD, Karolinska University Hospital, Stockholm, Sweden
Kenneth Ellenbogan, MD, VCU School of Medicine, Richmond, Virginia, USA
Finlay A. McAlister, MD, University of Alberta, Edmonton, Canada

Abstract: The incidence of chronic heart failure (HF) is increasing rapidly in the developed
world, yet despite optimal pharmacologic treatment, the prognosis for these patients remains
poor. Left bundle branch block (LBBB), a surrogate marker for left ventricular (LV) mechanical
dyssynchrony, is present in between 25% to 50% of patients with HF and is associated with
increased morbidity, mortality, and sudden cardiac arrest. Cardiac resynchronization therapy
(CRT) was introduced in the early 1990s; based on electrical stimulation of the left ventricle,
CRT corrects intraventricular dyssynchrony and improves acute hemodynamic variables, sys-
tolic efficiency, and diastolic function, all without increasing the heart rate or the consump-
tion of oxygen. To date CRT has been evaluated in >4000 patients in landmark randomized
controlled trials in NYHA class IlI-IV HF patients. These trials, including MUSTIC, MIRACLE,
CONACT-CD, and MIRACLE ICD, have demonstrated consistent improvements in quality of
life, functional status, and exercise capacity with CRT, while also providing strong evidence for
reverse remodeling (the ventricle gets smaller and stronger) and diminished functional mitral
regurgitation, resulting in reductions in both HF hospitalizations and all-cause morbidity and
mortality. Nevertheless, although virtually every study so far has demonstrated a benefit for
CRT, there remains a consistent 30% of patients who receive CRT but do not respond. More
important, there is a lack of consensus as to how to define “success” for CRT. A recent analy-
sis by [Fonarow et al] found that 17 different criteria were used to define a positive response
with CRT: 8 of these were echocardiographic, 8 were clinical, and one was based on a combi-
nation of both echocardiographic measurements and symptom status. Applying these criteria
to the PROSPECT cohort, the result was that the proportion of patients who responded to CRT
varied between 32% or 91%, depending on which criteria were used. An important result of
this uncertainty is that there is not yet a good sense of what the optimal rate of CRT implanta-
tion should be. That is the reason for Advance CRT Summit and the papers in this supplement.
We are convinced that we can do a better job at identifying patients who are likely to respond
to CRT, and increase the percentage of responders by individualizing therapy.
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THE TALE OF NON-RESPONDERS TO CRT: LESSONS LEARNED FROM ONCOLOGY
Frank Ruschitzka, MD, University Hospital Zurich, Zurich, Switzerland

Abstract: It is a widely recognized statistic that cardiovascular disease (CVD) is the number
one cause of death in the world, with morbidity and morality rates that are higher than for all
the most important forms of cancer combined. The differences in the level of attention that
CVD and cancer receive, however, tends to run in the opposite direction in terms of public
awareness and funding campaigns. This disparity in perception has an important conse-
quence in the perception of treatment efficacy. The cardiac resynchronization therapy (CRT)
that is the subject of the Advance CRT Summit is often criticized for 2 reasons: initial cost
and a 30% nonresponse rate. These criticisms need to be reconsidered, however, when they
are compared with other treatment results. For example, in CVD the well-known SOLVD ftrial,
proving the efficacy of angiotensin-converting enzyme(ACE) inhibition in treating left ventricu-
lar (LV) hypertrophy, the statin trials in treating dyslipidemia, and antiplatelet trials in ACS have
all been reported as successes, although they seldom approach the 40-50% benefit seen

in ICD and CRT trials and have reported similar failure rates for patients who still had events
while on optimal study therapy. In contrast, many cancer trials report results for costly thera-
pies where success is measured in days or weeks, not months and years, of life extension

in far less than 100% of the patients. As discussed in this article, the successes shown by
oncologists in promoting the importance of the disease state they treat and the latest treat-
ment options they offer need to be considered and perhaps emulated by HF specialists and
electrophysiologists when they are considering how they can promote the efficacy of CRT as
a treatment option.
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UNDERSTANDING THE CARDIAC SUBSTRATE AND THE UNDERLYING PHYSIOLOGY:
IMPLICATIONS FOR INDIVIDUALIZED TREATMENT ALGORITHM

John Gorcsan, MD, University of Pittsburgh Medical School, Pittsburgh, Pennsylvania, USA
David Kass, MD, Johns Hopkins University Medical Institutions, Baltimore, Maryland, USA
Frederik Prinzen, PhD, Maastricht University, Maastricht, The Netherlands

Abstract: The clinical presentation of heart failure (HF) is evenly divided between systolic and
diastolic (or HF with preserved systolic function). In a significant number of patients with
systolic HF, an abnormality in the heart’s electrical conducting system results in electrical
activation that results in dyssynchronous LV mechanical activation. Left bundle branch block
(LBBB), as a surrogate marker for LV mechanical dyssynchrony, is present in between 25%
to 30% of patients with systolic HF and is associated with a substantial increase in morbidity
and mortality and sudden cardiac arrest. The interplay of the substrates of the HF (ischemic
versus nonischemic) of electrical conduction abnormality (LBBB versus right bundle branch
block, RBBB), and of the resulting dyssynchrony (interventricular versus intraventricular) is
complex, and requires a sophisticated degree of understanding to diagnose and treat, as
discussed in this article. With the advent of cardiac resynchronization therapy (CRT) in the
early 1990s, clinical trials were based on the QRS interval from the ECG as a marker for
dyssynchrony. Subsequently, mechanical dyssynchrony has been a focus of a great deal

of study, generally based on sophisticated echocardiographic criteria, using tissue Doppler
or more recently speckle tracking with mixed results. Although a consensus has not been
reached regarding utility of echocardiographic dyssynchrony, study continues. The precise
diagnostic criteria remain a subject of evolving definition, although the markers of QRS >120
msec, LVEF <0.35, and NYHA class IlI-IV HF have been fairly standardized in both the US
and European guidelines. Recent data has suggested expanded indications of CRT to NYHA
class Il or even |, in particular with LBBB. The principal remaining questions as they relate to
the substrate of systolic HF are whether CRT will have benefit in patients with a narrow QRS
(£120 msec) but evidence of mechanical dyssynchrony, and this is currently under further
investigation.
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CONTEMPORARY AND FUTURE TRENDS IN CRT PACING TO ENHANCE RESPONSE

Angelo Auricchio, MD, PhD, Fondazione Cardiocentro Ticino, Lugano, Switzerland

John Morgan, MD, Southampton University Hospitals and NHS Trust, Southampton, UK
Christophe Leclercq, MD, PhD, CHU Rennes, INSERM, Rennes, France

Derek Exner, MD, MPH, University of Calgary, Calgary, Canada

Abstract: Although biventricular (BiV) pacing, or cardiac resynchronization therapy (CRT), has
established an unbroken record of statistically significant benefit in a series of randomized
clinical trials, an underappreciated aspect of this therapy is that many challenges remain to
defining “treatment success.” Some of these questions were resolved in the COMPANION
trial, which established the additional mortality benefit of adding automatic cardioverter defi-
brillation (ICD) to CRT (CRT-D), but the question of whether the CRT (or CRT-D) is successful
in an individual patient remains a challenge for physicians. As discussed in this article, these
questions include whether a “best pacing site” exists, the relative advantages of an epi- ver-
sus an endocardial lead placement strategy, and the importance of avoiding the “scar” in an
ischemically damaged left ventricle. It is also necessary to appreciate monitoring parameters
such as dP/dt, whether a second left ventricular lead is an advantage, and optimizing device
programming. Finally there the question of personalized pacing strategies such as consider-
ation of CRT in patients with a narrow QRS interval (<120 msec), in early-stage heart failure
(NYHA class Il or even ), or with concomitant atrial fibrillation.
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THINKING BEYOND RESYNCHRONIZATION THERAPY IN THE FAILING HEART: OPTIMIZING
THE CLINICAL RESPONSE FOR RESPONDERS AND NONRESPONDERS

Maria Rosa Costanzo, MD, Midwest Heart Specialists, Naperville, lllinois, USA
William T. Abraham, MD, Ohio State University, Columbus, Ohio, USA
Cheuk-Man Yu, MD, The Chinese University of Hong Kong, Hong Kong, China

Abstract: As heart failure progresses, not only do symptoms get worse but more and more
organs become involved to the point where patients that are end stage have a truly systemic
illness. The endpoint therapy for HF is heart transplantation; for many reasons, however,

the number of heart transplants worldwide has remained constant for the last 15 years (e.g.
2500 per year in the United States). In this context left ventricular (LV) assist devices which
were originally seen as a bridge to transplantation, have now evolved to the role of serving as
destination therapy. The results of the REMATCH trial published in 2001 established that the
benefit with LVAD’s was far superior to that of optimal drug therapy in patients with advanced
HF. Since then the next major advance has been the introduction of continuous-flow pumps
design. The results of 2 large randomized trials with the HeartMate Il LVAD’s have confirmed
the hemodynamic and clinical superiority of the continuous flow approach as compared to
pulsatile devices. Newer, smaller devices, such as the Synergy Micro-Pump, which are the size
of an AA battery, provide flow of 2-3 L/min and result in partial support that is less invasive for
patients who are at earlier HF stages. This may prove to be the trend, with the NIH moving to-
ward application of LVAD’s in patients who are late stage C, early stage D HF, and not yet at the
systemic stage of HF, before the requirement for continuous intravenous inotropes.
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MULTISPECIALTY APPROACH: INTEGRATION INTO HEART FAILURE DISEASE
MANAGEMENT

Wilson Tang, MD, The Cleveland Clinic Lerner College of Medicine, Cleveland, Ohio, USA
John Boehmer, MD, The Penn State College of Medicine, Hershey, Pennsylvania, USA
Daniel Gras, MD, Nouvelles Cliniques Nantaises, Nantes, France

Abstract: Cardiac resynchronization therapy (CRT) has been proven in clinical trials to be very
effective therapy in appropriate patients. However with its broad adoption, the existing frag-
mentation of care has provided some challenges in maximizing this otherwise invasive but
potentially beneficial intervention in the complex heart failure patient. Furthermore, consid-
erations of costs as well as appropriate delivery of follow-up care continue to challenge the
optimal application of these devices, particularly when evidence to support multidisplinary
approaches are lacking. The challenge begins with identification of appropriate candidates
for CRT, which is an evolving concept due to emerging new data from new studies with a
wide range of inclusion and exclusion criteria coupled with oversight from providers or even
logistical hurdles from patients. There are no uniformly-accepted post-implant management
protocols, no innovative interdisciplinary co-management among specialists and general
practitioners, nor any careful research to identify the best practices following implantation.
This has resulted in heterogeneous post-implant CRT care, and inadequate transitions of
care among electrophysiologists and other cardiology specialists, and between specialists
and general practitioners. The concept of “non-responder” remains largely subjective and is
variably defined in the literature, and the lack of understanding of the underlying mechanisms
of “non-response” continued to challenge the long-term management of CRT even with the
development of advanced sensor technologies. Therefore, further investigations into pre- and
post-CRT heart failure disease management with a multispecialty approach are warranted.
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MANAGING ATRIAL FIBRILLATION IN THE CRT PATIENT: CONTROVERSY OR
CONSENSUS?

Jonathan Steinberg, MD, Columbia University, New York, New York, USA
Ronald Berger, MD, PhD, Johns Hopkins University, Baltimore, Maryland, USA
Samir Saba, MD, University of Pittsburgh, Pittsburgh, Pennsylvania, USA

Abstract: According to the European Heart Surveys, heart failure (HF) is present in 34% of pa-
tients who have atrial fibrillation (AFib), and conversely, AFib is present in 42% of patients with
HF. Furthermore, as the average age of populations throughout the world increase, the number
of patients with HF and AFib will continue to increase. The physiologic mechanisms by which
one condition leads to the other is something of a chicken and egg discussion, however, and the
question of which to treat, or how to treat both conditions, represents a challenge for physicians.
As discussed in this article, the thesis is that AFib has a deleterious impact on HF status and
prognosis and that restoration of sinus rhythm (as opposed to simple rate control) is of benefit in
this situation. Antiarrhythmic drug therapy has not been demonstrated to be an attractive op-
tion for restoration of sinus rhythm. On the other hand, a recent meta-analysis has found that in
patients with left ventricular (LV) dysfunction and AFib, catheter ablation, using pulmonary vein
isolation (PVI) in preference to atrioventricular (AV) node ablation followed by RV pacing, results
in improved LV function and HF symptom status. As a management strategy, therefore, PVI in
patients with AFib and LV dysfunction merits further investigation in randomized trials.
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