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Introduction

Cardiac arrhythmias are a major cause of morbidity and mortality in heart disease, and are
the likely cause of more than a quarter of a million deaths annually in the U.S. alone. While
our current approach to reducing suffering and death from arrhythmias relies largely on
diagnosis and therapy aimed at early recognition and treatment, the benefits of prevention
could be even more substantial. As we consider how the approach to arrhythmias may
evolve in the coming decades, it is useful to consider the great breadth of presentations and
scenarios that are encountered. Human arrhythmias occur in two scenarios. First, and
particularly early in life, they arise as a consequence of inborn (congenital) constellations of
anatomy and electrophysiology that change over time. There may be no structural cardiac
abnormality (e.g., long QT syndrome), a minimal structural abnormality (e.g., an accessory
pathway causing WPW) or a severe structural abnormality (e.g., endocardial cushion defect
with heart block). Secondly, arrhythmias emerge later in life as a consequence of acquired
disease (e.g., ventricular tachycardia late after myocardial infarction) or aging (atrial
fibrillation). Genetic susceptibilities influence all aspects of the pathophysiology. As
approaches to prevention and therapy evolve, genetic influences will receive increasing
attention.
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Diagnostic Strategies

Advances in Monitoring and Detection of Arrhythmias: Moving Care from the Office to

the Home

Mobile applications and monitors are revolutionizing the way we interact with patients who
have or are at risk for arrhythmias. Over the past decade, major advances have occurred in
both external and implantable monitoring devices. External ambulatory monitors have
decreased in size and complexity; while at the same time the storage capacity has increased.
Self-contained wireless “patch” monitors that self-adhere to the patient’s chest are capable
of recording and storing single lead ECG recordings for up to 30 days. Monitoring can be
extended further, up to 3 years, with subcutaneously implanted loop recorders. These
implanted devices have already been miniaturized to the size of less than half of a triple-A
battery such that an injection-like technique can be used for implantation. These types of
monitors will replace traditional Holter monitors and looping recording devices over the
next decade. Ongoing clinical trials will be critical in establishing the efficacy and cost-
effectiveness of new technologies relative to conventional methods of monitoring patients.
Improvements in size, ease of use, functionality, accuracy, and longevity over the next
decade will spur on the current movement to extend the use of these monitors beyond
traditional diagnostic indications to their use as screening tools in targeted populations, as
will be discussed later.

In addition to current FDA-approved medical devices, there has been an explosion of direct-
to-consumer hand held or wearable monitors (i.e., watches), mobile phone adaptors, and
smart phone applications that allow patients to monitor their own heart rhythm?, as well as
other biologic parameters such as blood pressure, glucose, etc?. Recent developments
include both multiple lead recording from smart phones and continuous recording from a
“smartwatch.” The rapid development of these technologies has outpaced their real-world
validation, and large-scale, pragmatic studies are needed to determine their accuracy and
how they might be incorporated into medical care. Many other issues will need to be
addressed before these monitors enter standard clinic practice. The security of the recorded
data is an important consideration. Legal issues of responsibility for data accuracy and
reliability will emerge, as when a dangerous arrhythmia is not recognized, or
misinterpretation of artifact results in an expensive emergency room evaluation, and need to
be solved. If the devices are used to improve health, will they be paid for; will the time that
physicians spend evaluating these recordings be reimbursed? In the next decade, it is likely
that we will work through these issues, and these technologies will be woven into practice,
providing us with a way of easily monitoring our patients and transitioning a greater
proportion of care to the home setting through electronic data transfer and communication.

The transition to more sophisticated care at home has already transformed the care of
patients with implantable cardiac pacemakers and defibrillators. The automatic monitoring
and reporting that this technology provides has reduced the frequency of office visits and has
allowed more rapid diagnosis and treatment of arrhythmias and device malfunctions.
Physicians are notified quickly regarding actionable events, rather than having to wait for
patients to be seen at scheduled office visits, or to present urgently when the arrhythmia
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reaches the threshold to cause symptoms. In large scale studies, the use of remote
monitoring has been associated with improvements in survival and a decrease in adverse
outcomes, such as hospitalizations3: 4. Over the next decade, advances in this arena will
include direct electronic messaging/transmission of remote monitoring data to patients and
physicians through electronic health records, coupled with the ability to alter the
programming of implantable devices through remote platforms. In order for the latter to
become a reality, technological advances will be required to address potential security,
safety, and privacy issues.

Implantable Devices and Lead Technology

In addition to the advances in remote monitoring described above, there have been
significant advances in pacing and implantable defibrillator technology over the past decade.
The relationships between ventricular activation sequence and cardiac mechanical
performance are now better appreciated, and will become more completely understood. Even
in the setting of infra-His block and bundle branch block®, ventricular activation over the
Purkinje system can now be achieved in many patients with direct pacing of the His bundle,
providing a more physiologic alternative to RV pacing that should avoid pacing induced
ventricular dysfunction®, as well as provide an alternative to left ventricular pacing for
CRT. Advances in the lead technology will increase ease and use of this form of pacing.
When activation of the ventricles from the His Purkinje system is not feasible, LV pacing for
cardiac resynchronization therapy (CRT) will continue to be important for patients with
depressed ventricular function associated with left bundle branch block. Surprisingly, CRT is
often beneficial even though present implementation is limited to the few LV pacing sites
accessible through the coronary venous system. The advent of pacing leads with multiple
electrodes for placement in the coronary venous system is a notable advance, that incontrast
to traditional bipolar leads, provides multiple LV pacing configurations from which to select
the optimal site for LV pacing without compromising lead stability. This option also
addresses problems of phrenic nerve stimulation and high pacing thresholds that often limit
delievery of LV pacing. These leads will also allow performance of simultaneous pacing
from multiple LV sites, which may improve mechanical performance in situations other than
left bundle branch blockS.

There will be continued advances in disruptive leadless technologies for pacing and
defibrillation, which will change the way we deliver these therapies to an increasing
proportion of patients. The intravascular that are the mainstay of current pacing and
defibrillator systems are recognized as a weak link in the system, susceptible to long-term
“wear and tear” due to mechanical stress, and providing a portal and nidus for intravascular
infections that occur in up to 2% of patients.8 The vulnerability of transvenous leads was
notably underscored by the recent accelerated failure rates of some of the newer generation
high-voltage ICD leads, which resulted in widespread need for re-operations for lead
revision/extraction along with adverse patient outcomes due to inappropriate shocks and
failure to deliver therapy.® For all of these reasons, safer and more durable alternatives to
transvenous lead systems are highly anticipated major breakthroughs in device therapy.
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Current leadless pacing systems involve a self-contained leadless single chamber pacemaker
delivered via catheter and attached to the right ventricle via a femoral vein, eliminating the
need for the traditional surgical pocket. These 0.8-1 cm3 “bullet shaped” devices contain all
of the pacemaker electronics, lithium battery, and electrodes (Figure 1)19. The longevity of
the current battery is reported to be up to 15 years, but long-term studies are not yet
available. Two recent, feasibility and safety studies involving 1251 patients demonstrated
acceptable short-term performance of two versions of the leadless pacemakers with major
complications rates (4.0% to 6.5%) reported to be similar to historical controls!! 12, The
latter finding needs to be interpreted with caution. The comparator control population was
not randomized and contained a high proportion of patients with dual chamber devices,
where the complication rate is known to be higher. The current leadless pacing systems are
limited to single chamber pacing. However, dual chamber and CRT leadless systems will be
developed utilizing multiple self-contained pacing devices that will have the ability to
communicate with one another. CRT systems will include both endocardial and epicardial
LV pacing approaches. Endocardial LV devices that link via ultrasound to a subcutaneous
transmitter have already been developed. With these devices, pacing sites for
resynchronization will no longer be limited by coronary sinus venous anatomy.

With respect to leadless defibrillator systems, the current version of the subcutaneous ICD
(S-1CD) involves an extra- thoracic subcutaneous electrode tunneled subcutaneously along
the sternum and connected to an S-1CD generator implanted subcutaneously in the mid-
axillary linel3: 14, Disadvantages of the present system include: absence of pacing for
bradycardia, resynchronization or tachycardia termination, inadequate sensing in ~10% of
patients, large size of the generator, undesirable cosmetics, and cost'®. For these reasons,
some centers restrict the device to select patients who have poor vascular status, are at high
risk for intravascular infection, or young patients receiving primary prevention devices who
are at particularly high risk of complications from intravascular of leads1®; other centers are
more liberal in their apporachl’. These systems will evolve. The size of the generator will
decrease, and leadless pacemakers will be incorporated to deliver bradycardia and anti-
tachycardia pacing. Epicardial LV leadless pacemakers and/or sensors linked to the S-ICD
could even permit CRT.

For these leadless technologies to be truly transformative over the next decade, the
technology will need to advance the point where the efficacy, safety, durability, and costs are
comparable to current transvenous systems. Long-term studies will need to be performed to
determine whether these devices remain safe and effective over time and are as durable as
transvenous devices. To date, limited data exist relating to infection and failure risk of
chronically implanted leadless pacemakers, and it is unclear how these issues will be
managed. Although many concerns will need to be addressed, these technologies will have a
much stronger presence in the future.

Ablation Strategies

Tachyarrhythmias have either an anatomic source (automatic focus or reentry circuit) and/or
initiating factors (triggering foci, autonomic influences) that can be targeted for ablation.
Catheter ablation is an effective treatment for a variety of arrhythmias, including most

Circulation. Author manuscript; available in PMC 2017 June 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Albert and Stevenson

Page 5

supraventricular tachycardias, many ventricular tachycardias, and perhaps most impressively
over the past decade, some forms of atrial fibrillation. These efforts have been greatly aided
by better understanding of anatomy and the ability to incorporate imaging with cardiac MRI,
CT and ultrasound into electrophysiologic mapping systems. Ablation failures are related to
inadequate localization of the arrhythmia substrate, inability to permanently damage the
substrate and, for some, inadequate understanding of the pathophysiologic mechanisms.

Localization of the arrhythmia source (mapping) has improved greatly with better tools for
mapping and incorporation of electrophysiologic data into anatomic displays in
electroanatomic mapping systems. However, the fundamental method of recording and
processing cardiac electrical activity from catheters in clinical use has not changed
substantially over two decades. More recently, an appreciation of the need to improve
recording quality to achieve detection of very low amplitude signals, particularly to guide
ablation of scar related arrhythmias and some idiopathic arrhythmias, has begun to receive
appropriate attention.18: 19 Better mapping catheters and recording equipment with refined
signal processing will facilitate definition of arrhythmias and further improve our
understanding of pathophysiology and ability to target ablation.

The ability to derive detailed cardiac electrophysiologic information, well beyond that of the
standard ECG, noninvasively from body surface recordings is already here.20-22 While
initial efforts largely reflect activation at the epicardial surface, combining this information
with anatomic imaging will further refine localization of arrhythmia substrate, both prior to
the ablation procedure, and in real time in the electrophysiology laboratory.

Imaging technologies will continue to improve ablation efficacy. The ability to detect and
define scar, which participates in the arrhythmia substrate for ventricular and atrial
arrhythmias in heart disease and aging, has great potential to better define the arrhythmia
substrate and guide ablation.23 24 Pre-procedure cardiac MR imaging to define areas of
fibrosis that are associated with reentry or focal arrhythmias is now in common use.
Resolution is not quite sufficient to define microscopic arrhythmia sources or reentry
channels, but progress is being made. The concept of directing ablation to anatomic
substrate defined from noninvasive imaging has been demonstrated and will become a
reality as imaging resolution improves.18: 24 CT imaging which has better spatial resolution
but is perhaps more limited in distinguishing fibrous scar from myocytes, and ultrasound
imaging, also presently limited in the ability to define the fine structure of scars, is none the
less showing promise.2>: 26 The use of nuclear pharmaceuticals to assess abnormal
innervation in the arrhythmogenic area may also provide further insights into
arrhythmogenesis and its prevention.2’ Pre-procedure imaging can be combined with
noninvasive body surface electrocardiogram recordings to refine characterization of the
arrhythmia substrate.22

Incorporating real time imaging in the electrophysiology laboratory also offers the prospect
of improving the creation of durable ablation lesions (see below), although substantial
challenges need to be overcome.?8 Greater resolution will need to be attained, likely without
increasing MR field strength. What is learned from MR imaging will be applied to adapt
modalities that are easier to use in the EP laboratory environment, notably ultrasound
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imaging, for the purpose of defining arrhythmia substrate targets. However, the trade off of
better substrate definition with pre-acquired imaging versus use of real time imaging
systems in the EP laboratory that will allow assessment of ablation lesions as they are
created will likely remain for some time.

New technologies will also facilitate the creation of more effective and permanent ablation
lesions. Presently ablation is achieved with a thermal injury, either heating or freezing.
These methods require firm contact between the catheter applying the energy and the tissue
and this contact can now be assessed with both imaging (intracardiac ultrasound) and force
sensing catheters. The next step is real time assessment of lesion creation which can be
potentially provided by methods to measure tissue temperature and assess necrosis.2%-31
High resolution recording methods also have the potential to better define effective ablation
lesions. While radiofrequency current will remain a simple, safe and easily applied energy
source for ablation, a number of other energy sources for ablation will find applications for
difficult arrhythmia substrates. The inadequate lesion depth for some intramural substrates
will be addressed with bipolar ablation from electrodes bracketing the target area, intramural
needle ablation, and alternative energy sources, such as microwave and ultrasound energy;,
which do not require tissue contact to produce deep tissue heating.31-34

Eventually advances in imaging, body surface recordings and radiation therapy will combine
to allow noninvasive ablation of arrhythmogenic substrates using stereotactic application of
external beam radiation or focused ultrasound.3* 35 Ablation with some forms of radiation
will be fundamentally different from present methods not only in application, but also in the
time course of the effect, which occurs later after the application, and which will therefore
not be suitable for achieving urgent control of arrhythmias, but may be well suited for
addressing many chronic arrhythmias, notably atrial fibrillation and recurrent sustained
monomorphic VT.

Adverse effects of ablation by heating or freezing are largely due to unintended injury to
adjacent structures (such as the esophagus for AF ablation) or excessive heating causing
steam pops and perforation or charring of the endocardium creating a nidus for thrombus.
These effects can potentially be avoided with the use of biologic therapies that create fibrous
scar by inducing formation of fibroblasts or by direct injection into the target region.36

Pharmacologic Therapies

Antiarrhythmic drugs that target ion channels have had important but limited efficacy in
treating arrhythmias. The limited differences between normal myocytes and those causing
arrhythmias contributes to a narrow useful therapeutic window for these agents.
Pharmacologic agents that modulate cell coupling will be evaluated further but may share
similar issues. Diminishing or improving cell coupling will likely have off target effects, as
cell coupling is important in all tissues. Selective drug delivery to the target area may
address these concerns. Novel methods of guiding drugs to the desired target, as with the use
of magnetic nanoparticles, could mitigate some of these problems. Modulation of
conduction has the potential for both arrhythmia suppression and proarrhythmia.
Pharmacologic therapies may have greater promise for prevention by influencing processes
that promote arrhythmogenesis, such as by slowing age related apoptosis and fibrosis.
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Autonomic Therapies

Cardiac arrhythmias are modulated by the effects of the autonomic nervous system.
Therapies to modulate autonomic outflow to the heart, such as stimulation of the spinal cord,
carotid body, and vagus nerve, and targeted ablation of autonomic fibers, such as the
perivascular renal nerves, stellate ganglia and upper thoracic sympathetic ganglia, and
cardiac ganglia are already available or in trials, but our understanding of the physiology
involved is limited. 37 Refined methods for autonomic modulation have promise to reduce
arrhythmias and also to favorably influence the underlying structural heart disease. As these
therapies are refined, more targeted approaches will be developed. These will be important
adjuvants to combined approaches to prevent arrhythmias in high risk patients.

Genomic Therapies and Approaches to Arrhythmias

Over the last decade, there have been major advances in our understanding of the genetic
architecture of rare inherited arrhythmic syndromes and common arrhythmias such as atrial
fibrillation and sudden cardiac death38: 39, In the next decade, advances in our ability to
perform genome wide sequencing and high throughput functional assays of presumed
pathogenic genetic variants in large patient populations will usher in personalized medicine
approaches for the treatment and prevention of arrhythmias. Once these are readily available,
large-scale clinical studies will be designed to test utilization of this information for
optimizing therapeutic approaches to both common arrhythmias such as AF and VT and rare
inherited arrhythmic diseases (I1AS) such as LQTS, Brugada, etc. For example, genetic
information may be used to both prognosticate adverse outcomes warranting more
aggressive therapies and to identify subgroups that will or will not respond to particular
therapeutic approaches, such as ablation and/or specific drugs. Data from ongoing large-
scale genomic studies will also identify novel drug and/or genetic targets leading to the
development of new pharmacologic and/or genetic approaches to the treatment and
prevention of arrhythmias.

Gene therapy for arrhythmias will proceed beyond animal models and reach the clinical trial
stage over the next decade. Interventional and/or other targeted delivery techniques (such as
exosomes) will be developed that will allow us to test genetic modulation approaches for a
variety of arrhythmias. In addition to the potential for biologic pacing, genetic therapeutic
approaches to modulation of AV nodal and other conduction tissue(s) have potential utility
for rate control in atrial fibrillation and treatment of supraventricular arrhythmias. 4
Targeted modulation of ion channel components and associated proteins that affect cell-to
cell coupling and intracellular matrix formation designed to reduce myocardial electrical
heterogeneity and fibrosis may have utility as therapeutic and preventive strategies for atrial
fibrillation, ventricular tachycardia, and other reentrant arrhythmias.*2 43 There are
substantial hurdles. The means of identifying the areas to be treated and delivery systems
may be available sooner than the required advances in myocyte biology. Proarrhythmia, will
be a major challenge, and destructive methods of ablation may be needed to resculpt areas of
new myocyte function.*2
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Sudden Death and Ventricular Arrhythmias

Prevention of Sudden Cardiac Death—In the western world, coronary heart disease
(CHD) still underlies the majority of SCDs. Despite major advances over the past decade in
treatment and prevention of CHD and landmark trials proving the efficacy of implantable
cardioverter defibrillators (ICDs) in preventing SCD in patients with significant systolic
dysfunction?, declines in SCD rates* have not kept pace with declines in other causes of
CHD death#6-48_ There also appears to be a growing fraction of SCD not due to CHD and/or
ventricular arrhythmias, particularly among certain subsets of the population®®. These latter
findings have profound implications for our current SCD prevention strategies focused on
CHD prevention and ICDs. To date, prior work in this arena has focused on stratifying risk
among patients with low left ventricular ejection fractions (LVEF), who, although at
increased risk, comprise a minority of the population who goes on to experience a sudden
cardiac arrest®- As such, the societal impact is limited®2. In the future, SCD prevention will
need to move beyond this narrow focus and encompass SCD prevention strategies in broader
populations at varying levels of risk. This will not only involve the expansion of indications
for the ICD through the use of combinations of novel markers to identify patient populations
at a high risk for arrhythmic death, but also the development of novel strategies for
preventing SCD in broader populations with more modest elevations in risk. Technologic
advances in implantable loop recorders and/or external monitoring devices will have a major
impact on how we approach SCD risk stratification and resuscitation. Not only will they be
utilized for ongoing risk assessment, but with the development of localization and
transmission capabilities, these monitors could be integrated into the emergency response
system to allow rapid dispatch of emergency medical technicians at the time when life-
threatening ventricular arrhythmias are detected. Technologic advances in the wearable
external defibrillator, such as a decrease in size and ease of use, could allow this technology
to be expanded to broader populations as a more permanent “destination therapy” rather than
a temporary “bridge therapy” to the ICD2, Similarly, developments in the S-ICD could also
expand the landscape of patients treated with defibrillator therapy. In all these areas, there
will be increasing pressure to address cost-effectiveness as well as to refine risk stratification
approaches.

There is also growing recognition that despite our best efforts to identify patients who may
be at higher risk of SCD, there will always be a significant proportion of patients for whom
SCD is their first encounter with the healthcare system. In these patients, SCD can only be
prevented through population-based interventions and/or improvements in resuscitation of
cardiac arrest. Several major advances in CPR and post resuscitation care>3 have resulted in
improved resuscitation rates from OHCA®# 5 There will continue to be several advances in
the latter arena including population-based CPR and first responder initiatives coupled with
better allocation of AEDs. There are already mobile applications that alert potential first
responders to the location of a nearby cardiac arrest and AED to facilitate rapid CPR and
defibrillation, and likely these type of technologies will continue to expand. There is also the
potential for automated mobile AEDs that are dispatched to the site of cardiac arrest by
drone transport. Even with these advances, in the absence of a transmitting implanted or
external monitoring device that alerts responders, an arrest will need to be witnessed for
resuscitation to take place. Given that the majority of arrests are unwitnessed®#, in the future
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preventive measures applied to the population at large may have a great impact on SCD
incidence. Data from epidemiologic studies support the notion that a significant fraction of
SCD in the population could be prevented through the adoption of healthy lifestyle6: 57,
AHA and other health agency and governmental public health initiatives to reduce weight,
quit smoking, eat a healthy diet, and exercise moderately have gained momentum®8: 59, and
providers have begun to recognize the importance of prevention. In our future healthcare
environment, this emphasis on prevention will continue to grow, as will public participation
in preventative interventions, which should serve to lower the incidence of SCD.

Ventricular tachycardia in Structural Heart Disease

In patients with structural heart disease, sustained monomorphic VT is usually due to reentry
involving regions of ventricular scar. In patients with myocardial infarction, early
reperfusion therapy has reduced these arrhythmias and delayed their development (Figure 2).
As the success in prevention and treatment of coronary disease continue, nonischemic
cardiomyopathies and congenital and genetic heart diseases will comprise an increasing
proportion of patients who require management for ventricular arrhythmias. The location
and characteristics of the scar are important determinants of the risk of this arrhythmia.
Advanced imaging methods combined with noninvasive electrocardiogram recordings will
define high risk scars and delineate the potential reentry circuit channels they contain. 25 60
The approach to VT and sudden death prevention will be tailored to the heart disease and
individual patient. Patients at risk can receive implantable monitors for continuous
monitoring of markers for increasing risk, and thresholds at which implementation of a
therapeutic strategy for protection, as with an implanted arrhythmia treatment device, such
as a defibrillator, will be defined. High risk individuals with anatomic substrates that can be
targeted for ablation will receive this therapy to prevent VT. Such an approach is already
starting to be realized for patients with repaired Tetralogy of Fallot and studies in animal
models support its feasibility for infarct related VTs.61 However, the arrhythmia substrate
continues to evolve with time and therapies that slow progression of the arrhythmia substrate
will be critically important and employed in patients with and at risk for scar-related
arrhythmias.

Atrial Fibrillation

Atrial fibrillation (AF), the most common arrhythmia requiring treatment, is a major and
increasing health problem in adults.5263-65 The prevalence in the U.S. and European Union
of approximately 11 million people in 2010 is projected to increase to 24 to 30 million by
2050.83 Potential reasons for this precipitous rise in AF prevalence include a combination of
the aging population, improved longevity from predisposing cardiovascular disease,
improved monitoring and detection of AF, and rising rates of predisposing risk factors6.
Rates of obesity have exploded, and a substantial proportion of AF in contemporary
populations is attributable to obesity and hypertension66: 67,

Presently we are focused on treatment of clinically detected atrial fibrillation, primarily
when it becomes highly symptomatic. The future will involve earlier identification and
treatment of AF to prevent progression to more therapeutically resistent forms and to reduce
AF-related adverse outcomes. AF promotes electrophysiologic and structural changes that

Circulation. Author manuscript; available in PMC 2017 June 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Albert and Stevenson

Page 10

further promote and sustain AF, and early initiation of strategies to maintain sinus rhythm
might prevent or delay AF-related morbidity and mortality. Previously discussed advances in
monitoring technologies will facilitate prompt recognition of AF, and the role of possible
precursor arrhythmias that may indicate susceptibility, such as atrial tachycardia and
premature atrial beats will be defined. Population-based screening for AF will become a
reality, and we will subsequently need to evaluate the effectiveness of therapies and
interventions within this population®8, Early identification of AF and its precursors will
allow for prompt implementation of therapies to prevent stroke, reduce progression of atrial
fibrosis, and maintain sinus rhythm, all of which should meaningfully improve outcomes
and delay or prevent emergence of symptomatic atrial fibrillation.

As ablation therapies continue to improve in efficacy and safety, early ablation will find a
role in this strategy and continue to be used to treat patients with established AF. The
arrhythmia substrate is complex and better definition of optimal ablation strategies and
targets will be achieved as insights from basic and clinical studies of the arrhythmia are
translated to the clinic. If ongoing randomized trials of AF ablation demonstrate a significant
benefit on morbidity and mortality, then the population of patients undergoing AF ablation
will expand. At the same time, there will be financial pressures placed on the
electrophysiology community to better identify patients likely to respond to and/or benefit
from AF ablation since multiple repeat procedures are unlikely to be reimbursed in our
changing health care environment. There will also be increasing emphasis on the role of AF
risk factor and lifestyle modification, particularly weight reduction and blood pressure
control, as adjuncts to ablation and other traditional therapeutic approaches to prevent
recurring AF episodes and to improve quality of life among patients with AF89. 70,

AF contributes to 25% of strokes in the US; thus, stroke prevention in AF will remain of
primary importance.8371 For many years, there was major doubt that there would ever be an
alternative to warfarin. The last decade has changed all of that, and now we have FDA
approved direct acting oral anticoagulants. With the advent of reversal agents, and the
eventual lowering of costs, it is likely that these agents will become the dominant
anticoagulant for AF patients. As anticoagulants continue to evolve and their risk benefit
profiles improve, the indications for these agents in AF will expand. However, as was
learned from the failure of dabigitran to protect patients with mechanical valves, agents that
provide a targeted approach to therapeutic interruption of the coagulation cascade need to be
carefully studied in diverse patient populations.”2 Clinical trials will determine the efficacy
of anticoagulantion implemented according to risk in new patient populations even before
AF emerges. There will still remain a need for alternatives to anticoagulants in patients at
high risk for bleeding. Further data will be accrued to clarify the role of therapies that
exclude the left atrial appendage from the circulation. Trials in the high risk elderly will be
particularly important as this is population where the need is great. Beyond stroke, attention
will also be directed toward AF-related complications that currently comprise a higher
proportion of AF-related mortality, in particular heart failure and sudden cardiac death?3. AF
patients may be a defined high risk population who might be candidates for long-term
monitoring of ventricular arrhythmias and/or in whom to test preventive strategies for heart
failure beyond maintenence of sinus rhythm.
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The greatest impact will likely be achieved by preventive strategies that prevent or delay
initial emergence of AF. Over the last decade, the knowledge base regarding contemporary
risk factors for AF in the population has expanded. AF will continue to be an important
disease of the elderly, emerging progressively later in life, as discussed below (figure 3).
However, there are other risk factors for AF that are modifiable and amenable to broad-
based public interventions’4. These easily measured risk factors have also been combined
into AF risk scores”>: 76 that could be utilized alone or in combination with advanced
monitoring techniques to identify patient populations at high risk for AF. Such targeted
populations could then allow potential preventive interventions to be tested in adequately
powered cost-effective manner.

Arrhythmias in Structurally Normal Hearts

Therapies of paroxysmal supraventricular tachycardia and idiopathic ventricular arrhythmias
are already at an advanced level. As ablation therapies continue to evolve in the treatment of
more difficult arrhythmias, the knowledge and technology accrued will also be applied to
patients with more benign arrhythmias that are not associated with structural heart disease.
Safer, more effective, curative out-patient procedures will be an increasing first line therapy
for these arrhythmias and reduce the number of patients with arrhythmias that can not be
adequately treated by ablation.”’

General Trends

Aging

Much cardiac disease is a consequence of, or importantly exacerbated by aging. The
development of atrial fibrosis that diminishes cell to cell coupling, facilitates emergence of
automaticity and reentry leading to AF in some, bradyarrhythmias from sinus node
dysfunction and AV block in others, and both in many elderly people. As effective
treatments delay cardiac aging, these diseases will not disappear, but their emergence will be
shifted later in life. Therapeutic considerations will have to evolve. A few years ago placing
an ICD in an octagenerian was rare, it is now common place. From 1935 to 2010 the crude
death rate in the US fell by 27%, but adjusting for the aging population, the age-adjusted
death rate fell by 60%, with a 41% decrease between 1969 and 2010.78 By 2050, 20% of the
US population will be 65 years of age or older and 4% (7.5 million) will be older than 85
years.”® By this date people older than 65 years will outnumber those younger than 15 years
of age for most countries.8 Physicians will continue to be called on to address arrhythmias
occurring in concert with co-morbid diseases. Even now, over half of patients 65 years of
age and older with AF have at least 5 other chronic conditions, such as cancer, dementia,
hypertension, renal disease, and heart failure.”® Utilization of technologies that have benefit
for increasing survival in the last decade of life will require continued assessment for
appropriate utilization. Developing rational strategies for the application of detection and
treatment strategies in the face of competing risks from comorbidities, will remain an
ongoing process as the population and therapies evolve.
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Shifting heart disease etiologies

Although cardiovascular disease remains the leading cause of death in the US and accounts
for 30% of global deaths, deaths from coronary heart disease in the US are declining, with a
37% reduction from 2002 to 2011.53 Better population health from addressing
atherosclerotic heart disease risk factors and better treatment of heart disease are paying off.
Coronary artery disease and its consequences, while still affecting millions of people, will
continue to decline. In contrast, congential heart disease in adults is increasing.
Approximately 40,000 infants are born with congenital heart disease in the US annually and
mortality is declining.83 There are approximately 1.6 million people with congenital heart
disease in the US and this population is anticipated to increase by 1 to 5% per year, with
more than half being adults.53 There is no reason to suspect a decline in other nonischemic
cardiomyopathies. Consequently, patients with nonischemic forms of heart disease will
comprise an increasing portion of patients who require arrhythmia management.

Conclusions

The next decades will see substantial evolution of diagnostic and therapeutic approaches that
will reduce suffering and death from arrhythmias. Some approaches that have great promise
will fail, others will succeed. New insights from basic science could provide paradigm
shifting approaches. Atrial fibrillation and scar related VTs from coronary disease will be
encountered in an increasingly elderly patient population, and a greater proportion of
younger patients with arrhythmias will have recognized genetic predispositions and
etiologies. This latter heterogeneous population will benefit from strategies tailored to the
disease process and patient characteristics. At the core of physician ministrations, will
remain the human interaction between the patient and the health care provider in the
continued quest to tailor and optimize preventive, diagnostic, and treatment strategies for the
individual.
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Figure 1.
Leadless cardiac pacemaker. A, Picture of the leadless cardiac pacemaker with a US dime to

indicate scale. B, Rendering of the device with pertinent components labeled?0.
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Modification of ventricular remodeling and development of the VT
substrate after myocardial infarction
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Figure2.

The impact of acute reperfusion on the development of recurrent sustained VT in patients

referred for catheter ablation late after surviving acute myocardial infarction. Compared to
patients who did not have acute reperfusion at the time of infarction, those with successful
reperfusion develop recurrent VT an average of 10 years later, have smaller, more mottled

infarct scars (as indicated in the voltage maps of the LV shown in the figure) and generally
have faster VTs.81
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Figure 3.
Projection of the total numbers of patients age 65 years and older with atrial fibrillation over

the next 40 years. The number of patients with AF will increase in all age groups with a
disproportionate increase in the very elderly. Data extrapolated from US census projection
and Medicare data and assumes no increase in AF risk for individual age groups.’% 79
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