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Suh, Soon-Kyu Lecture [4€ 2121 10:30-11:00] | 15|2|%t

Early Changes in Myocardial Perfusion in Asymptomatic Subjects at Risk of Atherosclerosis -
As Detected by Perfusion CT

Background: Systemic diseases such as atherosclerosis, diabetes mellitus and hypertension all affect
microcirculatory function well before major arteries are significantly affected. Hence, the goal of this study
was to clinically detect the functional effect of early atherosclerosis in the intramyocardial microcirculation that
precede development of significant atherosclerotic plaques in epicardial arteries. The basis for our approach is
the observation that, under resting conditions, only a fraction of terminal arterioles have blood flow, hence the
microvascular flow distribution is spatially heterogeneous. We hypothesized that the degree of heterogeneity
should also reflect early functional changes in the microcirculation. In this study, therefore, we quantitated spatial
heterogeneity of myocardial perfusion (F) and of intramyocardial microcirculatory blood volume (Bv) by using
clinical computed tomography (CT).

Methods and Results: Guided by the results obtained in previous studies involving experimental animals, two
groups of asymptomatic study subjects were enrolled, one with no risk factors or other evidence of significant
coronary artery disease (Control), the other with hypercholesterolemia, but no clinical evidence of significant
coronary artery disease (At Risk). We enrolled a total of 48 participants (12 male and 12 female in each group),
between the age of 45 — 55 years. Heart regions were scanned using low-dose scan mode during the passage of
a bolus of intravenously injected contrast agent. A Region-of-Interest (ROI) covering a large portion of the LV wall
was defined manually within the CT images of the left ventricular (LV) myocardium. A set of equal-sized nested
ROI (nROI) within that ROl were used to compute F and Bv for each nROI as an index of spatial heterogeneity of myocardial perfusion.

As expected, no significant differences between the groups were demonstrable in overall myocardial F and Bv values. The nROI data showed that in the At Risk’
group the spatial heterogeneity and size of the perfusion territories within the myocardium were significantly different from the ‘Control’ group at the p=0.05
level.

Erik L. Ritman/Mayo Clinic., USA

Conclusions: Spatial heterogeneity of myocardial perfusion distribution can be measured noninvasively with CT. This study demonstrated significant differences
between ‘Control” and ‘At Risk" patients prior to any changes in perfusion or coronary disease being detectable. This observation may form th e basis for a
screening test for asymptomatic persons deemed to be at risk of imminent development of atherosclerosis significantly affecting the large arteries. This
methodology also has promise for exploring reduced LV function due to loss of microvascular function.

KSC-JCS Joint Symposium [4€ 2120 11:00-12:30] H| 23] &t
The Pathophysiology of Atrial Fibrosis in Atrial Fibrillation

Atrial fibrillation (AF) is a growing threat for our society because of its complications such as heart failure and
stroke. Besides, the risk factors of the development of AF including diabetes mellitus, hypertension, and obesity
are increasing, as well as aging. Therefore, establishing appropriate strategy for the treatment of AF is an urgent
issue.

For developing treatments of AF, the understanding the pathophysiology of AF is crucial. Although the new era
blessed us by introducing new agents for the prevention of stroke, the strategy for the arrhythmia, AF.

Three important factors have been known as for the development of AF, namely the substrate, the triggering and
the modification, which are also true for other arrhythmias as well.

Atrial fibrosis is a crucial element of the substrate. We have been working on the atrial fibrosis in many years
using animal model, beginning from angiotensin Il infusion model. Further for the simulation of metabolic syndrome,
animals with hypertension, diabetes and chronic kidney disease model were also developed and used. Atrial
fibrosis was induced significantly in these animal models. Analyzing the signaling cascades has disclosed variable
steps including ERK1/2, Akt-PI3K and others. 2
The fibrosis was improved with the interventions such as angiotensin Il receptor blockers, heat shock protein (/q' 4
inducing agents, pioglitazone and others. While the results of these studies have revealed that such profibrpotic
signaling shows extensive cross talks in variable rat models. The results of those experimental works are
presented in relation to the development of AF in the symposium.

Tetsunori Saikawa/Oita Univ., Japan



The Korean Society of Cardiology NEWS LETTER VOL.02 05

KSC-JCS Joint Symposium [42d 212 11:00-12:30] K| 23|9| &t
Atrial Electrical and Structural Remodelling in Animal Models of Atrial Fibrillation

Atrial fibrillation (AF) is the most frequently encountered sustained tachyarrhythmia in clinical practice and is
related to significant morbidity and mortality. Although its pathophysiology has been investigated extensively,
many questions still remain unanswered. AF mechanisms have been studied in large animal models with rate-
related electrical remodelling or with atrial-structural remodelling. Wijffels et al. first demonstrated experimentally
that artificially maintained AF alters atrial electrophysiology to enhance AF vulnerability and persistence.
Remodelling induced by AF is virtually indistinguishable from that produced by any rapid atrial activation, which is
known as atrial tachycardia (AT)-induced remodelling. AT cause heterogeneous atrial ERP shortening, increased
vulnerability to AF induction, and increased arrhythmia persistence. Congestive heart failure (CHF) is also one
of the most common clinical causes of AF. A canine model of CHF-related AF has been intensively studied to
understand the pathophysiology. Atrial structural remodelling contributes importantly to the arrhythmogenic
substrate and interstitial fibrosis plays a central role by interfering with local conduction and stabilizing reentry.
Increased content of tissue angiotensin Il and enhanced expression of phosphorylated MAPKs precede the
remodelling process. TGF-B1 also is one of important atrial profibrotic mediators. Several pharmacologic agents
suppress atrial electrical/structural remodelling and AF promotion in these animal models. These experimental
studies have provided important insights into the mechanisms governing the arrhythmia and have allowed for the
development of novel therapeutic approaches.

Kunihiro Nishida/Toyama Univ,, Japan

KSC-JCS Joint Symposium [4€ 2120 11:00-12:30] H| 23] &t
Challenges in Catheter Ablation of Atrial Fibrillation in Various Subsets of Heart Diseases

Radiofrequency catheter ablation (RFCA) has been demonstrated to be an effective therapy for various subsets
of atrial fibrillation (AF). However, the outcomes for RFCA of AF in patients with various subsets of heart disease,
i.e., chronic lung diseases (CLD), mitral stenosis (MS), and hypertrophic cardiomyopathy (HCM), have not yet been
widely reported.

Chronic Lung Disease

CLD is one of the important underlying diseases of AF. We investigated the electroanatomical alterations in
pulmonary veins (PVs) in CLD patients with AF and assessed their effect on the outcomes for RFCA of AF.

We assessed 15 patients who had CLD and underwent RFCA of AF. CLD included chronic obstructive pulmonary
disease (COPD), a tuberculosis-destroyed lung (TDL), and interstitial lung disease (ILD). For controls, we selected
60 sex-, age- and procedure era-matched non-CLD patients who received RFCA for AF (4 controls for each 1
CLD patient). PV morphology in the affected lung was significantly altered i.e., obliteration, pulling of the PVs
towards the destroyed lung, or compensatory bulging of the PV antrum. These alterations were related to
arrhythmogenicity in 6 out of 15 (40%) patients with CLD. Non-PV foci were more common in the CLD group (4/15,
26.7%) than in the control group (3/60, 5.0%, p=0.025). All non-PV foci were located in the right atrium (RA). The
AF recurrence rate in the CLD group (26.7%, 4/15) was similar to that in the control group (18.3%, 11/60, p=0.45).
Conclusions. Significant alteration of PV anatomy was related to arrhythmogenicity and non-PV foci from the RA
were commonly observed in the CLD group. RFCA can be carried out safely for AF in CLD patients with a comparable success rate to that in patients with normal
lungs.

Young-Hoon Kim, MD/
Korea University Medical Center, Seoul, Korea

Mitral Stenosis

The purpose of this study was to evaluate the clinical outcome of rhythm control in patients with AF and underlying mitral stenosis (MS) after percutaneous mitral
valve comissurotomy (PTMC) and to identify the prognostic predictors of recurrence of AF.

Thirty six patients undergoing PTMC for symptomatic moderate to severe MS and AF were studied (mean age 50+10 years, AF duration 4.5+5.2 years, LA
diameter 50.7+37.7 mm, mitral valve area 1.2+0.4cm’). Study population classified into 2 groups, rate control group (15 patients 41.7%), rhythm control group (21
patients, 58.3%). The strategy of rhythm control included antiarrhythmic drugs (AAD) with or without electrical cardioversion (CV), and RFCA were used to restore
sinus rhythm (SR).

There was significantly higher portion of paroxysmal AF in rate contral group (80.0%) than that of rhythm control group (42.9%, P<0.001). In rhythm control group,
CV was performed in 13 patients and RFCA in 8 patients. The mean time interval from PTMC to RFCA was 8.7+11.6 months. Sixteen patients (76.2%) in the rhythm
control group are free from AF, whereas 9 patients (60.0%) in rate control group are in SR during 49.4+31.4 months of follow up.

Conclusions. Rhythm control therapy using CV or RFCA for AF following PTMC was effective in the maintenance of SR in three quarters of the patients with
symptomatic MS.

Hypertrophic Cardiomyopathy
An aggressive strategy for maintaining SR is recommended in patients with HCM, because 1) paroxysmal AF may trigger life-threatening ventricular arrhythmias,

2) paroxysmal AF can cause deterioration in the symptoms and induce syncope or heart failure, and 3) AF is associated with substantial risk for heart failure
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related mortality, stroke and severe functional disability. It has been known that AF frequently recurred after RFCA for HCM. We analyzed 14 patients with HCM
(M/F:10/4, 583 years old, LA 47+6 mm) who underwent RFCA for symptomatic AF (paroxysmal 9, persistent 5) refractory to multiple AADs. Four patients were
apical type, 1 had obstructive type, and 2 had severe LV dysfunction. Three patients had implantable cardioverter defibrillator and 4 had concomitant atrial flutter.
During follow up for 28+18 months following RFCA (PVI+LA ablation), AF recurred in 5 patients (35.7%) and AT recurred after 4 times of ablation in 1 patient, who
subsequently underwent cardiac transplantation. The patients who had recurred after 1st ablation (n=5) showed thicker interventricular septum as compared to
those without recurrence (21.2+7.5mm vs. 14.5+3.4mm), but there was no difference in the LA diameter (49.1+4.8mm vs. 46.5+7.1mm).

Conclusion. AF recurrence after RFCA is higher in patients with HCM. However, long-term cure can be achieved in a sizable number of patients. The thickness of
interventricular septum influenced outcomes.

Results of RFCA for AF in CLD, MS, and HCM are reasonably acceptable, but are based on small numbers of patients because of the rarity of potential candidates
and warrant further investigation.

KSC-JCS Joint Symposium [42d 2120 11:00-12:30] H|25|o| %t
Cardiac Autonomic Nerve Activity and Atrial Fibrillation in Animal Models and Human

Cardiac Autonomic Nerve Activity and Atrial Fibrillation in Animal Models and Human

Atrial fibrillation (AF) is the most common sustained arrhythmia and multiple mechanisms are involved in its
pathophysiology. One of the arrhythmogenic mechanisms is autonomic influence. Activation of cardiac autonomic
nerves results in electrophysiological changes, causing shortening of the atrial effective refractory period
and action potential duration, and spatial heterogeneity of refractoriness.’ Such conditions favor initiation and
maintenance of atrial tachyarrhythmias such as AF.

Autonomic nerve activity in AF

Coumel et al reported that vagus nerve might be associated with paroxysmal AF.” Studies using heart rate
variability analysis have confirmed that the occurrence of paroxysmal AF greatly depends on the variation of
autonomic tone. In frequency-domain analysis, the low-frequency/high-frequency ratio showed a linear increase
until 10 minutes before paroxysmal AF, followed by a sharp decrease immediately before paroxysmal AF,
suggesting a primary increase in adrenergic tone followed by a marked modulation toward vagal predominance.’
Recently, direct recording of intrinsic cardiac nerve activities in ambulatory animals revealed that the nerve
activities were invariable triggers of paroxysmal AF" We have also recorded human cardiac nerve activity at
various ganglionated plexi (GP) in patients who underwent open heart surgery (unpublished data).

Seil Oh, MD, PhD, FHRS/
Department of Internal Medicine,

Autonomic modulation in AF Seoul National University College of Medicine, Seoul, Korea

Autonomic denervation effects on AF have been introduced and studied using animal models. AF was not induced after major epicardial fat pad ablation.” Fat pad
ablation was achieved by the transvenous approach to suppress AF In humans, GP ablation combined with PV isolation has been reported to produce favorable
results.”® However, GP ablation may not have long-term effects on AF suppression.” Instead of permanent destruction, we can suppress GP activity temporarily
using a pharmacological agent injection on it." This method may be useful for postoperative AF,

Cervical vagus verve stimulation (VNS) has been used for AF induction in numerous experimental models. Effect of suprathreshold stimulation on AF vulnerability
depends on intensity, as demonstrated by Zhang et al, who showed that AF inducibility by right cervical VNS was intensity dependent in bath acute and chronic
models: strong VNS (producing = 60% sinus cycle length prolongation) facilitated AF, while moderate VNS (producing < 40% sinus cycle length prolongation) did
not.” According to this report, moderate or weak intensity of neural stimulation can be used for therapeutic purposes without increasing arrhythmogenic risk.

To demonstrate the possible effect of subthreshold stimulation, Yu et al. performed subthreshold preganglionic stimulation in an acute canine model of atrial
tachyarrhythmia.” They found that subthreshold preganglionic stimulation restored the neural activities at the anterior right ganglionated plexus (ARGP) to the
baseline level and suppressed AF inducibility. Oklahoma group had already reported similar data using bilateral or the right cervical VNS with similar experimental
protocols in acute models.”"” The effect of subthreshold preganglionic stimulation was demonstrated in a chronic canine model by Shen et al.® They reported that
the stimulation suppressed stellate ganglion nerve activities and reduced the incidences of paroxysmal atrial tachyarrhythmias.

For postganglionic suprathreshold stimulation, the representative study is chronic epicardial fat pad stimulation in chronic AF model for rate control.” The
investigators demonstrated that long-term rate control in AF was achievable by ganglionated plexus stimulation. For postganglionic subthreshold stimulation, we
still do not have enough data.

Conclusion

To elucidate the role of autonomic nervous system in AF pathophysiology, we need a tool for direct measurement of cardiac autonomic nerve activity in
awakening human. According to our research, it seems to be feasible to record human intrinsic cardiac nerve activity as in animal models. Data obtained through
these studies can provide us what we should do for autonomic nerve modulation in the management of patients with AF.
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