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OUR PATIENT TODAY--

 32year old male with ‘ARVC’ (previous failed ablation) presents
with incessant VT (multiple morphologies)-received 160 shocks-
skin burns-intubated sedated-unstable death is imminent
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AUTONOMIC REGULATION OF THE HEART

e Physiology and Current Understanding

 Neural Response to Cardiac Injury

 Neuraxial Therapeutic Strategies



THE BRAIN-HEART AXIS IN EVOLUTION I
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THE AUTONOMIC INNERVATION OF THE VISCERA
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CARDIAC NEUROTRANSMISSION
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The Autonomic Nervous System regulates
all cardiac physiological functions

 Chronotropy
« Dromotropy (depolarization, repolarization)
e [notropy

e Lusitropy



Neural Control of the heart: Historical perspective
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CARDIAC NEUROHUMORAL CONTROL & C“;g?;rs
ANATOMICAL ORGANIZATION
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RESEARCH-APPROACHES
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HIGH DENSITY EPICARDIAL AND ENDOCARDIAL MAPPING
STUDIES OF AUTONOMIC MODULATION

Anterior Base

RV lateral Bases

Posterior Base

Ajijola OA, Yagishita D, Patel KJ, Vaseghi M, Zhou W, Yamakawa K, So E, Lux RL, Mahajan A, Shivkumar K. Focal myocardial infarction induces global
remodeling of cardiac sympathetic innervation: Neural remodeling in a spatial context. Am J Physiol Heart Circ Physiol. 2013;305:H1031-1040

Ajijola OA, Vaseghi M, Zhou W, Yamakawa K, Benharash P, Hadaya J, Lux RL, Mahajan A, Shivkumar K. Functional differences between junctional
and extrajunctional adrenergic receptor activation in mammalian ventricle. Am J Physiol Heart Circ Physiol. 2013;304:H579-588

Vaseghi M, Yamakawa K, Sinha A, So EL, Zhou W, Ajijola OA, Lux RL, Laks M, Shivkumar K, Mahajan A. Modulation of regional dispersion of
repolarization and t-peak to t-end interval by the right and left stellate ganglia. Am J Physiol Heart Circ Physiol. 2013;305:H1020-1030

Zhou W, Yamakawa K, Benharash P, Ajijola O, Ennis D, Hadaya J, Vaseghi M, Shivkumar K, Mahajan A. Effect of stellate ganglia stimulation on global
and regional left ventricular function as assessed by speckle tracking echocardiography. Am J Physiol Heart Circ Physiol. 2013;304:H840-847

Vaseghi M, Zhou W, Shi J, Ajijola OA, Hadaya J, Shivkumar K, Mahajan A. Sympathetic innervation of the anterior left ventricular wall by the right and
left stellate ganglia. Heart Rhythm. 2012;9:1303-1309




CARDIO-NEURAL MAPPING
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CARDIAC AFFERENT NEUROTRANSMISSION-VAGAL
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VENTRICULAR ELECTROPHYSIOLOGICAL EFFECTS OF VAGAL STIMULATION
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NEED FOR A MECHANISTIC UNDERSTANDING OF
VAGAL STIMULATION: THE INITIAL HUMAN STUDIES
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STIMULATION OF SYMPATHETIC NERVES
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EFFECT OF SYMPATHETIC EFFERENT NERVE STIMULATION :

JUNCTIONAL vs. EXTRA-JUNCTIONAL EFFECTS IN SPATIAL CONTEXT
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CARDIAC NERVES POWERFULLY CONTROL MUSCLE PROPAGATION
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NERVE STIMULATION CAN INDUCE LETHAL ARRHYTHMIAS IN A NORMAL
HEART
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innervation of the anterior left ventricular wall by the right and left stellate ganglia. Heart Rhythm.
2012;9:1303-1309



PERCUTANEOUS STIMULATION OF THE STELLATE GANGLION IN HUMANS

Baseline Stimulation Post-Stimulation
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‘ Human Cardiac Intrinsic Nervous System \
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HUMAN CARDIAC INTRINSIC NERVOUS SYSTEM
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I NETWORK INTERACTIONS WITHIN THE CARDIAC INTRINSIC NERVOUS SYSTEM I
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AUTONOMIC REGULATION OF THE HEART

 Physiology and Current Understanding

 Neural Response to Cardiac Injury

 Neuraxial Therapeutic Strategies



STRUCTURE -FUNCTION INTERPLAY: SUDDEN DEATH AND HEART
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HUMAN POST INFARCT HEARTS SHOW HETEROGENEITY IN
INNERVATION & REMOTE REGION REMODELING
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TEMPORAL CHANGES IN CARDIAC INNERVATION WITH DISEASE PROGRESSION
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CARDIOMYOPATHY-INDUCED REMODELING OF STELLATE GANGLION NEURONS IN HUMANS
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ACTIVATION OF CARDIAC AFFERENTS POST MI
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MYOCARDIAL INFARCTION ALTERS CARDIAC AFFERENT NEURONAL SIGNALING:RECORDING FROM
INTRINSIC NEURONS ON THE HEART
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AUTONOMIC REGULATION OF THE HEART

 Physiology and Current Understanding

 Neural Response to Cardiac Injury
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|  BACK THE PATIENT-CONTINUING CRISIS! |

Mahajan A, Moore J, Cesario DA, Shivkumar K. Use of thoracic epidural anesthesia for management of
electrical storm: A case report. Heart Rhythm. 2005;2:1359-1362



HOSPITAL COURSE

 32year old male with ‘ARVC’ (previous failed ablation) presents
with incessant VT (multiple morphologies)-received 160 shocks-
skin burns-intubated sedated-unstable death is imminent

« Patient was stabilized with TEA, underwent a PET scan, and biopsy
(showed sarcoidosis) and was treated with IV steroids and
subsequently underwent catheter ablation and surgical
sympathectomy. Stable after 2 years with no further shocks EF

Improved.

Bauer B, Tung R, Bradfield J, Auerbach M, Schelbert H, Buch E, Vaseghi M, Fujimura O, Mandapati R, Lynch J, Boyle
N, Shivkumar K: Ventricular Arrhythmias Due To Isolated Cardiac Sarcoidosis And Arrhythmogenic Inflammatory
Cardiomyopathy (AIC) Identified By Abnormal Positron Emission Tomography In Patients With Idiopathic
Cardiomyopathy (presented HRS 2014)



VT-VF STORM- CLINICAL COURSE
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NEURAXIAL MODULATION TO TREAT VENTRICULAR ARRHYTHMIAS
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What happens to the transplanted heart?

Mode and mechanisms of death after orthotopic heart

transplantation

Marmar Vaseghi, MD,* Nicolas Lellouche, MD,* Harry Ritter, BS,* Gregg C. Fonarow, mD,t
Jignesh K. Patel, MD, PhD,* Jaime Moriguchi, MD,* Michael C. Fishbein, MD,3
Jon A. Kobashigawa, MD,* Kalyanam Shivkumar, MD, PhD*

From the *UCLA Cardiac Arrhytlhmia Center, "Ahmanson UCLA Cardiomyopathy Center, "UCLA Hearr Transplantation
' e, Davi ine at UCLA, Los
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VF IS VERY RARE IN
PATIENTS WITH A
TRANSPLATED HEART
EVEN WITH ACUTE
CORONARY OCCLUSION!




Anatomy and histology of left sympathetic chain

Bourke T, Vaseghi M, Michowitz Y, Sankhla V, Shah M, Swapna N, Boyle NG, Mahajan A, Narasimhan C,
Lokhandwala Y, Shivkumar K. Neuraxial modulation for refractory ventricular arrhythmias: value of thoracic
epidural anesthesia and surgical left cardiac sympathetic denervation. Circulation. 2010;121(21):2255-2262.




Circulation. 2010;121(21):2255-2262.

Arrhythmia/Electrophysiology

Neuraxial Modulation for Refractory
Ventricular Arrhythmias

Value of Thoracic Epidural Anesthesia and Surgical Left Cardiac
Sympathetic Denervation

Tara Bourke, MD; Marmar Vaseghi, MD; Yoav Michowitz, MD; Vineet Sankhla, MD;
Mandar Shah, MD; Nalla Swapna, MD; Noel G. Boyle, MD, PhD; Aman Mahajan, MD, PhD;
Calambur Narasimhan, MD, DM; Yash Lokhandwala, MD, DM; Kalyanam Shivkumar, MD, PhD
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BUT HOW DOES IT WORK?
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CARDIAC SYMPATHECTOMY AND ‘INTEROCEPTION' I

Synergistic application of cardiac sympathetic
decentralization and comprehensive psychiatric treatment
iIn the management of anxiety and electrical storm
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PREVENT VT TRIAL

PRophylactic Cervicothoracic Sympathectomy for PrEVENTion of
Ventricular Tachyarrhythmias

ICM or NICM
With recurrent ICD shock s/p at least 1 VT ablation procedure
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CONCLUSIONS

Multiple levels of the neuraxis are involved in cardiac
regulation. The heart also has an important regulatory
neural network in place

Neural remodeling occurs in the heart and extra-cardiac
structures following cardiac injury and modulates
cardiac arrhythmias

Neuromodulation therapies show great therapeutic
promise and need in-depth mechanistic understanding

Cardiac sympathectomy is showing efficacy in humans
effective and needs intense study to develop it



CONCLUSIONS-II-NEEDS

A neurovisceral map of the heart

Better electrode technology for recording and
stimulation

Integrative physiology studies in small and large animal
models to guide therapies.

Mechanistic studies in humans
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