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Abstract

Sudden cardiac arrest is the leading cause of cardiovascular mortality, posing a substantial public 

health burden. The incidence and epidemiology of sudden death are a function of age, with 

primary arrhythmia syndromes and inherited cardiomyopathies representing the predominant 

causes in younger patients, while coronary artery disease being the leading etiology in those who 

are 35 years of age and older. Internal cardioverter defibrillators remain the mainstay of primary 

and secondary prevention of sudden cardiac arrest. In the acute phase, cardiac chain of survival, 

early reperfusion, and therapeutic hypothermia are the key steps in improving outcomes. In the 

chronic settings, ventricular tachycardia ablation has been shown to improve patients’ quality of 

life by reducing frequency of defibrillator shocks. Moreover, recent studies have suggested that it 

may increase survival. Neuromodulation represents a novel therapeutic modality that has a great 

potential for improving treatment of ventricular arrhythmias.
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INTRODUCTION

Sudden cardiac death (SCD) is defined as unexpected death due to cardiac causes, occurring 

within 1 hour from the onset of symptoms in individuals with no known prior conditions that 

would limit their lifespan. Autopsy studies demonstrate that approximately 85% of all 

unexplained SCDs are of cardiac etiology. SCD is the most common outcome of sudden 

cardiac arrest (SCA) and the leading cause of death worldwide. The annual rate of SCD in 

the United States is estimated to be on average 230,000–350,000.(1,2) Two-thirds of all 

cases of SCD occur in men. Overall, a decline in the rate of SCD, both in men and women, 

has been attributed to the success of primary and secondary prevention therapies and other 

competing causes of death.(2) SCD presents a tremendous public health burden due it its 

substantial fatality and short time from the onset of symptoms to death. SCD accounts for 
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50% of all cardiovascular mortality, being the first presentation of cardiac disease in 25–

50% of cases.(1) Survival of individuals who experience SCA remains disappointing, 

estimated at 6–10% for outof-hospital cardiac arrest and up to 24% for in-hospital arrest.

(1,2)

EPIDEMIOLOGY

Incidence of SCA and its etiology appears to be a function of age, but this association is not 

linear. In children and young adults (< 34 years of age), annual risk of SCA is estimated as 1 

per 100,000. This is followed by a steep increase in the risk of SCA beginning at age 35, 

when the incidence increases to 1/1000 per year. The annual risk continues to rise, peaking 

at the age of 75, and declines thereafter.(1) In younger individuals (median age of 29 years), 

a structurally normal heart can be found in up to 42% of autopsies,(3) as compared to only 

4% of more elderly subjects (mean age 54.7 years).(4) Causes in younger patients include 

primary arrhythmia syndromes due to congenital channelopathies, inherited dilated, 

hypertrophic, or arrhythmogenic right ventricular cardiomyopathies, as well as coronary 

artery anomalies.(2) The overwhelming majority of SCAs in the elderly are due to 

underlying structural heart disease (SHD), which is attributed to CAD in ≥ 80% of cases.(1) 

Other less prevalent etiologies include non-ischemic causes of SHD, channelopathies (5–

15%), and idiopathic VT/VF (5%).(2) Overall, there is a trend toward a decline in proportion 

of SCD related to CAD and an increase in the share of nonischemic etiologies.(1) However, 

the cause of SCA remains unexplained in up to two-thirds of patients without SHD after 

routine diagnostic evaluation, such as electrocardiographic telemetry monitoring, 

transthoracic echocardiogram and coronary angiography.(1,5) The diagnostic approach to 

cases with normal ejection fraction was assessed in Cardiac Arrest Survivors With Preserved 

Ejection Fraction Registry (CASPER). This study showed that in patients with normal 

ejection fraction, additional testing, including signal-averaged electrocardiogram, exercise 

stress test, cardiac magnetic resonance imaging, provocative pharmacologic testing with 

intravenous infusion of epinephrine and procainamide, electrophysiologic study, 

endomyocardial biopsy and targeted genetic testing may provide an incremental benefit and 

lead to a definitive diagnosis in up to 56% of SCA patients.(5) Specifically, cardiac magnetic 

resonance imaging was shown to identify an underlying pathological substrate in nearly half 

of survivors of unexplained SCA and was conclusive in making the diagnosis in 30%.(6)

PATHOPHYSIOLOGY

The majority of SCA cases are due to malignant ventricular tachyarrhythmias (VT), often 

related to CAD. Mechanisms by which CAD results in arrhythmogenesis include acute 

ischemia leading to VT, myocardial scars that serve as the substrate for reentrant 

monomorphic VTs, and in rare cases, disease in the cardiac electrical conduction leading to 

bundle branch reentry VT (BBRVT). Coronary reperfusion and medical management of 

CAD have been credited for the declining rate of ventricular tachyarrhythmias (VAs) leading 

to SCA. Use of internal cardioverter defibrillators (ICDs), although not affecting burden of 

VT episodes, has led to the reduction in arrhythmic death owing to prompt and efficient 

termination VA episodes. At the same time, the incidence of pulseless electrical activity is 

increasing, which is largely attributed to the growing number of patients with advanced heart 
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failure. Bradyarrhythmias, usually due to third degree atrioventricular block without 

sufficient escape, account for a small proportion (10–15%) of all SCDs.(1)

PREVENTION

Primary Prevention

Prevention of SCD in patients who are considered high risk for it often involves institution 

of medications to target the sympathetic nervous system (β-adrenergic receptor blockers and 

angiotensin converting enzyme inhibitors) as well as implantation of ICDs. Randomized 

controlled clinical trials demonstrated a reduction in mortality for patients LVEF ≤ 35% who 

received ICDs vs. those managed with conventional medical therapy only, with a relative 

risk reduction between 23% to 28% and absolute risk reduction ranging from 5.6% to 7.2%.

(1) However, beneficial effects of the ICD may depend on etiology of cardiomyopathy. Data 

from the Danish Study to Assess the Efficacy of ICDs in Patients with Non-ischemic 

Systolic Heart Failure (DANISH) demonstrated that in subjects with NICM, primary 

prevention ICD did not reduce all-cause mortality in all patients even though it was 

associated with a 2-fold reduction in arrhythmic death. Arrhythmic death was offset by death 

from heart failure. It is important to note that this was not the case in younger patients (<68 

years old) in whom ICD reduced mortality by 36%.(7)

ICDs neither prevent recurrent episodes of VA nor modify the underlying myocardial 

substrate, which tends to progress over time. Defibrillators save lives by attempting to abort 

arrhythmic death. Unfortunately rate of ICD-unresponsive SCD due to VT or VF has been 

shown to be between 5% and 17%.(8) Moreover, both appropriate and inappropriate ICD 

shocks have been reported to herald a poor prognosis and increased risk of death.(9) Several 

strategies for VT detection and programming of ICD therapies have been proposed to 

minimize ICD shocks.(10) A high detection-rate approach, programming the ICD to monitor 

VAs with slower heart rates without delivering therapy, and treating only VAs with faster 

heart rates (≥ 200 bpm) has been proposed. A delayed-therapy strategy, which consists of 

increasing the time from detection of the VA to onset of ICD therapy, has also been 

advocated. (10). This delay could range from 60 seconds for VTs of slower cycle lengths 

(170–199 bpm), to 12 seconds for VTs of faster cycle lengths (200–249 bpm), and 2.5 

seconds for very fast VAs (≥ 250 bpm). A delayed-therapy approach allows for termination 

of non-sustained arrhythmias before ICD therapies are delivered. A combination of both 

strategies, with modifications as deemed appropriate by the treating physician based on the 

patients’ clinical VT and presentation, may prove beneficial in reducing ICD shocks.

Even though ICDs play a major role in prevention of arrhythmic death, medications that 

target the sympathetic nervous system have been shown to reduce the risk of SCD. In the 

setting of SHD, β-blockers and angiotensin converting enzyme inhibitors have been 

demonstrated to reduce mortality and sudden death.(11,12) In addition, β-blocker 

medications are recommended as a first line therapy for patients with long QT syndrome and 

catecholaminergic polymorphic VT (CPVT).(13)

In certain population of channelopathies, anti-arrhythmic medications can be beneficial in 

reducing risk of VT. Flecainide can be used in addition to β-blockers in cases of CPVT with 
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recurrent syncope or VAs.(13) Quinidine is beneficial for recurrent VAs in patients with 

Brugada syndrome who already have ICD and it may be considered in asymptomatic 

patients with spontaneous type 1 Brugada ECG.(13)

Secondary Prevention

Secondary prevention of SCA in subjects is implantation of an ICD. The overwhelming 

majority of patients in secondary prevention ICD clinical trials had underlying SHD, 

primarily due to CAD with reduced LVEF (< 35%).(1) Antiarrhythmics versus Implantable 

Defibrillators (AVID) trial demonstrated statistically significant relative risk reduction in all-

cause mortality by 31% at 3 years in the ICD versus amiodarone groups.(14) Overall, based 

on a meta-analysis of 3 secondary prevention ICD trials, there was a 5% absolute risk 

reduction in mortality at 1 year and 8% at 2 years in the ICD compared to no ICD secondary 

prevention group.(14,15)

TREATMENT

Management of SCA in the acute setting

Survival from the SCA is a function of the presenting rhythm, which can be divided into 

shockable or nonshockable. An increasing proportion of pulseless electrical activity and 

asystole and decreasing rate of VT/VF pose a great challenge, as survival from 

nonshockable rhythms is very poor. This trend has been attributed to advances in 

preventative and therapeutic interventions for CAD, widespread use of ICDs, as well as the 

increase in age of the population. (16)

Steps of SCA management in the acute setting are outlined in Figure 1. Data from Oregon 

Sudden Unexpected Death Study indicated that half of all subjects who develop SCA have 

precursor symptoms, mainly chest pain and dyspnea, in the 4 weeks and particularly within 

24 hours prior to the event. Individuals who called 911 at the onset of symptoms had a 

significantly better survival compared to those who did not (32.1% vs. 6.0%).(17). This 

emphasizes the importance of public education to take action when warning symptoms 

develop. Survival and functional outcome of SCA are also dependent upon implementation 

of the American Heart Association links of the chain of survival, including early access to 

emergency response systems, early cardiopulmonary resuscitation, and early defibrillation 

and advanced cardiac care. Early reperfusion, including percutaneous coronary intervention 

with the help of hemodynamic support devices, if needed, is essential in improving survival 

from SCA. In patients with ongoing hemodynamic instability, surgically implanted 

ventricular assist devices as a bridge to heart transplantation or destination therapy have 

been increasingly used to save lives.(18)

The only proven strategy to improve survival from out-of-hospital cardiac arrest after return 

of spontaneous circulation is therapeutic hypothermia.(19,20) The mechanism of therapeutic 

effect of hypothermia is not completely understood, but is believed to be due to a decrease in 

brain ischemia-reperfusion injury as a result of slowing of cellular metabolism and reduction 

in oxygen consumption. It appears that a longer duration of hypothermia (24 hours)(19) is 

superior to shorter duration (12 hours).(20)
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Chronic therapy to reduce VT/VF

Because recurrent ICD shocks are associated with an increased mortality and decreased 

quality of life, a key aspect of the treatment of SCA is prevention and/or reduction of VT/VF 

episodes and ICD therapies.1(9) In this regard, catheter ablation of VT can be quite 

beneficial, particularly if the underlying substrate is ischemic cardiomyopathy (ICM) or the 

arrhythmia mechanism is BBRVT, (Figure 2).

Two randomized controlled trials demonstrated that VT ablation reduces the rate of 

appropriate ICD shocks compared to medical therapy alone in patients with ICM who had 

already experienced a VT episode and/or ICD therapies. In the Substrate Mapping and 

Ablation in Sinus Rhythm to Halt Ventricular Tachycardia (SMASH-VT) study, patients 

with CAD and VT were randomized to ICD implantation or ICD implantation and catheter 

ablation. At 2 years of follow-up, there was a significant reduction in the incidence of all 

appropriate ICD therapies, including shocks or anti-tachycardia pacing (12% versus 33%, 

respectively; HR = 0.35; p = 0.007) and ICD shocks (9% versus 31%, respectively) in the 

ablation group compared to ICD only group.(21) Results of the Ventricular Tachycardia 

Ablation in Coronary Heart Disease (VTACH) trial demonstrated a statistically significant 

39% decrease in the rate of ICD shocks at 2 years in the VT ablation group as compared to 

the ICD only group in patients with CAD, reduced LVEF and history of VT.(22) VA free 

survival was 47% in the ablation group as opposed to 29% in the control group (HR = 0.61, 

p = 0.045).(22) While both SMASH-VT and VTACH trials showed a reduction in ICD 

therapies for VAs in patients who had already had VT, neither study could demonstrate a 

decrease in mortality, as there was no difference in overall survival between the ablation and 

routine care arms of these studies.(21,22)

There are currently no prospective studies on the results of prophylactic catheter ablation of 

inducible VT in patients with primary prevention ICDs, but retrospective suggests that VT 

ablation in primary prevention ICD patients may decrease the rate of appropriate ICD 

shocks.(23) This decision has to be balanced with the lack of mortality data for VT ablation 

and the high cost and resources required for the procedure.

In addition to reducing the burden of VT and ICD shocks, successful VT ablation has been 

associated with mortality benefit in retrospective single center and multi-center studies.(24–

26) VT ablation in earlier stages of the disease has also been associated with lower mortality 

compared to VT ablation performed in the setting of electrical storm.(27)

The Multicenter Thermocool Ventricular Tachycardia Ablation Trial was an observational 

study of VT ablation in patients with advanced SHD due to both ICM and NICM. Acute 

procedural success rate (no inducible VT at the end of the procedure) was 49% and 53% of 

patients were free from any VT at 6-month follow-up.(28) It also demonstrated a reduction 

in VT burden from a median of 11.5 episodes in the 6 months prior to ablation to 0 after 

ablation. However, as many as 20% of patients had an increase in the number of VT 

episodes. With regard to antiarrhythmic medications after ablation, 55% remained on these 

medications, while anti-arrhythmic medications were decreased in 26% decreased and 

increased 19% increased. Patients, who had successful ablation, were more likely to reduce 

their antiarrhythmic therapy, and 35% of them were not taking any at 6 months.(28) In a 
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single center study of VT ablation in patients with SHD due to both ICM and NICM, overall 

VT recurrence rate was 34% at 24 months follow-up, ranging from 28.6% in patients with 

complete procedural success (no inducible VTs) to 66.7% in those with inducible clinical 

VT at the end of ablation. Non-inducibility of VT at the end of the ablation procedure was 

associated with a decreased risk of death and cardiac transplantation.(25) Most recently, 

non-inducibility of VT at the end of the procedure was associated with improved outcomes 

after VT ablation in a large multi-center study of 1064 patients.(29) This contradicted an 

earlier multicenter study (the Cooled RF Ablation System trial) of 106 patients which did 

not show prognostic utility to acute procedural success, though the latter study also 

demonstrated a high VT recurrence rate of 56% at 1 year.(30) The differences in the results 

of these retrospective studies may be related to advancement of catheter ablation techniques 

over the past two decades as well as the patient population studied.

It is also important to emphasize that catheter ablation of VT in the setting of SHD is a 

complex procedure. The rate of major perioperative complications can range from 3% (in 

the Multicenter Thermocool Ventricular Tachycardia Ablation Trial) to 8% (in the Cooled 

RF Multi Center trial).(28,30) The difference in the rates of complications for the different 

trials may again be related to both the advancement of mapping and ablation techniques over 

the past decade, increasing operator experience, as well as the patient population in each 

study.(21,22,28,30)

Data on outcomes of VT ablation in patients with NICM are limited. Many of the studies 

approach different etiologies of NICM as one group, making it difficult to assess results in 

specific etiologies. The International Ventricular Tachycardia Ablation Center Collaborative 

study and other single center studies have shown that the specific etiology of NICM affects 

rates of VT recurrence and combined endpoint of survival from VT, death, and heart 

transplantation, after VT ablation. Patients with dilated cardiomyopathy, myocarditis, and 

arrhythmogenic right ventricular cardiomyopathy appear to have superior outcomes after 

ablation compared to those with hypertrophic cardiomyopathy, valvular heart disease, and 

sarcoidosis.(31,32) In addition, underlying pathological substrate in NICM frequently 

involves epicardial surface of the heart, necessitating a combined epicardial and endocardial 

VT ablation approach.

VT ablation also has a role in primary idiopathic VF that is initiated by PVCs. PVC triggers 

are most frequently mapped to the distal Purkinje system in either the left or right ventricle 

and border zones of infarcts and less frequently, to the right ventricular outflow tract. 

Ablation of focal PVC triggers was reported to have a high success rate for prevention of 

further VF episodes.(33)

Analogous to idiopathic VF, electrical storm due to polymorphic VT or VF in the setting of 

acute ischemia may be triggered by PVCs originating from the His-Purkinje system, 

specifically the left posterior fascicle. Purkinje fibers are more resistant to ischemic injury 

compared to the rest of the myocardium. They are contained in surviving islands of 

myocardium within the scar tissue post myocardial infarction. Published ablation data on a 

small number of patients with incessant VT/VF triggered by monomorphic PVCs are very 
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encouraging, with success rates between 80% and 100% for the treatment of electrical storm 

and prevention VF.(34)

BBRVT represents an infrequent but distinct form of VT, particularly in the setting of 

NICM, accounting for 5–8% of monomorphic VT in patients with SHD.(1) Given reported 

success rate of ablation approaching 100%, it is a class I recommendation to treat BBRVT 

with catheter ablation as the first-line therapy.(1) Nevertheless, given marked underlying 

myocardial disease, patients should still receive ICDs to prevent SCA from myocardial VTs.

There are some data indicating that triggers of electrical storm in Brugada syndrome are 

located in the right ventricular outflow tract. Epicardial and endocardial ablation in this 

region may treat electrical storm and prevent VF recurrences.(35)

AUTONOMIC MODULATION

There is growing body of evidence to suggest that the autonomic nervous system is 

implicated in the genesis of cardiac arrhythmias.(36,37) Increased sympathetic activation 

has been linked to VAs and SCD in both animal studies and humans, while vagus nerve 

stimulation has shown protective effects.(36–38) Cardiac injury after myocardial infarction 

causes local denervation of sympathetic fibers, which is followed by non-homogeneous 

innervation, leading to electrical heterogeneity of the myocardium in the setting of 

sympathetic activation.(39,40) Sympathetic activation, even in normal hearts, can lead to 

triggered activity and increase dispersion of repolarization, a phenomenon that is further 

exaggerated in diseased hearts and can promote and sustain reentry.(41–43) The pathological 

neural remodeling, that follows adverse myocardial remodeling, affects not only the scar at 

the site of injury, but also the border zone regions and even the remote viable myocardium. 

Moreover, neural remodeling beyond the myocardium, at the level of cardiac and stellate 

ganglia has been described in association with both ICM and NICM.(44) Therefore, 

autonomic modulation, potentially at each level of the cardiac neuraxis, may provide an 

effective treatment modality to improve arrhythmia management. Currently available 

procedures of autonomic modulation are listed in Figure 3.

Most cardioprotective medications currently used in the management of heart failure (β-

blockers, angiotensin converting enzyme inhibitors, angiotensin receptor blockers, 

aldosterone antagonists) exert their beneficial effects by blocking sympathetic activation. 

Statins and fish oil, used for hyperlipidemia, have also been shown to reduce sympathetic 

and increase parasympathetic tone.(37) Of note, a nonselective β-blocker, propranolol, was 

shown to be superior to a selective β1-adrenergic receptor blocker, metoprolol, when used in 

combination with intravenous amiodarone for the management of patients with electrical 

storm. Subjects in the oral propranolol arm of the study had significantly lower incidence of 

VA and ICD discharges, suggesting that non-selective β-blocker therapy may be more 

beneficial in this population.(45) Deep sedation and general anesthesia can decrease 

sympathetic activation and have been proven effective in treating electrical storm.

Thoracic epidural anesthesia can be performed at bedside and provides bilateral complete 

sympathetic blockade between C8 and T4 segments of the spinal cord, proximal to both left 
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and right stellate ganglia.(46) Encouraging results have been demonstrated in animal models 

and human studies. Thoracic epidural anesthesia was able to transiently but effectively 

terminate electrical storm, which was refractory to medical therapy.(46,47)

Cardiac sympathetic denervation (CSD) refers to surgical resection of 1/2 to 1/3 of the 

stellate and T1–T4 thoracic ganglia. Left CSD was initially found to be effective for long QT 

syndrome(48) and, subsequently, for CPVT.(49) CSD in the setting of SHD (both ICM and 

NICM) and refractory VT has been shown to reduce burden of VT/VF and ICD shocks, and 

in a porcine infarct model, to reduce VT inducibility acutely.(50–52) Studies in patients with 

structural heart disease also suggests that bilateral CSD may have more durable outcomes in 

reducing ICD shocks than left sided alone.(51) In the setting of electrical storm, sympathetic 

blockade (stellate ganglionic blockade or intravenous infusion of beta blockers) in addition 

to standard treatment with Advanced Cardiac Life Support (ACLS) was found to improve 

survival compared to standard ACLS alone.(53)

Spinal cord stimulation (SCS) is performed by placement of a stimulation catheter in 

epidural space at the level of T1–T4. There are conflicting data about effects of SCS in 

patients with heart failure, likely related to differences in dosing, duration and frequency of 

stimulation.(54,55) Reported positive effects of SCS in treatment of VAs are limited to 

animal studies. In a dog mode of myocardial infarction, SCS significantly reduced ischemic 

VAs.(56)

Vagal nerve stimulation (VNS) using bipolar electrodes placed around the cervical vagal 

trunk has shown promising results in animal models for treatment of VAs. It is noteworthy 

that VNS has significant ventricular electrophysiological effects, increasing action potential 

duration and effective refractory period.(57–59) In the setting of chronic myocardial 

infarction, VNS can stabilize infarct border zone and reduce VT inducibility acutely.(58,60) 

Furthermore, in a porcine infarct model, VNS after cardiac sympathetic denervation has 

been shown to further reduce inducible VAs.(60) It is important to understand that electrical 

stimulation of the vagal trunk can activate afferent as well as efferent fibers and reduce the 

effects of efferent stimulation.(57) Although VNS has not been evaluated for the treatment 

of VT in patients with heart disease, studies of VNS for the treatment of heart failure have 

produced mixed results.(38,61) In the Autonomic Regulation Therapy for the Improvement 

of Left Ventricular Function and Heart Failure Symptoms (ANTHEM-HF), an un-blinded 

study of heart failure patients with LVEF ≤ 40%, VNS group had an improvement in LVEF 

and functional heart failure class.(62) Conversely, the randomized trial, Neural Cardiac 

Therapy for Heart Failure (NECTAR-HF), consisting of individuals with LVEF ≤ 35% failed 

to show beneficial effects of VNS on cardiac function at 6 months and 18 months of follow 

up, but VNS implantation was associated with a better quality of life.(63,64) Finally, in 

another randomized study, the Increase in Vagal Tone in Heart Failure (INOVATE-HF), VNS 

did not reduce mortality or heart failure events in patients with LVEF ≤ 40%.(65) The 

difference in the results of these studies may be related to the different stimulation 

parameters utilized in each study.

The difference in the results of these studies may be related to the different stimulation 

parameters utilized in each study.
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Additional methods of increasing parasympathetic tone include transcutaneous vagal nerve 

stimulation and baroreceptor activation.(66,67) Both of these therapies remain to be tested 

for treatment of VT, but studies in a canine model and in patients with myocardial infarction 

suggest a benefit in reducing ischemia associated ventricular arrhythmias.

Renal denervation represents another method of modulation of sympathetic signaling. 

Catheter ablation of renal nerve fibers is performed through the bilateral renal arteries. In 

small case series, this treatment has shown reduction in burden of VT/VF episodes in 

patients with refractory VT, unresponsive to cardiac ablation and antiarrhythmic 

medications.(68,69)Renal denervation is limited by variable anatomy around the renal 

arteries that can change the efficacy of ablation, including veins and lymphoid tissue, as well 

as the location and distribution of the nerves around the renal arteries.(70,71) An objective 

marker that could signal adequate “denervation” is needed as procedural endpoint.

SUMMARY

SCA is the leading cause of death worldwide. Frequent presentation as the first 

manifestation of cardiac disease and poor survival rates after SCA emphasize importance of 

primary prevention. Secondary prevention and treatment of SCA focus primarily on VT/VF 

management. Catheter ablation of VT and PVC triggers of VF has been shown to reduce 

recurrent arrhythmia episodes and may improve survival, if successful. Further mechanistic 

and clinical studies are needed in this area to elucidate the best methods of neuromodulation, 

impact of these therapies, and their mechanisms of benefit.
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Figure 1. 
Management of acute sudden cardiac arrest includes rapid resuscitation and hypothermia 

protocol. SCA = sudden cardiac arrest.
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Figure 2. 
Ventricular Tachycardia Ablation-Approach and Outcomes. The approach to ablation as well 

as the outcomes of VT ablation are dependent on the presenting myocardial substrate and 

genetic abnormality. ICD – internal cardioverter defibrillator; PVC – premature ventricular 

complex; VF – ventricular fibrillation; VT – ventricular tachycardia
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Figure 3. 
Strategies for neuraxial modulation of ventricular tachyarrhythmias include methods to 

increase parasympathetic tone and decrease sympathetic activation. CBS – carotid body 

stimulation; CSD – cardiac sympathetic denervation; RND – renal denervation; SCS – spinal 

cord stimulation; SGB – stellate ganglion blockade; TEA – thoracic epidural anesthesia; 

VNS vagal nerve stimulation

Krokhaleva and Vaseghi Page 17

Trends Cardiovasc Med. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	INTRODUCTION
	EPIDEMIOLOGY
	PATHOPHYSIOLOGY
	PREVENTION
	Primary Prevention
	Secondary Prevention

	TREATMENT
	Management of SCA in the acute setting
	Chronic therapy to reduce VT/VF

	AUTONOMIC MODULATION
	SUMMARY
	References
	Figure 1.
	Figure 2.
	Figure 3.

