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a b s t r a c t 

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 arrhyth- 

mia 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. In- 

ternal 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 hypother- 

mia 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. More- 

over, 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. 

© 2018 Elsevier Inc. All rights reserved. 
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Introduction 

Sudden cardiac death (SCD) is defined as unexpected death due

to cardiac causes, occurring within 1 h 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 230,0 0 0–350,0 0 0 [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 50% of all car-

diovascular mortality, being the first presentation of cardiac dis-
Abbreviations: ACLS, advanced cardiac life support; BBRVT, bundle branch reen- 

try ventricular tachycardia; bpm, beats per minute; CAD, coronary artery disease; 

CPVT, catecholaminergic polymorphic ventricular tachycardia; CSD, cardiac sympa- 

thetic denervation; ICD, internal cardioverter defibrillator; ICM, ischemic cardiomy- 

opathy; LVEF, left ventricular ejection fraction; NICM, non-ischemic cardiomyopa- 

thy; PVC, premature ventricular complex; SCA, sudden cardiac arrest; SCD, sudden 

cardiac death; SCS, spinal cord stimulation; SHD, structural heart disease; VA, ven- 

tricular arrhythmia; VF, ventricular fibrillation; VNS, vagal nerve stimulation; VT, 

ventricular tachycardia. 
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ase in 25–50% of cases [1] . Survival of individuals who experience

CA remains disappointing, estimated at 6–10% for out-of-hospital

ardiac arrest and up to 24% for in-hospital arrest [1,2] . 

pidemiology 

Incidence of SCA and its etiology appear to be a function of age,

ut this association is not linear. In children and young adults ( < 34

ears of age), annual risk of SCA is estimated as 1 per 10 0,0 0 0. This

s followed by a steep increase in the risk of SCA beginning at age

5, when the incidence increases to 1/10 0 0 per year. The annual

isk continues to rise, peaking at the age of 75, and declines there-

fter [1] . In younger individuals (median age of 29 years), a struc-

urally normal heart can be found in up to 42% of autopsies [3] ,

s compared to only 4% of more elderly subjects (mean age 54.7

ears) [4] . Causes in younger patients include primary arrhyth-

ia syndromes due to congenital channelopathies, inherited di-

ated, hypertrophic, or arrhythmogenic right ventricular cardiomy-

pathies, as well as coronary artery anomalies [2] . The overwhelm-

ng majority of SCAs in the elderly are due to underlying struc-

ural heart disease (SHD), which is attributed to coronary artery

isease (CAD) in ≥80% of cases [1] . Other less prevalent etiologies

nclude non-ischemic causes of SHD, channelopathies (5–15%), as

ell as idiopathic ventricular tachycardia (VT) and/or ventricular

brillation (VF) (5%) [2] . Overall, there is a trend toward a decline

n proportion of SCD related to CAD and an increase in the share

f nonischemic etiologies [1] . However, the cause of SCA remains

nexplained in up to two-thirds of patients without SHD after

outine diagnostic evaluation, such as electrocardiographic teleme-

ry monitoring, transthoracic echocardiogram and coronary angiog-
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aphy [1,5] . The diagnostic approach to cases with normal ejec-

ion fraction was assessed in Cardiac Arrest Survivors With Pre-

erved Ejection Fraction Registry (CASPER). This study showed that

n patients with normal ejection fraction, additional testing, in-

luding signal-averaged electrocardiogram, exercise stress test, car-

iac magnetic resonance imaging, provocative pharmacologic test-

ng with intravenous infusion of epinephrine and procainamide,

lectrophysiologic study, endomyocardial biopsy and targeted ge-

etic testing may provide an incremental benefit and lead to a

efinitive diagnosis in up to 56% of SCA patients [5] . Specifically,

ardiac magnetic resonance imaging was shown to identify an un-

erlying pathological substrate in nearly half of survivors of unex-

lained SCA and was conclusive in making the diagnosis in 30%

6] . 

athophysiology 

The majority of SCA cases are due to malignant ventricular

achyarrhythmias (VAs), often related to CAD. Mechanisms by

hich CAD results in arrhythmogenesis include acute ischemia

eading to VT, myocardial scars that serve as the substrate for reen-

rant monomorphic VTs, and in rare cases, disease in the cardiac

lectrical conduction leading to bundle branch reentry VT (BBRVT).

oronary reperfusion and medical management of CAD have been

redited for the declining rate of VAs leading to SCA. Use of inter-

al cardioverter defibrillators (ICDs), although not affecting burden

f VT episodes, has led to the reduction in arrhythmic death owing

o prompt and efficient termination of VA episodes. At the same

ime, the incidence of pulseless electrical activity is increasing,

hich is largely attributed to the growing number of patients with

dvanced heart failure. Bradyarrhythmias, usually due to third

egree atrioventricular block without sufficient escape, account for

 small proportion (10–15%) of all SCDs [1] . 

revention 

rimary prevention 

Prevention of SCD in patients who are considered high risk

or it often involves institution of medications to target the sym-

athetic nervous system ( β-adrenergic receptor blockers and an-

iotensin converting enzyme inhibitors) as well as implantation of

CDs. Randomized controlled clinical trials demonstrated a reduc-

ion in mortality for patients with left ventricular ejection frac-

ion (LVEF ) ≤ 35% who received ICDs versus those managed with

onventional medical therapy only, with a relative risk reduction

etween 23% and 28% and absolute risk reduction ranging from

.6% to 7.2% [1] . However, beneficial effects of the ICD may de-

end on etiology of cardiomyopathy. Data from the Danish Study to

ssess the Efficacy of ICDs in Patients with Non-ischemic Systolic

eart Failure (DANISH) demonstrated that in subjects with non-

schemic cardiomyopathy (NICM), primary prevention ICDs did not

educe all-cause mortality in all patients even though they were

ssociated with a 2-fold reduction in arrhythmic death. Arrhyth-

ic death was offset by death from heart failure. It is important

o note that this was not the case in younger patients ( < 68 years

ld) in whom ICD reduced mortality by 36% [7] . 

ICDs neither prevent recurrent episodes of VA nor modify the

nderlying myocardial substrate, which tends to progress over

ime. Defibrillators save lives by attempting to abort arrhythmic

eath. Unfortunately, rate of ICD-unresponsive SCD due to VT or

F has been shown to be between 5% and 17% [8] . Moreover, both

ppropriate and inappropriate ICD shocks have been reported to

erald a poor prognosis and increased risk of death [9] . Several

trategies for VT detection and programming of ICD therapies have

een proposed to minimize ICD shocks [10] . A high detection-rate
pproach, programming the ICD to monitor VAs with slower heart

ates without delivering therapy, and treating only VAs with faster

eart rates ( ≥200 bpm) has been proposed. A delayed-therapy

trategy, which consists of increasing the time from detection of

he VA to onset of ICD therapy, has also been advocated. [10] . This

elay could range from 60 s for VTs of slower cycle lengths (170–

99 bpm), to 12 s for VTs of faster cycle lengths (200–249 bpm),

nd 2.5 s for very fast VAs ( ≥250 bpm). A delayed-therapy ap-

roach allows for termination of non-sustained arrhythmias be-

ore ICD therapies are delivered. A combination of both strategies,

ith modifications as deemed appropriate by the treating physi-

ian based on the patients’ clinical VT and presentation, may prove

eneficial in reducing ICD shocks. 

Even though ICDs play a major role in prevention of arrhyth-

ic death, medications that target the sympathetic nervous sys-

em have been shown to reduce the risk of SCD. In the setting

f SHD, β-blockers and angiotensin converting enzyme inhibitors

ave been demonstrated to reduce mortality and sudden death

11,12] . In addition, β-blocker medications are recommended as a

rst line therapy for patients with long QT syndrome and cate-

holaminergic polymorphic VT (CPVT) [13] . 

In certain population of channelopathies, anti-arrhythmic med-

cations can be beneficial in reducing risk of VT. Flecainide can be

sed in addition to β-blockers in cases of CPVT with recurrent syn-

ope or VAs [13] . Quinidine is beneficial for recurrent VAs in pa-

ients with Brugada syndrome who already have ICD and it may

e considered in asymptomatic patients with spontaneous type 1

rugada electrocardiogram [13] . 

econdary prevention 

Secondary prevention of SCA in subjects is implantation of an

CD. The overwhelming majority of patients in secondary preven-

ion ICD clinical trials had underlying SHD, primarily due to CAD

ith reduced LVEF ( < 35%) [1] . Antiarrhythmics versus Implantable

efibrillators (AVID) trial demonstrated statistically significant rel-

tive risk reduction in all-cause mortality by 31% at 3 years in

he ICD versus amiodarone groups [14] . Overall, based on a meta-

nalysis of 3 secondary prevention ICD trials, there was a 5% abso-

ute risk reduction in mortality at 1 year and 8% at 2 years in the

CD compared to no ICD secondary prevention group [14,15] . 

reatment 

anagement of SCA in the acute setting 

Survival from the SCA is a function of the presenting rhythm,

hich can be divided into shockable or nonshockable. An increas-

ng proportion of pulseless electrical activity and asystole and de-

reasing rate of VT/VF pose a great challenge, as survival from non-

hockable rhythms is very poor. This trend has been attributed to

dvances in preventative and therapeutic interventions for CAD,

idespread use of ICDs, as well as the increase in age of the pop-

lation [16] . 

Steps of SCA management in the acute setting are outlined in

ig. 1 . Data from Oregon Sudden Unexpected Death Study indicated

hat half of all subjects who develop SCA have precursor symp-

oms, mainly chest pain and dyspnea, in the 4 weeks and particu-

arly within 24 h prior to the event. Individuals who called 911 at

he onset of symptoms had a significantly better survival compared

o those who did not (32.1% versus 6.0%) [17] . This emphasizes

he importance of public education to take action when warning

ymptoms develop. Survival and functional outcome of SCA are

lso dependent upon implementation of the American Heart As-

ociation links of the chain of survival, including early access to

mergency response systems, early cardiopulmonary resuscitation, 
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Fig. 1. Management of acute sudden cardiac arrest includes rapid resuscitation and hypothermia protocol. SCA: sudden cardiac arrest. 
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and early defibrillation and advanced cardiac care. Early reperfu-

sion, including percutaneous coronary intervention with the help

of hemodynamic support devices, if needed, is essential in improv-

ing survival from SCA. In patients with ongoing hemodynamic in-

stability, surgically implanted ventricular assist devices as a bridge

to heart transplantation or destination therapy have been increas-

ingly used to save lives [18] . 

The only proven strategy to improve survival after an out-of-

hospital cardiac arrest after return of spontaneous circulation is

therapeutic hypothermia [19,20] . The mechanisms behind the ther-

apeutic benefit of hypothermia are completely understood, but is

believed to be due to a decrease in brain ischemia-reperfusion in-

jury as a result of slowing of cellular metabolism and reduction in

oxygen consumption. It appears that a longer duration of hypother-

mia (24 h) [19] is superior to shorter duration (12 h) [20] . 

Chronic therapy to reduce VT/VF 

Recurrent ICD shocks are associated with increased mortality

and decreased quality of life [9] . Therefore, a key aspect of VT

management focuses on reducing the number of ICD therapies by

decreasing the frequency of VT/VF episodes. In this regard, catheter

ablation of VT can be beneficial, particularly if the underlying sub-

strate is ischemic cardiomyopathy (ICM) or the arrhythmia mecha-

nism is BBRVT ( Fig. 2 ). 

Two randomized controlled trials demonstrated that VT ab-

lation 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 Sub-

strate 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 reduc-

tion 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 Dis-
ase (VTACH) trial demonstrated a statistically significant 39%

ecrease in the rate of ICD shocks at 2 years in the VT ablation

roup as compared to the ICD only group in patients with CAD,

educed LVEF and history of VT [22] . VA free survival was 47%

n the ablation group as opposed to 29% in the control group

HR = 0.61, p = 0.045) [22] . While both the SMASH-VT and VTACH

rials showed a reduction in appropriate ICD therapies in patients

ho already suffered from VT, neither study could demonstrate a

ecrease in mortality, as there was no difference in overall survival

etween the ablation and routine care arms of these trials [21,22] . 

There are currently no prospective studies on outcomes of pro-

hylactic catheter ablation of VT in patients with primary preven-

ion ICDs, but retrospective data suggests that VT ablation in pri-

ary prevention ICD patients may decrease the rate of appropriate

CD shocks [23] . Moreover, retrospective single center and multi-

enter studies have suggested that, in addition to reducing the bur-

en of VT and ICD shocks, successful VT ablation may be associated

ith a mortality benefit [24–26] . It has also been suggested that

T ablation in the earlier stages of the disease may be associated

ith lower mortality compared to VT ablation performed in the

etting of electrical storm [27] . However, the decision to proceed

ith prophylactic catehter ablation has to be balanced with the

ack of prospective mortality outcomes data for VT ablation and

he cost and resources required forthe procedure. 

The Multicenter Thermocool Ventricular Tachycardia Ablation

rial was an observational study of VT ablation in patients with

dvanced SHD due to both ICM and NICM. Acute procedural suc-

ess rate (no inducible VT at the end of the procedure) was 49%,

nd 53% of patients were free from any VT at 6-month follow-up

28] . It also demonstrated a reduction in VT burden from a me-

ian of 11.5 episodes in the 6 months prior to ablation to 0 after

blation. However, as many as 20% of patients had an increase in

he number of VT episodes. With regard to antiarrhythmic medi-

ations after ablation, 55% of patients remained on the same reg-

men, while 26% decreased and 19% increased their use. Patients

ho had a successful ablation were more likely to reduce their an-

iarrhythmic therapy; approximately 35% were off anti-arrhythmic

edications at 6 months [28] . In a single center study of VT ab-
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Fig. 2. Ventricular tachycardia ablation-approach and outcomes. The approach to ablation as well as the outcomes of VT ablation are dependent on the presenting myocar- 

dial substrate and genetic abnormality. ICD: internal cardioverter defibrillator; NICM: non-ischemic cardiomyopathy; PVC: premature ventricular complex; VF: ventricular 

fibrillation; VT: ventricular tachycardia. 
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ation in patients with SHD due to both ICM and NICM, overall

T recurrence rate was 34% at 24 months follow-up, ranging from

8.6% in patients with complete procedural success (no inducible

Ts) to 66.7% in those with inducible clinical VT at the end of ab-

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

as associated with a decreased risk of death and cardiac trans-

lantation [25] . Most recently, non-inducibility of VT at the end

f the procedure was associated with improved outcomes after VT

blation in a large multi-center study of 1064 patients [29] . This

ontradicted an earlier multicenter study (the Cooled RF Ablation

ystem trial) of 106 patients which did not show prognostic utility

o acute procedural success, though the latter study also demon-

trated a high VT recurrence rate of 56% at 1 year [30] . The differ-

nces in the results of these retrospective studies may be related

o advancement of catheter ablation techniques over the past two

ecades as well as the patient population studied. 

It is also important to emphasize that catheter ablation of VT

n the setting of SHD is a complex procedure. The rate of major

erioperative complications can range from 3% (in the Multicenter

hermocool Ventricular Tachycardia Ablation Trial) to 8% (in the

ooled RF Multi Center trial) [28,30] . The variability in the rates

f complications for the different trials may again be related to

dvancement of mapping and ablation techniques over the past

ecade, increasing operator experience, as well as the patient pop-

lation in each study [21,22,28,30] . 

Data on outcomes of VT ablation in patients with NICM are

imited. Many studies combine different etiolgies of NICM into

ne “non-ischemic” group, making it difficult to assess results

n specific etiologies. The International Ventricular Tachycardia

blation Center Collaborative study and other single center studies

ave shown that the specific etiology of NICM affects rates of VT

ecurrence and combined endpoint of survival from VT, death,

nd heart transplantation, after VT ablation. Patients with dilated

ardiomyopathy, myocarditis, and arrhythmogenic right ventricular
ardiomyopathy appear to have superior outcomes after ablation

ompared to those with hypertrophic cardiomyopathy, valvular

eart disease, and sarcoidosis [31,32] . In addition, underlying

athological substrate in NICM frequently involves epicardial

urface of the heart, necessitating a combined epicardial and

ndocardial VT ablation approach. 

VT ablation also has a role in primary idiopathic VF that is ini-

iated by premature ventricular complexes (PVCs). PVC triggers are

ost frequently mapped to the distal Purkinje system in either the

eft or right ventricle and border zones of infarcts and less com-

only, to the right ventricular outflow tract. Ablation of focal PVC

riggers was reported to have a high success rate for prevention of

urther VF episodes [33] . 

Analogous to idiopathic VF, electrical storm due to polymorphic

T or VF in the setting of acute ischemia may be triggered by PVCs

riginating from the His-Purkinje system, specifically the left pos-

erior fascicle. Purkinje fibers are more resistant to ischemic injury

ompared to the rest of the myocardium. They are contained in

urviving islands of myocardium within the scar tissue post my-

cardial infarction. Published ablation data on a small number of

atients with incessant VT/VF triggered by monomorphic PVCs is

ery encouraging, with success rates between 80% and 100% for

he treatment of electrical storm and prevention of VF [34] . 

BBRVT represents an infrequent but distinct form of VT, particu-

arly in the setting of NICM, accounting for 5–8% of monomorphic

T in patients with SHD [1] . Given reported success rate of ab-

ation approaching 100%, it is a class I recommendation to treat

BRVT with catheter ablation as the first-line therapy [1] . Nev-

rtheless, given marked underlying myocardial disease, patients

hould still receive ICDs to prevent SCA from myocardial VTs. 

There is some data indicating that triggers of electrical storm

n Brugada syndrome are located in the right ventricular outflow

ract. Epicardial and endocardial ablation in this region may treat

lectrical storm and prevent VF recurrences [35] . 



398 Y. Krokhaleva and M. Vaseghi / Trends in Cardiovascular Medicine 29 (2019) 394–400 

Fig. 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. 
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Autonomic modulation 

There is growing body of evidence to suggest that the au-

tonomic 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] . Car-

diac injury after myocardial infarction causes local denervation of

sympathetic fibers, which is followed by non-homogeneous inner-

vation, 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

in dispersion of repolarization, a phenomenon that is further ex-

aggerated 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 in-

jury, but also the border zone regions and even the remote vi-

able myocardium. Moreover, neural remodeling beyond the my-

ocardium, at the level of cardiac and stellate ganglia has been

described in association with both ICM and NICM [44] . There-

fore, autonomic modulation, potentially at each level of the cardiac

neuraxis, may provide an effective treatment modality to improve

arrhythmia management. Currently available procedures of auto-

nomic modulation are listed in Fig. 3 . 

Most cardioprotective medications currently used in the man-

agement of heart failure ( β-blockers, angiotensin converting en-

zyme inhibitors, angiotensin receptor blockers, aldosterone antago-
ists) exert their beneficial effects by blocking sympathetic activa-

ion. Statins and fish oil, used for hyperlipidemia, have also been

hown to reduce sympathetic and increase parasympathetic tone

37] . Of note, a nonselective β-blocker, propranolol, was shown to

e superior to a selective β1 -adrenergic receptor blocker, metopro-

ol, when used in combination with intravenous amiodarone for

he management of patients with electrical storm. Subjects in the

ral propranolol arm of the study had significantly lower incidence

f VA and ICD discharges, suggesting that non-selective β-blocker

herapy may be more beneficial in this population [45] . Deep se-

ation and general anesthesia can decrease sympathetic activation

nd have been proven effective in treating electrical storm. 

Thoracic epidural anesthesia can be performed at bedside and

rovides bilateral complete sympathetic blockade between C8 and

4 segments of the spinal cord, proximal to both left and right

tellate ganglia [46] . Encouraging results have been demonstrated

n animal models and human studies. Thoracic epidural anesthesia

as able to transiently but effectively terminate electrical storm,

hich was refractory to medical therapy [46,47] . 

Cardiac sympathetic denervation (CSD) refers to surgical re-

ection of 1/2 to 1/3 of the stellate and T1-T4 thoracic ganglia.

eft 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

urden of VT/VF and ICD shocks, and in a porcine infarct model,

o reduce VT inducibility acutely [50–52] . Studies in patients

ith SHD also suggest that bilateral CSD may have more durable
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utcomes in reducing ICD shocks than a left sided only procedure

51] . In the setting of electrical storm, sympathetic blockade (stel-

ate ganglionic blockade or intravenous infusion of beta blockers)

n addition to standard treatment with Advanced Cardiac Life Sup-

ort (ACLS) was found to improve survival compared to standard

CLS protocol alone [53] . 

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

timulation catheter in epidural space at the level of T1-T4. There

s conflicting data about effects of SCS in patients with heart fail-

re, likely related to differences in dosing, duration, and frequency

f stimulation [54,55] . Reported positive effects of SCS in treatment

f VAs are limited to animal studies. In a dog model of myocardial

nfarction, SCS significantly reduced ischemic VAs [56] . 

Vagal nerve stimulation (VNS) using bipolar electrodes placed

round the cervical vagal trunk has shown promising results in an-

mal models for treatment of VAs. It is noteworthy that VNS has

ignificant ventricular electrophysiological effects, increasing action

otential duration and effective refractory period [57–59] . In the

etting of chronic myocardial infarction, VNS can stabilize infarct

order zone and reduce VT inducibility acutely [58,60] . Further-

ore, in a porcine infarct model, VNS after cardiac sympathetic

enervation has been shown to further reduce inducible VAs [60] .

t is important to understand that electrical stimulation of the va-

al trunk can activate afferent as well as efferent fibers and re-

uce the effects of efferent stimulation [57] . Although VNS has not

een evaluated for the treatment of VT in patients with heart dis-

ase, studies of VNS for the treatment of heart failure have pro-

uced mixed results [38,61] . In the Autonomic Regulation Therapy

or the Improvement of Left Ventricular Function and Heart Fail-

re Symptoms (ANTHEM-HF), an un-blinded study of heart failure

atients with LVEF ≤ 40%, VNS group had an improvement in LVEF

nd functional heart failure class [62] . Conversely, the randomized

rial, Neural Cardiac Therapy for Heart Failure (NECTAR-HF), con-

isting of individuals with LVEF ≤ 35%, failed to show beneficial ef-

ects of VNS on cardiac function at 6 months and 18 months of fol-

ow up, but VNS implantation was associated with a better quality

f life [63,64] . Finally, in another randomized study, the Increase

n Vagal Tone in Heart Failure (INOVATE-HF), VNS did not reduce

ortality or heart failure events in patients with LVEF ≤ 40% [65] .

he discrepancy in the results of these trials may be related to the

ifferent stimulation parameters utilized in each study. 

Additional methods of increasing parasympathetic tone include

ranscutaneous vagal nerve stimulation and baroreceptor activation

66,67] . Both of these therapies remain to be tested for treatment

f VT, but studies in a canine model and in patients with myocar-

ial infarction suggest a benefit in reducing ischemia associated

As. 

Renal denervation represents another method of modulation of

ympathetic signaling. Catheter ablation of renal nerve fibers is

erformed through the bilateral renal arteries. In small case series,

his treatment has shown reduction in burden of VT/VF episodes in

atients with refractory VT, unresponsive to cardiac ablation and

ntiarrhythmic medications [68,69] . Renal denervation is limited

y variable anatomy around the renal arteries that can change the

fficacy of ablation, including veins and lymphoid tissue, as well as

he location and distribution of the nerves around the renal arter-

es [70,71] . An objective marker that could signal adequate “dener-

ation” is needed as procedural endpoint. 

ummary 

SCA is the leading cause of death worldwide. Frequent presen-

ation as the first manifestation of cardiac disease and poor sur-

ival rates after SCA emphasize importance of primary preven-

ion. Secondary prevention and treatment of SCA focus primarily

n VT/VF management. Catheter ablation of VT and PVC triggers of
F has been shown to reduce recurrent arrhythmia episodes and

ay improve survival, if successful. Further mechanistic and clini-

al studies are needed in this area to elucidate the best methods of

euromodulation, impact of these therapies, and their mechanisms

f benefit. 
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