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Abstract

BACKGROUND—Cardiac sympathetic denervation (CSD) has been shown to reduce the burden 

of implantable cardioverter-defibrillator (ICD) shocks in a small series of patients with structural 

heart disease (SHD) and recurrent ventricular tachyarrhythmias (VT).

OBJECTIVE—We assessed the value of CSD and the characteristics associated with outcomes in 

this population.

METHODS—Patients with SHD who underwent CSD for refractory VT or VT storm in 5 

international centers were analyzed by the International Cardiac Sympathetic Denervation 

Collaborative Group. Kaplan-Meier analysis was used to estimate freedom from ICD shock, 

transplantation, and death. Cox proportional hazards models were used to analyze variables 

associated with ICD shock recurrence and mortality after CSD.

RESULTS—Between 2009 and 2016, 121 patients (age 55 ± 13 years, 26% female, and an 

ejection fraction of 30 ± 13%) underwent left or bilateral CSD. One-year freedom from sustained 

VT/ICD shock and ICD shock-free survival were 58.2% and 50.4%, respectively. CSD reduced 

burden of ICD shocks from a mean of 18 ± 30 (median 10) in the year prior to study entry to 2.0 

± 4.3 (median 0) at a median follow-up of 1.1 years (p < 0.01). On multivariable analysis, pre-

procedure New York Heart Association (NYHA) class III and IV heart failure and longer VT cycle 
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lengths were associated with recurrent ICD shocks, while advanced NYHA class, longer VT cycle 

lengths, and a left-sided only procedure predicted the combined endpoint of sustained VT/ICD 

shock recurrence, death, and transplantation. Of the 120 patients on antiarrhythmic medication 

prior to CSD, 39 (32%) no longer required them at follow-up.

CONCLUSIONS—CSD decreased sustained VT and ICD shock recurrence in patients with 

refractory VT. Characteristics independently associated with recurrence and mortality were 

advanced heart failure, VT cycle length, and a left-sided only procedure.
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The autonomic nervous system plays an important role in the genesis and maintenance of 

ventricular arrhythmias (1,2). Implantable cardioverter defibrillator (ICD) shocks for 

recurrent ventricular tachyarrhythmias (VT) are known to increase morbidity and mortality 

and decrease quality of life (3,4). Neuromodulation is emerging as a therapeutic option for 

patients with refractory ventricular arrhythmias and ICD shocks (5,6). Cardiac sympathetic 

denervation (CSD) has been shown to reduce VT inducibility and ischemia-driven 

ventricular arrhythmias in animal models of myocardial infarction (7,8) and decrease the 

burden of VT and ICD shocks in small series of patients with cardiomyopathy and recurrent 

VT or VT storm (9–12). However, long-term outcomes in larger patient populations and 

predictors of VT recurrence and ICD shocks after CSD are unknown. This information is 

important for clinical decision making to identify patients who may derive the greatest 

benefit from the treatment. This study sought to evaluate the outcomes of recurrent ICD 

shock, death, and orthoptopic heart transplantation (OHT) after cardiac sympathetic 

denervation and to evaluate patient characteristics associated with recurrent ICD shock after 

the procedure using an international multicenter CSD database.

METHODS

The International Cardiac Sympathetic Denervation Collaboration (ICSDC) consists of 5 

international sites with experience in performing CSD that have developed a shared 

database. Retrospective analysis of consecutive patients with structural heart disease (SHD) 

who underwent CSD for recurrent VT or VT storm was performed between 2009 and 2016. 

SHD was defined as a left ventricular ejection fraction <55%, hypertrophic cardiomyopathy, 

or arrhythmogenic right ventricular cardiomyopathy. Ischemic cardiomyopathy (ICM) was 

defined by history of myocardial infarction or myocardial perfusion defect with correlating 

obstructive disease on coronary angiography. VT storm was defined as at least 3 episodes of 

VT within 24 h. Study approval was obtained from the institutional review board of each 

participating center. Baseline characteristics used to predict post-procedural outcomes were 

obtained from medical records.

CSD PROCEDURE

All patients underwent left or bilateral CSD using a video-assisted thorascopic surgery 

approach as previously described (9,11,13). Investigator preference determine whether left 
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or bilateral CSD was performed; however, left CSD was always performed first, in case right 

CSD would not be tolerated due to hemodynamic instability. All procedures were performed 

under general anesthesia. Single lung inflation was used in most patients, except for 18 

patients who underwent the procedure with standard dual lung inflation. Three 1.5 cm 

incisions were made in the ipsilateral sub-axillary area. After the ipsilateral lung was 

deflated, the sympathetic chain behind the parietal pleura was identified and the lower one-

half to one-third of the stellate ganglion, as well as the thoracic ganglia at T2 to T4, were 

transected and removed. Confirmation of neuronal cell bodies within the ganglia was 

obtained via histological analysis. Additionally, when present, the nerve of Kuntz was 

divided (14,15). Chest tubes were placed at the end of the procedure and removed within 24 

h of confirmation of lung re-expansion and lack of pleural effusion.

Subsequently, patients were followed up clinically and by ICD interrogations at regular 

intervals. For patients not followed at an ICSDC center, the referring electrophysiologist or 

cardiologist was contacted and available ICD interrogations, clinic notes, and hospitalization 

records were obtained and reviewed. Telephone interviews were performed routinely with 

patients and family members. Every patient was contacted for follow-up. When a patient’s 

most recent ICD interrogation was not available, the date of the last ICD interrogation or 

clinical follow-up was used and patient data censored at that time. Recurrent VT was defined 

as documented sustained VT requiring hospitalization and/or clinic visit or ICD shock. Date 

of sustained VT or ICD shock, OHT, or death was noted in addition to the last follow-up 

date. Antiarrhythmic therapy after ablation was at the discretion of the treating investigator. 

Transplant-free survival was evaluated in patients with and without recurrent ICD shocks or 

sustained VT.

STATISTICAL ANALYSIS

Continuous variables were assessed as means with standard deviations (SDs) or medians 

with interquartile ranges (IQR) and categorical variables as percentages. A 2-sample Student 

t test was used to determine differences between groups. Comparison of ICD shock burden 

pre- and post-procedure was made using the Wilcoxon signed rank test.

Kaplan-Meier survival curves were used to estimate freedom from recurrent ICD shock, 

OHT, and death. Log-rank test was used to compare Kaplan-Meier curves. For subgroup 

analysis, cumulative shock-free survival and cardiovascular mortality was calculated using 

Kaplan-Meier curves and tested by the log-rank test for trend. For Kaplan-Meier analysis of 

freedom from ICD shock, patients lost to long-term follow-up were censored at the time of 

last follow-up.

Multivariable Cox proportional hazards frailty model was used to analyze variables 

independently associated with ICD shock or the combined endpoint of ICD shock, OHT, and 

death. Clinically relevant variables and variables with p values < 0.15 were included in the 

multivariable model as covariates. For VT or ICD shock recurrence, covariates included 

were age, sex, New York Heart Association (NYHA) class, presence of polymorphic VT, 

number of VT morphologies, number of previous VT ablations, chronic kidney disease 

(CKD), multiple antiarrhythmic therapy, slowest VT cycle length, and a left-only procedure. 
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For the combined endpoint of recurrent VT or ICD shock, death, and OHT, diabetes was 

also included in the model given its significance on univariable (unadjusted) analysis.

Except for creatinine and VT cycle length (which were available for 89 patients), complete 

variables were available for all patients. For incomplete variables, complete case analysis 

was used. To assess for bias with regards to these missing variables, incomplete variables 

were also handled and hazard ratios (HR) confirmed using a multiple imputation approach 

with 10 imputations; the imputations were based on an iterative Markov chain Monte Carlo 

method and initial values were generated by an expectation–maximization algorithm. P 

value of ≤ 0.05 was considered statistically significant. Analyses were performed using SAS 

9.4 (SAS Institute, Inc., Cary, North Carolina).

RESULTS

Between April 2009 and April 2016, 121 patients (55 ± 13 years old, 26% female) with 

SHD underwent bilateral or left CSD for refractory VT or VT storm at 5 centers. Median 

follow-up was 1.1 years (IQR: 0.4 to 2.4) and the mean follow-up was 1.5 ± 1.4 years. The 

mean ejection fraction was 30 ± 13% with 11% in NYHA class I, 41% class II, 40% class 

III, and 8% class IV heart failure (HF). ICM was present in 33 patients (27%), nonischemic 

cardiomyopathy (NICM) in 86 patients (71%), and 2 patients had mixed cardiomyopathy 

(cardiomyopathy out of proportion to the degree of coronary artery disease noted on 

angiography). The etiology of NICM was idiopathic (n = 43), Chagasic cardiomyopathy (n = 

12), arrhythmogenic right ventricular cardiomyopathy (n = 6), hypertrophic cardiomyopathy 

(n = 7), myocarditis (n = 8), valvular heart disease (n = 6), drug abuse (n = 2), familial 

dilated cardiomyopathy (n = 1), and polymyositis/necrotizing myopathy (n = 1).

Of the 121 patients, 120 were on antiarrhythmic drug therapy, primarily amiodarone (99%), 

50% were on multiple antiarrhythmic medications, and 92% were on beta-blocker therapy. A 

history of VT storm prior to the procedure was present in 91 patients (75%), and 64% had 

more than 1 VT morphology noted prior to CSD. VT ablation had been performed in 66% of 

patients (median number of VT ablations: 2; IQR: 1 to 2). CSD was offered to 34% of 

patients instead of VT ablation after failure of antiarrhythmic therapies because either the 

patients also suffered from polymorphic VT, thought to be unresponsive to VT ablation, or 

because of the high cost of VT ablation. CKD was present in 27% and diabetes mellitus in 

19%. Twenty-three patients (19%) had removal of the left cervicothoracic chain only. Patient 

characteristics by ICD shock or sustained VT recurrence and cardiac transplantation and 

death are shown in Table 1. Five patients refused ICD placement, and in these patients, we 

noted episodes of sustained VT pre- and post-procedure requiring cardioversion or causing 

syncope or presyncope leading to hospitalization or clinic visits.

Hemothorax occurred in 3 patients (2.4%), pneumothorax in 6 (5%), and ptosis or Horner’s 

syndrome in 5 (4%) acutely. Symptoms of Horner’s syndrome, including ptosis, were mild 

in all 5 patients and resolved completely in 4 of these patients by 6-month follow-up. 

Sixteen patients (13%) experienced hypotension requiring at least 24 h of vasopressor 

support after anesthesia. All patients were successfully weaned off vasopressor medications. 
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Incisional cellulitis occurred in 2 patients (1.6%), and multifocal pneumonia, urinary tract 

infection, and nausea and vomiting after surgery that resolved within 24 h in 1 patient each.

EFFICACY OF CSD IN PREVENTING ICD SHOCKS

At 1 year, 58% of patients were free of ICD shocks or sustained VT (Figure 1). At the end of 

follow-up (mean 1.5 ± 1.4 years), the number had decreased to 49%. Twenty patients 

underwent a VT ablation procedure after CSD. Nineteen had experienced recurrent ICD 

shock(s) after CSD prior to ablation. One patient underwent ablation for symptomatic 

premature ventricular contractions after CSD but had not experienced recurrent ICD shocks 

or antitachycardia pacing (ATP) therapy. At the end of follow-up, 31 of 121 patients had 

died and 10 had undergone OHT. Freedom from transplantation or death at 1 year was 

76.2% (Figure 1). Freedom from ICD shocks, sustained VT, death, and OHT was 50% at 1 

year (Figure 2) and 39% at the end of follow-up. The median time to ICD shock was 1.2 

years (IQR: 0.4 to 2.8). The number of ICD shocks or sustained VT episodes in the year 

prior to cardiac sympathetic denervation was mean 18 ± 30 and median of 10 (IQR: 4.5 to 

18). At the end of follow-up, CSD significantly reduced the number of ICD shocks or 

sustained VT episodes (mean 2.0 ± 4.3; median: 0 [IQR: 0 to 2]; p < 0.01). Therefore, CSD 

reduced the number of ICD shocks by 88%.

 of ATP has not been specifically associated with mortality and we could not 

often verify if ATP delivery (which was often asymptomatic) was appropriate or 

inappropriate based on available ICD logs and time from event to ICD interrogation. 

Nevertheless, available ATP data were analyzed and the freedom from sustained VT, ICD 

shocks, or ATP after CSD at 1 year was 54% (Online Figure 1). As noted earlier, pre-

procedure, 99% of patients were on antiarrhythmic medications. At the end of follow-up, 39 

(32%) had been taken off all antiarrhythmic medications and were only on beta-blocker 

therapy for their cardiomyopathy when indicated or tolerated.

PATIENT CHARACTERISTICS ASSOCIATED WITH OUTCOMES

As noted by the Kaplan-Meier curves, ICD shock recurrence in the first year after CSD had 

a steep slope that seemed to stabilize after the first 6 months. Therefore, patient 

characteristics associated with sustained VT and ICD shock as well as the combined 

endpoint of sustained VT or ICD shock, death, and OHT were assessed after CSD to define 

whether certain populations were less likely to benefit from CSD. On Kaplan-Meier 

analysis, there was no difference in outcomes of patients with ICM or NICM with regards to 

sustained VT or ICD shock recurrence or the combined endpoint (Figure 2). However, 

patients with bilateral CSD had longer ICD-shock-free, transplant-free survival compared to 

patients who underwent a left-only procedure (p = 0.014) (Figure 3), although there was no 

difference in the outcome of sustained VT or ICD shock.

A VT cycle length >400 ms proved borderline statistically significant (p = 0.07) on 

unadjusted events analysis for arrhythmia recurrence. Unadjusted event analysis showed that 

patients with recurrent sustained VT or ICD shocks after CSD, as well as those with the 

combined endpoint were more likely to have advanced NYHA class (Figure 4). As noted on 

Kaplan-Meier analysis a longer VT cycle length, CKD, and having been treated with more 
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than 1 antiarrhythmic therapy (Table 1), were also associated with statistically significant 

HRs (Online Table 1).

Cox multiple regression analysis showed that the risk factors associated with recurrent 

sustained VT or ICD shock were advanced NYHA class and a longer VT cycle length 

(Figure 5) using complete case analysis. A multivariable model generated from multiple 

imputation analysis for VT cycle length, confirmed effects of longer VT cycle length on VT 

or ICD shock recurrence (HR: 1.16; 95% confidence interval [CI]: 1.06 to 1.28; p < 0.002).

In patients who reached the endpoint of OHT and death, older age, greater number of VT 

morphologies, longer VT cycle length, greater number of VT ablation procedures, presence 

of diabetes mellitus, CKD, >1 antiarrhythmic medication, and a left-sided only procedure 

had statistically significant HRs on unadjusted analysis (Online Table 2). On Cox multiple 

regression analysis, advanced NYHA class and a left-sided only procedure were independent 

variables associated with death or OHT after CSD (Online Table 2).

Finally, for the combined endpoint of ICD shock, OHT, and death, on univariable analysis, 

age, advanced NYHA class, a longer VT cycle length, diabetes mellitus, CKD, >1 anti-

arrhythmic drug, and a left-only procedure proved statistically significant (Online Table 3). 

On Cox multiple regression analysis, advanced NYHA class had the highest hazard ratio: 

NYHA class III with an HR of 4.1 (95% CI: 1.36 to 12.2; p = 0.012) and NYHA class IV an 

HR of 8.8 (95% CI: 2.5 to 30.9; p < 0.001) (Central Illustration). Furthermore, every 

incremental increase in VT cycle length of 20 ms (HR: 1.11; 95% CI: 1.03 to 1.20; p = 

0.005) and a left-sided only procedure (HR: 1.95; 95% CI: 1.01 to 3.76; p = 0.047) also were 

independent variables associated with recurrent ICD shocks, transplant, or death. Data from 

multiple imputation analysis for VT cycle length showed a significant effect on the 

combined outcome of sustained VT or ICD shock for every 20 m/sec increase in VT cycle 

length (HR: 1.13; 95% CI: 1.04 to 1.22; p < 0.004).

To evaluate whether the hazard ratios of left CSD were driven by patient factors that may not 

have been assessed in the final multivariable model, a comparison of patient characteristics 

between bilateral versus left CSD patients was performed (Online Table 4). This analysis 

identified 2 additional variables that were statistically significant: left CSD patients: prior 

cardiac surgery and hyperlipidemia. Multivariable Cox proportional hazard analysis was 

performed by adding these 2 variables into the final model and adjusting for their effects. 

This analysis showed that left CSD continued to be independently associated with poorer 

outcomes of recurrent VT or ICD shock, death, and heart transplantation (HR: 2.12; 95% CI: 

1.09 to 4.12; p < 0.027) (Online Figure 2).

DISCUSSION

In the largest series of patients with refractory VT undergoing CSD, we showed an 88% 

reduction in ICD shocks along with an ICD shock-free survival of 50% at 1 year. These 

patients (75% presenting with VT storm), referred for CSD to one of several experienced 

centers, had a cardiac transplant/mortality rate of 25% at 1 year. The primary characteristics 

independently associated with sustained VT or ICD shock recurrence were NYHA class III 
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or IV and longer VT cycle lengths. A left-sided only procedure independently predicted a 

poorer ICD shock-free survival compared to bilateral CSD in this population.

ICD shocks have been shown to increase morbidity and mortality and decrease quality of 

life (4,16). Furthermore, ICD shocks appear to shift the mode of death toward increased 

nonarrhythmic mortality, potentially by worsening HF (17), while freedom from VT and 

ICD shocks after successful catheter ablation has been associated with improved mortality 

(18). Therefore, the 88% reduction in ICD shocks in patients who underwent CSD at a mean 

follow-up of 1.5 ± 1.4 years compared to the year prior to the procedure is noteworthy. 

Furthermore, an ICD shock-free survival of 58% at 1 year and 50% at completion of follow-

up was observed even though many study patients had been on multiple antiarrhythmic 

medications and had undergone a median of 1.3 VT ablation procedures, with 64% 

demonstrating multiple VT morphologies and 75% having a history of VT storm.

The autonomic nervous system plays a key role in both initiation and persistence of 

ventricular arrhythmias (1,2). Neuromodulatory therapies, including CSD, spinal cord 

stimulation (19,20), and renal denervation (21–23), are emerging as potential therapeutic 

options to treat ventricular arrhythmias that have proven refractory to antiarrhythmic 

medications and catheter ablation. Left-sided CSD has been shown to benefit patients with 

long QT syndrome and catecholaminergic polymorphic VT (13,24,25). A previous single-

center study evaluated outcomes of CSD in a series of 41 patients with VT storm or 

refractory VT, and showed a >80% reduction in ICD shocks with a 48% ICD shock-free 

survival rate at 1 year for the combined outcomes of both left and bilateral procedures (11). 

This earlier study demonstrated a lower ICD shock-free survival in patients who had 

undergone a left-sided only procedure, but it was not powered to identify factors associated 

with outcomes. Our multicenter study was initiated to address these questions, and the 1-

year ICD shock-free survival rate was similar at 50% for the combined outcome of left and 

bilateral procedures. The primary characteristics independently associated with ICD shock, 

OHT, and death were NYHA class III or IV HF, as well as longer VT cycle lengths, and left-

side only CSD. The fact that NYHA class is an important predictor of recurrent VT and 

survival is not surprising, and has been shown to be true in other studies, including those of 

patients undergoing catheter ablation for VT (18,26,27). This study found that patients with 

advanced NYHA class, particularly class IV, might not derive the same benefit. It also 

demonstrated that CSD should be potentially considered earlier, rather than later, in the 

disease course in patients with VT and cardiomyopathy, before the development and 

progression of severe HF.

In this study, longer VT cycle lengths were also a predictor of ICD shock recurrence as well 

as death and cardiac transplantation. On multivariable analysis, every increase in cycle 

length of 20 ms increased the HR for sustained VT or ICD shock recurrence by 13%. The 

median cycle length of the VT observed in patients who recurred was 400 ms versus 300 ms 

in those with no recurrence. Therefore, in patients with VT cycle lengths >400 ms (<150 

beats/min), the benefit of CSD is less clear. The lack of benefit in patients with very long VT 

cycle lengths is intriguing, but may be related to an underlying substrate with extensive scar 

or a metabolically compromised heart, where the autonomic-sympathetic nervous system is 
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not the primary driver of arrhythmogenesis and could represent a subgroup that needs OHT 

or mechanical support as destination therapy or bridge to transplant.

In this population, there was no difference in outcomes for patients with ICM versus NICM. 

However, most patients in this study (63%) had NICM and these patients are known to have 

heterogeneous underlying etiologies. Consequently, patients with NICM traditionally 

present with a more challenging substrate for VT ablation, harboring epicardial, basal, and 

intramural scars, leading to less successful catheter ablation outcomes (28). Therefore, the 

fact that more patients with NICM were offered CSD is not unexpected and the procedure 

might be a more appealing option in this population.

The mechanism behind the benefit of CSD is likely related to both disruption of afferent as 

well as efferent sympathetic fibers (29–33). Direct sympathetic stimulation with 

isoproterenol and reflex sympathetic stimulation via infusion of nitroprusside in patients 

with ICM increased heterogeneity in action potential duration (34), worsening the substrate 

for reentry. Right, left, and bilateral stellate ganglia stimulation increased dispersion of 

repolarization and T-peak to T-end interval, a marker of sudden cardiac death (35–38). 

Stellate ganglia stimulation can cause early and late depolarizations (39,40). In infarcted 

porcine hearts, bilateral CSD mitigated dispersion of repolarization in the setting of 

sympathetic activation and decreased VT inducibility acutely (7). In this study, patients with 

bilateral CSD had longer sustained VT or ICD shock- and OHT-free survival compared to 

left CSD, although left CSD was not an independent characteristic associated with ICD 

shock recurrence alone. It is possible that patients with bilateral CSD derived an underlying 

disease-modifying benefit from the greater sympathetic efferent and afferent disruption that 

a bilateral procedure provides, similar to beta-blockers, altering the course of the underlying 

heart disease. It is known that both right and left stellate and thoracic ganglia provide 

significant innervation to both right and left ventricular myocardium (36,38,41–44). 

Furthermore, pathological neural remodeling due to myocardial infarction can occur in both 

stellate ganglia (45). Therefore, it is possible that, unlike patients with channelopathies who 

have structurally normal hearts and less neural remodeling, the traditional approach of left 

CSD may be inadequate in patients with significant SHD. The theoretical concerns of 

interrupting most of the sympathetic nerve fibers to the heart with bilateral CSD is mitigated 

by the finding that cardiac innervation is provided by neurons in the middle cervical ganglia, 

which remain intact after bilateral CSD (7,46).

STUDY LIMITATIONS

This study is retrospective and represented outcomes at specialized centers experienced in 

performing CSD. Therefore, the results may not be directly applicable to centers that do not 

perform this procedure frequently. Furthermore, although all patients underwent CSD using 

a video-assisted thorascopic approach, individual variability across centers might exist. 

Finally, ICD programming was not uniform across patients.

CONCLUSIONS

Cardiac sympathetic denervation decreased recurrence and burden of sustained VT and ICD 

shocks, with an ICD shock-free survival of 50% at 1 year in patients with refractory VT or 
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VT storm. Approximately one-third of patients no longer took antiarrhythmic medication at 

follow-up. Major characteristics associated with less successful outcomes after CSD were 

advanced HF and longer VT cycle lengths, while patients with bilateral CSD had a better 

ICD shock-free survival compared to patients with left-only procedures. Given that ICD 

shocks have been strongly associated with increased morbidity and mortality in patients with 

cardiomyopathy, and that worsened HF at the time of CSD portends a much worse 

, it is plausible that use of CSD earlier in the disease course can further improve 

outcomes. This study highlighted the need for prospective randomized clinical trials to 

examine the impact of CSD in this very high-risk group of patients.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE

In patient with structural heart disease and refractory ventricular arrhythmias the burden 

of sustained VT and frequency of ICD shocks are reduced by cardiac sympathetic 

denervation, but the response is influenced by the patient’s functional status and VT cycle 

length. Those with advanced HF symptoms and long VT cycle lengths derive less benefit 

from denervation.

TRANSLATIONAL OUTLOOK

Randomized trials are needed to  assess the efficacy of CSD in patients with 

structural heart disease and refractory VT.

Vaseghi et al. Page 13

J Am Coll Cardiol. Author manuscript; available in PMC 2019 January 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

worse



FIGURE 1. Freedom from Individual Endpoints
Freedom from (A) sustained ventricular tachyarrhythmias (VT) or implantable cardioverter-

defibrillator (ICD) shock as well as (B) freedom from death or orthoptopic heart 

transplantation (OHT) slowed after 1 year.
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FIGURE 2. Sustained Survival
Similar sustained VT/ICD shock-free, transplant-free survival is seen in (A) the overall 

population and (B) in patients with ischemic cardiomyopathy (ICM) compared to patients 

with nonischemic cardiomyopathy (NICM). Abbreviations as in Figure 1.
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FIGURE 3. Bilateral Versus Left CSD
There was a significant difference in the combined endpoint between bilateral and left 

cardiac sympathetic denervation (CSD). Abbreviations as in Figure 1.

Vaseghi et al. Page 16

J Am Coll Cardiol. Author manuscript; available in PMC 2019 January 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 4. Effect of NYHA Class on Outcomes
Worsening New York Heart Association (NYHA) class significantly diminished CSD 

effectiveness on outcomes. Abbreviations as in Figures 1 and 3.
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Figure 5. Pre-procedural Characteristics Associated with VT/ICD Shock Recurrence after CSD
Advanced NYHA class and longer VT cycle length (CL) predicted recurrence of sustained 

VT and ICD shock. AAD = antiarrhythmic drug; CI = confidence interval; CKD = chronic 

kidney disease; other abbreviations as in Figures 1, 3, and 4.
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CENTRAL ILLUSTRATION. Pre-procedural Variables Associated With VT-free Transplant-
free Survival after CSD
Patients with structural heart disease and recurrent ventricular tachyarrhythmias (VT) 

underwent cardiac sympathetic denervation (CSD) and were assessed for VT or implantable 

cardioverter-defibrillator (ICD) shock, death, or orthoptopic heart transplantation (OHT). On 

mulitvariable analysis, advanced New York Heart Association (NYHA) class, longer VT 

cycle lengths (CL), and a left-sided only procedure predicted the combined endpoint. AAD 

= antiarrhythmic drug; CI = confidence interval; CKD = chronic kidney disease; DMII = 

type 2 diabetes mellitus. Hazard ratio for VT CL refers to every 20 ms increase in cycle 

length.
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