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Abstract

Catheter ablation of ventricular tachycardia (VT) has evolved in recent years, especially in patients 

with ischemic heart disease. Data from prospective studies show that VT catheter ablation reduces 

the risk of recurrent VT; however, there is paucity of data on the effect of VT catheter ablation on 

mortality and patient centered outcomes such as quality of life. Performing randomized clinical 

trials of VT catheter ablation can be fraught with challenges, and as a result, several prior trials of 

VT catheter ablation had to be stopped prematurely. The main challenges are inability to blind the 

patient to therapy to obtain a traditional control group, high cross-over rates between the two arms 

of the study, patient refusal to participate in trials in which they have an equal chance of receiving 

a “pill” versus an invasive procedure, heterogeneity of mapping and ablation techniques as well as 

catheters and equipment, rapid evolution of technology that may make findings of any long trial 

less relevant to clinical practice, lack of consensus on what constitutes acute procedural and long-

term success, and presentation of patients to electrophysiologists late in the course of their disease. 

In this paper, a panel of experts on VT catheter ablation and/or clinical trials of VT catheter 

ablation review challenges faced in conducting prior trials of VT catheter ablation and offer 
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potential solutions for those challenges. It is hoped that the proposed solutions will enhance the 

feasibility of randomized clinical trials of VT catheter ablation.

Keywords

Ventricular tachycardia; catheter ablation; implantable cardioverter-defibrillator; clinical trials; 
appropriate shock; anti-tachycardia pacing; mortality

Background

Sudden cardiac death (SCD) is an important public health problem with more than 200,000 

cases occurring annually in the United States.1, 2 Implantable cardioverter-defibrillators 

(ICDs) improve survival, but ICD shocks that terminate ventricular tachycardia (VT) are 

associated with higher mortality, which may be a reflection of ICD shocks being a marker of 

more advanced disease versus shocks causing a worse prognosis.3,4 In addition, ICD shocks 

are associated with decreased functional status and quality of life.5 Antiarrhythmic 

medications reduce ICD shocks but have high rates of side effects and discontinuations 

within 1 year of initiation.6 Catheter ablation of ventricular tachycardia (VT) can decrease 

the number of episodes of VT and ICD shocks which could translate to an improvement in 

patient outcomes.7–9

The number of catheter ablation procedures for VT performed in the United States has 

increased over time.10 Catheter ablation targets myocardial scar which is the typical 

substrate for reentrant ventricular arrhythmias.11 Scar consists of a mixture of fibrosis and 

areas of surviving diseased myocardium, resulting in areas of protected slow conduction that 

can be the substrate for reentrant arrhythmias.12 Monomorphic VT occurs when scar-

mediated reentry utilizes a consistent breakout site.13 The majority of patients with recurrent 

VT have ischemic heart disease and most VT ablation studies have targeted this population. 

Additional VT ablation targets, which are more common in non-ischemic cardiomyopathies, 

can be focal automatic or triggered VT, as well as VT from bundle branch or fascicular 

reentry.14

Randomized and non-randomized VT ablation studies have demonstrated that VT ablation is 

associated with a reduction in device treated ventricular arrhythmias.15–17 However, ICD 

programming can also reduce shocks,18 and prior VT ablation trials did not specify 

parameters for ICD programming, so the magnitude of the effect of VT ablation on shock 

reduction in patients with optimally programmed devices requires further evaluation.19 

Furthermore, the impact of VT ablation on clinical trajectory, quality of life, functional 

status, healthcare utilization, and mortality, remain unclear. Clinical trials are needed to 

explore the impact of the procedure on these important endpoints in addition to more 

traditional endpoints such as VT recurrence, VT burden, and ICD therapies.

Overview of Completed VT Ablation Trials

Few randomized controlled VT ablation trials have been completed and published. The 

Ventricular Tachycardia Ablation in Coronary Heart Disease (VTACH) study and the 
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Substrate Mapping and Ablation in Sinus Rhythm to Halt Ventricular Tachycardia (SMASH-

VT) study were randomized trials of VT ablation versus no ablation in ischemic 

cardiomyopathy patients at the time of secondary prevention ICD implantation.17,20 The 

primary end-point of the VTACH trial was time to first recurrence of VT, which was longer 

(18.6 months) in the 52 ablation patients compared with the 55 control patients (5.9 months) 

(p=0.051).20 Survival free from appropriate ICD therapy was the primary endpoint in 

SMASH-VT, which randomized 128 patients 1:1 to ablation versus control. The number of 

appropriate ICD therapies was lower in the ablation arm (12%) than the control arm (33%)

(hazard ratio 0.35, 95% CI 0.15–0.78, p-value=0.007).17

The Catheter Ablation for VT in Patients with an Implantable Cardioverter Defibrillator 

(CALYSPO) pilot trial was a randomized controlled trial of early catheter ablation in 27 

patients. This was a feasibility trial which demonstrated that most patients are being referred 

for VT ablation late in their disease process, after failing one or more antiarrhythmic 

medications, and the recurrence of VT (52%) and mortality (15% at 6 months) were high, 

irrespective of the treatment arm.21 None of these trials had sufficient power to assess the 

impact of ablation on mortality.

Complexities of Completing Clinical Trials of VT Ablation

Performing a randomized VT ablation trial is associated with complexities; some pertain to 

all studies comparing a procedure versus no procedure, and some are unique to VT ablation.

Comparing a procedure versus no procedure

All trials comparing an interventional procedure to no procedure share some complexities. 

Generally, it is not possible to execute a double blind trial, and it can be very challenging to 

execute a single blind study with a sham procedure. There are prominent examples of recent 

randomized trials with a “sham” procedure arm, which were negative despite encouraging 

unblinded results (pacemaker for vasovagal syncope22 and renal denervation23). This 

underscores the significance of the “placebo effect” with procedures, particularly for 

outcomes that are difficult to assess objectively, such as quality of life. Cross-over from the 

conservative management arm, usually pharmacologic therapy, to the interventional arm is a 

frequent problem, especially in unblinded studies.

Patient recruitment can also be challenging, as patients may be reluctant to agree to 

participate in a trial in which there is an equal chance of receiving a medication versus 

undergoing an invasive procedure with known potential complications. However, this was 

not observed in the CALYPSO pilot trial in which patient refusal to participate in the trial 

was relatively low. In CALYPSO, the opposite scenario was a barrier, as patients were 

referred to a VT ablation specialist expecting a procedure and were reluctant to be 

randomized to a medication. Physicians also have biases, which influence their decision to 

enroll patients in a trial that randomizes to procedure versus no procedure.
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Standardization of Procedures and Tools

There are multiple techniques for catheter ablation of VT. Some centers target 

predominantly “clinical VTs”, while others target all monomorphic VTs, or the substrate 

causing VTs without focusing on VT morphologies.

VT ablation is a heterogeneous procedure making it difficult to study. There are many 

approaches to VT ablation that can be used alone or in combination. Activation mapping and 

entrainment mapping can be performed for inducible VTs that are hemodynamically 

tolerated. These methods can identify the critical isthmus in a re-entrant VT or the focus of a 

triggered VT. Substrate modification selecting ablation targets based on findings in sinus, 

including late potentials, or paced rhythm can be performed in patients in whom the clinical 

VT is not inducible at the time of catheter ablation or is not hemodynamically tolerated.24 

Even the procedure for substrate modification of abnormal potentials is not uniform; some 

ablationists focus on elimination of local abnormal ventricular activities (LAVA)25, while 

others seek to eradicate late potentials, which also have variable definitions.26,27 

Furthermore, the characterization of these abnormal potentials varies based even on the type 

of catheter that is used.

In some cases, mechanical circulatory support is used to allow for activation mapping and 

entrainment while in VT. Variation in patient selection and mapping and ablation techniques 

contributes to variability in the procedural success.28 The three largest prospective studies of 

VT ablation have reported the absence of all inducible VTs in 40–75% of patients and 

inability to induce the “clinical VT” in 72%–93% of patients.7,8,29

Although an endocardial only VT approach is the standard initial approach in patients with 

coronary artery disease, some experienced centers opt for an upfront combined endocardial/

epicardial approach (based on small observational studies) in certain clinical situations.30,31 

For example, a study comparing limited substrate ablation and extensive combined 

endocardial/epicardial scar homogenization demonstrated that although all patients in both 

groups achieved the acute procedural endpoint of complete non-inducibility, the scar 

homogenization group that included more epicardial ablation had significantly less recurrent 

VT.30 Therefore, a key challenge to studying the efficacy of VT ablation is identifying and 

standardizing a procedural approach that can be protocolized and widely used across all 

study sites.

The tools for VT ablation, like the strategies, are heterogeneous. There are currently three 

electroanatomic mapping systems for VT ablation: Ensite NaVx (St. Jude Medical) CARTO 

(Biosense Webster), and RHYTHMIA (Boston Scientific). Although the NaviStar Thermo-

cool catheter (Biosense Webster) is the only FDA approved catheter for VT ablation, a wide 

variety of ablation catheters (approved for ablation of other arrhythmias) are used off-label 

in clinical practice. Many newer catheter technologies including force sensing,32,33 infusion 

needle tip,34 and flexible tip technology have been developed since the FDA approved the 

NaviStar Thermo-cool catheter in 2006. The lack of FDA approval of other frequently used 

catheters is likely related to a lack of industry resources for these studies and IDE 

applications rather than safety or efficacy concerns. This represents an important challenge 

for VT ablation trials as heterogeneous catheter and mapping system combinations introduce 
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sources of bias among centers and may impact outcomes and interpretability of study 

results. Conversely, limiting procedural tools to a single mapping system and ablation 

catheter has the potential to limit a randomized trial in a number of key ways. First, 

enrollment may be adversely impacted as perceived advantages associated with newer 

technologies may cause VT electrophysiologists to hesitate to enroll patients in a trial using 

an older FDA approved technology or even a newer technology with perceived limitations. 

Second, exclusive use of an older (potentially inferior) technology may lead to an 

underestimation of the potential for VT ablation to improve clinical outcomes and may make 

the findings of the trial irrelevant to future clinical practice.

A study of VT ablation requires a uniform procedural endpoint and definition of acute 

procedural success to ensure uniform procedural quality. However, there is still no widely 

agreed upon definition of acute procedural success.35 Multiple recent observational studies 

have demonstrated that non-inducibility of any VT is associated with a reduction in recurrent 

VT and mortality.36,37 Importantly, it appears that patients rendered completely non-

inducible with regards to all VTs fare better than patients who receive successful ablation of 

a “clinical VT” but are left with “non-clinical VTs.”36,37 One recent observational study 

demonstrated that successful ablation of late potentials was associated with a reduction in 

VT and cardiac death even among patients who were rendered completely non-inducible at 

the end of the VT ablation.38

Thus, mounting evidence suggests that more extensive ablation with the acute procedural 

endpoint of complete non-inducibility may be associated with a reduction in recurrent VT. 

As such, some argue that complete non-inducibility should be the acute procedural endpoint 

for any prospective trial of VT ablation. It remains unclear whether additional ablation 

seeking to achieve scar homogenization, or targeted to eliminate selected substrate (e.g. 

ablation of late potentials), should be required. The interpretation of non-inducibility is 

further complicated by lack of a uniform protocol for attempted induction of VT among 

centers with differences not only in the number of extrastimuli and drive train cycle length, 

but stimulation sites and use of beta-adrenergic stimulation. Furthermore, implementing a 

uniform, rigorous stimulation protocol at the end of a VT ablation procedure may not be 

feasible, as it raises concerns about the safety of applying this protocol at the conclusion of a 

long and complicated ablation case, especially in patients with more advanced structural 

heart disease.

Barriers to Enrollment—Patient enrollment in randomized trials of VT ablation has been 

problematic for a variety of reasons. Longstanding referral patterns are a key limiting factor. 

In the US, 29% of all ICDs are implanted by non-electrophysiologists39 who do not perform 

VT ablation. Many electrophysiologists who implant ICDs do not practice at large centers 

where VT ablation is commonly performed. Thus many providers who longitudinally follow 

ICD patients may not consider ablation until late in the course of the disease. As a result, 

patients tend to be referred for VT ablation as a “last resort” approach after the patient has 

failed multiple anti-arrhythmic drugs.37 These referral patterns are unfavorable for 

enrollment in VT ablation trials because (1) other options for control of VT, including 

antiarrhythmic agents such as amiodarone, have been exhausted, (2) patients often have end 

stage cardiovascular disease that increases procedural risk and is associated with arrhythmias 
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that may be less amenable to successful treatment with ablation or (3) patients and their 

referring providers often expect or prefer VT ablation and are unwilling to consider 

randomization.

Funding—Funding for trials of VT ablation is problematic. VT ablation utilizes advanced 

technologies that government and non-profit funders expect will be supported by industry. 

Generally, industry sponsored studies include only the sponsor’s products. For example, the 

currently enrolling STAR-VT trial (Sponsor: St. Jude Medical) requires participants to be 

implanted with a St. Jude Medical ICD and investigators to use catheters and mapping 

systems made by St Jude Medical. A single sponsor trial may be associated with a variety of 

issues as detailed above. The optimal funding strategy may involve partnerships between 

non-industry funding (e.g. National Institutes of Health) and multiple industry sponsors. 

Despite these obstacles, there are several ongoing randomized controlled studies 

investigating timing of ablation and/or comparing ablation versus antiarrhythmic therapy 

(Table 1).40

Endpoints for Use in Clinical Trials of VT Ablation

Published data on VT ablation are insufficient for patient centered discussions regarding 

whether or not to pursue VT ablation. Physicians are able to counsel patients that ablation 

could reduce VT recurrence and perhaps by association improve quality of life.15–17 

However, physicians are unable to fully inform patients about the impact of VT ablation on 

quality and longevity of life owing to the paucity of data on these issues. Non-traditional 

endpoints, such as clinical trajectory, quality of life, functional status, healthcare utilization, 

are affected by subject crossover, so a time to first event analysis may partially mitigate this 

issue.

In this era of patient-centered care, VT ablation trials should capture information on disease 

burden and impact on patient well-being through quality of life questionnaires. Incident 

hospitalizations and total number of hospital days should be compared among treatment 

groups.

The impact of VT ablation on mortality is a key unanswered question. If financially feasible, 

a trial powered to assess the impact of VT ablation on mortality should be performed. 

However, VT ablation need not be associated with a mortality reduction in order to be 

considered a first or second line therapy.

Gaps in Knowledge about VT Catheter Ablation

Although several studies have provided helpful information about VT catheter ablation, 

many questions remain unanswered. The following are critical questions that may be 

addressed by ongoing trials:

1. Does VT catheter ablation result in fewer VT recurrences and appropriate 

ICD therapies compared with antiarrhythmic pharmacologic therapy?

• VANISH and STAR VT were designed with primary 

endpoints to address this question.
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2. Does VT catheter ablation reduce mortality compared with medical 

therapy?

• VANISH and AVATAR have mortality as secondary 

endpoints, but these trials are not powered to answer this 

question.

3. Does VT catheter ablation affect incidence or severity of heart failure?

• PARTITA has a primary endpoint focused on worsening 

heart failure.

4. Does VT ablation improve patient quality of life?

• AVATAR has a quality of life endpoint as a secondary 

endpoint, but this study may not be adequately powered to 

address quality of life.

5. How does VT ablation influence heath care resource utilization? Is the 

procedure cost-effective?

• AVATAR has health care utilization as a secondary 

endpoint, but again may not adequately powered to address 

this issue.

6. Are there patients with significant structural heart disease, who have 

experienced sustained VT in whom catheter ablation of VT should be 

recommended without implantation of an ICD?

• INTERVENE is exploring this question with all-cause 2 

year mortality as the primary endpoint.

Other important gaps in knowledge and questions that are not being addressed by ongoing 

trials include:

1. What is the optimal timing of VT ablation, including consideration for 

ablation at the time of ICD implantation and after the occurrence of 

appropriate ICD therapies?

2. What impact does the severity of underlying disease or left ventricular 

dysfunction have on the outcome of VT ablation?

3. Which procedural techniques and tools for VT catheter ablation are best in 

non-ischemic versus ischemic VT?

4. Are ventricular size and function affected by VT ablation?

5. How can complications of VT catheter ablation be minimized?

6. Are there patient subgroups in whom VT catheter ablation is particularly 

effective? Cost effective? Futile? Harmful?

7. What are the effects of comorbid diseases on the effectiveness and cost 

effectiveness of VT catheter ablation?
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8. What is the role of prophylactic ablation at the time of primary and 

secondary ICD implantation?

It is important to recognize that most VT ablation studies have enrolled only patients with 

coronary artery disease. Patients with VT due to nonischemic cardiomyopathies have 

different arrhythmia substrate locations and ablation outcomes. Studies of VT ablation in 

this distinct group of patients are needed.

Most of the above questions can be best addressed in the context of randomized clinical 

trials; however, the best design for such trials is yet to be determined. Some questions can be 

best answered in the context of a registry, and professional societies may be able to play an 

important role in supporting VT ablation registries. Information that can be learned form a 

registry include the characteristics of patients undergoing this procedure in clinical practice, 

which catheters and ablation devices are being used, how the outcomes of this procedure 

differ between routine clinical practice and clinical trials, the outcomes of subgroups of 

patients not enrolled or not well represented in clinical trials, patterns of antiarrhythmic 

medication use pre- and post-VT ablation and anticoagulation post-VT ablation, durability 

of outcomes, the incidence of infrequent and/or late-manifesting complications, and health 

care resource utilization pre- and post-VT ablation. Registries are good at defining basic 

demographic issues, the incidence of early complications, and procedural success among 

patients currently being offered VT ablation in clinical practice. The International VT 

Ablation Center Collaborative Group is an example of the valuable contributions that 

multicenter observational data can provide.37 However, it is important to recognize the 

limitations of registries that include the difficulty to obtain detailed long-term outcome data 

and selection bias

Future Clinical Trial Design: Proposing Solutions

Although the successful completion of randomized clinical trials of VT ablation is fraught 

with challenges, lessons learned from previous studies should inform the design of future 

clinical trials. As mentioned previously, one potential challenge is patient refusal to 

participate in a randomized clinical trial which involves a “pill” vs. an invasive procedure. 

However, this was not the case in the CALYPSO trial in which only 18 (8%) patients of the 

216, who failed screening did so because of refusal to participate in the trial. This 

observation was likely due to the investigators’ commitment to the trial and their taking time 

to educate patients about uncertainties surrounding ablation vs. antiarrhythmic medication in 

treating VT. The low recruitment in CALYPSO was due to the inability to identify patients 

for participation in the trial early enough in their disease state.

Clinical trials should use a consistent definition of procedural success. The PARTITA and 

STAR-VT trials define procedural success as the prevention of inducibility of any 

monomorphic VT and the elimination of late potentials. Some argue that although the use of 

multiple technologies (many of which are not FDA approved) in a randomized trial may be 

associated with a number of additional regulatory hurdles, it would likely improve 

enrollment and possibly generalizability. However, trials should strongly encourage (but not 

mandate) the use of uniform techniques and catheters to ensure data are comparable and 

interpretable.
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An aforementioned potential challenge to completing VT ablation trials is the high rate of 

use of pre-enrollment antiarrhythmic medications, which was an exclusion criterion in 

several studies. This could be mitigated either by making the eligibility criteria of the trials 

more inclusive or by capturing patients when they first present with appropriate ICD 

therapies or even earlier when they undergo ICD implantation. This is for example the case 

in the PARTITA and the STAR-VT trials. The advantage of this approach is that it offers the 

ability to explore the natural arrhythmia history following ICD implantation. Capturing 

patients soon after appropriate ICD therapies could be achieved by using central remote 

monitoring databases and/or by engaging the health care providers who are managing the 

implantable device follow-up. Heart failure specialists practicing in the community who are 

likely to see many of these patients could be engaged to identify and refer patients.

One possible approach to the completion of VT ablation clinical trials that may address the 

concern regarding the lack of relevance of trials’ findings to current clinical practice if the 

trial takes long to complete is improving efficiencies. This could be potentially 

accomplished by adopting a “pragmatic” study design in which patient screening and 

enrollment and data collection could be achieved by leveraging national registries like the 

NCDR ICD Registry. This approach would be similar to the use of the NCDR CathPCI 

Registry for the Study of Access site For Enhancement of Percutaneous Coronary 

Intervention for Women (SAFE PCI) trial.41 Another promising approach is to form a 

network of experts who are interested in VT ablation and committed to completing trials 

successfully.

Conclusion

Catheter ablation for VT decreases recurrences of VT and ICD shocks and has the potential 

to improve other outcomes such as mortality and quality of life. Limited data from 

randomized, controlled clinical trials have been published on the topic, although there are 

several ongoing trials. There are several barriers to VT ablation trials especially focused 

around patient identification and enrollment at the optimal time during the course of their 

disease and the heterogeneity of the procedural techniques. These barriers need to be 

addressed to ultimately determine the optimal role for VT ablation in the management of 

this increasing population of patients. Developing a network of experts interested in VT 

ablation clinical trials may further improve the feasibility of such trials.

Acknowledgments

Conflicts of Interest: Dr. Pokorney: research support Boston Scientific, Gilead, and AstraZeneca; consultant for 
Janssen Pharmaceuticals and Medtronic. Dr. Friedman: none. Dr. Calkins: consultant fees: Medtronic, St Jude 
Medical. Atricure; research support: Boston Scientific, St Jude Medical. Dr. Callans: none. Dr. Daoud: none. Dr. 
Della Bella: consultant St. Jude Medical; honoraria Biosense Webster, St. Jude Medical, and Biotronik. Dr. Jackson: 
none. Dr. Shivkumar: none. Dr. Saba: research support Boston Scientific, Medtronic, and St. Jude Medical. Dr. 
Sapp: coholder of patent for needle catheter, rights assigned to Brigham and Women’s Hospital; consultant 
Biosense Webster; research funding Biosense Webster. Dr. Stevenson: patent for needle ablation consigned to 
Brigham and Women’s Hospital. Dr. Al-Khatib: none.

Pokorney et al. Page 9

Heart Rhythm. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

1. Stecker EC, Reinier K, Marijon E, Narayanan K, Teodorescu C, Uy-Evanado A, Gunson K, Jui J, 
Chugh SS. Public health burden of sudden cardiac death in the United States. Circ Arrhythm 
Electrophysiol. 2014 Apr.7:212–217. [PubMed: 24610738] 

2. Kong MH, Fonarow GC, Peterson ED, Curtis AB, Hernandez AF, Sanders GD, Thomas KL, Hayes 
DL, Al-Khatib SM. Systematic review of the incidence of sudden cardiac death in the United States. 
J Am Coll Cardiol. 2011 Feb 15.57:794–801. [PubMed: 21310315] 

3. Moss AJ, Greenberg H, Case RB, Zareba W, Hall WJ, Brown MW, Daubert JP, McNitt S, Andrews 
ML, Elkin AD. Long-term clinical course of patients after termination of ventricular 
tachyarrhythmia by an implanted defibrillator. Circulation. 2004 Dec 21.110:3760–3765. [PubMed: 
15583079] 

4. Poole JE, Johnson GW, Hellkamp AS, et al. Prognostic importance of defibrillator shocks in patients 
with heart failure. N Engl J Med. 2008 Sep 4.359:1009–1017. [PubMed: 18768944] 

5. Schron EB, Exner DV, Yao Q, Jenkins LS, Steinberg JS, Cook JR, Kutalek SP, Friedman PL, Bubien 
RS, Page RL, Powell J. Quality of life in the antiarrhythmics versus implantable defibrillators trial: 
impact of therapy and influence of adverse symptoms and defibrillator shocks. Circulation. 2002 
Feb 5.105:589–594. [PubMed: 11827924] 

6. Connolly SJ, Dorian P, Roberts RS, Gent M, Bailin S, Fain ES, Thorpe K, Champagne J, Talajic M, 
Coutu B, Gronefeld GC, Hohnloser SH. Comparison of beta-blockers, amiodarone plus beta-
blockers, or sotalol for prevention of shocks from implantable cardioverter defibrillators: the OPTIC 
Study: a randomized trial. JAMA. 2006 Jan 11.295:165–171. [PubMed: 16403928] 

7. Calkins H, Epstein A, Packer D, et al. Catheter ablation of ventricular tachycardia in patients with 
structural heart disease using cooled radiofrequency energy: results of a prospective multicenter 
study. Cooled RF Multi Center Investigators Group. J Am Coll Cardiol. 2000 Jun.35:1905–1914. 
[PubMed: 10841242] 

8. Stevenson WG, Wilber DJ, Natale A, et al. Irrigated radiofrequency catheter ablation guided by 
electroanatomic mapping for recurrent ventricular tachycardia after myocardial infarction: the 
multicenter thermocool ventricular tachycardia ablation trial. Circulation. 2008 Dec 16.118:2773–
2782. [PubMed: 19064682] 

9. Dinov B, Arya A, Bertagnolli L, Schirripa V, Schoene K, Sommer P, Bollmann A, Rolf S, Hindricks 
G. Early referral for ablation of scar-related ventricular tachycardia is associated with improved 
acute and long-term outcomes: results from the Heart Center of Leipzig ventricular tachycardia 
registry. Circ Arrhythm Electrophysiol. 2014 Dec.7:1144–1151. [PubMed: 25262159] 

10. Palaniswamy C, Kolte D, Harikrishnan P, et al. Catheter ablation of postinfarction ventricular 
tachycardia: ten-year trends in utilization, in-hospital complications, and in-hospital mortality in 
the United States. Heart rhythm. 2014 Nov.11:2056–2063. [PubMed: 25016150] 

11. de Bakker JM, van Capelle FJ, Janse MJ, Wilde AA, Coronel R, Becker AE, Dingemans KP, van 
Hemel NM, Hauer RN. Reentry as a cause of ventricular tachycardia in patients with chronic 
ischemic heart disease: electrophysiologic and anatomic correlation. Circulation. 1988 Mar.
77:589–606. [PubMed: 3342490] 

12. de Bakker JM, van Capelle FJ, Janse MJ, Tasseron S, Vermeulen JT, de Jonge N, Lahpor JR. Slow 
conduction in the infarcted human heart. 'Zigzag' course of activation. Circulation. 1993 Sep.
88:915–926. [PubMed: 8353918] 

13. Sweeney MO. Antitachycardia pacing for ventricular tachycardia using implantable cardioverter 
defibrillators. Pacing Clin Electrophysiol. 2004 Sep.27:1292–1305. [PubMed: 15461721] 

14. Hsia HH, Callans DJ, Marchlinski FE. Characterization of endocardial electrophysiological 
substrate in patients with nonischemic cardiomyopathy and monomorphic ventricular tachycardia. 
Circulation. 2003 Aug 12.108:704–710. [PubMed: 12885746] 

15. Mallidi J, Nadkarni GN, Berger RD, Calkins H, Nazarian S. Meta-analysis of catheter ablation as 
an adjunct to medical therapy for treatment of ventricular tachycardia in patients with structural 
heart disease. Heart Rhythm. 2011 Apr.8:503–510. [PubMed: 21147263] 

16. Kuck KH, Schaumann A, Eckardt L, Willems S, Ventura R, Delacretaz E, Pitschner HF, Kautzner 
J, Schumacher B, Hansen PS. group Vs. Catheter ablation of stable ventricular tachycardia before 

Pokorney et al. Page 10

Heart Rhythm. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



defibrillator implantation in patients with coronary heart disease (VTACH): a multicentre 
randomised controlled trial. Lancet. 2010 Jan 2.375:31–40. [PubMed: 20109864] 

17. Reddy VY, Reynolds MR, Neuzil P, Richardson AW, Taborsky M, Jongnarangsin K, Kralovec S, 
Sediva L, Ruskin JN, Josephson ME. Prophylactic catheter ablation for the prevention of 
defibrillator therapy. N Engl J Med. 2007 Dec 27.357:2657–2665. [PubMed: 18160685] 

18. Moss AJ, Schuger C, Beck CA, et al. Reduction in inappropriate therapy and mortality through 
ICD programming. N Engl J Med. 2012 Dec 13.367:2275–2283. [PubMed: 23131066] 

19. Wilkoff BL, Fauchier L, Stiles MK, et al. 2015 HRS/EHRA/APHRS/SOLAECE expert consensus 
statement on optimal implantable cardioverter-defibrillator programming and testing. Heart 
Rhythm. 2016 Feb.13:e50–e86. [PubMed: 26607062] 

20. Kuck KH, Schaumann A, Eckardt L, Willems S, Ventura R, Delacretaz E, Pitschner HF, Kautzner 
J, Schumacher B, Hansen PS. Catheter ablation of stable ventricular tachycardia before 
defibrillator implantation in patients with coronary heart disease (VTACH): a multicentre 
randomised controlled trial. Lancet. 2010 Jan 2.375:31–40. [PubMed: 20109864] 

21. Al-Khatib SM, Daubert JP, Anstrom KJ, et al. Catheter ablation for ventricular tachycardia in 
patients with an implantable cardioverter defibrillator (CALYPSO) pilot trial. J Cardiovasc 
Electrophysiol. 2015 Feb.26:151–157. [PubMed: 25332150] 

22. Connolly SJ, Sheldon R, Thorpe KE, Roberts RS, Ellenbogen KA, Wilkoff BL, Morillo C, Gent 
M. Investigators VI. Pacemaker therapy for prevention of syncope in patients with recurrent severe 
vasovagal syncope: Second Vasovagal Pacemaker Study (VPS II): a randomized trial. JAMA. 2003 
May 7.289:2224–2229. [PubMed: 12734133] 

23. Bhatt DL, Kandzari DE, O'Neill WW, et al. A controlled trial of renal denervation for resistant 
hypertension. N Engl J Med. 2014 Apr 10.370:1393–1401. [PubMed: 24678939] 

24. Kadish AH, Buxton AE, Waxman HL, Flores B, Josephson ME, Marchlinski FE. Usefulness of 
electrophysiologic study to determine the clinical tolerance of arrhythmia recurrences during 
amiodarone therapy. J Am Coll Cardiol. 1987 Jul.10:90–96. [PubMed: 3598000] 

25. Jais P, Maury P, Khairy P, et al. Elimination of local abnormal ventricular activities: a new end 
point for substrate modification in patients with scar-related ventricular tachycardia. Circulation. 
2012 May 8.125:2184–2196. [PubMed: 22492578] 

26. Arenal A, Hernandez J, Calvo D, et al. Safety, long-term results, and predictors of recurrence after 
complete endocardial ventricular tachycardia substrate ablation in patients with previous 
myocardial infarction. Am J Cardiol. 2013 Feb 15.111:499–505. [PubMed: 23228925] 

27. Vergara P, Trevisi N, Ricco A, Petracca F, Baratto F, Cireddu M, Bisceglia C, Maccabelli G, Della 
Bella P. Late potentials abolition as an additional technique for reduction of arrhythmia recurrence 
in scar related ventricular tachycardia ablation. J Cardiovasc Electrophysiol. 2012 Jun.23:621–627. 
[PubMed: 22486970] 

28. Tanawuttiwat T, Nazarian S, Calkins H. The role of catheter ablation in the management of 
ventricular tachycardia. Eur Heart J. 2015 Aug 31.

29. Dinov B, Fiedler L, Schonbauer R, Bollmann A, Rolf S, Piorkowski C, Hindricks G, Arya A. 
Outcomes in catheter ablation of ventricular tachycardia in dilated nonischemic cardiomyopathy 
compared with ischemic cardiomyopathy: results from the Prospective Heart Centre of Leipzig VT 
(HELP-VT) Study. Circulation. 2014 Feb 18.129:728–736. [PubMed: 24211823] 

30. Di Biase L, Santangeli P, Burkhardt DJ, et al. Endo-epicardial homogenization of the scar versus 
limited substrate ablation for the treatment of electrical storms in patients with ischemic 
cardiomyopathy. J Am Coll Cardiol. 2012 Jul 10.60:132–141. [PubMed: 22766340] 

31. Izquierdo M, Sanchez-Gomez JM, Ferrero de Loma-Osorio A, Martinez A, Bellver A, Pelaez A, 
Nunez J, Nunez C, Chorro FJ, Ruiz-Granell R. Endo-Epicardial versus Only-Endocardial Ablation 
as a First Line Strategy for the Treatment of Ventricular Tachycardia in Patients with Ischemic 
Heart Disease. Circ Arrhythm Electrophysiol. 2015 Jun 8.

32. Natale A, Reddy VY, Monir G, et al. Paroxysmal AF catheter ablation with a contact force sensing 
catheter: results of the prospective, multicenter SMART-AF trial. J Am Coll Cardiol. 2014 Aug 
19.64:647–656. [PubMed: 25125294] 

Pokorney et al. Page 11

Heart Rhythm. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



33. Reddy VY, Shah D, Kautzner J, et al. The relationship between contact force and clinical outcome 
during radiofrequency catheter ablation of atrial fibrillation in the TOCCATA study. Heart 
Rhythm. 2012 Nov.9:1789–1795. [PubMed: 22820056] 

34. Sapp JL, Beeckler C, Pike R, Parkash R, Gray CJ, Zeppenfeld K, Kuriachan V, Stevenson WG. 
Initial human feasibility of infusion needle catheter ablation for refractory ventricular tachycardia. 
Circulation. 2013 Nov 19.128:2289–2295. [PubMed: 24036605] 

35. Aliot EM, Stevenson WG, Almendral-Garrote JM, et al. EHRA/HRS Expert Consensus on 
Catheter Ablation of Ventricular Arrhythmias: developed in a partnership with the European Heart 
Rhythm Association (EHRA), a Registered Branch of the European Society of Cardiology (ESC), 
and the Heart Rhythm Society (HRS); in collaboration with the American College of Cardiology 
(ACC) and the American Heart Association (AHA). Heart Rhythm. 2009 Jun.6:886–933. 
[PubMed: 19467519] 

36. Ghanbari H, Baser K, Yokokawa M, Stevenson W, Della Bella P, Vergara P, Deneke T, Kuck KH, 
Kottkamp H, Fei S, Morady F, Bogun F. Noninducibility in postinfarction ventricular tachycardia 
as an end point for ventricular tachycardia ablation and its effects on outcomes: a meta-analysis. 
Circ Arrhythm Electrophysiol. 2014 Aug.7:677–683. [PubMed: 24879789] 

37. Tung R, Vaseghi M, Frankel DS, et al. Freedom from recurrent ventricular tachycardia after 
catheter ablation is associated with improved survival in patients with structural heart disease: An 
International VT Ablation Center Collaborative Group study. Heart Rhythm. 2015 May 30.

38. Silberbauer J, Oloriz T, Maccabelli G, et al. Noninducibility and late potential abolition: a novel 
combined prognostic procedural end point for catheter ablation of postinfarction ventricular 
tachycardia. Circ Arrhythm Electrophysiol. 2014 Jun.7:424–435. [PubMed: 24833642] 

39. Curtis JP, Luebbert JJ, Wang Y, Rathore SS, Chen J, Heidenreich PA, Hammill SC, Lampert RI, 
Krumholz HM. Association of physician certification and outcomes among patients receiving an 
implantable cardioverter-defibrillator. JAMA. 2009 Apr 22.301:1661–1670. [PubMed: 19383957] 

40. [Accessed March 6, 2015] National Institutes of Health Clinical Trials Website. http://
www.clinicaltrials.gov.

41. Hess CN, Rao SV, Kong DF, et al. Embedding a randomized clinical trial into an ongoing registry 
infrastructure: unique opportunities for efficiency in design of the Study of Access site For 
Enhancement of Percutaneous Coronary Intervention for Women (SAFE-PCI for Women). Am 
Heart J. 2013 Sep.166:421–428. [PubMed: 24016489] 

Pokorney et al. Page 12

Heart Rhythm. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pokorney et al. Page 13

Ta
b

le
 1

O
ng

oi
ng

 r
an

do
m

iz
ed

 V
T

 a
bl

at
io

n 
tr

ia
ls

T
ri

al
 T

it
le

V
en

tr
ic

ul
ar

Ta
ch

yc
ar

di
a

A
bl

at
io

n 
ve

rs
us

E
nh

an
ce

d 
D

ru
g

T
he

ra
py

D
oe

s 
T

im
in

g 
of

 V
T

A
bl

at
io

n 
A

ff
ec

t
P

ro
gn

os
is

 in
 P

at
ie

nt
s

w
it

h 
an

 I
m

pl
an

ta
bl

e
C

ar
di

ov
er

te
r-

D
ef

ib
ri

lla
to

r?

A
nt

i-
ar

rh
yt

hm
ic

T
he

ra
py

 v
s.

 C
at

he
te

r
A

bl
at

io
n 

as
 F

ir
st

 L
in

e
T

re
at

m
en

t 
fo

r 
A

IC
D

Sh
oc

k 
P

re
ve

nt
io

n

Su
bs

tr
at

e 
Ta

rg
et

ed
A

bl
at

io
n 

U
si

ng
 t

he
 C

oo
l

F
le

x 
Ir

ri
ga

te
d 

C
at

he
te

r
A

bl
at

io
n 

Sy
st

em
 fo

r 
th

e
R

ed
uc

ti
on

 o
f

V
en

tr
ic

ul
ar

 T
ac

hy
ca

rd
ia

In
di

an
 T

ri
al

 o
f

E
nd

oc
ar

di
al

V
en

tr
ic

ul
ar

Su
bs

tr
at

e 
A

bl
at

io
n

to
 P

re
ve

nt
R

ec
ur

re
nt

 V
T

 E
ve

nt
s

A
cr

on
ym

V
A

N
IS

H
PA

R
T

IT
A

A
V

A
TA

R
ST

A
R

 V
T

IN
T

E
R

V
E

N
E

C
lin

ic
al

tr
ia

ls
.g

ov
id

en
tif

ie
r

N
C

T
00

90
58

53
N

C
T

01
54

72
08

N
C

T
02

11
45

28
N

C
T

02
13

07
65

N
C

T
02

30
13

90

D
es

cr
ip

tio
n

C
om

pa
re

 a
bl

at
io

n 
vs

an
tia

rr
hy

th
m

ic
(a

m
io

da
ro

ne
 +

/−
m

ex
ile

tin
e)

 f
or

 d
ru

g
re

fr
ac

to
ry

 V
T

 in
po

st
-M

I 
pa

tie
nt

s

Tw
o 

pa
rt

 s
tu

dy
. P

ar
t A

:
m

on
ito

r 
al

l p
at

ie
nt

s 
to

as
se

ss
 w

he
th

er
 N

SV
T

 o
r

A
T

P 
is

 p
re

di
ct

iv
e 

of
 I

C
D

sh
oc

ks
. P

ar
t B

 a
m

on
g

pa
tie

nt
s 

w
ith

 a
n 

IC
D

sh
oc

k 
in

 P
ar

t A
: c

om
pa

re
ab

la
tio

n 
vs

 m
ed

ic
al

th
er

ap
y

Si
ng

le
 c

en
te

r 
ca

th
et

er
ab

la
tio

n 
vs

an
tia

rr
hy

th
m

ic
 f

or
ap

pr
op

ri
at

e 
IC

D
th

er
ap

y

Su
bs

tr
at

e 
ca

th
et

er
ab

la
tio

n 
vs

 m
ed

ic
al

th
er

ap
y

C
om

pa
re

 a
bl

at
io

n 
vs

am
io

da
ro

ne
 in

 p
os

t-
M

I 
pa

tie
nt

s 
un

ab
le

to
 a

ff
or

d 
an

 I
C

D

E
st

im
at

ed
E

nr
ol

lm
en

t
26

0
59

0
40

14
53

13
6

St
ud

y 
St

ar
t D

at
e

M
ay

-0
9

Se
p-

12
Ju

n-
14

Ju
l-

14
O

ct
-0

9

E
st

im
at

ed
 P

ri
m

ar
y

C
om

pl
et

io
n 

D
at

e
N

ov
-1

5
Se

p-
18

D
ec

-1
6

Ju
l-

20
D

ec
-1

6

Pr
im

ar
y 

E
nd

po
in

t
1)

 A
pp

ro
pr

ia
te

 I
C

D
sh

oc
ks

 (
5 

ye
ar

s)
2)

 V
T

 s
to

rm
 (

5
ye

ar
s)

3)
 D

ea
th

 (
5 

ye
ar

s)

1)
 F

ir
st

 a
pp

ro
pr

ia
te

 I
C

D
sh

oc
k

2)
 N

um
be

r 
of

 p
at

ie
nt

s
w

ith
 w

or
se

 C
H

F
ho

sp
tia

liz
at

io
ns

 o
r 

de
at

h
(2

 y
ea

rs
)

1)
 A

pp
ro

pr
ia

te
 I

C
D

th
er

ap
y 

(a
ft

er
 3

0 
da

y
tr

ea
tm

en
t p

er
io

d)

1)
 N

um
be

r 
of

 I
C

D
sh

oc
ks

 (
ap

pr
op

ri
at

e
an

d 
in

ap
pr

op
ri

at
e)

1)
 A

ll-
ca

us
e

m
or

ta
lit

y 
(2

 y
ea

rs
)

2)
 A

ll-
ca

us
e

m
or

ta
lit

y,
 c

ar
di

ac
ar

re
st

, a
nd

su
st

ai
ne

d 
V

T

Se
co

nd
ar

y
E

nd
po

in
ts

1)
 A

ll 
ca

us
e

m
or

ta
lit

y 
(5

 y
ea

rs
)

1)
 C

ar
di

ac
 d

ea
th

 (
2

ye
ar

s)
2)

 E
le

ct
ri

ca
l s

to
rm

re
cu

rr
en

ce
s 

(2
 y

ea
rs

)
3)

 V
T

 r
ec

ur
re

nc
es

 (
2

ye
ar

s)

1)
 C

om
po

si
te

 s
af

et
y

en
dp

oi
nt

: p
ro

ce
du

ra
l

co
m

pl
ic

at
io

ns
;

an
tia

rr
hy

th
m

ic
 d

ru
g

us
e,

 s
id

e 
ef

fe
ct

s,
 a

nd
di

sc
on

tin
ua

tio
n;

 d
ea

th
2)

 S
lo

w
 V

T
 b

el
ow

de
te

ct
io

n 
th

re
sh

ol
d

le
ad

in
g 

to
ho

sp
ita

liz
at

io
n 

or
re

qu
ir

in
g 

ab
la

tio
n

3)
 M

or
ta

lit
y

4)
 Q

ua
lit

y 
of

 li
fe

 s
co

re
5)

 H
ea

lth
 c

ar
e

re
so

ur
ce

 u
til

iz
at

io
n

1)
 N

um
be

r 
of

ca
rd

io
va

sc
ul

ar
ho

sp
ita

liz
at

io
ns

 a
nd

 C
V

re
la

te
d 

E
R

 v
is

its

In
cl

us
io

n 
C

ri
te

ri
a

Pr
io

r 
M

I,
 I

C
D

 in
-s

itu
,

Pa
rt

 A
: I

C
D

 in
-s

itu
IC

D
, C

A
D

 w
ith

 p
ri

or
IS

t. 
Ju

de
 I

C
D

 o
r 

C
R

T-
D

H
is

to
ry

 o
f 

M
I 

(≥
1

Heart Rhythm. Author manuscript; available in PMC 2017 August 01.

http://Clinicaltrials.gov


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pokorney et al. Page 14

T
ri

al
 T

it
le

V
en

tr
ic

ul
ar

Ta
ch

yc
ar

di
a

A
bl

at
io

n 
ve

rs
us

E
nh

an
ce

d 
D

ru
g

T
he

ra
py

D
oe

s 
T

im
in

g 
of

 V
T

A
bl

at
io

n 
A

ff
ec

t
P

ro
gn

os
is

 in
 P

at
ie

nt
s

w
it

h 
an

 I
m

pl
an

ta
bl

e
C

ar
di

ov
er

te
r-

D
ef

ib
ri

lla
to

r?

A
nt

i-
ar

rh
yt

hm
ic

T
he

ra
py

 v
s.

 C
at

he
te

r
A

bl
at

io
n 

as
 F

ir
st

 L
in

e
T

re
at

m
en

t 
fo

r 
A

IC
D

Sh
oc

k 
P

re
ve

nt
io

n

Su
bs

tr
at

e 
Ta

rg
et

ed
A

bl
at

io
n 

U
si

ng
 t

he
 C

oo
l

F
le

x 
Ir

ri
ga

te
d 

C
at

he
te

r
A

bl
at

io
n 

Sy
st

em
 fo

r 
th

e
R

ed
uc

ti
on

 o
f

V
en

tr
ic

ul
ar

 T
ac

hy
ca

rd
ia

In
di

an
 T

ri
al

 o
f

E
nd

oc
ar

di
al

V
en

tr
ic

ul
ar

Su
bs

tr
at

e 
A

bl
at

io
n

to
 P

re
ve

nt
R

ec
ur

re
nt

 V
T

 E
ve

nt
s

V
T

 w
ith

in
 3

 m
on

th
s

(3
 e

pi
so

de
s 

A
T

P,
 1

IC
D

 s
ho

ck
, s

us
ta

in
ed

V
T

 b
el

ow
 d

et
ec

tio
n

on
 E

C
G

, 3
 e

pi
so

de
s

V
T

 in
 2

4 
ho

ur
s)

,
fa

ile
d 

1s
t l

in
e

an
tia

rr
hy

th
m

ic

Pa
rt

 B
: I

C
D

 in
-s

itu
 a

nd
s/

p 
IC

D
 s

ho
ck

 in
 P

ar
t A

M
I,

 a
pp

ro
pr

ia
te

 I
C

D
th

er
ap

y 
(>

3 
A

T
P 

or
 >

/=
1 

ap
pr

op
ri

at
e 

sh
oc

k)

(w
ith

in
 9

0 
da

ys
 o

f
en

ro
llm

en
t)

, h
is

to
ry

 o
f

sp
on

ta
ne

ou
s

m
on

om
or

ph
ic

 V
T

 o
r

in
du

ci
bl

e 
V

T
 d

ur
in

g 
E

P
st

ud
y

m
on

th
),

 p
at

ie
nt

un
ab

le
 to

 a
ff

or
d 

an
IC

D
 a

nd
 h

as
 p

la
nn

ed
tr

ea
tm

en
t w

ith
am

io
da

ro
ne

Heart Rhythm. Author manuscript; available in PMC 2017 August 01.


	Abstract
	Background
	Overview of Completed VT Ablation Trials
	Complexities of Completing Clinical Trials of VT Ablation
	Comparing a procedure versus no procedure
	Standardization of Procedures and Tools
	Barriers to Enrollment
	Funding


	Endpoints for Use in Clinical Trials of VT Ablation
	Gaps in Knowledge about VT Catheter Ablation
	Future Clinical Trial Design: Proposing Solutions
	Conclusion

	References
	Table 1



