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ABSTRACT. The aim of this study was to determine the relationship between ischemia testing 
prior to ablation for sustained monomorphic ventricular tachycardia (VT) (SMVT) and post-
ablation mortality and VT recurrence. As SMVT is generally caused by myocardial scar and 
not active ischemia, the utility of ischemia testing prior to SMVT ablation is unclear. Patients 
who underwent ablation for SMVT at 2 tertiary care centers between January 2016 and July 
2018 were included in a retrospective study. A Kaplan–Meier survival analysis was performed, 
stratifying patients by pre-ablation ischemia testing for the endpoints of mortality and VT 
recurrence. A Cox multivariable regression analysis was performed to identify predictors of 
post-ablation VT recurrence. A total of 163 patients were included, with 46 (28%) patients 
undergoing ischemia testing prior to ablation. Only 5 of the 46 patients (11%) received 
revascularization pre-ablation. After a median follow-up period of 625 days (interquartile range, 
292–982 days) following ablation, 97 of 163 patients (60%) had VT recurrence, and 32 patients 
(20%) had died. There was no difference in mortality or VT recurrence between patients who 
did or did not experience ischemia testing or revascularization. In the multivariable regression 
analysis, predictors of VT recurrence were the number of anti-arrhythmics failed, non-ischemic 
cardiomyopathy, sex, and cardiac magnetic resonance imaging pre-ablation. Neither ischemia 
testing nor revascularization was a significant predictor of VT recurrence in univariable or 
multivariable regression analysis. In conclusion, ischemia testing is frequently ordered prior to 
SMVT ablation but infrequently leads to revascularization and is not associated with post-
ablation outcomes. The findings support adopting an individualized approach rather than 
performing routine ischemia testing.
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Introduction

Sustained monomorphic ventricular tachycardia (VT) 
(SMVT) is a potentially life-threatening arrhythmia that is 
generally caused due to re-entry in a region of myocardial 
scar in patients with structural heart disease.1 Catheter 
ablation is used to reduce the recurrence of SMVT by 
disrupting conduction channels within a myocardial scar2 
and is superior to anti-arrhythmic drug and implantable 
cardioverter-defibrillator (ICD) therapies in preventing 
VT recurrence.3–5

While catheter ablation is an effective treatment, the opti-
mal pre-ablation work-up of patients presenting with 
SMVT remains unclear. Coronary artery disease (CAD) 
is the most common cause of both myocardial scar and 
sudden death from arrhythmias6 such that the presence of 
an arrhythmia often elicits an assessment for myocardial 
ischemia. Assessment of the severity of CAD by angiogra-
phy, including computed tomography angiography (CTA) 
or invasive coronary angiography, or ischemia evaluation 
by non-invasive stress testing is often recommended prior 
to ablation to rule out ischemia as the cause of VT.7 How-
ever, as SMVT is usually caused by re-entry resulting from 
scarring and not active ischemia, the utility of ischemia 
testing is unclear. The goals of this study were to evalu-
ate the prevalence of ischemia testing prior to ablation in 
patients presenting with SMVT and to determine whether 
ischemia testing or revascularization affects post-ablation 
outcomes of mortality or VT recurrence.

Methods

Study population

Our study was a retrospective investigation focused on 
patients who underwent catheter ablation for SMVT 
between January 2016 and July 2018 at 2 tertiary care 
centers (University of Virginia Medical Center and 
Vanderbilt University Medical Center). All patients who 
underwent elective ablation for SMVT were included, 
including those with prior ablations. Baseline clinical 
and demographic data were recorded. All patients were 
assessed for whether ischemia testing was performed 
prior to ablation, specifically within 30 days of the pro-
cedure. Additional analyses were performed for patients 
who underwent ischemia testing within 1 year of their 
ablation procedure. Ischemia testing included invasive 
coronary angiography, CTA, or non-invasive stress test-
ing. For patients who underwent ischemia testing, the 
results of the test and whether they underwent revas-
cularization were recorded. Patients were also assessed 
for whether they had cardiac magnetic resonance (CMR) 

imaging at any point prior to their ablation. To improve 
the quality of our data collection, we not only reviewed 
the electronic medical record but also systematically 
screened online obituaries to accurately report outcomes 
of mortality and VT recurrence. From the review of elec-
tronic medical records and online obituaries,8 outcomes 
of mortality and VT recurrence were assessed. Recurrent 
sustained VT was determined by in-hospital records and 
a review of all subsequent ICD interrogations. Recurrence 
during the follow-up period was defined as any episode 
of monomorphic VT lasting >30 seconds and/or requir-
ing ICD therapy. Patients were censored at the time of 
recurrent VT, death, or last clinical contact. This research 
was compliant with ethical standards, and the study 
was approved by the institutional review boards at both 
institutions.

Statistical analysis

Statistical analysis was performed using SAS version 
9.4 (SAS Institute, Cary, NC, USA). Patients were strati-
fied by pre-ablation ischemia testing. Continuous varia-
bles are reported as mean ± standard deviation values, 
while categorical variables are reported as percentages. 
Statistical significance was assessed using Student’s t-test 
for continuous variables and chi-squared/Fisher’s exact 
tests for categorical variables, with P < .05 being consid-
ered significant. A Kaplan–Meier survival analysis was 
performed, stratifying patients by pre-ablation ischemia 
testing and revascularization for the endpoints of mor-
tality and VT recurrence. To identify predictors of VT 
recurrence following ablation, a Cox regression analysis 
was performed to determine hazard ratios (HRs), mod-
eling the time to first occurrence of VT after ablation. A 
stepwise multivariable analysis was performed in which 
variables that produced P < .05 were included in the final 
model.

Results

Baseline characteristics/prevalence of ischemia 
testing

A total of 163 patients (62.4 ± 13.8 years, 12.3% female) 
were included, with 46 (28%) patients having under-
gone ischemia testing prior to ablation. Of the total 
patients, 107 (65%) had an ischemic cardiomyopathy, 
52 (32%) had a non-ischemic cardiomyopathy, and 4 
(2%) were unspecified. The number of patients who had 
a prior VT ablation was 41 (25%). Compared to those 
who did not undergo ischemia testing, patients who 
had ischemia testing had higher rates of hypertension, 
were more likely to have presented with VT storm, 
were prescribed spironolactone less often, and were 
less likely to have failed amiodarone (Table 1). Of the 
46 patients who underwent ischemia testing, coronary 
angiography was performed in 39 patients (85%), with 
6 of these patients undergoing angiography during epi-
cardial ablation for safety purposes. Of the remaining 
patients, six underwent stress myocardial perfusion 
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imaging (13%) and one underwent CTA (2%). Of the 
46 patients who underwent ischemia testing, 22 (48%) 
were found to have obstructive CAD. Only 5 of the 46 
patients (11%) received revascularization prior to VT 
ablation (Figure 1). These 5 patients did not undergo 
stress testing prior to coronary angiography that led to 
revascularization. All 5 patients had a history of CAD, 
and 2 had undergone coronary artery bypass grafting. 
Three of the 5 patients who were revascularized had 

presented with VT storm. Each ablation in the study was 
performed with radiofrequency energy (161 ablations), 
with 2 exceptions being surgical cryoablation and alco-
hol ablation. Twenty of the 163 ablations were epicardial 
in nature. Of the 163 ablations included in the study, 9 
procedures utilized hemodynamic support with the fol-
lowing techniques: left ventricular assist device (n = 7), 
Impella (Abiomed, Danvers, MA, USA) (n = 1), and car-
diopulmonary bypass (n = 1).

Table 1: Baseline Clinical Characteristics

Clinical Characteristics Total Cohort n (%) Ischemia Testing n (%) No Ischemia Testing n (%) p-value
Total patients 163 46 (28.2) 117 (71.8) —

Age, years 62.4 ± 13.8 63.7 ± 13.3 61.8 ± 14.0 0.43

Female 20 (12.3) 7 (15.2) 13 (11.1) 0.47

Caucasian (n = 160) 147 (91.9) 42 (95.5) 105 (90.5) 0.52

BMI 30.0 ± 6.4 29.7 ± 6.4 30.0 ± 6.4 0.76

Diabetes 48 (29.5) 12 (26.1) 36 (30.8) 0.55

Hyperlipidemia 111 (68.1) 32 (69.6) 79 (67.5) 0.80

Hypertension 111 (68.1) 37 (80.4) 74 (63.3) 0.03*

COPD 18 (11.0) 6 (13.0) 12 (10.3) 0.61

CVA 16 (9.8) 5 (10.9) 11 (9.4) 0.77

Smoking 71 (43.6) 25 (54.4) 46 (39.3) 0.08

PAD 15 (9.2) 4 (8.7) 11 (9.4) 1.00

Creatinine 1.2 ± 0.4 1.2 ± 0.5 1.2 ± 0.4 0.59

Dialysis 1 (0.6) 0 (0) 1 (0.9) 1.00

CAD 111 (68.1) 35 (76.1) 76 (65.0) 0.17

CABG 47 (28.8) 13 (28.3) 34 (29.1) 0.92

PCI (n = 152) 76 (50.0) 23 (53.5) 53 (48.6) 0.59

Atrial fibrillation/flutter 78 (47.9) 18 (39.1) 60 (51.3) 0.16

Ischemic cardiomyopathy 107 (65.6) 35 (76.0) 72 (61.5) 0.09

Nonischemic cardiomyopathy 52 (31.9) 10 (21.7) 42 (35.9) 0.09

No cardiomyopathy 4 (2.4) 0 (0) 4 (3.4) 1.00

NYHA class (n = 103) 2.2 ± 0.9 2.1 ± 0.8 2.2 ± 0.9 0.46

LVEF (n = 162) 30.1 ± 14.0 31.3 ± 13.2 29.6 ± 14.3 0.49

Prior VT ablation 41 (25.2) 9 (19.6) 32 (27.4) 0.30

VT storm 38 (23.3) 20 (43.5) 18 (15.4) 0.0001*

CMR pre-ablation 29 (17.8) 8 (17.4) 21 (18.0) 0.93

Aspirin 117 (71.8) 36 (78.3) 81 (69.2) 0.25

P2Y12 44 (27.0) 13 (28.3) 31 (26.5) 0.82

β-Blocker 148 (90.8) 44 (95.7) 104 (88.9) 0.18

ACE/ARB 103 (63.2) 29 (63.0) 74 (63.3) 0.98

Aldactone 67 (41.1) 11 (23.9) 56 (47.9) 0.005*

Statin 107 (65.6) 31 (67.4) 76 (65.0) 0.77

Amiodarone 99 (60.7) 29 (63.0) 70 (59.8) 0.71

Failed amiodarone 111 (68.1) 25 (54.4) 86 (73.5) 0.02*

Number of failed antiarrhythmics 1.6 ± 1.2 1.5 ± 1.3 1.7 ± 1.2 0.50

Categorical data are presented as numbers and percentages, and continuous data are given as mean ± standard 
deviation values. P values were determined by Student’s t-test for continuous variables, and chi-squared/Fisher’s 
exact tests for categorical variables. A 2-sided P < .05 indicates significance.
*Statistically significant.
Abbreviations: ACE, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass 
index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CMR, cardiac magnetic resonance; 
COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; LVEF, left ventricular ejection frac-
tion; NYHA, New York Heart Association; PAD, peripheral arterial disease; PCI, percutaneous coronary interven-
tion; P2Y12, P2Y12 inhibitor; VT, ventricular tachycardia.
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Procedure outcomes

A total of 163 ablation procedures were performed, with 
a median procedure time of 219.5 minutes (interquar-
tile range [IQR], 164–278 min). The median number of 
morphologies of VT that were ablated per procedure 
was 2 (IQR, 1–2). VT remained inducible at the end of 
the procedure in 35 of 163 cases (21.4%). Complications 
were reported in 23 of 163 cases (14.1%), including per-
icardial effusion/tamponade (5 cases, 2 with epicardial 
access for ablation); femoral access bleeding, fistulae, 
or pseudoaneurysm (5 cases); left bundle branch block 
(2 cases); complete heart block (2 cases); respiratory fail-
ure (2 cases); pericarditis (2 cases); stroke (1 case); and 
lower extremity embolus (1 case). There was 1 death due 
to tamponade.

Ventricular tachycardia recurrence and mortality 
outcomes

Patients were followed up with for a median of 625 days 
(IQR, 292–982 days). VT recurrence occurred in 97 of 163 
patients (60%) at a median of 44 days (IQR, 8–178 days), 
and 32 patients (20%) died post-ablation at a median of 
354 days (IQR, 136–807 days). Kaplan–Meier survival 
analysis showed no difference in mortality (P = .1191) or 
VT recurrence (P = .4345) between patients who did and 
did not undergo ischemia testing 30 days prior to ablation 
(Figure 2). Extending the analysis of ischemia testing to 
1 year prior to the ablation, the total number of patients 
who underwent testing within 1 year was 92 (56%). There 
was no difference between the group undergoing testing 
within 1 year and those who did not in terms of VT-free 
survival or mortality. There remained no significant dif-
ference in mortality or VT recurrence in patients under-
going ischemia testing after excluding the 6 patients who 
underwent coronary angiography during an epicardial 
ablation procedure. In addition, there was no difference in 

mortality (P = .8469) or VT recurrence (P = .3942) between 
patients who underwent revascularization prior to the 
ablation and those who did not.

Predictors of ventricular tachycardia recurrence

Multivariable Cox proportional hazards analysis iden-
tified four significant predictors of VT recurrence post- 
ablation (Table 2): (1) type of cardiomyopathy (for 
ischemic, HR, 2.03; 95% confidence interval [CI], 125–
3.30); (2) CMR pre-ablation (HR, 0.53; 95% CI, 0.29–0.98); 
(3) number of failed anti-arrhythmics (HR, 1.46 per drug; 
95% CI, 1.23–1.73); and (4) female sex (HR, 0.32; 95% CI, 
0.14–0.74). Ischemia testing pre-ablation was not a signif-
icant predictor of VT recurrence in univariable analysis 
(HR, 0.83; 95% CI, 0.53–1.32; (P = .4369) or when it was 
added to the multivariable model (Table 2).

Sub-analysis of ischemic cardiomyopathy patients

In the ischemic cohort of 107 patients with ischemic heart 
disease, 35 patients underwent ischemic testing and 
5 of the 35 patients underwent revascularization after 
ischemic testing. Of the initial 107 patients, 60 patients 
had VT recurrence and 24 patients died. There was no 
difference in mortality or VT recurrence between patients 
who had ischemic testing and those who underwent 
revascularization. Multivariate analysis predictors of VT 
recurrence were the number of anti-arrhythmics failed 
and improved outcomes for female patients (Table 3).

Discussion

Utility of ischemia testing

Ischemia testing prior to ablation was frequently per-
formed in our study (28%), but revascularization prior 

Figure 1: Study population flowchart. Ischemia testing was ordered in 46 of 163 patients within 30 days of ventricular tachycardia 
ablation. Of the 46 patients, 22 were found to have obstructive coronary artery disease, but only 5 received revascularization 
prior to ablation. Abbreviations: CAD, coronary artery disease; CT, computed tomography; MPI, myocardial perfusion imaging.
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Table 2: Multivariate Regression Analysis for Ventricular Tachycardia Recurrence

Variable Hazard Ratio 95% Confidence Limits p-value
Cardiomyopathy (nonischemic vs. ischemic) 2.14 1.31–3.47 0.002

CMR pre-ablation 0.52 0.28–0.96 0.04

Number of failed antiarrhythmics (per drug) 1.49 1.25–1.77 < 0.0001

Female sex 0.32 0.14–0.74 0.007

Ischemia testing 0.99 0.59–1.64 0.96

This table presents the significant predictors (defined as P < .05) of VT recurrence on 
 multivariable Cox regression analysis, with ischemia testing added to the model.
Abbreviations: CMR, cardiac magnetic resonance; VT, ventricular tachycardia.

Table 3: Multivariate Regression Analysis for Ventricular Tachycardia Recurrence in Ischemic 
Cardiomyopathy Cohort Sub-analysis

Variable Hazard Ratio 95% Confidence Limits P-value
Number of failed antiarrhythmics (per drug) 1.64 1.32–2.02 < 0.0001

Female sex 0.20 1.17–21.06 0.02

Figure 2: Impact of ischemia testing prior to ventricular tachycardia (VT) ablation on post-ablation outcomes. Kaplan–Meier 
curves compare pre- ablation ischemia evaluation (defined as within 30 days of the procedure) versus no ischemia testing for 
(A) VT-free survival and (B) mortality. There was no difference between the groups for VT-free survival (P = .4345) or mortality 
(P = .1191). Extending the ischemia evaluation to within one year of VT ablation, Kaplan–Meier curves compare pre-ablation 
ischemia testing versus no testing for (C) VT-free survival and (D) mortality. There was no difference between the groups for 
VT-free survival (P = .8132) or mortality (P = .1582).

to ablation was rarely needed (11% of the subgroup of 
patients undergoing ischemia testing). Furthermore, 
neither ischemia testing nor revascularization was asso-
ciated with different post-ablation outcomes of VT 

recurrence or mortality. This relates to the mechanism 
of SMVT in patients with structural heart disease, which 
can be caused by scar-related reentry and is not driven 
by active ischemia.9 Our findings support the idea that 
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clinicians caring for patients with SMVT should continue 
to individualize the decision of ischemic evaluation prior 
to VT ablation.

Prior studies have examined the role of ischemia test-
ing and revascularization in patients with SMVT. Cuk 
et al. studied 54 patients with CAD who presented with 
an initial episode of SMVT; of these, 20 patients (37%) 
underwent revascularization, and the authors found that 
revascularization had no effect on VT recurrence or mor-
tality at 1 year.10 Elsokkari et al. evaluated patients with 
ischemic cardiomyopathy and VT and found that prior 
revascularization was not associated with improvement 
in mortality or VT recurrence.11 However, there have 
been case reports of incessant SMVT resolving with 
revascularization.12 Furthermore, Brugada et al. eval-
uated patients with a history of myocardial infarction, 
ventricular arrhythmias not related to acute ischemia, 
and coronary lesions needing revascularization. These 
patients underwent an electrophysiology study both 
before and after revascularization, and the authors 
found that a small subset of patients (5/53 patients) 
who had inducible VT prior to revascularization were 
no longer inducible after revascularization.13 These find-
ings suggest that, while the majority of patients would 
not benefit from revascularization to treat SMVT, there 
may be a subset who would benefit. Further research is 
needed to determine how to identify those patients who 
would benefit from revascularization.

While ischemia is not the cause of SMVT, assessment 
of the potential for ischemia is undoubtedly warranted 
prior to catheter ablation procedures in some patients. 
Patients are at risk for demand ischemia from induction 
of VT that is commonly performed during the proce-
dure. Hemodynamic instability can occur, increasing 
patient mortality.14 However, our data suggest that 
significant CAD requiring revascularization pre-abla-
tion is infrequent in this population, as only 5 of the 46 
patients (11%) undergoing ischemia testing underwent 
revascularization. Our findings support an approach 
to ischemic testing pre-ablation similar to that for pre-
operative evaluations for noncardiac surgery where, 
in the absence of symptoms suggestive of ischemia in 
a patient with adequate functional capacity, ischemia 
testing is not mandatory. However, a randomized trial 
would be required to assess the procedural impact of 
ischemia evaluation.

Predictors of ventricular tachycardia recurrence

The significant predictors of VT recurrence following 
ablation in our study were (1) number of failed anti- 
arrhythmic drugs, (2) type of cardiomyopathy, (3) sex, 
and (4) pre-ablation CMR. Failure of multiple anti- 
arrhythmic drugs has been associated with increased 
rates of VT recurrence post-ablation, as it often indicates 
more advanced structural heart disease with a refractory 
arrhythmia substrate.15 Type of cardiomyopathy is also 
a known predictor of ablation success, as patients with 
non-ischemic cardiomyopathy have been found to have 

worse outcomes, likely owing to mid-myocardial or epi-
cardial substrates, which are challenging to target.16

Female sex was associated with improved outcomes on 
our multivariable analysis. In a large retrospective study, 
Frankel et al. noted increased VT recurrence following 
ablation in women, which they postulated could be due 
to differences in referral pattern, arrhythmia substrate, 
or treatment following ablation.17 In our study, while 
the small sample size precludes definitive conclusions, 
better outcomes in women may be due to earlier referral 
and intervention, as women were less likely than men 
to have an ICD (70% vs. 94%, P = .0003), less likely to 
present with VT storm (5% vs. 26%, P = .0464), and had 
a higher ejection fraction (41% ± 15% vs. 29% ± 13%, 
P = .0003).

CMR pre-ablation was associated with an improvement 
in ablation outcomes in our study. This may be due to 
the use of late gadolinium enhancement imaging for 
the detection of myocardial scar,18 which can facilitate 
preprocedural planning of VT ablation. Given that VT 
ablation procedures are generally performed in patients 
with compromised cardiac function, and the procedure 
involves induction of VT, efficient targeting can improve 
procedure efficiency and outcomes with a reduction in 
periprocedural complications. CMR guidance for VT 
ablation has been shown to result in improved outcomes. 
Andreu et al. studied 159 patients undergoing CMR-
guided versus standard ablation and found that the 
CMR-guided group had a significantly lower rate of VT 
recurrence (HR, 0.48; 95% CI, 0.24–0.96; P = .037),19 simi-
lar to our findings (HR, 0.53; 95% CI, 0.29–0.98).

Study limitations

This study has several limitations. First, it is retrospective 
and therefore only hypothesis-generating. Only patients 
who underwent VT ablation were identified for inclu-
sion, and likely there were some patients with SMVT 
who underwent ischemia evaluation and did not receive 
ablation. However, these patients are difficult to iden-
tify retrospectively. Additionally, the cause of death can-
not be conclusively ascertained. Further, the recurrence 
rate of VT observed in this study is higher compared to 
recent reports.2 It is possible that inclusion of patients 
with non-ischemic cardiomyopathy and repeat ablations 
in this study may account at least in part for the higher 
recurrence observed.

In addition, VT recurrence depends on several factors, 
including but not limited to the timing of ablation, uni-
form use of procedural technique and endpoints, pro-
gramming strategies for VT detection, and the use of 
novel pharmacologic agents like sacubitril not routinely 
available during this study.20–22 However, we believe that 
the strength of the study is the real-life variability, which 
is reflective of everyday practice.

To fully characterize the impact of ischemia testing on 
patients with SMVT, a prospective trial randomizing all 
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patients presenting with SMVT to ischemia testing versus 
no testing would be needed.

Conclusion

In this 2-center retrospective analysis of 163 patients 
undergoing ablation for SMVT, ischemia testing was fre-
quently ordered prior to ablation but infrequently led to 
revascularization. Neither ischemia testing nor revascu-
larization was associated with outcomes of mortality or 
VT recurrence. These results suggest that ischemia test-
ing should be individualized pre-ablation, and further 
research is needed to improve preprocedural evaluation. 
In particular, prospective randomized trials are desirable 
to further assess the utility of ischemia testing prior to 
SMVT ablation.

References
1. Al-Khatib SM, Stevenson WG, Ackerman MJ, et al. 2017 

AHA/ACC/HRS guideline for management of patients with 
ventricular arrhythmias and the prevention of sudden car-
diac death: a report of the American College of Cardiology/
American Heart Association task force on clinical practice 
guidelines and the Heart Rhythm Society. J Am Coll Cardiol. 
2018;72(14):e91–e220.

2. AbdelWahab A, Sapp J. Ventricular tachycardia with ICD 
shocks: when to medicate and when to ablate. Curr Cardiol. 
2017;19(11):1–10.

3. Sapp JL, Wells GA, Parkash R, et al. Ventricular tachycardia 
ablation versus escalation of antiarrhythmic drugs. N Engl J 
Med. 2016;375(2):111–121.

4. Reddy VY, Reynolds MR, Neuzil P, et al. Prophylactic catheter 
ablation for the prevention of defibrillator therapy. N Engl J 
Med. 2007;357(26):2657–2665.

5. Kuck KH, Schaumann A, Eckardt L, et al. Catheter abla-
tion of stable ventricular tachycardia before defibrilla-
tor implantation in patients with coronary heart disease 
(VTACH): a multicentre randomised controlled trial. Lancet. 
2010;375(9708):31–40.

6. Tseng Z, Olgin J, Vittinghoff E, et al. Prospective countywide 
surveillance and autopsy characterization of sudden cardiac 
death: post scd study. Circulation. 2018;137(25):2689–2700.

7. Shivkumar K. Catheter ablation of ventricular arrhythmias. N 
Engl J Med. 2019;380(16):1555–1564.

8. Soowamber ML, Granton JT, Bavaghar-Zaeimi F, Johnson SR. 
Online obituaries are a reliable and valid source of mortality 
data. J Clin Epidemiol. 2016;79:167–168.

9. Dukkipati SR, Koruth JS, Choudry S, Miller MA, Whang W, 
Reddy VY. Catheter ablation of ventricular tachycardia 
in structural heart disease: indications, strategies, and 
 outcomes—part II. J Am Coll Cardiol. 2017;70(23):2924–2941.

10. Cuk N, Leuchter MK, Do D, Boyle N, Bradfield J. 
Revascularization for monomorphic ventricular tachycardia 
is frequently performed but does not prevent recurrence or 
death. J Am Coll Cardiol. 2019;BV 73(9 Suppl 1):459.

11. Elsokkari I, Parkash R, Gray CJ, et al. Effect of coronary 
revascularization on long-term clinical outcomes in patients 
with ischemic cardiomyopathy and recurrent ventricular 
arrhythmia. Pacing Clin Electrophysiol. 2018;41(7):775–779.

12. Sanz Salvo J, Arribas F, López Gil M, Dalmau R, García 
Tejada J, Jiménez Valero S. Incessant ventricular tachycardia 
as a manifestation of myocardial ischemia. Rev Esp Cardiol. 
2002;55(2):193–199.

13. Brugada J, Aguinaga L, Mont L, Betriu A, Mulet J, Sanz G. 
Coronary artery revascularization in patients with sustained 
ventricular arrhythmias in the chronic phase of a myocar-
dial infarction: effects on the electrophysiologic substrate 
and outcome. J Am Coll Cardiol. 2001;37(2):529–533.

14. Turagam MK, Vuddanda V, Atkins D, et al. Hemodynamic 
support in ventricular tachycardia ablation: an international 
VT ablation center collaborative group study. JACC Clin 
Electrophysiol. 2017;3(13):1534–1543.

15. Romero J, Stevenson WG, Fujii A, et al. Impact of number 
of oral antiarrhythmic drug failures before referral on out-
comes following catheter ablation of ventricular tachycar-
dia. JACC Clin Electrophysiol. 2018;4(6):810–819.

16. Dinov B, Fiedler L, Schönbauer R, et al. Outcomes in cath-
eter ablation of ventricular tachycardia in dilated nonis-
chemic cardiomyopathy compared with ischemic cardiomy-
opathy: results from the prospective heart centre of leipzig 
vt (help-vt) study. Circulation. 2014. 129(7):728–736.

17. Frankel DS, Tung R, Santangeli P, et al. Sex and catheter 
ablation for ventricular tachycardia: an international ven-
tricular tachycardia ablation center collaborative group 
study. JAMA Cardiol. 2016;1(8):938–944.

18. Wagner A, Mahrholdt H, Holly TA, et al. Contrast-enhanced 
MRI and routine single photon emission computed tomog-
raphy (SPECT) perfusion imaging for detection of suben-
docardial myocardial infarcts: an imaging study. Lancet. 
2003;361(9355):374–379.

19. Andreu D, Penela D, Acosta J, et al. Cardiac magnetic res-
onance–aided scar dechanneling: influence on acute and 
long-term outcomes. Heart Rhythm. 2017;14(8):1121–1128.

20. Martens P, Nuyens D, Rivero-Ayerza M, et al. Sacubitril/val-
sartan reduces ventricular arrhythmias in parallel with left 
ventricular reverse remodeling in heart failure with reduced 
ejection fraction. Clin Res Cardiol. 2019;108(10):1074–1082.

21. Oloriz T, Baratto F, Trevisi N, et al. Defining the outcome 
of ventricular tachycardia ablation: timing and value 
of programmed ventricular stimulation. Circ Arrhythm 
Electrophysiol. 2018;11(3):e005602.

22. Nagashima K, Choi E, Tedrow U, et al. Correlates and prog-
nosis of early recurrence after catheter ablation for ventricu-
lar tachycardia due to structural heart disease. Circ Arrhythm 
Electrophysiol. 2014;7(5):883–888.

N. Mehta, C. Schumann, G. Davogustto, et al.

4914 The Journal of Innovations in Cardiac Rhythm Management, March 2022


