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Percutaneous Left Ventricular Assist Devices in Ventricular 
Tachycardia Ablation:
Multicenter Experience
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Srijoy Mahapatra, MD, Vijay Swarup, MD, Luigi Di Biase, MD, PhD, Sudharani Bommana, 
MS, Donita Atkins, BS, Roderick Tung, MD, Kalyanam Shivkumar, MD, PhD, J. David 
Burkhardt, MD, Jeremy Ruskin, MD, Andrea Natale, MD, and Dhanunjaya Lakkireddy, MD
Division of Cardiovascular Diseases, Cardiovascular Research Institute, University of Kansas 
Hospital and Medical Center, Kansas City, KS (Y.M.R., S.B., D.A., D.L.); Division of Cardiology, 
New York University School of Medicine, New York, NY (L.C.); Division of Cardiology, 
Massachusetts General Hospital, Boston, MA (M.M., J.R.); Intermountain Heart Institute, Salt 
Lake City, UT (T.J.B.); St. Jude Medical, St. Paul, MN (S.M.); Arizona Heart Rhythm Center, 
Phoenix, AZ (V.S.); Texas Cardiac Arrhythmia Institute, Austin, TX (L.D.B., J.D.B., A.N.); and 
Division of Cardiology, UCLA Medical Center, Los Angeles, CA (R.T., K.S.)

Abstract

Background—Data on relative safety, efficacy, and role of different percutaneous left 

ventricular assist devices for hemodynamic support during the ventricular tachycardia (VT) 

ablation procedure are limited.

Methods and Results—We performed a multicenter, observational study from a prospective 

registry including all consecutive patients (N=66) undergoing VT ablation with a percutaneous left 

ventricular assist devices in 6 centers in the United States. Patients with intra-aortic balloon pump 

(IABP group; N=22) were compared with patients with either an Impella or a TandemHeart device 

(non-IABP group; N=44). There were no significant differences in the baseline characteristics 

between both the groups. In non-IABP group (1) more patients could undergo entrainment/

activation mapping (82% versus 59%; P=0.046), (2) more number of unstable VTs could be 

mapped and ablated per patient (1.05±0.78 versus 0.32±0.48; P<0.001), (3) more number of VTs 

could be terminated by ablation (1.59±1.0 versus 0.91±0.81; P=0.007), and (4) fewer VTs were 

terminated with rescue shocks (1.9±2.2 versus 3.0±1.5; P=0.049) when compared with IABP 

group. Complications of the procedure trended to be more in the non-IABP group when compared 

with those in the IABP group (32% versus 14%; P=0.143). Intermediate term outcomes (mortality 

and VT recurrence) during 12±5-month follow-up were not different between both groups. Left 
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ventricular ejection fraction ≤15% was a strong and independent predictor of in-hospital mortality 

(53% versus 4%; P<0.001).

Conclusions—Impella and TandemHeart use in VT ablation facilitates extensive activation 

mapping of several unstable VTs and requires fewer rescue shocks during the procedure when 

compared with using IABP.

Keywords

catheter ablation; intra-aortic balloon pumping; tachycardia; ventricular

Radiofrequency catheter ablation of ventricular tachycardia (VT) is indicated and often 

necessary in patients with structurally abnormal hearts and drug refractory, recurrent VT 

resulting in multiple implantable cardiac defibrillator (ICD) shocks.1 Comprehensive 

evaluation of VT in the electrophysiology laboratory ideally comprises activation and 

entrainment mapping in addition to substrate mapping. This enables us to define the VT 

circuit, identify the isthmus of the circuit, and perform ablation during VT, which provides 

an immediate end point of efficacy. An ablation approach comprising VT induction also 

assures targeting the clinical arrhythmia(s) and limits unnecessary ablation potentially 

decreasing procedure complications while maintaining efficacy. Unfortunately, 50% to 80% 

of the patients with structural heart disease referred for VT ablation have unstable VT.2,3

Catheter ablation in patients with unstable VT is primarily performed with substrate and 

pace mapping techniques. As such, extensive ablation for substrate modification is often 

required because complete delineation of the VT(s) circuits’ cannot be performed. Extensive 

ablation can affect subsequent cardiac function, requires extensive catheter manipulation, 

and if the linear ablation is not complete may facilitate novel macroreentrant arrhythmias. 

Complicating the peri-procedural management of unstable VT(s), patients are often referred 

for ablation in the setting of frequent VT shocks and VT storm. Patients that present in this 

manner often have a more acutely decompensated hemodynamic status.

In patients with unstable VT(s), options are available for peri-procedural blood pressure 

support.4 Few centers use intra-aortic balloon pump (IABP) routinely for hemodynamic 

support during unstable VT ablation, although some limited data suggest that IABP support 

may not be adequate when compared with other newer percutaneous left ventricular assist 

devices (pLVADs).5 Alternatives, with more pressure support, are newer pLVADs; 

however, large prospective studies are lacking.5–8 We intended to evaluate the relative 

safety and efficacy of using IABP versus non-IABP (Impella or TandemHeart) for unstable 

VT ablation in a multicenter study.

Methods

We report findings from a multicenter, prospective registry including all consecutive 

patients who underwent VT ablation with a pLVAD in 6 participating centers across United 

States between March 2006 and December 2011. The study was approved by the 

institutional review board at each of the participating centers. VT ablation was indicated for 

recurrent ICD therapies, despite being on antiarrhythmic medications in all patients. A 
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pLVAD was implanted prophylactically for VT ablation at the discretion of the operator. 

Patients who underwent pLVAD for cardiogenic shock but later on underwent VT ablation 

were excluded. The pLVADs used were (1) IABP (Arrow International Inc, Reading, PA; 

Datascope, Montvale, NJ; Abiomed Inc, Danvers, MA); (2) Impella microcirculatory axial 

blood flow pump (Abiomed Inc, Danvers, MA); and (3) TandemHeart (Cardiac Assist, Inc, 

Pittsburg, PA). The choice of the device was at the physician’s discretion. See Table I in the 

Data Supplement for distribution of the device use across the centers.

pLVAD Placement

A total of 66 patients underwent VT ablation during the study period with one of the above 

pLVADs of which, IABP, Impella, and TandemHeart devices were implanted in 22 (33%), 

25 (38%), and 19 (29%) patients, respectively. Eight receiving TandemHeart and included in 

this study were part of a previously published series.6 All the pLVADs were placed in the 

electrophysiology laboratory by the operating electrophysiology or an interventional 

cardiologist using standard techniques as described elsewhere, before the placement of 

diagnostic catheters.4,9,10 See Data Supplement and Figures 1 to 3 for implantation details. 

Low left ventricular ejection faction (LVEF) was defined as LVEF ≤15%. All procedures 

were performed under general anesthesia and continuous intra-arterial blood pressure 

monitoring was performed throughout the procedure.

All patients were anticoagulated with unfractionated heparin to maintain an activated 

clotting time >300 seconds just before or immediately after the transseptal puncture 

(TandemHeart) or placement of the arterial sheath (in case of IABP and Impella). The 

arteriotomies in patients with Impella and TandemHeart devices were closed using a double 

Perclose technique, and prolonged manual compression was used for IABP patients.

Mapping and Ablation Procedure

After placement of diagnostic catheters at standard locations (right ventricular apex, 

coronary sinus, His bundle, and high right atrium in some cases), transseptal puncture with 

Brockenbrough needle and Mullin’s sheath was performed under intracardiac 

echocardiography guidance in patients with IABP and Impella, whereas a retrograde LV 

access was obtained in patients with TandemHeart. A few patients underwent additional 

pericardial access using standard techniques as described elsewhere.11 Mean arterial 

pressures were obtained from the continuous blood pressure monitoring at the start of the 

procedure. Electroanatomic mapping was performed with CARTO or EnSite mapping 

systems. Remote magnetic navigation system (Stereotaxis Inc, St. Louis, MO) was also used 

in some cases at the discretion of the operator. Mapping and ablation were performed with 

ThermoCool (or ThermoCool RMT in case of Stereotaxis) 3.5-mm externally irrigated 

catheter (Biosense Webster, Inc, Diamond Bar, CA). All patients underwent dense substrate/

scar mapping using standard definitions of scar: <0.5 mV of bipolar local electrogram 

designated as scar and the same between 0.5 and 1.5 mV designated as border zone.

In all patients VT was induced and attempts were made to perform activation and 

entrainment mapping if possible. VT was terminated prematurely if the mean arterial blood 

pressure was dropping <45 mm Hg. In patients in whom activation map could be obtained, 
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entrainment mapping was performed when possible and the optimal site of ablation was 

identified and targeted with the intention to terminate VT with ablation. Patients in whom 

VT could not be tolerated in spite of maximal circulatory support, pace mapping with local 

electrogram characteristics during sinus/paced rhythm was used to identify optimal sites of 

ablation. Initial goal of the ablation was to make the clinical VT noninducible. Further 

attempts to target easily inducible, nonclinical VTs with substrate or activation mapping 

were made by the operators at their discretion.

Data Collection and Follow-Up

Data were collected prospectively, as a part of a multicenter registry, at each of the 

participating centers. Baseline characteristics, medication use, ICD therapies, procedural 

variables, and short-term and long-term outcomes were collected. Patients were followed up 

as per the standard of practice. Repeat VT ablation procedures were performed in a few 

patients when deemed necessary. In cases of death, the reason for death was also recorded 

when available.

Statistical Analysis

Based on previous studies and our experience with the degree of circulatory support 

obtained with each of the devices, we divided the population into 2 groups: IABP and non-

IABP groups. The non-IABP group included patients with either an Impella or a 

TandemHeart device. Univariate analyses were performed using χ2 test with Fisher exact 

test wherever required for categorical variables and ANOVA or Wilcoxon Mann–Whitney 

rank test for continuous variables. We also assessed the predictors of in-hospital and long-

term mortality using univariate and multivariate analyses. Cox-regression analysis was used 

after selecting 3 predictors, which were significant in the univariate analyses with the least P 

value. A 2-tailed P value of <0.05 was considered statistically significant. All analyses were 

performed with SPSS version 19.0 for Windows (SPSS, Inc, Chicago, IL).

Results

Baseline Characteristics

All 66 patients who underwent VT ablation during the study period with a pLVAD in one of 

our participating centers during the study period are included in current study. Of these 

IABP, Impella and TandemHeart devices were implanted in 22 (33%), 25 (38%), and 19 

(29%) patients, respectively (Table 1; Table II in the Data Supplement). Mean age of the 

study population was 67±12 years with 94% men, and 70% having ischemic 

cardiomyopathy with no significant differences between both the groups. Mean LVEF was 

28±12% with no significant difference between both the groups. The primary reason for 

implantation of pLVAD was also not significantly different across both the groups. In 17 

(26%) patients pLVAD was implanted for borderline hemodynamic status at baseline. In the 

remaining patients, it was implanted either for unstable VT (31; 48%) or for low LVEF (17; 

26%). There were no significant differences between the comorbidities, medication use, 

proportion with prior VT ablation, mean number of ICD shocks, ATP therapies, and 

antiarrhythmics failed between both the groups.
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Procedural Characteristics

Ten (16%) patients underwent epicardial ablation in addition to the endocardial ablation 

with no significant differences across both the groups (Table 2). One patient with 

TandemHeart with significant aortic valvular disease underwent only epicardial ablation. 

CARTO mapping system was used in 46 (70%) of the patients with no significant difference 

between both the groups. Stereotaxis was much less likely used in patients with Impella or 

TandemHeart when compared with patients with IABP (5% versus 36%; P=0.002).

Mean number of VTs induced and ablated per patient in the entire cohort was 3.17±1.8 and 

2.20±1.2, respectively, with no significant differences between both the groups. More 

patients in the non-IABP group could undergo entrainment/activation mapping when 

compared with those in the IABP group (59% versus 82%; P=0.046). The number of 

unstable VTs mapped and ablated per patient was more in non-IABP group compared with 

the IABP group (0.32±0.48 versus 1.05±0.78; P<0.001). The number of VTs terminated by 

ablation was more in the non-IABP group compared with that in the IABP group (0.91±0.81 

versus 1.59±1.01 per patient; P=0.007). IABP group needed more rescue shocks per patient 

when compared with the non-IABP group (3.0±1.5 versus 1.9±2.2; P=0.049) to terminate 

unstable VT during the procedure. The lower rescue shock rate in the non-IABP group was 

primarily driven by the lower shock rate in the Impella group (1.6±2.8 per patient). There 

were no differences in the fluoroscopy time, ablation time, and the procedural time between 

both the groups.

Complications and Outcomes

Acute procedural success as defined by the noninducibility of clinical VT was achieved in 

58 (88%) patients with no difference between both the groups (Table 3). Mean duration of 

stay in the hospital was 8±6 days with no significant difference between both the groups. 

The mean duration of postprocedural pLVAD support was 4±12 hours (range, 2–36 hours). 

At the time of discharge, 43 of 55 patients (78%) were on antiarrhythmics with no 

significant difference between both the groups (15; 88% in IABP versus 28; 74% in non-

IABP; P=0.227).

Major complications included pericardial tamponade/effusion requiring drainage, vascular 

complications requiring intervention, stroke, and intraprocedural death. Seventeen (26%) 

patients had ≥1 major complication during the hospitalization. There were numerically more 

complications in the non-IABP group when compared with those in the IABP group (32% 

versus 14%; P=0.143); however, it did not reach statistical significance.(Table 3) In-hospital 

death occurred in 11 (17%) patients with no significant difference between both the groups. 

Of the patients who died in the hospital, 9 (14%) patients had LVEF ≤15%. Patients with 

LVEF ≤15% were much more likely to die in the hospital compared with those with LVEF 

>15% (53% versus 4%; P<0.001). The only independent predictor of in-hospital mortality 

was low LVEF (P=0.003).

After a mean follow-up of 12±5 months, 29 (45%) patients had ≥1 VT recurrence, and 

repeat VT ablation was performed in 14 (21%) patients. Among the patients with recurrence, 

the mean time to recurrence was 19±22 days in the IABP group versus 25±45 days in the 
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non-IABP group (P=0.703). During the follow-up time, 20 (30%) patients died. There were 

no significant differences in mortality or VT recurrence between both the groups. The 

predictors of mortality are shown in Table 4. The only independent predictors of long-term 

mortality were presence of cardiac resynchronization therapy (odds ratio, 13; P=0.028) and 

intensive care unit status at the time of VT ablation (odds ratio, 21; P=0.023).

Discussion

This is the largest study to date reporting the role of pLVADs in VT ablation. In our 

multicenter, observational study, we found that when compared with IABP, the use of 

TandemHeart or Impella for hemodynamic support during VT ablation is associated with (1) 

performing activation/entrainment mapping of more number of VTs, (2) successful mapping 

and ablation of a higher number of unstable VTs, (3) terminating VT with ablation possible 

in more patients, and (4) having fewer rescue shocks to terminate VT. However, this does 

not translate into improved success rate, either short or long term. Low LVEF is an 

independent predictor of in-hospital mortality.

Of note, there are no data supporting the superiority of activation/entrainment mapping over 

substrate mapping. Activation mapping is probably a more desirable method by many 

electrophysiologists. It enables to accurately define the VT circuit, identify the critical 

isthmus, and perform limited ablation to terminate VT. Unfortunately, the majority of 

patients have ≥1 hemodynamically unstable VT, making it difficult to perform activation 

mapping.2,3,7 In addition, VT ablation in the setting of ICD storms is often a challenge 

because of more unstable nature of such patients. In such patients, pLVADs is increasingly 

used in many centers for hemodynamic support during VT ablation.

Few studies have evaluated the safety and efficacy of pLVADs in supporting unstable VT 

ablation procedures.5–8,12,13 In the first reported case of VT ablation with a pLVAD, 

Friedman et al13 used the TandemHeart to perform successful endocardial and epicardial 

mapping and ablation of a previously unstable VT. Recently, the use of an Impella for 

hemodynamic support of unstable VT ablations was first reported in a case series by 

Abuissa et al.8 In this case series, they successfully performed activation and entrainment 

mapping of unstable VTs in all 3 patients and terminated VT during ablation in 1 patient. 

Carbucicchio et al7 reported the largest series to date on the use of pLVADs in VT ablation. 

They reported their experience with percutaneous complete cardiopulmonary support in 19 

patients with severely depressed LVEF and recurrent unstable VTs.

More recently, Miller et al5 reported a prospective, observational study evaluating the role of 

pLVADs in unstable VT ablation. Of the 23 procedures included in the study, Impella was 

used in 10, IABP was used in 6, and the remaining 7 did not have a mechanical support 

device during VT ablation. Patients with Impella could be maintained in VT for longer time 

enabling more activation and entrainment mapping when compared with those without an 

Impella. Also, more VTs could be terminated with ablation and fewer rescue shocks were 

needed in the Impella group when compared with those without an Impella. The outcomes 

of ablation did not differ between both the groups. Our findings are largely in line with their 

study findings. We recently reported a retrospective, matched, observational study 
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comparing 13 patients undergoing TandemHeart-assisted VT ablation with 18 matched 

patients undergoing conventional substrate-map–based ablation for unstable VT. Despite 

having a higher intraprocedural burden of VT in patients with pLVAD, the immediate and 

long-term success rates did not differ between both groups.6

More entrainment mapping and better targeting of VT did not translate to better long-term 

success. This potentially could be a reflection of sicker patients receiving pLVADs. 

However, in this series and an earlier one by Bunch et al,6 there was no difference in the 

baseline characteristics between the groups. Alternatively, it is possible that substrate 

ablation alone may be equal (or even superior) to the use of entrainment mapping. Substrate 

mapping in sinus rhythm has been validated in multiple small trials and is the basis for a 

completed Federal Drug Administration approval for VT ablation. Also, in our study, the 

radiofrequency ablation time did not differ between both the groups, despite more activation 

mapping in the non-pLVAD group. This is likely because of the additional substrate 

modification performed in many patients after the initial activation mapping and ablation. 

Future, larger trials are needed to determine whether adding activation and entrainment 

mapping to substrate mapping is helpful.

Procedural complexity and complication rate should be taken into account while considering 

pLVAD for supporting VT ablation. Seventeen (26%) of our patients had ≥1 major 

complication. This is probably also a reflection of the multiple comorbidities in our cohort. 

In accordance with a previous multicenter study, poor LVEF was an independent and a 

powerful predictor of in-hospital mortality.14 Unfortunately, outcomes after VT ablation 

remain suboptimal. In our high-risk population, the recurrence of VT (46% at 12-month 

follow-up) is similar to previously published rate in a large multicenter study.14 Considering 

the higher complication rate, the cost of pLVAD implantation and intermediate success 

rates, careful and thorough risk–benefit assessment should be performed, especially in 

patients with low LVEF.

Limitations

The biggest limitation to our study is the relatively small patient population and its 

observational nature. Another limitation is that the selection of the pLVAD and the ablation 

techniques were primarily operator dependent. The LVEF assessment was made just before 

the procedure and may be a reflection of acute impairment because of recurrent ICD shocks 

or some other precipitating acute event. However, it is still a useful and easily available 

predictor of mortality. Termination of VT was based on the arterial blood pressure 

monitoring, and cerebral oximetry or transcranial Doppler was not used for determining the 

hemodynamic instability. Access to the LV was primarily driven by the type of pLVAD 

used and might have potentially affected the results of the procedures. Despite the above 

limitations, it is the largest study to date on the use of pLVAD during VT ablation and does 

lay a foundation for a large prospective study to identify patient populations who would 

benefit the most from these devices.
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Conclusions

In the largest study to date of pLVAD use in VT ablation, we found that patients who 

underwent Impella or TandemHeart implantation had more number of unstable VTs ablated, 

more number of activation/entrainment mapping of VTs, more number of VTs terminated 

with ablation, and needed fewer rescue shocks when compared with those who underwent 

IABP implantation. However, this did not translate to improved long- term freedom from 

VT. Low LVEF is an independent and powerful predictor of in-hospital mortality after VT 

ablation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL PERSPECTIVE

Ventricular tachycardia (VT) ablation in patients with hemodynamically unstable VT is 

challenging. One of the well-accepted strategies of VT ablation requires detailed 

activation mapping during VT. Hemodynamic stability during these procedures, 

independent of whether the patient is in VT or not, can be challenging because of the 

prolonged procedural times, general anesthesia, and coexisting severe impairment of left 

ventricular function. Percutaneous left ventricular assist devices during these procedures 

can aid in improving hemodynamic status, sustaining VT for longer durations for more 

accurate mapping, terminating VT with ablation, and minimizing rescue defibrillation 

shocks. Nevertheless, the use of percutaneous left ventricular assist devices during VT 

ablation does not improve the success of the procedure (VT recurrence and mortality). 

The risk and cost of percutaneous left ventricular assist device implantation should be 

taken into consideration while choosing the most appropriate VT ablation candidates who 

would benefit from it.
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Figure 1. 
Patient with an intra-aortic balloon pump (IABP) in place undergoing ventricular 

tachycardia ablation with Stereotaxis remote navigation system. A left anterior oblique view 

of the chest with the IABP balloon in the descending aorta. ICD indicates implantable 

cardiac defibrillator; ICE, intracardiac echocardiography; LV, left ventricle; RMT, remote 

magnetic technology; RV, right ventricle; and RVA, right ventricular apex.
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Figure 2. 
Patient with an Impella in place undergoing ventricular tachycardia ablation with Stereotaxis 

remote navigation system. ICD indicates implantable cardiac defibrillator; ICE, intracardiac 

echocardiography; LV, left ventricle; RMT, remote navigation technology; and RV, right 

ventricle.
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Figure 3. 
Patient with a TandemHeart device in place. A, Is a right anterior oblique fluoroscopic 

imaged with the intake cannula (labeled with arrows) inserted into the left atrium. B, Is an 

image of the corresponded transesophageal echocardiogram image with the intake cannula 

inserted in the left atrium and labeled for reference. CS indicates coronary sinus; and RV, 

right ventricle.
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