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Aims Catheter ablation of ventricular tachycardia (VT) can be limited by haemodynamic instability. In these cases, sub-
strate-based ablation is typically performed. An alternative is to perform activation and entrainment mapping
during VT supported by a percutaneous left ventricular assist device (pVAD). We sought to compare the complica-
tion and success rates of pVAD-assisted VT ablation with scar-based techniques.

Methods
and results

Thirteen consecutive patients with haemodynamically unstable VT underwent pVAD-assisted ablation (pVAD group)
and were retrospectively compared with 18-matched patients undergoing a substrate-based VT ablation (non-pVAD
group). There was no significant difference in age or ejection fraction between the groups although pVAD patients
tended to have more shocks in the preceding months. Procedure times were longer for the pVAD group. The
number of monomorphic VTs induced was greater in the pVAD group (3.2 vs. 1.6, P ¼ 0.04); however, after ablation,
there was no difference in inducibility between the pVAD and non-pVAD group (10 of 13 vs. 12 of 18; 77 vs. 67%,
P ¼ 0.69). There was no difference in acute complications including stroke or death. At 9+3 months, 1-year
freedom from implantable cardioverter-defibrillator (ICD) shocks/therapies for sustained VT were similar
(P ¼ 0.96). In multivariable analysis, the absence of atrial fibrillation (hazard ratio¼0.15, P ¼ 0.04) was associated
with a lower incidence of ICD shocks.

Conclusions In high-risk patients, pVAD-assisted VT ablation guided by activation and entrainment mapping is a feasible alternative
to substrate mapping and allows outcomes comparable to substrate mapping.
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Introduction
Percutaneous catheter ablation of ventricular tachycardia (VT) is
increasingly performed in patients with implantable cardioverter-
defibrillator (ICD) shocks.1 –3 Procedure results are suboptimal
in part because VT is haemodynamically intolerable in 50–90%.
This limits detailed activation and entrainment mapping.4,5 In
these cases, substrate- and pace-mapping techniques are typically

used to identify potential ablation targets in sinus rhythm.6 –11

While such approaches are effective, these techniques require
extensive scar mapping and ablation.

An alternative strategy is activation mapping during VT while
maintaining perfusion with a mechanical circulatory support
device. Such support devices include the intra-aortic balloon
pump, cardiopulmonary support (CPS) with bypass pump, and
percutaneous ventricular assist devices (pVADs) such as the

* Corresponding author. St Jude Medical AF Division, One St Jude Medical Place, St Paul, MN 55117, USA. Tel: +1 507 250 0136. Email: srijoysm@gmail.com

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2011. For permissions please email: journals.permissions@oup.com.

Europace (2012) 14, 709–714
doi:10.1093/europace/eur347



TandemHeartTM (Cardiac Assist, Inc., Pittsburg, PA, USA) and
ImpellaTM microcirculatory axial blood flow pump (Abiomed Inc.,
Danvers, MA, USA). Several small case series have reported abla-
tion outcomes with such devices that establish the technique feasi-
bility.12–15

However, no study has compared outcomes of pVAD-assisted
activation mapping to substrate mapping alone in patients with
haemodynamically intolerable VT. To this aim, we sought to
compare the efficacy and safety of TandemHeart-assisted VT abla-
tion to scar-based ablation alone in a consecutive series of patients
with haemodynamically unstable VT who had failed medical
therapy.

Methods
All 13 consecutive patients with drug refractory, haemodynamically
unstable VT resulting in ICD shocks underwent pVAD-assisted VT
ablation at two institutions (five at the University of Virginia and
eight at the Intermountain Medical Center, Murray UT, USA)
between October 2007 and January 2010 were included. The efficacy
and safety of these ablation procedures were retrospectively com-
pared with 18-matched patients who underwent purely substrate-
based mapping and ablation for unstable VT during the same time
period. By review of the electronic medical records of 417 VT ablation
patients at the two study sites during the time period, the 18 patients
who underwent ablation without pVAD were matched to the Tandem
Heart group if they had similar age (within 5 years), left ventricular
ejection fraction (LVEF) (within 5%), procedural New York Heart
Association (NYHA) class (one class), presence of diabetes mellitus,
use of irrigated catheter-tip technology, and medical therapy before
and after the procedure including use of beta-blockers, angiotensin-
converting enzyme inhibitors, and anti-arrhythmic drugs. The investiga-
tor doing the matching (AD) was blinded to the outcomes of patients
in both groups.

All patients had significant structural heart disease (LVEF ≤ 40% or
arrhythmogenic right ventricular cardiomyopathy), received at least
one ICD shock after receiving at least one anti-arrhythmic drug.
A decision to use haemodynamic support was based upon likely
haemodynamic instability with VT presentation, underlying cardiovas-
cular history, and characteristics, and if the device could be inserted
in the peripheral vasculature. Haemodynamic instability was consid-
ered to potentially complicate the procedure if the patient had
syncope prior to ICD discharge or documented hypotension (mean
blood pressure ,60 mmHg) during VT. In one patient the baseline
blood pressure was low and the ejection fraction (EF) was ≤10%
prompting the use of the TandemHeart device. In patients with
severe peripheral vascular disease a TandemHeart may not be feasible,
unless percutaneous intervention of the vessels could be performed to
allow placement. In one patient this approach was used to place the
TandemHeart cannula after a common iliac artery was dilated and
stented. In one patient, due to extensive aortic arch disease, an epicar-
dial only approach was used.

Haemodynamic support
After induction of VT to confirm inducibility, patients were cardio-
verted to sinus rhythm with pacing or shock. The pVAD was inserted
by an interventional cardiologist as previously described.14 Briefly, the
TandemHeart consists of a 21-French venous cannula placed transsep-
tally with intra-cardiac echo and fluoroscopic guidance. A 17-French
arterial cannula was placed femorally for return of blood from the

extracorporeal pump. The device was then programmed to
3000–7500 r.p.m. to maintain a cardiac output of 4–5 L/min and
heparin given for a goal ACT of 300 s. At Intermountain Medical
Center, a double Perclose technique has been adopted. With this
approach two vascular seals are placed orthogonally to each other
in an effort to minimize complications and facilitated extubation and
return to ambulation times.

Epicardial access
Epicardial mapping and ablation was performed in nine patients (three
in pVAD group) as previously described.16,17 Pericardial access was
obtained prior to pVAD placement to assure stability for the
anti-coagulation required during use of the support device.

Mapping and ablation
A 12-lead electrocardiogram of the clinical VT (if available) and/or the
induced VT were used to guide mapping. In all pVAD patients, a Ther-
mocool 3.5 mm irrigated tip catheter (Biosense Webster, Diamond
Bar, CA, USA) and the CARTO 3D mapping system (Biosense)
were used for mapping, pacing, and ablation. Prior to activation and
entrainment mapping, a detailed substrate map was created with left
ventricular endocardial scar was defined as tissue with a bipolar elec-
trogram voltage ,0.5 mV, normal as .1.5 mV, and the border zone as
0.5–1.5 mV. Following this mapping, activation and entrainment
mapping were performed as previously described.18,19 Ablation
targets consisted of those in which criteria for concealed entrainment
were met.

In the substrate group, scar mapping was the primary mapping
modality. A 3D mapping system was also used to generate voltage
maps of both ventricles and, in some cases, the epicardial space. The
CARTO system was used in all but one case. In the remaining case
EnSite NavX (St Jude, St Paul, MN, USA) was used. Substrate ablation
was performed as previously described.1,6–11 Briefly, ablation targets
included scar borders with good pace maps (identical morphology
by visual comparison on 12/12 EKG leads); channels within scar with
favourable pace maps and long stimulation to QRS times; and diastolic
potentials in the scar and border zones.

Ablation was performed with an irrigated tip catheter in all patients
with power settings up to 50 W power and up to 30 cc irrigation flow
rate Each site was ablated for up to 60 s or until a significant reduction
in the bipolar electrogram voltage was noted. If VT terminated during
ablation, the lesion was continued for an additional 60–90 s with slight
movement around the termination site.

In patients undergoing epicardial ablation, pacing at 20 mA was per-
formed at all lateral epicardial sites to assess for phrenic nerve capture.
In addition, intra-cardiac echocardiography and selective angiograms
were used to visualize the coronary arteries. Ablation was not per-
formed ≤5 mm of a coronary artery.

Endpoint of ablation
After ablation, programmed stimulation was repeated. The primary
endpoint of ablation was the inability to induce the VT recorded at
the beginning of the study. An additional endpoint was non-inducibility
of any VT after ablation. A judgement to approach and ablate these
additional VTs or persistence of the clinical VT was left to the electro-
physiologist performing the procedure and based upon procedural
length and patient stability.

Follow-up
All patients had ICDs and their devices were interrogated every
3 months to assess for recurrent VT or ventricular fibrillation (VF)
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and as needed for symptoms or ICD shocks. Patients were followed
for survival, freedom from ICD therapies for the clinical VT, freedom
for ICD therapies for any VT, and ICD shocks for VT or VF. The
primary outcome was survival with freedom ICD shock. A single
shock would be considered a failure with this outcome.

Statistics
Differences between the PVAD and non-PVAD groups were deter-
mined utilizing the Student’s t-test (or the Mann–Whitney U test
when the data were non-normally distributed) and the Fisher’s exact
test for continuous and categorical variables, respectively. To evaluate
differences in outcomes between the two groups, mixed-effect models
and multivariable Logistic regression were utilized. Co-variables evalu-
ated for model adjustment included age, sex, LVEF, NYHA, type of car-
diomyopathy, AF, diabetes, sleep apnoea, prior cardiac surgery,
medications, ICD shocks, ICD, and BiV pacing. The final model
included significant and confounding co-variables. We estimated sur-
vival free rates using the Kaplan–Meier method for ICD shocks or
therapies for recurrent VT. A P value of ,0.05 was designated as nom-
inally significant. All calculations were performed using SAS 9.1.3 (Cary,
NC, USA).

Results

Patient demographics
There were no differences in demographics or therapies between
the pVAD and non-pVAD VT ablation groups (Tables 1 and 2). In
the 30 days prior to ablation, there was a non-significant trend
towards pVAD patients having more ICD shocks (6.8 vs. 3.9,
P ¼ 0.07).

Ablation procedure
Haemodynamic support was used in all 13 pVAD patients to
maintain a mean blood pressure .60 mmHg and allow activation
and entrainment mapping. The pVAD maintained pressure
.60 mmHg in VT in all patients in this series.

Three patients in the pVAD group underwent epicardial
mapping and ablation compared with six in the substrate group
(P ¼ 1.00). The most frequent reason for pursuing epicardial
mapping and ablation was a prior failed endocardial procedure
(8). In one patient with non-ischaemic cardiomyopathy, an epicar-
dial approach was performed during the initial ablation procedure
due to endocardial signals suggestive of an epicardial source.

Important procedural differences between groups included a
longer procedure time (400 vs. 274 min, P ¼ 0.001) (Figure 1)
and the induction of more VTs (3.2 vs. 1.6, P ¼ 0.04) in the
pVAD group (Table 3). More VTs were ablated per patient in
the pVAD group (2.2 vs. 1.5, P ¼ 0.04). However, despite this,
the mean ablation time tended to lower in the pVAD compared
with the non-pVAD groups (1656+ 308 vs. 1992+ 411, P ¼
0.38).

Acute procedural success, defined as the inability to induce all
the VT(s) induced at the beginning of the procedure at the end
of the procedure, was achieved in 10 of 13 patients (77%) in the
pVAD group compared with 67% of the substrate-based ablation
patients (P ¼ 0.69, Figure 2; Table 3). Two patients in the pVAD
group clearly failed ablation, as one had persistent spontaneous
VT despite ablation, while another patient’s initial clinical VT was
persistently inducible with programmed stimulation. The patient
with persistent spontaneous VT was originally intended to
undergo a combined endocardial/epicardial procedure which was
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Table 1 Baseline patient characteristics among the
percutaneous left ventricular assist device and
non-percutaneous left ventricular assist device groups

Demographic pVAD
(n 5 13)

Non-pVAD
(n 5 18)

P
value

Agea 59.7 62.5 0.83

Male 12 (92.3) 15 (83.3) 0.62

LVEF (%)a 20.0 25.0 0.57

NYHA class 2.7+0.9 2.3+0.7 0.14

Ischaemic CM 8 (61.5) 12 (67.7) 1.00

Atrial fibrillation 5 (38.5) 5 (27.8) 0.70

Diabetes 4 (30.8) 4 (22.2) 0.69

Sleep apnoea 6 (46.2) 4 (22.2) 0.25

Prior cardiac
surgery

4 (30.8) 6 (33.3) 1.00

Proportions are presented as n (%) and continuous variables are presented as
means+ standard deviation.
CM, cardiomyopathy; LVEF, left ventricular ejection fraction; NYHA, New York
Heart Association; pVAD, percutaneous ventricular assist device.
aVariable (median) is non-normally distributed and comparisons between the two
groups utilized the Mann–Whitney U test.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Medical and device therapies received among
the percutaneous left ventricular assist device and
non-percutaneous left ventricular assist device groups

Therapy pVAD
(n 5 13)

Non-pVAD
(n 5 18)

P
value

ACE inhibitor or ARB (%) 11 (84.6) 14 (77.8) 1.00

Beta-blockers (%) 12 (92.3) 18 (100) 0.42

Failed AAD (%) 13 (100) 17 (94.4) 1.00

Mean number of failed
AADsa

2.0 2.0 0.49

Receiving amiodarone (%) 6 (46.2) 15 (83.3) 0.52

Mean number of ICD
shocks 30 days prior

6.8 3.9 0.07

ICD (%) 11 (84.6) 18 (100) 0.17

Biventricular pacing (%) 2 (15.4) 3 (16.7) 1.00

Prior catheter ablation 6 (46.2) 7 (38.9) 0.73

Proportions are presented as n (%) and continuous variables are presented as
means+ standard deviation.
AAD, anti-arrhythmic drug; ACE, angiotensin-converting enzyme; ARB,
angiotensin receptor blocker; ICD, implantable cardioverter defibrillator; pVAD,
percutaneous ventricular assist device.
aVariable (median) is non-normally distributed and comparisons between the two
groups utilized the Mann–Whitney U test.
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unable to be completed as significant vascular disease precluded
retrograde access to the left ventricle and transeptal access was
not possible with simultaneous use of the pVAD. Only epicardial
ablation was attempted. In a third patient, the primary VT was ren-
dered non-inducible but two other VTs that were found prior to
ablation were still inducible. The secondary endpoint of complete
non-inducibility for all VTs was reached in 69% of pVAD patients
compared with 56% of the non-pVAD patients (P ¼ 0.71).

There were no statistically significant differences in the compli-
cation rates between the two groups. There was one in-hospital
death among the pVAD patients (peri-procedural stroke with with-
drawal of care) and no deaths in the substrate group (P ¼ 0.42).
There was one stroke in each group (P ¼ 1.00) The pVAD
patient who suffered a stroke was felt to have stroke due to
severe aorto-vascular disease and is the same patient who suffered
an in-hospital death. There was also one cerebrovascular event in
the substrate group resulting in right-sided hemiparesis which has
persisted in follow-up. There was no difference in pericardial effu-
sions requiring intervention (1 vs. 0, P ¼ 0.42), ST segment eleva-
tion (0 vs. 1, P ¼ 1.00), phrenic nerve injury (0 vs. 0, P ¼ 1.00), or
acute congestive heart failure requiring ventilation .24 h (1 vs. 1,
P ¼ 1.00) between the pVAD and non-pVAD groups.

Over a mean follow-up of 9+3 months (range 6–24 months),
among the 12 surviving pVAD patients, there was one death from
progressive heart failure 3 months after the ablation procedure.
One patient in the pVAD group received an orthotopic heart
transplant (OHT) based upon heart failure status with an available
donor, and a second patient received an LVAD in anticipation of
transplant. There were four deaths in the substrate group, all sec-
ondary to progressive, drug-refractory heart failure. In addition,
one patient in the substrate group has had an OHT, and a
second patient is on the transplant list with advanced heart
failure and recurrent, drug-refractory ICD shocks.

Overall, survival free of ICD shocks/recurrence of sustained VT
in the two groups was not significantly different between the
pVAD and non-pVAD groups (55 vs. 48%, P ¼ 0.96.) (Figure 3).
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Figure 1 The mean procedure, fluoroscopy, and mapping
times in the percutaneous left ventricular assist device and
non-percutaneous left ventricular assist device groups. The
y-axis indicates minutes. There was a significant difference in
mean total procedure time between the groups (400+90 vs.
246+ 41 min, P ¼ 0.001). Mean fluoroscopy and mapping times
were also longer but without statistical significance (59+14 vs.
47+12 min, P ¼ 0.10 and 68+ 17 vs. 58+29 min, P ¼ 0.54,
respectively).
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Table 3 Ablation procedure and outcomes in the
percutaneous left ventricular assist device and
non-percutaneous left ventricular assist device groups

pVAD
(n 5 13)

Non-pVAD
(18)

P
value

Procedure characteristics

VTs induced 3.2 1.6 0.04

Inducible VF 1 2 1.00

Emergent cardioversion/
defibrillation

4 7 0.71

Peri-procedural IV
amiodarone

3 6 1.00

Mean ablation time (s) 1656+308 1992+411 0.38

Ablation power delivery
(W)

44+7 46+6 0.54

Procedure results

Acute procedural
success (%)

10 (77) 12 (67) 0.69

VT non-inducibility (%) 9 (69) 10 (56) 0.71

Follow-upa

Freedom from clinical
VT

10 (83.3) 11 (61.1) 0.25

Freedom from ICD
shocks for VT (%)

9 (75) 10 (56) 0.67

Shock-free survival (%) 7 (58) 8 (44) 0.74

Proportions are presented as n (%) and continuous variables are presented as
means+ standard deviation. Median if non-normally distributed.
pVAD, percutaneous ventricular ventricular assist device; sec, seconds; VF,
ventricular fibrillation; VT, ventricular tachycardia; W, Watts.
aOnly patients who survived the hospitalization surrounding the procedure were
included in the follow-up analysis.
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Figure 2 Acute success rates of ablation in the percutaneous
left ventricular assist device and substrate groups. The y-axis
represents percent of patients. The two strategies resulted in
similar acute success rates in terms of successful ablation of the
clinical ventricular tachycardia (77 vs. 67%, P ¼ 0.69) and non-
inducibility for any ventricular tachycardia (69 vs. 56%, P ¼ 0.71).
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In multivariable analysis, the absence of AF (hazard ratio¼0.15,
P ¼ 0.04) was associated with a lower incidence of ICD shocks.

Discussion
Our results suggest that pVAD-assisted VT ablation is a reasonable
alternative to substrate ablation and may allow for targeting more
inducible VTs.

Catheter ablation of VT is performed with increasing frequency.
The increase in ablation is driven in part by data suggesting that
shocks are associated with increased mortality as well that more
patients are surviving longer with advanced heart disease.20

Despite multiple technological advances, the success rate for VT
ablation in structurally abnormal hearts is suboptimal. A recent
large series found that VT recurrence 1 month after ablation in
patients with ischaemic and non-ischaemic cardiomyopathy was
29 and 39%, respectively.21 Freedom from shock at 1 year is
typically 55%.22

Haemodynamic instability during VT may limit the efficacy of the
procedure by preventing detailed activation and entrainment
mapping. Even in patients with tolerated VTs, anaesthesia can
produce severe hypotension with potential deleterious effects.
As such, as few as 10% of monomorphic VTs are sufficiently
haemodynamically stable to allow comprehensive activation and
entrainment mapping.5 Multiple options have been advocated to
target unstable VTs including non-contact mapping and substrate
mapping.

Substrate mapping, the most frequently used technique, allows
modification of the arrhythmogenic substrate, but has limitations.
Since the critical isthmus of the clinical VT is often not known, a
broad ablative approach is required to homogenize scar borders,
find and treat all late potentials within scar boundaries, or
perform extensive linear ablation of critical regions between scar

borders and/or electrically inert structures. This approach may
miss small VT circuits and may impact on cardiac function if exten-
sive ablation is performed. Furthermore, if VT is induced without
support, the haemodynamic instability may impact on coronary
flow and thus cause cardiac injury.

An alternative is placement of a pVAD to ensure haemodynamic
stability during VT, thereby permitting detailed activation and
entrainment mapping during the clinical tachycardia. Mapping in
tachycardia allows identification of regions critical to the tachycar-
dia circuit to minimize unnecessary ablation and also allows a
dynamic understanding of the arrhythmia in context to the under-
lying substrate. Not only does the pVAD maintain mean haemo-
dynamic stability during VT, but it can also enhance the stability
of the patient throughout the procedure and in the peri-operative
period. The latter aspect of the device is important in these
patients as most have significant structural heart disease, heart
failure, and are exposed to large volumes of fluid from the irrigated
tip catheter. The enhanced stability was likely behind the observa-
tion that more VTs were targeted in those patients with a
pVAD-assisted procedure.

In examination of long-term outcomes, these data show two
groups with similar freedoms from long-term ICD shocks. This is
interesting because the pVAD group was not randomly selected
for this invasive therapy and may have been sicker despite having
similar demographics. These patients were selected for pVAD
support either due to the instability of the VT or some other indi-
cator that they would be unstable during the procedure. Further-
more, the pVAD group tended to have lower EFs, more atrial
fibrillation (AF), diabetes, and higher heart failure classes although
this was not statistically significant. Nonetheless, we see the similar
outcomes, despite the use of a pVAD in a selected population. It
should also be noted that the operators in this series have exten-
sive experience with scar-based VT ablation, but less experience
with pVAD-assisted VT ablation. It is possible that with more
experience, success rates will improve with the novel pVAD tech-
nique but will remain the same for the scar-based technique. If this
occurred, the pVAD technique may have better outcomes.

Nonetheless, these potential benefits must be balanced against
the hazards associated with the use of pVADs which include the
use of large venous and arterial cannulae, increased procedure
time to insert the device, increased cost, and the inability to use
transseptal access for mapping and ablation. In addition, pVAD
support will not maintain blood pressure during VF and may not
maintain blood pressure even during VT if the right ventricle fails
to deliver volume to the left ventricle. Finally, because haemodynam-
ic support devices require a skilled multidisciplinary team, they will
likely be used only in specialized centres with high VT volumes.
At this point the use of pVAD-assisted ablation will likely be
limited to these experienced teams when substrate ablation either
fails or in cases where patients are haemodynamically unstable.

Our findings also demonstrate that an epicardial ablation
approach should not preclude pVAD use. With use of a pVAD,
systemic heparinization is required. However, epicardial access is
often required as many have had prior failed ablations or have non-
ischaemic cardiomyopathies. We observed no complications with
pericardial access followed by pVAD with heparinization in this
study cohort.
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Figure 3 One-year Kaplan–Meier survival estimates for sur-
vival free of recurrent implantable cardioverter defibrillator
shocks/ATP therapies for sustained ventricular tachycardia.
There was no significant differences noted in survival-free event
rates (log rank P value¼0.96).
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Percutaneous alternatives to the TandemHeart include a balloon
pump or the ImpellaTM which are less invasive but do not provide
the same level of haemodynamic support. On the other extreme,
complete CPS is more invasive but provides complete right ven-
tricle and left ventricle support with the ability to still use transsep-
tal or retrograde LV access. A retrospective study of 19 patients
using CPS showed, at 42 months, 28% of patients were VT free
and 39% had significant reduction in ICD therapy.15 A potential dis-
advantage of CPS is the inability to use it for .15 consecutive
minutes due to concern for myocardial ischaemia. Also, CPS pro-
vides only 2–3 L/min of flow vs. 4–5 L/min with the TandemHeart
device, and CPS may require more personnel to operate. With
both techniques success may be limited. The limited success
rates in both arms in our series likely reflect the overall poor sub-
strate of these patients.

Future studies will define the role of each of these tools in VT
ablation.

Limitations
The primary limitation of this study is that it is a retrospective
review rather than a randomized, controlled trial. In addition, the
relatively small number of patients in the two groups limits the
conclusions which may be drawn, and the study is too small to
identify a mortality difference between the two groups. This is a
small series and thus may not be powered to detect differences
in complications in the two groups. A final potential limitation is
that fewer VTs were ablated per patient than in some prior
studies. This may be due to our patients having advanced cardiac
disease with haemodynamic instability in VT. This instability, par-
ticularly in the non-pVAD group, impaired the targeting of multiple
VTs. Despite these limitations, our experience suggests that
pVAD-assisted ablation is feasible and produces results comparable
with those achieved with substrate-based ablation techniques.

Conclusions
Percutaneous left ventricular assist device-assisted VT ablation is a
reasonable alternative to substrate mapping for haemodyanami-
cally unstable, medically refractory VT in high-risk patients.
Future randomized studies should further define the role of
pVADs during VT ablation.
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