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Abstract

Background—Hemodynamic instability hinders activation and entrainment mapping during
ventricular tachycardia (VT) ablation. The Impella 2.5 microaxial flow device (MFD) (Abiomed
Inc., Danvers, MA, USA) is used to prevent hemodynamic instability during electrophysiologic
study. However, electromagnetic interference (EMI) generated by this device can preclude
accurate electroanatomic mapping.

Methods—Impella was placed in the left ventricle of 7 canines for circulatory support.
Electroanatomic mapping during sinus rhythm, ventricular pacing, and ventricular fibrillation
(VF) was performed using magnet- (Carto3, Biosense Webster Inc., Diamond Bar, CA, USA) and
impedance- (EnSite Velocity System/EnSite NavX, St. Jude Medical Inc., St. Paul, MN, USA)
based systems. Distance from device to points with severe EMI precluding acquisition was
compared to points with mild/no EMI. Two methods were used to reduce EMI: 1) titration of
MFD performance, and 2) impedance-only mapping combined with manual annotation of
activation.

Results—Severe EMI did not occur during impedance-based mapping. Severe EMI was
observed using Carto3 at 9.4% of all points attempted at maximum performance level (P8) of
device. Severe EMI occurred at points closer to device (40.1 £ 16.8 mm) vs. (55.5 = 20.0 mm) for
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mild/no EMI, p<0.0001. Severe EMI using Carto3 was resolved by either 1) reduction of
performance from P8 to P6 or 2) impedance-only mapping with manual annotation

Conclusion—Concurrent use of MFD caused EMI to prevent acquisition of points with magnet-
based mapping. Predictors for EMI were distance from device and performance level. Temporary
reductions to P6 or impedance-only mapping are two methods to resolve EMI.

Keywords

ventricular tachycardia; catheter ablation; Impella; electroanatomical mapping systems;
impedance; magnetic

Introduction

Catheter ablation of ventricular tachycardia (VT) is commonly performed for the
management of symptomatic VT, frequent ICD shocks, and VT electrical storm.1-6 Detailed
activation and entrainment mapping of VT is not always possible in hemodynamically
unstable VT, and can lead to sub-optimal catheter ablation outcomes.* ® 7 Non-contact
mapping, substrate-based mapping, pace-mapping, and antiarrhythmic therapy have been
utilized in patients with unstable VT with varying degrees of success.8-13 Several case
reports and series have described the use of various mechanical circulatory assist devices to
maintain hemodynamic stability during VT ablation.14-21 Although the long term efficacy
of this approach remains unknown, retrospective studies have reported comparable efficacy
to substrate-based mapping.1®

The Impella 2.5 microaxial flow device (MFD) (Abiomed Inc., Danvers, MA, USA) allows
for activation mapping while maintaining adequate tissue perfusion during VT

ablation.1”- 19-21 The Carto3 system (Biosense Webster Inc., Diamond Bar, CA, USA) is a
magnet-based electroanatomic mapping system that uses low-level magnetic fields emitted
by coils placed beneath the patient and a location sensor on the mapping catheter for
electroanatomic mapping. The motion of the impeller within the microaxial flow device can
result in electromagnetic interference (EMI) when a magnet-based system is used for
electroanatomical mapping. EMI can impair accurate catheter localization,
electroanatomical point acquisition, and integration of respiratory compensation
algorithms.20 Potential solutions include temporarily decreasing the speed of the motor
and/or obtaining location-only points using the impedance mapping function of the mapping
system.19-21 Predisposing factors for EMI, quantification of EMI in relation to these factors
and potential solutions have not been systematically evaluated. The EnSite Velocity system
using its EnSite NavX application (St. Jude Medical Inc., St. Paul, MN, USA) is an
electrical impedance-based mapping system, which may result in lower incidence of EMI.

We sought to characterize the incidence, severity, predisposing factors, and potential
solutions for EMI while using a microaxial flow device with a magnet-based mapping
system and an electrical impedance-based system in a canine model during sinus rhythm,
ventricular pacing, and ventricular fibrillation (VF).
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Seven healthy male hounds with mean weight of 32.4 +/- 2.44 kg were used for the study.
The study protocol was approved by the Mayo Foundation Institutional Animal Care and
Use Committee. Study subjects were premedicated with ketamine (10mg/kg) and diazepam
(0.5 mg/kg). Isoflurane was used for maintenance of anesthesia at 1% to 5% inhalation.
Electrocardiograms, local electrograms, and arterial blood pressure were continuously
monitored using the CardioLab System (GE Healthcare, Wauwatosa, W1, USA).

Percutaneous endovascular access was obtained via the right external jugular vein (12 Fr),
right femoral vein (8 Fr), right femoral artery (8 Fr), and left femoral artery (13 Fr). Trans-
septal catheterization was performed under ultrasound and fluoroscopic guidance through
the 8-Fr femoral venous sheath. Pericardial access was obtained through the subxiphoid
approach under fluoroscopic guidance using the techniques described by Scanavacca et al 22
Intracardiac echocardiography (Siemens TM, Mountain View, CA, USA) was performed
through a catheter placed in the right atrium from the right external jugular vein. The
microaxial flow device was placed in the left ventricle through the retrograde aortic
approach as described previously.22 The MFD was operated at the maximum performance
level (P8, flow rate 1.9-2.5 L/min). The MFD can be operated at various performance
levels, with each performance level corresponding to certain revolutions per minute of the
impeller (Supp Table 1).

Mapping of the endocardial and epicardial aspects of the right ventricle (RV) and left
ventricle (LV) was performed through the right femoral vein, retrograde aortic, and
pericardial approach using an 8-Fr bi-directional ThermoCool irrigated ablation catheter
(Biosense Webster, CA). Mapping was performed sequentially during sinus rhythm and
right ventricular pacing in all animals and induced VF in 2 animals. Electroanatomical maps
of all the chambers were created twice using the impedance-based and magnet-based
mapping systems.

The presence of EMI with mapping, reproducibility of the map, and the integrity of recorded
electrical signals was noted. When EMI occurred, interference was recorded as severe EMI
when alerts were displayed and mapping catheter could not be reliably localized; and as
mild EMI when alerts were displayed but mapping catheter could be reliably localized.
Statistical comparisons were made between the severe EMI group and the mild/no
interference group. The MFD itself was mapped in 2 subjects. A representative point along
the left ventricular outflow tract, which corresponded to the location of the impeller, was
chosen as a reference point. The distance between the mapping catheter and this reference
point was calculated for all points acquired. When interference with mapping was observed,
two troubleshooting procedures as described below were followed.

EMI Troubleshooting

Two methods of troubleshooting were tested: 1) titration of MFD performance, and 2) the
use of impedance only mapping in conjunction with manual annotation of local activation
times. The presence of interference, reproducibility of the map, and integrity of the electrical
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signals was once again noted following both procedures. The distance of the mapped points
was measured if the interference resolved.

The procedure for obtaining impedance-only points with the Carto3 system is demonstrated
in the supplemental material. Briefly, this method allows for visualization of the catheter
location but not local electrograms or activation times. Once the catheter location is
obtained, the CardioLab system can be used to obtain the local activation time. This time is
then manually annotated to the location on the map.

Statistical analysis

Results

Statistical analysis was performed using JMP 9.0.1 software (SAS, Cary, NC, USA).
Continuous variables are represented as mean + standard deviation, and compared using
Students t-test. Categorical variables are represented as percentages, and compared with
Chi-square test. Two-tailed P-values of <0.05 were considered statistically significant.

All 7 dogs were mapped during sinus rhythm and ventricular pacing, and 2 dogs were
mapped in VF. The degree of interference for each point acquired was recorded for 5 dogs.
The mean duration of VF was 68.6 (+ 52.9) minutes. No premature deaths occurred, and the
microaxial flow device was successful in maintaining cardiac output through the study.

Mapping interference with electrical impedance based mapping system

Detailed endocardial and epicardial mapping was possible during sinus rhythm, ventricular
pacing, and also during VF using the electrical impedance-based mapping system without
EMI, with the microaxial flow device at P8 performance level in all 7 dogs. In total, 308
points were acquired (71 RV points, 75 LV points and 162 epicardial points) without any
EMI. There was no mechanical interference of microaxial flow device with the endocardial
mapping catheters.

Mapping interference with magnet-based mapping

Endocardial and epicardial mapping during sinus rhythm, RV pacing, and during VF was
subject to EMI while using the magnet-based mapping system, with the microaxial flow
device at P8 performance level (Figure 1). Out of a total 673 points acquired in 5 dogs,
severe EMI was observed in 9.4% of all points, mild EMI in 58.5% points and no
interference in 32.1% points. Severe EMI occurred with endocardial mapping (11.1 %),
epicardial mapping (6.9 %), LV mapping (13.3%), and RV mapping (9.1 %). There was a
nonsignificant trend toward severe interference in the endocardial mapping group compared
to the epicardial mapping group (11.1% vs 6.9%, p=0.062). There was no difference in
severe EMI between the RV and LV mapping groups (Table 1).

The mean distance of points from the MFD with severe EMI was 40.1 mm (x 16.8 mm),
with mild EMI was 52.7 mm (£ 18.5 mm), and with no EMI was 60.5 mm (x 21.4 mm).
Severe EMI occurred at points that were significantly closer to the MFD compared to points
with mild/no EMI that were further away, and this was observed irrespective of the mapping
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chamber (LV or RV; endocardial or epicardial). Endocardial points were significantly closer
to the MFD than epicardial points with a mean difference in distance of 12.6 mm (CI 9.6-
15.6 mm, p<0.0001) (Table 2).

Troubleshooting EMI with the magnet-based mapping system

Adjustment of MFD speed—All points with severe interference resolved to either mild
interference or no interference with change in MFD performance from P8 to P6. This
resolution was not consistently observed with change in performance from P8 to P7, P5, or
even lower performance levels.

Impedance-based location mapping and manual annotation of activation time
—Impedance-only mapping coupled with manual annotation of activation times on the map
was also successful for all points with severe EMI. MFD performance level was maintained
at P8 during impedance-only mapping.

Discussion

We report for the first time the frequent incidence of EMI while using the MFD in
conjunction with the magnet-based electroanatomical mapping system. While EMI is mild
in most cases, severe EMI occurs frequently and leads to difficulties in accurate catheter
localization and electroanatomical point acquisition.29 Proximity to the microaxial flow
device and maximal MFD performance are identified as predisposing factors for EMI with
the use of magnet-based mapping system. Electrical impedance-based mapping with the
EnSite NavX system results in very infrequent and mild EMI, which does not preclude
detailed endocardial and epicardial mapping.

Decreasing the performance level of the MFD from P8 (1.9 — 2.5 L/min) to P6 (1.4 - 2.0 L/
min) resulted in resolution of severe EMI in all cases. The advanced mapping features of the
predominantly magnet-based Carto3 mapping system permit electrical impedance-based
mapping, which can be used to map very close to the MFD. This method allows for point
acquisition in all cases of severe interference. This method is described in depth in the
supplementary materials.

EMI associated with the use of microaxial flow device

Previous studies have noted that EMI occurs with the use of microaxial flow device and
magnet-based electroanatomical mapping systems.1-21 EMI was observed in 9 out of 20
patients in one study and 10 out of 22 patients in another study. The degree of EMI
experienced was mild in most cases and was not prohibitive for detailed electroanatomical
mapping. Reduction of MFD performance level from P8 (1.9-2.5 L/min) to P2 (0.4-1.0 L/
min) resulted in resolution of interference in most cases in these studies. The authors note
that interference occurred despite performance reduction at points very close to the MFD.
They also note that impedance-only mapping can be utilized to map such points. However,
these studies were not designed to systematically evaluate the incidence of EMI, the
predisposing factors, and the solutions for EMI.
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In our study, EMI occurred frequently with the magnet-based system, with 9.4% of all
points resulting in severe EMI. There was a significant number of instances with severe EMI
that prohibited accurate electroanatomic mapping. Electrical impedance-based systems had
very infrequent instances of EMI, and accurate endocardial and epicardial maps could be
obtained without having to titrate MFD performance.

Predisposing factors for EMI with magnet based mapping

Miller et al. have noted that EMI is dependent on distance between the microaxial flow
device motor and the mapping catheter.20: 21 EMI was observed when mapping in the
ventricular outflow tracts close to the microaxial flow device motor. Our study establishes
that distance between the MFD motor and the tip of the mapping catheter is a significant
predictor of EMI. Comparison between distance from MFD for points with severe and
mild/no EMI demonstrates the effect of distance on the severity of the EMI. Points with
severe interference were consistently farther than points with no or mild interference,
irrespective of anatomic location. A trend toward higher incidence of severe EMI was
observed during endocardial mapping in comparison to epicardial mapping. This result can
be expected due to greater proximity to the MFD’s impeller during endocardial mapping.

Miller et al. have noted a “dose-dependent” relationship between MFD pump performance
and EMI, with performance reduction from P8 to P2, resulting in resolution of most
interference.20 Our findings support that pump performance is a significant predictor of
EMI. All occurrences of severe EMI occurred at P8 performance level (flow rate 1.9- 2.5 L/
min). Reduction of performance level to P6 (1.4-2.0 L/min) resulted in resolution of EMI in
all cases. The reduction of performance was hemodynamically well-tolerated. We noted,
however, that EMI did not resolve consistently with MFD settings other than P6. This
suggests a close correlation between the occurrence of EMI and the frequency of rotation of
the MFD. We hypothesize that the electrical frequency applied for rotation of the impeller
motor at the P6 performance level (45,000 RPM) is filtered out by the magnet-based
mapping system.

Solutions for EMI with magnet-based mapping system

Electrical impedance-based mapping systems do not result in EMI with MFD. It may be
difficult for established practices to change the operating system. Our study emphasizes two
potential solutions to resolve EMI with magnet-based systems. These have been recognized
previously, but have not been described in depth.1®

Temporarily decreasing microaxial flow device performance level from P8 to P6 allowed
the magnet-based mapping system to obtain point locations and electrical activity for all 70
points for which severe EMI was observed. Measures of perfusion such as mean arterial
pressure and atrial contractility were well-maintained at the P6 performance level.

This study also outlined and evaluated a procedure to perform high-resolution
electroanatomic mapping that overcomes EMI, independent of MFD performance level.
This method requires combining location-only points obtained using the impedance
mapping feature available through the Carto3 system and local electrical activation times
obtained through the CardioLab system. Location-only points were obtained for all points
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with severe interference, and electroanatomical mapping was completed successfully in all
subjects. The loss of image resolution with this method was minimal and resulted in accurate
electroanatomical maps with maximal MFD performance.

This is a small animal study to identify determinants and solutions for EMI with magnet-
based and impedance-based mapping. The results may not be generalizable to human
subjects, especially with presence of myocardial scarring. In humans, change in performance
level of the MFD may not completely eliminate noise or may do so at different performance
levels. We hope that the findings of our study will provide the basis for a future trial to
confirm these data in humans.

Regardless, our study found similar solutions to those proposed in earlier human studies,
including reduction in the performance level of MFD to P6 or using impedance-based
location mapping. However, concerns for maintaining adequate cardiac support exist even at
performance level P8 in humans,2? and titration of MFD performance in real life scenarios
may not always be possible.

EMI occurs frequently with the concurrent use of a microaxial flow device and a magnet-
based mapping system. Severe interference prohibiting accurate mapping occurs more
frequently at maximal performance level, and is a function of distance between the MFD
motor and the mapping catheter tip. Potential solutions to overcome EMI during use of a
magnet-based mapping system include decreasing MFD performance and utilizing a
combination of impedance-only mapping and manual annotation of local electrical
activation. Further investigation is required to confirm the applicability of our findings to
human cases with unstable ventricular tachycardia. Electric impedance-based mapping
systems do not result in EMI, and generate accurate electroanatomical maps at maximum
MFD performance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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EMI Electromagnetic interference
MFD Microaxial flow device

LV Left ventricle

RV Right ventricle
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VF Ventricular fibrillation
VT Ventricular tachycardia
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LV Sinus RAO and LAO Views

-

Figure 1.
Right (a) and left (b) ventricular endocardial mapping, epicardial mapping (c) in sinus

rhythm with the MFD at maximal performance using the magnet-based mapping system.
Blue points: severe distortion, orange points: mild distortion, green points: no distortion.
Endocardial maps (a, b) have greater numbers of blue dots compared with the epicardial
map (c); indicating greater occurrence of severe distortion with endocardial maps.
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Distribution of points acquired using magnet-based mapping by electromagnetic interference caused with

concurrent use of microaxial flow left ventricular assist device at P8 performance level.

Severe EMI p-value* Mild EMI No EMI
All points (n=673) 63 (9.4%) 394 (58.5%) 216 (32.1%)
Endocardial points(n=397) 44 (11.1%) 282 (71.0%) 71 (17.9%)
0.062
Epicardial points (n=276) 19 (6.9%) 112 (40.6%) 145 (52.5%)
LV points (n=188) 25 (13.3%) 120 (63.8%) 43 (22.9%)
0.183
RV points (n=209) 19 (9.1%) 162 (77.5%) 28 (13.4%)

*
Comparing severe interference between groups

Severe EMI, interference in acquiring points; mild EMI, system interference alerts without interference in acquiring points; EMI, electromagnetic

interference; LV, left ventricle; RV, right ventricle
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Comparison of mean distance from microaxial left ventricular assist device at P8 performance level to
locations having severe compared to mild/no interference with magnet-based mapping.

Table 2

SevereEMI  Mild/noEMI  p-value
All points (n=673) 40.1 +16.8 55.5 +20.0 <0.0001
Endocardial points (n=397) 34.7 £14.3 50.6 +18.8 <0.0001
Epicardial points (n=224) 52.4 £15.9 62.1£19.5 <0.0001
LV points (n=188) 35.5+17.1 51.6 +19.1 <0.0001
RV points (n=209) 33.749.9 49.8 +18.7 <0.0001
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