DIGITAL ACCESS o e
SCHOLARSHIP T HARVARD Office forSchaarly Communicion

DASH.HARVARD.EDU

MRI Guided Electrophysiological Intervention with
a Voltage-Based Electro-Anatomic Mapping System

Citation

Tse, Zion, Charles Dumoulin, Ronald Watkins, Israel Byrd, Jeffrey Schweitzer, Raymond Kwong,
Gregory F Michaud, and Ehud J Schmidt. 2012. MRI guided electrophysiological intervention
with a voltage-based electro-anatomic mapping system. Journal of Cardiovascular Magnetic
Resonance 14(Suppl 1): P206.

Published Version
doi:10.1186/1532-429X-14-S1-P206

Permanent link
http://nrs.harvard.edu/urn-3:HUL.InstRepos:9393001

Terms of Use

This article was downloaded from Harvard University’s DASH repository, and is made available
under the terms and conditions applicable to Other Posted Material, as set forth at http://
nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA

Share Your Story

The Harvard community has made this article openly available.
Please share how this access benefits you. Submit a story .

Accessibility


http://nrs.harvard.edu/urn-3:HUL.InstRepos:9393001
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://osc.hul.harvard.edu/dash/open-access-feedback?handle=&title=MRI%20Guided%20Electrophysiological%20Intervention%20with%20a%20Voltage-Based%20Electro-Anatomic%20Mapping%20System&community=1/4454685&collection=1/4454686&owningCollection1/4454686&harvardAuthors=5790fc8ae1422b9beb2c5bccb717b070&department
https://dash.harvard.edu/pages/accessibility

Tse et al. Journal of Cardiovascular Magnetic Resonance 2012, 14(Suppl 1):P206

http://www.jcmr-online.com/content/14/S1/P206

Journal of Cardiovascular
Magnetic Resonance

POSTER PRESENTATION Open Access

MRI guided electrophysiological intervention with
a voltage-based electro-anatomic mapping

system

Zion Tse', Charles Dumoulin?, Ronald Watkins®, Israel Byrd”, Jeffrey Schweitzer®, Raymond Kwong',

Gregory F Michaud', Ehud J Schmidt'

From 15th Annual SCMR Scientific Sessions
Orlando, FL, USA. 2-5 February 2012

Background

MRI visualizes luminal & vessel-wall anatomy, and iden-
tifies edema & scar tissue, contributing to improved
electrophysiological (EP) ablative procedures for treat-
ment of Ventricular Tachycardia & Atrial Fibrillation.
MRI-guided EP interventions will be performed for the
foreseeable future partially in & outside MRI, due to the
need for X-ray/Ultrasound-compliant devices. Electro-
magnetically tracked catheter procedures, today’s norm
for most EP procedure phases; vascular navigation, Elec-
tro-Anatomic-Mapping (EAM, the diagnostic and thera-
peutic phases), can only be performed outside MRI.
Separate MRI tracking is required in MRI, complicating
EP procedures which require moving in & out of the
bore [1,2]. Continuous catheter tracking using a single
system would allow registration-free EAM in & outside
MRI. The goal was developing an MR-compatible St.
Jude Medical (SJM) EnSite NavX (ESN) voltage-based
tracking [3]. ESN applies 5.8/8.0 kHz voltage bursts
between 3 pairs of electrodes on the chest, detecting a
catheter’s position [4], so a challenge for intra-MRI use
is MR gradient ramps which interfere with ESN opera-
tion. Minimal MR Image Quality (IQ) reduction also
needs to be insured, as well as <20C patient-skin heat-
ing due to components in MRI.

Methods

An MR-compatible ESN (Fig.1) minimized electrode
heating and IQ reduction inside the scanner room with
modified ESN surface-patches, ferrites on coaxial ESN
leads (Fig.1(2)) , and REF filters at the penetration panel.
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Outside the scanner room, an electronic switching cir-
cuit, triggered by a sequence’s gradient-ramps and
radio-frequency-pulse transmission (GR&RF), discon-
nected the ESN leads from the ESN receiver when
GR&RF was detected, preventing noise from reaching it
(Fig.1(3)). 2 SJM MR-compatible deflectable EP cathe-
ters were used (Fig.1(4)) [5]. The ESN was tested at
1.5T in heart phantoms and swine models with varying
GRE, SSFP & FSE imaging parameters and slice
orientations.

Results

Fig.1(5) shows simultaneous ESN & MR tracking of the
dual ESN&MR-tracked catheter in the phantom, verify-
ing the lack of interference between the 2 methods. 3
EAM & MRI imaging experiments were performed in
swine, also equipped with sensors to measure tempera-
ture at the surface ESN electrodes. Fig.1(6) shows EAM
during imaging where catheter tracking of 2 catheters
(reference catheter in the Coronary Sinus (CS) & map-
ping catheter in the Left Atrium) was performed simul-
taneously on the ESN , with <5% positional error of the
CS catheter relative to its position outside MRI. IQ
Reduction was <5% in both SE & GRE, with tracking
updated during 60-80% of sequence duration. TR elon-
gation was required in TR<4ms sequences. Electrode
temperature rise was <loC with 4 Watt/kg SAR
sequences. Surface burns did not occur.

Conclusions

An MR-compatible ESN system permits registration-
free, minimal-heating, EAM for EP procedure in & out-
side MRI, with simultaneous imaging possible.

© 2012 Tse et al; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.


http://creativecommons.org/licenses/by/2.0

Tse et al. Journal of Cardiovascular Magnetic Resonance 2012, 14(Suppl 1):P206 Page 2 of 2
http://www.jcmr-online.com/content/14/51/P206

Fig.1: Overview of MR-compatible ESN System: Inside | Fig.2: ESN cables with ferrite chucks
scanner room - modified surface patches, RF ferrities & low- | implemented at RF Max

pass filters. Outside scanner room - GR&RF switching circuit &
ESN receiver

Scanner Room Control Room Penetl'ation Panel
12-lead ECG J o
& NavX EAM Signals ) To patient via mm-coax ECG cables [ ' To ECG Cardiolab
64bit Real-Time Processor \ ' : .
‘ Cardiolab MHD MO Derived it
12-ead €66 [ Filtering siroke Voume :.:.:.:.:{- —

i
™ —e

o] |

'
§
]
. i m
ETH !
Sila | > A :.-r—
& ' G:!Gy!sz! - 1
c v
,g: : Gradient RF ;.a -\
g .lc':::: "c"'.::?: * o A~ # A~ AN :i RF Low-pass filter
MRCompaiblo Screens i 7 4 P 7 T\
ai B> 4 N AN L1\ Shiglds are attached
H " e
- 12-lead ECG Optical Signals T Ferrite Chocks placed RF Traveling in £CG cables'' 1o the penetration

. l Optical Converter atwhere RF is maximum panel ground

Fig3 GR-RF blanklng circuit for selective EAM signal | Fig.4: MR-compatible catheters (a)

acquisition (response time<200ns) non-irrigated catheters with 5 MR-
el , tracked & 2 NavX electrodes, (b)
[ cwaom | | irigated with 8 NavX electrodes
P Fitee i Irrigated wi
12-4ead ECG/NavX Signal Delayline & SPOT Signal sl Cardiohs (a) g
After 20MHz Low-Pass filters Low-Pass Filter Switches Splitter — -~ I e | 2 di 2 NaVX EIeC1r0de$
T — mm diameter
Toutputisturmedon <P L a8KHzd,,_68kM: |  Electio-Anatomic . e :
when a gradientinthe X, ﬂl.lsé;f;l“ Mapping System
YorZdiecions sspplied RF Unblank TTL Signal “ k 1 7
MRi o] Gradient = ™
Gy ¢ Blanking Blanking (b) 5 MR-Tracking Coils
Gradient Detection |»] Period » Period Radiofre
Cabinet [0 ci;ﬂ”g:v [neLMn Extension :n:'::m 2mm diameter

mixed with Gradient ECG and NavX Signal k ‘ f f f ’
""""_'0. © 8 NavX Electrodes
TTL SWItEh e - : 1

Control

ECG and Nav Signal 1SPOTSwitch  gope ctively Acquired m

Fig.5: Simultaneous ESN&MR tracking in a heart | Fig.6: Navx-based EAM during swine MRI imaging.
phantom using an MR- & ESN- tracked catheter | Reference catheter in Coronary Sinus and mapping

catheter in Left Atrium
Catheter |

- — e,

2

’
Catheters

ESN EAM during Catheter MR
Imaging tracking
Figure 1
Author details 3. Nademanee : JACC '04..
1Brigham and Women'’s Hopsital, Harvard Medical School, Boston, MA, USA. 4. Early : Eur. Heart J '06..

“University of Cincinnati College of Medicine, Cincinnati, OH, USA. *Standford 5. Tse: ISMRM & SCMR ‘10&11..
University, Standford, CA, USA. 4St Jude Medical, Inc, St Paul, MN, USA.

doi:10.1186/1532-429X-14-51-P206
Published: 1 February 2012 Cite this article as: Tse et al: MRI guided electrophysiological
intervention with a voltage-based electro-anatomic mapping system.

Journal of Cardiovascular Magnetic Resonance 2012 14(Suppl 1):P206.
References

1. Dukkipati : Circulation'08..
2. Schmidt : Circulation A&E'09..




	Background
	Methods
	Results
	Conclusions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


