Destructive energy impact to the myocard damage:
between technological advantages and risk

V. Veikutis!, A. Puodziukynas?, T. Kazakevicius®, V. Zabiela*

'Lithuanian University of Health Sciences, Institute of Cardiology, LT-50009, Kaunas, Lithuania
2.3-4Lithuanian University of Health Sciences Clinical hospital, Department of Cardiology,
LT-50009, Kaunas, Lithuania

ICorresponding author

E-mail: incentas.veikutis@med.kmu.lt, *kazakev@gmail.com,
4y.zabiela@gmail.com

(Accepted 17 September 2015)

3aras.puodziukynas@gmail.com,

Abstract. Background: The aim of the study was to evaluate and compare destruction effect to
different heart structures using RF, cryo and laser methodology in animal (pig) model. Methods:
Ablation procedure was performed on right and left pulmonary veins area, free wall of right and
left atrias, and free wall of ventricles positioning ablation electrode from endocardial side.
Ablation electrodes were inserted through an incision in right/left auricle. The effects of ablation
were observed visually and using thermography for temperature control. Results: Standard
recommended parameters for both of used destruction energies were possible to evoke quick
critical scar formation and rupture. Temperature in cardiac surface differs from 34.5 till 70.2 °C,
and directly depends from electrode compression level, time of application and energy power. We
express dissent from the general view, what destruction in cardiac structures is point like. We
observed enough high range of temperature dispersion, especially in ventricles. Conclusions:
Usage of thermography enable to estimate peculiarities and borders of destruction site, optimize
parameters of ablation, allows us to avoid or minimize undesirable effects, save structures and
improve clinical outcomes.
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1. Introduction

Recently most of the cardiac rhythm disorders are corrected by transvenous way, using
radiofrequency, microwave, laser energies or cryoablation. In over then 20 years of clinical
experience, catheter radiofrequency ablation (RFA) has become standard and mostly developed
approach. Unfortunately, despite of increased experience and using modern RFA technologies
short- and long-range postoperative complications and relapses are nor rare, what make poor
clinical outcomes [1-3]. Usage of cryoenergy is high effective, especially in atrial fibrillation
correction procedures in pulmonary veins zone, but technically complicated and relatively
expensive. Microwave weren’t useful in clinical practice because of huge thrombogenesis, uneven
endocardial lesions and high perforation rate [4]. In the 1980s, were developed and tested
successfully laser ablation methodology [5, 6]. The results showed that by using an open-irrigated
laser catheter system, deep lesions can be achieved within seconds without thrombus formation or
steam pop [7]. Recently, all this novel techniques develop optimization, are testing new catheter
systems but subclinical are mostly used an isolated thigh-muscle model, which is far away from
real clinical conditions. Aim of our study was in experimental model to test RF, cryo and laser
ablation techniques, analyze possible mechanisms of complications, measure and determine
optimal ablation parameters on beating pig heart.

2. Methods
12 female pigs (weight ~20-25 kg) used in experimental study. Hearts were exposed via

sternotomy and pericardtomy, destruction of various heart areas was performed from the
endocardial surface by inserting the electrode through femoral vein or the incision on the right or
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left auricle. For RFA standard 4 and 8 mm “Biosense Webster” (Johnson and Johnson,USA)
intracardial electrodes were used. Destruction was performed using Prucka Engineering® RF
energy generator OSYPKA HAT 200S. Destruction parameters: energy — 10-50 W, time — 10-60
sec. Cryodestruction was performed using cryoaplicator “Cryocauter KCH 450”. Cryodestruction
parameters: atria — application time 1-2 min., temperature on the end of applicator —80 °C. For
laser ablation we used loop form 10F electrode-laser catheter, which was inserted previously
through the a. femoralis, position in the heart controlled by finger, ablation parameters —20-35 W,
60 s.

Temperature changes in epicardial surface registered with thermo camera ThermaCAM P640,
emission €-0.98, temperature sensitivity < 0.05°C. After destruction, damaged zones were excised
and evaluated histologically. Three excised hearts were given for anatomorphological analysis —
intracardial nervous tracts topography and state identification.

3. Results

During RFA procedures on surface of atriums, destructive thermo effect (>46 °C) was
observed after 5-7 s, after application, despite of power of energy and type of electrode. Dotted
zone of total destruction using 20-30 W power and both type electrodes was 3-4 mm, whereas
using 50 W — 4-6 mm. Partial destruction zone usually was equal or marginally, but regularly
major than total destruction zone (Fig. 1(a)). Usually zone of destruction was ellipsoid, whereas
temperature restoration occurred in 25-78 s., subject to power of energy, time of application and
type of electrode. Peculiarities of RFA in site of pulmonary veins were similar comparing with
free wall of atrium, however damage area was 20-30 percent greater and destruction site was like
irregular ellipse pointed toward pulmonary veins flow to atrium. (Fig. 1(b)). 30 and 50 W
20-60 s applications outcomes were similar in total damage site, but partial damage sites differs
significantly according to power and time of application.

a) b)
Fig. 1. a) Total and partial (marked) destruction zones in site of pulmonary veins ostium, using 20 s;
30 W power; b) the same using 20 s; 50 W power

Spread of RFE in ventricule wall had significant pecularities. We observed well marked
temperature dispersion. Partial destruction zone went through myocardium and made 10-15 mm
in width forming irregular oval with interstitial lines. This phenomenon was visible independent
if RFA was made from endocardial or epicardial surface (Fig. 2).

Using cryoablation, destruction zone was total, even and forming regular oval. Destruction
zone was statistically reliably even in all sites of heart and almost independent from application
time (Fig. 3).

Using cryoablation approach, destruction zone was total, even and forming regular oval.
Destruction zone was statistically reliably even in all sites of heart and almost independent from
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application time. The same we observed using laser ablation. The laser causes localized heating-up
of the heart tissue, with temperature scale 34.1-70.2°C and enough restricted scar formation

(Fig. 3).

Fig. 3. Thermogramm of laser destruction in site of pulmonary veins ostium, using 60 s and 35 W power
4. Conclusions

Usage of thermography enable to estimate peculiarities and borders of destruction site,
optimize parameters of ablation, allows us to avoid or minimize undesirable effects, save
structures and improve clinical outcomes.

References

[1] Tan E. S., Mulder B. A., Rienstra M., et al. Pulmonary vein isolation of symptomatic refractory
paroxysmal and persistent atrial fibrillation. Netherlands Heart Journal, Vol. 17, Issue 10, 2009,
p- 366-372.

[2] Ouyang F., Bansch D., Ernst S., Schaumann A., Hachiya H., Chen M., et al. Complete isolation
of left atrium surrounding the pulmonary veins: new insights from the double-lasso technique in
paroxysmal atrial fibrillation. Circulation, Vol. 110, 2004, p. 2090-2096.

[3] Jais P., Hocini M., Hsu L. F., Sanders P., Scavee C., Weerasooriya R., et al. Technique and results
of linear ablation at the mitral isthmus. Circulation, Vol. 110, 2004, p. 2996-3002.

[4] Aupperle H., Doll N., Walther T., Ullmann C., Schoon H. A., Wilhelm Mohr F. Histological
findings induced by different energy sources in experimental atrial ablation in sheep. Interactive
Cardiovascular and Thoracic Surgery, Vol. 4, Issue 5, 2005, p. 450-455.

550 © JVE INTERNATIONAL LTD. VIBROENGINEERING PROCEDIA. SEP 2015, VOLUME 5. ISSN 2345-0533



[5]
[6]

(7]

DESTRUCTIVE ENERGY IMPACT TO THE MYOCARD DAMAGE: BETWEEN TECHNOLOGICAL ADVANTAGES AND RISK.
V. VEIKUTIS, A. PUODZIUKYNAS, T. KAZAKEVICIUS, V. ZABIELA

Weber H., Ischinger T. Cardiovascular application of Nd: YAG laser. Lasers in Surgery and
Medicine, Vol. 4, 1988, p. 54-58.

Weber H., Enders S., Keiditsch E. Percutancous Nd: YAG laser coagulation of ventricular
myocardium in dogs using a special laser catheter. Pacing and Clinical Electrophysiology, Vol. 12,
1989, p. 899-910.

Ikeda A., Nakagawa H., Weber H., Sagerer-Gerhardt M., Sharma T., Pitha J. V., et al. Open-
irrigated laser catheter produces deep lesions without thrombus or steam pop. PO1-83, Featured Poster
Session and Reception, Heart Rhythm 32nd Annual Scientific Sessions, San Francisco, CA, USA,
2011.

© JVE INTERNATIONAL LTD. VIBROENGINEERING PROCEDIA. SEP 2015, VOLUME 5. ISSN 2345-0533 551




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


