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Introduction Aim
Interstitial high-intensity ultrasound therapy : Add an imaging function to the therapy probe for guiding and monitoring :
Miniature transducer brought in contact with deep-seated tumors. > A dual mode transducer was designed and built.
External imaging for monitoring and guiding the treatment can be difficult. Two strategies for combining therapy and real time imaging were tested in vitro.
Material P T L O3m
Transducer : £ i Sy
-11 MHz, 2.5x7.5 mm?, cylindrically focused at 10 mm in its short dimension (fig. 1). 2
-Optimized piezocompositg, acoustiq_matching layer and electrical matching circuit. Figl. Gmm"o /'zh;}rf,ns ducer Fig2, Tf}[’m ducer mounted on the fexible ”g,g.s;) mmwmoﬁ tion mfa(ﬂfm.mce
=> good therapy and imaging capabilites : Thers Meariremen was dont on & e wie
-64 % transmit efficiency was measured at 11 MHz. Intensities up to 30 W/cm? could be emitted continuously. Signal generator
-Size of the -6 dB point spread function at 10 mm : 0.2 mm x 0.5 mm (fig. 3). Lateral resolution <1 mm in ROI. Amplifier NMechanical relay
Driving system for imaging and therapy (fig. 4) : Wattmeter
-The transducer was rotated by a motor through a 1.2 m flexible shaft (fig. 2). [ Imaging | I —
-Therapeutic excitation was provided by a signal generator and an amplifier . Pulser L1
-An ultrasound pulser/receiver was used for imaging. Acquired data were transferred to a computer for processing. gf;:‘;g
-A mechanical relay (switching time : 5 ms) was used to switch from therapy to imaging. v - synchronization | angle
-Switching was synchronized either on the position of the motor or on a periodic trigger provided by the computer. Computer ‘
-Therapy was inhibited during imaging periods. Inhibition of therapy during imaging

Fig 4. Driving system

Methods : Description of the two treatment strategies

Still transducer : Fast rotating transducer :
-The transducer did not move during the formation of thermal lesions - The transducer rotated continuously as in conventional endo-echography
-Therapy was periodically interrupted in order to acquire RF lines (see timeline below) - Imaging was interrupted over a small angle (a, to a,) in order to perform therapy :
150 N ) N I B
“— t —> t
B 1cging [l Thearpy T Ti =0 o, o-a, o=21=0 1/Rotation speed
Total |Frequency of RF| Echoline |Therapy duty] Intensity during Mean Total Rotation | Therapy angle | Therapy duty cycle| Intensity during |~ Mean
treatment | lines acquisition [acquisition time|  cycle therapy periods | intensity treatment|  speed therapy periods | intensity
time T Ti n=(T-Ti)'T peak Imean=- loeak time -0l n=(a-a,)/2m Ipeak Imean™N- peax
60-120 s 8 Hz 15 ms 88 % 12.5-19.3 W/cm?[11-17 W/cm? 90-240 s 7 Hz 38°-47° 10.5-13.1 % 150-240 W/cm? | 20-25 W/cm?
-B-mode images can be built before and after therapy. -One rotation over 7 was done without therapy in order to obtain images over 360°
-Standard M-Mode images were displayed on-line during the treatment -B mode images were displayed on-line during treatment
-1D strain images were calculated after the treatment -2D strain images were computed after the treatment

Experiments were conducted in vitro on degassed pig liver samples at ambient temperature.

depth (mm)

Results
Still transducer : Fast rotating transducer :
-Up to 9 mm deep lesions were obtained. -Up to 8 mm deep elementary lesions were obtained.
-Changes in the speckle pattern were observed on M-mode images during treatments -No change was observed during treatment on standard B-mode images.
in most cases (19/24) where a lesion was induced. -Apparent strain was visible in the targeted zone on the strain images.

-Apparent strain was visible on the strain images when a lesion was induced.
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(a) M-mode image during a still transducer treatment with I,,,,,=17 W/em?, 120 s. The transducer was on the top of the image. (a) B-mode image during a fast rotating transducer treatment with I,,,,, =25 W/cm?, 240 s. Dotted lines show the heated zone. No
Changes in speckle occurred afier 20s. (b) Corresponding strain rate image (%/s). Afier 20's, expansion appeared near the change was seen during treatment. (b) Cumulated strain over the first 30 seconds (%). An expansion zone appeared near the
transducer, and contraction further away. (c) Corresponding picture of the liver sample afier treatment. transducer, and a contraction zone further away . (c) Corresponding picture of the liver sample afier treatment.

Discussion and conclusion

*Up to 8 mm deep elementary lesions have been obtained with both methods.
-Deeper lesions would have been obtained at lower frequencies for both methods. The intensity of the field emitted by a transducer decreases as e-@’, where r is the axial
distance and a is the attenuation, proportional to frequency.
-The fast-rotating strategy required a greater solicitation of the transducer for obtaining similar lesions. Fast rotation induces an additional 7/r decrease in heat deposition.
Moreover treatment was done over a larger sector, thus a higher mean intensity is needed to reach the same depth. Very high peak intensity required for this method does
not damage the transducer since the switching speed is fast enough to average the self-heating of the transducer.

« Standard echo images were displayed during therapy. Strain images were calculated.
-Real time B-mode images were necessary for positioning the probe but were not always reliable for monitoring the treatment. Strain images seemed to be an interesting
alternative. An objective criteria for assessing the spatial extent of the lesions from strain images has to be found.
-1D images obtained with the still transducer can be used for monitoring the treatment. Although the temporal resolution is poorer, 2D images obtained with the fast rotating
transducer provide more spatial information and may be easier to read.

This work was supported by French Ministry of Industry, Réseau National des Technologies de la Santé, ANT 05 RNTS 01101





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /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 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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.15
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 0.15
    /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 false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


