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Introduction 

Interventional radiology (fluoroscopically-guided) techniques comprisguided 

therapeutic and diagnostic interventions, by percutaneous or other access, usually 

performed with fluoroscopic imaging used to localize the lesion/treatment site, monitor the 

procedure, and control and document the therapy.  The use of interventional radiology 

(IR) has greatly increased in recent years, because it offers several significant benefits1).  

However, prolonged fluoroscopy times and the cumulative X-ray doses delivered when 

making large numbers of radiographs of limited areas of the patient can cause deterministic 

effects ranging from transient erythema and dermatitis to skin necrosis2,3).  

Since most installations avoid high dose rates in the vicinity of the patient and staff 

by using fluoroscopy equipment configured with an over-table image intensifier and an 

under-table X-ray tube, the patient’s skin dose can be mapped by placing a large piece of 

films on the tabletop immediately under the patient.  Mapping skin doses using 

two-dimensional radiation sensors such as films is critical way to detect overlap areas 

between irradiation fields and determine the most-exposed patient skin areas and the 

probability of injury in complex fluoroscopy interventions.  Kodak EDR2 film and new 

radiochromic film, GAFCHROMIC-XR can be used this way.  However, their dynamic 

ranges are not adequate to fulfill the range of interest during IR procedures, from 10 mGy 

to over 10 Gy. Furthermore, films like EDR2 and radiochromic films cannot be reused. 

We therefore propose to use imaging plates (IPs) for mapping skin doses of patients 

in IR procedures.  An IP made of europium-doped BaFBr, a photostimulated 

luminescence (PSL) material, is a highly sensitive two-dimensional radiation sensor.  It 
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has a wide dynamic range and high spatial resolution, and can be used repeatedly by 

irradiating them with visible light between uses.  BAS-TR type IP can accurately measure 

X-ray doses ranging from 1 μGy to 100 Gy and the dose-response is linear up to about 10 

Gy4).  IPs show the same response in the range between 100 μGy/min and 3.73 Gy/min 

without a counting loss5) and can thus be useful in IR procedures using high dose rates, such 

as digital subtraction angiography (DSA).  Because the energy dependence of IPs is rather 

high, the IPs were characterized to have a sensitivity variation of about 13% was observed 

for effective energies of 32.7 to 44.7 keV6), which are used in IR procedures.  Simulation 

of actual interventional cardiology procedures showed that the variation of sensitivity was 

within 5%, meaning that IPs are practical for measuring skin doses during IR procedures6). 

In this work, the entrance skin dose (ESD) was measured in two clinical studies of 

transcatheter arterial embolization by fitting a large sheet of IPs around a patient's back 

using a corset, which was used to avoid a geometric discrepancy in dose estimate between 

IP and the patient body.  The ESD obtained by IPs was compared with the results obtained 

by Dose Ace, which was commercially available a photoluminescent glass dosemeter. 

 

Methods 

Imaging plate and readout technique 

The 20 cm x 40 cm BAS-TR type IP, manufactured by Fuji Photo Film Co., Ltd. 

was used.  It has a 50 μm-thick photostimulable phosphor (BaBrF:Eu2+) and has no 

protective surface layer.  For measuring the ESD in patient, two IP sheets with closely 

matched sensitivities (within 5%) were coupled to make a 40 cm x 40 cm sheet for covering 

whole area of a patient's back.  The IPs were wrapped in black polyethylene to shield them 

from sunlight during irradiation and put inside a corset to make IPs fit to the patient's back.  

The IPs were scanned within a few hours after irradiation, using a colored-cellophane 

technique4,5) and a 200 μm x 200 μm BAS-1000 readout system (Fuji Photo Film Co., Ltd.), 

and were rescanned after annealing at 100°C for 70 hours.  

 

Dose Ace 

The GD-302M Dose Ace  (Asahi Techno Glass Co., Japan) consists of a 

silver-activated photoluminescence glass dosemeter (PLD) chip.  Each PLD chip was 

encapsulated within glass and was cylindrical, 1.5 mm in diameter and 12 mm in length.  

For each IR procedure, 10 points in the patient's back were selected for dose monitoring. 
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For each point, five PLD chips were used and placed inside the 13 mm x 14 mm holes that 

are present in the corset. The PL data from pulsed UV laser stimulation was read out from 

the chips with an FGD-1000 Dose Ace reader. 

 

Corset  

The corset consists of four 450 mm x 600 mm polyurethane sheets, three are 2-mm 

thick and one is 4-mm-thick.  The 4-mm-thick sheet has 13 mm x 14 mm holes at 5-cm 

intervals in an 11 x 8 grid for placing the PLD chips inside.  For measuring each patient's 

ESD, the IP was placed between two 2-mm-thick sheets and 50 PLD chips placed in the 

holes of the 4-mm-thick sheet on the reverse of the IP sheet.  The structure of the corset and 

an arrangement of the IP sheet and PLD chips are shown in Fig. 1(a).  The corset has three 

sets of Velcro bands on both sides to hold patient's body by fastening the ends of bands 

together.  It can be easily worn and fit to the body as shown in Fig. 1(b). 

 

X-ray irradiation  

The IPs were irradiated by beams from the X-ray generator (KXO-2050, Toshiba 

Medical Co.,) at Yamagata University Hospital.  The reference dosemeter was an 

ionization chamber (6 ml effective volume, model 1015, RADCAL Co.,), which is 

traceable to the Japanese national standard maintained by the JQA.  The filters for the 

X-ray generator were 1.1-mm-thick Al plus 0.03-mm-thick Ta.  The effective energies 

varied between 32.7 and 44.7 keV when the tube voltage was varied between 60 and 120 

kV.  The dose-response of PLD chips in the range from 1 mGy to 2 Gy was evaluated by 

placing four PLD chips at every irradiation on the tabletop immediately under an acrylic 

phantom (i.e., entrance skin location) and providing the X-ray beam from under the table 

with using tube voltages of 60, 80, 100, and 120 kV.  The acrylic phantom was 

20-cm-thick and had a 33 cm x 33 cm front face.  Each exposure was determined with the 

RADCAL ionization chamber model 1015 by placing chamber in the center of IPs and PLD 

chips. 

 

Results and discussion 

The variation of the measured values among four PLD chips at each irradiated dose 

or tube voltage was within about 5%.  The PLD chip dose–response relations are shown in 

Fig. 2 for each tube voltage.  The linearity was observed for all the doses at all tube 

voltages, and the response of the PLD was equal from 80 kV to 120 kV although sensitivity 
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at 60 kV was about 10% less than that at other voltages.  

Case 1 and 2 were 68 and 77-year-old female patients each with Hepatocellular 

Carcinoma (HCC), which were treated by Transcatheter arterial embolization (TAE). 

Fluorocsopy times were about 1 hr and 2 hr, individually and tube voltages were recorded 

at 3 min intervals during fluoroscopy.  A contour dose map of patient 2 obtained by 

scanning of IPs with the annealing technique is shown in Fig. 3(a).  Ten measuring points 

where PLD chips were placed were shown in Fig.3(b).  An example of ESD monitoring of 

patient 2 obtained by the PLD chips and IPs at the same point is given in Table 1.  

Although the variation among PLD chips was within about 5%, the estimated dose by PLD 

chips at points 4, 8, and 9 showed 2.5, 1.6, and 1.9 times variation among 5 chips.  IP's 

dose distributions in Fig.3(b) clearly showed that these points were located just on the 

places where the dose changed sharply.  Overall, both doses in Table 1 show agreement, 

however, the doses obtained with the PLD chips were consistently lower than those 

obtained with the IPs.  The highest dose among ten points was observed at point 7 and the 

difference between the dose obtained with the PLD chips and that with IPs was more than 

40%.  This discrepancy partly comes from the absorption of the X-rays by the IPs, which 

was estimated to be 7.7% at a tube voltage of 80 kV, since the PLD chips were placed on 

the reverse side of the IP sheet against the X-ray generator.  It also comes from a variation 

of sensitivity of the PLD chip, whose sensitivity depends on the direction from which the 

X-rays are incident on a PLD chip.  The X-rays come from the direction along a long axis 

of a PLD chip have about 60% of the sensitivity of those come from the direction along a 

short axis7,8) when tube voltages are 50, 80, 100, and 140 kV.  An area including peak skin 

dose (PSD) can be easily recognized visually by variations of PSL density in Fig. 3(a), 

however, the PSD area cannot be recognized from the results obtained by discrete numbers 

of PLD chips. 
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Table 1.  Comparison of entrance skin dose, ESD (mGy) of patient 2 at the same point 
obtained by the PLD chips and the IPs. 

 
 Measuring ESD obtained by ESD obtained 
 Points 5 PLD chips (mGy) by IPs (mGy) 
 

 1 16.66 ~ 21.23 19.99 ~ 22.51 

 2  14.87 ~ 17.85 18.49 ~ 19.79 

 3 5.37 ~ 6.41 10.29 ~ 10.86 

  4 389.91 ~ 992.88 398.12 ~ 1,124.83 

  5 113.50 ~ 134.96 94.43 ~ 192.01 

  6 12.99 ~ 13.68 19.01 ~ 21.23 

  7 990.29 ~ 1,029.60 1,099.08 ~ 1,602.81 

  8 265.54 ~ 429.47 444.75 ~ 679.27 

  9 113.89 ~ 216.8 115.46 ~ 260.57 

10 12.46 ~ 13.22 17.56 ~ 19.27 

 
Figure 1.  (a) Structure of the corset and an arrangement of IP sheet and Photoluminescence glass dosemeter 
(PLD) chips. (b) Patient’s body are held by fastening the ends of Velcro bands together. It can be easily worn 
and fit to the body. 
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Figure 2.  PLD chip dose-response relations on the acrylic phantom for the tube of 60, 80, 100, and 120 kV. 
 
 
 
 

 
Figure 3.  Contour dose map of patient 2 obtained by scanning of IPs.  (a) 3-D map. (b) 2-D map.  Ten 
measuring points were selected for dose monitoring with PLD chips. For each point, five PLD chips were 

placed. 
 

0

2500

5000

7500

10000

P
L
D

 r
e
sp

o
n
se

 (
m

G
y)

0 500 1000 1500 2000 2500

Dose (mGy)

120 kV

100 kV

80 kV

60 kV



<<
  /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


