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Development of dose monitoring system and visualization of dose distributions,

for the exposure reduction in interventional radiology
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In this study, we developed entrance skin dose (ESD) monitoring system based
on the direct measurement of ESD in Interventional Radiology (IVR) and the estimation of ESD by an
air kerma area-product (KAP) meter built into IVR. Specifically, the following items were studied.
(1) Establishment of a simple direct ESD measurement method using a water-equivalent solid phantom,
(2) ESD measurements and the dose comparison of treatment sites (head and abdomen) using different
IVR systems, (3) ESD estimation using the KAP, (3) Estimation of ESD by x-ray beam modeling of IVR
systems, (5) Estimation of ESD by radiophotoluminescent glass dosimeter and an optically stimulated

luminescent dosimeter for ESD estimation.




(Interventional Radiology: IVR)
1CRP(

2015

1)

DRL
IVR

(Gy- )

)

1(b)

1AEA(
(DRL)
(
IR
IVR

@ () 2. IVR
1.1VR
(M
ICRP  1AEA
(Gy- cm?)
(iDIVR
@ IVR
X [ ] IVR
X
( 2 ) IVR (Canon, Philips, Siemens)
( )
3.1. X-ray tube
(PTW 30013) 3 —— SSD =100 cm
(PWDT)1 cm 1010, 20 % 20 c?
(PTW 23344) Depth = 1.¢cm
X 50-140 kV (HvL)2.24- [ P SN N S ]
9.22 mm Al Q | ( / Famer-type Plane-parallel
)0.4 0.5 0.6
k()x PWDT PWDT
( 3.
3.2. IR
3.1 4 IVR (IRP)
(ESD) IVR 4 Canon 3 Siemens 2 Philips 1
IVR (Digital acquisition: DA)
(Fluoroscopy: F) (AEC) ESD
20 cm 16 cm PWDT -Flat panel




(SID)100 cm

[Flat panel image detector]

IPR XR-QA2
PWDT
HVL(mm Al) T Phantom size
------- =30>30>20 (or 16) cm?
HVL SpekCalc e P arale! RP
X ’ Examination tabrle
(Eeff)
SID
(Eave) Ql =100 cm| SSD
X KAP meter
ESD X-ray source
4. IVR
IRP
3.3. IVR
IVR 3.2 IRP (Arer)
ESD(mGY) Pia(mGy cm?) Pu(A)
(A FF(4) FF(4)  IRP
ESD X Pu(A)
X
4.1. 0.088 ———
5 HVL(mm AT) r SSD=100cm
No,uw, pp(MGY/pC) No,w, pp = hose I i
PWDT 1 cm 10 cm Q
x 10 cm 20 cmx 20 cm SSD 100 cm Pl TR R . B I
X = & e eni2@¥ef G
0.4 0.5 0.6 20 No, v, po § 0082 i I
0.0822 0.0836(mGy/pC) = oQ =04, 10x10 oQ =0.4,20x20 |
0.0828(mGy/pC)+ 0.46%(k = 1) 0080 r  , Q1=05,610x10 aQ =05,20x20 7
0Q =06,10x10 =Q =06,20%x20 |
0078 Lo v o 0L
2 3 4 5 6 7 8 9 10
/ HVL (mm Al)
1VR ESD 5. HVL(mm Al)
4.2. IVR
6(a)-(c) 6 IVR
mAs ESD ESD/mAs 4 Canon 3 Siemens 2 Philips
1 0] HVL (mm Al) Siemens
Philips SSD Canon  SSD
ESD
HVL ESD
X
X
0-5 T T T T T T T T T L T T T T T T T T T T T T T T T T
i Canon - Siemens - Philips
E*Uﬂ r QI=035044 7 [ eQl=045054 | ®Ql = 045054
E ol =045-054 7 mQl =055-064 ] mQ = 055064 7
g o3r =Ql=055064 7 [ +QI=065-074 7 T 1
= _ ] i
o 02t 1t 1t -
® 3 1- |
Yol ad . i _— 1t L -
i 1 e 1
oo b TR : TR E—
2 3 4 5 6 72 3 4 5 6 7 2 3 4 5 6 7
(a) HVL (mm Al) (b) HVL (mm Al) (© HVL (mm Al)

6. HVL(mm Al)



7(a)-(c) mAs ESD
ESD Ql HVL QI 1.0
ESD HVL 0]
018 T T T T T T T T T T T T T T T T T L2 T T T T
016 [ Canon oQ =055-064 4 [ Siemens oQ =055-064 1 [ Philips =
—. 014 [ oQ=065074 1 [ oQ=065074 ] [oQ=045054 °
g 012 [ 1L Q=075084 ] [0Q =055-064
>010 f g 1L 1 [oQ=065074 i
E oo0s | H 1 F 1L . oo
0 006 [ 1t 1 [
£ 0.04 ! "= 1t . i ‘
002 [ o 1t #° 1t
0.00 P " : . L . - " - ] - s s :
5 6 7 8 9 10 5 6 7 8 9 10 5 6 7 8 9 10
€) HVL (mmAl) () HVL (mmAl) (© HVL (mmAl)
7. HVL(mm Al)
4.3. IVR
4.3.1. 05 |
8 6 1VR I y=5801E-03x + 1 732E-02
- 04 [ R?=9.786E-01
IRP mAS ESD(Aref) PKA(Aref) ‘é r
IVR SSD 03 f
Siemens  Philips Canon  SSD E b
202 f QI=035-0.44
2 : «QI=0.45-0.54
ESD(Arer) QI Ql B 01 [ u Q=0 55.0.64
Ql  0.399 w ; +QI=065-0.74
(Abdomen: 92 kv 3.7 mm Al) 00 & e
ESD(Aref) ESD P X 0 20 40 60 80
Pya (A (MGy cm?/mAs)
IVR 8. 6 IVR
IRP mAs
ESD(Aref) P KA (Aref)
9(a)-(c) IVR IRP FF(A)
FF(A) X P
FF(A) IVR ( ) (Arer)
FF(A)
FF(A) AEC
Canon + 4% ( 93))
FF(A) Pra
ESD IVR ESD
12
| & A Canan | ® A L & A
11 L=~ B | & D L
’ uC ¥
10 1 L L
[T
Coe T I Q=045054 | |
QI=0.45-0.54 sty QI=0.45-0.54
08 Qi=055-064 | e |k QI=0 55-0 64
. QI=0.65-0.74 QI=0.65-0.74
07 b S S R T
5 10 15 20 25 & 10 15 20 25 & 10 15 20 25
(2) Side of square field at IRP (cm)  (b) Side of square field at IRP (cm)  (c)  Side of square field at IRP (cm)
9. 6 IVR IRP FF(4)

lonization chamber dosimetry based on 60Co absorbed dose to water calibration for
diagnostic kilovoltage x-ray beams, Fujio Araki, Takeshi Ohno, Suzuna Umeno, Physics
in Medicine and Biology 63,185018(14pp),2018
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