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Radiation Dose Measurement of the Patient in
Interventional Radiology Using
a Transmission Ionization Chamber

Junji Tanaka, Hisashi Hirata, Naoko Nishi,
Takashi Ushimi, and Atsuko Heshiki

We propose a method to estimate patient radiation dose
in radiologically guided interventional procedures using a
transmission ionization chamber. A typical transarterial
embolization (TAE) procedure for hepatocellular carcinoma
was simulated, including 30 minutes of fluoroscopy and five
series of DSA, each with appropriate collimation. The dose- |
area product was divided by the area and compared with values ,
| from a standard dosimeter placed in the center of the radia-
| tion entrance, to obtain a conversion factor. In this way, the
| entrance skin dose can be estimated immediately after the
| procedure by simply multiplying the value by the conver-

sion factor, if the procedure roughly conforms to the simu-
| lated model. The average entrance skin dose of 33 patients
- who recently underwent TAE for HCC was found to be 0.66
' (0.19-1.75)Gy. This technique can be applied to other ar-
eas of IVR and may help to reduce patient exposure to ra-
| diation.

Research Code No.: 203.2
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Fig. 1 Installation of the transmission ionization chamber. A: lonization chamber (arrows), installed on the collimator of the X-ray genera-
tor. B: Main unit of the measuring system. The concurrent dose area procluct is shown on the digital display.

5 5.

BF 70 2® =n/S

X =k® =kn/S (kX EHFIEL)
XS = kn = THHERL =
PlEXb,

Level 2 TOHifii# i = kn = Level 1 TOHfE S

EV ) FERARY L0, bt IR R R
$, level 1 THIS L7 HFE#S: Xlevel 2 (BBE DR H) O
R O2RICFELY. ZoMEFABELT, BEIHs
SNLPEHBORE [HEEHE] L VI B TESICHET S
CLEMNTED,

| EHER

Fig. 2 Concept of the ionization chamber. The number of pho-
tons at level 1 is equal to that at level 2. Therefore, the dose-area
product obtained by the ionization chamber is independent of level.
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Fig. 3 Caliburation of the ionizing chamber using a DSA
unit. A: Image intensifier, B: Acrylic plates of 20cm in
thickness, substituting for & human body, C: Standard ra-
diation monitor, D: lonization chamber, E: Collimator.
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1) EEREIE & FRTEF AL % —E 12 L TmAsE 2 b & & 720
O, WHERTOFHIME% & 5 (Fig. 4).
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Fig. 4 Plot of the value of ionization chamber versus mAs. The
X-ray tube voltage (70kVp)and the area (306¢cm?)were fixed, and
the mAs was changed within the range of a usual examination,
for comparison with the values obtained with a standard radia-
tion monitor.
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Fig. 5 The voltage of the X-ray tube was changed from 70 to
105kVp, with the radiation exposure held constant. The area of
the radiation entrance was fixed. The value from the radiation
monitor was multiplied by the area, and the ratio of the result to
the value from the ionization chamber was plotted.

Wolzl EllHDEVoT LN,
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PR 5 2 ENTE B0, RMEGIROHHATTARE & &
A5THA). LPLEHS, 3) -5 fETE L0k
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BN, HEFTREERDEE 5\,

FRIZHONbNDEZ 2D, BMEOHEHIT L IZ—~ED /S
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2B LHMEOEEASAY, (2) LIGMBEEINR % A L7724
JFFPIRR 52 % 468 C (3) MBI o (K dslekls 3 72 3 HE K Sk 0 v 52 %
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Fig. 6 The area of the radiation entrance was changed from 80
to 620cm?, under constant voltage (70kVp)and constant 25mAs.
The ratio of the value from the radiation monitor and the area and
that from the ionization chamber was plotted.

S ENTES. LB TITb I FFREBIIRERN DR D33
Bz BT 5T ERREE 133345, FEERKIIS.SE TS
-7z (Table.2). ZHDWFHRERNTOBEY - FIY LT
HHEMELT, BBUREROERMI NS - I12Fs D
DEHR%L, Fig. LLEFREDT 7 ) MiRE AV EF IV ET
BH L2, CoORNTTHE O N EHERRET OFHIE &,
R ERT OB % 4T I L 7245 B % Table 112777, RO
DA HRHERETOFHIME, [ C < BIlAEMEMR R 5
DETHL. MEEFRRTOTF—% & LTHET 270
(<, BB EMERAE T O FHMIE 1< 2 DAL T D HE4HET
Tl 2 fe U 72 b @ (dose-area product) & LT 5 flZIZER
TETDH., TORTALRY T, MHEOHMEIX L < EEL
LTwa, BADEFEERTIE O NG ERT Oy
Hr—s bRE 2B L, EBEOBRENZODEBREFTL OIS
F—UhoRESHNZDLDIZLSRGIRY X, iR
AT OFRHME A & 5k & A7z H0E R TR R & (31 2analo-
gousBIARE 2T eE XTI WTH A, Table 1DFERD

Table 1 A simulated pattern for a typical transarterial embolization procedure for hepatacellular carcinoma. Series

2 through 6 were done by DSA.

Series A B C D E F
(1) 30 min. of fluoloscopy with 20cm I. I. 155 63.16 63.71 1.01 411.01 407.48
(2) Celiac arteriogram 407 7.57 9.01 1.19 22.13 18.60
(3) Hepatic portogram via S. M. A. 407 8.18 9.93 1.21 22.40 20.10
(4) Right hepatic arteriogram 270 8.09 9.64 1.19 22.40 29.96
(5) Superselective right hepaic arteriogram 155 7.57 9.65 1.27 35.72 28.03
(8) Rlight hepatic arteriogram 270 8.35 10.82 1.29 69.82 53.87

Total 1664 102.92 112.76 // 598.48 558.04

A: Area of the radiation entrance (cm?), B: value of the ioning chamber (Gy-c¢m?), C: calculated dose-area product (\(alut:
of the radiation monitor x applied area) (Gy-cm?), D: ratio of C/B, E: entrance dose by the radiation monitor (mGy), F:

estimated entrance dose from the ioniziation chamber (mGy)
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Table 2 Total fluoroscopy duration, the number of DSA, and the
value of the ionization chamber in 33 recent procedures
of TAE for HCC.

Patienit’s No. A B Cc
1 58.5 6 205
2 66.0 7 96
3 4.3 4 33
4 16.0 3 50
5 15.6 4 66
3] 22.7 8 91
7 64.4 5 247
3 60.0 5 160
9 15.9 6 62

10 17.1 6 67
11 423 3] 65
12 155 4 70
13 23.8 8 182
14 32.6 4 70
15 28.9 3 68
16 28.8 5 103
17 24.9 6 64
18 46.3 6 306
19 16.8 3 77
20 8.3 4 146
21 45.8 3 87
22 42.0 7 168
23 17.1 5 102
24 45.5 6 61
25 8.2 3 110
26 301 7 77
27 23.2 6 63
28 39.3 7 108
29 36.9 3 52
30 46.7 1 212
31 26.0 7 130
32 52 9 202
33 34.2 8 147
Average 33.2min. 5.5 114Gy - cm?

A: Total duration of ﬂuoroscopy(min.), B: the number of DSA, C:
The value of the ionizing chamber (Gy-cm?).
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