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Monte Carlo-based comparison of radiation protection efficiency of lead glasses vs. lead mask for
eye lens of doctor in different standing postures during transcatheter arterial chemoembolization
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Abstract: Objective Transcatheter arterial chemoembolization (TACE) operation is widely used in current interventional
radiation therapy, which may create high radiation dose in the eye lens of the operators, leading to the cloudy of the eye lens
or even worse, cataract. In the study, the eye lens doses and differences for a doctor who was in different postures and used
different eye protection wears during TACE were analyzed by using Monte Carlo method and 3D voxel phantom. Methods
The annual equivalent doses and the absorbed doses of the left and right eye lens of the doctor wearing lead glasses, or lead
mask, or nothing, each in different standing postures: facing 45° to the left, facing 45° to the right and facing the patient,
were simulated and calculated. Results Without any protection, the equivalent doses for the eye lens of the doctor in three
different standing postures were all larger than the dose limit 20 mSy, the reference value from International Bibliography of
the Social Sciences (IBSS) in 2014, and decreased in the order of facing 45° to the left, facing the patient and facing 45° to
the right. With lead glasses, the equivalent doses in different standing postures were close to the dose limit of IBSS; with
lead mask, the equivalent doses were smaller. The absorbed doses of different eye lens were different: the doses of the left
eye lens were less than those of the right lens for the doctor facing 45° to the left, while the dose results of the left lens were
greater than those of the right lens for the other two standing postures. Conclusion In order to reduce the eye lens dose
without affecting the operation quality, doctors were suggested to wear lead mask, avoid turning left when operating in
TACE without eye lens protections, and pay more attention to the left lens protection if lead mask is not available.

(175 B #]2016-02-08

(E£TA | E%K HRRFH:4:(11375181,11375182)

[1E& B ] T3 (1991-) , £, i+ 52 4= , E-mail : wy007 @mail.ustc.edu.cn
[{EB151EH 4%, 5, BI#d% , E-mail : zchen@ustc.edu.cn



- 554 - rh ] 2R e 2 $33%
Key words: transcatheter arterial chemoembolization; interventional radiology; voxel model; Monte Carlo; radiation dose;
eye lens; lead glasses; lead mask
BB
I AR 27 5 A A v R R e, E R — 1]
il s 258 i

1 #B57E

1.1 MCH%

B MG RIGYT T— IR S 222, i3 MC J7 i & —Fh 3 TR S i 38 i BUE T
Jik 1k ¥7 #4& %€ (Transcatheter Arterial Chemoemboliza- B, MCNPX(Monte Carlo N-particle Code ) /&
tion, TACE) T-R7E H AT A/ ATCHHAS T Hh i TS

KEYLH], TACE FA 55 A 5 g X2,

WA R A, e 45 A D3 A R AR mT BB 2 7 TR A

5 [ H07 BT 7 By [l S8 S 0 2 0T R ) — B RERS LA
[ 128 52 255 15 FR) 0 200 R0, 2 o 5 A MRt A ) T S0 12

A0, AR S AR B 2 AR . A OB AR, 280

>N

FF T R RIE N RR AR 2 AR RE R A E
Z UM 25 F i iz 1 AR B 3 MC IR RE I 7
A AIRYT IR db AR ARy T, B L E FH MCNPX
RS T 32 70 i K
ABRAEE TEBAE BT AR IR, i B ey 1.2 (R =iEE
R, 2014 4F, [EPRIET-REALFY (JAEA) & A7 I Pr FEGAY H 3 1 RPI-AM RIS RIRE A AGRTT
S B B R SR 2 4 1 B A EE bR ifE) (IBSS) Hy, R BRI T — 28K Y RPI-AM R BB
BT HR SRR BRAE BB 2 SAE DL EHR IR RPI-AM J2 36 [ 3 8 3 T2 Be 00F & (1A R Ak i 4F
R4 2Z B AE -2 2 0l 1996 4F IBSS HLE R B3P AMRBE R 40 T 130 N AUk 2 B, AR Y
## 3d 150 mSv [ I S 20 mSv(5 4= P AN i i 100 .
mSv), - FLAT A 5 — 45 4y P9 24 5 75 &2 K #8550
mSv*® G HGE TS 7E BT AT BN A i R
q} e AT T A, TAEA S 7

T S R 1M 60.0.36.6.177.3 cm, & B L5
] o 4 559 B 47 2% 51 23 (ICRP) W o 55 M (B 15 176
cm, (i it 73 kg) A A, 44 B RPI-AM [ 130 24~ 2%
ZHEA T BEESICRPSHHZ 27 0.5% LI . 4N
20 mSv AEFRAGTEZE T RETE . DRI IE A AU 2
TAE G HR fb AR ) e sk AR AR L B, T

PR A iR 0 2x 10" K R 2.5 mm B R R 41
fift, F AT A 4 B2 55 A B3 A IR SR AR AN B &

B BRI 2x10° AL T, A ER A R IR BT

P FE LU IR AT Iy . BT, ENAAE ming SR EURANXS D2 P TE 8% LAY L 5T
X HRE s R AR 8 TR T 2 A RO AR B Bl 472

SRBEFE o B A5 ORI RY 2 R A R 1

X B A Rt DR A 59 R AR AR R S i R LA

Xt AN [ B A T 7 10 A 0 T B AR A 4 1 2L Ty 3

fsf B 247 39 500 min, ST 7E AR P HR IR A4 A9 BE
U 3 MCNPX B i
SRR FEAF ST o fof 22 Th IR FLUBR R R 2R R 2 D

EYSW=R

He BL

) Van Rooijen 55 * F| I ESC P HARBERT S TAE A B 0L,
(Y HRE T A [] 3 2 A MR 5 550 k7K SF 2 B
TR IR B2 P LA R PR M A 00 i, SR T ROCR B
k2B A T XA

DU (F6 ) 3k
TR AW Sl MR R RS O T AR
1k RPI-AM #5451 T R Hp [ A= 0 A8, o U T B 5K

B KR ARRE L BB 3 o A RS2 56 [R] iR FH ALY
1.3 EAE AR AL E
ASLEREE XA AT 22 = ik 9 TACE FR

MR B TF AR I S5 I AR , AL 5258~ 1% (Mon-

te Carlo, MC) J5 Ll =4k R R AR (RPI-AM) BF

e A s 2 R LR, 4300l oA 3 . I T 1 X
I F AR R AL TR Al ST A 450 A i 45°

S5 NG ST 225 A5° A5 %5 45° X 54 YR P B Hb TR 35
o, ¥ PR T BE R 102 om, 24 BE A TR LIS, R B B

FRy O L B AN T R AR B S 20 49 om R JT
MM AR OL T, AR A4 70 A MR PR A2 A I A7)

FCHTE B 4 A T B R S R B T TR R A

(AT Y 5 o, 5B A I BSS FRAA H A, Xof B A R otk
D2 L

46 cmAtb o Y BE A 205 ASCI, IR SR 4 o c A AT
PR 5 4 i B e 48 T ARl 07 18] 2 A MR B 47 ) )7

T A AR EL G 22 49 om T 67 em b (&1 2)

1E TACE S AT AR RErp WA B A e M A R]
Fe ST PEAR A PR T 75 A RT RS S G B 4, Tk
D X BT B AR B AT ARG B BRGT . ASCER
QA BT AN ET AT 7~ (1 A 5 A 2 0 4
B2), Ze MBS AR P BSR4 Al B2 T, A 5

Aok SRR R 25 (5 7E 5% L N L 35 TE] Ay 8500



6 . TACE

- 555 -

4390 R 76.0 cmx21.4cm Fi133.4 cmx30.6 cm, J&E & 1
HF50.2 cmo — S PR L S T E AR I R E A
1 36.9 cm \Hif /7 75.3 cm &b ; — S R0 s TR
A R B R 2200 36.9 om BT T 49.3 em A, B

mEWAN L. IR N RS 100.0 cmx74.8
cm, JEE R 0.2 em A TR IR A R 7, H0 S L FIEEAE
A B A5 24.0 em  JT 5 27.3 em AR (&13)

a: Facing 45° to the left

b: Facing patient

c: Facing 45° to the right
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Fig.1 Doctor in different standing postures
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Fig.2 Distance between doctor and patient
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Fig.3 Diagram about doctor and lead baffle
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Fig.4 Height and radiation direction of X-ray
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Tab.1 Annual dose equivalent to eye lens of doctor in different standing postures with lead glasses, or lead mask, or no protection

No protection Lead glasses Lead mask

Standing Annual dose  Statistical Annual dose . Statistical Annual dose . Statistical

) i ) No protection/ i ) No protection/ .
posture equivalent uncertainty equivalent uncertainty equivalent uncertainty

Lead glasses Lead mask
/mSv 1% /mSv 1% /mSv 1%
Left 45° 88.85 1.06 23.75 3.74 2.18 20.79 4.27 2.07
Facing patient 79.99 1.14 31.47 2.54 1.80 19.60 4.08 2.17
Right 45° 40.41 1.74 40.14 1.01 1.76 11.31 3.57 3.03
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Tab.2 Absorbed dose rate of left and right eye lens of doctor in different standing postures, with lead glasses, or lead mask, or no protection

Left eye lens Right eye lens
; : Absorbed Absorbed dose

Standing posture and protection Radio to no Relative error Radio to no Relative

dose rate . rate .

protection 1% protection error/%

[(UGy - ™) [(UGy - s7)
Left 45°, no protection 0.192 2 1.00 1.66 0.2635 1.00 1.39
Facing patient, no protection 0.259 5 1.00 1.44 0.150 7 1.00 1.84
Right 45°, no protection 0.183 6 1.00 1.85 0.023 6 1.00 4.80
Left 45°, lead glass 0.048 5 3.97 3.30 0.0734 3.59 2.89
Facing patient, lead glass 0.091 6 2.83 2.40 0.069 8 2.16 2.72
Right 45°, lead glass 0.1831 1.00 1.88 0.022 7 1.04 491
Left 45°, lead mask 0.043 8 4.39 3.14 0.062 8 4.19 2.75
Facing patient, lead mask 0.065 5 3.96 2.77 0.0350 4.30 3.47
Right 45°, lead mask 0.047 6 3.86 331 0.010 4 2.26 7.42
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