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Measurement of Radiation Dose to the Eye-Lens with
Bilateral Whole Brain Irradiation

Ki Hwan Kim, M.D., Charn 11 Park, M.D.,
Wee Saing Kang, M.D., Dong Woon Choo, M.D.

Department of Radiology, College of Medicine, Seoul National University

In 40 pateints with metastatic brain tumor and acute lymphoblastic ieukemia received whole brain

irradiation, the dose delivered to the eyelens was measured using T.L.D. chips applied on the eyes as

usual shield.

The dose to the eyelens was expressed the relative dose to the mid brain dose. Radiotherapy was

administered using Co-60 teletherapy with bilateral whole brain irradiation.

The results are as foilows:

s

The dose to the right eye from its incipient field is 16.6% of tumor dose while the dose to the

same eye from the opposite field is 41.2%. On left eye, 19.2% from incipient field while 39.2%

from the opposite field.

Total received dose to right and left eyes is 28.9%, 29.8% of tumor dose respectively.

3. Comparing lens shield group with orbit shield group received dose is 22.5%, 15.8% of tumor
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dose, respectively.

The dose delivered to the eyelens in ipsilateral side depends upon internal scattering, location

of lead shield and penetrating dose of lead in itself. The dose in contralateral side depends upon

divergency of radiation beam and patient’s malposition.

. The dose to the eyelens should be less than 10% of tumor dose with adequate shield, also not

missing the chance of leptomeningeal recurrence because of overshielding.
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Astell 4 Co-60 ZERIGEBS A3k 20 MR
fse 22 3=t 40 flel A4 T.L.D (BARsREGHE A
S3led Bl 24t FeAwEes SA 69 o
8T 2 Zakyo] AR o2 A BY axE 4
Fishe) [ B @R BESS sixte zr| FE
fifEe] EgdE H4L2Re oyl xbqdrh A mAlRX
3000 rad 24} 3shFel 300 rad 4

T SEHE,

10 3] F@4¢ 16 SHA ok
I8 ANKES J Hodgkin's #EES=Z C.V.M.P,

a8 o) 271 TN E3 £ Ed =l 20x 15
cm 4B 22 X 17 cm 742 o o},

BRGES 32t M4l 22 9 Aol A Co-
60 ERIEEZ MMl REvH (parallel opposing tech-

nique) & A shel ek S.S.D.(MUERMEERE) & 80
em o] g o},
BN TR R L7558 SRS BEEE ( epicanthus )

o} FMZEALY) RHe AR He FFow o),

Aol [EIEBRE HES =5 &H9 ou, & KE
Rt BB A %mﬂéﬂﬁ% Auks =7 e
7he et KR BRI S fod o SRk 54
IWES] 5 cm 57

19 d& 4%24. kel 2] 549
AL 757 el dFYel WA r-grame By
shetet.

T.L.D.(BENAFEET) chip & 3k2}7t £& 742 4w
ol A EAREgel Habsleicl, T.L.D.chipe =i 3
mmX 3mm 7= 1mm=Z #E 54 25 7|(Therm-
oluminescent Dosimeter Reader Victoreen 2800)& A}-&

skl iginEs A5k o,

( cytoxan, vincristine, MTx, prednisolone) 2] 3}3} g4
3} PR A2 2400 rad & 3FFol 200rad ] 12 HiE M. & -
ol AA g BENEE Agskde. 18 2
P M EERNE [ NRERIR F4 sista il g R B e SR DA e [0 [ T R A I ) T O
1800 rad & il 180 rad ¥ A WA x5 E oA RSP @MY W 18.3rad, 23.7rad & FAIA
R E 4 12.2%, 15.8%2 ZFA=gle}l (Table [,1). 2
Table [. Average absorbed dose.
& No. of Total Tumor Daily Tumor Rt beam(rad) Lt beam(rad) Total(rad)
rou
o Cases Dose (rad) Dose (rad) Rt. Lt. Rt. Lt Rt. Lt.
I 18 3,000 300 23,7 75,9 52 .6 18.3 76.3 94 2
I 12 2,400 200 16.4 39.7 36.0 18.7 52 .4 58.4
Il 10 1,800 180 16.9 24,5 47 .3 24 0 63.0 48.6

* Group [.Metastasis to brain

[ .Lymphoma(stage [V)

. Acute Lymphocytic Leukemia,

Table [[. Percentage of absorbed dose related with tumor dose.

No. of Total Tumor Daily Tumor
Group
Cases Dose (rad) Dose (rad) Rt
I 18 3,000 300 15
i 12 2,400 200
I 10 1,800 180 17,

Average percentage of absorbed dose

Rt beam ( % )

Lt beam ( %) Total ( % )

Lt Rt Lt Rt Lt
50.6 35.1 12,2 25,4 31.4
39.7 36.0 8.7 26.2 29.2
27.3 52.5 26.6 35.0 27.0
39.2 41.2 19, 2 28.9 29.8




Table [[. Total absorbed

dose (rad)

Total

Daily

Group No. of Cases Tumor Dose(rad) Tumor Dose(rad) Rt ere Lt wye

I 18 3,000 300 762 942

I 12 2,400 200 628 701

i 10 1,800 180 630 486
ek IS e ARl A 52,6 rad, 75.9rad®H4 7t r}l. =3 Brown 59 R ue} umaix2) il ERHK
7] FAAAFY 35.1%9 50.6 %] = kel Ml TR B APHES A £ 9o
EH ok 2RERRE o4 2 ol AlHe) 76.3rad, REEfE =g [, 183 kG A=22 D8
KRSl 94.2rad 24 FAIATS 25.4%, 31.4 %19 & BT EMA wlasiel [, [BoA 25489
c}, 15.6%, 16.1% %5 vehl o [E4A 26.6 %, 17.5%

MEE [BE w53t 42248 v WHH RAMS o 232 vo < 6.7 %9 FEHE ou|gdes AE W
X BAY%S 18.7%, 16.4%, o4l 39.7 %, 36.0  7A3}x 3t} (Table V),

%2 A9k SRBERES AtidA 29.2%,26.2 28 HEHE A mM R e o B Hu
%5 23 rh fEe] ¥ £5.& whapAd o) figie] EERo U, BE R
2 MEERME Himsel Dt A= Rl A A o &3 2 oer Kl £ v Zgo] Asme

AR WG S "J*d%k—"/l 26.6% 17.50%0ld I shedof Fhr},
Hkste] KUY = 3%, 52.5%% ngrc}.
Al S %Eﬂi /“ﬂl IRATE MMl = MY Bk N % %
MR- Aitiel A 19.2 %, 16.6 %olel vks] MY =)
£ 39.2%, 41.2%E Vel A 20 %ol At 2} 14 :'f%% e A 5E ASE olvzl Bl A&AEo
ol & ® ), F7hgrel whel wbAAl Aol 2 qldl i SBHES B

Py KRR At 29_8%, 28.9%29] w53t & fEAlHel TIFY EHo|g
Ae BAo dArc} e HE eblch [BdlA MRS At MEERYE ARe SRR R i
28 LERigE o] 3000 rad gl 75, fediife] w4 (medullo-blastoma) 5-& AxulaAl 238 2o 23
& 942rad, 762 rad 71 L WREE 2ol ® Fol sz o BILI2 vy @K = EHEH
c} (Table )., 2 [l &l A SI- 7ro] 2 BAlEke] 1800 M T B N EWHE 435 w4 28 2L ou)
radol] 2= A$q 7 2 BhEeE 7h7) 486 AHA S ER 8§ BEguist AS5ge] s
rad, 630 rad 7} =l t}, 2 AEE FA Y ap4de] e 9,

Merriam o] B33k 2 pe]l wpawild)  pan gpo whel A SRS e R éﬁ%l‘- HEsE A S,
Wopspm-> Ml e S35 dovi $Fo o]2A = T HHE 2 KRB L BRERES BOHT] Ao
Table [V. Comparison of lens shielding with orbit shielding in absorbed dose to both eyes.

o Rt beam (%) Lt beam (%)
Group Shielding
Rt Lt Rt Lt
I, I Orbit *16. 1 45,2 35.6 * 15,6
Il Lens & 17,5 27.3 52.5 ** 26.6
* average % in incipient side of group [, [:15.8%
**% average % in incipient side of group [[:22.5 %
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= Aol A7 "k EREES meibomian & bz sk
BRI (tear film) & A wtkEd S . A=A
Z9} Abslgabo] flutBe}, ARE ¥ FIHE R F
L5 [(BRG &S ol ARt MEMAR Nl gl
A ®ehs o] 422 el o sled Brown 52 FH A
ol A mr} o} wlzsiA FA A s 860~ 1300 redE &
grukolok sl wsl 220 ~860 radwk FELIurolE 4l
A Ao] FHIRA vt ?&42’.

o o7

%UP Aol o] EL 17rad 74A Wtz wachl
BORBE-S Aoz Heks] HASEe SRR
& o] &3t A whyel dvlE s ZE KAES =

oF.O

Diaphragm 4 u]ol] 23tz &8 ohvjel o
| R EEE (depth dose table) &= gl 4
A1s 7| W el FFol AR Hifg, 53 ARERER A
L Aste 4857 Pk 203 EHRAGA B
4ol e zap A Eel Uk AT % ML o

71, Azl

u],;d o

HA gheh

wbebd FHEL MEMEL (TLD) & A8t &
Batddeh dYPAFA T YA Rt AL m
#Elme 2 BEd o] whalal m] Z ke ul# sl wWOR)S W
A5l 2HLS o) g3 How F7|7 o EUEI F

3, olu Ao A, w4, AYEES Higtt HE
s S4e] Auk¥, 2% st 2 FIBSE Li-F-Teflon
3 BA xR L FHFHES o} F stz e Bk FL
Sdg agglolE A 2o A&l HEAR F doe
Hel e

& ESE WA BT KRR wol EReled®
fHERE type 24 54 ohxul REEKe] F2
gl Stk

WRPE ¥ Tk 2 ZAl Co-600 o7 mifalEl MR

s

o

2 B A= A [EELE 3500 rad ol ths) 450 rad
W3 o] A 3~d4 Fufel] 40 % FAAHQ WA
doa £ gdE stsdol Ytm gt W,

EEE Atd HiBol FTFEATS 28.9%, AR
o] 29.8%9% & ¥

8% ¥o] Merriam!¥), Brown?)
T b U #H AR v wsd AYsES k@
sl 235 B

RGTEF ] SOl W
fr& Co-60 8 AMA1 9] fitEie Zo 8 A ™o

Hgql o] |
sheb. BREE I Aol By ARtel wnA F oo 3 B

o KRUH A vkatAlo] Sl R4 =
st @MY HES FAez A A KA i
BB RA o8 EHERA 54 slzz A8 a2t F4
Hch(Fig. 1), o7V Koz oFzke) ¥ fihzt &
E o] Ay gl gD zelth

Zubel gpgsio Bl o] HAE JRHIgRES] < Fol
el A=y dubder FAsn e WY ARE
ub-od mpel ghalo) 12 5 Byl = orzke] e
Eimsl oF skx, ARES 53] ARG AS ABEBE
HAskx FPo2 A o% FIFHI =T Z 4FE oA
+ Ak

aE @M 54 E&-f’: Rfel wis) d4 % 5
28 Holzl @o HF 9%%E eyl Slele
41 PEHEAL (internal scattering) S E 4 9t} Co-
60 o} ol whell Aol A (el Xl el Wi #ALol
vl A= uk dupd o Zo|st ZoAAFE AHEL

o Wgol 45, My =77t sk B

(3 =
collimator &

g8

-

=2 A
ET'%‘

= b28 =



collimator

Pb block
FS 20x15¢cm
SSD 80 cm
L SCD 45 cm
B STD 57 cm

incipient eye

opposite eye

Fig. 1. Effect of divergency of Co-60 beam on

opposite eye
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o osl kg FATo R WA RE washs A
o] etgdateh, Azbel A m o] FflS] FEE Aol 2
7 glo] <k 6.7%9 ol [[RElA %k Fotel ok

A4 B9k obntx o] Sl piice = EHRW| 7
¥ 7} =7 -rH Td Aok

EHEY HIEA D) AR we o] Afiie]l v]A
' AT %}MEP. kARl ZRlel] FabelE AHE0] RK
HAGES 144 15remo 2 G435t x| qk(ICRP
1966) o] & %iﬁi—rﬂ Bhabell o3k 3 A S F4l
gholl gt AE2S WdsE foh A A 0.6~
0] fijfk PRl 4.5

KA

0.8mm, [jEe] 3~3.6mm, Kfih
mmo| B 2 fREH o =Y S8 FdriA

2] 4= 9mm?§5°l oh, webd Zehe] Fg4l o]l A A
oF o 2RSS WUFE o pifidst ubelbge] F
=3l emﬁ%% %‘37—4 = AE Gl KA "rh

Chan 5% MEHE7t RES sk BrERA R
BRoll ®| 2% whabAl s} 2 od gpel wbal wmgobd),
6000 rad 7F 2| HEiEs S
Agk FAREol 10 %ol A ety es 5-FU ( fluoro-
uracil ) &} FA) o ApE3h 50 %ol A 2l el gk fit
Geipe wbS o2 Abgsh o fEpr KifZE0] 20%4 A
I8 JREE-E 75 %ol Al pepubrla dhel. chaE] Q&R
Gi5R FOSEFQl %) B4 TFo] 1800~3000 rad ol 1|,
5-FU 59 @ik 3}t eyt prAshe ol giAlat &
o BB S A 4 ol

Merriamel| 93}w 35 Wx] 3Lz 9F HEEst
A AN FF4A%o] 750~950 rad o] 60 %. 950
~ 1150 rad o] 75 %, L o]Abolml 100 %ol 4 FIPNEE
o] ®oli FEREHE= 1000rado|s}7t 6 2744, 1000
~2000rad 7} 54 27049, L ojAoly 2v AHxzlm

e #AE J4Hes o

o) B hFiel A Sql Wy Ae] waawEsp =
I B ikfEe ok i A$ot gk
BEEY 2 AE ol sigstng oo g FTE3IL

Fa#igge]l o T-xlch

Dyke 5-o| BFEan#Huf# (medulloblastona) o] 2] &4] 4
Al ZAtel A Al Eebx] gm BES Ab-gg A} FHEE‘*]
A fEEAES 10%eln Rad o o 1) o]lm]l &= Co-6

2.5cm A9 YEL ?Hé
= PRMEEA A H

o] “P (penumbra ) $HIHKS]
SENE g T@ﬂl kAl 71 A z}o] o},

ofubobe AL FEAFE UL & dole BEUA, [
Mg 2 731"!“)” g el o] ik (focal) BKAS
#BISE (pia—arachnoid) (2o 2 4 2t 7] = Fol =2E

fg g o] RS E ol ’alﬁilii 8 oF ket

Zeivh BEHE AolAl Fofal A-fal o)t gy
£ a#d ko] = Aot}

3 Sl = fiEiet o8 BRE AlA WA %
A REARES 10%H 2 F9 5 Q55 8ok atrh

Aol N

V. & i

A S REBRRBE 2] Sk AR shell A Co-60 2 28
AR EE e F4 dobr4d Wy g5 Adol4
FoF A 4041 EEISE] BURCEERITS ARESIAl W
il falgEel WX WA EE FH st 2 Slgles A4
Sbod ol 7o ARG odgir),

1. AqfRel 4 g8 Ml =) =) 5412k 166 % X
el = 41,2 %k AfRel Al BEYEF A= 19.2
%, MY = 39.2 %39k

— b28 —



2. Kt A e 2354 2

3 727l 29.8% 28.9 %9 EL& & ¥y

KEEEE AEE 3 Bl IRE AW E & Bm vla
Zt7| 2| BB 225% 158%% BA 6.7%
2 K EHkE FTATe] sk

4. @A el w1z w AR S SEREAA S B
EARER, NEHEL BEAAY ARRE, 4] 95
o we} 2"k, Kl Zte] v e KRS
Co-60 upatAle] m#=l 2 24 FAH &g 3xpe]  xpa
7t E dolot,

5. 2B futig Baise WA o3 AR ¥
BUEE FF7 8 7ted & A nE AFE
ABATY 10%WYR F3AE 43 BEket =2 59
Hol MESIH, FAlo BRERKZ T BT Aw

S48 oF G,

3.
3l
=

9

o

REFERENCES

1. Bergstrom K. : Eye lens doses in carotid angiography.
Acta Radjol 12: 134-40, 1972

2. Brown N. : Effects of fast neutrons on the eye. A
preliminary communication. Br. J. Ophthalmol 59(9):
510-3, Sep. 1975.

3. Cal M. Mansfield : Application of T.L.D. in clinical

radiation dose measurements; Presented as a workshop

at annual meeting of Americal Society of Therapeutic

Radiologists. Rey Biscayne, Florida Oct. 30, 1974.

Chalupecky H. :

Strahlen auf das Auge und die Haut, Quoted by

Ueber die Wirkung der Roentgen

Merriam; reference (13).

5. Chan R.C. : Effects of irradiation on the eye. Radio-
logy 120(3): 673-5, Sep. 1976.

6. Cogan D.G. : Clinical and pathological characteristics
of radiation cataract. AMA Arch. Ophth. 47: 55-70,
Jan. 1952.

7. D’ Angio. G.). : Protection of certain structures from

high doses of irradiation. Am. J. Roentgenol 122(1):

10.

11.

12.

13.

14,

15.

16.

18.

19.

20.

530

. Green N. :

103-8, Sep. 1974,

. Dritschilo A. : The role of irradiation in CNS treat-

ment and prophylaxis for acute [|ymphoblastic
leukemia, Cancer 37: 2729-2735, 1976.

Total brain therapy-technical considera-
tion. Radiology 96: 429-432, 1970.

Ham W.T. : Radiation cataract; A review AMA Arch.
Ophthal. 50: 618-743, 1953.

Jake Van Dyke :
nique and radiation dosimetry.
Phys. 2: 993-1005, 1977.

Kim T. : The role of CNS irradiation in children with
Radiology 104: 635-

Medulloblastoma; Treatment tech-
Rad. Onco. Bilo.

acute lymphoblastic leukemia.
641, 1972

Merriam G.R. : Clinical study of radiation cataracts
and the relation-ship to dose. Am. /. Roentgenol 77:
759-785, 1957.

Merriam G.R. : Radiation dose to the lens in treat-
ment of tumors of the eye and adjacent structures.
Radiology 71: 357-369, 1958.
Normal tissue tolerance and damage.
2046-55, Apr. 1976.

Parker R.G. : Dosage to important sites in radiation

Cancer 37(4):

therapy of tumors about the head and neck. Am. J.
Roentgenol 90: 240-245, 1963.

. Parker R.G. : Radiation cataract in clinical therapeutic

radiology. Radiology 82: 794-798, 1964.

Shurovsky L.J. : Retinal and optic nerve complication
in a high dose irradiation technic of ethmoid sinus
and nasal cavity. Radiology 104: 629-34, 1972.
Simsky R.M. : The status of lenticular opacities caused
by atomic radiation; Hiroshima and Nagasaki 1951-
1953. Am. J. Ophth. 39: 285-293, 1955.

Upton A.C.
exposures in production of radiation cataract. AMA
Arch. Ophth. 49: 164-197, 1953.

Comparison of local and systemic





