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"Ir source dwelling time in brachytherapy for cervical cancer determined by hand calculation
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General Hospital, Taibei 326, China

Abstract: Objective To determine the '”Ir source dwelling time in the brachytherapy for treating corpus uteri and vaginal wall
by using hand calculation. Materials and Methods The absolute dose of "*Ir when the distance of source applicator in the
water was 2.0 cm and the measured dose rate of *’Ir in source applicators of corpus uteri and vaginal wall were measured and
developed into a regression equation. According to the distance between '“Ir source and the points which were delivered dose,
the equation was used to calculate the dwelling time which made sure the dose to all points met requirement. Results The
variation of the dwelling time between calculating system of hand calculation and the widely used treatment planning system
was within 1.0%. The accumulated dose to cervical opening was also assessed by hand calculation to avoid the cervical erosion
caused by high dose. Conclusion In the society which is highly dependent on computers, the hand calculation provides an
alternative approach for brachytherapy source dwelling time determination when the treatment planning system is malfunction
or too old to meet the clinical requirement. The practical operation of hand calculation also provides good experiences for
physician and medical physicist.
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2 emAb, PR S TO M) 25 2 em, Bb i (22 s slCA )
BV 75 gl ik (Uterine Vessels ) Fl% IR 4 (Ureter)
HIAE AL | DR — B2 25 g ) s i, 156 25 DA A R
KB ARG T R B ) R A BT AL
W FEKEIRES (Tandem) JE5CE A T E N, R G
MG BBTE 2 PN A9 B2 ke S 4 B A (I
PR/ 2.6 mmx1.1 mm diameter) , BRI [ BA & IS
1Y 75 2 B BRI BRI A, I 2 RO AE° 1 DA Tt
TS s A 1 BRI P 3 A AN 1 SRR
20 A 23 X6F J] Bl 1 2 2 BT kA S 3R 4, R e AR 4
PN DRI 32 21 2 20 BELAS 9y DA T S D A e, 4 53591 i
AL, K EIBEIE B U b e &R . BHE
BE IR T 7 208 KA R AL A 5 285 1 9 A A
[ T8 PR LA X ) B P it Tl B BT . TEAS
S A PR — A i Pt B S IR R YT T R S P
e H TR 2P i ] i 7 i R T R
ARG ENH IO R B B R

1 MR EFHZE

ISR ™ I B B LR A% HDR- 18,
K[ R BRI R G . B BV BT IR R
J7 AT B A PR 2% (Tandem ) & 21 7B R Y, 5
A1 ) Bsf 5 B 2 BR ARt U 25 (Ovoid ) A5k FF 38 JEC 5 1
Fl A R, 25 TR R A SAE N RS
Mo BUMIG IR 58 6l 20 L7 B A Wkt IRl
Y 3 BE A, ] Bof A AT A kL AR BT ml I 1 5 )
BHAYTT F B R R BB BE , H R 53 07 e il sl
) o SCIG 1 Se Wb 20 SE B I 2T Y BE 2 451 1
SUTEZK H B B A 1) 3R R S A3 D s
B = HEKAE , UL S AL BRI R AN T
1.1 @xiFE s

R 0 O P 3 A 3 B T SR AIE 2 A (Acctivity)
A7 2 s HL(CH) 48 B2 TR I 1A% N IR 38 T
B, AR Ryt B BB IR A R TR e i R R R
FEENSNGL, T LIS PR , R FE R Rl R, TTTRE
TSR FER L % 5 41 (Dose Rate Constant)
B — AL ERAA — R A7) 3 B, S R
O 2 BHIZAZ P CHRHIE) 043 P R 5] 30 i el A2, A
ANBE AN G R BT AN R R AR I AR, R R Sk R
R AN VIP N BU LR TS 7S i0h- A P S
FIEAALINT :cGy -mCi'- b, KB E 248 HE 1 mCi
PR S U /N F BE SR L 4.55 ¢Gy - mCi' - 'S I 5
PR R R TR SRR ek A R
H RN BEES (em) B A9 25 A 5E 5 L [Air Kerma Rate

(cGy/hr)], PR LIS &R 4 #0(4.55 ¢Gy -mCi'-h'),
W 5 a7« DABIAE A3 2 s in 1 0.5 em (414,
P23 S B R R 25 vt 102 om AT 4R I o
PR B ERIEIN 2 em W — K, L3 25 20 om )45
W R F SO L = A B ) A 2 (R
PRS- I e AR R 2 1 m bR A, M E
(1) 2 2 BRI PR ofE B (B AR L, Z 5 A Be 5 A HE Y
TG FE, 280k 0 301 A9 HE T 7T 45 2] Air Kerma Rate
(Krae) :

KNy (Mi/t) * KTP * Keeeon * Kair * Kicatr - Ko * (d/dier)’

(1)

Forp NG A EE B = Adr Kerma B2 1E (., Mu/t: B3
R S FR O S 2, KTP: HE 25 = 19 i R B IE
1A, Krcoom: FEL S 28 1Y IE B L BT FRES S PERE IR B,
Ka: 25500 PIe 6T IR B 1E 5, Koo J5 [HIXF 2Ir
T B IEAE, Ka: LB S A X FRME B IE IE
D S BRI, de: SIS, B0 1 m,

AT Ay 00 - P SR 58 o ) v e, i DA SR A 5[]
A STk o, B Kes (B 1, 8RR A8 1E 1A
Taiofee , RVl 45 2 7E 2 S BEGT IR A D Y Air
Kerma Rate, FFFRDAFIEZH 404,55 cGy -mCi'-h, 5t 0]
P I R S ARG (mCi) ™, FIs [ A PR - (e
Wi74.02 ORISR B ATESE . BT
AR 20 FH 21 e 00 i 32 J e VA7 1 Bk 4 D) R
JIr A Bt P T P e A B R T VA L OE S () &
R, ESREGHEHNIRZE
1.2 Tandem & Ovoid HIFI = &M =

4n &l 1a 19 Tandem M & 77 =, FATE H = 4K
A6, 1E I IR TE A SO RO TR D) RS
LA PR-05 i 47N 5 2 W5 5 b Tandem 9 7 1] 5221
(& 1a s B9 75 ) ) 5 7540, W& 1b 1Y Ovoid il
172 WATE I B IRBCE AELL R AL, S8 )5 LA PR-05
F 20 7N L B 55 1 3 A 7 Ovoid 8 7 Tl i (& 1b
SR B HE Iy 1)) o b PRI e g S e 4 sy U
BBV E B0 B E TEIRIT I, S T RS A
R, Ovoid 1E 2k BHIE R HB %) 70 2 # b A (f FH B A9 7)1 265
T M PR-05 B4 /N 25 5 U A7 25000 i a5
Lot e P S I A T RIS A S 2 em Ab Y
% Tandem %45 P 1 mm 5 5 B2, HE 00 & 2] 19 B
FEAE A i S (A 1), Z 5 T & bR Tan-
dem KAl 1) 77 1) BEBE S oo AF (52 B3 0] B2 {7 (An 4
la 7 (I 7 16] ) 5 1M Ovoid 7] 5 55 bifi 5 25 28 £k (1
FOEAERE R 1 2T 5 1.5 om b i o I S AR A%
TE(RIAE RN 5 B 0 ) , TE S E1060 1.5 em AL U5 ]
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Fig.1 Measurement of dose rate of corpus uteri source

applicator (Tandem) and vaginal sphere source applicator (Ovoid)

AR SLHG BTN A 0 R R H AT
9.49 Ci, MM [ J5 )3T SRS, FRAT I FF- 51 4 B4 7 Sy
10 Ci, F/R GHEH B IR AT T B> 5.1%, SR
FEE10%AY FVFIRZE N (AT S AR R =
— IR B ARG A 25 AR S R 0 R R
ZE T TCEE U it ELIE 88 A T 8 S0 4 55 A
e BN IR B ST LR = 2 LI 2 55
IR B E

T FEAS SIS0 5 S 149955 JiE /2 8.247 Ci, ’Ir Tan-
dem 4 5) 5 2 (1) I e BRAEL AN &1 2 o, 25 SR o, )
TR B AE K A PR B A8 B 08 1T Ovoid 7
e B I B A A T e 5 SR AN 8] 3 i, HL o
SRR K T R B AR A 25 BT LU —H8 $or X
y=T13.6x-2.078 F/1 , IEAL B p AR FFH 3 i x AR 3R
S I R AR S

12 J 8] 3 S eqi s an ik 1 Bk 2

3 lIPRR AT FEEIETT
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Ir-192 Tandem dose rate measurement
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Fig.2 Attenuation of "’Ir Tandem dose rate in the water

with the increased distance to ’Ir source

Ir-192 Ovoid dose rate measurement
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Fig.3 Attenuation of "’Ir Ovoid dose rate in water with the

increased distance to Ir source

T DTHRSE 75% , Ovoid JIr A SUFHEXT A £ 1457 5 5Tk
2 25% (I e A AT AR R I R Ao ) o ZE &
4TPNE S (5 9 O RAE B2 em S %5 A
ST AR 5 2 480 Gy, MR 5 22 1) 6 ] Bt 2
0.5 cm, B s APE RIS T HEANT « 265 1 s 5 2
2 cm, B 11 T4 P AR 77 o R 40 {EDR: 66.7 ¢Gy/min,
MR IR A 2 A4 A B 74 S R A T 2 2R
2 i 88.6 cGy/min, 5 3 fi 118.4 cGy/min, f 4 i3
147.5 c¢Gy/min, % 5 /5 166.1 ¢cGy/min, 53 6 1, 147.5
cGy/min, % 7 1 118.4 cGy/min, F&f1ikE Bit5) &
BIS)AHE, 55 1 w45 F Al () A R 3 O TR g A AU
M, FIF LA A I R R S 1.5, 55 7 5 R B e 9 1 i
T, B D52 B8 I ) A RS2 0.8, T 4R 8 A AN IR S IR
B R, AR A% 45 R B TR R R 1.0,
A Tandem FIT AT 15 SR A B A9 3 oT ik & 75%,
BT AAISR A 5 25T 590 52 480 Gy, {52 £ A [l AL
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Tab.1 Measurement of *’Ir Tandem dose rate with the increased distance to *’Ir source

3.0 38.4 6.1 10.8

1.0 B S THE T 1360 ¢Gy/(1.5%66.7 ¢Gy/min +  AHF Ir (4775 B & 4.61 Ci, 52380 455 >4 B 14 405 8
88.6 cGy/min+118.4 cGy/min+147.5 cGy/min+166.1  J& 8.247 Ci, Ff LA E 15035 & [H T 8.247/4.61) ,
cGy/min+147.5 ¢cGy/min+0.8x118.4 cGy/min) , 5-th2k 25 1:567.2's, 5755 35.8 s, HoAR5 2 s 25 6 L2
15 P B ) ASC R 2 1.0 FR 457 B IS B) J2 44.8 s(EEIRITH 44.8 so X T Ovoid AYEE 10,1112 5B A SRR 2
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2 "IrOvoid FIE R BN THNEE

Tab.2 Measurement of *’Ir Ovoid dose rate with the increased distance to "Ir source

Distance/cm Dose rate/cGy - min™ Distance/cm Dose rate/cGy - min’ Distance/cm Dose rate/cGy - min"min™
1.5 280.0 4.1 38.9 6.7 13.4
1.6 261.1 4.2 37.1 6.8 13.1
1.7 232.0 43 354 6.9 12.8
1.8 206.2 4.4 33.6 7.0 12.5
1.9 186.1 4.5 31.9 7.1 12.2
2.0 166.0 4.6 30.6 7.2 11.9
2.1 150.1 4.7 29.4 7.3 11.6
2.2 133.1 4.8 28.1 7.4 11.3
2.3 121.5 4.9 26.9 7.5 11.0
2.4 112.0 5.0 25.6 7.6 10.7
2.5 105.0 5.1 24.6 7.7 10.4
2.6 97.5 5.2 23.7 7.8 10.0
2.7 91.5 53 22.7 7.9 9.7
2.8 85.0 54 21.8 8.0 9.4
2.9 80.0 5.5 20.8 8.1 9.1
3.0 73.7 5.6 20.1 8.2 8.8
3.1 70.0 5.7 19.5 8.3 8.6
32 65.8 5.8 18.8 8.4 8.3
33 61.5 59 18.2 8.5 8.0
34 57.9 6.0 17.5 8.6 7.8
3.5 55.0 6.1 16.8 8.7 7.7
3.6 52.0 6.2 16.1 8.8 7.5
3.7 48.5 6.3 15.4 8.9 7.4
3.8 46.0 6.4 14.7 9.0 7.2
3.9 43.0 6.5 14.0 - -
4.0 40.6 6.6 13.7 - -

4.5.4.7.4.9 cm, P\ 2 A 15 157 R AUE 31,9,
29.4.26.9 cGy/min, Ovoid Y% 13 .14 15 5555 A A%
Wi 3.8.4.0.4.2 cm, N3 2 A7 R BB 2 46.0 |
40.6,37.1 cGy/min, [H} Ovoid AT A s IR A fiHY
I DTHR A 25% , U145 A 45 B R (B AR AR A 1.0 1915
BUT 25 s A R B TR R 1 120 ¢Gy/(31.9 ¢Gy/min+
29.4 cGy/min+26.9 cGy/min+46.0 cGy/min+40.6 cGy/
min+37.1 cGy/min) , 55 H e 45 B4 i) [ A 2 1.0 11945
BRI ] 60.8 sCESAY T A Ir TG BE 2 4.61 Ci, Utk

SO R B G A9 B S 8.247 Ci, A LA EL 158
TG 8.247/4.61) , N5 11 5 HI5 15 552 60.8 s,
U3 Tandem & BF3E Ovoid ) 5155 & AR il 22 J5 % A A5
() DT FRATT I Y 480 ¢Gy o

4 BRIEEERYIGTT

BB RERY 25 TR RO AR S I B o (R FAIE
BESRI IR 7 om, T RLESL LSS 13100, B
R IRAA A PR (5 17 150 FERS S 17 515 em
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Fig.4 Geometrical position of brachytherapy

for corpus uteri
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Fig.5 Geometrical position of brachytherapy

for vaginal wall

() B AR 25 T340 300 ¢Gy , 45 R 5 22 8] f E 2
J20.5 em, BEAUPE IR AR - 55 11 SRR B
17 852 4 em, JE5 11 55 ~55 23 S E 250 17 A
— R P B E BT AR 11~ 23
B SEE BT, 43 i R x fRA T 2 : y=713.6x-2.078 ]I
FORAGSE 11 5~ 23 fU B s P RN e] o FRATTLERA
T RE G RIS ST, B 11 50 5 23 A4 R
i PR A R LA R PR 5 B Az, JUT LAASE B Asf [R) AN B
A& L1, AR 45 B B A #R 02 1.0, 530 R i 3 ik
K (p) B 11 s ~56 23 mi KT /&1 32.2.43.1.59.3,
83.4.117.0, 153.7, 171.5, 153.7, 117.0,83.4.59.3,
43.1.32.2 cGy/min, D5 B4 B[R] A EE R 1.0 A9 05315
1R £ 300 ¢Gy/(1.1x32.2 ¢cGy/min+43.1 ¢Gy/min+
59.3 ¢Gy/min+83.4 cGy/min+117.0 ¢cGy/min+ 153.7
cGy/min+171.5 ¢cGy/min+153.7 ¢cGy/min+ 117.0 cGy/
min+83.4 ¢cGy/min+59.3 cGy/min+43.1 cGy/min+1.1x
32.2 cGy/min) , 5t Sfe 45 BA B (] ASC i J2: 1.0 A 457 BA B5F
())& 13.9 s(ELARTT R AR Ir 1935 BEJ& 4.61 Ci, 5K
I Y I ) (355 E 2 8.247 Ci, BT LA BB
JEH T 8.247/4.61) , BREE 11 5 K55 23 10452 53 Bif ]
JE 152 sHb, HAT AR 13.9 s, WIF 452 B I 1) 3497
J B SR 2 TR AT BT AY 300 ¢Gy

5 RGBT FEEKREE

AT 32 B B T I S TR A 7 i
H T B A R B T B 114 12 e I ] T =X, BT
PAFRAT 12— PR i 51 il 151 6 S RIARY 7 By
B B T R SRR A BE IR AR LA C R A 1
F s FRAT A TR YT I I R 5 SR 2 e T B R iR
7 5 em AL, [FIBHRYT BRI BE . TR I 45 771
HOSSETERI 6 1 A S5, FHIEREM 24 7570 & s 2 7E R 6
B L, A R E IO 2 K AE B2 em S %
A, BASURBERE A A B S Tt S AEAR 1.5
em YL, FE4 TR AU AE B UM 0.5 cm Ab (BHIE
BESMI 0.5 cm) , G 6 FTm o BE—15- B4 i B ER AL
ful 57 B QLS TR, A A ) R ) S it R A LR
(55— a5 B A LR P TS 2 1 em (IF A A5 5K
TR 15 B8 s ER bR R, LTS o

FEEI S HONE S (5 S SO AT A2 em Y A
SUEZA TR 500 Gy IS % A, I BB BE DA 3L
PR ASCR v E A (5 17 480 BB SE 17 2 1.5 em Y
B AR T I 500 cGy (1957 05, s MR 5 2 [] 1]
B 0.5 om, B SRR IR HA AN - 55 1 5 5 45
S22 em, N 1 AT AR R BB 2 66.7 ¢Gy/min, (Kt
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Fig.6 Geometrical relationship of source applicators for
treating corpus uteri and vaginal wall simultaneously in

patients with cervix cancer

MG 2B 74 R BRI T A : 5720 88.6
cGy/min, 33 15.118.4 cGy/min, 534 /5147.5 cGy/min,
%55 55.166.1 cGy/min, %5 6 5 147.5 ¢cGy/min, 55 7 5.
118.4 ¢ Gy/min, F&ATLLE B 5] 40 e, 55 15
152 B I PR A TR A R DR B A S, T L A5 B S TR AL
1.5, 557 SN B e 0 Rl T A4S B IS ) A R
0.8, T 5F 8 ASUAN IO A PR Ay 8 By 3 11 T, ok 4%
SRR A AR 1.0, FFLL A S UNRA T
500 cGy, M= ER IR A 1.0 YA ATR 1500 ¢Gy/
(1.5%66.7 cGy/min +88.6 ¢cGy/min+118.4 ¢Gy/min-+
147.5 ¢Gy/min+166.1 ¢cGy/min+147.5 cGy/min+0.8 x
118.4 cGy/min) , 5t S 45= B8 B[R] A R 2 1.0 452 BA i)
(2 62.3 s(ELIAYTR AT Ir (175 £ 2% 4.61 Ci, 5256
TN 2 FF (8 4355 2 8.247 Ci, T LADA A B 480355
K1 8.247/4.61) 451 /5 93.43 s, 4574498 s, &5
P10 B A SR TR A e B A (5 17 050 e
BISE 17 40 1.5 em (9 B SR 45 T4t 500 Gy 2%
S5 5 5 2 A A B 0.5 em, B 50 55 B N E] 3
BRI EER 17 502 4 om 5 11 555 23

MBS 17 SR — R P A e BT
5511 A~ 23 s B Rl BE B h x L ARATT R
y=713.6x-2.078 BT SKRAFEE 11 s5~5 23 A AL i 7
i), A T3 LB B BT A, 5 11 A
55 23 A5 155 P R [RD A B B A K2 R B B S 3z, BT
D45 B B R ASC B 2 1.1, A 9 45 B B () A T 2
1.0 53 R ) 238 () NS 11 s 3156 23 SR 2
322, 43.1, 59.3.83.4 .117.0.153.7, 171.5 . 153.7.
117.0. 83.4. 59.3.43.1.32.2 ¢Gy/min, NI {5 B4 i [] #L
HH 1.0 B S IHEANT 500 cGy/(1.1x32.2 ¢Gy/min+
43.1 cGy/min+59.3 cGy/min+83.4 cGy/min+117.0 cGy/
min+153.7 cGy/min+171.5 ¢cGy/min+153.7 ¢cGy/min+
117.0 cGy/min+83.4 cGy/min+59.3 cGy/min+43.1 cGy/
min+1.1x32.2 cGy/min) , 5 H >k 5= B3 B A AL EE 2 1.0
()45 BA ISP TR] 2 23.1 s CEEIR T 0 A I Ie 9 7% 3 2
4.61 Ci, IS 5 I £ 5 1 719 114 35 B2 2 8.247 Ci, T LA
WAE LR FE T 8.247/4.61) , RS 11 45 J 55 23
SRS R A IRL R 25.5 s Ab, HLAVER & 23.1 s LR
SE A IS [E) 2 A K B I 45 T 3R A 500 Gy |
O HJE Tandem 45 A 45,500 Gy B}, .23 [A] At 44
B A7k 68.2 ¢Gy [W5f| 5L BTHR, 117 Ovoid 43 B £ 500
cGy ], 23[Rl B 25 A BH5 2K 64 Gy 157 & ok, iir
PLATEIE A 25 5B AT R Z5 T30 & B IR Y A S )
Y5 F 3 1k 2 443 ¢Gy (500 ¢Gyx500/564) , & 1F 5
[ B A5 1Y 25 1 57 11 A2 439 ¢Gy (500 cGy x 500/
568.2), & IFJ5 Y Tandem 45T A 1443 cGy i, 2345
B U7 2K 60.5 ¢Gy U35 5 BTHER 5 11 Ovoid 45 B A5 439
cGy I, 2345 A JH 47K 56.5 Gy R ok, o A
S LA TR I 443+56.5=499.5 cGy, Ifii B 144
TR 2 439+60.5=499.5 cGy.

Tandem & Ovoid X point A )7 & 57 sk A B S AR
P 28955 ) (Empirical) 1Y, TIX 2895105 AR SRS
FEFRIAE FE X 2 86 1F , Tandem A1 Ovoid %] A £5(2,2)
F TR B E N 30 1, 3K A AR R VT I S AL
TRIT IR R G AT A 0 T 45 2R S R4 56 T 15
FEWE, X MES N B IXCPET 5 . Tandem il
VA5 B A D3B3 2 IR = 75% A4 4807 77 /(1.5 %
Dy+Det...+Di+0.8XDy) o Du~Dy S 4 1B A5
— B E S n AR, 1T Ovoid BURHIEFS: B A i)
HHEAXT :25% BYHE F5/(Da+ Do+, A+ Drin +
D.)o Du~D. 435l J2& Ovoid i 5 — . B B Jm — mon 19
Pl

e A R B0 A R L R SO
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o T P M A R R AT R R R O
425 HDR- 18 I B B 1AL, Jo ik H 1 IR 7 1K)
ARG, BT AT A (115545 S 0 gk 24 2 H
£ V51 MicroSelectron 4 2 Ge A 757 S 58 1IF o

DU T B A R B TR, T UR AR i TR AR
{5 BA R T] A3 H 8 LA L 17T R (Anterior-Posterior)
1 X R A5 i 42 Bt 5L 2 1) L AT IR A1 U5 S A A7
B AN S AR 1 XOERAR A B, BT LA
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