
*2Ю81МИГЯУ OP 1 * V - HIPPUHAH IN URIit/UlY BLADDER

"%щ Unnikrishnan
Health íbysipa Division (BBMS),

Bhabha Atomic Research Centre t Bombay-1.

ABSTRACT

To illustrate the methodology for estimating the dose

commitment to the bladder wall, giving due confederation to ite

dynamic nature, the dosimetry of _ I - Hippuran is examined

with reference to the urinary bladder. The general formalism

for calculating the cumulated dose for a given filling up time

and final volume» from a knowledge of the instantaneous dose

ratea, is briefly described. For gamma dose estimations these

inetantar sous dose rates are derived from the resulta of Monte

Carlo calculations for monoenergetic photons by Snyder et a¿ by

suitable interpolation and weighting as determined by the decay

scheme of ^ I. Instantaneous maximum dose rates from betas are

worked out in a spherical geometry so aö to ensure its uniformity

throughout the internal surface, using the scaled absorbed dose

distribution data from М Щ Р pamphlet Wo» 7. The total gamma and

beta doses are found to be directly proportional to the filling

tine and smooth functions of the final volume. Those revised

dose estimates are compared and contrasted with those reported

earlier»
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1.

Although many radionuoXidee that find their way into the human

body are excreted through urine, the dosimetry of the urinary bladder

taking Into account its dynamic nature is a relatively recent develop-

ment. * ' As MoAFEE* ' points out» the short-lived radiopharmceuticala

that are now injected in millicurie quantities for rapid-sequeш;е

Imaging of the brain, heart and abdominal organs are frequently selected

on the basis of their rapid clearance from the blood strram and this

procedure, as a rule, atibúnente the dose commitment to the urinary iaractc

The ШШ) pamphlet N0.5^ ̂  which is now widely used for dose calculations

in nuclear medicine gives the absorbed fractions for a static bladder

plus contents, whereas in reality the bladder wall is the target

and th i s has already led to some confusion»* ' The work oí Snider et el,

has established that the dose to the bladder wall per photon varies

almost by an order of magnitude as the bladder f i l i a , being )ar$esfc ftss.*

a nearly empty bladder* The corresponding analysis wheflp betas ate

involved i s described in th i s рарэг. The gemrai method for determining

the *г°Ш dose commitment to the bladder resulting from the admini s t r a t i on

of a radioniiolide ia outlined and i l lustrated by the calculation of the

beta and gamma doses from J 1 - ftippura».

2« SCHEM POfi DOSE QALGULATX№

Let D(V) be the instantaneous dose rate to the bladder vail for

Unit specific act iv i ty of the radionuclide under consideration in urine of

volume V. The determination of the function D(v) for beta and g-abais

radiations i s dealt with in sections 5 and 4 and hence 0 may be as

to be a known function of Vé If C(t) i s the specific act ivi ty at any



instant and V(t) the volume of Contents at that time, the otiffiulateå

dose during on' f i l l ing up of the bladder i o $iven by ,

where T i s thetima elapsed between the administrat ion of «teblvity and

voiding.

Mow, since the ra te of f i l l i n g Хз nearly constant»

VCfc; = Ь VT (L)

where V™ i s the final volume of urine. '

The function 'C(t) depends on the manner in which tht» administered

activity entere the bladder as well as on the decay constant A. of the

radionuelide. Two waya of specifying C(t) that have been employed i a

th i s work are i

(1) The specific activity s corrected for physical deoeff, i s a

constant throughout the period of f i l l i n g . Thia means that the act ivi ty

enters the bladder at a rate equal to that of urine." If the SÍ

remaining at tha end of T hr^ i s A-, uCi,

(2) The whole act ivi ty enters the bladder at sero time, according

to th i s model,

XCT-t)

CCfc> = Ar e — \

ycfc>

In genera l , the expression for C(t) can be derived from the

appropriate clearance model. .

3 . INSTAHTANEOUp AMD CffiJtJLATEJ) В17ГА DOSES

Unlike i n the case of photons, for betas there wi l l obviously be



a large difference between the average and -«жавши doses

' to the bladder wall» due tö the relatively high ЪШ of elecbrotXEb l

" ' ' • • "

addition.» «ее of the oblate spheroid model duggeetnd by änyttor e t a

will not result in a constant value for the maximum dose at a l l points

on the inner durface of the wall t whereas a spherical moa el is free

from thia inconvenience aod can be expected to provide a good est í rate

of the average value of the maximum dc^e. Fi£.»1 represante such a

bladder at any instant during i t s f i l l i ng up. Considering нпу point P

at a depth d in the wall» the portion of the spherical sihel.l of radius

x around i t that l i e s within the souroe region i s given by

Prom geometrio considerationbased on í'ig.1 i t i s easily derived that

a as-о ~

with the Hasttlng ccriditions

Mow, in terms of Berger'o scaled absorbed dose distribution f$ *

the dose rate at a distance л. from a point source of strength 1

in unit density medium is ¿riven by

where ^ л i s the 9O-peroentil« distance within which $0}» of tho emitted

energy i s abeorbed and S» the averiigo e n e r ^ °f *h<s beta spectrum» The

values of ^ Q in water ¿ivon. in raf (6) aro rölatod t.o thocie in t hit IC.RU

(1)tissue4 by tb»

~-



Thus for a specific activity of 1

depth d in the wall ie giren by

«V»

Á'.Ór. dx rad- hf

й&ж ratt!'ät a

ce)

where x- « 2 a+d
ID

IT
R

for

for (2a4d)>'tt

Fj?om eq« (5), (7) and (8),

J СЧ)

Putting d » O, one gets the i»aximttrojnSe ritte to the bladder wall, X>.

шлеп the volume of contente

V = 3

Using equation (3) for C(t), for I Щ1 óf actiyltyiti the end

of T hrs,

• V-

where ?}„ is the no. of betas per disintegration.

In the other oase, the integrand containsthe function £v

which does not tend io a finite Уаа.)>г"аГ0 V —»0, thereby

presenting difficulties in carrying out numerical integration* We

therefore make a change of variable as? follow»!



f
il
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If the instantaneous inner radius its r,

VT °

t*3he»e " bet; a ä n>a i ««cl ^ s
a- vT

fhie too refers to a final activity of 1 uCi in urine.

Now, as Г-+О, the volume soup^e reduces to a point source and

hence i t i s readily seen from equation (7) that

(The constant 57*6 appears since xL i s expressed in jtirad/hr).

4* auna, POÍ5E вэпкиюя-

The problem of determining the average doae rate to the bladder

wall due to the presence of a mojuoenergetic gamma emitter in urine has
"' .'.. • ' ' ' .. . ' ( 5 ) j . . , . . . , • '•'-,. • •

been taokled by Snyder et al,4 ' fasing the Monte Carlo method» Table 19*1

of ref.(5) gives the dose (rads/uCi-hr) for volumes of contents 0, 50 f
ii ' .

100, 200, 300, 400 and 500 ml aííd 12 energies in the range 0.01 - 4.0 AfeV»

Hence knowing the decay scheme of any redionuclide, the instantaneous dose

¥fi%f rate Dj>(v) corresponding to i t can be calculated by proper interpolation»

j|Tijen the cumulated dose, when the whole activity enters the bladder at

вего titte i s obtained from .

This too i s normalised to an activity of 1 uCi at T hr



5. DOSIMETHT OP ' -" I - HIPPORjUí :

The practioal application of the formalism developed above ban

be i l lustrated by considering the case of I •* Hippuran. A detailed

study of the retention pattern of th is radiopharmaoeutioal following

a single intravenous injection for a routine renogram in man and the

resulting doses to the whole body and certain target organs has been

reported by Henk ejb a l v '* These authors have corns to the conclusion.

that l i t t l e or no activity enters the thyroid froffl tm> iñjecttcT Fippu»anl

most of the activity retailed in the thyroid being derived from free-lbåide

in the Injected dose* I t i s also suggested that for estimating the dose

to the urinary bladder, the whole of the administered activity may be

assumed to enter the bladder instantly after''.the injection» /Phis

indioates that the appropriate expression for C(t) i s that giv^n by

equation (4)1 nevertheless equation (3) has also been employed in the. í |

present study in order to assess the^implications of̂  the^ ¿ i f f s ^ n t ¡ n

assumptions. ' • - • , • . - ' .. , • - ' '' -*' '• *. ' ,. ' . - : '.,'"'. .• . I . i]

Computer programs were developed for solving equations (9)#, ( to ) , ; ^

(11) and (12). A linear interpolation routine faci l i tated the use of th«¡ J

scaled absorbed dose functions tabulated in ref . i 6 ) t The ötheir parameter^; 1

used for 1 J 1 1 were» * E - 0.1834 ,МвУ, ( ^ ö ^ i s s u e " ö>^552 cm,

- 0*03509 nr"1 and 1д v.l.tJOJF. 1 ̂ aOf)' ««* &g^V)were evaluated for

v -jo.001, 0.01, о й , 1*0, 5.0, ЮеО, 15.0* 2o .o r 25.0^ зс.о # 4p*o, 50.0,

66.0, 75»0, 1=00.0, 150.0, 200Л| 250.0, 300.Ó, 35O-Ot 4ОО."о and 450.0 о с

The parameters use?} t o compute'Dv(v) arc. glvrin in Table 1, „which Is adapted
( q ) . * ' - - • =" " " -i, . * ' ' " •" " •

fro|B Lederer et a l w / . 'i'he cumulated doaea were computed for T * 1 , 2 , 3 '"



and 4.8 hr. and V^ - 62# 100¿ 120, 140i 164» 175» 220, 280, 560 ana 450rúo.

6. IES&TS AÉ>

V •• In this seotion, some of the results obtained are presented and

discussed. Jlg.2 shows JW as a function of T for various values of V_.
• ' . ; , i ' • ' : " ; _ • ' ' • • • ' • ; . ' ' . * / ' ' ' • '•

Owing to the small value of IS., 2>« is more or leas directly proportional
,• . j ' / • '.•".. ̂  i , .. ' ^ ™ ' . ' . ' . - ' ' . - ,

to T, although the decay during T hours cannot! be ignored* To illustrate»

for %-*.-$ hx asä- V» «i 82 со* Бл * 7>í mead* This ia when the final

activity is 1 uCi. Ifg on the pther hand, the initial activity had been

Ъ
л
 т 7,1 a*^ • 6*4

"^© of 7»1 na?ad ia very cloee to the value of 7*35 nirad
• ' " " ' " ' ' " • - > ' " ' • " : " " ' ( в ) • - ' '•'• ' • ' ' • ' ' • ' ••'••

computed by Henk et a l v f aeeumift̂  a static bladder containing 82 g of

dxine for 5 hours. Thisis because once the bladder has attained a volume

of 1 cc, the dose rate ЪЛ(Ч) remins more or less constant * It may aleo

W'npte^'lh^f'i^^xrfijaiiBr'itfe^Btia^íp'.áeQ^l as representing the actual

situation when the whole activity enters at zero time and the bladder

gets f i l led to tirite the volume taken for computation, i*.? hr« The

present calculation shows that this i s also equivalent to assuming' that

the specific activity regains a constant throughout the f i l l ing up and

that the final volurae i s half that actually attained.
* ' • - • • ' • • >

i- . p .

Another roanner in which the bladder i s likely to be estimated
' ' ' 'refere to the 4 ^ ^ ^ ^ ^ ^

by tht calculation reported by Hidalga; \Rere the absorbed fraction
' ' - f: ' • '' - Ji. \- ' ' - ó '' ̂  О " n

for betas ia asöuméd to be 1 for self-irradiation, which is adequate only

if: the source^ is large enough, compared ¿to' the beta range. Making



• • ' . . > в . - -. . ..

Hidalgo »в assumption of a retention time of $0 min and «t total bladder

raaeS (wall -f contente) 5°9 g* one estimates the dose item I «•

O.3Ö5 mrad/uCij whereas our calculation for á mase of oontente 450 g,

keeping: the concentration constant ав 1/450 uCi/g yields a value of

0*215 airad* This large difference is,of oouree, only to be expected einoe

the former calculation gives the dose to the oontente rather than the

b l a ä d e r w a l l » •• "" ' •••'..,•' : • ' , , : ' . . , • ' . , . . . • '.• [ ' -

The results obtained from using ей» (It)# wbioh represente the

aotual situation closely/ are ehovrn in fig.3» Since ^, is the actual

Volume of the Ijladder contenté ¿uet before voiding t for oomparison with
• •л ' ' c '.' •• • • , • ' ( a \ - - " . . • ' " • ;

ihe resulta öf Hénkjgt alv \ f * 3 hr and; У«,' *• 164 oo» The corresponding

oumulated dOse id eifteá to be 22.6°; mradi whioh is 3«1 times that conputadl

by Яепк. Thus we find that the static model /ails to represent the

dynaffllö bladder ad'e^úately for doaiwetrie purpboes. Piorc the data'

presented in fig»3*»1L is. aga^n found to be 'Very nearly pjpoportional to Ts

while i t s variation with V̂  follows an eqiiation of the

For T • 1 hr* the be"flt fit¿ is obtained for <X». 61 $ and A<* О.$б6, when Рд

is in mrad and V,- in со. The mean deviation of the vjlues oalculated

eq. (13) from, the actual <>ща i s only 0.23^¿ ; -

Tha ¿amma doses calculated from eq* (12) are given in Table 2* Рог
r - " •• "j.' ' " ' ' '

T » 3 hr and V^ « I64 со, Ду.« 1 ,б2= mrad. This is only 1:7̂  higher than the
- „ ' . ' ; ' " * • г - ' (ñ\ , • > " " " •

corresponding value calculated by Henk et al,v % This rtarkedNJifference in

the nature of gamma and ЪеДа doses is due tö the large difference in their

ranges* Owing to the small range of the betas, the vol игре around the centre

\ Л"1*



of the bladder at a distance greater than R from the wall is ineffective

and this 'dead' volume increases with the total volume. Thus the static

model leads to an underestimation of the beta dose.

D^is found to be inversely proportional to V-8 and Úirectly

proportional to T. Por. T » 1 hry the least squares fit yields

»yVT^-. 6.845 ' -'- (U)

when E^ls expressed in mrad and V_ in cc. ,

7. CONCLUDING REMARKS ..

The methodology developed in thig papar is designed to help oompute

the dose commitment to the urinary bladder following, the administration of

any radiopharmaceutioal, provided, of course, the clearance mechanism of

the latter is known. In particular, equations (13) and (14) may be

conveniently used to determine the doses from I - Hippuran. oince the

human bladder varies tremendously in size from psrson to person and with

different degree of distention during the time intervals between voiding,

the valuesfor T and V,., have to be chosen appropriately for every patient.

In our computations, the maximum values used for T and VL, viz. 4*8 hr and

450 cc respectively are those assumed by Snytier^ ' in his gamma dose

calculations. If one goes by the 1СДР recommendation^ ' according to which

14OO oc of ur ine i s produced i n ' 2 4 h r , V_ «• 175 0° f°£ T - 5 hr» However, for

c l i n i c a l i nves t iga t ions su i t ab le valueshave to be choseft depending on the

condi t ion of the p a t i e n t , such * s whether he i a 'hydrated ' o r no t .
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TABLE - 1

Gamma EadiatioEPfrom
5

?a per
disintegration

Gamma-1

5.06

Gamma2

0.6

Gamma—3

0.18

Gamma-4

5.06

Gamma—5

0.18

Gamma—6

85.3.

GaJBma-7

0.32

GaniEsa—8

6.9

Gamma—9

1.6

Transition
energy
(MeV)

0.0802 0.164 0И7Т2 0.2843 0.3258 O.3645 0.5030 0.6370 Ó.722?
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TABLE - 2

131.Cumulated maximum doses B^to the bladder wall from I gammas
assuming that the whole activity enters at zero time* T is the
filling time and V_ the final volume of contents. The doses are
normalised to an activity of 1 uCi at T hourS.

T hours

1

2

5

4.8

82

0.76

1.51

2.28

3.66

100

Q.69

1.37

2.07

3.52

Dy m,-ads

120

0.65

1.26

1.89

5.05

140

0.58

1.17

1.75"

2.82

164

0.54

1.08

I.62 .

2.61

175

O.52

1.О5

1.57

2.55

220

O.46

O.95

1.4О

2.25

280

О.41

0.82

1.23

I.98

360 ....

O.56

O.72

1.08

1.73

450

О.32

0.64

O.96

1.53


