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To 11lugtrate the methodology for estimating the dope
commitment to the bladder wall, giving due consideration to its
51

dynamic nature, the dosimetxry of Hippuran is examined
with rererénce to the urinary bladder The general formalism
for calculating the cumulated dose for a given filling up- time
and final volume, from a knowledgeuof‘the instantangoua dose ,
ratea, is briefly described. For gamma dgse estimations these
instantareoua dose rates are derived from the results of Jonte
Carlo calculations for monoenergetic photons by Snyder el al by
Bui able interpolation and weighting 1] detprmined by the decay
scheme of 15 I. Instantaneous maximum doge rates from hetas are

vorked out in a spherical geometxy 90 a8 to ensure its uniformitv

“*throughout the internal aurface, using the scaled absorbed dose

distribution data from MIRD pamphlet NOe Te The total gemma and
beta doses are found to be =) aireetly proport1on31 to the: filling
time. and smooth functions of the finnl volume. lhese revised
dose estimates are compared and contrasted with thoae repoxried
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1. INIRODUCTION
Althoughlmany radionuoliides that find their way into the human

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

tgking into account its dynamic nature is a relatively recent develcp-

ment.(1) As MoAFEE(Z) points out, the short-lived radiopharmsceuticals

that are now injected in millicurie quantitiss for rapid-sequerce

imaging of the brain, heart and abdominal organs are fregueutly sclected

on the;basia of their rapid clearance from the blood strram and thie

procedure,; as a rule, aug;menta the dose cqqmitment‘to the wrinary tract.

The MIRD pamphlet NbQS(j} which is now widely used for dose calculetions

in nuclear medicine gives the absorbed fractions.for a static bladder

plus contents, whereas in reeliiy the bladder wall is the target meglon,

and this has slready led to sone conPusion.(4) The work oi Snyder et al(s)

has astablished that ﬁhe dose to the bladder wall per photon varies

almost by an order of magnitude as the blaedder fills, being largest fox

a nearly empty bladder. The corresponding analysis wheye bstas are

involveé is described in this pamr. The genaral method for delsrmining

the total dose commitment to the bladder resulting from the administrstion

of a radionuclide is outlined and illustrated by the caloulation of the

131

beta and gamme doses from I « Hippuran.

2, SCHEMA FOR DOSE CALCULATIONS

et DCV) be the 1nstantaneoﬁs doge rate to the bladder wnll for
unit specific activity of the radionuclide under consideration in nrine of
volume V. The determindtion of the function D(V) for beta and guuns
fgﬁiationé is dealt with in sections 3 and 4 and hence D may be assumed
to be a known function of V. If C(t) iz the apecific activity at eny




instant and V(t) the volume of uontents at tha.t tims, the oumulated

1

dose during on- f'illing up’ of the bladder is given by -

D(T) -.-’f (B D[vctn st ey

[~/

where T is thetime elapsed between the administra.tion of &cbivity a.nd '
voidlng. |

Now, since the rate of filling is nearly constant,

Ve = _gy “ S | (&)
where Vy, is 1;5;‘ final volume of arine.. ' |
The function 'C(f) depends oni the manner in which the administered
activity entéré the bia}g&id‘er as wel‘ll‘aql on the decay constant ?\;é\f‘the
radionuclide. Two ways of Bpecifyingh ¢(t) that ﬁave been em;pldyed' in
this work ares | o ; / ] |
~{1) The 'specififs' actﬁ@lt&, éoirecfed for -physical dea.aur, is a
congtant tflro;xghbut th‘nf peﬁod of filling. Thig nieaz;xs that the acéiviﬁy
entexrs the blé,dder"’af a rate equal to that of urine. If' the acbivity
remaining at. the ezﬂ oi‘ T hr. is A‘I’ uq.i,r
cc,b): 5:&’\” B engt ¢.3)
Vi . . ’
(2) The wh§ie activity eﬁtcrs ‘the bladder at zero time. According
to this model, ‘ ” “ |
| ‘ >~C‘r l:)

D S b ‘ ea)

In gnneral the expression fo:r G(t) oan he derived frOm the-

appropri ate clearanoe mod el.
3. INSTANTANEOUS AND cm.n;um*w’ DETA DOSES

Unlike ;n the case of photons, for betas there will obvi;us]\:y be
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‘tb the bladder wall, due to the relatively high LET of electrons.

'hladder at any instant during itefilling up.

a large difference between the average snd .faximon doses delivered

In

. o : 5
addi’tion, use‘of the oblate sphercld model suggesied by Snyder b al( )

will rot reault in e conqtant Value for the maximum dose at all points

‘on the inner aurraoe of the wall ; whereas a sphcrical model is free

from thia mconvenience and can be expacted to provide & good estimate

of the average vaelue of the ‘meximum dese. Filg.t represcents such g

Conaoldering Any point P
at a depth d in the wall, the portion of the spherical shell of radigs

X around it tha.t lies within the source region is given by
)

Ad.w. a 2fo" (i - coae)d.x:',

From geomtmo considerationbnsed on Mg.1 it i3 easily derived that

2ad + x* ¢ dF (&?

&Ca+cl_)at..

core =

he Yimiting conditions

(g

oS Q Cac:c:i; a = © and 4<:<:J(-_~)Eot=d#—@3 =1
» (6)
]

Now, in terms of Berger ‘s scaled abgorbed dose distribution F

the dose rate at a distance x from a point source of strengta 1 bete/vee

in unit density wmedium is given by

& g F{X/xas vad , se™! <)

Fex)= tLbxi1o o g ol 3™
: G4 IT o F kg,

whexe "go

energy 1is absorbed and z‘, the average enermr of the beta spechrum.

is tha 90—pereentile distonce within which 00,4 of the emitited
The

values of -"'90 in watﬂr eiven in ref(6) are rolated Lo ‘bn'w in the LORY

tiﬂsue(7) by the expzf.suion,”‘
Q" ¢1c>>u.! Alkev

(2qe drissue = e
. 0-‘18 T




‘ !l‘hua for a specific activity of 1 beta/sec/mti J*‘“ wekyigthe dose rate dt 8

. depth d in the .wall 19 given by

s T - : o
I = | 360(Jj A:’: dL rqd ' h.r o " ‘ ) (9) '
a - .
‘where xp =2 add . for (2a+d)$ R

< =R - for (2ad)rE

| From eq./%(‘jv). {7) and ‘(8)‘.‘

= 3 - |
Putting d.= O, one gete the Maximiminse rate to the bladder wall, (V)
wien the volume of 6ontentﬁ
S : i
Ve 4 T‘m“ 4
Using equatzon (3) far G(t), fov' l uel or actigi@x” at the end

. of 'l‘ hrs, 1 ’ N ' o -y © ’, . ‘ L
~ s l e L' w7 N ‘ )
-:D (“T-) VT) — ' 3* nﬁe L j‘ e‘l DﬁC?Vf) . B ” (.O) A 4
where P is the no. of betas per t*isintegra.tion. ‘ f o
~ In the other case, the intagrarﬂ containsthe functton ”,a V) =
Dp V) wh:h,h does not tend to 8 finite VAl ; 0,y thereby
v o ' '

pz‘esenting difficulties in car,'.sring out numerical intogrstion. We

therefom mske a change of. vanable ag Io]lov-m




\VJ
Vo= — E = . 47 7"3
T 3 - .
. o T, .
' n . . CNT . “AEOS
. D (T, Vel 2 317 :»e)“ 4T ‘[ (1.)
R ' N < %
T ~".
r‘(:t’rrra) rrd e

wherBu" l-‘(f) rmed I and T 3\’1-
A %i kv, = T )

r

TeTp L B

This too refers to a‘-f{nal activity of 1 uCi in urine.

Now, as r--po, the volume source reduces %0 a point source and

hence it is readil_v seen from equation (7) that

. © N . .
, o

TR o - (-3
R -

- (The constané 57.6 appears since 'D/'A 'j.s expresged in Jirad/br).

44 mm no B ESTIMATION - '

The problem of determin:lng the average doge rate to the bledder
wall due’ to the preser.ce of a momoenergetic gamms, emitter in urine has
been taokled by Snyder et 51(5 ) uaing ‘the Monte Carlo. method. ‘Table 19.
of ref.(5) gives the dose (rads/hci-hr) for volunes of contenta 0, 50,
100, 200, 300, 400 a.nd 500 ml and 12 energiea in ‘the rahge O 0" ~ 4.0 MoV,
» Hence knowing the decay echeme of any radionuclide, the instantaneous doge
w,/ rate DY(V) corresponding to lt can be calculated by proper interpolation.
| ’Then the c.:mulated dose, when the whple activity enters the blaclder at ‘
d Eero time is obtained from .~

D;,(TZVTY} N J?ek(f-‘flp;( %MV}I) dt B - (.tz)“
This too Lia?noril‘a.loised to an ;.ctivity of 12‘,_101' é."l: T'b hr.u ) '




5+ DOSLMETEY OF 151 HIPPURA.N

'.[‘he practioal applioat:[on of the formanam developed above ‘can :

be 11lustrated by considering the casse of 131

study of the retention pattern of this radiopharmaoeutical fo].1 owing

I - Hippuran.f A deta,iled

a single 1ntravenoua in;]ection for 8 routine remgram ,’m man and the
resulting doses to the whole body and oertain target organs ha.s bean |
reported by Henk et a.l( ) « These authors have comne: to the conclusion
that little or no ac..ivitv enters the .th:,iraid £rom e mqectaa Hippuran,
most of the activity retairsd in the, thyroid being derived i‘rom free—iodide
in the in,jected doae. ‘It 18 also suggested that for estinat:lng the dose
to. the urinar:y bladder, the whole of the administered activity ma.y be _‘ o |
: "*»uassumed “to - enter the bladder instantly after the injection.‘ ’i‘his

| ind:l.oa.tes that ‘the appropriate expression for C(t) is that given by
: equa.tion (4); nevertheless equation (3) has also been emplo;fed in the |
» present atudy rn order to assess the mplications of: t < if ‘f;“‘.""' ,

e

asaumptions. ‘: A e L l» EARA

_ Computer pmgr&ms were developad for solving equaticns (9), (10), \ c

(11) a..nd (12) A 1in.ear 1nterpolation routine facilitated the uss of the Lt

scaled absorbed doae functiona tabulatéd :ln ref (6), 'Phe other parametera} e

‘uged for ¥y were 3 E - 0. 1834 MeV,- ( 90)tiasue u-‘ -98532 cm, UL N ~‘

A= 0‘03509 hr a.nd ﬂf‘ - 1 005. . D (V} am (V) ‘were avaluated l‘or . |
V=0 001, 0. 01 0.1 1.0, 5. o, 10.0. 15 o, 20 o, 25. o, 30.0, 40 .0, 50.0, o

Sl

60 0, 750, 100.0, 150.0, 200.60, 250.0, 300, o, 550 0, 400. o and 450 0eey

I
y

"—'I'he paratneters used to computo ’D (V) are givnn in ’I’able 1, which is adaptod |

from Lederer et 3,1(9) 'lhe cumulatr\da doaes wvere computed for EP - 1, ’ J
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ﬂ-nd 4‘8 hro ma VT - 82, 100. 120' 140. 164’ 175, 220, 280G, 360 and 450 CCe

6. nsstms”mnr_ Brscussxou

. In this aeotion, oeome of the rasults obta.ined ars presenued and

discuaaedr Fig.z ahows Dﬁ aa a funot:lon of’ T i'Or various velues of VT

N
Owing to the smull vaz,ua of D,ta 1s more or leas direotly propdrtiona.‘

to '1', although the decagr during T haurs cannot be 1gnored. To illustrate,

"~ for I s-g nf and VT -i 82 co, D(_., .’ 7 1 'l‘*'ﬂde 'I'his is when the final
activitv ‘A8 3 tzc:l. If, ‘on. the pther hand, the initial activity hed been
au01,(_,,-71e*-6.f4mma.*”; EN |

'J.‘he T 'ue of 7 1 mrad ia ver,y oloea to the value of 7 35 mrad

couputed by Henlc dt al(s) aasuming a static bladder oontaining 82 e of

ur:lne for 5 hours. Thisis becauea onca the bladder has attained a volume

of - 1 cc( the doae rata D (‘f) :rema:l.ns more or less constante : It msy alss
be noted that Hemc tmata tiie aua‘ G 'rnufi &l &8 ‘rép“wse..y;
aituation when rtha whoie activity enters at zero time and the bladder
geta f:llled to twine the volume taken for computation, ig.3 hr. 'l'he
present caloulation showa th,at *his is alac equivalent to aasumirg that ' ) |
th@ specifio act“:lvity :r:ema.ins a constant thmughout the filling up and

#hat the final volume :ts half tha.t actua.llx attuined.

©dese , \
Another ny.nner 1h which tha bladder is likely to be estimo.ted

refers to th: gene;ral scham pdopted by tne MIRD eo:nmittee, as exﬂplifiad
by tho oa];cuhtion repor‘&ed by Iﬁdalgoﬁ ) Here the .abgorbed fraction
for botu ia assumed to‘ébé 1 for self-irmdiation, which is. adequate only

' :lf thc sourcd ia large enough compa.:ged o the beta range. YMaking
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‘f; maas (wall $ contenta) 509 g, “one estimatoa the dose from

‘- 8 «
Hidhigb's aasumptioh«df 2 f&ﬁkntion t{mc of 30 min anﬂ a fota1 b1adder-

COT

0.385 mrad/uui, whereas our balculation ror & mass of, content- 450 g, .

: keeping the concentration oonstant as 1/450 uCi/& yields a value of

0.215 mrad. This large differenoe is,of oohrse,only to be expocted einoe

thg formsr caleulation gives tha dose to the oontenta rather than the -

bladdar w&11 ‘

<

The resulfs obtained from using eq. (11). hhioh roprssente the

aotqal situation cloaely, ara ahown in fig.}.. Sinae Y% 1- the aotual

VOlume of" the bladder "ontents Just beforu VOiding ’ ror oomparison with

: the resnlta of Henk et al( ). T = 3 hz and Vﬁ - 164 oc. The correaponding
‘”cumulatea ddse is eeen to be 22 69 mrad which is 3 1 timea that computed 4
,<hy ank. Ehua wa find that the static madel fails to repreaent‘%he ;

3 dynamic biadder adequately for dosimetric purpoees. From the data :

presented in fig.}, Qﬁ ie again found to be very nearly propartional to T;

"while its’ variation with v r followe an equation of ‘the fprm

;eq. (15) from the actual Ones is only 0 23%g ifiﬁlh'_ p

oo
o

‘ For T = 1 hr, the beat fit is thained for 0(- 619 a.nd ,gs 0. 866, when D,g

yis*in mrad and V in cc. The mean deviation of the vglues oalculatad uaiab

o'

Tha gamma dosea oalaulated From eq. (12) arb givgn 1n Table 2. Por

T w 3 hr and Vi,- 164 co,. D&" 1, 62 mrad. This 1q only 17% higher thsn the

‘_corresponding valua calculatad by Henk et 31(8) This maxkad diff@rence 1n
‘ fthe nature of gamma, and beta dosea 13 due tu the 1arga difrerence 1n their -

”ﬁrangee. Owing tc the small range of the betas, the volume aroun! the ceutre

‘7 R [ N
« @ N ¥




= 9 - ‘
of the bladder at 21 distance greater than R from the wa.ll is ineffective
anﬂ this 'dead' volume 1ncreases with the total volume. Thus the etatic

model leads to an undereatimation'of the bets dose.

‘ DX is f‘oumd to be inversely proportional to VT* and Girectly

proportlonal to ’1'. For T =1 hr, the least squarea it ylelds

By 'f'-6845 L

when D,;'is e_;(pressed;;ln mrad and »V,'P‘,in cCo” | | '

7. CONCLUDING REMARKS

. The_' rﬁefhodology devel‘ol-ped.‘lin this papex \—is"dés_igned to help corllpute
the doge- c.cl)mmi.t‘me};t‘ to the urinary bladdei' following the aiministration of
anj"eadidpllarmac‘egtical, prevideﬁ, nf course,‘ the clearance mechanism of
 the lettel' is known. \ In pérticular; eQueﬁ}Lons (13) end (14) may be
ebﬁvexﬁeﬁtljrlua‘ed to defe}:mine the deses {rom .‘13 1I - Hippuran. Jince the

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

¥ different degree of distention durlng the ti me 1nterva.ls betiween voiding,

the valuesfor T and V’l‘ ha\;e to be chosen .appropriately for every patient.

~ In our comput&tions, the maximum values used for T and VT' viz. 4.8 hr and

450 ce respe ctively are those assumed by Sny der( ) in his gamma dose

: ca.loula.tions. If one goes by the ICRP recommendation( 1) according to which

= 1400 oo ‘of urine is produced in- 24 hr, T = 175 co for T = 3 hr. However, for

LLLLL

a

';clinical invest:lgations suitable valueshave to be choeen depending on the

condition .of the patient, such a8 whethezj he is thydrated ' or not.
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TABLE = 1

131,

 Camma Radiatiorsfrom °'T

Gamma.-i Gamma?2

Camma~3 Gamma-4 ’ce;mma-s Camma-6 Gamma~T

Genne-8  Gamma~§_

% per
disintegration 5.06 ~ 0.6

0.18  5.06. 0.18 85.3 .32

6.9 1.6

o

Transition

energy 0.0802  .0.164
(V) = }

0.1772 0.2843 0.3258 0.3645 . 0.5030

0.6370 0.7229
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TABLE = 2

Cumul ated maximum doses D.,t.o the bladder wall from 13y gammas
assuming that the whole activity enters at zero time. T is the
filling time and VT the final volume of contents. The doses are
normalised to an activity of 1 uci at T hour§.

‘5,' wrads
2% 82 100 120 140 164 175 220 280 360 .. 450
T hours - ' o ’ ‘
¥
1 0,76 069  0.63 0,58 0.54 0.52 0.46 0.41  0.36 0.32
2 151 137 1.26 1.7  1.08 1.05 0.95 0.82 0.2 0.64
3 2.28 2,07 1.89 1.75° 1.62 . 1.57 1.40 1.23 1.08 1 0.96.-
4.8 3.66  3.32  3.03 2.82 2,61 2.55 2.25 1.98  1.73 1.53




