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ON THE DOSE TO THE STOMACH WALL FROM
HIJECTED ®9™ 1 PERTECHNETATE'

M. A Ford, 5. F. Dms®, gnd W. 5. Snyder®

ABSTRACT

In etifmating dose 10 the gatirginiestingl (ract (GIT) it ha been amurmed ganersd |y thet The mwasirmd mciivity
in the tract. Le. m the wally, i1 prasent i the conenr, This smumption hes been naceswary bacaurs abaarbad fractions
tor photons wers dvailable only for the soures n (he eoames During the patt year and & halF, howewar, sbsorbed
fractions, of ipmcilic atwarbed Fracliony, have basn ssumated For pholon smiters in the walll Thess caloulations wers
paricrmed &1 b Institulo de Pesquitas Energéticss & Muchaoes, 580 Paufo, Brezl), and they will e announoed st the
Heslih Physics Socisly mesting and poesented pubsequently for publicstion. The estimates sra for the ame fwelve
photon snergies used in coenputmg absorbed Fractions in the GIT conients as given in MIAD Pamphler Ne. 5. In the
vtk presentad hare tha new voluss are applied ta ssfimaie dose 10 the watls of e GIT from sdminisiration ol 77 Mg
pertechinetate using data of Kubasi, 1973 The odoza 1o the sromach wall from photon G tound 1o St than 1he
goss from non.penatrating redislion, Maumag camplatd abforplion of anergy. Thus, & correst mtirmathon al avbmoge
taza 10 tha wall mouires usé of sbfodwd froctiomi of energy Tor elecirpns ws well ps Tor photony, Tha problam b
dicutted and values of otiorbod Fraciions far electrons ara mven which are beed on s uniform disiribuiion of the
activity. Hovuydt, & fial resolution of te problem wll reguirs funther bological data on the fraction of sctivity in the
watl and thy fraction in the conans,

The putpos of this presentation b twolold; firn to annource the sveilability of rew sat of sheorbed
Imntiom-ot  spaclic sheorbed  fraclions-tor 1he walls of (he grominmsinel tract & pource organs, and scond 1n
iMlomtrata the problfoms: which arim when one gttampi (o ot tham an tha biga of the dendar biologice daa
o Bvanlnbfe. Hopefully, those inmmested in modeling may make sn oiore o provids biological dem if they Enow thet
denmatric factars ace svmlebde 10 trarslate their dets o dose.

The gastrointestingl tract is divided into bour saciions or regians lor purpotes of dosimetry, the
stomach, the small infesting, an upper large intestine, consisting ol the atcending and transversa colens,
and the lower large intestine, consisting of the descending colon end sigmotd colon. The anmiomical
specifications of the sections sre given n Table |. Ths dats on the masses of the sections and theér
contents arg réproduced fron tha tCAP Aeport on Raferance Manlm, and the valuss for the thickmide:
of tha walls have been calculated on the basis of data given in that repart.

1 Fublicsed in ~“Rediogharmacsuticol Dolimmiry Symomuem® ~ Proceeding of Conferancy Hald o Owk Ridge,
Tann,, April 28-18. 19)8.

2 Empioysa, Imetiture de Pesquisss Eneeplilces m Nuclesrss, SKo Paulo, Brasil. Pramndy swigned B 9 rpdent 1o
1ha Hagith Phyaics Civlvion, OANL,

3 Conaliem,

Apromd for publicstion in My 1878,

Wiriting, arthography, concepte and Tinsl owlaian ara of machunhm eeipnneatditty of the Burhors,



Table Y

Dotimedric Charactaristics of the GFTract sl Contents

Section of Mass of Mass ol Thickmuss 1[

| GI-Track Contents Walls of Walls |
(gl i) © femi

| e e —_
: Stamach 250 160 .08
| Small Intestine 400 £40 0.3 - 0.4
I Upper Large intestine 220 210 05~ (.7
r Lower Large intestine 135 163 0.3 -o048

These fours seclions have been programmed as a part of the phantom which is assentially that
of MIRD Phamphlat No. 59 with some changes of which the substiution of a gastrointestinal tract
with weparate walls is an example. The source is assumed 1o ke unifarmly distributed in the walls of the
stomach gr the upper iarge intesting or tha lower large intestine, and €0,000 photons were used for gach
Monte Carlo computer calculation. The calculation wa: repeated far each of the 12 monoenergetic
sources of photens wsed in MIAD Pamphlet No. 5 and dose was recorded in all the body organs.
Ma source was placed i the small intestine because results are already awailabla for that section, This
i5 true because in our phanlom calculations for phatons, the small intesting 15 indistinpuishable from
its contents since thera is no ixed positicn af this portion af tha trect except for the ands. The movement
of the tract thus results in an averaging of dote from photons over both the walls and the contents, and
this average dose is accepied for both the walls and for 1he contents. Howeser, for electrons the dose
i5s computed 35 wilh any other secrign, bui ore does nat need the configuration of the small intestine
] estimate dose. Thewe data consliture the bulk of the data reported here whenevar the coefficient of
wariation is sufficiently fow 10 warrant its use, All of these 36 calculations were pertormed at the Instituto
g Pesquizas Ermergéticas e Mucleares, Sic Paule, Brazil, although the code was supplied from the Oak
Aidge Matianal Laboratory (ORML] and several computer calculations were done to insure that the
caleulstions were indeed comparable. .

Alhough data from these catculalions have supplied most of the data reported here, there were
many organ pairs whose coeHicient of variatipn indicated eonsiderable unceligbility. In such cases &
calcuiation involving the build-up factor of Barger''' was substituted. The calculations for the build-up
tactor were alip done at the Institute de Pesquisas Energéricas m Mucleares, using a computer code from
Oak Ridge, and 2s before calculations were done at CRNL o check that the pragramming and running
of the code were correctly performead. Previous studies“m have indicated that walues chizined by use of
the buildup factor are almost certainly within a factor ot 2, and a value obtained by a Monte Carlo
calculation with a coefficient of variation in axcess af 5% can hardly claim this much. It is planned 10
wse all these values in future calculations ot our laboratory and thay will be published soon.

To illustrats the use of thess new specific sbsorbed fractions wa shall consider *°™MTc
pertechnetate, **™MTg has a decay scheme given In MIRD Pamphisy No. 10' which is, with some
wouping of the data, equivslant 10 thet shown in Tehla 1), Most of tha enargy is emitted in the form of
photons, but there is suHicient energy {n the farm of electrons that when one assumes all this anergy is
abagrbed the dosa from akectrons is the mejor contributor 10 dose. After soma consideration we hevg
edopied the matabolic modsl proposed by Kubaesi'®t. This model is quita detailed tince it lisit



3

15 sowmee organs, Unfortubately it is the sesulf of a thesis amd so has nod Leen available b the authors
in it o iginad foem.

Table

Sinmbtind Decay Data for Techoetiom-99m {Halt tife = 6.0 hrl

Mean Mean
Aadiations NMwmber per Energy per
esintegralion Patticls
“{Mavy
Gamma 088 014
X-Hay 04 g.0B
Inteinal Conversian Elescrron 012 0,12
Avger Elections .01 0.076

Hrwewer, our principal nterest is centered wn Lhe gastroiniestnal tract and the model does st
the stomach and the colon as source organs. We must interpret thos as meaning that the activity is in the
sclions and not merely 0 the contents of thete sectigns, The lime sequence somewhat reinforces this
wipw. Mpreover in 2 review by Smith' 7} putiliched in 1965 he menticns that even whan pertechnerate is
injectard there s consigerable activity present in the gastric mucosa and he cites studies of McAtes et
al & ang Haiper et al.”".

Unfortunalely these references oo not make it clear how extensively the stomach wall was
sampled, The reflerenca dor Kybatsi dost ngt mention the gattric mucosa but only the stomach. Thos,
cur first dilemma is that of whathar we shpuld use the source as uniform in the wall ar only in the
gastric mucosa. We would not expect a great ditference in dose due to the photon irradiation but the
bets radiation will differ more. In fact, taking the activity in the stomach as being wniform in the
eontenis we obtain the data shown in the 10p line of Table N1, but i we suppose it is unitorm in she
stamach wall we get the data in the second line. It makes a difference of about 50% in the photon dose
but there it a ditference of abcut a factor ol 3 in the electron dose. These walues are only for the
activity in the stomach contents, or in the stomach wall, and these doses are shown in the first two lines
ot the tabla. Of course, dese From giher prgans outtide the stomach will be the same for either model
and when these are included the last two limes of the table are ablainad. Here the difference in the total
dose receiwed 15 only & lactor of 2,

I¥ the activity is assumed te be sl in the gastric mucosa, 1he difference in dosa is much greater
than if it i5s assumed 1o be in the stomzch wall or in the stemach contents. The stomach wall B
programmed as having 2 totzl thickness ef about 0.6 cm. The first millimetar contains the gastric pits, &
sacond strip of about 1 mm thickness i3 the gastric mucesa, and the third 1 mm thick division contains
the proliferating calls which produce tha calls thet move upward to tha surface and mre ipst. OF coursa,
nane of this detail is really present In the phantom except for tha totsl thickneis. As @ separale
calculation, we have programmed a slab modet of total thickeers 08 om, and this I subdivided as
suggested sbove, 4., an outer sirip of teyar, 2 second |ayer, a5 the gostric mucosa, sic., sach layer being
imm in width with tha gastric mucoss coniaining tha source. Perhaps this would bo the place 1o
acknowtedge that our discussions with Dr, Lushbaugh snd the raferences he has supplied hove been wary
haipful, although the crudeness of the model i3 our Swn respondtility.
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Dose to Stomach Wall by Two Models From Injection of **™Tc Pertechnetate

Dose {rads/mCil
Source location - R
Photons Eiectrons Toral

Stumach c¢ontenls 9.78x 10 * 1.43x107? 241 %107
Stamach watl 1.45x 1072 49751077 645 % 1077
All source nissues

inciuding slomach

canients 1893107} 1.73x 1072 agex 107t
Al saurce pssues

nciuding stomach

wall 243x10°7 526 1077 789x107°

Using thrs slab model, we have computed sbsorbed fraction: for Z0.monoenergetic electrons
with energies Tromr 007 to 3 MeV, and these are thown in Table IV, The electron energies are listed in
the Tirst column, and the next column containg absorbed fractions in the gastric mucosa, which is the
second division of the slab and which contains all the activity. The wvalue: in the third column are
absorbed fracuons for the adjacent strips, that is, the values in this column could appfy to sither strip
bordering the source region, The fourth coltmn contains absorbed fractions far the antire wall as
representad by the six strips or divisiang, #nd the range it tissue including =iraggling which ﬂergﬂrm:I
estimales to he 1.2 1imeés the continuous slowing down approximation (CS0RA) range is shown in the last
cofurmn. The values in this 1able were computed using the new point kernel of Berger for a point source
of electrons.

4 course, these data can be applied to any radicnuclide, but for beta particles they will need
tonsiderable averaging Hers wa are interastad in **™Te, and this gives a total absorbed fraction for
electroms of 35.6%, 1hat is, i the activity is upiformily diswibuled in the gastric mucosa, over 95% of the
electron energy would be absorbed there. This reans that if the activily is entirely in the gastric mucosa
and no activity is presant slsewhers in the stomach wall, the aleciron dose to the gastric mucosa would
be multiplicd by essemtially a facior of 5 fthe ratio of the concentrations) above what was shown in
Takrle 111 for electrons assumed to be distributed uniformly n the stomach wall. We ofter this sxample
only to stress that if the nuclear clinician dernands realistic dose levels, he must be prepared to supply
data on the distribution ol astivity which is #qually realistic,. Thus, the new abscrbed fractionk for
activity distributed uniformly in the walls of tha tract will require rather detailed information on the
distribution of the activity if they ere used to produce doses, and any departure from unilemity
may produce dotes which vary ¢onsidarably feom the doses computed. Hut this is true ganersliy for
oihar orgard 84 well m.a for the gastraintestinal trect.

Thus, it seams clear that no smoun? of purely dosimetric dats will resolea the guestion of the
dose being received by the tissuss of the body. 1t does emphasize the imponance of good metabolic
models, I3 the activity only in the gastric mucasa of is it fairly uniferm throughout the stomech wall, or
# it targaly in tha contents of the stomach? Thie dosa te tho sternach wall will depend Isrgaly on the



Table 1V

Fanges and Absorbed Fractions of Electron Energy in the

Gastric Mucosa and Adjacent Tissue

Absorbed Fractions |n ihe Target Raglons
Elgction Souwrce Aegion 1 ritn Layer Tetal Range in
Energy t s layer Adjecent to Wal) Tissun
{Mey) {Gaslric Mutosal Source leml
—
0.01 ~1 326 x 107 ~1 3.05x%107"
no1s ~1 6.66 x 10~° ~ 1 821 x107°
0.02 9a8x 107" 111 %1077 ~1 1.03 %1077
n.03 9.95 x 107" 228x10? =1 211 %107
0.04 6.92 x 10°! azax 10 ~ 1 as1x10?
0.05 9.89 % 10°" 5.59 x 10~ -1 5.20 % 107?
0.08 985x 107! 7.68 x 1077 ~1 7.15 % 1077
0.08 975 10" 1.26 x 1077 ~1 1.18x 107"
0.10 063 x 107" 184 x 1077 ~1 1.72 % 107"
0.15 928x 107! 361 x 1077 -~ 1 348 %107
0.2 8.85x 077 5.73 x 1077 -1 542: w?
0.9 7.87 2 107" 1.67 % 107 -1 1.02x 107!
0.4 g.78 x 107" 1.62 x 107¢ -1 156 x 107
0.5 573 x 10} 2.05% 107! §92x 107" 214 % 107"
06 493 x 107! 2.24 x 1071 8.70x 10~ 274x 107"
0.3 385 107" 214x 107! 9,07 x 107" 400 x 107’
1.0 218x 107" 1.92 x 107 8.50x 107! £.20x 107"
1.5 226x% 10" 1.48 x 107" TMx 107} 8.58 x 107"
2 176 x 07! 1.23x 107 8.27x 107! 1.18
3 1.27 % 107! 9.34 x 1077 485 H! 1.83
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answer to this question. It would make a difference of sbout 8 factor of 10 in tha answer if th& m:ilmr',r
wern largely in the gastric mucosa rather thas in the contents of tha stomach.

DISCUSSHGN

LATHAOP: We did 5 siudy on a dog thal had 3 Heidinhein powch, which is 8 small portion of
the stomach that hat been isolated Frovm the res) of the stomach and het o opening 10 the outside. I'm
the firsl 10 admit that dogs aren’t people but maybe ic's a little helpfel in this situation, We fourd that
eantially all ol the radicectivily was in the washing: from the powch and that very little was in tha
walls ol the pouch.

FORD: That's vary interesting We suspert that there is activity in the contents, walls a_nd
Lpy TINALY

RESUMO

MNa savmativa da dose na rae gastro-intestingl [TGI (o wposio que » ativideds medida no traio, icko §, nea
paredes o giswemna pastro-intearinel, efld prosnte Ao conteddo do TG Eots supcacBo fai necambely poroue = fracdes
arorvides para thrans b o disponhais guando a fonte estd o conwdde de TS, Contude, hd um enc o main atrix,
fraclfes obsorvidas ou frapfes absorvidas especfficas, foram extimadas pare emissorer gama conlxdos M perades de TGI
Extgi calcuios foram feitps no Instyto de Peagiapy Enempdticay § Nyciparey, S5dn Paulﬂ, Hroail, » tév¥o spretaniador vk
munida anyal da Healith Phytica Socleny ® wubssquentementy publicados. As exlsmetives o pars =k FinkdMmad :h:l
anergias gaman ysadas noy chloyley day Frachles abwrvides no conteddo do TG comg mosiradol e MIAD Pamphis
N?E Mo trabatho agui apeeaantado of nowon yalorg: cias frggday alrzonykgas npﬂm’ﬁ\w foram e pard $tinet 3
dova nat paredes de TG em consagulincia da adminicirecia de ;urtamutam—g’mrc, uvaandio cados oa Kubasl, 1873 A
dida s paredes do esfpmago, devign aos fdtans a0 menores que a dme devide 3 radiscfo nEo penetrenie, supondo
shsorgia completz da sua anergia. Dews mangirs, uma eslimativa aoresla ca doss mddin naa paredes requer 0 uwe da
fracin sbsorvids dm energia tamo pars o4 elftrony toma para ga fitens. O problama § diecutido 8 o3 velores de Traglien
abworvidaa para a¥irons sio epresantades @ e bassiam numa distribuicle uniforym da atividede, Contude. uma ioluglo
final do problerma requer maiz dados bioldgicos sobre a fraci de stividade nas paredes o 1 Trecdio na coniedd.

{9 objelivod devia spretentegdo 0 Dois: primwiro, snonciss @ diponlblilddade ¢o nowo conjonto d fropies
absorvids — ou fracdes absorvides mpecificm — para s paredes do TG| como drofog Fonien, 4, shgunde, pars ilusuwar
@ problemes gqui w apresenlam quando @ tedle uMdos com base nos dedos biolbpicos mtcapsss, dipanfvsle no

momemio,

Eyperass que aguales intergmedos e Seswnyohes Modelon poessm prower docor blologicon aEkim Qus Mk om
que fatores cochmditricos o dispondweis para conved fer of s dachd M doda.
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