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ARMAVENTARIUM TOR RADIUM TRFATMENT OF
CARCINOMA OI' THE UTLRINF CLRVIN

by

Q KjetLerev and | RaGamuLT

Several drfferent types of radum appheators have been developed since the
Tadium treatment of carcinoma of the uterine cerve hts become the method
l‘:l‘;;:g"t Radim therapy was presiously estensively employed but since the

ucton of the supervaltage therapy its use in prumary treatment has
ccome less general It 1s however sull considered the best prman method of
dealing vath most cases of cancer of the uterine cervix
uf:},l means of applying radium 1n the treatment of carcinoma of the cerix
a thc uterus have dertved from one of two fundamental methods the Pans
¢ Stockholm method Several of the current local radiation procedures 1n
condition are illustrated n Fig 1
s dt:an; method, a protracted low mtensity techmque of radiurm treatment
the Rad“c Im the beginming of the mneteen twenties by REGAuD et coll at
or th ;un]x nstitute, Parss It makes use of small quantities of radium apphied
2000 maxry long time of about 5 davs the total dose amounting to about
gh

fta’fht Manchester method was developed from the Pans method, the mamn

) \xr:‘u the delivery of a predetermned dose to arbitranly defined pownts in

£ PVs independently of the arrangement of the applicators, 1t entarls
Fu

oy the Gymecologic Section (Dicector Herman Lesssner) of the Depariment of Radio-

'PY and from the D
G epartment of Radiophysics (Director Sven Bemner) U,
othenburg Sweden. Submutted for publication 14 May 1962 7 Unwersty of

1
~0633083 Acta Radiologica Yol 1 1 Therapy
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differentinl fording of the apphicators dependent upon thewr size and length
‘The opumsl dose at point A defined as 2 om lateral to the utenine el and
2 cm above the vagnal fornix has been determuned s 7 500 1o 8 000 r in two
treatments ginen with an intenval of one week (Top 193], Tob & Merroitn

1438}
The Stochholm metbod was onginally devised by Torsserr & Hevvavwnd
has been further developed by horrunier at Radwmhemmet The techng

15 based on repeated trestments with farly large amounts of ridwm for 2
welatnely short tme 2 number of different appleators bang used  Advantige
13 taken of the possibihties of selecting the treatment with due regard 1o the
type of the tumour and its spread the patent s general condition and so on

The length of the intravtenne appheators depends on the length of the uterus

The applicators as 1 rule 1x¢ permanentdy loaded contan from 53 to 88 mg
radmm and are so designed thar the dose rate 2 cm from the center of the
apphicator 15 tbout 73 rfh The cagmal appheators most of which e also
permanently loaded sary 1n shape and size and mostly contam 60 to 80 mg
radim  the ridim s usualls spread towards the [erd parts of the boes

The time of treatment generally amounts to about 27 howrs a1 each of two
sitings 3 weeks apart The total filtrauon 1s equivalent (o 2 to 3 mm of fexd

The dose ar the bladder and the rectum s cheehed by dose measnrements,
making st possibie to avowd overdosage an these organs by cutting down the
tretment time when the dose rate 15 too high The opumal toril dose to the
rectum from the radnam 1s 4 000 ¢ and to the bindder sbout 5500 « These
doses are generally not exceeded n carly stages of ¢arcanomn of the convix
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but up to 6 000 r may be given to the rectum 1 advanced stages (ROTTMEIER
59
19’1‘}2: dose from the mtrauterine apphcator may be raised by mncreasing the
ume of treatment or the amount of radm The dimeter of the applicator 15
increased to 13 mm from the usual 7 mm in these cases, 1 order to avoid an
excesstve dose to the uterme wall Expenence has shown that dilatation of the
cervical canal to Hegar 13 may generally be made without difficulty A higher
intrautenine dose 1s usually given n cases of endocervical carcinoma, pracer
vical growth, palpable metastases at the pelvic wall, or 1n cases with a narrow
vagmna The vagmal dose must then be correspondingly decreased Three wecks
after the second application, roentgen or telecobalt treatment towards the
parametna and pel ic walls 1s gencrally administered by the spht field techmque
with two anterior and two postenor portals Primary rocntgen or telecobalt
treatment through one large antenor portal, and one or two posterior portals,
15 given only 1n advanced cases or 1n cases with large cauliffower tumours
Perineal portals may also be used in the latter condition
The dose administered to the cervix amounts to about 20000 r but much
less 15 receved by the pelvic walls Provided the intrautenne radum 1s not
applied as far down as the external os the dose at pomt A wth the current
Stockholm method amounts to about 6 000 r With the radium at the exter-
nal os, the dose to the cervix at the rectum, and at point A increases, however
The dose on the pelvic walls from the intracavitary radium amounts to between
610 and 2 430 r, provided the uterus 1s situated 1n the center of the pelvuis The
obturator nerve recerves about 1 335, 60 to 70 % of which 1s from the ntraute-
rme radum (horseiEr 1953)
Detatled studies of the dose distribution 1n the pelvis wath the Stockholm
methed have been made by hotrserer (1951 and 1953) and WarLsTAs (1954)
A number of special applicators for radum treatment of carcinoma of the
cervix have been described and include Ernst s applicator, Neary s applicator,
and the Buffalo applicator used at Roswell Park Memonal Institute Inter
sutial radium needles 1n the tumour combined with ntrautenne radium or
Co%, an antravaginal radium bomb combined with mtrauternne ridwm or
intravaginal roentgen wradiation through a vaginal cone are other methods
of local radiologic treatment (For references see Gramam et coll 1962 )
It 15 of great amportance to be familiar with the method used and to be
aware of the dose delivered to the different parts of the tumour and the pelvic
organs regardless of which method 15 being vsed

Armamentarium
A system of permanently loaded applicators for the radm treatment of
carcnoma of the utenne cervix have been developed during recent years i
our department, the applicators being simular to those used 1 the Stockholm
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method The dose rate 1n r h at a pont 2 cm from the center of the intraute
nine apphicators 1s however not constant but numerically equal to the radium
content 1n mg

Pnimary radium treatment of carcinoma of the cemx with this armamenta
rium 15 generally given in three apphicatons 13 to 14 days apart The mtenial
1s adjusted so that the second and third treatment will be adminstered at the
time when the radiation reaction in the vagmal smear from the preceeding treat
ment has reached 1ts peak (RJELLGREN [928) If the tumour 1s confined to the
poruo or the vagina the first two treatments usually consist of combined 1n
trauterine and vagmal apphcauons and the third only a vaminal apphcaton
An mtrautenine applicauon 1s given at the third treatment 1f the tumour 1s of
endocervical ongin or has a large paracenvical spread

Five different antrautenine apphcators (L2 U4 U6 U8 and UL10) are
used These are permanently loaded with 60 80 or 100 mg radium and vany
1n length from 53 to 70 mm The applicators C2 and C4 each contaiming $0
mg radium arc used for applications 1n cervical stumps One apphcator (C6),
contamning 100 mg radrum and one small (C8) and one large (C10) cvlindrical
applicators, contaimng 30 mg and 60 mg of radium respecuvely are used
for apphications to craters The wntrautenine apphicators U2 to U10 with a
bent knee of 13 and the apphcators C2 to C10 are made of staimless steel
The corporal part contains a larger quanuty of radium than the cenical part
The length of the applicators the diameter, the amount of radium and the
acuse length are given 1n Fig 2 Attention should be paid to the fact that the
radium 1n the cenacal part of the apphicator does not reach to the lower end
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which means that with the applicator pushed up to the fundus no radm 1s
contaned 1m 15 t0 2 cm of the lower part of the cervis The isodose cunves
do not therefore surround the apphicators symmetncally but are displaced more
towards the corporal end (Figs 6 to 15)

Six flat (G1, G3 G5 G7, G9 and G11) and four curved plaques (G13 G15
G17 and G19) are used for vaginal apphcatons Some have cut-off corners in
order to fit mto the vaginal formces The two plaques G13 and G15 are shightly
curved 1n order to accommodate large tumours or a large bulky poruo of a
wide vagina The curved plaques G17 and G19 are segments of the surface of
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wmg Re applicator

a trunctted cone and are designed to cover tumours growing down into the
vagint The plaques are Joaded with 40, 60 80 or 100 mg of ricium

The vagmnal plaques with the exception of G17 and G19 are manufictured
from stainless steel and have a thichness of 8 mm  The other dimensions are
gnen an hig 3 Plaques G17 and G19 are made of Montel metal The radium
tubes are serted 1n drilled holes and sealed ofl by 05 mm rubber gaskets
and stainless steel screws

The total filtenng equuvalent of both the intrauterme and the vaginal 1p
phcators 15 3 mm Pb Constructiona] detauls of an wmtrauterme 1nd 13aginal
apphicator are presented i Tigs 4 and 5

Measurement of the dose distribution around the applicators

The 1sodose curves for the intrauterie and vaginal applicators were measured
i 1 water phantom with a saintillation detector, fitted with a small anthricene
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crystal 3 mm 1n drameter, and mounted 1 3 long well polished aluminium
tube to serve as light pipe between the crystal and the photo-cathode The
santillation detector was moved along the 1sodose curves by means of an auto-
matic 1sodose plotter developed by Larsson et coll The mosements of the
detector werc reproduced by a pen that drew the 1sodose curves on paper

The 1sedose distribution was measured 1n four different planes for all the
vagmal plaques, excepting G13 and G15 which were measured 1 three planes
only The intrauterine applicators were measured in two planes and the small
straight apphicators in only one plane The measuning planes were chosen to
facilitate chrucal evaluation of the dose distribution 1n the uterus, vagina and
the tumour, plane m gnes the dose rate 2 mm from the applicator, plane n
the dose rate 2 cm above the plane of the radium tubes, and planes L and 1
give the dose distnbutions 1n the frontal and the saguttal planes respectively
(cf Fig 21)

The dragrams sndicate that the different intrauterine applicators give about
1000 r per 1 000 mgh at a distance of 2 cm from the center of the applicators
The dufferent vaginal plaques produce about 1200 to 1300 r per 1000 mgh
2 cm above the surface

All these applicators are readily sterihized and being permanently loaded
need Iittle handling which reduces the total radiation hazards Dose estimations
may be made by means of sodose dragrams which are available 1n standardized
planes around the apphicators A system of preloaded applicators with a fixed

radium distribution somewhat decreases the possthility of modifying any one
treatment
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ARMAMENTARIUM FOR RADIUM TREATMENT
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ARMAMENTARIUM FOR RADIUM TREATMENT
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SUMMARY

\ svstem of p Iy loaded for the of of the cenix
of the uterus 15 desenbed  Isodose curves in different planes around the applicators are pre-
sented

ZUSAMMENFASSUNG

Lin System von dauernd gelad Rad lagen zur Behand des Cervikharzinoms
wird beschricben Die Arbent enthalt dic nstigen Isodosenkurven in serschiedenen Thenen

RISUMEL

Tes auteurs déervent un systéme d applicateurs chargés en permanence pour la cune
thérapie du cancer du col de ] utérus 1ls présentent les courbes sodoses dans differents plans
autour des applicateurs
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AUTORADIOGRAPHIC STUDIES OF THE TESTIS AND
THF EPIDIDYMIS IN MAN AFTER INCUBATION
WITH RADIOACTIVE ZINC IN VITRO

by

hart Exsou and BencT WETTERDAL

The spermatozoa 1n man have been found to have a particularlv high
content of zime compared to other ussues (Mawsox & Frscuer 1953 and By
2aLy Harr & Lee 1961) Very httle however seems to be known about the
localization of zinc 1n the male reproductive organs and of ths physiologic
mportance  The present investigations on the dsstribution of zine 1 the
testis and 1n the epididymus were carried out 1n an attempt to gain further
mformation concermng thts matter

Autoradiographtc stuchie on the festes 1 rats by WETTERDAL (1958) dem
onstrated that the Zn admimistered was concentrated m the semimferous
tubules  Santillaton measurements and autorachography further indicated
that the spermatozoa took up the sotope i the seminiferous tubules and
with a high amount of “Zn were transported through the sperm transport
system to the ejaculate

Mitear, Evcoats Fiscuer & Mawsov (1960) su,
ton of large amounts of zinc 1 the spermatozoa s
ment and for the mamntenance o

ggested that the incorpora

essential for their dey elop
f the germnal epithehum

Submatted for publication 27 August 1962
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Mirrar, Viseest & Massov (1961) studied the localtzation of 7n m
dufferent rat ussues by autoradiography and suggested thit 1t 1s slowly ancor
porated into the spermatozot dunng ther development m the testes They
found hke Werreroar, that the spermatozoa progressed from the testes
through the eprdidvmal ducts with the radioactine zinc

Danier, Hapoao, Prout & Wirmviore (1906) and Prout SiErr & Wiarr
vore (1929) wyected “Zn ntrivenoushy n human subjects suffermg from
vanous urologic disorders The amount of #Zn wn the different organs and
tissues removed was studied bv stnullation measurements Dasier et coll
{1956} were able to produce n auteradiograph of 2 prostatic adenoma no
autoradiographs of the testes and the epdidymes were obtained, however

“Zn seems at present to be the only radioactn ¢ zine 1sotope readily asastible
for experumental studies Autoradiographic detection of “Zn 15 however,
rather difficult becau e of the small amount (1 6 2,) of beta ravs 1 the decay
scheme This fact and the relatnely Jong half bie of 244 davs of “Zn make
ths 1s0tope less suntable for autoradiographic studhes 1n o 1 man

Tavrop (1957) reported that slices of tissues incubated with %7n 0 utro
will take up the 1sotope n concentrations corresponding to those ok { after
s myection nto the wntact ammal This 1 <itro techmque appeared 10 be a
surtable one with which to studs the local of &/n bated 1n the testes
and epididy mes in man

Muatertal and Methods The testes and the epihidymes were obtained from
three p byected to umlateral or bifateral remos al of the scrotal contents

The umlateral operation was carmed out on a 68 year old man wnh 2
recurrent scrota} hydrocele and on whom hydrocelectomy had earhier beent
performed The bilateral operations were performed on two clderhy men,
aged 72 and 78, with carcmoma of the prostate Both subjeets had been treated
with an oestrog.en, acthinyloestridsolum, 0 15 mg dmly  The fist man recened
oestrogen 1t short intervals oser 9 months, about a year Iater operation was
undertaken because the pauent refused o continu~ the oestrogen treatment
regularly The 78-year-old man recened ocstrogen for only two weehs when
the therapy had to be abandoned because of allergic reactions, operation « 1
performed 4 months later The tho subjects were in good general condition
without chimieal and roenigenologic signs of metastases

The onginal mdioactive zinc, “7n, was obtamed from the Biochemicd!
Centre, Amersham, Fagland, as a #7n Ql, soluton The onginal 1sotope
solution was diluted with 0832, sodium chlonde 1o a finl solunon of
40 ;G'ml speatfic actinaty and a pH of 6 5 sn which the organs to be studied
were ymmersed

Small 4 10 B mm cubes were cut out from the testes and the epichidvmes and
tneubited 11 the radwactne solution for twe hours 1t -+ 37 € The ussues
were fised 1n formahin and processed by standard methods, 5w B p senal
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Fig 1 Autoradiograph [rom the testis
of o €8 year-old man after ineubat on
with  Zn a vitro Blackened arcas
dicate high concentrations of radioacty
iy x 30

sections were cut and every second one was mounted on glass and the others
on methacrylate shdes, the former bemg stamed with hematoxylin and cosin

The methacrylate siides were subjected to autoradiogriphy Agfa Prnton
Rapid films were used and the apposition techruque and the exposure of the films
were carned out 1o accordance with the method described by Opesrap (1952)
An appropnate blackemng of the films was obtained after an ¢vposure time

of 4 months The films were developed 1n G revert 209 A at 20 to 22° C and
fixed 1n Gaevert Aado Fix

Results

Autoradiographs of the testis and of the epididymus are presented m Figs 1
and 2 The concentration of %Zn 15 wndicated by blackening i the reproduc-
tions

The concentration of radioactive zinc showed a charactenstic and uniform
pattern with a vartous degree of uptake in the different tssuc elements 1n all
the areas examned The penpheral parts of the tissues presented no visible
increase m radioactivity compared to the central parts

The germunal cells n the testes and the epithelium cells ning the epididvmal
ducts showed ewvidence of a relatively high concentraton of radioactive zinc
compared to the interstiial tissues 1n these areas The contents of the semimifer-
ous tubules of the testes also displayed a ugh concentration of radioactie zinc
(Fig 1) The degree of radioactne nptake seumned to be closely related to the
amount of contents m the ducts Where microscopic i estigation resealed
large amounts of ductal contents the blackening was comparatively greater
than where the amounts were small The contents of the ducts 1n view of therr

relatsvely low tissue denuitv, had a high uptahe of radioactive zinc The contents
are formed by preducts from the testes



26 KARL ERBOM AND BENGT \\ETTERDAL

Fig 2 from the dymss of a 72 year
old man after incubation with ®Zn Blackened arcas 1n
dicate hugh concentrations of radioacusity x 30

A penipheral zone of fant blachening cnarching the ductal contents was
seen 1n both the testes and the epididymes This was probably an artefact due
to a shrinhage effect of the tissues during the histologic fivauon The mtesstitral
tissues of the epididvmes as well as those 1 the testes displased a reltnely
low degree of blackeming A igh concentration of radioactive zinc occurred
1 the small blood vessels in both organs

Discussion

Autaradiographs of the testes and the emdidymes 1 man using radioactine
zine “Zn do not appear to have been presented carher

The umiform and charactensuc distnbuuon of the radioactine zinc 1n the
different sections studied was noteworthy and appeared to offer a possibility of
studying the distnbution of zinc in the different tissue elements of the testes
and eprhidymes The vanous parts of the organs are beleved to take up #7n
in amounts corresponding to those of the nitural occurnng zine during the
two hours incubation in the radioactine 2inc sofution Metabolic events such
as the trnsport of zinc through the cprdidymal ducts by products from the
testes will natraih not be dlustrited by this method, and cxpenments such
as thoee carned out in rats by WETTFRDAL (1958) and by MiLrag, Vinervt &
NMawson (1961) would 1ppear to be necessany for studies in yino Simmlar e<
periments i man arc at present unsuntable for reasons already mennoned

Unfortunateh we had to studs orgins from elderly subjects snce the
removl of chnieally normal scrotal contents 135 only exceptionalls carned out
in others The microscopic 1nvestigations revealed satisfactory spermiogencsts
with epididimal ducts packed with spermatozoi and otherwise normal ap-
pearances The testes and the epididimes of these clderly men were thus
considered smtable for usc in the studies intended
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The awtoradiogriphs disclosed some interesting facts A relatnvely high
amount of radio ictive zinc w15 evident n the gernunal cells and i the contents
of the semintferous tubules of the testes Farhier obsennations inrats by WETTER
DAL (1958) nd MiLLar ViNcenT & Mawsov (1961) indicated that radroactine
zinc 15 ncorporated slowly mnto the tesucular spermatozoa The present
autoradiographs revealed high concentrations of radioactne zinc n the
contents of the semmmferous tubules It may be that the spermatozoa in man
dunng their development 1n the senumferous tubules gradually increase their
supphies of zinc  The high concentration of radioactive zine 1n the germinal
cells mndicate that these cells are the source of the zine that will be delivered to
the spermatozoa part of the zinc accumulated 1 the tubules 15 probably
attached to the seminal plasma

The eptthelium cells ming the ducts 1 both the caput and the cauda
eprdidymdis showed a simular and relatively ligh concentration of radioactive
zinc Metabolic events such as the gradual progress of radicactve contents
through the epididymal ducts will not be reproduced by the present mn vitro
method

The Ingh concentration of radiosctive 2inc in the epithelium cells compared

to the relauvely weak concentration m corresponding cells 1n rats 13 davs
after an intrapenitoneal mmjection of #Zn (MiLrar VINCENT & Mawsow 1961)
was an observation considered to be of importance Birnpaum Hawr &
Lex (1961) studied the zinc content of the sperm cells of the testes, epididymes
and vas 1n rats and therr results suggested an increasing zinc content by the
processing of the spermatozoa It may perhaps be presumed that the spermato-
202 dunng therr desclopment 1 the sperm transport system receive further
zmne 1n the epididymal ducts

The zinc 15 also attached to the seminal plasma Expovt & WETTERDAL (1961)
ustng paper electrophoresis studied the distnibution of %Zn added i vitro to
human semen The 1sotope was found to mugrate together with a protemn com-
ponent suppo ed to be a beta globulm appeanng 1 both fertile and m
fertile ejaculates This protemn bound zinc could not be shown to be signficantly
1nfluenced by the number or the morphology of the spermatozoa

Acknowledgement
“:t:c investigation was supported by a grant from Stiftelsen Thérese och Johan Anderssons
SUMMARY

he testes and the epididymes of thre an ects were incubated wi 1 1n vitra
T didymes of three hi by h $32Z;
uman sul ere bated with *3Zn 1n vt

techmgg wsotope within the different tissues was studied by an autoradiographic
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ZUSAMMENFASSUNG

Dz Testes und die Epididymes von drer Fallen wurden mat %*Zn i vitro inhulnert Die
Verterung des Isotopes in den verschtedenen Organen wurde mxt Fhilfe emer autoradiogn
phischen Techmik studiert

RESUME

Les auteurs ont scubé Jes testicules et les épdidymes de troms suyets humans avee du $Zn
wyvitro s ont étudié la distribution de cet 1sotope dans les diflérents tissues par une technque
autoradiographique
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AUTOMATIC ISODOSE RECORDER
by

INGEMAR LARsso ¢ BUrT LipEn and Nirs STARFELT

In modern radsotherap pl g a detailed and Lnowledge of

the radianon field to be used 15 very 1mportant In practice 2 determination
of sets of 1sodose curves 1 one or several planes will give the necessary basic
formation and for such purposes automatic wsodose plotters are mvaluable
Such devices have been descnibed by hewp (1946) Hine Bervan and Erkino
(1850) Mavcner and Jomns (1954), Sntons (1956) hese compared the step
by step mtegrated dosage rates of two iomzation chambers the exploring
chamber moving 1n a cartesan systemn Hine et coll (1950) described a de
vice with a santillation crystal by means of which the ‘“isocount curves
around a y emitung source rotating on a tumntable could be recorded
The plotters descnbed by Mavcner and Jomss and by Sniovs compared
two dosage rates from jon chambers The former authors placed the moving
chamber 1n a vertical polar system and the latter author used a verucal car
tesian system

The plotter developed by the present wnters compares the dosage rates
from two orgame santdlators the exploring santillator moving tn a honizontal
polar system The machine has now been successfully operated over a penod
of five years (L1DEN 1927) Imvesuigations of the 1sodose curves of roentgen

Submtied far publication 9 July 1962
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Cont | oom 1 ad ton m

Fig 1 Block dragram of the sodose recorder

and cobalt beams, as well as of radium nd tantalum apphicitors, have been
performed

Design of the 1sodose recorder As an explonng detector the present sodose
recorder utihizes 1 semntillator which 1s restricted to move 1n + system of polr
coordinates The principle of operation 1s shown an Fig 1 Photographs of the
actual apparitus are reproduced in Fig 2 The 1sodose recorder consists of
two separte horizontal arms which are given a synchronous ratational motion
around a veruical anis by means of a reversible motor and 1 Selsyn system
These arms are supphed with radially movable cimages both of which are
connected to the balanang motor through 1 Sclsyn system One of these
carringes carries the exploring dose detector and the other onc 1 penw fuch
continuously reproduces the motion of the exploring detector on 1 sheet of
paper The mechamel mounung of the rrms made of starnless steel tubes nd
the location of the carmiges for detector and pen, are displayed i hig 2
The ongin of each polir coordinate svstem 1s adjustable The reason for this
will be explaned later The carniages can be moved vbout 50 cm 1n the radial
direction by means of 1 steel wire and gear rrangement

Tight from the irradiated scanullator ts transmutted through 2 hght pipe
to 1 RC\ 1P 21 photomuluplicr The 1node current from this photomutupher
1s compared 101 cormpartor circut with the current from another photomul
tiplier recensing the hight from 1 santlltor which s also wrridiated by the
source under mmvestigition This monttor 1s mounted 1 1 fixed postion care
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justable rounting

carriage the vertical axis

53
with pen knf

Fig ® The explonng detector system (above) and
the recording systera (to the right)

being taken to ensure that the explonng detector never terferes with the
radiation smpinging on the momtor The vapations in output from certamn
rachation sources necessitates the use of a momtor nstead of a constant current
source The momitor detector follows the variations in output and so does the
explonng detector current Therefore small 1anations 10 output will not 1n-
fluence the curve bemng recorded

‘When the rotational motion tends to carry the exploning detector along a
path which 15 not an 1sodose curve, the balance m the comparator circut 1s
disturbed an error signal 15 gven to a differential amplifier and the balancing
motor controlling the radral motion drives the explonng detector back to the
1sodose curve Thus the balance 1s restored and the explonng detector 1s
forced to stay on the predetermmed 1sodose curve This curve 1s recorded on
a sheet of paper by the pen on the other carnage By using sufficiently long
cables the exploring detector system can be mounted 1n the wradiation room
and the recording and driving components in a shielded room

The current comparator arcmt 1s shown m Fig 3 The gabanometer with
an mternal resistance of 5 kO can be used to measure the current in each of
the two branches It has a sensitivity of 5 10° A per division The dark
current through the resistors R, 4 R, 1s balanced out by applying a certain
voltage from battery B

The arcutt 15 1 equlibnum when the position of the exploning detector
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Fig 1 Block diagram of the 1sodose recorder

and cobalt beams, as well as of radium and tantalum applicators, have been
performed

Design of the tsodose recorder As an exploring detector the present 1sodose
recorder utihizes a scaintilator which 1s restricted to move 1n a system of polar
coordinates The principle of operatton 1s shown 1n Fig 1 Photographs of the
actual apparatus are reproduced 1n Fig 2 The 1sodose recorder conststs of
two separate honizontal arms which are grven a synchronous rotational motion
around a vertical axis by means of a reversible motor and a Selsyn system
These arms are supplied with radially movable carnages both of which are
connected to the balancng motor through a Selsyn system One of these
carrages carres the exploring dose detector and the other one a pen which
continuously reproduces the motion of the explonng detector on a sheet of
paper The mechamcal mounting of the arms, made of stamless steel tubes and
the location of the carnages for detector and pen, are displayed 1 g 2
The ongm of each polar coordinate system 1s adjustable The reason for this
will be explamed later The carriages can be moved about 50 cm 1 the radual
direction by means of a steel wire and gear arrangement

Light from the irradiated scinullator s transmutted through a light pipe
to a RCA 1P 21 photomultiplier 1he anode current from this photomulupler
1s compared in a comparator circuit with the current from another phctomu]
uplier recerving the Light from a scmtillator which 1s also wrradiated by the
source under mvestigation This montor 15 mounted 1n a fixed positton, care
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Selsyn
transritters

Aljustable rounting !
of the vertical axis
[N st

Fig 2 The ploring detoctor svstem {abose) and
the recording system (to the right)

bemng taken to ensure that the exploring detector never interferes with the
radiation smpinging on the momtor The vanations 1 output from certawn.
radiation sources necessitates the use of a momtor wnstead of a constant current
source The monitor detector follows the vanations o cutput and so does the
explonng detector current Therefore small vanatons 1n output will not -
fluence the cunve being recorded

When the rotational motion tends to carry the exploring detector along a
path which 15 not an 1sodose curve the balance i the comparator circnt 13
disturbed an error signal 15 gven to a differential amphifier and the balancing
motor coniroling the racial motion drives the explonng detector back to the
1sodose curve Thus the balance 1s restored and the explonng detector 15
forced to stay on the predetermined 1odose curve This curve 13 recorded on
a sheet of paper by the pen on the other carmage By using sufficiently long
cables the explonng detector system can be mounted 1 the wrradiation room
and the recording and drving components i a shielded room

The current comparator arcwmt 15 shown m Fig 3 The gahanometer with
an mternal resistance of 5 k9 can be used to measure the current in each of
the two branches It has a senutivity of 5 10-¢ A per dwistlon The dark
current through the resistors R, 4 Ry 15 balanced out by applying a certain
voltage from battery B

The circuit 13 10 equilibrium when the position of the explorng detector
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e 1t Bt

Fig 3 Current comparator circunt

5 mm

3
NE 102
ZnS covering 05 mm2

15 mm

3mm
Fig 4 Compound scintillator

in the radiation field 1s such that the currents through the resistors R, and
R, + R, keep the two mputs of the differential amplifier at the same voltage

The exploring detector should be able to measure small doses 1n roentgen
untts and should be small in size 1n order to permut a detaled study of the
radiation field close to the source The detector should moreover be made of
a matenial having a density and atomic number close to that of tissue or
water n order not to disturb the radiation field under mnvestigation In order to
ensure a satisfactory operation of the differential amplfier 1t 1s mportant

that the detector currents be sufficiently strong



AUTOMATIC 1SODOSE RECORDER 33

e —_——

arbitrary units

Photomultipller current per unit dose

o

10 5
HYT mm Cu
Fig 5 The dependence of the dose response on rad ation quality
forana ithracene erystal (diam 3 mm length 3 mm)

The hght from the scintillator can most efficiently be transmitted to the
photomultiphier by means of a hght gwde of quartz or luate However, 1n
this case a disturbing bachground may anse from Cerenhov hght generated
by Compton electrons m the ight gwde This has also been ponted out by
BeLcHER (1953), Suarex and Cory {1948) In an early design two dentical
bght guides and photomuluipliers were mounted side by side but only one was
supplied with a scntillator The difference between the currents from the two
photomulupliers then represented the light from the saintillator itself However
this arrangement requires that the photomultpliers be exactly adjusted to
gve the same sensiiaty and that the hght guiding rods be equal in perform

ance It was found that mternally polished dural tubes are quite efficzent
light pipes and such tubes were then used
cylindne 11 with a d

of a few mull d at
the end of o light pipe 20 to 50 em in length 1n comjuncuon with a photo
mulupher having a high sensitivity and low dark current fulfills all of the
aboy ¢ requirements

Measurement 1n r umts imphes that the santllator should always emt the
same amount of light at a certain dose rate irrespective of the spectral compo
sition of the radiation Therefore a review of the roentgenray and y ravspectra
of mnterest should be made In the case of a Co® source the radiation close to
the source consists of pnmary y rays 117 and 133 MeV With Increasing
depth i water the relative amount of degraded radiation mecreases For roent
BeN ray spectra from roentgen generators the situation 1s similar but here the
degraded photons dominate at much smaller depths

3633088 Acta Radiologica Vol 1 1 Therapy
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Fig 8 Photomuluphier fatigue effect At zero time the
detector 1s placed 1n a radiauen field gnving rse to a
photomultipl er current of 050 uA The detector 13
wrrachated v ith constant intensity for 15 mun and then
moved to 2 pomns where the radiation ficld gives risc
10 a photomultiplier current of 0 030 pA

For Co' anthracene crystals can be used For radiation of lower energy
special compound crystals are needed (Rawm 1956) Combinations of a plastic
santillator and CaWO, Nal or ZnS have been investugated The best results
have been ob d with a 1, , 3 mman d , consisting of two
preces of solid Ne 102 plastic semtillator {Nuclear Enterpnises Ltd, Edinburgh)
sandwiching a very small amount of ZnS powder (Fig 4} which were heated
up 1n an oven and pressed together The light output from this saintllator was
67 % of that obtained from an anthracene crystal 3 X 3 mm at a roentgen
radiation quality of 2 mm Cu HVT The different scmtillators were tested 1n.
o ways The first method involved a companson with a stmultaneously
irradiated standard 1on chamber both m ar and on the surface of 4 water
phantom with roentgen rays of different qualiies and with a radum source
(Figs 5 and 6) The relative depth dose 1n a water phantom for a seres of
Primary radiations was also compared with depth doses measured by means
of a Baldwin Farmer substandard roentgen ray dosemeter and with data from
depth dose tables (Fig 7) The first method shows that the compound scintulator

3s superior to the anthracene scntillator at low energies From the second
test (Fig 7)

1t 15 obvious that this santillator can be used down to faxrly great
depths even with primary roentgen rays of low energy

The photomultspher gives nise to the following difficulties
L In many cases the direct radiation from the source that strikes the photo
cathode and the dynodes results in a current which 15 not small compared to
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Fig 9 The system of sodose curves 2
round a 150 mC radm applicatar a3
water phantom The 100 pantisloes
ted § mm from the surface of the applica
v Anthracencerystalsof t Sandd Srm
diameter were used The 5> curve s
recorded with both crystals

the current caused by the hight from the scntiflator Because the detector has
1o be easily movable to give a fast respanse to a small change tn dose rateat 55
often difficult to shield the photomultipher suffictently with lead Therefore
the ight pipe 1s made as long as 1s conventent and a remotely controlled shutter
13 placed n the light pipe close to the photomultiplier so that the current
from the direct wrradiation of the photomultiplier can be measured 3t any
time and compensated for electrically 1n the same way as for the dark current

2 To make 1t possible to measure low intensity radiation with small crystals
and long hight pipes the dark current from the photomultiplier has to be &¥
tremelv low and constant Selected 1P 21 tubes have been used but at high
redatve air humidaty the darh current has often been excessne 4 cat m the
tube ochet to sncrease the distance along the surface of the msulatng matenal
between the anode and the cathode wa found to be helpful But nesertheless
3t 15 necessary to compensate for the dark current

3 The third difficulty 15 due to the faugue effect of the photomultipher, 2
demonstrated by Fig 8 It can be seen that the current approaches its steady
vilue asymptotically It 3s therefore 1 most cases suffictent to wait two O
three munutes after placing the detector 1n the appropriate radiation miensitt
before runming through an isodose curve

Operation 'The recording of m 1codose dagram 1 performed m the following
way The explonng detector 13 placed at a paint to winch a certan pereentast
dose 15 ascribed from earhier measurement or by defimon, for example 100 Yo
at the surface of a phantorn A high voltage 15 used giving a current of about
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Fig 10 Isndos- curvesaround a tantalum
wircshapedasa benthaur pin The tanta
lum  ire 1s shownas a lne of dashes The
dots and dash linc 1n the rizht hand part
of the figure 1 the plane of observation
The 100 cune correspondsto3 1 x/hr

per mC

2 10" A from the explonng detector For this current the fatgue effect 1
low and when recording at lower dose rates a change n the abovementioned
current of about one per cent will gne nise to a signnl that ss strong enough to
operate the differential amplifier, thus affecting the balancing motor The
dark current from the two photomuluphiers 1s then measured with the radiition
source removed and compensated for by means of the battery (see Fig 3)
The battery 15 also used to eliminate the background current from the explonng
detectar caused by the source as measured with the shutter closed 1n the hght
ppe With the potentiometer R, adjusted to read the abovementioned dose
rate the momtor detector 1s moved or 1ts high voltage 1s changed unul the
comparator 1s balanced, te until there 15 no output from the differential
amplfier These operations are performed before the motors are connected
to the transmutters of the Selsyn system After connecting the motors the ex-
plonng detector proceeds along the deswred 1sodose cunve R, 1s then ad
Justed to a new value The detector 15 left on the new 1sodose curve 2 to 3
minutes with the motors disconnected to allow for the fatigue effect m the
photomuluphier If necessary the comparator 1s then rebalanced and a new
1sodose curve 1s recorded

It 15 often conventent to use two or more sanullators of different sizes when
recordmg a set of 1sodose curves Close to the radianion source, where the dose
rate 13 high, the best possible geometne resolution 1s desired and thus a small
crystal should be used Far away from the source the 1sodose curves are usually
well separated from one another and the accuracy can then be mmproved by
wmcreasing the signal through the use of a larger santllator It may also be
necessary to mcrease the high voltage when recording at low dose rates 1n order
to get a sufficiently large signal As mentioned above 1t 1s the radial motion
of the detector system that 1s influenced by the dose rate 1n such a way that
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the detector stavs on an 1sedose curve
when the rotatonal motion proceeds
at constant speed Itis then convenient
to locate the center of rotation msuch
a position that the dose rate decreases
with mncreasing distance from this cen

ter for all pownts of the 1sodose curve to
be recorded Otherwise the polanty of
the signal to the differential "mphfier
has to be reversed at certain poimntson
the 1sodose curve In certan cases 1t
may be necessary to record a system of
1sodose curies mn two or morc separate
runs, mowing the detector coordmate
sysiem to a new position 1n between
comsecutnve runs (cf g 10) It s for
this reason that the two coordinate sys

tems are made adjustable (Fig 2)

Discussion

The performance and accuracy of
the 1sodose recorder can best be illus

trated by d g the sy of
1sodose curves obtained with some
specific radiation sources Fig 9 shows
a clean copy of the system of 1sodose
curves obtamed with a 150 mCRa
applicator m a water phantom The
100 °; point was registered withasan
ullator 1 5 mm 1n diameter 1 a 2 mm
diameter container Thus this pont 1s
located only 1 mm from the surface of
the applicator The 5 % cure was
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Fig 11 The system of sodosc curves for a 20
curte Co  unit 10 a water phantom FSD 10
em field nze 45 emby 30 cm The central
axis 15 i the plane of the d agram the 43
cm side of the field 1s parallel to this plane The
100 pomt s located at a point 0 5 cm below
the surface of the phantom Anthracene crystals
having diameters of 35 and 55 mm were
used

recorded twice using two different santillators, the one just mentioned and 2
larger one with a diameter of 35 mm All curves corresponding to a dose

rate higher than 5 %, were run with the small detector and the 3 9,

the large one

Bladder tumours are sometimes treated with the radsation fr

o/, cunne with

om xmplan(cd

radioactr e tantalum wires, Ta'** A wire n the form of a somewhat bent hawr
pwn 1s implanted in the wall of the bladder by means of a special instrument

The dose delvered 1n this treatment was carber determuned only
retical calculation The accuracy of treatment planmng has been consi

by theo-
derably
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| 70
Phantom J 80 Phantom
surface surface

a b

Fg 12 Tsodose curves with narrow beams of roentgen rays with40cm FSD
and 1 mm Co H\ T witha 1 cm diaphragm on the surface of the phantom
(2) and with the diaphracm located 27 cm from the focus (b) g1 10g ageo-
metnc field of | cm on the phantom surface The postnon of the 70
pownt on_the central axss was determined from ero-ficld data tabulated in
Central Axic Depth Dose Data (1953) A compound scint lator was used
{d mensions diam 3 mm length 4 mm)

mproyved by using recorded systems of 1sodose curves 1n different planes around
both straight and bent tantalum needles 1n a water phantom (Fig 10) Absolute
deternunation of the dose rate has been made by means of micro-1onization
chambers (StEvERT 1934 SroLDBORN 1959) calibrated with a standard radium
source The 20 curie Co® umt 1 Lund which was used for treatment at a
FSD up to 10 cm was equpped with colk for r lar fields
The radiaton field obtaned with these collimators was studied with the
1sodose recorder Systems of 1sodose curves were recorded mn different planes
As an example of the results of these measurements the 1sodose curves i a
plane through the aws of the colhmator and parallel to the longest side of
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the rectangular field 1s shown in Fig 11 The 100 ¢ pomnt was located at a
depth of 05 cm below the surface of the phantom

The last ex1mple 15 chosen n order to illustrate the cffect on the dose distr
bution of the position of the dinphrigm when using 4 narrow beam from a
rocntgen tube having a 1 2 cm focus (Nig 12)

I'mally 1t should be mentioned that for all the cases now discussed dose
rite (eg r/br or r/min) can be ascribed to the 1sodose curves registered
This may be donc ether by absolute calibration of the detector or by deter
muining the dose ratc by means of n 1onization chamber 1t one pomt on an
arbrtranly chosen sodose curve
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SUMMAR?Y

The design and operation of an automauc 1sodose recorder 13 deseribed The recorder
compares the electric currents produced by the I 1 fated monutor and ex
ploring probe the latter being restricted to move 15 a system of polar coordinates The prote
consists of a small exch ble organic or i I 1 to 6 mm in diameter
connccted to a RCA 1P 21 photomuluphier through a light transmuttng tube Systems of
recorded 1sodose curves for radium and Ta 182 applicators and for rocntgen and Co®® bean's
are shown nds good rehability and flexibility of the p

ZUSAMMENTASSUNG
Dic Konstruktionen und dic Funktion enes automatischen Isodosenschreibers werden
b gleicht dic elck hen Strome die ;n emem statronaren
Monutor und sn emem beweglichen Detcktor produziert werden die Bewegung des letzteren
geschieht 1n emnem polaren khord tem Der bewegliche Detektor bestcht aus ewnem
kleinen auswi hen oder komb: Jit 1 bus 6 mm 1n Diameter
der durch emen Lichdeter an erien RCA 1121 Sekundarelchtronens crviclfacher angeschlossen
1t Die jenige Systeme von Isodosenkurven die fur Radm und Ta 182 Applikatoren ung
fur Rontgen und Co® Strahlung regstriert sind zeigen dass die Apparatur zuyerlassig un
vielfach verwendbar 15t

RESUME

Les auteurs décrivent la construction et le fc dun Is

de courbes 1sodoses L mscripteur compare les eourants électriques produits par le moniol
une sonde expl wrradiés ) Ia sonde étant astresnte A se déplacer dans ut
systéme de c::ordonnécs polaires La sonde est faite d un petit santillateur organique :;
compos¢ h dun & six mill de diamétre rehié i un phmomulnphc.-nm1
RCA 1P 21 par un tube transmetteur de lumére Les auteurs présentent des systémes de cour! o
1sodoses enregistrées avee cet appareil pour des applicateurs de radum et de Ta ‘IBIZ :!d}::cl
des rayonnements roentgen et du Co™ ces courbes la fidéhté et la

appareil

r et
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ROLE OF TRAUMA IN THE DEVELOPMENT OF
MALIGNANT BONE TUMOURS

by

CarL hrees and hay Ousen

It has been established that exposure to radiation and to chemical, thermic
and hormonal stimult may have a cancerogenic effect (2, 3) and that chromc
nfection may occasionally be complicated by neoplastic changes (12) Under
expenimental conditions the latent period for the development of transplant
able tumours 1s apparently shortened when the animals are exposed to repeated
surgical trauma (5) although tumours have scarcely ever been smduced without
the contnibutory action of co carcinogens (8, 10) A few authors state however,
that this may occur m rare cases (11)

The cancerogemic mmportance of traumatic myury m the devclopment of
malignant tumours mentioned 1n the older textbooks (1, 14} presumably arose
from the patients statements that a defintte mjury provoked the malgnant
condition

The numerous major and minor myures of everyday life may readily be for
gotten but a certamn madent will more easily be remembered 1f 2 pathologic
change that was not noticed although perhaps present at the tme of the 1jury
became evident shortly afterwards There are certan other factors that are
relevant A tumour bearing limb will often unnoticed by the patient, be shightly
asynergic and thus be more hable to myury The imb 1s often hypersensitn ¢, 50
that even shight injury may produce relatively severe pain or tenderness It

Submutted for publication 2 May 1962
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mught also be mentioned that modern isurance conditions may influence
the patient s atttude smce hi financial postion will be more favourable after
an acudent than he would be with other conditions ong term observa-
tions (5, 6) of patients who dunng World War I were exposed to severe
trauma showed an mmadence of malignancy in the order of onc m 700 1 e
analyss of this large series revealed no obvious increase 1n morbidity as com
pared with corresponding groups of the general population

Poutses (13), 1n a review of the files of the Directorate of Accident Insurance
1n Denmark for the years 1931—1940, found 86 cases with the diagnosis of
cancer, mcluding 29 accepted as caused or nggravated by traumatic myury
The records of the Radium Centre of Copenhagen for the same peniod recorded
a hustory of trauma n 14 of 40 cases of bone tumours A crucalre apprasalol
these two sentes shows how ever, that in only one case of ench senes s 1t impossible
to rule out that the disease had been caused by the injurv "The tumours occurred
1n the age groups in which the mghest cancer neidence 15 generally found

An analysis of 168 cases of malignant bone tumours was as follows

Climeal no ¢ 19321949 150199
Trauma sustamed 28 33
Pathologic fracture 8 6
No trauma 52 43
No mformation as to trauma 6 6

The results of re appramsals of previous roemigenograms m four cases are
reported below The subjects were assumed to be 1n good health at the time
when the tranma was d The pathologic ch present were mussed
at the first roentgen examnation the presence of a tumour not being revealed
until after the lapse of several months If the ongnal films had not been
avadable the case hustory would have mdicated that the new growth was
caused by the ijury In addition a fifth case illustrates how metastages may
select a site where traumatic injury has becn sustaned

Case I Man aged 21 who spraimed bis night ankle during military service (Fig 1a) The
ankle s as put i plaster and three control roentgen exammations were performed
Four months after the imyury an osteogemic sarcoma became apparent at the site and metasta

ses were found 10 the lungs The pauemt was eventually admitted 1o the Radwm Centre
{Fig 1b} Death occurred 3 years later

Case ® Boy aged 13 who sustained a fracture of the left humerus 1 a fall (Fig 2a2) Un
<omphicated unton with complete restoration of function occurred after immobibsation Four

months later a swelling of the shoulder was noticed 2nd an osteo;
gensc sarcoma was d d
(Fig 2b) Death ensued 17 months after the mnyury ragnese

Case 3 Bov aged 16 sustaned 3 transverse fracture of the fe
mur while pla footb:
(Fig 3a) He was treated with extension and three and a half months lzlc: Eou;l:lnﬁalk wlallli
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Fig 1 Case | Lt Ap and lateral views following trauma Superficial
destruction with spicule formation at the posterior aspect of the distal part of
the tbia R it 7 months Iater Tumour with separation of the syndesmosis

the support of a stick. A further fracture occurred at the same site six months after the rauma
and a bone tumour was then detected Biopsy was not performed The patient 15 sull alive
(Fig 3b)

Case # Bov aged 3 years was examined because of 2 minor trauma to the night shoulder
no evidence of fracture Four months later swelling of the night upper arm occurred and &
Ewing sarcoma mnvolving the entwre d was Death ensued 14 months after
the acaident. Re apprasal of the first films showed fine periosteal thickening 10 em i length
of the shaft of the humerus 1 e signs of the merprent tumour

Case 5 Man aged 35 noticed a swelling of the night eighth nib and thought thatithad been
caused by an injury d two years p Jy Chmcal Tevealed 2 Ewing
sarcoma of the b which subsided after roentgen therapy and the rib was resected three
months after the commencement of the treatment
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Fig 2 2) Spiral fracture of the humerus with an arca of destruct on 1n the neck due to an osteogemc
sarcoma b} Four montts later

The patient later stated that he had had a lump on hus scalp for some months Roentgen
examination of the skull revealed bone destruction at the site of the tumour  all the changes
rapudly disappeared following roentgen wrraciation The patient died with extensive metastases
33 months after the first admussion It 15 probable that the lesion of the nib was actually

a metastasis situated m a locus minorss resistentiae that had oceurred after the trauma and
that the pnimary growth was m the calvarum

Discussion

A deep seated (or merely subcutaneous) tumour 15 not likely to be palpable
until 1t consists of at least 10° tumour cells (weighing less than 1 g) The mimy
mum ume of generation for cell division 1s about 20 hour under expenimental
condutions 1 tissue culture and there 1s nothing to suggest that the growth
rate1s higher 1n vivo On the assumption that the time of generation 1s 24 hours
and that no cells die but 41l contnibute to the expansion of the tumour 100
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Fig 3 a) Malgnant destruction around the site of fracture b) and ¢} Six months later The
changes have advanced

cells will have developed after 10 days 10% in three weeks and 10° within a
month

Assuming that a normal cell may become malignant after esposure to trau
ma a tumour mduced 1 this way can anse from only one or a few cells The
growth rate of bone tumours at the time of diagnos:s 1s farly well known —a
tumour does not double in size from day to day It1s therefore improbable that
extremely rapid growth occurs mn the earliest stages of the development of
a tumour Several cells may of course ssimultaneously participate in the devel
opment of a tumour but some months will presumably be required before
1t attains a palpable size Accordingly 1f a bone tumour 1s diagnosed
earlier there 1s every probability that 1t existed at the time when the trauma
was sustamned

An ncipient tumour as already mentioned may very well consist of 107
cells or more without being detectable If such a tumour 1s exposed to mecha
nical trauma 1ts capsule may rupture and massu e spread occur due to (1) hbera
tion of malignant cells by the mjury (2) vasculansation before and durng
the re absorption of a haematoma 1 e more portals for metastases are created,
(3) the pressure within the tissue and hence the tendency to metastases being
mcreased by extravasation

Reparative processes with or without mnflammation constitute a stress on
the normal resistance of an orgamism and surgical procedures may possibly
have a similar effect
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Tt 15 known that tumour cells are constantly circulating 1n the blood stream
1n cases of malygnancy The host orgamsm 15, to an appreaable extent, capable
of destroying such cells, so that the development of metastases occurs only 1
exceptional cases dunng the early stages of the disease (9) After exposure to
trauma, much of the physiologe reserve may be expended 1in reparative proc
esses and favourable conditions for the desclopment of secondanes created
at the site of the contusion (10), and in this fertile soil a secondary tumour
may develop (Case 5)

Theoretical considerations would thus appear to be aganst the assumption
of 2 causal relationship between trauma and the development of neoplasms
Injury may aggravate an existing neoplasm, but this may be an advantage in
that the patient may seek aid earlter than he would otherwise have done
(traumatic determinism)

The case histories reported confirm Ewing s words ¢ Trauma revcals more
malignant growth than 1t produces (4)

SUMMARY
The possible of trauma 1n prod or t bone tumours
15 discussed
ZUSAMMENFASSUNG
Der mogliche Eanfluss von T: E hl
Geschy ulsten wird dlskl:\?:ﬂ reuma aufdie undy ronmal
RESUME

Les auteurs étudient 1 inBuence possible des traumansmes sur 1 appantion ou 1 agerayation
des tumeurs osseuses mabignes
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LEUCOCYTE MIGRATION IN PARTIAL BODY
IRRADIATION OF GUINEA PIGS

by

B Trisunatt A Forsseere and CHrisTINA OsTERDARL

White cells are extremely motile and may readily be caused to migrate
from the blood circulation to depot tissues such as the bone marrow or capi!
farv beds (Cf Ciba Foundaton Symposium on Haemopowesis London 1960
and DoucHERTY 1952) Whole body irradiatson of animals causes within the
first few hours an mcrease of leucocytes except of lymphocytes mn the circula
ton (Huise 1960} a reaction which s due to a release of cells from depot tissues

S 13 2 transient stage and within a few hours 1t 1s followed by a general
decrease, the well known effect in radiation work The 1mitial rapid concentra
6on changes are in themselves of mterest, however as an mdication of early
changes produced by 1rradiation

The complesity of these phenomena was discussed 1 a previous publica
tion (ForssBErG, TrIBuRAIT & VIRTERLOF 1961) An Increase m some lenco
C¥te groups and a fall i others were observed reactions that were clearly dose
dependent Species differences between gumea pigs and mice were also noted

It1s demonstrated in the present mvestigation that partial body wradiation
even of relatively small areas may mtiate speaific reactions of segmented cells
and lymphocytes that have been forced nto the blood circulation The studies

“ere confined to guinea pigs as these amumals are best swited to such procedures
and are also more radiation sensiive
_—

Submtted for publication 9 Apnl 1962
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Material and Methods The guinea pigs were of the same origin as previously
used, the average weight of the ammals at the time of the irradiation was 1n all
series, excepting one, about 175 to 225 g In one series 400 g animals were
used but this weight increase caused no difference 1n the reactions The rrra
diations were given under the same runming conditions as previously 250 kV,
15 mA, HVL 1 6 mm Cu, dose rate 110 rad/mmn, as measured on the surface
of the irradiation fields The whole body irradiations were in our previous stud
1es given m three sets, over the left and night flanks and over the dorsal side
As this was not possible 1n the partial body program, all irradiations even the
whole body doses were given in one delivery The rest of the ammal was
lead shielded 1n the partial body irradiations Comparison was made between
wrradiations of small abdominal fields as specified on p 52, and whole body
wrrachiations In both procedures the beam was directed towards the abdomen
and the doses were griven under ether anaesthesta Simultaneously, control
groups of normal but sham treated, as well as an-esthetized and sham treated
animals, were run We had to confine our observations to the effects at one
dose level, 300 rad and at a single time of four hours after irradiation at which
time 1t had previously been found, the effects are well expressed

The evaluation of the results was based entirely on the two large groups of
segmented cells and lymphocyte cells although differential counts on all the
white cell groups were made The rods and monocytes manly followed the
segmented cells 1n therr reaction pattern but in this imited material the num
bers were too small for statistical treatment The previous work should be
consulted for other experimental details

Results

Several sets of expenments from a general survey to a more detailed anal
ysis m a particular case, were performed

The control group (1) and the whole body 1rradiation group (2) were n the
first series compared with groups of ammals which had recenved irradiation
as follows (3) the head including the upper part of the shoulders (4) 2 mddle
part mcluding the lungs and abdomen and (5) the hind quarters up to and
mcluding the hips A further group (6) 1n which the mtestines and the greater
part of the lungs were lead shielded while the head and hind quarters recerved
wrradiation, was also compared This latter group was selected to be appro¥!
mately equal to the nuddle part (group 4) in regard to body volume All
doses were given from the dorsal side Anaesthesia was not necessary i these
expersments since the amimals remaned quiet n the wradiation cages The
data are presented 1n Table 1 (senes I)

An mcrease of segmented cells occurred 1 all the groups but there 1s N0
clear relationship between the percentage of the irradiated body volume an
that of the released cells Although the head and hind part are each by volume
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Table 1

Series £ Whole body and partial body irradiation of groups of gumea prgs 10 ammals wn each group
The rumber of segmented cells and lymphocytes per mm® wn the blood # hours after 300 r srradsation
and the percentage concentration 15 given
Series IT Left side and night side wradiation simalar data as wn seres I Tuwo sels of experiments
with 10 antmals in eack group

Senes | Group Approwimate | Scgmented Lymphocytes
mad
n n ‘
(1) controls — 64138 [164¢ |3167+ 347 |15
irrad of
(2) whole body | 100 2430 £ 49 | 425 |24142 516 407
T | (3) head 2 1663 +367 311 3107+ 403 | 637
(1) muddle pat | 60 20774580 [473 [2506% 39 |47
{5) hind 20 1660 %283 323 [31%4 416 |619
(6) head+h nd 6 2748457 [336 {4559+ s00 |ss4
(1) left nde 50 19734479 | 2>1 | 5533 930 | 708
a @ oo 19224393 | 247 5424+ 470 ) 706
(1) rght sde 50 4669 £8% 413 [597111006 |334
@ » » 2966 £341 | 337 |407& 416 | 539

weight not more than about 20 9, of the total weight of the whole body, the
figures for d cells are sub nlly higher than mght be expected
on a simple proportional basis The reactions of these two different parts are,
however sery similar 1n regard to segmented cells Irradiation of the middle
part of the body and the combined head and hind part on the other hand,
making up some 60 to 65 %, of the body s followed by an increase of segmented
cells which 1s at least as hugh as after whole body wrradiation The behaviour
of the lymphocytes 1s not so well expressed because of the somewhat small
effects from the irradiation It should be noted, however thatonly anuradiation
of the middle part seems to cause the fall usually found after whole body doses
and that in the group head and hind (group 6) the concentration of lympho
cytes1s huoh ind suggests 2 possible release of these cells

In two sets of experiments two groups of ammaly cach of 10 gumea pgs
were wradiated over a left and a night side dorsal field wath the other longity
dinal half of the body lead shielded (Table 1 series II) The control group and
the whole body 1rradiated group were omitted in this series The figures for
segmented cells and lymphocytes in the first right field wrradiation (4 669
5971 1n Table 1) are probably exaggerated since two ammals had an extra
ordinarily gh leucocyte level It may be noted that calculated on a percent

age basis the two sets of expenments produced sumlar results wrespective of
the vanations 1n the absolute values
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‘Table 2

Swgnificance of the migration of segmented cells and lymphacyles imto the circulatin when the tuo ab
dominal felds wete trradiated as compared to eack other whole body wradiatin er controls

Cells Irrad, ficld Compared Mean Anumals Signuficance
with change n P
Segm. Right Left + 1839 43 < b0t
» » Whole body [— 113 37 ~07
Lymph Left Right + 199 48 am
» ’ Control + 483 37 200>
» Reght » + 33 37 0203

The dara suggest that segmented cefls are released m greater amounts
following, nght side wradsation The difference even 1n this imited matersal,
1s ssgmficzant on the P = 0 01 level The lymphocyte concentration 1s generally
gh In view of the fact that the normal contentration 1s m the order of 3 000
cells and that whole body wradiation causes a further decrease, 1t appears
Dkely that irradiation of ouly a longitudinal half of the body praduces a release
of those cells

By far the greater part of the Iiver 1s mvolved when the right side of the body
1s wradiated, whereas only minor parts are affected by left side iradiation
On the other hand, left side wradiation means a substantial rradiation of the
1ntestines and the spleen The possible role of the spleen was taken into con
sideration i a group of ammals irradiated 6 days after splenectomy had beer
performed Splenectomy caused a marhed mcrease in the circulating lympho-
cytes (about 60 %) but no changes 1n the segmented cells An average ncrease
1 the segmented cells and a falt inlymphocytes asan outcome of therradiation
15 no ndication that the spleen has taken part in these reactions Smce @
both mnstances the suprarenals got equal rradiation they may also be assumed
to exert no mnfluence

An appraisal of the expeniments now described, although not coi
Ieads to the working hypothesis that a difference exists 1 the respons
segmented cells to nght and left side wrradiations As in the smtial trals no

gnifi data were ot d by wrraduauen of the head and hind parts
attention was directed to the ymddle part of the body

A definite attempt to ascertamn 1f1n a particular case partial body rradiation
mught 1mtiate specific reactions was made as follows The srradiated body
volume was further bmited by using nght and left fields of 25 cm X 3 cm
Ammals under ether anaesthesta were used The two fields nght and left
were placed aver the nght upper part of the abdomen (nver reguon) and over

aclusie,
e of the




LEUCOCYTE MIGRATION IN PARTIAL BODY FJRRADIATION OF GUINEA PIGS 53

the left infertor part of the abdomen (intestinal regon), respectisely The spleen
thus receved only a small percentage of stray trradintion while each of the
suprarenals were 1 the irradiation fields

The anaesthetic 1n stself appeared to produce no changes in the whute cells
in gunea pigs and the mean values for total leucocytes, and for segmented
cells and lymphocytes, did not differ by more than + 4 % from each other in
normal and ether treated ammals Nevertheless anaesthesti scems to have a
shightly moderating effect on the action of the wradiauon, thiswisatiestsug
gested 1n the motile segmented group where the outflow of cells was about
25 % lower The difference 1s sigmficant wath a probabiity of P = 001

Staustical analyses of the series of nght and left field wradiations, as com
pared to whole body doses and controls were performed in all the combina
tions that are relevant to the discussion {Table 2) The most marked difference
n reaction occurred among the segmented cells 1n which a nght field, as
compared to a left field wradiation produced @ very high addiuonal outflow
In fact although the uradiated field comprised only about 5 %, of the body,
the release of segmented cells was not sigmficantly different from that following
the whole body wrradiation An outflow of hmphocvtes was mtiated by the
left field srradiation and a sigmficant increase of about 50 % over the normal
Ievel was recorded There was also evidence that more lymphocvtes were
forced 1nto the blood arculation following left field irradiation as compared
to night field wrradiation The difference 1n lymphocyte concentration 1s more

ovler neghgible when the nght field program 15 compared with the normal
values

Discussion

The mitial reactions of the white cells following partial rradiation seems
to proceed 1n a different way, as compared to the whole body irracdiations The
effect 15 1 a sense spechc since aradiation over 1 nght field causes a strong
outflow of sevmented cells whereas radiation over a simtlar area on the left
side of the abdomen produces a flow of lymphocytes The selection of these
two fields was made more or less by tral and error The speafiaty as regards
the migration of segmented cells and lymphocytes s therefore probably not
confined to the present wrradiation program The phenomenon as such means
2 further complication 1 the analyses of blood reactions shortly after an irrada
ton Conndered from the practical pownt of view 1t should be observed that
the results of early analyses of the blood values of irrachated human subjects
will depend on what parts of the body have been wrradiated  Uniform whole
body srradiation 15 rarely attaned and analyses of human cases at an carl
stage 15 therefore likely to yield fortuitous results 4

mT;: results i the segmented group are umform in the sense that all the
adiauan programs produced an increase 1 cells 1n the blood csreulation
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Table 2

Significance of the migration of segmented cells and lymphogyles ints the circulation when the fwo ab
domunal fields were wradiated as compared to ¢ach other, whole body trradation or controls

Cells Irrad, ficld Compared Mean Ammals Sigmuficance
with change n P
Segm. Right Left + 1849 13 < 000!
» > Whole body — 13 37 ~02
Lymph. Left Right + 199 48 0ot
» » Control + 483 37 0002
» Right » + 33 37 02-03

The data suggest that segmented cells are released 1n greater amounts
following night side wradiation The difference even m this nmted matertal
15 sigmificiant on the P = 0 01 level The lymphacyte concentration 1s generally
high In view of the fact that the normal concentratron 1s 1n the order of 3 000
cells and that whole body wrradiation causes a further decrease, it appears
bikely that wrradiation of only a longitudinal half of the body produces a releas
of those cells

By far the greater part of the liver 15 1volved when the night side of the bodv
15 wrachated, whereas only mmnor parts are affected by left side 1rradiation
On the other hand left side wradation means a substantial irradiation of the
mtestines and the spleen The possible role of the spleen was taken mto con
sideration m a group of anumals irradiated 6 days after splenectomy had beea
performed Splenectomy cansed 2 marked mcrease in the cwculating lympho
cytes (about 60 %) but no changes 1n the segmented cells An average mncrease
1n the segmented cells, and a fall in lymphocy tes, as an outcome of the rradation
15 no mdication that the spleen has taken part i these reactions Swce 13
both nstances the suprarenals got equal srradiation they may also be assume
to exert no influence

An apprasal of the experiments now described, although not conclusti¢
leads to the working hypothesis that a difference evists m the respoase of the
segmented cells to right and left side wradianions As 1n the intial trals no

i data were ok d by wradration of the head and hd parts
attention was directed to the muddle part of the body A

A defirute atiempt to ascertamn if in a particular case partial body xrradlgﬂs
might imtrate specific reactions was made as follows The swradtated bo ni
volume was forther hmited by ustng right and left fields of 25 cm X 3151_!
Ammmals under ether anaesthesia were used The two fields, right ang u:L‘Y
were placed over the right upper part of the abdomen (hiver region) an
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the left inferior part of the abdomen {intestinnl region), respectively The spleen
thus Tecenned only a small percentage of stray wradntion while each of the
suprarenals were 1 the wradiation fields

The anaesthetic 1n 1tself appeared to produce no changes in the white cells
n gumea pigs and the mean values for total leucocytes, and for segmented
cells and lymphocytes, did not differ by more than 3= 4 % from cach other
normal and ether treated amumals Nevertheless, anaesthesia seems to have a
shghtly moderaung effect on the action of the wrradition, this was atleast sug,
gested 1 the monle segmented group where the outflow of cells was about
25 9 lower The difference s sigmficant with a probabilitv of P = 001

Staustical analyses of the seres of nght and left field wradianons as com
pared to whole body doses and controls were performed 1n all the combina
tions that are relevant to the discussion (Table 2) The most marked difference
m reaction occurred among the segmented cells 1 which a nght field, as
compared to a left field irradiatton, produced a very high addional outflow
In fact although the wradiated field compnsed only about § 9, of the body
the release of segmented cells was not sigmificantly different from that following
the whole body wrradiation An outflow of lymphocytes was mtiated by the
left field wradiation and 2 siymficant merease of about 50 %, over the normnl
level was recorded There was also evidence that more lymphocytes were
forced into the blood circulation following left field wridiation as compared
to night field irradiation The difference 1n lymphocyte concentration 1s more

nv;r neghgible when the nght field program 1s compared wath the normal
Values

Discussion

The minal reactions of the white cells following partial wradiation seems
to proceed 1 a different way, as compared to the whole body wrradiations The
effect 15 10 a sense speafic since wradiation over 1 night field causes a strong
outflow of segmented cells whereas wrradiation over a similar area on the Ieft
side of the abdomen produces a flow of lymphocytes The selection of these
twa fields was made more or less by trial and error The speaficity as regards
the migration of segmented cells and Iymphocytes 15 therefore probab]g ot
confined to the present arradiation program The phenomenon as such n)l' .

a further complication 1n the analyses of blood reactions shortly after an xrr:f;m

ton Considered from the practical point of view 1t should be obsery d W

the results of early analyses of the blood values of yrrady od that

will depend on what parts of the body have been 1rrads:

body irradiation 15 rarely attamned and analyses of hu

sta%; 18 xherlerore likely to yield forturtous results

e results m the segmented group are uniform 1 the §

irradiation pro; nse, that all the

programs produced an ncrease m cells i the blood crreulation

ated human subjects
ated Umform whole
man cases at an carly
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It 1s however noteworthy that so many procedures whole body, middle part,
head and hind part, as well as small night field wradiation, all produce an
outflow of segmented cells that 15 of about the same order of magmtude although
the wrradated volume varies up to a ratio of 1 20 (see Table 1) The same holds
probably truc when the nght half of the body 1s wradiated The release of
segmented cells seems then to be regulated through a mechamsm that m the
main works independently of the body volume wrradiated

The reaction of lymphocytes 15 1n principal different An increase 1 lym
phacy tes does not appear to accur after whole body wrradiation In our previous
matenal of guinea pigs and mace, lymphocytes started to decrease from the
very earltest observations one hour after irradhation, provided the dose reached
a certan level The present material clearly indicates that lymphocytes can
be shmulated to an outflow by a lefi field irradiation over the abdemen, and
possubly also by other pracedures (cf Table 1) Because of the omssion of
controls and a whole body irradiated group, n semes 11 of Table 1, these
lymphocyte values cannot be discussed 1n a conclusive way The data sn Table2
proves however, with satsfactory signuficance the speaific reaction of the
hymphocytes following a left field dose

It would appear that the outflow of cells takes place from the srradiated
tissue, although the hypothesis of a sumulated release from other parts of the
body cannot be ehmunated There 1s ample evidence that wradianon may
cause profound changes in the structure and permeabality of tissue membranes
especally those that are built up of mucopolysaccharides Brmvastan et coll
(1 2 3) have shown that carefully prepared membranes, when wradiated
vitro respond rapidly with an mcreased penetration rate for a hmed perod
of tme The mechanism seems to imvolve a partial depolymerization of the
mucopolysacchanides Clearly here a neuro hormonal mechanism ss elurunated
Provided simular reactions take place o the 1ntact body — which so far s
not been demonstrated — the passage of cells through the barriers of the tissat
could be facilitated since the authors noticed that occastonally large parlldﬁ
Itke red cells could pass through holes 1 the membranes

If the hypothes:s of a direct outflow from the irradiated tssues be accepted
the reaction of the lymphocy tes 1 feft fickd wrradiation 1s not altogether clear
Qne has to consider that a whale bady dase of 300 r causes a decrease m ly mpho
cytes and that then also the left field 15 included It may be that also after whole
body rrradiation an outflow of lymphocytes proceeds from the region of nssues
on the left side but that tlus 1s masked by the predominanng reaction from
the major part of the body which may be supposed to favour the oppostte
reaction, 1 ¢ a disappearance of lymphocytes from the blood ctrculaﬂmt‘s
Angther explanation may be that whole body wrradiation generally pm;C’!‘JC
release of lymphocytes mto the blood, a mechanwm that might concesvably w
controlicd by hormones We have so far not performed any expenments
senfy this hypothesis
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There 15 however evidence of 2 hormonal control of at least the leucocyte
concentration 1n the circulation as has also been reported by Doucnerty
(1952, 1959) When the cortisone n the peripheral blood decreases below
a certam level the Iymphocytes increase 1n number, and vice versa A tran
sient ly mphocyte increase, rather simifar to that found tn the present nvestuga
tion may also be produced by stress reactions ¢ g following the admimstra
tion of epinephrine 1t 15, however not known at present whether the re
semblance between the radiatton nduced and the hormonally controlled
mugrations 1s more than an incidental one
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SUMMARY

The of d cells and lymphocy tes in the blood four hours afier partial
bady srradiation in guinea pigs was found to differ markedly from that following 2 whole body
dose Ihe sigmificance of the high release of segmented cells sato the blood that occurred when
a small field over the nght side of the abdomen was iwradiated as compared 1o the release of
Jymphocytes that was observed after a sumilar left sided wreadiation 13 discussed

ZUSAMMENFASSUNG
Dic Anzahl von segmenuerten Blutzellen und Lymphocyten schwankht betrachtlich
vier Stunden nach B Iy hdem ob die Meersc) hen total oder nur lobal be
strahlt wurden Dhe b hthche Aussch ‘on seg ten Leuk 1 den
B nach fokaler B \{ des rechten Abd steht 1m Geg zu d r hohen

Ausschwemmung von Lymphocyten nach Bestrahlung der linken Bauchhalfte

RESUME

Le nombre des polynucléarres et des lymphocytes dans le sang de cobayes quatre heures
aprés irradiation partielle du corps différe notablement de celu que 1 on trouve apres irradia
tonde tout le corps Les auteurs étudient a de 1 imps lynucl

gui sunvient apres irradiation d un petit champ du cété droit de | abdomen et la corapa:
la lymphocytose observée aprés une irradiation analogue du coté gauche

uine
rent a
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INTERCOMPARISON OF NATIONAL ROENTGEN AND
GAMMA RAY EXPOSURE-DOSE STANDARDS

by

H O Wychorr A Ausy G H Astov G P Barnarp W Hubver,
T Lorrus ind G TaurN

Many natonal laboratories maintamn frec air 1omzation chambers for the
measurement of exposure dose n roentgens In the past, accurate companson
of these chambers was not possible without the transport of one of the stand
ards to another laboratory where a direct companson of the nstruments was
made Because of the considerable cost and tume wnvolved such mtercom
parisons have not been frequent On the other hand intercompanisons be
tween national laboratones are necessary to assure worldwide agreement
A more readily portible mstrument of sufficient calibration stability for use
as a transfer instrument 1s therefore desirable This mstrument should also
be usable mn the higher energy regions for example with cobalt 60 and
cesium 137 gamma ravs

At the 1956 meeting of the Intcrnational Commussion on Radiological
Units and Mecasurements (ICRU) the U S National Bureau of Standards
agreed to construct and calibrate 1 small cavity chamber a definmg dia
phragm and a charge compensating capacitor for such indirect inter
compansons A similar kit has been constructed for the United Nations

Submutted for publication 7 May 1962
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Fig 1 Crossectional view of cavuty chamber usel on these

iatercomparisons

Edurational, Scienufic, and Cultural Orgamzaton These lits are made
avaslable to the various national laboratortes for wntercompartson purposes
The present paper reports the results of the cahbration of the onization
chamber wmstruments by four national laboratories (The results of the dia
phragm and capacttor intercompanson are reported eclsewhere ) These
laboratories were chosen lor the first calibration because there has been 1
direct intercomparison between two (U K National Phystcal Lahoratory NPL
and U S National Bureau of Standards NBS) of the nauonal standards
{Astoy and ATTix 1956) and mdirect mtercomparisons between two (Frunch
Laboratorre de Dosumetrie LD and U $ National Burcau of Standards) of
these laboratories (Attisy et coll 1957) and the fourth laboratory (Germen
Phyukalisch Techpische Bundesanstalt PTB) 13 n the same geographical
region It was haped that 2 comparson of the data obtaned with the small
cavity chambers wath that previously reported nught ndicate the adequacy
of the cavity chambers for such mtercompansons The calibration data are
reported 1n some detal By the comparison of data taken at different tmes
by the same laboratory with the same quality of radiauon onc may obtam
same tdea about the reproduability of calibration Onc may also exarmnt
the data to see 1f there 15 2 trend 1 the calibration with the geometnical at
rangement which 1s somewhat different in the vanous liboraterus

Exp 1 arrang

A cross sectional view of onc of the cawity chambers 15 shown m Fig 1
It 15 a three termual chamber so that the same current measuring system
can be used for st as for the standard wmstrument The wall 1 about 4 mm
thick so that electromic equilibrsum will exist even for cobalt 60 gamma )5
The dumeter of the alummnum center lectrode 15 adjusted emprically 0
as to reduce the energy dependence as far as possible (Subscquent WO¥
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Fig 2 view of 1 at each of

the manenal laboratories during the \ ray calibraions The

principal dimensions are labeled The plate heighe of the par

all Uplate free ar_chamber 1s dimension G (See Table 1 for
numencal values for each of these dimensions The prinaipal
dimensions of the clindncal wandard at FTB are gen in
g 3)

with the plastic miture suggested by Snovka et coll 1958 mndicates a similar
energy dependence wath the plasic ) The 1omzation collecting potential 1s
apphed between the graphite shell and the aluminum tubing Tests of satu
ration indicate that the lach of saturation 15 only about 0 I per cent for dose
rates of the order of a few roentgens per munute when 300 volts are used as
the collector potennal All cahbratons are therefore made with a 300 volt
collecting potential and saturation corrections for this chamber are neglected

fomzation currents are determined for each polanty of collecting potential
The average of these two currents 1s reported In this way extracameral effects
are ehminated and the effect of leikage from stramed 1nsulators 1s reduced

The schematic arrang for the of the gen beam
with a free air chamber at each of the national laboratories 15 wdicated

Table 1
Prircipal pavameters Jor fiee air standard measurements at the laboratories im France Germany U A
and the U
Parameters* A B D F L E G** hield Freld
wm®)  {em) (em) (em) {em) (em) {cm) strength distorsion
vfem (&)
France 07758 14, 1195 225 6003 16 20 125 1000
Germany 07879 36 1002 481 25122 *xx was re 1004
g 1; 08139 25 50 524 10043 30 30 100 10006
07855 20 130 .08 1008 20 268 240 1000

‘: See Fig 2 for interpretation of the letters
G 1s the collector plate height
** Seo Fig 3
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Fig 3 Sch siew of at PTB for \ ray calbration  \ collccting
potential of 3 kV s uwd and the field steengeh at radws o goen by
3

—-———thm-'
T in iy,

Tig 2 The important dimensions are sdicwted by letters The numerical
values for ech of the dumensions at cach ninonal laborutory arc mdicated
Table } The ymportnt dimensions for the eyvhindrical standard at the PTB
are mdicated 1 Dig 3 Two of the Ihboratones (PTB and NPL) use a mont
toring wstrument This 15 1nscrted between the source and the chamber
diaphragm The filtration of this chamber s included when obtuning the
wndicated half value Iyer in Tables 4 and 5

At 1D, NBS and PTD the roentgen tubes tre operated with a constant
potential Iugh voltage generator At NPI two roentgen tubes cover the a0
to 290 kV range but the gencrators for each tube at the tme of the measurt
ment provided a pulsating potentiaf

A substitution method 1s used for the cthbration of the ¢ty chamber at
cich of the Itboratonies The dose rate s first determned by the nanonal
standard The standird 1 then moved out of the way 1nd the cruits chamber
15 accurately centered at the posiion previously occupied by the aperture of
the frec uir chamber diaphragm  After determumnation of the wonzition cuf
rent i the cavity chamber it 1s removed and the free air chamber repast
tioned and the dose rate 1s determuned agam

The dose rate for the 2 MV rocntgen beam and for the cabalt 60 and cesum
137 gamma ray beams 15 determuned by means of cavity chambers The
cwity chambers and the corrections used for the 2 MV roentgen beam ¢alt
bration are described by Barnarp et coll (1956, 1959, 1959b) The graphite
cavity chamber used for the cobalt 60 and cesum 137 gamma ray beam
cahbrations 15 descrsbed by Arrix and Ritz (1957) and the correutions ¢
discussed by Wycnorr (1960) (The stopping power corrections used for these
calibrations are those labeled Bakher and Segre’ m the paper mentioned here )
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The geometrical arrangement of the
source and collimation for these calt
brations are shown in Figs 4 and 5
Calibration of the gamma ray beams
1s obtained with the radiaton incident
! ¢ oF at about 45 degrees to the avs of the
L

BEAM ¢ylindrical chamber This 15 necessary
1n order to reduce the end wall attenu
ation discussed by Arrre and Ritz

LEAD
COLLIMATOR The 2 MV roentgen beam 1s pro-
duced by electrons accelerated by a
Van de Graafl generator The trans
mssion target 1s of 23 mm thick
tungsten and the focal spot 1s about
L=z _2mm
= STAINLESS STEEL 03 mm diameter A comcal aperture

CaS® SOURCE i a tungsten alloy collimator gives 2
icm O LONG
\ cm 0 2 hem L0 beam of half angle about 43 The
9 25 sem HVL of the radiation 1s 11 9 mm Cu
Calibrations are performed at 180 cm

Fig 4 Crosscetional view of 100 cume cobon YO the target

60 surce and callmator v for gamma ray

cal bration The graphite thamber 1s positoned

on the center Tine of the beam 4t & dstance Resalts
of approuimately 1 meter from the source

LEAD
COLLIMATOR

For the calibrations obtamed with
free air chambers the calibration factor
M of the cavity chamber 1s obtained

from
Av
L L N N P “"(ﬁlqﬁ) (;)(g)(A: tfamp mir ¢
where 4 s A‘)

the area of the diaphragm in cm?®
L 18 the length of the collecting electrode in cm
A the correction for aic attenuauon m a distance F (see Fig 2,
Ay 15 the correction for field distortion (see Table 1)
¥ 15 the correction for lack of saturation
A 15 the for loss of from
mnadequate plate separation
A 15 the correction for 1on1zation produced by scattered phnteey
& 1 the correction (VWenRuEDt 1938) for shadowing of the ol cyry 5, o
eable only to the PTB chamber b
15 the correction for radiation leaking mto the free air chawt,
1s the correction for radiaton penetration of the apertyre |, 7
Kx 15 the correction for humtdaty et
1s the absolute temperature in the free air chamber

ry electrons b, 40 of
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csl!, Q oF
SOURCE
Q5men 0 e FEEEm
16 5mm Ig tm

Fig 5 Uro s-sectional view
of 120 cune cesum 137
source aud collumator used
for gamma ray calibration
The graphue chamber 15
positioned  on the center
line of the beam at a dis
tance of approvimately 83
cm Jrom the source

T 15 the absolute temperature in the cavily chamber (assumed to be the samr
as m the room)

C 15 the capacitance 1t farads of the capacitor used for determumng the charge
collected from the free air chamber

c 1s the capacitance in farads of the capacitor used for determuning the charge
collected from the cavity chamber

AY] 15 the rate of change of potential m volt/sec on the capacitor used with the

| At} frce air chamber and

AVl 15 the rate of change of potential 1 volt/sec on the capactor used with 1be

At/ cavity chamber

Values for A, are obtamned by the methods outlimed by Wichorr and
Artrix (1957) Values of & are obtamned from the same reference Values of
A used at PTB are obtamed from the paper by Hupner (1958) Lach of the
other three laboratones determmed the values expermentally Values of &,
and & are abtawed either from measurements i the partcular laborator)
(NPL NBS) or from the data reported by Wycnorr and Arrrx The data
for & 1n ths reference are corrected m accordance with the more precis
salues obtamed by Rerz (1959) and Hewnxy (1961) (See correction sheet
added to the Wyenorr and Armx reference m 1961 ) Values of A, ar
obtaincd from the report by Barnarp Aston and Marsi (1961) The salue
of K, 1s obtamed expernmentally by noting the charge collected when ;hc
diaphragm 15 replaced with a sobd plug or by measurements with 2 thc! c;
diaphragm (NPL) The value of A, 1s determuned by computing the ra::
of the radiation transmutted by the border of the aperture to that passed by
the aperture
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The data obtamed at NBS before cavity chambers 1T and IX were shipped to
the other laboratonies are mdicated m Table 2 Data obtaned after they
wete returned to NBS are indicated 1n atalics 1n the same table The data
obtamed at LD PTB and NPL, respectvely, are given an Tables 3, 4and S
No humdity data are available for some of the calibrations However, from
the recorded temperature and the usual relative humdity encountered dunng
the tme of these measurements the esumated correcuon probably 15 not
more than 005 to 0 02 per cent for Table 2 and about twice this for Table 3
When these data were not available these cotrections have been neglected
m computing the value of 1f

At NBS the exposure time At 1s vsually the same for both the free air
and the cavity chambers At LD the value of the capacitor potential was
the same for both nstruments

At NPL expenence has indicated no diffcrence m the temperature of the
mtenor of the free air chamber and the room For this laboratory the value
of TYT 1s 1000

An addittonal correction & , 1s ipphed at NBS because of the lack of
coplananty of the guard plates and the collector plate Earlier measurements
(Rirz 1960} mdiwcated that A = 10015 Measurements made after the calt
bratons reported here indicated that the correcton 1s still the same

For the gamma ray and 2 MV roentgen cahibrations the calibration factor

15 given by
RfAN (T \ (760
M= (Em) (2732)(?)’“ @

R 15 the exposure dose rate at the calibration pomnt in r/min,

P15 the atmosphenc pressure 1 mm of mercury and the other symbols
having the meamng previously descnibed

Results of such calibrauons are given n Table 6

One of the mvestigators (G P Barvarp) noted 2 -+ 0 2 per cent vanation
of response with direction of maident 2 MV radiation on chamber 11 but
none on chamber I3 No mestigauon for such a possible onentation de
pendence was conducted before the chambers left NBS but an attempt was
made to venfy the NPL results after the chambers were returned In agree-
ment with NPL no orientation dependence greater than the reproducibility
(bout 01 per cent) was observed for chamber I\ with cobalt 60 gamma
rays The results for chamber II are less certan Shortly after the chambers
Wwere returned to INBS chamber 11 developed an mtermuttent electrical short
between the center efectrode and the grounded alumuinum tube Radio rrams
tndicated that the collecting electrode was not postioned on a diameter of the
cavity Forced rotation of the center pin of the BNG connector which connects
Qirectly to the collecting electrode, moves the center electrode on the surface

where
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Table 2

Data from Aational Bureau of Standards at the start and end of ntercomparison

{ The talues from the end of the wtercomparison are mn talies)

Total nvi Approe | Eree ur chamber corrections *
filtration (mm Cu) | dose rate
mm (efonumy | A A A Ap
kv Al [N
[0 14 0 0080 067 1013, 1000, | 1000 [ teo
75 44 0 ot 112 1011, tooo, | 1000 | 1000
100 24 0 020 109 1009, 1 000 1000 1000
150 a4 025 0eG 23 1006, 1001, | 1000 | 1000
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Table 2 (cont )

Cham | Date A T I M 10t
ber Viry T (cfaenp mun)
K K
AV
&)
0000 0007 | ¥ 26159 072% 1000 1806
2i13{59 27509 1000 1ent
519j60 07900 1000 1000 1807
110/61 77,6 1000 1000 1301
™~ 111859 0N 1001 1724
2/14/59 07174 1001 1722
55160 07511 1000 1000 1721
519 60 07547 1001 1900 1727
1}10j61 7450 1000 1000 1731
0000 007 |1 2/6159 07427 1000 1779
2/13(59 07413 1000 1775
5110160 07784 1000 1600, 1777
1{10161 07330 1001 1000 1777
x 1(187.9 7089 1002 1700
2/13]59 0,061 1601 1693
2/14/59 07076 1001 1696
5160 0744 1000 1000 1695
110161 07032 1001 1000 1700
0000 | 0006 {11 2/6/59 07263 1001 1740
213159 07258 1000 1738
5110160 07613 1001 1000 1734
110167 07182 1002 1000 1738
x 1/18459 06922 1000 1662
2{13/59 06307 100y 1654
2/14/59 06976 1001 1659
515/60 0763 1001 1000 1554
110461 06846 1002 1000 67
0001 0004 |11 2/6/59 07161 1001 1n7
2(14/53 a 7151 1007 1716
5110/60 07573 1001 1000 1715
1110161 0719 0.992 1000 1719
AN 1/18/59 06787 1002 1629
2/14/59 06784 1001, 167
516/60 o712 1000 1000 1619
110161 o6710 0.992 1.000 1619

$--633088 Acta Rediologica Vol 1 1 Therapy
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Table 2 (cont )

Total HiL Approx | Free air chamber corrections *

filtrauon {mm Cu}| dose rate

mm {r/mumn) he ha Ry by

Ly Al Cu
00 54 052 176 36 100> 1001, 1000 1000
230 54 102 217 47 1005, 1601 1000 1670
250 24 315 32 24 1 aad, 100t 1000 1000
b

17980 101 [+
*Ineq i lhcwalucof—j—\——L——- £y b= 022750 101 for the 1929 data 7 = 10469 for the 1960

[4 c
data = 99475 for the 1961 data at GOA 2 = 10142 and for th semader of the tant dats

c
2 = 10358
£ 105!

of an mmagmary small cone Apparently the ans of the collecting electrode
md 1ts conmection are not the same

Measurements on the radiograms of this chamber also
differences i wall thickness such as might ewst 1f the outer an
id not have the same center The uncertainty (0 1 to 02 mmj 1w s
urement, however, 15 large enough so that this reason for oren

dicated na large
d waner sphere
uch meds
tation de
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Table 2 (cont )

Cham | Date R T I M agn
. A ber atle T (rfamp mun)
]
i di

0008 | ooos |1t 2/6/59 07200 1008 173
2/14/59 07193 3 002 1730
s10(60 07582 [ 1000 1737
1120/61 07138 1.000, 1.000 1728
13N 1/18/59 06796 1003 163
2/14159 06788 1601, 1632
516/60 o718 10600, 1000 1074
110161 06715 1500 1,600 15626
000 | o003 it 2/6/59 07254 1001 1744
2014{59 0725¢ 1002 1746
5110160 0620 1.601 1000, 174%
it o728 100° 1,000, 1752
™~ 1/18/59 06818 100% 164
2/14/59 06325 1004 1632
516160 07155 1001 1000 1635
o6t 06761 1001 1,000 1640
Qo | oo {1 2U6i%9 07303 100 175%
21459 021 1002 1759
5110160 07213 1001 2,000, 1760
1110161 07278 1007 1000 1765
n 1)18/59 06857 1004 1630
{14159 06360 1002 1649
3161¢0 07189 1600 1000 1640
1110161 06788 1003 1000 1647

Est mated

pendence of calibration canot be ruled out Calibrations of chamber 1T at
NBS indicated that the onentation dependence may be as large as reported
by NPI but the reproducibility 1s of the same order {about 01 per cent)
Such calibrauons included determimations with cobalt 60 gamma rays and

with 100 kV roentgen rays The latter determunauons al
s0 includ
onentations of the collecting electrode neluded different
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Table 3
Data from Laboratoire de Dosiméirie
Added 6lter HVL Approx, | Free air chambet corrections
{mm) {mm Cu) | dosc rae
S a4 fo (rfmm} | g P n £

o0 12 - 008 036 1009 roat 160¢ 100
100 18 —~ 02 038 1ae7 teal 1600 1000
150 1 25 065 135 100> 1001 100 1000
200 H 05 1.2 212 1004 1001 1000 1008

* The HAL in copper a1 ¢ X\ nas not measured at the Laboratoire de Do smetrie but e HVL
3 aluminum was determuned to be 285 mm As this agrees very well with the HVL wn 2lun!
num {29 mm) determmed at NPS ut 1s assumed that the HV L sn copper for 68 &V Xrays
the same as that obtained at \BS

‘The reason for the ortentation dependence has not been defintely established
at this ume but care should be taken to mumumuze the probability of 1ts hap-
penung n the future Radwograms of the chamber after comtruction fl chech
the centenng of the collector electrode The chamber could be calibrated
always mn the same onentaton This 15 now the standard pracuce at NBS
While the magmtude of the onentation dependence 1s probably not farge 1t
1s suggested that these two precautions be observed for future Intercomparisons

Companson of results

An examnation of the results hsted 1n Table 2 permuts an cvaluation of l};t
reproducibility of the cavity chamber calibranon In order to elummnate posuble
changes of these calibrations between the two sets, 1t 35 necessary @ examine
separately the data taken before and after shipment The maamunt deviation
of any calibration from the mean value obtamed for either chamber B‘;‘"i
one quality vanes from about 0 03 to 03 per cent The mean value of thes
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Table 3 (cont }

Chamber | v Date T A
av T (rfamp min)
K Buc
0000 o006 [T 1000 4121/59 09953 1794
0000 0004 | I 1000 413759 09983 t 74
411459 09971 1737
4/15/59 09958 173
4{17{59 09950 1737
4121459 09932 141
0003 o003 | 1000 4/10/59 09976 1715
4/14/39 09969 1714
4/16/59 09986 1712
/20159 09986 1718
0007, 0003 | 1000 4/14/59 09970 1728
4/15/59 09974 1727
4/17/59 09969 1725
4/21 59 039988 1730

7986 1 C
* Ineq 1 the talue ofl’—Ln- Ky = 038621 10 &= 9767

devsations for all qualities for either chamber 1s about 0 1 per cent Similar
ranges and mean values are obtained from the data 1n the other tables where
there are suffictent data for analysis

A companison of the two sets of data from NBS permuts a determunation
of the long term stability of the calibration The ratio of the mean calibration
factor mn the first set to that mn the second set for the same quahty 1s taken
as a measure of the long term stabiity For chamber II this ratio varies from
about 0997 to 1 003 for the different qualitics and the mean value for all
qualsties 15 1 000 For chamber [ the ratio vanes from about 0 999 to 1 006
with 2 mean value of 1003

Thus there appears to be a reproductbility uncertainty of as much as 0 3 per
centfor either chamber when only a small number of measurementsare available
In addition there appears to be a possible orientation dependence of up to
02 per cent for chamber II and a dnft of calibration of up 1o 03 per cent
for chamber IX These factors set the maximum uncertainty of the caltbration
at about 05 per cent Thus one rught espect that the lacl of reproducibility
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Table 4
Data from the Physikalisch Techmsche Bundesanstalt
Added filter HVL Approx. | Free air chamber corrections
{mm) (mm Cu) | dose rate
{r{mun)
K Al Cu ' d K K K
60 — — 0083 028 1021 1000, 1001 1000
75 - — 0110 058 1018, 1000 101, | 1000
100 10 | — 0197 102 1014, 1000 1oo1, | 1000
150 10 013 | 064, 115 1011 1000 1001 1000
200 10 026 | 120 100 1010 1000 1001, | 1000
200 10 026 | 120, 100 1010 1000, 1001 1000
250 10 ez | 211 118 1009 1000 1001, | 1000
250 10 30 313 112 1008 1000 1001 1000
250 10 30 313 112 1008 1000 1001, | 1000
300 10 40 39 110 1003 1000 1001, 1000
350 10 60 474 110 1008 1000 1001 09918
I

¢ Inherent filtration about 4 mm Al

6
*% In eq 1 the value of%o— Fy=009]23t 10

of the calibration of either chamber at any laboratory for any quality should
not exceed about 05 per cent

As the data from the four laboratones are not all obtained for the same
quahucs it 15 necessary to mlcrpolatc mn order to compare the results The
cahibration factor obtained for the two chambers at the four laboratortes are
plotted agamnst the half value layer (HVL) of the radation mn Figs 6 and
The vertical line for cach NBS calibration indicates the range of values obtamed
while the crcle indicates the mean value For clanty only the mean saluct
are plotted for the other laboratories A smooth curve is drawn through the
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Table 4 (cont )

Char: | Date 4\ | T A AL 1070

T ber c\ \de T, {rJamp
K B c (4 ma)
.¥S A

1000 09896 |11 6/8/59 19499 1001 10017 1808
1< 6/8/59 18683 1001 1732
1000 09809 |11 6/1/59 19248 0993 | 10013 17713
AN 6/1/59 18418 0998 1696
1000 09913 |11 5/28/59 18930 1000 10001 1743
X 5/28/59 18016 1001 1660
1000 09933 |1 6/3/59 18629 1000 10012008 | 1713
N 6/3/59 17726 1001 1630
1000 09943 |11 6/2/59 18716 100°, | toont 1723
n 6/2/59 17654 1007, 162>
1900 09943 | 11 6/11/59 18756 1007 10011 1727
N 6/11/59 17698 1001 1628
1000 0995 |11 5/29/59 18918 1001 10008 * 1740
1~ 5/29/59 17735 1001 1632
1000 09930 11 6/4/59 19021 1000 10003 1748
™~ 6/4/59 17826 100 1637
feag 09950 |11 10/15/59 1907 1007 10004 1748
I 10/15/59 17888 0992 1638
1000 09963 |11 10/13/59 19079 0999 10003 172
x 10/13759 17931 1000 1647
09983 09973 11 10/14/59 19368 0999 10003 1763
X 10/14/59 18113 1001 1650

** Esumated

NBS roentgen data ponts The large value for the softer qualities results
from the large wall attenuation which decreases for the harder radiations
The rige beyond the mmimum 15 due to the decrease of the photoclectric effect
mn the alumnum center electrode

The deviation of the calibration factors obtamed at LD NPL and PTB
from the smooth curve through the NBS results are isted 1n Table 7 Column 3
of that table gives the deviations for chamber II, column 4 for chamber Ix,
2nd column 5 the mean value for the two chambers at each of the quakhities
The mavimum difference between columns 3 and 4 15 09 per cent for one
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Table 5
Data from Motional Physical Lahcratary
Added filter * HVL Approx | Free awr chamliet corrections
(mm) {mm Cuy | dase rat~
W [a Jce frlma) | £ 5 M
8 | - - 0103 21 1023 1o 1000 | 100,
122 1o - 0200 43 1635 1004, 1600 1006
125 10 003 | 0250 34 1014 1603 1000 | 1000
115 io 02 | 0o 27 rott, | 1002 1o0p | 1o
80 - - 102 34 1010, 1003 1000 1008
250 i0 ot 133 57 1009 100> 1000 0999
230 10 063 | 219 64 ton8 1 006, 1o | 099
250 1o 19 25 26 1008, 1002 1000 a8
2% 10 40 340 25 ron7 1002 1000 0%
b

* From 89 1o 135 A% the tube had an mherent flration equvalent to abong 00> mm Cu and
at bugher saltages to abaut 1§ mm G The momstor provided a permarens addional filtrtion

of 8 mm perspex.

qualits but the next highest difference 15 06 per cent and the remat
04 per cent or less These differences we consistent with ¢

produaibility noted abose

nder 35¢

he expecied 1€
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Table 5 (cont )

Cavity Date of Ladd Ax M 10!
chamber measure (r}amp min)
n X number ments
2000 0006 I 12/8/59 17607 1001 179
n 12/14/59 17693 1 00t, 180>
13N 1116/60 16774 1001 1m
n 18160 16811 1000 1715
0000 0006 1N 1/7160 16334 1000 1663
~ 178160 16445 1000 1669
0000 0006 1 12/9/59 17066 1000 1728
n 12415759 1700 100t 1727
0000 0006, 11 12/9459 16846 1000 1701
11 1211459 16983 1000 1715
u 12/15{59 16962 1000 1713
X 1/7/60 16104 1000 1626
IAN 1/11{60 16138 1000 1629
0000 0002 1 12/9/59 17007 1000 1718
b 1211459 17036 1000 1721
x 12431759 16124 1000 1698
X 1111/60 16109 1000 1677
0001 000> 1 1/27/60 17291 1000 170
1 1/28160 17293 1000 1750
0007 0004 1 12/22/59 17466 1000 1768
1 1425/60 17376 1000 1758
AN 1/4/60 16341 1000 1654
~ 1/18/60 16338 1000 1623
0002 000t 4 12/10/59 17431 1000 1757
1 12/16/59 17421 1000 1756
0001 0004 i 12/10/59 17498 1000 1758
1 12/11/59 17565 1000 1764
N 1/20/60 16533 1000 1663
™ 1/21/60 16231 1000 1660

()

&

It 15 noted that the average caltbranon factors obtamed at NPL tend
to be larger than those obtained at NBS and those at PTB seem to be lower
especially at the harder quahnes Those at LD are in close agreement but

. po 178510 (g
4L c
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Fig 6 Average cahbranon factors for chamber 11 Fig 7 Average calibration factors for chamber
obtaned at_the four laboratories for the vanous  IX obtamed at three laboratorses for the
qualmes 7] = LD . = NBS @ = NPI sarous qualiies - — NBS @ = NPl
A = PTB The vertical hine through each NBS A — PTB The vertical lie through each
pomti gives the range of values obtamned NBS point gives the range of values obtamed

cover only a hmuted range of quahties There has been no previous mter
comparison between NBS and PTB but the previous indirect mtercompartson
between LD and NBS and the previousdirect intercomparssons between NPLand
NBS gase results similar to the presentones The last column of Table 7 mdicates
the deviations previously obtamned (Artisy et coll 1957, and AstoN an
ATTI< 1956) for approwimately the mdicated qualities It 1s seen that these
values differ from those obtained 1n the present mtercomparisons by not more
than the expected amount (05 per cent) While the previous NBS NPL inter
compansons were obtamned with a d ¢ generator for the roenigen tube, the
present results are obtamed with a pulsating potential at NPL and a d ¢
generator at NBS The good agreement between columns 5 and 6 indscate that
the effect of this different wave form 15 not greater than the possible lack of
reproductbility, 05 per cent

For the previows NBS NPL ntercompanson the dose rates and tuget
diaphragm distances were the same for both chambers and determunations
were made at the same collecting field strengths During the present measure
ments, the dose rates target diaphragm distances and field strengths were
all different 1t the two Iaboratories The saturation corrections K wer€
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Table 6
High energy calibrations
Source HVL Chamber Date i o1
{mm Cu) (¢famp min)

Co*® 147 1 2/9/59 1780
B AN 2/9/59 1663

Csh7 (NBS) 105 i 2/10/59 1788
n 2/11/59 1680

2 MV roentgen rays (NPL) 19 i 2/16,60 1774
2/19/60 1771

3/4/60 1770

3N 2/16/60 1650

3/3/60 1648

3/4/60 1649

Ca® (NBS) 147 i 5/19,60 1793
5/19,60 1774

5/20/60 1773

1/6/61 1775

™~ 5/19,60 1650

5/30160 1655

1/6/61 1629

7 (\BS) 105 u 5/19/60 1794
5/29/60 1799

™ 5/16/60 1666

5/70,60 1667

5/29,60 1673

determined at each laboratory under the conditions used at that laboratory
Further 1nvestigations are needed to assure that these are consistent

As noted earhier the NPL results tend to be higher than NBS and PTB
Iower for the harder quahties Moreover the present results for NPL are in
Moderately good agreement with those obtained earlier Good agreement in
the area of diaphragms and 1n the value of the capaatance used for current
measurement (ICRU Report 1959) seem to rule out these factors as con
tributing to these differences In amy case because both the NPL and PTB
chambers are larger than the NBS chamber the differences cannot be attributed
to a simple function of chamber size Perhaps detailed redetermination of the
correction factors will be necessary 1n order to obtain a reason for these differ
ences

The measurements with gamma rays and 2 MV roentgen rays give less useful
Intercompanson The large spread in the NBS calibration factors and the
large difference 1n the spectra of the rocntgen and gamma ray sources make
4 compartson difficult In view of these difficultes the ntercomparisons seem
Teasonable
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Table 7
G of calth Jactors—deviation of calib Sactor from ABS (per cent)

H\L Lab Chamber 11 Chamber I\ A Previous**
(mm Cu)

0083 PTB —01 —01 —01

0089 LD —04 — —~04 00
0103 \PL + 08 +0% +06 +05
on PTB 0o oo 00

0197 PTB +03 +02 +03

020 LD +01 — +01 +01
020 \PL — + 086 +06 +04
025 NPL 00 — a0 +04
050 APL —02 +02 00 +03
064, PIB —02 +04 +01

065 LD 00 — 00 +04
102 NPL —03 +00 —02 +03
12 LD —01 — —01 —01
120 PTB —02 —02 —02

153 NPL +o8 — +08 + 04
211 PTB —03 —04 —0+4

219 “\PL +~10 +08 +09 +03
25 “\PL +02 — +02

313 PTB —06 —05 —06

34 NPL 00 +09 +05

395¢ PTB —o08 —02 —05

474% PTB —06 —03 —~05

* Deviations uncertan at this quality as an extrapolation of NBS data 15 iolved
** For approumately the indicated HVL

Conclusions

Indirect intercomparisons of calibrations of 1onization chambers for exposure
dose measurements 1 roentgens have been completed between the national
standards of France Germany U k,and U § A with an esumated
maxamum uncertainty of about 05 per cent This 1s somewbat larger than
that assigned to direct compansons (Aston and Atrrx 1957) This large ur
certamnty can probably be reduced by a factor of about 2 by (1) assurng
that there 15 no dnift i calibratton before the intercompanson 15 attempted
(2) radiographs of the chambers before use to see that they arc as 5ymmetncd
as possible, and (3) always calibraung the snstrument n a fixed orientaion
Under these conditions such ndirect intercompansons should be almost as
accurate as the direct ones

The present calibrations agree with those obtamned earlier betw el
of the laboratonies to withmn the expected uncertants, 05 per eent,

en three
also the
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calibrations at PTB agree with those at NBS to within 06 per cent However
the results from NPL and PTB disagree by shghtly more than one per cent
for nearly the same quality of the harder radiations A detailed redetermination
of some of the correction factors may be needed to remove this discrepancy
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SUMMARY

A parr of canity 1 has been d to the national laboratorses of
France Germany U h and U S A for calibration with roentgen and gamma rays The
difference of their calibrations with a gnven quality of radiation 13 taken as a measure of the
disagreement of the national standards The results obtamncd agree with some carhier direct
compartsons to within the expected uncertainty of these measurements — about 0 5 per cent

ZUSAMMENFASSUNG

Eua Paar Hohlraumsionisationskammern haben zum Zweck der kalibrierung 1n den staat
lichen Lal von Frank h D hland U K und U S A zirkubiert Die Differenz
der Kalib ber ewner b Strahl \f wird als Mass fur die Ab-
weichungen zwischen den d hod Die erhall Resul
fate stimmen mut eimigen fruheren direkten Vergleich halh etner Fehl von
c 059 uberan

RESUME
Les auteurs ont envoyé aux d All

de France du Royaume
Um et des US A deux chambres d 1omsattan a cavité pour étalonnage avec les rayons roent

8en et gamma La différence d ¢talonnage avec une qualité donnée de rayonnement est
considérée comme une mesure de la discordance des étalons nauonaux Les résultats obtenus
concordent avec certames comparaisons directes préalables dans |intervalle d incertitude
Prévisible de ces mesures environ 0 5 pour cent
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BOOK REVIEWS

Ronstiacne Rabioakmive Isorore 1x Privsiorocre Diagaosmix twp Trerapre 2 Auflage
Band [ und II Herausgegeben von H Schwiegk und F Turba 2 575 Seiten und 759 Ab-
bildungen Springer Verlag Berhin 1961 Price DM 398

‘The rapid increase 1n the use of radioisotopes for the most varied purposes in the medical
stiences 15 well reflected i the fact that the second editton of the well known handbook of
Scrwrzek has grown to more than double the size of the first edition It contains contributions
from 83 authors mostly German and American wrtting in their respectrve languages one
chapter 1s 1n French About 330 of the 2 575 pages contain lists of references whle the subject
dex fills 270 pages It 1s clearly impossible within a reasonable space to resiew 1n detatl a
work such as this and there 1s probably no single person i the world able enitically to judge
all parts of so varted a subject matter The present reviewer can claim competence only
within small realms of the subjects treated

e first volume begins with a long chapter on general methods for detecung radioisotopes
although without any detailed of the muse and a sull longer
one on the different radioisotopes and the preparation of varous compounds and samples
for measurement There are chapters on h d; ) d; protection
2ad the construction and equipment of nuclear medicine laboratories

few chapters on general aspects on the use of mb y physiology
etc are followed by 4 number of chapters with detailed treatment of vanous special problems

The second volume begins with chapters on seyeral of the most important elements and their
radiossotopes Very Iittle information 1s howeser given on half Inves and radiation propertres
Tb; ihaplcr on 1ron describes i detaid the normal and pathologic metaboltsm of the element
ang 1 1 of rad;

Other chapters concern muscle and nerve physiology vanous metabolic studies and ap
Plications of radiossotopes m bacterology ‘virology and immunology Some of the chapters
that follow have more direct diagnosuc ntercst (circulation research tumour diagnostics
thyroud function studies the biochemustry of vitammn B12)

e last chapters are concerned with therapeutic uses (tumour therapy  hematology
thyraid therapy) Uses of radioisotopes 1n sealed contarners for mternal or external irradiation
mncluding telegamma therapy are also described though relatively briefly A chapter on the

erapeutic use of high energy heavy sons falls outside the scope of the book as defined 1 1ts
title a5 1n the diagnostic part do the references to uses of stable sotopes

As far as the reviewer can judge the editors and the authors have done a good job and no
€ause for any major citicsm has been found Several duplications are of course unasordable
when different authors treat closely related subjects but they seen to be mnocuous and some
tnes even useful

The work may be considered indispensable to general medical hbrares and to radiotogical
and biophysical institutes Many research workers wll also find 1t worth ats relatisely hugh
Price even though they ma have practical use of only a fraction of sts contents ®

Scen Benner
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Tue INvtriat. Errects oF Ionizing Rapiations ov Ceres A Symposium held 1n Moscow
October 1960 Edited by R J C Harnis 367 pages 129 illustrations and 24 tables Academic
™ Press London 1962 Price 75 sh
These are the proceedings of a Symposium 1n Moscow 1n the autumn of 1960 supported by
UNESCO IAEA and the Academy of Sciences USSR
‘The word mittal 1s not to be taken iterally since irradiation effects that become apparent
days or even weeks after the irradiation were also discussed  All the usual subjects of radiation
biology were covered at the meeting
The particular interest 1n this symposium les m the fact that a substantial presentation of
Soviet radiobiology becomes available in English nearly fifty per cent of the contributions
being from Soviet scienusts There were many interesting communications The material in
some of the Russian papers was evidently condensed from years of work and references about
nteresting details are sometimes made to onginal publications 1n the Russtan language
Of the papers that seem to present new lines of research and new technical rdeas may be
mentioned FRark s studies on h changes 1n oxydat, A h
device was developed to study thesc phenomena MeisseL et alit have apphed fluorescence
mucroscopy to the study of irradiation effects on nucierc acids and proteins
The P was ded by a general d on topies of particular mterest
selected from the matenial presented n the mdividual papers

A Forssberg

FunDAMENTALS oF RaDiosiorogy By Z M Bacq and Peter Alexander Second completely
revised ediion 555 pages 150 illustrations and 81 tables Pergamon Press Oxford 1962
Price 70 sh

This well known book now appears in the International Series of Monographs on Purt
and Applied Biology 1n what i3 virtually an entrely revised form of the first edition The great
amount of cxperimental work that has been done 1n the last decade 15 at once apparent from
a perusal of the text Radiation biology m 1ts present stage encompasses large tracts of the
sciences of chemustry and biology and also needs a fair knowledge of the fundameatals of
physics A survey of radtation biology 1s certainly a taxing enterprise for two authors although
a combmation of a physics cherust and a physiologist probably comes closest 1o the sdeal
combination The selection of the matenial must nevertheless to some extent reflect x)m;
interests and scientific fields particularly as 1t 1s virtually imposstble to cover thew hole matena

1n some 500 pages To quote the preface This 13 a survey and not a monograph Ve have
selected certain from the mass of published material
Subjects such as the rad chemstry of lecules and some parts of mammalan
diobiclogy ¢ g the bioch hysiology and pathology of the srradiated body 3¢

nt m the

Y ¥
comprehensively treated and the same apphes to protection 1he rapid developme: et
mn o

1mportant field of radiation genetics 1s outlined n a few pages but with references s nch
mstances to modern reviews The book 1s wrtten 1n a vivid and entertaining way Wr:h:
reflects the enthusiasms of the authors and makes for easy reading The personal views -
authors n many controversial questions © g the ments of the physical target theoty
radiation biology are clearly expressed

il v £ Forsbett
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OFFICIAL ORGAN OF THE RADIOLOGICAL SOCIETIES OF
DENMARK, FINLAND NORWAY AND SWEDEV

Vol 1 New series 1963
Fasc ? THERAPY PH1SICS BIOTOGY Apnl

VI SYMPOSIUM
NEURORADIOI OGICUM
ROMA
18—22 September 1961
THERAPY & BIOLOGY SECTIONS
The utles of some of the papers read at the symposium but not submtted
for publication 1 Acta Radiologica are included 1n the table of contents given

below

Beerr A, Passan Neue ber der iten B i

des Nervensystems (not recerved)
Craspate P H and West
ovER] L Los Angeles
Gatremy M D and P
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Techmique and dosimetry of yttnnum 90 thalamotorny 82
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tumors (not receved)

EEG-changes in \ srradiated rabbuts (not recenved)
EEG-changes following irradiation of bram tumors
(Proc Symp Vienna 1961 publ by Intern Atonuc
Energy Agency p 77 Vicnna 1962)
Hemangioblastoma cerebelll — report of a six year sur %
vival after roentgen therapy by tumor oscillation trough

Marss H New York

agnd

Rien R New York Tontang radiations and the mammalian embryo 101

SWEEr® H Sotoway A H Boron slow neutron capture therapy of ghiomas 1
and BrowserL G L Bos-

ton
ToroL O Prag
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an Inrrian Efvects of lowizivg R oN CELts A Symp held 1n Moscow
October 1960 Edited by R J C Harnis 367 pages 129:llustrations and 24 tables Academic
"N Press London 1962 Price 75 sh
These are the proceedings of a Symposium 1n Moscow 1n the autumn of 1960 supported by
UNESCO IAEA and the Academy of Sciences USSR
The word 1ntial 1s not to be taken literally since irradiation effects that become apparent
days or even weeks after the irradiation were also discussed Al the usual subjects of radiation
biology were covered at the meeting
The particular nterest in this sympostum lies i the fact that a substantial presentation of
Soviet radiobiology becomes avaifable 1n Enghsh nearly fifty per cent of the contnibutiont
being from Soviet scientists There were many interesting communications The material 10
some of the Russian papers was evidently condensed from years of work and references about
teresting details are sometimes made to origimal publications 1n the Russian language
Of the papers that seem to present new Iines of research and new techmical ideas may be
mentoned Frask s studies on rhythmic changes 1n oxyd: P A mucropol. h
device was developed to study these phenomena Memser et alu have applied fluorescence
mucroscopy to the study of wradiation effects on nucleic acids and proteins
The symposium was concluded by a general discussion on topies of particular interest
selectrd from the matenal presented mn the mdividual papers

A Forssberg

FunDAMENTALS oF Rapioprotocy By Z M Bacq and Peter Alexander Second comP]‘"};’
revised edition 555 pages 150 illustrations and 81 tables Pergamon Press Oxford 196
Price 70sh

This well known book now appears m the [ 1 Series of B hs on Pure
and Applied Biology 1n what 1s virtually an entirely revised form of the first edition The great
amount of experimental work that has been done m the last decade 1s at once apparent from
a perusal of the text Radiation biology 1n 1ts present stage encompasses large tracts of lbtr
sciences of chemustry and biology and also needs a fair knowledge of the fundamenl:h‘;l
phystcs A survey of radiation biology 15 certainly a taxing enterprise for two authors ahhousl
a combinanion of 2 physics chemist 2nd a physiologist probably comes closest to the 1deal
combnation The selection of the material must nevertheless to some extent refect mr;;
nterests and scientific fields partrcularly as it 1s virtually impossible to cover the whole maten: )
1n same 500 pages To quotc the preface This 15 a survey and not a monograph We far

selected certain from the mass of published matersal tan
Subjects such as the radiation chemustry of macromolecules and some parts of mammal g
diobiology € g the bioch hysiology and pathology of the irraduated body

ment 1 e

Y
comprchensively treated and the same applies to protection The rapid develop: e other

important field of radiation genetics 13 outhned in a few pages but with references ek
instances to modern reviews The book 1s written 1n a vivid and entertaining W& “nhe
reflects the enthusiasms of the authors and makes for easv reading The personal views @ .
authors 1n many controversial questions ¢ g the ments of the physical target theony

!
radiation biology are clearly express: 1 Forsshet
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amounts sufficient to destroy small interior areas of the brain Tt may be that
different methods will be applicable to different parts of the nervous system
We have applied our efforts to the goal of destruction of the ventrolateral
nucleus of the human thalamus for the treatment of dvshinesia

Some und ding of the unpredictable results of the various methods can
be achieved by considening the physical nature of the area as has been stated
by Arovow Thalamic nuclear masses are relatively well vasculanized The
vascular flud channels make the convection of heat vanable and complex,
electrical properties 1rregular, and mechanical punctures particularly 1f
repeated fraught with danger of hemorrhage Also the bramn tissue 1s a poor
conductor of heat and the fluds of the region when heated to steam and gas
make wregulanties 1n the size and shape especially mn larger lesions Gray
matter also has a higher resistance to temperature than the white matter of the
nearby internal capsule B of the lower threshold of the capsule 1t may be
affected before the nuclear masses are completely destroyed Another vanable
arcumstance of this particular regton and the distribution of some forms of
energy 1s the nearby presence of erther air filled or fluid filled ventricles In
exther case these ventricles affect the distnbution of heat lossof heat or electrical
change The rate of change brought about by these methods (1 ¢ rapidity of
destruction) must be considered 1n relation to the shock to the nervous system
and the effects of increasing the surrounding edema or other partial damage 1n
nearby regions

ITonizing radiation was investigated to achieve circumsenbed lestons because
it lacks accessory disruptive effects and because of the sharp falloff in radiation
of beta sources Bovesen & CamppELL have reported lesions resulung from
Yttnum 90 beads 1n the caudate nucleus of ammals However we wished to
create larger lesions of at least 1 em 1n diameter from a single source Also 1t
Was necessary to examne the effects 1n the thalamus since there are regional
differences 1n radiation sensitiity These authors have expressed a sensitivity
spectrum of the structures 1 this region which would be favorable for this type
of energy The order of sensiivity they found was that astrocytes were the
Mmost sensiive to radiation next mucrogha then neurons and finally blood
vessels and myelin are the most resistant A question which arises 1s the possible
Caranogenic nature of radiation Long expenience with external radiation
therapy has faled to result 1 any venfied case of ghal tumor mduction
Beta rays are believed to affect bramn tissue by the common ronization m both
of these methods The nisk seems small

Macrospheres of 1 2 mm 1 d c pure beta g 150ty pe
Yttrum 90 oxide are prepared by Brookhaven National Laboratory and shipped
by arr weekly to the Umversity of Califorma Medical Center m Los Angeles
::::dm:thod of preparation has been described by GiveLL & Doerme These

s are readily available relatively mnexpensive and of sufficient activity to

be usable for a number of days after deliver
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* Yttrium 90 has 2 54 days half hfe
and a maximum energy of 2 18 MeV
Singls 1mC bead Beta radiation has a limited range n
Yitrium 50 uissue and hence there are no compl
cating features of distant effects The
low specific gravity of the ceramc
matrix 1 which the yttrium s sus
pended raises the effictency of deliv
ery of the total dose as compared
with dense metalltc sources because
of the lower self absorption These
yttrium 90 macrospheres are used in
this medical center for transsphenot
dal stereotaxaic hypophysectomy as
well as the procedure described m
this article
From preyous experience in thala
mic surgery for dyskmesia 1t has
seemed evident to us that to achiere
maximum benefit 1n relicf of varous
N voluntary movements 1mprovt
mm of tissue ment 1n tone and in gait thata
Fig | Film pack dosimetry cunve for 1 mCyterum SPherical leston of about 7 to 10 mm
90 oxtde bead calculated for 64 hours (T 1/2) m diameter well placed n the nucler
ventro orales antertor and posterior
of the thalamus 1s1deal Ths conclu
sion 15 mamly based on observations of patients with Parkinsomsm but may
be true of other disorders as well
The structures critical to destroy permanently appear to be the nucle
ventro orales anterior and posterior of the thalamus With the atlas of the
human brain edited by SCHALTENBRAND & BaILEY as a guide, 2 hypothcnc:\l
lesion was measured which would mmvolve these nuclear complexes completely
A lesion placed at 12 mm from the rmdline 1n the center of these nucler would
have to be | cm 1 width I ¢m 1n height and 1 2 cm n Jength This volume
would mvolve the thalamocapsular junction region wiich appears to be
important to achieve a maximum beneficial effect Portions of other nuclet
would be partly 1nvolved, including nucleus ventro oralis mnternus, nucleus
ventro intermedius mternus, nucleus medranum
The possibihties of yttrium 90 oxade spheres to mvolve such a volul
then mvestigated The film pack method of FrieTac ct coll was u
dostmetns studtes Dupont 555 film was employed, with paper spaccr tos!
ussue density These results reveal that radiation from a single 1mil
bead for a calculated time of 64 hours would give a dose of 10 000 rep at 6 mm

Dese in rep

[

me was
sed for
mulate
Licurit
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Fig 2 Concentnc ring stmulating the electrode m the thalamic nucter

The abrupt falloff 1 dose rate as shown 1n Fig 1 1s charactensuc of beth
emutters This characteristic 1s 1deal for producing 2 discrete lesion 1n tissue

and the discreteness 1s further enhanced by the sphencal shape and size of
yttnam 90 beads The size of the lesion can be vaned according to the intnal
acuvity of the bead and the length of time 1t 15 left 1 place The maxumum
penetration for yttnum 90 beta particles in ussue 1s 10 mm but bevond 6 mm
alethal ussue dose cannot be achieved because of marked absorption Seventy
per cent of the dose 1s delivered 1n 3 days Therefore the rate of tissue destruc-
tton 1 considerably slower than by other methods and possibly allows collateral
arculation to develop and produces less local edema

Prelimnary study of lesions in ammals

Twenty one mongrel dogs of med: size had 1mp of a single
ytirum 90 bead in each area under general anesthesia by the stereotaxic
method of Li Lty & Morrrrr The actiaty of the mndivadual beads varred
from 085 mC to 19 mC The macrospheres were left in place for varymg
lengths of tsme up to 20 days The age of lesions before sacnfice of the dog
was vaned up to 5 months All figures quoted for the size of lesions have not
been corrected for shrinkage of the formalin fixation

In the first series of espennments the beads were implanted as free bodies
1 the brain tissue Radiation actinaty of the sources varied from 1 5 to 1 9 mC
¢ach These ammals ecach were sacrificed after anesthetization and formalin
perfusion at inters als of 2 davs 6 days and 141 days, and two ammals at 170
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Fig 3 Fixaton bead helder and yttrirm 90 oxide bead 1n the human thalamus

days Lesions m the thalamus in these ammals were found to be arregular,
most commonly bemg pear shaped Ths shape of the lesion was a result of
3 to 4 mm mnferior migration of the bead One animal with 3 beads mserted
as a cluster 1 white matter had a mgration of the cluster of 25 cm An €¥
planation of this process appears to be that beads of this actiity produce 2
small zone of hquefaction necrosis in the immediate area Edema or hemorrhage
mmght also displace them It was concluded that a fixation device for the bead
15 necessary to provide control of position and size of lesion

Twelve ammals were prepared using a loop cannula for fixation Two
small wire loops soldered mto No 18 stainless steel tubing provided a carmie?
for the yttrium bead and this complex was fixed by a plastic plate screwed 100
the cahanum The plastic plate was dnlled and the loop cannula securely
fixed mto 1ts perforation with KadonO and then the protruding end above
the surface severed The scalp was closed over this

In ths serses of ammals the bead activity vaned from 09 to 15 mG The
antmals were dinided into two groups, group A to show the histologic rcaclw:
up to 20 days, group B to show chromc lesions at 3 to 6 months Group ¢
consisted of 3 anumals m which the extent of the acute reaction was studied 35
a result of the bead being 1n plice 1 day 6 days 20 days (4 3 hours) In
group B of 9 ammals with chronic lesions, the bead remamed for 2 duration
of 1,2,3,5,8 12 days (4 3 hours)
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Regardless of the radiation actiaty ~
of a bead or its duration mn place ! Q e O ]
the vanous phases of deyelopment of o b ©
lustologic changes 1n the lestons, 1t was
found that the maxamum swelling was
at 20 days and therexfter there wis a
contraction of the lesion into ghosts
When the bead was fived in thisman
ner any lesion 1n the area of absolute
destruction was spherical Because of
the decay m actiaty of yttrium, leaving
the bead 1n place after 6 days does not
ncrease the volume of the lesion N

After a leston has aged more than
20 davs 1t becomes progresstvely smal !
ler and more arregular mn configuration
because of shrinkage and ghosis how !
ever, the absolute destruction of the}

!
!

thalamic nuclear groups remains the
same

The maximum volume of complete
destruction  produced by any fixed { !
Yttnum 90 bead used and at greatest {
duration n place was a sphencal T ed fix
Ison of 12 mm n dhameter_Foved B 3, T gomied auenappu gt

ads will produce crrcumscnibed 8 mm burr hole b) Perforated metall ¢ ball
spherical lesions showing a small zone &) Eaton mng ) ?;‘"J"::fl:': 1 bead holder
of coagulation necrosis a ring of ca g) Screw dewer for fixat on nng
pllary diapedesis and a small 1rreg
ular zone of edema and parual dam
age Smaller lesions can be produced by shortening the duration of time that
the bead 15 1n place or by employing a bead of less activaty

The histologic changes of 2 maximum lesion at 20 days are lustrated as an
example In this lesion 1f we consider that 1t has a radius from the central
Ppoint there 15 a zone 4 to 5 mm wide 1 which there are varying degrees of
necrotic hquefaction coagulation necrosis and fibnn A few mtact neurons
and astrocytic nucler may be seen even toward the center of the lesion but
they do not appearyiable Some polymorphonuclear, mononuclear and lympho
€ytic cells are seen as well as some gitter cells Around thus there 15 a stnkmg
nng about 1 to 15 mm wide of a layer of diapedesss of red cells necrosis
hyaline degeneration of the media and mntima of blood vessels Outside this
nng there 1s a fairly sharply defined nm 1 to 15 mm wide, characterized by
the presence of blood vessels with proliferated mtima and marked 1nfiltration

i
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Fig 5 Lesion produced by an yttrium 90 oxide bead of 1 4 mC
actvity left i place n the thalamus of the dog for 6 days The
dog was sacrificed at 14 days to show the early reaction

of inflammatory cells In the remaning periphery, small pseudopods of ir
regular shape and representative of edema are seen The edema causes some
diminution 1n the size of the ventricular cavity but not enough to cause 2
shift even n the small brain of the dog More extenstve exposition of the
quantitative effects and the histologic reactions will be published in the near
future

Clinical application

Since October 1960, 13 patients with dyskinesia have had yttnum 90
thalamatomy Eleven patents suffered from either post encephalitic Parkin
sonism or paralysts agitans 2 patients had dystoma musculorum deformans
and one had post traumatic cerebellar tremor disorder Patients selected for
this operation were 1n general severely disabled and by current standards
generally used, were considered either borderhine or ineligible for the c desant
alcohol njection (CoorEr & BrAVO) treatment used at this institution It was
hoped that these radiation lestons, being highly carcumscribed and contro
able 1n size by withdrawal of the bead, would assist in rehabilitating a border
lhine group of cases as well as to give an evaluation of this form of treatment

A I landmarks to locate the sitc of the lesion
head 1s fixed

which the

Surgical p
are dehineated by an encephalogram durning which the patient s
mn a Lec model 215 head and cassette holder In sole instances 1n
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Tig 6 Histolog c preparation of ales on
at 14 davs 125 mC ytrum 90 oude
macrosphere lefc 1n place for 6 davs

postertor part of the third ventnicle was not satsfactonly seen a small amount
of Pantopaque© was injected via a small catheter directed to the foramen
of Monro The ventricular landmarks have been the posterior margin of the
foramen of Monro the antertor and posterior commussures the habenular
commussure and the pineal body In lateral roentgenograms proportions
were used consisting of mid forammal pineal line (CoorPEr & Brav o) and md
antero posterior commmussure axis with mud thalamic height (TaLairRacH et
coll) Our tube film distances were 36 inches gining an enlargement factor of
approximately 20 9, for antero-posterior and 10 %, for lateral views In the
antero postenor films the corrected distance from the midline third ventricle
was 12 mm however 1 cases of atrophy 1t was altered further laterally
References used for landmarks were the human atlas of TaLaIrACH et coll ,
and ScHALTENBRAND & Bamky Permanent and polarod films have been
employed The Rand Wells stereotaxic instrument with sagittal and coronal
arcs was used to direct the electrode and cannula

Further identfication of the nucleus ventrales laterahs of the thalamus
by electrophysiological means as well as these anatomical landmarks 1s impor
tant This anatomical precauton 1s necessary because of the normalvanations
of these structures vamations from pathological alterations and vanations
even from side to side 1n the same patient as has been well documented by
Brigrey & Brex

After a 10 mm burr hole has been made 3 5 cm from the mudline at the level
of the coronal suture the dura mater and cortical surface at the site are opened
A tap 15 used to create threads 1n the burr hole to accept a small ball and a
socket fixation device used later to fix the vitrium cannula With the stereo
taxic device a Talarach multiple concentric ning electrode 15 then lowered
to the anatomical target Stenle scalp as well as electromyographic electrodes
m the limb muscles are then applied to the patient Stimuh are delivered to
the depth electrode with a Grass 45 type smulator with 1solation unit Single
or repetitnve tramns of square wave form sumult with parameters varying from
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Fig 7 Irregularly shaped lesions scen at 7 days produced by
095 mC acuwity and without fixation of the macrospheres

1 to 50 cps duration 1 msec for low frequency and 0 5 msec for high frequency
The voltage and duration of stmulation have vaned from 3 to 15 volts, and
5 to 10 seconds respectively, depending on responses scen in the electro-
encephalogram monttoring oscilloscopes and the alert patient The electro-
physiological responses identifying this area have been reported by Ranp and
CranpaLL In short they consist of (1) suppression or augmentation of tremor
and ngidity, (2) correlauon of electrophysiologic recordings of such phenomena
as recruitment and evohed potentials with tremor suppression or augmenta
tion as shown m the electro encephalogram, cathode ray kymograph, and
electromyogram The involuntary movements that may be augmented by
sumulation are always of the same type as the patient displays spontancously
We have never seen a change to a different 1nvoluntary movement other than
the charactenstic clonic jerks seen with nternal capsule sumulaton In 2
cases we were unable to elicrt these responses, 1n these instances a temporary
mechamcal compression 1n the anatomical area was made by an mnflation 0
the balloon on a Cooper cannula and the patient was tested for the cffect
After the surgical target 1s located by these means the depth electrode 15
withdrawn, and the ball within the ball and sochet device 1s locked 1 the
correct angle The yttrium 90 bead 1s dehivered in a plastic contamner from the
division of radiotherapy where its activity has been calculated and 1t has
been handled with stenle precautions The bead itself 15 hept under 3 cmof
stenile water during the loading of the carner loop After loading radiation
precautions are observed, and the surgeon quickly transfers the loaded carrier
to the stereotaric device and lowers it to the target A small collar allows the
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Fig 8 Hustologse preparat on of nm of a spheneal lesion at 14
days showing the coagulation necross above mext the diapedes s
of red cells and the surrounding white matter below H & E
stain

carner rod to be screwed 1nto the top of the ball and another small screw
tightens the collar to the rod When 1ts posinon has been judged to be correct
on roentgen films and the apparatus 1s completely secured the protruding
Pportion of the carner rod 1s clipped flush with the collar The scalp 1s then
closed over the entire device Stainless steel sutures over polyethylene tubing
are used for a through and through closure and secured by twisung

The bead 15 left 1n place for a vanable length of ime depending on the size
of the lesion desired We have usually observed that the alleviation of tremor
and ngidity in successful cases gradually proceeds untl the total effect 1s
evident on the third day When the yttrium 90 bead 1s to be removed the
Procedure 1s carned out 1n the ward treatment room Waith aseptic precautions
the wire sutures are loosened the cannula removed and the ball and socket
fixation device remoyed with the tools shown Fig 3 The bead, keptin fld
i a small glass bottle 15 returned to the radio therapy department Thescalp
is reclosed by retwisting the steel wires
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There are no problems in postoperative nursing care 1n regard to radiation
safety precautions The head of such a patient has been momtored and the
bremsstrahlung, at surface level, has been found to measure less than oneanda
half imes the background level

Climcal results

Thus particular group of pauents 15 small 1 number, and m such a poor
r1sh categorv as not to be comparable with other series The results are regarded
by us as favorable The effects which should be gamed m the treatment of
Parkinsomism and paralysis agitans are better known than most other dyskine
stas In the 9 patents with follow up perods of 4 to 11 months there were 6
who had excellent results This sigmfies that the patients regamed normal
motor performance 1 the affected limbs and rehef of ngidiy, tremor, and
bradykwesix There was one patient who had ncomplete rehef Two poor
results occurred  one because of aggravation of a pre ewsting poor mental
status, and ther b aof accdental displacement of the yttrum beads

1t 15 concluded that an excellent result can be obtaned by such a technigue
1t 15 also noteworthy that not one wistance of stupar, coma or ahmetic mutism
occurred 1n the immediate postoperative course ‘There were no instances of
henuplegia which 15 usually a compheation due to hemorrhage Immedsate
postoperative side ffects, which did ovcur, consisted of transient confusion,
slurred specch, transient hemchorea which usually means partial mvolvement
of the subthalamic nucleus Hypophoma as a late sequel was seen 1 190
patents Hermichorea can perhaps be avoided by 5 mm retraction of the bead
when the first sign appears

In order to gam a true evaluation of this kind of operatwe treatment 1t will
be necessary to carry it out on a large number of patients The present trend,
mdicated 1o us n these patents, 15 however that the leston can bring about 2%
excellent response, with a freedom from the side effects that often occur 35 2
result of edema and swelhing

SUMMARY
A tect for that pl yttraum 90 m: ph was used 1n \l;l'c ma(m;;‘
of Parkimsonism paralyms agitans dystonia i! def an b ucmk(c
By utiliang the physieal tharactenstics of heta ermitters to achieve 8 clrcunucnbcdlf:::?m
Tl

Jesion phyncal distuptive effects are asaided The crucial target the ventrolat o
2 subtended by 2 I cm diameter sphencal lesion Amimal expenments has g shown that i::u
of the sausce 1€ necessary to avond migration of the bead Twely £ panients wese treated o i
tion of the patients from 4 to 11 months has shown that an excellent result can be ac

with few ot no wide effects
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ZUSAMMENFASSUNG
Eme Techmk der Thalamotorate mit 3 ttrvum 90 wurde berder Behandlung von Parkinsoms
mus paralysis agitans dystonia musculorum def und cercbellarem Tremor
Bor Aumertung der physikahschen Charal son hlern bam E: von
3 Lonnlcn storende ph lisch b fick o
werden Fine c bslasion von 1 cm D deckt das zu bestrahlende Gebict den
nucleus T haben gezeigt dass die Fiacrung der Strahlenquelle

notig 1st um Verschiebungen dtr Perle zu vermeiden Zwolf Patienten wurden behandclt
Fine Nachbeobachtung der Patienten uber 4 bis 11 \fonate hat gezeigt dass ausgezeichnete
Resultate mit nur gemingen oder gar keinen Nebenwirkungen erzielt werden konnen

RESUME

Les auteurs ont utilise une technique de thalamotemte au moyen de spheres d yttrium 90
pour e trattement de la maladie de Parkinson et des syndromes parkinsoniens de la dystonie
musculaire deformante (spasmes de torsion maladie de Zichen Oppenheim) et des tremble
ments cérébelleux On peut éviter des effets physiques excessifs en utilisant les caractéristiques
phyniques des emetteurs béta pour obtemtr une lésion complete circonscnte La able quil
importe d attemndre le noyau ventral latéral est contenuc dans unc lésion sphénque d un
cm de diametre L cxpénmentation ammale a montré quil est nécessaire de fixer la source
de radiauion pour éviter la migration de la perle Douze malades ont éte ams traités et smvis
pendant une periode de 4 a 11 mois On a constaté qu on peut obtenir un excellent résultat
avec des effets secondaires minimes ou nuls
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FROM TIE DEPARTMENTS OF THERAPEUTIC RADIOLOGY AND NUCLEAR MEDICINE
(DlRECTOR HIRSCH MARRS), MARLEM HOSPITAL NEW YORK CITY, U S A

HEMANGIOBLASTOMA CEREBELLI — REPORT OF A
SIX YEAR SURVIVAL AFTECR ROENTGEN THERAPY
BY TUMOR OSCILLATION THROUGH A GRID

by

Hirscit MaRrks

The madence of blood vessel tumors comprised only 2 per cent of the total
of Cusiings 2033 venfied intracramal tumors Although not exclusiely
charactenistic of the bram these tumors are relatively rmportant 1n neuro
pathology They may be divided anto congenttal anom=lies and true neoplasms
Congenital anomaltes usually occur as erther venous or artertal malformations
These malformations give rise to symptoms resembling those of a brain tumor
The reason for these symptoms 15 usually the size and mereased vasculanty of
the congenital anomalies The venous malformations consist of thin walled
large venous vessels the arteral ones of torhious artenes Degenerated bramn
ussue 15 often found between the vessels Sometimes recogmtion of parallel
streaks of calafication within the walls of such anomalous vessels, 1 the
conventional skull films 15 of help to the chimcian

Hemangioblastomas are tumors usually of middle hife They typify the true
teoplasms onginating from blood vessels and occur, most commonly withm
the cerebellum These tumors are brownish m color on their cut surface and
show microscoprcally lacunae with nichlv cellular tissue m between The cells

95
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Fig 1 Fat globules suggestne of xanthoma cells may be obsered 1 b mangioblastoma when fat
stamns are apphed

have large oval nucler with evenly distnbuted chromatin Fat globules sug
gestive of xanthoma cells may be observed when fat stains are apphed (Fig 1)

Hemangiobl are most c Iy seen as single lestons They are
occastonally associated with angiomatous malformations of the retinae (Var
Hippel s discase) or cyst of Iiver, ladney, ovanes pancreas, etc The combin2
tions of he: bl of the cerebellum with one or more anomahes mont
patient, often famihial 1n nature 1s known as Lindau's disease (Davnorr &

EpsTEN)
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Fig * Absorpton patterns mn pendulum gnd therap

Case report Fery
Pam mn o)
0 the ¢y ey

2le, age 3¢ years Two years before admission she first became aware o
nizht side of her head which grew progressively i mtensity and extent spreading
and face Recently the headaches were accompamied by vertigo nausea vomiting
Pendent of food sntake and on one occasion termmated tn loss of consciousness and
SMUlsions The past hustory ses ealed hysterectomy at the age of 20 vears for excessne bleeding
0 asthma at the age of 16 years
no“ Peusclogical examination the patient was seen swaying s 1th eyes open coniderable
wonr of bead atae gait with falling to the might side and tremor of the nght hand on
DaTy mivement enuncration with irregular force and rapidits Ophthalmoscop 1 ex
:ﬁ"nauon revealed blurred vision nystagmus and bilateral papilledema retnal veins 1 ere
of - 2nd tortuous the artenies were constricted and all vessels were broken ofF at the margins
e ks Spunal flusd studics elicnted the following pressure 380 nm of worr slucose 80
g\/(m ™ chlondes 720 mg 100 ml protemn 52 mg/100 ml
of the . ography showed marked symmetneal dilatation of both 1 ¢ ral ventricies as s «lf gy
© third y enencle with no evident displacement

b Peraty e findings (Schenkman) A reddish blue mass wasseen  + eparating the cerebelle

VeusPhETSs 1t wag hard (o determine whether this mass wa cntirely within the fourtl,

Mthicle or was ansing fror the edge of the nght cerebellar hem | h e Txtreme vaseul iy

E"ncm:d the resection of th mass Several small bopsy specum  were abtaned from thuy

’"‘ﬂ;f 810w descripti  of the pathologic report (Dolgopol speeimen conusted of 4

ey TyETEMS of spong  grayish white tissue gross section  aledd some gr iyl brown
< mictoscopic d cross was Malignant hemangiobla 1« ua

p
690 2 4etg Ry olog Vol I 2 Theapy
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Fig 3 Casc of hemangioblastoma of eerebellum No epilation after 4 000 r in air by rotation through &
grid 10 # 15 cm absence of any depilatory reaction of the scalp

Treatment

Roentgen therapy with the use of a grid was sttuted by tumor oscillation
m an angle of 180 through the sub ocapital region The radiauon was of
quahty 16 mm Cu HVL, 50 cm STD, 250 kV, gnd size 10 x 15 cm with
apertures of 0 5 cm 1n diameter and of an area rato of 40 % translucent and
60 9, opaque The daily dose was 200 rin air The total dose, assessed by the
gradual disappearance of the chinical symptoms was reached at 4 000 r 1 an
and was admnsstered 1n 20 treatment days, m an overall period of 4 weeks and
4 days

The constant presence and vigilance of the attending radiotherapst are the
condition sine qua non of the chinical method of treatment With the symptoms,
and not an a prior1 dose, as the gurdeposts, one 1s compelled to di continue the
treatment once the symptoms have attamed therr vamshmng pomt Some
shight symptoms may persist for 2 while after completion of the treatments
Howcver, when they continue unabated, as was the case with our patents, ad
ditonal treatment must be administered The latter, 1400 r in ar, was de
livered with the same factors as above 1n datly doses of 200 r in air, 1n 3n 0% erall
pertod of 12 days Citrus bioflas anord compaund with ascorlie acsd, 1 500 mg
daily, was administered as adjuvant therapy

Comments

The shin reaction to roentgen iradiation through a grd i rotation 15
reduced to a mummum and s lowest 1n anatomical sites approximating
cylindncal configuranon

This obsenation was gleaned from chmcal expentence about 9 years 350
(Mares 1953, 1954, 1935), at a first attempt at rradsation, by tumorosclﬂam;l;l
through a grid, of a patient in extremis This pauent had been previows
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treated to shin tolerince and returned to work Onc year Inter an emergency
tracheotomy was performed for a diffuscly growing and rapdh evpanding
carcinoma of the laryngo pharynx with arcular metastases to the nech The
ensuing total lysis of the malignant process with no concomitant skin reaction
except erythema served as a powerful incentive to spur the author on the
apply wrradiation by tumor oscillation through 2 gnd as the method of choice
1 alt patients for whom cncompassing the growth daily w1s an imperitive

This method effectively 1mpedes spread of the growth without the dreaded
stress of local and generalized systemic reaction That these reactions were
obvated was largely due to the recovery factors tahicrent tn the untrradiated
spaces as well as to the higher ratio of tumor to integral dosc absorption af
forded by this method

The higher ratio of absorption 1s brought to fruition 1n the following manner
the primary energy impulses emanating from row upon row of gnd pertures
— upon leaving, on the surface film of the masonite phantom the imprint of
agnll (Fig 2), and on the succeeding films beneath 1t a latticenork 1mprint
(Fig 2} — continue to pursue thetr paths in the form of a ripple (Fig 2) around
the osaillating tumor in the depth The primary energies along with their
secondarnies are, therefore duerted away from the penphery toward the re
volving tumor center, and the normal tissues outside the irradiated field are
consequently relieved of the stress of secondary radaton

Thus a physical therapeutic agent roentgen rays — bedevilled by many
side effects of a local and general character which render 1t impossible of appls
cation 1n tumors of large volume — was converted by osallauon through a
grd to a therapeutic agent par excellence, akin 1n 1ts effectry eness to the or
gan affimity or tropism of a chemical agent
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SUMMARY

b of the t was treated by osallation
through a gnd with 250 cloctronkilovolts The patient has been symptom free for the past 6
dears There was mcreased sclective Jocalization of the radiation energy mn the tumor proper
and very Lttle 1n the skin of the scalp

A case of h

ZUSAMMENFASSUNG
kfm Fall mut einem nicht resczicrbarern Hamangioblastom des Klemhirns wurde mut 250
Pxoe]clmunvult muttels Oscillation under Verwendung von emem Raster behandelt Der
'il"lt‘nr it sert 6 Jahren symptomfrer Durch diese Techmk wurde emne erhohte selektne

gie 1m hen Tumor erhalten weil die Hautbe

e
steahlung nur gering war
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RESUME

Un cas d hemangioblastome mextirpable du cervelet a été traié par roentgenthérapie
pendulaire avec gnlle sous 250 kV Le malade a survécu sans symptomes ces six dernieres
années La localisation sélectise de la dose d rrradiation a été tres augmentée an miveau de la
tumeur et tres faible sur le cwr chevelu
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FROM THE RADIOLOGICAL RESEARCH LABORATORIES DEPARTMENT OF RADIGLOGY
(A&SOG PROF R RUG!I), COLLEGE OF PHYSICIANS AND SURGEONS, COLUMBIA UM
VERSITY NEW YORK CITY, USA

IONIZING RADIJATIONS AND THE MAMMALIAN
EMBRYO

by

4
Roserts Rucu

When considering the brologic effects of 10mzing radiations one must never
confuse the embryo with the adult mto which that embryo develops (Rucu
1962) The reactions of the two are totally different both n degree and i
quality Every stage of embryonic or fetal develop 15 more rad. e
than 15 the post natal orgamism by any test apphed Lethahty 1s greatest in
the early stages just after fertihzation, but congemtal anomalies occur more
frequently following roentgen irradiation at a later stage (Rugh 1959 1961,
1962 Rucn & Grupp 1959) Stll later just before birth nexther lethahty nor
congemtal effects are seen but the fetus responds by developmng functional
stquelae which may not be fully manifest for some years Also st must be
Temembered after about 5 months for the human the gonads develop and
contam primutive germ cells which are themselves very radiosensitine and
these cells not only accumulate the damaging effects of radiations 1n terms
of gentc mutations but pass them along unaltered to their progeny

When we realize that the embryo and fetus are so radiosensitive we tend
1o forget that in 1omzmg radiations we are dealing with a physical entity
—_—

Based on work performed under Contract \T (30 1) 2740 for the US Atomic Energy
Commussion and aided m part by Public Health Grant B 2116 and RH 97(C2)
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Fig | a) Mouse egg at moment of invasion by spermato
zoon in the process of fertilization Roenigen trradiation
at this time 35 essentially ke that of exposure of both
gamctes separately This stage 1s very suscephible to
rocnigen srradiation effects usually resulting in death
b) LHect of roentgen irradiation on zygote shortly before
approximation of malc and female pronucier Hyper
chromaticity of male pronucleus has resulted from 15 r
exposure

Fig 2 Upper oviduct of mouse showing four recently
fertilized eggs shortly afier mating

that 15 most powerful An exposure which 10mzes 1 molecule i 10 mithon
(1000 r) will kil most adult mammals, and an exposurc which 1omzes only
1 molecule 1n 1000 nullion molecules (10 r) will cause lymphopenia 10 the
adult and chromosome aberrations and congemtal anomalies 1 the em
bryo Thus, in contrast with the adult, the embryo and fetus arc much more
radiosensitive with respect to 1omzing radiations which are extremely poient
It has been hnown for some ume that roentgen rrradiation of the nnmmahar;_
embryo at the beginmng of neurogenesis will cause the highest pchCm"B':‘l Ds
; gross CNS anomalies (Hicns et coll 1952, 1953 1954, 1959) Ilus P””OI ’!
about 75 to 95 days for the rodent (mouse or rat) and about 18 to 25 day
for the human It 1s ikely that any trauma would have a mavimum effect l:
producing these 1nomalies 1t such a time, but jomzing rndmum:s/ ﬂl;_'-'djc
penctrating so tnstantineous tn thewr smpact that as many as 48 o ©!
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Fg 3 a) Fragmentauon of ferulized eqg by 15 1 exposure at thestazeseennfg 7

Picces of cytoplasm are pinched off but both pronucle: remam in the larger frag

ment of cytoplasm by Con plete fragmenta son of zvgote from 1a rexposure ) Ex

posed zyzote pinching off ¢y toplasm but this time the pronucle: are contained within
the disca ded materjal The remaining cytoplasmisc mass without exther nuclear
component_could notsurive While 15  can cause these effects their occurrence
w stausncaily low

mouse embryos exposed at 85 davs will develop the severe cercbral anomaly
known as exencephaly or bramn hermia (Ruer & Gruer 1959 1961, 1962)

Following the completion of organo enesis 1t 15 tmpossible to produce gross
congenital anomalies by means of 10mzmg radiations Some anomalies can
indeed, be caused but they affect the cyt arclutecture of the bramn on an
Tustologic level Itis now believed that levels of exposure much lower than the
200 r referred to will ehicate functional effects not always mamfest at birth
In fact there 1s evidence that behaviour effects evident throuch electroen
cephalography and possibly other mental disturbances may follow by vears
the exposure, even at low levels, of the late fetus

Prior to the onset of neurogenesis 1t about 7 5 days 1n the mouse embryo
1t had long been assumed that congental sequelae could not be elicited by
lonizing radiations (Russer. 1950 1956 1957 Russert & Russerr 1956)
This was because rather high levels of irraciation were used 50 that most of
the early embryos were Lilled It 1s the suruving but damaged embryo that
shows the congemtal anomaly so that a dose which hills off the majonty of
carly embryos would be one to actually reduce the madence of congemtal
anom ihes

Recently 1t has been demonstrated that exposures of as hittle as 10 ¢ 10 the
mouse embryo 1 the 2 cell stage can cause the development of exencephalia
the cerebral herma True 1t does not occur n great frcqucnq but the fact
that 1t accurs at all m a stramn of mice where 1t had never before beey, g <
among the controls suggests that possibly even 10 r1s not the threshold dcen
for congemtal effects (This anomaly has recently been seen among ng ose
dhated controls the frequency being 3 1n 18000 control embry o5 ) n wra
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Fig 4 a) Three mouse embryos m 2 cell stage onc
showng only a ungle blastomere 1n thus sectian but
persistent polar body visible This stage ts 2lsovery

‘ radiosensiive  b) Expesure to 15 £ at the stage
secn1n (a) hyperchromatic nucler

a

Exencephalia bran herma 1s a developmental defect which prevents the
closure of the neural folds at the mid bram level, so that the cramal roof does
not form properly and the brain protrudes through the skull roof This and
the related anencephaly occur at a rate of about 1 1n 500 cases of human
births, but can be produced regularly i rodent embryos by roentgen wradia
tion at certain times Whether background or even extended diagnostic i1
radiaton might be the cause of this anomaly 1 human births 1s, at this tme,
still conjecture However, st must be suggested that the human cmbryo 18
probably substantially Like the rodent embryo m regard to radiosensitivity,
and while we cannot extrapolate from the rodent to man, we should t1ke
rodent data as suggestive

The above statements have been made on the basis of findings with over
60 000 mouse embryos 1nd fetuses, examined shortly before and alter birth
It so happens that the mouse, producing congemitally abnormal newborn
will kil and devour them immedrately so that 1t 15 necessary, in order to obtain
reliable statistical data, to study most of these fetuses just before the nme of
expected birth

Current studies are directed toward a further understanding of the relauon
of embryonic or fetal exposure and a large vanety of congemital anomalies
However 1t seems quite defimite that the studies will have 10 be directed '(0
the Jesels of clectron microscopy forstructural effects and to the electroencep™t
alogram the electroretinogram, and standard bhehaviour tests, to determine
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Fig 5 Four cell stage roentgen treated to 15r at 2
ecll stage but showing cleavage with hyperchromatic
nucler This embryo would probably die shortly
Exposure at the 2-cell stage and exammed at 3!
days this Blastula shows a2 gant cell with uma1

chromosomes (above) This and vacuolization are
common sequelae to early roemtgen irradiation
msult

effects not seen by histopathology Further we are forced to lower the exposure
level and are currently studying the effect of 1 5 and 10 r single exposure at
each and every 24 hour penod from feruhzation to 185 days gestation Em
bryos and fetuses thus exposed arc being analyzed for immediate effects as
well as those long term sequlae such as stemhity leukemua, cataracts agemng
and the mncidence of a vanety of tumors

D

g hology 15 as 1 to medical practice as the scalpel 1s to
the surgeon Yomzing radiations, used for peaceful purposes have and will
advance cuilization more rapidly than any other single physical aid known
to man Therapeutc levels of roentgen irradiation are saving the ltves of thou
sands by treatments every day Thus there 1s no justification m condemmng
lomizing radiations upon the realization that they can be so desastating to the
embryo and fetus Rather the chimcian should be mformed of these findings
and urged to protect the gravd uterus in all mnstances of pelvic arradation
Further since the human embryo 15 probably most radiosensitive at a time
when a pregnancy 15 least suspected namely between 15—42 days after the
onset of menstruation, 1t 1s rapidly being an <ccepted practice to himuit exten
sive radiodiagnos:s of the female pelvis to the first 9 days following the onset
of menstruation 1n order to avoid the earhest stages of an unsuspected preg

nancy In this way we may eventually reduce the 5 9, incidence of congenital
anomalies expected 1n human births
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Fig € For legend sce opposite page
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Fig 7 When mouse embryos ace exposed at 35 davs (Cf fig 6a)
10 20 £ and sury se they mav develop these severe cephalic anormalies
Gound n the sole surwors of & stagle htter The damage appears to be
largely of the C\S and anteror although ther arc always some m
temal anomahes such as of the kidney heart et Such tnd viduals
could not survive

Legend 10 Fig 6 a) Three blastula suspended with n the ute ine lumen at 3 5 days after copulat

1 the mouse Thes would be expeeted 1o mplant w thin 24 hours and 2 h ghly ndxos}::iml\o:
b} Blastuly fo roentgen rays sho ing vacuolizat on of some cells (above) ¢} Roentgen
irradiation at the blastula stage (shown i a) but allowed o develop to ime of implantation (shown
m d} and accumulanon » thin the blastococl of loose cells wh ch have been discarded by this carly
embryo IF such an embryo should survive and develop 1t would be deficient to the cxtent of these
isca ded eells propo tionately to the wtal numbey of cells of the blastula dj Normal smplantat o
2t 43 days after copulaton €) e al groo ¢ at 73 davs de clopment when there is abundant
mew ectoderm be ng transfo wed nto neuroblast wh ch are extremely radiosens tve 1T exposed to
Toentgen rays n excess of 25 and examned with n 24 hours ¢ can be seen that many of the sennitne
cr:\z!;vh;\\in been Iulll‘ed (;gd next v;,cw) f{ \e;:r;l géoo 3 “'; hours after rocntgen wradiat on showing

oue cells and many being sloughed off nto the ext
Tkt n & mearal dehe it embryd 2gd forn erior of the embryo. Sunaval would
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Fig 8 An entrc Itter as found in the bicornuate uterus of the mouse
at 185 days showing 5 out of 11 members with the extreme cerebral
anomaly known as exencephalia or brain hernia This was due to expo

sure to 200 r at 8 5 days of development when the neuroblastsof the CNS
were most abundant

Fig 9 Heterozygosity 1s a protectine vanable for 2 ult mice
known as heterosis but th s does not apply to the embryo T! s
15 a htter of hybrid mice (CF1 X C37) cxposed a1 8 5 days to
200 r showing a vanctv of anomalies from munor stunting (up-
per left) to death and resorption (lower right) Intermediate
effects are exencephaly and gross stunt ng
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Fig 10 One instance of hereditary exencephalia caused by
exposing the female mouse to 100 r and breedmg her to a nor
mal male This anomaly appeared in three successine generations
though infrequently therefote genenc

Fg 1
bram hernia
selopment of the brain and the covening
e nal roof The balance of the head
wnclud ng the eye app ars to be rather
normal

Enlarged view of e encephal a
due 10 mtcrrupt on of de

Fig 12 Roentgen views of the skeleton at birth of a nor
mal (above) and a fetally oentgen wradiated (below)
mouse skeleton showing that there 15 topograph cal mor
magxy lhougl;l (l'(lreme stunting in the exposed mouse This
18 due to ccll loss at an early stage th

being ut lized by the. embryo ac a whop o g Cle

as
well balanced. though reduced g vidugy * 471D 3
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Fig 13 An entire hitter of rats at birth following exposure
to 100 ¢ at 95 days embryomc development The great
variety of anomalies occurring within the single hitter
exposed to identical roentgen wradiation 1s notable

Fig 14 Enlarged view of fow members of htter seen 1n fig 13 10 show
gross anomal es largely invols ng the central nerous svstem
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Fig 15 Enure | tter of rat embryos just before ume for del very show
og death and resorption of three dead fetusey also three in number
and the remaining fetuses reduced but still to look more Like mouse em
bryos

F3 16 Hem sected skulls of tworars a1 2 weeks
of age ho ing (abo ¢) control with normal
brain and {below) roentgen wrad ated to 100 £ 1n
utro at 95 davs showing collap ed bran of
hydrocephalus nd vidual

11
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Fig 17 Grost sections {transverse) of brams of rats at 2 months
of age The sngle control to the lcft and other five are members
of a single litter showing variaus degrees of hydrocephalus

Fig 18 Control to the left and two brains of hydrocephalic rats
treated by 100 1 at 9 5 days gestation These roentgen icradhated
brains are also grossly distorted

SUMMARY

It has been found that the mammahian embryo shos s varying reactions to Jonizimg wsations
such that 1t 1s alwavs morc radiosensitive than 1s the adult into which 1t dc\rln[l-ps nlr':)}::
stages 100 times as sensitne After 15 completed 1 o
system are rarely produced but exencephaly (bratn hernia) has been cawsed

raditions smpinging upon the 2 cell stage of the mouse with an exposurc of a3 1

by sonuzing
itle as 107
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ZUSAMMENTASSUNG
Es wurde gefunden dass der bryo Jomssierter \ 1 d
artige Reaktionen zeigt So st er ca 100 mal dlicher als das erwach Mut
terter das den Embryo in sich tragt Nach sind len Miss-
bildungen des \ervensystems selten Jedoch honnte mut so cmer gerngen Dons Jonisterter
Strahlung wie 10 r1m 2 Zellstadium ber der Maus E {; )
verwrsacht w rden
RESUML

On a constaté que les embryons de mammiferes ont des réactions vanables aux radiations
10nsantes et sont toyours plus radiosensibles que 1 adulte dans lequel 1ls se développent a
certains stades 100 fois plus sensibles Quand la neurogéndse est terminée les anomalies du
systeme nery eux surviennent rarement mass 1 exencephahie (hernie cérebrale) a été provoquee
Pr des radiations sonsantes au stade de 2 rellules chez la sourss avec des doses ne dépassant
pas 10 r

REFERENCES
Hicks S P Some effects of 1omzing rad and ! on the developmg
mammabian nersous system ] Pediat 40 (19:7) 489
~ D 1 d a ble of their d )|

Amer J Roentgenol 69 (193) 272

~ Mechamsm of radation anencephaly anophthalmua and prtunary anomalics repair 1n
the mammahan embryo Arch Path 57 (1954) 363

— Dawato C J and Lowe M ] The development of the mammalian nervous system
J comp Neurol 113 (19:9) 435

Ruch R Tomzng radiations Their relation to the etiology of some congemtal anomaties
and human disorders Milit Med 12+ (1929} 401

— Effect of low levels of \ irradiation on the fertilized egg of the mammal Exp Cell Res 22
(1961) 3¢

~— The impact of 1onizing radiations on the embryo and fetus Amer J Roentgenol 89
(1963) 182

—and Grurr E X d e halia Amer J R 81 (1959 1026

— — Encephaha following % of the pre embryo J
Neuropath exp “eurol 18 (1959) 468

Ristern L B N ray mnduced abnormalities n the mouse and their use in the analysis of
embryonic patterns J exp Zool 114 (1950, 545

— Effects of low doses of X ray on embryome development 1n mouse Proc Soc exp Biol
93 (1957) 174

—and Russei W L Analeis of changing radiation respouse of des cloping mouse embryo
J exp Zool 131 (1935\ 329
— Tonzing rad an 1

(1962) 883

of the n rvous svstem Maltary \ed 127



FROM THE NEUROSURGICAL SERVICE (DlRECTDR ASSOC PROF W H S\\EET) AND
DEPARTMENT OF NUCLEAR ENGINEERING (D!RECTOR ASSOC PROT G L BRO\\\ELL),
MASSACHUSETTS GENERAL HOSPITAL, BOSTON, MASS U< A

BORON-SLOW NEUTRON CAPTURE THERAPY
OF GLIOMAS

by
W H Sweer A H Sorowav and G L BrowaEeLL

The type of radiation followng capture of slow neutrons presents a pussxblc
method for destroying tumor rootlets which remaun after surgical exurpation
of cerebral neoplasms

THERMAL ALPH\

BOROW! + \EUTRCN—"[BORO\ ]—- LITHIUM (067 mey) + pyppear (157 7

B+ oo — [B]-— L (087mev) +a (15 mev)
[ 1 = Symbol for unstable compot nd rucleus

When the 1sotope boron 10 captures 1 slow neutron the ensuing compound
nucleus disintegrates at once 1nto a lithium atom and an alpha particle Th;ic
share betwcen them the huge energy, 2 4 million electron volts w hich 1s 1l sl;
evolied But because of the relatively cnormous size of the particles they 1€
only 1bout 8 microns 1in tissue Hence the destruction they cruse 18 cnnﬁn;‘;)
to the site of the disintegrating atom The greater the concentration of boron
n tumor than in brun the greater the differentil mjury to the tumor
During the lst 8 vears 140 boron compounds hasve been studred by

way (1, 2,4, 5 6) 1n mice, bearing ghomas  re the differential tendency o
compounds to enter the tumors and 1n larger tmals s well for their to!

Soro
of the
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Fig 1 Poron roncentrauon i man wmiravenous myccton of 3 mgfkg
p-carboxyphenylboronic aad The curse marked with empty circles rep-
vesents 17 b opsies in 7 pat ents wath ghoblastoma The curve marked
with §fled circles represents 1 biopsics in 6 patients with normal braw

The 6 most favorable of these hnve then been gnen mtrasenously 1 small
doses to patients while they were undergomg cramotomy for tumor The tumor
and any normal bran necessanly removed with 1t yere assayed for boron
Fig 115 a plot of boron concentration aganst time for globlastoma and for
normal bran 1 man when the compound given was paracarbovybenzene
boronic acid The tumor to brain ratio 15 to 45 munutes after njection rises
slowly from 3to L up to 5 to 1
D= Rovervwont and SoLow as have demeonsirated that the barrier mechamsm
between blood and normal brain 1n the dog recos ers from the nsult of cerebral
lobectomy withun three weeks
Hence we seeh 1n our panents to carry out the srradiation from the boron
slow neutran capture 2 to 3 weeks after the grossly total resecuon of the tumor
The ongmal wound s completely re opened 1 a special operating theatre
(Fig 2) beneath the core of the nuclear reactor of the Massachusetts Institute
of Technology Scalp muscle and bone which hike tumor take up much boron
are widely reflected 1n order to mintmize radianion Injury to them (Figs 3 and
4} We place thin gold forls on cerebral surfaces and uny gold wires nto the
depths of the brain
Followig the srradiation we measure from the radioactivity induced 1n the
gold the slow neutron dose From these analyses and those for boron uptake
cbtuned at the first operation on each patient we arrive at a first appronimation
of the dose due to heavy paruicles Moreover smce the slow neutrons penetrate
matter poorly we also remove the cerebrospmal flud at the lobectomy site and
W necessary replace 1t by an air filled balloon A tube to the bottom of the field
1s connected to suction for preventng accumulation of cerebrospinal flud
during the 30 to 105 munute penod of tradiation: The patient 1s elesated to the
caling portal we leave the room but give anesthesia and check the wvital
$1gns from the adjoining area outside the concrete shield
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Fig 2 Cut away diagram of M T T nuclear reactor The operating room I s
cdirectly below the core of the reactor A hvdrauhe hft on the operaung tabic
permuts elevation of the patiem o the calirg when the wound has been rc
op ned Shutters above the caling portal in the operatng room are indepead
cntly controllable so that all other reactor studies proceed without interferenc

Between mid November 1960 and mid August 1961 we arrachated 16 pa
tients after trivenous ngection of paracarboxyhenzeneborontc acid made
with boron 10 Eight of these have alrexdy died from 2 to 6 months after It
radiation and the post mortem matcrial from 7 of them 1s still under study
Tentatnely however we can say that our tactic has not given enough radration
to tumor cells The dose to neoplasm at the surface of cut face of brun has been
steadily sncreased from 4 000 to 16 000 rad Normal bram recenved 1bout i3
that amount Among the 12 patients rrradiated between 4 and 10 months g0
there 1s but one escelleat resule That we did achiey¢ some destruction of tumor
15 suggested by a comparison between the next two pars of figures The radio
arceque scan of a patient with a globlastoma just before operation nd the
typical residunl tumor scen 43 days after a grossly total removal via lobectom),
are seen 1 Fig 5 In Fig 6 are shown the scans of another pruient just before
operation and 56 days after ssmilar surgery plus reactor radittion 3% d“’;
previoushy  Although almost no tumor can be scen here, 1t dul recur M
has since Lilled the patient
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Fig 3 General vie of the right frontal lobe prepared for radiation & 3 hite
arcular boron loaded ceramic cone surrounds the area of ex rain The an

terior frontal zone of previous tumor removal 1s filled w th an air tflated balloon
(at 8 to 10 o clock near peniphery of inner circle enclosed by cone) Ths facil tates
access of the slow neutrons to the cerebral area contaiming tumor remnants

Another lith um filled rubber balloon — 11 to 1 o clock at peniphery of inner
crele — protects underlymg tempo al muscle from neutron radiation The
Black flaps hanging down from the outer circumference of the wh te conc are a
boéan loaded plastic to protect the remamnder of the head and neck { om this
radiation

Fg 4 Clos up view of s teprepared fo adiat on Thea r fll d balloon 1n the
areaof pre ousp tal lobectomy 15 anchored 1 place by a nilk sutu ¢ through
the dura flected m dullv at th  upcnor m dline
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Fig 5 Postrocephalograms i one and same patient a) Pre op ofa
densc concentration 1n & posterior infenor frontal ghoblastoma b) 43 days afie:
of the glioblastoma Abnormal ssotopic uptake in the original area 1s sl recogrizable

£ grossly total remoral

In our next series which has already started with one patient we are gning
sodwmn perhvdrodecaborate N1,BjHie Advantages over our previous com
pound arc (1) this molecule has a far greater percentage of boron (2) it s
Jess toxic and we have given 1t 1 doses up 10 50 mg of boron per hg of body
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Fig 6 Postrotephalograms i one and same patient a) § re-operatiyely of a tadioarsenic scan ¥ O4inR
degut concentration i a temporo parictal ghoblastoma b o€ days after grovly wial ::r':\::.rﬂ":
tumor and 34 days afier boron slow neutron reactor therapy \ore striking reduction in
notopic uptake than 1n the non wrradiated patient in fig
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Fig 7 a) Gl oblastoma multforme sodium perhydro- ’—... 2 C borybe ronederome 2 it
d G between and | Sod mP Areods borte
wntra arteral njecuions of uptake m bram and tumor

n human subjects b) Mice studics with standard
devsat ons Uptake of two boron by mouse
bra and mouse ghomas

weght without all effect (3) 1t mamntains a high tumor to bram ratio of nearly
7 to 1 1n mouse ghomas longer than the paracarboxy compound (Fig 7a) and
(4) 1t 15 water soluble at pH 7 4 and can be 1njected directly 1nto the common
carotid artery distal to temporan, occlusion of that vessel and with the external
carotid tied off (Fig 7b) In the 6 patients illustrated here a portion of tumor
and contiguous normal brain was removed following intravenous injection
of 3 mg per kg of Na B,,H,, Then about 1 hour later the same amount was
mjected directh 1nto the proumally occluded ipsilateral common carotid
artery and the extirpation of the tumor w1s concluded We find an average of
about 2 1/2 imes as much boron m tumor after the second 1njection contrasting
with 1 1/2 umes as much m normal bramn thereafter We have exploited this
tactic sull further by irradiating our first patient after an injection of Na B,,H,,
while both common carotd artenies were occluded  Another favorable change
m our physical facihity has occurred namehy a doubled output of the reactor
from 1 to 2 megawatts permitung a lowening of the unwanted gamma dose
from the reactor core

Aided by these two major changes we hope our next senes of patients will
show more satisfactory responses than the first group
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SUMMARY

The most favorable among 140 boron compounds studied 1n mice bearing gliomas have
been checked for their toxuty in larger ammals and of these the six best have been finally as
sayed in man for use m neutron capture therapy by analyses of tissue uptake during cranio-
tomy and by toxicity and excretion studies 1n terminal glioma pattents An tratial series of 16
patients were wradiated using mntravenous mjection of paracarboxybenzene boronic acd
made with boron 10 Dosimetnc and operative techmiques are described Treatment of 3
second series has begun using an even less toxic compound contanmg far more boron and

suitable for d snjection { porary occl of both the common carotd
arteries
ZUSAMMLNFASSUNG
Die h + der 140 Bor Verk die an Mausen mit Glioma studiert
wurden wurden an grosseren Tieren bzgl threr toxischen Wirkung untersucht Die 6 besten
Vi d wurden schl h am Menschen zwecks Neutronenbestrahlung ausprobiert,

wober die Aufnahme 1ns Gewebe wahrend emer Rramotomie die Towzitat und die Aus-
schesdungss erhaltmsse ber Patienten mut termmnalen Ghomen studiert wurden Zu Begint
waurde ene Gruppe von 16 Pauenten unter A d hoxyb Borsaure aus

von y
Bor 10 behandelt Die d he und op: Technik wird beschneben Ef
wurde eme Behandlungsserte begonnen wober emne geringer toxische Verbindung zur An
wendung kam S enthalt bedeutend mebr Bor und eignet sich fur Injektion n dae Artend
carotis xm Anschluss an temporaren Verschluss beider AA carotis commun

RESUME

Parm: 140 composés du bore expérimentés sur des soutss porteuses de ghomes les phss
favorables ont été testes au pomt de vue de leur touicité sur des antmaux plus gros Les i€
maitleurs de ces composés ont été essayés sur | homme en vue de leur uthisation pour un
traitenent par capture dc neutrons cette expérimentation faite sur des malades atteints de
ghomes au stade termmnal a comporté des analyses de fixation tissulaire au cours de cranio
tarmes et des études de toxieité et d excrétion Une premuere séne de 16 malades a é1¢ |‘r’
radiée aprés injection 1ntraseincuse d aride paracarboxybenzéne borique fait avec du bore I /
Les auteurs décrnent la du et de Ia dosimétne Le t d o
seconde séric a €1¢ entrepris avec un compos¢ encore moins tovique  contenant br:u;l::f
plus de bore et utilsable en injection ! apres occl ¥ des
carotides pritmutives
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AUs DER NEURORADIOLOGISCHEN ABTLCILUNG DES STRAHLENINSTITUTS (DIREP\TOR
PROF DR IT OESER) DER FREIEN UNIVERSITAT BERLIN, DEUTSCHLAND

NACHWEIS VON CEREBRALLN STRAHLENSCHADEN
MIT RADIOAKTIVEN SUBSTANZEN

von

Sicurp WENDE

Um den Emfluss emner Rontgen Tiefentherapie auf die Blut Hirn Schranke
festzustellen, erfolgte ber Pauenten, die wegen emes bosartigen Hirntumors
bestrahlt wurden zu wiederholten Malen emne Gamma Lncephalographic
Die techmsche Durchfulirung dieser Gamma Encephalographte wurde be
reuts i , Ergebnisse der Hirntumor Diagnostik mut radioaktn en Substanzen
geschildert

Wir fuhrten werterhin tieresperimentelle Untersuchungen durch um das
erste Auftreten ciner bestrahlungs bedingten  Permeabilitats Storung  der
Blut Hirn Schranke erfassen zu honnen

Die Abb 1 zeigt die Differenz Prozent kurven aner Patientin nut cinem
Astrocvtom  rechts fronto parietal  Die beiden oberen hurven geben die 2
Std Werte vor und nach Beginn der Rontgen Therapie und gletclizestiger
RISA Injekuion an Es st daber deutlich zu erhennen, dass nach der Ront
gen Bestrahlung von 150 r auf die rechte Panetal Region cine erhebhiche
Impuls Zunahme gegenuber der 1 Messung ber der Voruntersuchung 7u ‘CI;)
zeschnenast 24 Std spater wurde dic linke Parictal Regron ebenfalls mat 15
r bestrahlt Die anschhiessende Gamma I ncephalographie zugte cn un
regelmassiges Runenbild 7war besteht noch immer cin Impuls chr\ncﬁ;
der Tumor Seite also auf der rechten Hermisphare, uber dem Bestralifungsic
bet Pry 1t es nun jedoch zu eincr deutfichen Impuls Friohung gehommen

122
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Abb 2 Impuls-hurien cines \strocytoms vor und ber Rontgen Therap ¢

Emn ahnliches Lreebnis zeigt die Abb 2 Es handelt sich daber um einen
Aranken mit emem Astrocytom hinks partetal Auf derhnken Seite des Bildes
finden sich die Tmpuls hurven 24 Std nach RISA Injehtion Die Impuls
Erhohung uber dem Tumor Gebiet 1t deuthich erkennbar Die hurven auf
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der rechten Seite des Bildes geben wiederum die Tmpuls Werte 24 Std nach
RISA Injcktion wieder Diesmal erfolgte aber vorher eme Rontgen Bestrahlung
des Gelirns mut 100 r rechts und links panetal Durch diese Rontgen
Therapie hat die Impuls Hohe uber allen Hunabschmtten deutlich zuge
nommen

Die sigmfikante Impuls Erhohung sofort nach Beginn der Bestrahlung Jasst
sich auf eme Permeabilitats Storung der Blut Hirn Schranke zuruckfuhren
Diese Permealnlitats Storung macht sich im Kinischen Bild mit emner /Zunahme
des Hirndrucks bemerkbar es tritt eme deutliche psychische Verlangsamung
bis zur Somnolenz ein Derartige Veranderungen honnen als Zewchen eaines
zunehmenden Hirnodems aufgefasst werden das sich durch die Gamma
Encephalographie objektivieren lasst

Um Beginn und Ablauf des cerebralen Strahlenschadens bzw des Hirn-
odems erfissen zu konnen, erfolgten terexpenmentelle Untersuchungen nach
umschricbener Rontgen Bestrahlung des Gehurns .

Dic Impuls Messungen uber der Schadelkalotte wurden 1n gleicher tech
mscher Anordnung durchgefuhrt, wie sie berats ber der Paucnten Unter
suchung geschildert wurde Als Versuchstiere wurden ausgewachsenc hanincher
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Abb 5 Tmpuls Werte vor und nach Bestrahlung  Abb 6 Impuls-Werte sor und nach Bestrahl
\on 12 ¢ bz 400 r ung von 800

mit emem Durchschmttsgewscht von 2 5—3 kg verwandt Die Tiere erhuclten
vor jeder Untersuchung zur Blochierung der Schilddruse eme intravenose
Jod Injehtion dann wurden 100 xC radioahtives yodiertes Kamnchen Serum
Alburmn (RIKSA) mpiziert Die Impuls Messungen erfolgten 3 Std 24 Std
und 48 Std spater Ber der Untersuchung waren die haninchen auf einem

Tierbrett fiviert dadurch wurden Bewegungen des hopfes mit den daraus
resultierenden M. heten glich Die Messun en erfolgten ber
freigelegter Schadelkalotte sowohl uber der Area agranularis praecentrals als
auch uber der Area stnata (Abb 3 und 4}

Nach emner Vor

zur g des A g tes fanden
dann 1m Abstand von 14 Tagen die werteren Untersuchungen statt Vor der

2 Isotopen Injekuon erhielten die Tiere eme emmalige umschnebene Ront
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Abb 7 Impuls-Werte vor und nach Bestrahlung von 1500 r

gen Bestrahlung des Gehirns Die verabfolgte Dosis hetrug je Versuchsuer 121
—5000 r Jeweis 5 Tiere wurden zu emer Versuchsserie zusammengefasst,
3 Tiere wurden bestrahlt 2 Tiere dienten zur hontrolle Der Abstand von
14 Tagen zwischen den ) } hal um

n Unter gen wurde emg
emne vollstandige Ausscherdung der vorher 1npzierten radioaktiven Substinz
zu gewahrlessten

Die Abb 5 zeigt dic Impuls Werte bex den Versuchsserien , 12 1
,400r  Esistzu erhennen dass bet der Messung nach der Bestrahlung, hemne
Erhohung der Impulse gegenuber den Werten der Voruntersuchung auf
getreten ist Die Versuchsserien ;251,50 r, ,100 r und ,,200 7 zetgten
das gleiche Ergebms

In der folgenden Abb 6 sind diec Werte der Versuchssenie , 800 «
gegeben Auf dem oberen Teil der Abbildung sind die Ergebmisse der A
suchung und die Impuls Hohen nach der Rontgen Bestrahlung dar

und

wieder
‘orunter
gestellt
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Abb 8 Impuls\ ste or und nach Bestrahlung von 3000  bzw 5000 r
Es findet sich hier em deutlicher Impuls Anstieg 3 Std nach der Bestrahlung
wahrend che Werte 24 5td und 48 Std  spater keine Abweichung gegenuber
der \ oruntersuchung aufwersen Der untere Ted der Abbildung zeigt die
1 lesbenden Mess Lrgel der Kontrolltiere

“och deutlicher hommen die Veranderungen ber der Versuchsserte ,1500¢
zum Ausdruck Wiederum auf der oberen Halfte der Abb 7 sind die Impuls
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Hohen ber den bestrahlten Tieren angegeben Hier hegt der 3 Std Wert 40 9,
uber dem Mess Ergebnis der Voruntersuchung Die M gen nach 24
Std bzw nach 48 Std zeigen dass die Zunahme der Impulse pro Minute
gegenuber der betreffenden Voruntersuchung sogar 86 95 bzw 110 9 betragt
Im Gegensatz zur \ersuchsserte ,,800 r 15t hier also micht nur eme Impuls
Erhohung sondern auch emn erheblich verzogerter Abfall der Messwerte fest
llen Die Untersuchung wertere 14 Tage spater ergibt, dass die Impulse

gegenuber den Ausgangswerten noch massig erhoht sind

Vergleicht man dazu die Messungen ber den hontrolltieren der gleichen
Serte (untere Halfte des Bildes) so 1st heine sichere Differenz zwischen den
emzelnen Untersuchungen erkennbar

Die Abb 8 zeigt die Versuchsserren ,3000 r und ,,5000r Auch hierbe:
lasst sich wieder die erhebliche Zunahme der Impuls Hohe nach der Rontgen
Bestrahlung erkennen

Aus den tierexperir llen Untersuch Lann geschl werden,
dass nach emer umschnebenen Rontgen Bestrahlung des Gehirns cine Perme
abilitats Storung der Blut Hirn Schranke auftnitt Ste stellt sich in ahnlicher
Form auch nach der Rontgen Bestrahlung von Patienten mut Hirn Tumoren
em Diese Permeabilitats Storung kann mut der Gamma Encephalographie
durch die Zunahme der Impulse gegenuber dem Messergebnrs der Vorunter
suchung objektiviert werden Sie begnnt sofort nach der Bestrahlung und
klingt dann allmahlich ab Vier Wochen spater 15t die Ausgangslage wieder er
reicht
Unsere Messergebmisse haben ihre Parallele in den histologischen Unter
suchungen, ber denen sofort nach der Rontgen Bestrahlung des Gehirns ein
penvasculares Odem festgestellt werden hann das sich nach emger Zeit
wieder zuruchbildet

ZUSAMMENFASSUNG
Nach ewner hriebenen R b des Geherns stellt sich emne Permeabll
tats Storung der Blut Hirn Schranke e die sich mit der Gamma Encephalographic ob-
sekinvieren lasst

SUMMARY
Localzed roentgen trradiation of the brain causes increased permeability of the blood
brain barner which 1s demonstrable by means of gamma encephalography

RLSUMF

L wradiation roentgen locahisée du cerveau augmente la perméabilité de 1a barniere b
cérébrale que 1on peut mettre en évidence grace A la gamma-encéphalographie

émo-
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FURTHER ATTEMPTS TO INFLUENCE THE
ELIMINATION OF RADIOSTRONTIUM
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ARNE Nersoy, Curt Rosnsack and Leva Rosen

In an eatlier 1nvestiganon the effect of St chlonde Sr lactate Ca chlonde,
Ca lactate Na lactate CaNa,EDTA and CaNa, citrate on the elimmation
of radiostrontium after mtrapentoneal ijection was examined n mice (CarL
Qvist & Nevsov 1960} Only strontium salts and calcium sodium citrate of the
tested agents were able to decrease the retention #f gnen within half an hour
before or after the ad 1on of radiost The optimum effect
was obtamed with Sr chloride the effect of Sr lactate being less All other agents
te ted mcreased the retennion

In spite of the ugh number of ammals giving statsncally sigruficant results
we considered that some of them required further confirmation It was there
fore decided to repeat some of the mvestigattons using a different method of

of the r of rad trm  In the previous studv *Sr
was used and the radioacuvity was measured with a G [ detector and a
cons entional scaler after ashing of carcasses (method 1) In the Ppresentinvestiga
Bon #Sr which1s2 3 emtter was employed and the retention in each animal

measured after different intervals by means of a small animal counter with a
plastic scintillator (method 1I)
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‘Table 1
Expenmental conditions
Agents Concentration Dose mM/kg No of am
mals
Phys saline (controls) 099, — 30
Sr chlonde 02 M 20 30
Sr lactate 02M 15 30
Sr » 02M 20 29
Ca chlonde 02 M 10 53
Ca lactate 02M 10 30
Ca « 027 15 28
Na » 02M i0 29
Na » 027 20 28
Na rhodizenate saturated about 03 30
g sulfate 02M 30 30
CaNa EDTA 0ZM 29 30
CaN\a EDTA 04M 40 30
CaNa DTPA 02M 20 60
CaNa DTPA 05M 50 20

Materials and Methods

AMice CBA mice males all aged 75 to 80 days, were used 1n the study, total
number of animals 460 divided into groups of 8 to 10 as seen 1n Table 5

Raduostrontium  Carmier free strontium 85 1n nitnic actd was neutralized and
diluted with physiologic sahne Each antmal was given a volume of 0 5 m! con
tatning about 01 uC *Sr Due to the decay of the radionuchde the concen
tration of the radiostrontium solution had to be corrected 1n order to produce
the same radioactive dose 1n the same amount of solution, 1 ¢ 05 ml Thein
Jections of radiostrontium were made intrapentoneallv (1p)

Agents The different agents (see Table 1) were also administered 1p to
the amimals 30 and 10 min before, and 10, 30 and 60 min and 24 hrs after the
adminmstration of radiostronttam The controls received 0 5 ml normal saline
at the ime intervals given above The doses of the vanous agents arc expressed
as millimoles per kilogram bodyweight (mM/kg)

Measurements The measurements have been performed with a ‘small animal
counter , bult at our msttute (NiLsson 1961) The detector 1s a large well
shaped plastic crystal the dimensions of the well are length 210 mm and
diameter 90 mm A photomultplier tube with a relatively large cathode diam
eter, 110 mm, 1s attached to the santllator The effectivencss of the dctccto;
1s about 30 %, A discnmunation to gne the best valuc of the ratio mu"i? o
sample/counts of background under the gnen crcumstances was made (Rov

pAck 1962)
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Table 2

Retention tn controls at dyfferent fimes after wmyection of 5S¢ as percentage of wtial measurement {per
centage of dose edmmustered)

ot corrected Corrected for
for deeay decay
Lday 651 68
3days 519 540
7days 49 479
10days 396 437
Idays 373 a4
30 days 258 333
90 days 127 31

The ammals contained 1n a cyhndric plastic box with a diameter of 65 mm,
were placed 1n the crystal in such a way that the centre of the animals lay on
1ts central axis The ammals were measured within 3 min after injection and
at 1 3 7 and 14 days after admunustration of #Sr and were then sacnificed
(except for the controls) The amount of *Sr mjected was calculated to gie
an mtial count of 63 000 4 2 000 cpm

Resnults

The results of the measurements of the retention of #Sr 1n the control group
are seen m Table 2 The figures corrected for decay are also gren The results
of the pts to nfl the o of *Sr by vanous agents are sum
manzed 1n Table 3 The retention on the 7th day as percentages of the instial
measurements, 1s given mn Table 4 No correction has been made 1n this table
for the decay of the nuclide during the fortmight since all the groups are treated
m the same manner and the effect of decay 15 less than 9 °, after 7 days as
shown m Table 2

There was no statistically significant difference between the relatisely small
primary groups except n the case of stronttum chlonide It was therefore con
sidered justifiable to combine the groups 1 the following wav treatment 30
and 10 min before mjection of *Sr was designated pre treatment 10 and 30

mm after ijection early post treatment and at 1 and 24 hours late post
treatment

The mean value of the retention of the control groups at 7 davs has been
used a5 the standard value with which the results for the treated groups have
been compared The results have been statistically treated (as indicated n
Table 5) The t value and the fi e level are calculated 1n order to com
pare the standard retention s alue of the controls and the retention of the treated
group 1n question

Strontium chlonide decreased the retention of #Sr1f gnen as Pretreatment,
early post treatment or after 1 hour Admumsstrauon at 24 hours had no
effect The greatest and most unequivocal effect was obtaned with early post
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Table 3
Retentuon of 93Sr after treatment with varions agents (percentage of dose admunstered)
Agent Dose Period of Days
W
mA kg treatment 1 3 7 m

Controls 651 519 439 373
St chlonde 20 |Pretreatment 517 370 320 253
E post treatment 516 348 287 233
L » §61 473 389 302
Srlactate 15 | Pretreatment 629 450 359 297
E post treatment 619 454 359 295
L. » 655 509 403 332
Sr lactate 20 Pretreatment 514 362 295 239
E post treatment 66.2 485 389 310
L. » 585 389 352 215
Ca chionde 10 {Pretreatment 628 521 431 —
E. post treatment 633 509 437 —
» 643 520 439 —
Ca lactate 10 |Pretreatment 824 660 522 396
E post treatment 791 618 194 407
L » 767 600 479 417
Ca lactate 15  |Pretreatment 860 644 495 435
E post treatment 868 664 540 458
L » 807 627 568 476
Na lactate 10 [Pretreatment 712 433 45 369
E post treatment 637 416 427 354
L. » 667 390 420 350
Na lactate 20 |Pretreatment 749 576 471 367
E. post treatment 78 544 453 348
L. » 73 566 477 365
a 03 |P 631 — 42 394
(about) |E. post treatment 685 - 459 403
L. » 621 - 404 359
Mg sulfate 30 Pretreatment 503 355 304 280
E. post treatm nt 519 371 27 289
L. » 610 310 379 330
CaNa EDTA 20 |Pretreatment 637 523 414 310
E. po t treatment 573 502 422 340
L » 646 527 317 303
CaN\a EDTA 40 Pretreatment 632 489 113 333
E. post treatment 635 483 415 333
L » 645 49€ 414 312
CaNa DTPA 20 | Pretreatment 541 441 368 290
E. post treatment 531 413 359 285
» 596 476 378 303
Caha DTPA 50 Pretreatment 576 476 308 288
E post treatm nt 502 416 360 178

1 » — - -1 =
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Table 4
Retention 7 days after of 8357 (p of dose ady d)

Agent Dose Pretreatment Early post treatment | Late post treatment

VA g0 mn | 10mn | 10mn | 0mn | thour | 2¢houn
hys saline
fc:;lmls) — [427107)403£15[437208|$92:19]435£16|442317
Sr chlonde 20 [320+11{300+12|291+10[284404]35£12]422216
Sr lactate 15 [328+09/390+16|3:0+89]368.£88|395-80[411£57
Sr lactate 20 1296211]|294317[382£10(396+:15]316212[360116
Ca chloride 10 J454+19]407£13|413115[461:21[477.228J401 226
Ca lactate 10 [s*6x1s|sisgrife9s1afe9s12]a99 2811409216
Calactate 15 |581+41[443£57|542£23|537£16[625240|511£41
Nalactate 10 |455+17]435+13]443:£17)406£25)417317}4734 26
Nalactate 20 [|490x10[as6+17[475 17926+ 08[4782-19[476237
Narhodizonate | 03  |467+£25[|4o8£ 134891 26[429:11[408-24|399£19

{about}
Mg sulfate 30 [321+18[288216[332£16]371:£14|33+15/40411
CaNa EDFA 20 |431+£10{397£22{417:30(39614)450114)423420
Cana EDTA 40 |#3108l383c35lmex13fdlatala21£14]a07 227
CaNa DTPA 20 376 15]359£07|363£ 07352211384 216)3724£21
CaNa DTPA 50  (379420(356 £ 14|348+20|3 1+08] — -~

treatment As no significant difference between 05 1 and 4 mM/kg was ob-
served on the effect of retention 2 mM/hg was used for the complete examina
tion The mfuence of strontium lactate was also statishically sigmficant but i
ferior to that of strontium chlonde The effect of magnesium sulfate on the
retention was of the same order of de s that of st chlonde The
concentration used was 3 mM/kg which appeared to be the opumal dose

CaNa,DTPA was mfenor to st chlonde and sulfate 1n
decreasing the retention but of the same order as strontium lactate There was
na sigmficant difference between 2 and 5 mMfkg

Caleum chlonde had no effect and calcum lactate increased the retention
Sodium lactate had no statistically significant effect

Independent of concentrations and tumes CaNa,EDTA had no effect on the
retenuon nether had sodium rhodizonate

Discussion

The results of the present mnvestigation (method II) as well as these results
i the Iight of the previous study (method I) based on the difference between
the treated groups and the control groups in the two studies as seen 1n Table 6,
will be considered If the retention value of a treated group 15 lower than that
of the control group the deviation value has been gnen a negatie sign

The results from the contral groups m method I1 show much smaller vana
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100 x corcected for decay
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Retention of Sr in mice per cent of mitiol measurement

Diagram (see text on p 137)

tions 1n sprte of a lower number of animals 1n the groups, which indicates that
method II as could be expected 1s more accurate

The control ammals 1 method I showed a sigmficantly higher retention of
radsostrontium (47 8 %) than those 1n method II (43 9 %) The fact that **St
was used 1n the first and **Sr 1n the second case cannot explam the difference,
since 1n both cases carnier free strontium was used In the first cise (CARL
ovisT & NeLsow 1960) special animals were used as blanks in order to obtain
mbal radiation values for calculating the retention in the control groups a3
well as 1n the treated groups

Among previous attempts to 1nfluence the elmunation of radostrontium
MacDovarp (1955) Crars (1960) and Carscu & Mercuvger (1959) suc
ceeded 1n decreasing the sheletal retention of stronttum 90 by the wyection of
mactive strontium salts i rits An effect was cvident 1n therr mestigations
only if the stable strontum was guen practically sumultaneously with ™S¢
Carscit & MercunGer tred increasing doses of stable strontium and found
that the effect was not hnear A relative inerease in the sheletal retention was
observed with high doses

Mo dose dependent effect of mactive strontium was observed within the dose
range mvestgated 1n the present study

The present retention values 1n mice are much lower ¢
»Sr m rats reported by Carscn & Mercnncer These autl
ever, stronttum 90 chlorde and mvesugated only the retention o the

han the retention of
hors used, how
femur
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Table 5
Statistical treatment of resulls
Agent. Dose Penod of treatment | o of | Retentianmean | tvaluesand
mM/kg mice + SE significance
ferels
Controls 05 30 439306 -
Sr chlonde 20 Pretreatment 10 370408 127
E post treatment 10 287+ 0.5 203
1 hour after 5 35512 66.27
24 hoursaft r 5 422416 099
Sr lactate 15 Preweatment 10 329+14 1544
E. post treatment 10 359121 3704
L 10 40315 2264
Sr lactate 20 Pretreawment 10 295409 133
E post treatment 10 389409 481
L. » 9 352209 1793
€Ca chlonde 10 Pretreatment 20 430+12 067
E. post treatment 13 436114 197
» 15 432422 057
Ca lactate 10 Pretreatment 10 522 +08 847
E. post treatment 10 494+ 08 579
» 10 47915 185
Ca lactate 15 P etreatment 8 495+ 44 125
E. povt treatment 10 54013 m
L. » 10 568 £ 35 3675
Na lactate 10 Tretreatment 10 44510 051
E post treatment 9 427=15 075
L. » 10 420415 1172
Ma lactate 20 Pretreatment 9 71x11 2539
L. post treatment 9 53413 100
L » 10 477420 187
Na rhods onate 03 Pretreatment 10 462 13 161
(about) | E post treatment 10 459417 11
L » 9 404£15 216
Mg sulfate 30 Pretreatment 10 304 13 944
E post treatment 10 27%10 1957
L. » 10 379 £ 12 448
CaNa EDTA 20 Pretreatment 10 44213 184
E- post treatment 10 422418 128
L. » 10 43 x12 015
CaNa EDTA 40 Pretreatment 10 1324 107
E post treatment 10 215109 2731
L. » 10 414415
Cada DIPA 20 Pretreatment 20 367 i:; 11 ;3:
E post treatment 20 329+07 870
» 20 378413
CaNa DTPA 50 | Premreatment 10 36EL12 ;}Z
E post treatment 10 %011 637
L » — o o

—Pp<00 —p<O0l —p<0O00l
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Table 6
Comparun bete 2n the ashing methed 1 {2037} and SAC method 1 {3557) percentage of dose admmsiteced
Method ¥ Method 1 ¢ vatues
Controls 478409 419106 s36H
Dfference between treated groups and coutrol griups
Agents Dose Method 1 \Method 1T tvalues
Mg
Sr chlond 20 — Il re6 | —113£100 2474
~309 £ 166 | —~122£078 2837
— 84 1340 3158
AR RS 0
St lacwat 15 —~ 394158 | —80£15 1804
~ 51419 | —80+218 0957
Stx142 | —36%i62 3110
St tactate 20 —~ 274210 | ~1344108 49.8
0127 | —30%108 2086
384130 | —874108 677
Ca chlonde 10 1844238 | — 084 13¢ 7970
1813299 | — 03215 7055
1721201 13428 3246
Ca tactate 10 151 4788 g3£100 § 548
162229 55+ 100 2440
99+ 184 10416 24t
Ca lactat 15 193 +258 861444 a4
120220 108143 130
140 x 158 1294356 028t
Nalactat ig 364+ 184 064 117 134
625182 | 12436 el
S6x14% |~ 194167 i48
Natacta 20 130 238 124125 3
812192 P4 143 279
504158 384209 0458
CaNa EDTA °n — 112229 | ~754143 ase
455158 | —17x1% 2519
6021 & |~ 025138 289
Ca\x EDTS 10 Ne£275 | —~262248 3484
1218t | —26£108 173
6i=1.,0 | —254182 38
—ps

& - treatment_aftes | hour b — weatment after 24 hous  — p 5 003+ ~p L 00

0081
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on the second day after admunistration ‘The retention 1n the present investiga-
tions was generally measured on the 7th day and on the whole ammal It may
be seen from Table 2 and the diagram that the retention at day | and day 3
15 65 and 54 9, Tespectnely which howeser 1s 1n better agreement with the
results of Catsen & MELCHINGER

The mactive strontium salts were able to decrease the retention of radio-
strontiun as 1n the previous study Strontium chloride was the most effective
salt, the effect was still apparent when 1t was adnunistered at one hour after
1S but not at 24 hours The decreasing effect after one hour could not be
shown m our previous study, probably due to the great vanatons between the
groups

Strontium lactate was not as effecttve as strontium chlonde This an 10n
effect appears especially with early post treatment Ths effect was sigmficant
when calcium chionde and calcium lactate were compared

The an 10n effect observed with sodium lactate 1n the previous study appears
this tume only as a tendency

The present studies 1n mice have confirmed the results of previous investiga
uons in rats with regard to the effect of inactive strontium on the deposition of
stronttum 90

The effect of non radioactive strontium salts 1s apparently a carnier effect,
and as Jate post treatment has no effect a release of radiostrontium alreadv
fixed 1n the skeleton cannot be expected

The calcium salts had no decreasing effect on the retention of radiostrontium
as m the previous study calcium chlonde which previously gave a great in-
crease 1 retention was this time without any effect

The effects of calcium on the retention of radiostrontium {MacDoNaLp,
SerNceR et coll 1956 Cavscu & MEeLCHINGER) appear to be inconsistent mn
agreement wath earlier investigations The possibihity of a systematic error 1
the previous mvesugation with regard to the caleium chlonde group can of
course not be entirely excluded

It was found that Mg*+ caused a decreased retention of the same magmtude
as strontium chlonide 1 accord with MacDovarn Carsent & MELCHINGER
and CrArke et coll (1959)

Conx & Gove (1953) and Vavenan & Turr (1953) tested muxed calcrum
and sodwum salts of FDTA but reported no effect on the excretion of *Sr,
which result was confirmed 1n the present v estigations

Contrary to the excellent effects on the retention of plutonium with sodsum
DTPA no effect was observed on radiostrontium by hriecer & MeLcHINGER
(1929) and Catscit & Meremneer A sigmficant decrease of about 80 %5 of
the controls was obtamed in the present study The sodm calcium salt of
DTPA was used however 1n a concentration ten tumes Ingher that that em
ployed by Catscu & Merenneer without any apparent side effects

No decreasing effect of sodium rhodizonate other than that to be expected



138 ARVE MNELSOY CURT RONNBACK AND LENA ROSEN

was observed, 1 accord with the results of other mvestigators (ARIEGEL &
Mercnrnger and Vour 1959) The Na and K salts of rhodizonic acsd ap
parently have the abihty of selectively binding strontium, cven n the presence
1n great excess of calcium (Livpensaust et coll 1957, 1958)
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SUMMARY

The results of the application of 2 method i which strontium 83 was measured 1 uag
animals by means of gamma spectrometry were found to be w good agreerment with those of
previous attempts to snfluence the retention of raciostrontium sn mice when strontum 90 was
used The effects of numerous agents on the retention are reparted and discussed

ZUSAMMENTASSUNG

Die Resultate esner Methode wormt 89 m Iehenden V n mu Hife
von Gamma Spektroskopie gemessen wurde zewgten gute Uberemstimmung st fruhesea Un
tersuchungen uber die Beesnflussung der Retentson des Strontium 90 bes Mausen Der Lin
fluss von verschiedenen Mitteln a2uf die Retention wird erortert

RESUMEL

L apphicatton d une méthoade de mesure du radiostrontiem 82 sur des ammaux \ivants par
spectroméine gamma a donné des résultats en bon accord avec ceux d essais ancerieurs pour
wfluer sur Ia retention du radiostrantium sur des souns dans fesguels on avan utdié le stron
uum 90 Les auteurs uignalent es effecs de nombreux facteurs sur cette rétention et fes étu
<hieng
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COMPUTATION OF DOSES IN DERMATOLOGIC
ROTATION THERAPY

by

P Row~ne

GReEn Jennines & HEDTLAss (1951) worked with a voltage of 50 kV at
a focus skin distance of 50 cm to treat large areas of the human skin with a
mnimum of tube settings Wacngr (1955) and Scuirre~ (1955) have gnen
treatments at focus shin distances of 100 and 200 cm respecteely Whileata
distance of 100 cm 1t 15 necessary to use four radiation fields to cover the front
as well as the back of a patient Scmirrew found 1t sufficsent to use one field
for each at a FSD of 200 cm A drawback common to the procedures used by
WAaGMER and by Scrurrew 13 that the sides of the patient are msuficiently i
radiated due to the grazing incidence of the radiation

The possibihity of applving the techmiques of rotation therapy m an attempt
to achieve a more umform distribution was constdered A revolving disk was
mstalled 1n the floor of a treagment room and on this the patient could stand
and support lamself wsth his hands on a coupled bar mounted under the ceiling
The soentgen tube was fixed with the central ray directed horzontally and inter
secting the seriical axis of the resolving disk A Maclett OLG 60 tube was chosen
for the treatments, this 1s provided with a 1 mm Be wandow at the end of the
tube housing and 1s said to have a more homogencous field than other tubes
for superficial therapy The tube was energized with a Dermopan apparatus
and operated at 50 kV 25 mA and a total filtravon of 1 mm Be

Submutted for publication 20 \e ember 1962

140



COMPUTATION OF DOSES IN DERMATOLOGIC ROTATION THERAPY 141

NS
T N

£3 o’

&

50

40 Fig ! Field mbomogencity m the 100 cm
0 2 0 20  4oem plane

The dose rate D 1n the central ray was first mesured at a focus distance of
100 cm The direction of the central ray was found visually as the line con
necting a pomnt source of light pliced 100 ecm from the focus and sts image m
a small murror placed 1n contact with the Be window The dose rate measure-
ments were carned out with a Rustner Panzerdosimeter supplied with a

hurzkammer  which was adjusted by reference to 2 parallel plate standard
chamber using radiation of the same quahty

The percentage vanation of the dose m a plane perpendicular to the centra}
ray at 100 cm focus distance 1s shown 1n Fig 1 Curve a represents the relative
dose distribution along a hotizontal line while curve b 1s the dose distribution
i the vertical direction The tube was mounted with the water mnlet directed
downwards It can be seen that the wrradianon field was most homogeneous
in the vertical direction It 15 possible to draw 1sodose curves for the entire 100
cm plane with reasonable accuracy (Fig 2) from the curves 2 and b of Fig 1

The absorption curves m shin equivalent matenal for radiation at 100 cm
and respectively 200 cm focus distances are shown m Fig 3 In the former
case the first HVI was found to be 1 35 mm tissue and the second HVL 185
mm tissue

The following stmplifications are made to facilitate a calculation of the dose
for a full revolution of the patient

1 The dose 15 calculated only for a horizontal section through the patient
at the level of the central ray

2 This section 15 approssmated by an elipse with the semt axes b = 12 cm
(from the avs of rotation ta the skin surface over the sternum and SpIn¢ respec-
tively) and @ = 19 cm (from the ans of rotation to the sides of the thorax)

3 The axs of rotation 15 placed 115 cm from the focus comciding with the
centre of the ellipse The F5D 1n the direction of the central ray will then vary

from 103 cm (focus sternum and focus spine, Tespectively) to 96 cm {from
focus to esther side of thorax)
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In Fig 4 85, represents the track followed by the iph: sternum in a rotation of the patient
by a (degrees) from the central ray FO The dose rate recened to the sternum in the position
S, 15 given by

de=k ks ky D=k, D
where

D s the dose rate at the point of reference C of the central ray I'C = 100 cm

k, 1s a correction taking account of the inhomogeneity of the field from G to

ky 15 2 factor correcting for the decrease of the dose rate from S, to S; according to the
verse square law

ky 15 2 correction factor for the decrease of the dose rate due to absorption 1n the air beswetn
S, and §;

To find the correction Factors for different values of a it 1s necessany, to caleulate x y and v'
n Fig 4 This may be donc with the aid of the simple trigonometric formulae

100

TTI0 cora

12sma

y=115 +12—2 {15 12 cosa
y = }100- +
Since curse 2 (F1g 1) 13 not symmetrical with respect to the central ray an average salue
of k; has been used in the table this means that the trradiation of the xiphs sternum i
considered to be equal for positine and negatine values of ¢

The values of x y and y have thus been calculated fora =0 10 20 80 and by
using these results one finds the values of

k from cunve a (Dig 1)
:
Ky from ky == (!;)

k, from curse a (I'g 3)
conuidenng that (3 —y ) cm air correspond to (y — )/80 mm tissue
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< 4]
¥ s d,
CSy=x &5
FSy=y , <~
FSp=y

Fg 4 Geometry of uradiation at stermum a degrees from the central posiion

The dose for ane revolution may be calculated with sufficient accuracy of the time T for
one turn 13 divided 1nto 36 sectsons of equal size for which the dose to the sternum 1s given by

e ot de 0
3
T
The total dose n one revolution will, therefore be D = % 2 (05dy+ dig+ dyo +
T D
+07du)>W ©5ko + ko + ko + + 07 ko)

where € g kig =k ky k; for a= 10 degrees At an angle of a = 84 the radiation will
strike the sternum tangentially The correction factors 4k, and ky as well as thewr product
k, are ghven in the table for different values of

1f a calculation of the dose at 1 mm depth 1s also desired d,, must be corrected by a further
factor k, to take care of absarption 1 a skin layer of thickness z which the radiation has to
penetrate If the surface of the skin 15 considered to be a plane within a small ares around the

waphi sternum we havez = lfcos § where § 15 the angle of madence (Fig 4) which can be
computed from the relation

115
snfi=— sna
f=— =
Table
Caleulatians of dose on stemum focus-axis of rotation 115 em
k = ke =
k 13 k X kkk kkkk

0 100 094 098 058 092 054
10 100 09+ 098 057 092 053
20 093 093 093 056 090 051
30 099 091 097 053 088 047
40 098 089 09 049 083 043
50 098 087 094 042 080 033
60 097 084 093 0132 076 024
70 097 081 091 020 072 014
80 097 078 690 000 069 000
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Far the calculated values of 2 the factor k, can be read from the absorption cune 2 1n
Fig 3 The total correction factor k o = ¥, ky k3 kq 15 then caloulated for all valuesof a
and the dase D, at 1 mm depth may be evaluated by analogy with D,

Sumlar calculations have been carned out for the sides of thorax, the only
difference being that 5 (= 12 cm) 15 replaced by a (= 19 cm) An attempt
has here been made however to estumate the influence of the curvature of thoras
on the thickness of the absorbing layer The difference between the 2 values
found by the two methods 15 conuiderable only for larger values of a and §
Aalue of z = 44 mm was for example, found by the primitive method, as
compared to z = 11 mm with the more exact calculation for « = 80 Both
of these thcknesses will however only permit a small percentage of the
radiation to penetrate to a depth of 1 mm It was consequently found that
the depth dose calculated by taking the curvature of the surface mto account
exceeded the former value by only 2 %

The dose at other posnts of the elliptical cross sectson must hie between those at the sternum
and ar the sides of the thorax These differ by only 10 , Nevertheless a computation wasako
carned out for a point P of the ellipse the sadius v ector of which subtends an angle of 45
with the principal axes From the formula of ellipse expressed in polar coordinates

b

P s e
b & coste

5

the distance p from P 10 the axis of rotation s found to he 144 cm since v = 45 and

ey
2= /22 - 0775 The surface dosemay then be calcutated with the formulae gnen abore

The angle of sneidence 1s found to be 23 2 degrees when pomt P of the ellipse 1 located 00
the centrat ray By turtung the elhpse i one dircctron from the central say (a pegatne) the
angle of modence will become y = # + 23 2 degrees while for a turn 1n the opposite du’tt‘

twn {e poutne} ;= §— 23 2 degrees The irrad will not be pr .
with respect to the central ray and it will be neecssary to caloulate the depth dose for eac
mterval of 10 degrees ranging froma = — 60 toa == + 107

We then arme at the following results
D = 150 r/mun at 100 cm focus distance

Sutfare dose per retolution

Sternum and sptae D = 0375 D T = 563 T roentgen
Sudes of thorx o= 0415 D T=622T »
Point of 45 (D, =0383 D T=55T » )
Meantalue D =089 D T =532 T roentgen
Dose sn I mm depth per revolution
Sternum and spime D, = 0163 D T = 245 T rocnigesn
Stdes of thoray D,=0182 D T=273T »
Point of 45 D, =0165 D T=248 T » }
Mean salue I, = 0172 D T = 259 T rocnigen

T oun s the ume for a full revolution
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Sumlar measurements and calculations have been carned out with a distance
of 215 cm between the focus and the aws of rotation The curves showing the
inhomogeneity of the ficld 1n the 200 cm plane are found 10 have almo t the
same shape as curses ¢ and b of Fig 1, with the exception that the figures on
the abscssa should be doubled From the absorption curve b of Fig 3 the first
HVL1s found to be 1 85 mm tissue and the second HVL 3 0 mm uissue It wall
be noted that the radintion 1s considerably more penetrating than in the 100 cm
plane

D = 20 rfmn at 200 ¢m focus distance

Surface dose per veroluhon

Sternum and spme Dy == 0410 D T =82 T roentgen

Stdes of thorax D,=0433 D T=87T »
Meanvalue D, = 0421 D T =84 T roentgen

Dose in 1 mm depth per revalution

Sternum and spine D, =0215 D T =43 T roentgen

Sides of thorax D,=029DT1=46T »
Neanvalue D=0222 D T = 44 T roentgen

The dose recesved by skin areas lyng above or below the central secnon
will be smaller than the calculated values This 1s due to the inhomogeneity of
the field 1n the vertical direction and — 1n the case of the depth dose — to the
more oblique sncidence as well A calculation of these doses will, however be-
come considerably more complicated because of the three dimensional geometry
and also due to the fact that an approumation by an ellipse will be rather rough
To find an upper limit of the dose per revolution 1t will generally be sufficient
to use those values that can be found by muluplying the previously calculated
values for the central section, D, and D, with a carrection factor ks, which

accounts for the mnhomogeneity of field mn a vertical direction  this factor may
be read from curve b i Fig 1
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SUMMARY

A method of covering large arcas of the skin by
'y rotating the patient during the treatmen
descibed The dose per revolution of the patient 13 caleulated for the xurfafc of the skin A‘n:l!

for 1 mm depth at dust
for ) dmu:’gn at distances of 115 cm and 215 cm respectively between the focus and the

10633088 Acts Rad ologica ¥ of 1 3 Therapy
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ZUSAMMENFASSUNG
Emne Methode die zur umf: 1 } grosser Hautflachen mut Hilfe von Rota
tion der Patienten fuhrt ward besct Due Strahlendose an der Oberflache und in | mm

Thefe wird fur je eine Umdrchung des Patienten fur einen Abstand Fokus Rotationsachse von
115 cm bezweck 215 em angegeben

RESUME

L auteur déerit une méthode dirradiation de grandes surfaces de peau par rotation du
malade au cours du traitement La dose par révolution du malade est calculée pour la surface
de la peau et pour une profondeur de | mm 4 des distances foyer axe de rotauon de 115 em
et 215 em
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RELATION BETWEEN FIELD SIZE AND TOLERANCE
OF RABBIT $ BRAIN TO ROENTGEN IRRADIATION
(200 kV) VIA A SLIT-SHAPED FIELD

by

Nis O Berc and MARTIN LINDGREN

It has long been known that the tolerance to roentgen radiation vanes with
the area and volume of tissue irradiated Mareer (1931) who used rats ap
pears to have been the first to show that the skin erythema dose increases
rapidly with decreasing size of small fields (below 10 mm i diameter) As far
as the skin 15 concerned, the relationship between the erythema dose and toler-
ance dose respectively, and the area of the field irradiated bave beenstudied by
many workers 1n this field (Jortes 1939 1941 1953, Erus 1942 MacKex,
Mutscuerier & CreoLraro 1943, Gorperre 194% Joites & Mitcrern
1947 and Jover & Honw 1955) Vanous theones and formulae hasve been sug
gested to explain this co-variation

The relation between the volume of the irradiated tissue and the tolerance
dose of mner organs has however recewved less attention More precise knowl
edge of this relation for small areas of the CNS has become urgent since the
sntroduction of stereotaxic radiosurgery of the bram (Lexsere 1951 1957)

Jitrah d provides the hest p it of analysis 1 ths respect
(Topas 1952 Linen 1957, Larsson Leksere Rexen & SoURANDER 1959)
Using conventional radtation Bere & LinoGREN (1958) made a comprehensive

Subs for publ 30 N ber 1962
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Table 1
Survey of treatment scheme and data of surcnal in the different groups
Width Siindose Fieldss  An Ammals  Numberof Survival in weeks Deaths from

ofsit inr mals 1rrad over ammals ntercurrent
—, 2fields  withneur TOTEE MO e
symptoms
1 18 000 5 ) [} 0 — 52 0
2 27 000 [ [ 0 6 1—2Y, 18 0
18 000 5 5 0 2 — 52 L
13 500 5 5 0 0 — 52 0
9000 11 8 8 0 1452 27 2
3000 12 9 9 0 — 52 0
k] 9000 5 5 5 5 37—52 168 0
5000 5 5 0 1 — 52 0
3000 6 6 6 0> 2252 17 1
6 5000 5 5 b + 32—52 48 o
3000 5 5 0 0 2652 138 2
] 3000 8 8 4 1 18—52 435 2
12 3000 5 5 [ 3 3252 18 0
2100 5 5 0 0 - 52 0
30* 3000 20 20 [4 18 2552 443 0
2500 10 10 0 6 16—52 511 r
2100 10 10 0 2 39—52 505 0
1700 6 6 0 0 — 52 0
* Groups from a previous mserted for

analysis of the late cerebral lesions in rabbit following irradiation of half of the
brain The relatisely small focus of the apparatus (4 mm) enabled extension of
the imvestigation to mnclude even narrow fields

The present mvestigation 1s concerned with the morphology and frequency
of delayed radianon lesions m the rabbit s bramn following diffcrent roentgen
doses delivered v1a a slit varying in width from 12 mm to 1 mm

Material and Methods

Eaghty two rabbits weighing 2 to 3 kg and recenved in htters of 2 to lOamm;ll!
were distnbuted as equally as possible among the different groups 10 be u;r‘ﬂ \
ated The ammals were uradiated under deep urethan ancsthesia Ta ”n!
gnes skt width, skin dose and number of animals treated 1n the differcs
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2 mm groups The expenment was carried
out 1n two senes, wrradiated at an
h interval of about one year Some of
the arumals i the first senes died
within 3 months from gangrene of
one of the legs after mjection of
LD urethan 1n 25 9 solution mto the
oy

thngh These ammals were excluded
and the brain was not examined
i lA histologically In the other seres
1 125 9% urethan was njected
subcutaneously without subsequent
1 l’“/& 40mm complhications Each group treated
1} consisted of at least 5 ammals
Dunng wrradiation the head was

AN

P carefully fixed m posiion by 4

\/_/ :j N clamps placed 1n a frame with the
(\ ~r’ head gnpped infraorbitally and
ocapitally The shts were 40 mm

long and 12 8,6 4,2 and I mm

wide, rtespectively The central

> beam was directed towards the

12 mm muddle of the st The medial

border of the sht was placed about

D‘agram } Poston of the 2 mm and the 12mm 3 mm lateral to the midline of the

1s over the rabb ts brain

skull The position of the shts over

the rabbits bramn s illustrated 1n

Diagram 1 Lead shielding -~ 2 mm thick — prevented irradiation of the
rest of the ammal

The animals were under careful obsery ation and they were werghed regularly

After 52 weels all the surviving amimals were bled under anesthesia The bram

was fixed m formalin and sectioned systematically 1n the way described by

Bere & Linnorex (1958) The lesions were noted on standard diagrams

(Diagrams 3 to 9) showing the extent of cerebral lesions in representative

vertical sections through the bran The anumals were killed 52 weeks after

wradiation if survival time 1s not given in the legend The dots indicate vascular

lesion and ghal cell 1 otherwise normal tissue the hatched areas denote sub

total destruction of cerebral tissue and black areas denote cysts or franc necrosis

Techmical data Roentgen machme Muller MG 300 KV 200 half value layer
093 mm Cu, focus shin distance 250 mm  dose rate about 100 r per min
dose control by a Phulip s do 1meter ’

The depth dose of the central beam at different widths of the shit was cal
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E
f
d
Diagram 2 Ceometry of the beam to iliustrate
caleulaton of penurnbra and  effective width
of the field x atdifferent deptha ¢ Xi
I dameter of forus
4 sht width X
J focus skin distance
x central beam X
% central beam + total penymbra

culated according to Arsorr (Central Axis Depth Dose Data, Bnt | Radiol
Suppl 5, 1953) without correction for elongation of the ficld Fhe unscreened
beam and breadth of penumbra at different depths was calculated according to
Diagram 2 modified according to LipEn {1957) It s clear from the figure that

A,:d—;—,(b‘—’d) M
l,=d+§,(L‘+d) @
The contribution by the penumbra was therefore
all
Ay~ X, =2 '7"

The penumbra at depth, g, did not vary with the width of the sht, 4

According to equation (1), A, =0, and d = 1 mm gives ¢ = 833 mm
This means that a central homogenous field was irradtated through the cnulr:
brain even when the narrowest sht was used The position of the lesions in Hs
brain tissue showed that the most deep scated lesions 1n the brain (21 mm) ;;‘
sn the medulla (34 mm) had been irrachated with a homogenous beam ;:
relation between the homogenous beam and the surrounding pcnumbn “ns
least favourable for the 1 mm field For the most deep seated brain reglo i
wradated with this width of slit the homogenons beam was 0 70 mm wide '\\rl“
the width of the penumbra was 0 34 mm on cither side This relation ‘dcr
much more favourable for the other lesions abserved on seradiation v1a W1
shts (sce Table 2)
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Table 2
Distribution of dufferent 1 pes of lesions and data for most decp seated lesions 1n the ammals
Width Sk dose No of Filds Ducrete Severe Depth @ m Effectne  Depth

ofsht nr filds with lesions  lesions mmofmost width Y of dosein
n mm out deep scated field in L Lmr
lesions. lesion L m mm
1 18 000 5 o 4 1 21 104103+ 10800
2 27000 6 0 o 6 —_
18 000 5 0 1 4 —
13500 5 0 5 [ (19) 8600
9000 11 9 2 [} 10 2081016 7100
3000 12 12 0 0 —
4 9000 5 0 3 2 (30) 4300
5000 5 1 4 0 19 4304030 3200
3000 6 6 0 0 —
6 5000 5 [ 1 4 (28) 2500
3000 5 3 1 1 185 6434029 2000
8 3000 8 3 1 4 20 8641032 1950
12 3000 5 1 0 4 (28) 12311050 1850
2100 5 4 1 0 21 13354045 1700
30 3000 20 2 2 16 3 38 454-053 1500
2500 10 0 0 10 23 1700
2100 10 2 6 2 13 333 1021 1750

The exact distribution of the intensity 1n the penumbra 15 not known The
effectne width, Y of the field was defined as the homogenously irradiated
zone + half the penumbra with an accuracy of + half the penumbra [+ 1 (Y
—A )} This value for Y15 surely somewhat too high Calculation for 2 2 0 mm
sht thus showed a homogenously irradiated central field 1 92 mm m width ata
depth of 10 mm and the effecttve width 15 gaven as 2 08 4 0 16 mm

Results

Those ammals that received 27 000 r via a 2 mm sht deterioriated rapidly
they became soporose and all died within 18 days Marked gross cerebral
edema with depression of the cerebellum 1n the foramen magnum wasnoted as
well as a strip showing hyperema and petechial hemorrhages Microscopic ex
amnation showed recent necroses with petechial hemorrhages in the rrachated
tissue as well as marked edema of the adjacent tissue The changes involved
both the grey and the white matter This group was not analysed further
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Disgram 3 Dose 3000 /12 mm Large necrouc  Diagram 4 Dose 5000 rjC mm Manly well d
areas mainly in white substance extensionoflesion  marcated necross in white substanc at 2 depth
as after irradiation through a 30 mm st n previ of about 20 mm  This ammal died 32 weeks afier
ous Iy estigation irradiation

(Far explanation of symbols scc text p 149)

In the other groups only few of the ammals died The frequency of ncuralogic
signs 1s given in Table 1 The dominating symptom was ‘turmng of the head to
the treated side (12 immals) A few ammals ‘walked 1n arcles and hix
nystagmus and convulsions These symptoms and signs were often followed by
cmactaton In some ammals (1 ammal — 18 000 r/2 mm sht, 3 ammals —
5000 r/6 mm sht, | ammal — 3 000 ¢/12 mm sht) the loss of bodyweight might
have been due to paralyss of the masticatory muscles, with consequent obhqulf
abrasion of the edge of the teeth and chewing difficulues These ammals
probably had an mnyury of nervus trigerminus 1n the base of the skull

The microscop ¢ picture of the lesions one year after srradiation Via narrow
fields of varying width was largely the same as that described 1n detail on it
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D agram 5 Dose 5000 t/4 mm Mumwmal
lesions at a depth of 15 mm

g

ar Diagram 6 Dose 9000 r/4 mm sht to left and
2 mam shit to nght Several smalllesionsin different
parts of brain after rad aton via ¢ mmslt

(For explanation of symbols, sec text p 149)

radiation of half the brain (shit width 30 mm) 1n a previous i estigation (Bere
& LinDGREN 1928 pp 47--62) That mvestigation included fractionated and
single dose 1rradiation, but only the effects of single doses are referred to here
Three types of histologic lesions were recogmzed namely discrete changes

partial destruction and necrosis The occurrence of these changes in the present
matenal 1s first 1llustrated

Duscrete changes 1n otherwise undamaged brain tissue These conssted of old
and recent petechial hemorrhages (Fig 1) endothehal sweling fibnnod
necrosis (Fig 2) or hyalimzation of the vessel walls teleangiectasis (Fig 3)
and smail pervascular ghal scars (Fig 4)

Partial destruction included parual degeneraton of the myelin (Fig 5) or
Partial loss of nerve cells {Fig 6) and fibninod smbibition
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¢

- /
2!
@
)

Diagram 7 Dose 13500 r/2 mm Mainly small Diagram 8 Dose 18000 r/2 mm Postnecrot&
vascular lesions 1n white matter no necrosis scars and vascular lesions distortion of fi Id i
section through optic chiasm

B Gmo
DT €

(For cxplanation of symbols see text p 149)

Necrotic changes Frank necrosss occurred with or wathout cysts and completely
gliovascular destruction of tissue, often with prolferation of atypical ghal cells
(Figs 7 and 8)

The lesions 1n those rabbts that were irradiated through a I mm and 2 mm
sht deserve further illustration In these brains the necrosis did not underge
gross cystic degeneration not even after a dose of 18 000 r After one year the
destroyed tissuc was, as a rule absorbed and the defect was compressed by the
surrounding tissue The final defects were often surpnsingly small (Fig 9)

The radiation lesions were readily recognized i the white substance 10
preparations stamed for myehn (Iigs 10 wnd 11) Ghovascular changes were
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often very shght, partsculas
Dol areas close to the sht, 1 ¢
@ beam was best defined G
edema and vascular lesions
times seen 1n deeper parts
dhated area however The
lesions closely resemble thos
by a 185 MeV proton beanr
width (Rexep Mair, §
Larsso~ and LERsELL 196
Delnvery of large dow
narrow shts often damag:
ningeal vessels nearest th
radiauon Sphtting, fatty d
and thickening of the vesse
o> <t reduction of the lumuna an
N the surrounding meminges v
(Figs 12 and 13)

On gradation of the
cording to the above me
o grees of seventy 1t was dif

tmguish  between partiaf
~ compressed severe wjury |
than 4 mm n width (I

present mvestigation th
were therefore taken tr;
single group (severe lest
Dhagram9 18000 #/2 mm Discrete lesions ma nly PTEVIOUS 1nvestigations, ¢
anwhite substance (Sec diagram 7 for companison ) lesions were almost alwg ;
(For explanation of symbols see text p 149) omgmn In the cerebrl ty
confined to the capillary
distribution of the wmjuries among the different groups of aniry
“Table 2
Typrcal examples of the distribution of the wyuries in the hras
Diagrams 3 t0 9 In all these diagrams the radiation lesions wers |
lized to the irrachated field Severe as well as discrete lestons v,
grey substance {cerebral and cerebellar cortex central nucle
substance {oval center cerebellar medulla optic chiasm)
from Diagrams 3 4 6 and 8 A high frequency of lesions i the
had been noted 1n a previous mvestigation where a sht widf
been used It 1s evident from Diagrams 5 7 and 9 that cver
narrow shts (1 to 4 mm) damaged the white substance myy,
substance after 1rradiation with marginal doses
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Fig 1 Small capillary hemorrhage with prolifera  Fig 2 Thickening and fibrmoid degeneration of
ton of glial cells and ion deposits m white vascular wall n optic chiasm 18000 £/2 mm
sub;'l)aoncc 13 500 r{2 mm Hematoxyln & eosin Hematoxylin & eosin x 210

X

-

A skin dose 0f 13 500 r/2 mm (Diagram 7) 15 a relatively small dose When thit
dose was exceeded (Diagram 8) widespread lesions 1n both white and grey
substance occurred 1n most ammals (Table 2)

The rabbuts irradiated through a 30 mm sht often showed large hemorrhages
but those irradiated through the narrow shts did not (Table 3) On the other

Table 3
Frequency of large hemorrhages and tumours 1n the wradiated ammals
Group Hemorrhages (large) Tumours
Wadth of shit Skin dosein r Frequency Number
0 mm fatal
land 2 13500 1B00CD 0715 - i
4 5000 9000 0/10 — ket
6 3000 5000 2/10 — { malignant ghoma
8 3000 18 —_— -
12 2100 3000 1/10 —_ -
30 2100 2500 /M40 4 1 osteogenic sarcoma

3000
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Fig 3 Recemt hemorrhage in tel angectaic Fig 4 Ghal scar with prof feraton of ghal cells
vessel mn oval cent r (depth from skim about aad endothehal cells 13 500 7/2 mm Hematoxylin
7 mm) 18000 £/l mm Hematoxyln & eosn & eosn x 480

X 43

hand petechial hemorrhages m cerebral tissue were common 1n 2ll groups
(Figs 1 3 and 14) One ammal that had recerved 3 000 r/6 mm sht showed an

undifferentiated glhoma close to an area of complete ghovascular destruction
{Fig 15) No osteogenic sarcomas were seen

Discussion

Correlation between width of sltt radiation dose and 1rradiation wyury In an attempt
to eluaidate these relations the changes noted sere analysed 1n two ways (1)
determination of the frequency of inyunes 1n each group as judged by astand
ardized examination method and (2) determnation of the lowest focal doses
delivered via shis of varying wadth that produced morphological changes

1 Diagram 10 gives the distribution of the lestons according to seventy 1n the
different groups In this log log diagram the doses given refer to skin doses, and
the width of the shit to the width of the beam at the surface of the shin It 1s
obvious that the wjurious effect of irradiation decreased markedly with the
width of the sht and that the frequency of the lesions decreased with every
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Fig 5 Partal destruction of myeln sheaths in
white substance of oval center 18 000 r/l mm

Spielmeyer X 43 g o JL'I o
», - &
Fig 6 Upper region Vacuoles and ghal cell pro ” pETEN
Iifération tn white substance Lower region. Partal A SR
loss of nerve cells wn the hippucampus 18 000 /2 . 2 LI
mm Hematoxylin & cosin X 83 ~ ;' v -
g

decrease of the dose The only exception was that seen 1n those groups 1n which
half the brain was irradiated (width of st = 30 mm) 1 e the group from2a.
previous mvestigation (BEre & Linnorex 1958, and unpublished cxpcnmcnu)
mcluded 1n Table 1 for companson

A tolerance mdex was calculated from Diagram 10 Each discrete Ieston was
gnen 1 pant, and each severe leston 3 ponts The absolute score noted m
each group was then comverted into percentage of maximum attainable By
graphical interpolation and extrapolation the dose expected to gne a score of
50 ¢, was calculated for each width of slit For each dose delivered the width
of the shit expected to give a score of 50 % was calculated m the same way

This procedure 1s largely the same as gnang the width of the shitand the dose,
respectively, that produced necrosis i 50 % of the ammals Discrete Jesions:
were included 1n the score m order to obtamn a more reliable index for the
groups consisting of only a few ammals

The 50 % scores noted are given in Diagram 11 where they
cunve (cunve A} The cune nses marhedly with decreasing width of slit,
the curve 15 S shaped, 1 e the ascent appears to decrease when the slits e
very narrow

arc jornted 02
and
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ne * discrete lesions
27000 - © no lesions
18 000 o«
13 500
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5000 ol -
3000 ) . TER ® i
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210 = =
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1000

T T T —1
1 2 4 68 30 mm

Diagram 10 Results of the morphologic analysis of the rad at on lesions n

rabbit 5 bratn in relaton ta sk dose and width of field plotted 1n a log log
dsagram

2 The second procedure, which was used to analyse the relation between
wrradiation 1njury and width of the beam, 1s 1llustrated 1n Table 2 which gives
the focal doses for those lestons situated farthest from the source of radiation 1
every group and the effective width of the field at the levels of the lesion

These doses are plotted 1n the log log diagram {Diagram 11) and the curve
(B} thus shows the vanation of the tolerance dose with width of sht The
maximal width of the field, corresponding to the hirut for the entire penumbra,
15 also given mn the diagram Curve B 1s also Sshaped and a good agreement
between the two curves 1s obvious

Thus agreement does not exclude 2 number of sources of error influencing the
slope and the shape of the curves The shin doses appear to be farly ac
curate For the calculated depth doses (curve B) the error may be about
5 % The increasingly poorer defimtion of the width of the tissue wrradsated
with increasing depth 1s another source of error which 1s1mportant when narrow
fields are used Only 5 animals were wradiated via a shit of 1 mm width The
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Diagram 11 Corrclation between width of field radiation dose and
radiation inputy i rabbits bram Cure A Tolerance index based
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Fig 7 Complete destructon of tsue with
prol ferat on of atyp cal ghal cells 3 000 rjf mm
Hematoxylin & cos n 0

F g 8 Corneal scar with vacuoles and moderate
gl a5|3! 18000 rf2 mm Hematoxy)n & cosin
x B

H

N & 4.
0 o wapEa
4
F FLhs ,;,l,,,ﬁ yﬁ!_,* 3ty s represents the comp essed 1rradsated field
e st iess? Coe 2BV IS i EE S 18000 +f2 mm Hematovyl n & eosin X 43

. Fig 9 The central cdematous zone with mi ro

Fig 9

1! 633088 Acta Rad ologica 1ol 1 3 Therapy
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2 4
2%F 5
3V
Fig 10 Vertical scctions through rabbit bram in mychn impregnation The

extension of the scar (arrow) 1s clearly seen on companson of the two halves of
the bram (sec also fig 11} 18000 /2 mm width. x 8

J"&
s 52

Fig 11 Preparaton as in fg 10 from ancther rabbut The scar s tuated
furth ¢ from mudlin  a cortical sca 13 seen (arsow) the eyst € spaces are ot try
cysts but dlatations of the lateral ventricle on th  bas of contract n o

scar 18000y L mm width 8
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Fig 12 Oruon like fib osis and thickening of the wall of an
arachno dal vessel 18 000 rf2 mm width v Gieson stain

focal dose found surely exceeds the tolerance dose because all the anmmals
showed injuries The lowest focal dose for this width was not stated

The use of wider shts 15 accompamed by a different source of error W 1th
shts more than 8 mm wide part of the lateral border of the shit hies outside the
brain and then adjacent tissue 1s ncluded 1n the wradiated field The bramn 1s
broadest about 34 mm (in cerebellum) so that when a 30 mm sht 1s used over
half of the bramn, only about 17 mm brain tissue 15 1rradiated but at the same
ume heterogenous tissues of bone, ears cartilage, muscles and skin are m
cluded It 1s not known to what extent uradiation of these tissues might
influence the results It 15, however obvious that the lower imbs of the curves
are relatively well defined whether the effectne width of the sht1s 17 mm or
30 mm (Diagram 11)

Even the use of a rectangular field nstead of an 1deal aircular field may
mmpair the accuracy of the dose levels of the curves (JoLLes and MircueLL
1947) Despite these sources of error the following conclusions appear to be
warranted

The two curves are based on different types of morphological changes
Curve A shows largely the frequency of necrosis i the cerebral tissue and
curve B the frequency of discrete small lestons of vascular type Most of the
changes are confined to the capillanes The fact that the curves are of the same
shape may support the assumption that also necrosis deselop from pnmanly
vascular myuries This 1s supported sull further by morphological obser ations
of Seriorz 1934 Russer Wirsov & Tasstev 1949 Berc & Livboren 1958
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Fig 13 Fat metamorphosis m sascular wall Fig 14 Marked destruetton of sy and sascolar
of arachnoidal vessrl Sheht collulze prolfera  changes along the wall af the thurd \entricle 1 lh;

nion and abundant fine fay dropiews Scaret R cemier of the field parnat or comp) 1e drstrucsion
s 480 1800052 mm H matoxylin & conn 43

Jad RS
"f“"/ P ATV

wnd others Iarge doses however, cause complete destruction of the tssut
Such de truction ha. been obscrved and mterpreted as a pnmary syues of the
nervaus ussue (ARMGLD, Bawey & Lavcuun 1954, Sciusuecrroir 3
scrtser, Beroepsr & Kwoow 1961) Since the capilanes apper to be the
most radiosensiti e structures 1n the bramn and since eatensi e diffuse capittany
myury to the CNS wvartably results i necross thewr cxperiments do not
warrant any defimtne conclustons concermng the sensunaey of the penous
structures

A recent pubhcation by Lagrssos (1960) on the blood brain barrier in earh
stages of necrosts following trradintion with 185 MeV proton boun of 3 mm
dinmeter are of interest 10 000 rad produced no necross wthin an olncr\nuvlﬂ
pertod of max 162 davs while 20 000 rad produced necross m alf the nmmn“
that suriined § 1o 14 dass His analvsis suggests that the ipur) to the capy
fanies occurs before and 15 probabls the direct cause of seyere dimage 0 the
parenchyma "

/suan Cunmis, Geantarp & HasManrr (1929) using deuteron bems nosrn
that the dose requised 1o produce histologe lestons m mouse bratn was bewee
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Fig 15 Different parts of an undufferentiated gl oma with occas onal giant cells 3000 #/6 mm The

tumaur was situat 4 close 10 an 2 ¢a of rachat on necross  wth marked prol ferat on of atvpreal glial
cells (see fig 7 from same an mal) Hematoyln & cosn « 7

15 000 rad and 30 000 rad with a beam 1 mm in chameter With microbeams
25 p 1 diameter the threshold dose was appoumately 10* rad They
concluded that microb cause a pred 1y direct rad mury to
the bran substance because vessels were only occasionally located within the
beam path Furthermore the lesions were sharply delimited and did not follow
any vascular distribution pattern Their results are based on obsenvations 24
days after exposure and delayed vascular lesions after exposure to doses be
low the threshald doses cannot be excluded

Analysis of shape of curres The relation found between the tolerance dose and
field size was not rehable enough to serve as a basis for mathematical apaly sis
but the shape of the curve can be discussed 1n more general terms lTomzing
radiation imtually produces both reversible and uresersible chanses The re
covery of reversible changes 1s a process pr bly dependent on sarious ac
celerating and infubitory factors Lamargue 1942 Jories 1950 Tosras et coll
1922 Jorer & Homx 1955 and Bacg & ALEaanDER 1935 have discussed the

mportance of the formation of toxic sub foll g wrachation If these
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substances are diffusible 1nto adjacent non irradiated tissucs, the shape of the
tolerance curve will vary constderably wuth the volume of tissue ato which
such substances can diffuse Jover & Homw used a diffusion model and found
good agrecment between the expected and observed values for variaton of the
shin tolerance with the volume of tissue srradiated within field sizes of 1 to
100 em?® The steep nise of our curves found an reduction of the width of the
sht from 12 10 4 mm 15 also compatible with the exstence of 1 diffuston process
Diffusion processes may thus mfluence recovery after wrradiation but the ex
pertments teach nothing of the direction of any such diffusion

Dzvin (1957) has clearly shown that recovery of irradiated eputhehal cells
the shin of mice 35 dependent upon substances diffusing from non sradiated to
irradiated cells and such substances may be assumed to be active also i bram
tussues

According to the diffusion theory the tolerance dose for srradition of very
small fields should be extremely high But as 1s apparent from the curves this
15 not 5o With a field width of 2 mm the cunve showed an smtial tendency o
flatten This may be explained n different ways Thus, on srrachation with
these large doses the irradiation tme was so long {mas 3 hours) that it could
chsturb the course of the cunve the biologseal substrate may change andfor the
permeabihity to diffusible sub es may mcrease The fact that protectne
substances from surrounding tissues may be avaiable only to a certan extenty
mght also be of sigmficance

We fel howceer, that some other factor 1s of decistve importance The re
covery phenomenon can sestitute only part of the titsal changes followtagir
radiatton Sooner or later a dose may be achieved where the trreversible past
of the radsation changes dictates the shape of the curve The results of ZEMWY
et colf (1959} sndicate howeser, that the snserse relationship between radro-
senstnaty and tssue wolume exposed holds for microbeams (25 f drameter)

trea factor for skin and bram The skin scems to be the only ussur siudsed 10
details for the area factor (Jorres & Miresgrs 1017, Lius 1942 Jorues 1933
Govpsenre. 1944 Machet ot coll 1933 Joser & Houw 1955 wnd others)
There 15 gencral agreement that the tolcrance varies imversely with the siz€ of
the field A graphical demonstration of a number of abservations reported in
the original papers 1s given 1n Diagram 1210 log log scale This diragram cov !iﬂ
Ffeelds of varyiag shape aad size from 150 cm* down to D 0F cm* Sone of the
nvestigations include a study of such varition 1n field size 15 to produce an
S shaped curve If values forming the basis of the curves gnen by C'm.nnrn;
and by Machee et coll are combined, howeser, they would gne in S shape
cunve for the shin itk

In the present muestigation n S shaped cunve was found for the bramn .
2 modification of the experimental conditions it sight be possible to demonstrs
an S-shaped cunve also for the shin tn anc nd the same expenment
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SUMMARY

The relation between field size and tolerance of rabbit s brain to roentgen irradiation via
sht shaped field 12 mm to 1 mm wide has been studied Single skin doses between 2 100 r and
27000 r were gnen After 52 weeks the morphology of the lesions was analysed The frequency
of mjuries as well as the lowest focal dose + hich produced lesions were dctermined  The
effect of irradiation decreased markedly with reduced width of st The resulung curves for
the occurrence of necrosis and for discrete lesions are both S shaped The shape of the curves 18
discussed especally the influence of diffusion processes Published data on the area factor
makes it hikelv that the tolerance curve for the skin will be S-shaped too

ZUSAMMENFASSUNG

Der Zusammenhang zwischen der Feldgrosse und der Toleranz des Ramunchengehirns
gegenuber Rontgenbestrahlung mut Feldern son 12 mm bis 1 mm Spaltbreste st studiert
worden E hl it H; zwischen 2100 ¢ und 27000 r wurden ge
geben Die B 1 der strahlenbed: Hirn ungen wurde 52 Wochen nach
der Bestrahlung analysiert Die Frequenz der Schaden sov 1 die niedngste Herddosis welche
emen Schaden hervorne! wurden besumamt Die Wirkung der Bestrahlung nahm deuthch
mit '\ der Spal ab Die sich benden F urven fur das Auftreten von
“ckrosen sawie von diskreten Veranderungen sind S fornug Die Torm der Rurven wird
(ilskuhtn msbesondere der Einfluss son Duffe Bereits Ober

machen es wahrscheinlich dass die T kun e auch fur dic Haut einen S
formigen Verlauf hat

RESUME

Les auteurs ont ¢tudse 1 nfluence des dimensions du champ sur la tolérance du eeneaude
lapins 4 Lirradiation roentgen par un champ en forme de fente de 12 mm sur 1 mm de large
Tis ont donné des doses umiques de 2 100 a 27 000 r 1is ont étudaé Ia morphologie des lésions
2au bout de 52 semamnes IIs ont détermine la fréquence des 1ésions ams: gue la plus petite dose
focale ayant causé des 1ésions L effet de 1irradiation décroit beaucoup quand on rédut la
largeur de la fente Les courbes d appantion de 1a nécrose et de lésions discrétes ont toutes
deux une forme en S Les auteurs érudient 1a forme de ces courbes et en particuher 1 mfluence
des pracessus de diffusion IL est viasemblable d aprts los domnées pubhiees sur le facteur
surface que fa courbe de tolérance de 1a pean a auss) une forme en §
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FROM THE DFPARTMENT OF RADIOTHERAPY AND THE DEPARTMENT OF FORENSIC
MEDICINE, UNIVERSITY OF HELSINKI, FINLAND

COBALT,COPPER AND IRON IN ANEMIA ASSOCIATED
WITH RADIOTHERAPY OF TUMORS

Prehmmary communcation
by

Eno Autio and Joukho SAIRRONEN

One of the main problems 1n the treatment of malignant diseases by radio
therapy 1s the protection of healthy tssue from the imunous effects produced
by wradiation The hematopotetic system 1s particularly sensinve to 10mzing
radiation (V% arren & BowErs 1920) and 1ts reactions must be continuously
folloned Ieukocytes espeaally lymphocytes are the cells most affected
aithough the erythroblasts are almost equally susceptible (Broow & Brooy
1947) and anemia resistant ta any lund of treatment may develop Moreaver
since anenua 1s often as ociated with many forms of malignant tumors the
management of such cases during radiation therapy mayv be difficult

Cobalt has been used 1n various anernas resistant to wwon vitamuns and
Diser extract These were brefiv 1zed bv RoTau et coll
{1956) who stated that cobalt medication 1s indicated 1n anemia due to mfec
tion rheumatoid arthnts my<edema nephrosts tumors and levkemna as
well as i hemolytic anemia They furthermore recommended the use of
cobalt simultaneously with copper and wron These three metals are all ncluded
i the compound  CCF 37 (Sandoz AC Basel) which 1s supplied 1n the form
of tablets contaimng 5 mg cobalt 0 5 mg copper and 22 mg iron These tablets

—_—
Subrmutted for publication 9 October 1962
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Fig | Diagrams showing the erythrocyte counts and hemoglobin vatues respectively n 7 paests
with carcinoma of the breast treated a) with CCF 37 tablets, b) with Ferronicum

have been tested by Norpensow (1961), who obtained goed results in certain
chronic anemias resistant to tron

The erythropotetic cffect of cobalt i many animal expertments has been
shown to be remarkable Anemta produced by a diet law 1n protein {OrTES &
Orrey 1945) and anemia followmg hypophysectomy (Crarrs 1952) may be
reversed to polycythemia by cobalt Sarnnonen & Marrrven (1963) demon
strated that erythropotests in rats may be reactinated by cobalt after sublethal
total body roentgen wradiation, the rats were grven 250 or 350 rm a single
dose and afterwards treated with duly cobalt myections Cobift treated
ammals showed a rapid recovery of erythropoesis m contrast 1o the contral
which were ssmilarly srradsated ¢

These animal evperiments 1nspired the present investigation of the ralue of
cabalt 1n the treatment and prevention of anemua associated with radiotherapy
of malignant tumors

Vatenal and Methods The pavents were of both sexes and had nnr:::
mabgnant tumors Carcmomy of the fung and breast were the most comm
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conditions but certamn other malignant growths were also mcluded m the
series These latter included carcinoma of the liryny, tonsil and unnan
bladder, hypernephroma ganghoneuroma, reticular cell sarcoma and mahg
nant gore All except four pauents were treated with roentgen rays One
patient with carainom of the fung one with careinoma of the urinary bladder
and one with reticular cell sarcoma were treated wath tele *Co, 1n addition
one patient with carcinoma of the tonsil recetved tele Ra

In carcinoma of the lung the roentgen treatment was generally given to
5 fields of 8 x 10 cm, factors 230 kV 15 mA and 1 mm Cu filter The daly
skin dose was 350 r and a total tumor dose of 5000 r was usually reached n
approumately 40 treatments In carcinoma of the breast the same land of
yrradsation was adminstered to 4 fields of 10 X 5¢m, 6 X 15¢m, 8 X 10 cm
and 20 X 24 cm The daily skin dose was 350 r but the largest field receved
only 300 r The average total amount of irradiation was 2 450 r to the sk,
the average period of treatment beng 29 days

Carcinoma of the lung was also treated with tele *°Co, 300 r being given
at 57 sessions to fields of 6 x 8 cm Carcinoma of the bladder and reticular
cell sarcoma were bath treated 36 times with 300 r to field areas of 8 X 10 cm
Carcinoma of the tonsil recenved tele Ra treatment 19 times in doses of 732 ¢

The patients were divided 1nto two groups without reference to the diagnosis
and any previous operation M and other ch produced by the
tumor had no nfluence on the basis of division Only those who gradually
detentorated during the period of treatment were disregarded There were
three such progressions 1n the whole material

CCF 37 tablets were admunstered to the first group of ptents datly dunng
the peniod of irradiation The other group was given only ron m the form of
Ferromeum (Sandoz AG) tablets whch contain the same amount of 1ron
(22 mg} as CCF 37 tablets but no cobalt or copper Four tablets of CCF 37 or
Ferronicum were usually admimstered daily but 1n a few exceptional cases
6 tablets were gnen The anemia treatment was generally started at the same

tme as the radsotherapy or some days later Red cell and leukocyte counts
and hemoglobin values were checked 1 the usual way

Results

The changes in blood values duning radiotherapy are presented graphicallv
Since carcinoma of the breast and the lung are the commonest conditions 1n
this matertal each of these 15 treated separately the few other tumors are
treated together

Patrents with carcinoma of the breast are represented i Fig 1, in which
1a shows the erythrocyte count and hemoglobm values 1 7 patients treated
};_hllh CCT 37 and 1b the same values m 7 patients who recened Ferromeum

cre appears to be a significant difference between these groups In all bur
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Fig ? Diagrams showing the ervihrocyte counts and hemoglobin values fes ¢ wels n 7 patents
1 ath carcinoma of the lung treated ) v 1th CUF 37 cablets b) wuth Ferronicum

one patient treated with CCF 37 1 marked elevation of the blood values 15
evident, 1n the one pauent the values remamed at the same lael during the
treatment Terromcum was less effective There was a Jowermg of the envthro-
cvte count and hemoglobin 1 two patients, and n the others the values
remuned prictically constant or a shight clevation occurred This wis honeses
small as compared with the eles 1on produced by CCY 37

11z 2 represents the panents with caranoma of the lung,
with CCF 37 (g 24) and 10 with Ferrontcum The corresponding blood
salues are gnenm Tig 2b In 5 of the 7 panenis CCI 37 produced anclaa
tion of the hemoglobin and the erythrocyte count In one patient the vilues
remaned unchanged and m one a lowertag was seen The Ferronrcum treat
ment was again less effectne An elevaton was evident m only 3 patients and
in one the yalues remamed At the same lesel dusiag the teewument Impnrment
w15 abserved in 6 patents

Other tumors form a muscellsncous group and are colfected m 11y 3 with
the panents treated with CCP-37 tn 33 and thoee treated with Ferramcum

7 were tre el
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Fig 3 D agrams showing the yte counts and bin values resp: 1y ma
muscellancous group of pat ents tre ted a) with CCF 37 tablets b) with Ferromcum The
numbers at the curves ind cate the kind of les on 1) carcmoma laryngis 2) caranoma ton
sllae 3) hypermephroma 4) carcinoma visicae uninabs, 5) ganghoneuroma 6] sarcoma
reuculocellulare 7) careinoma thyreo deae 8) tumor g gantocellul re

m3b The diagnosis is indicated beneath each curve by a number the meaning
of which 13 given beneath the figure Despite the heterogeneity of these tumors
and the differences in the radiotherapy the effect of CCF 37 scemed to be
supenor to that of Ferronicum

The leuhocyte count was followed 1n every patient and the development of
moderate leukopema duning the radiotherapy was a constant finding No
significant difference in this respect was observed between patients treated
with CCF 37 and Ferromeum

The sertes 15 comparatively small and more detailed separation of the
different types of cases 1s difficult so that no attempt was made to calculate

relative values The curves themselves suggest an advantage of CCF 37 aver
Ferromcum
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Practically no harmful side effects were observed during the treatment
Only one patent treated with CCF-37 had gastric symptoms, these were nat
severe and may possibly have been an mmdication of radiation sickness Sn
tablets of CCF 37 daily seemed to be more effective than four and the three
patients who recerved this larger dose seemed to tolerate 1t without dfficulty
No further effect was obtained by increasing the dose of Terrontcum to 6 tablets
daily

Discussion

Many euologic factors are involved 1 the development of anerm i patients
with mahignant tumors subjected to radtotherapy The rolc of the tumar, and
the secondary changes produced must first be considered The imjurions cffect
of tomzing radiation on the bone marrow 1s also of primary importance It 1s
not always easy to decrde which 1s the man factor responsible Mamy of the
patients 1n the present matenial were anemuc prior to any hind of irradiation
When radiotherapy was started 2 gradually developing lcuhopema and,
some patients, anemua mdrwcated damage to the bone marrow Both the tumor
and the irradiation must therefore be evaluated as etiologic factors v the
prescnt series

The results clearly indicated that cobalt, copper and won 1dmmstered
simultaneously had a more favourable effect than 1ron alone on the e ythrocyie
count and hemoglobin It was shown 1n animal experiments by Samnores &
Marrrrven (1963) that cobalt given alone 1s capable of reactivaning erythro-
posests after radiation iyury 2t may therefore perhaps be concluded that cobalt
may be uscful in the treatment of ancmia produced by 1onizing radiwon The
need of won 1s sell evident but the part played by copper 1s not sa clear It may
be that the optimal cffect of cobalt on the anemia produced by rradiation
cannat he obtamed until some copper 15 present, as in other conditions (Ro7i
s et coll 1956) This question cannot be answered from the results of the
present prelmimary study It scems, however, that cobnlt plays the main role
n pr g red cell pr

It must be emphasized that cobalt 1s a toxic substance and httle 13 hnowst
about 1ts made of action facts that restrict uts general exployment M1ny side
effects may occur and nclude disturbances of growth anorevia and vomuting
claudication and 1ngina pectoris 1nd the deselopment of gotre (Revord
1958) Relwusel Jarge doses of cobalt seduce the weight of test ammal
(STANLEY ct coll 1947) and producc adrenal hyperplasia (FIsnER 1955;)'
ather stress reactions as well as porphyrinuri also occur (Satnhoves 199 )
Much depends on the dosage however, and 1t seems that 2 polycylhﬂ"'i
reaction 1s not desirable during the treatment It 1s too carly to rrmmn;:’“‘r
the general use of cobalt but the results arc promisng and indicate that ther
are new possibilities of sumulating the bone marrow after rachation syun
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SUMMARY

Patients with carcimoma of the lung and breast and certam other malignant tumors were
treated with cobalt copper and iron during radiotherapy to prevent anemia Onc group of
patients was gnen the full treatment while the other group recenved only 1ron The effect of
the three substances gnen together was superior to that produced by iron alone

ZUSAMMENFASSUNG

Patienten mit harzmom der Lunge Mammakarzmom und anderen malignen Tumoren
wurden wahrend der Tiefenbestrahlungsbehandlung mit Dosen von hobalt Rupfer und
Eisen beh: um Anaemie zu s ds Eine Gruppe erhielt alle diese Elemente wahrend

eme andere Gruppe nur Eisen bekam Die erste Gruppe zeigte bessere Resultate als die Gruppe
die nur Exsen erhaelt

RESUME

Des malades atteints de cancer du poumon ou du sein ou de certames autres tumeurs
malignes ont suby au cours de 1 radiothérapre un trantement par le cobalt Je cuivre ot le fer
pour prévenir lanémie Un groupe de malades a regu le traitement complet et 1 autre seule

m\c:l“ le fer L effet de ces trois corps ad: aéte a celmdufer
se
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PRESERVATION OF OVARIAN FUNCTION IN EARIY
CERVICAL CANCER AFTER SURGICAL LIT'TING OF THF
OVARIES AND RADIATION THLRAPY

by

Care hress N Brixenurose Morzer 1nd Viseks {OSEREDE

The prehiminary results obtained i our cfforts te preserve ovarin function
m young women with early cervical cancer were pubhshed five vears 380
(3, 4) The patients were first subjected w0 an operation wn winch the ovanes
were lifted up from thewr normal site i the lesser pebvs and fixed s Jugh as
posable i the abdomen great care beng taken in fening the bload supply
intact Radiaton therapy was gven m the usual way after healing of the
operation wound

Loss of ovanan function snterferes so senoush with the hie of ypung wowen
that great effort should be made to avoid tts occurrence On the other hand,
the prognosts of advanced cervucal carcinoma 15 so grave that the piramount
conaderaton must be to give as effctve treatment as possible

Barren & Brows (1956) reported a case in which an attempt was made to
preserve oranan function by ensheathing the ovanes m lead shells before
radiation therapy was adnunstered A large number of cises has also been
descrsbed 1n which surgical removal of the uterus was performed, While 0ne
of bath os anes were retaned Onc of the first reports on ths type of opertion
was published m 1928 by MeCare, heamy and Tuoursos of Louwsiini

Submtted for pubhcavon 11 Spril 1962
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An analysis of the results obtained 1n patients treated since 1949 1s presented
1n ths paper It 1s accompanied by a brief description of the surgical techmque
and an estmanon of the radiation dose delnvered to the ovaries in their normal
positions and when hfted and fived surgically as far away from the uterus as
possible

The first operations were performed 1n 1949—1950 but there was some
hesitancy to continue the therapeutic expenments unul 1t was seen how the
first patients fared In view of the expenence gammed m hormone dependent
genutal cancers mvolving for example the breast or prostate, there was doubt
as to what effect the preserved ovarian function and the continued production
of ovanan hormones would have on the prognosis of carcinoma of the cervix
uten if the expertments proved successful It was essential to establish whether
a preserved ovanan function would be benefical detrimental to the result
of treatment of cervical cancer, or without sigmificance

Nine of the first patients of 1949—1950 1n stage I and under 40 years were
gwen radum therapy alone after surgical ovanan hifung Eight were alne
after 7 years without signs, while recurrence 1n the mnth shortly after the ter

mination of treatment was followed by death withmn the first 12 months
Menstrual function was preserved 1n 6 of these 8 patients one became preg-
nant but abortion occurred at the third month

It may be mentioned for comparson that durmng the preceding two years
(1948—1949) a total of 24 patients under 40 years of age with cervical cara
noma stage I had been treated with combined radium and roentgen irra
diation at the Radium Centre Eaghteen of these were alive after 6 years while
6had died After the lapse of 7 years another patient had died and the growth
had recurred 1n one A cuze was thus obtained m two thirds of cases (1n 16 out
of 24) In none of these patients was the menstrual function preseryed

Osanan ifting was also performed 1n six patients n stage 1T and m three
patients 1n stage IXI These were given combined radium and roentgen treat
ment The beam was as far as possible directed to the parametrium mn an
attempt to avord wrradiation of the ovanes Menstrual function was not pre
served 1 any of these patients

Of the 6 patients n stage 11 and the 3 1n stage ITT 4 and 1 patients respec-
tvely were well and alive after 7 years These figures are small but they do
not seem to suggest that hfting of the ovanes reduces the possibility of cure

Inferior mdhine laparotomy was performed following a complete climcal
t‘(f_!m\)n::\uon The higament of the ovary was divided and the ovary with the

pelvic ] wasmobihised care bemng taken to leave the blood

supply intact The ovary was then hifted and sutured to the margins of 2 small
inciston 1n the parietal penitoneum ¢f the psoas muscle or retropentonealhy
to this muscle so that the ovary occupied a position above the ileopectineal
line The distance between the growth m the portio and the lower pole of the
ovary was usually 13 to 15 cm in a few cases up to 18 em The fallopian tube

12633088 4cta Rad ologica Vol 1 3 Therapy
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was removed only n 1 few cases, and usually 1f 1t presented signs of chrome
mflammation

Usilateral hfting of the ovary was performed m 7 and bilateral hiting 1o the
remasning cases Bilateral os wrsan hfting has mvanably been purformed since
19571958

Radium therapy was mstituted five to exght dasvs following the operation
Such treatment given in the wsual manner will deliver about 3600 r m 24
hours to the normally pliced ovames I, as in the present serics the ovaries
are moved a distance of about 14 cm the dose will be reduced to abost 1
forueth 1¢ to about 90 r m 24 hours

The treatment was resumed 1 1957 following a survey of the 19491920
series, and an analysts of the entire series 1s now presented

Many questions ansse m the treatment of young women for carnomn of the
cervix utenn The general physical condition of the patient must e carcfully
cansidered and attention guen to the menstrual function and the sex hfe as
well as to the condition of the vagint Two mteresting studies on osteoporosis
published by Mercs (1958) and Iraser & Kmvg (1958 p 388 should be
mentioned at this stage These authors concluded that abohtion of evanan
function results n ostcoporons 15 to 20 yews fater A woman undergoing
castrauon at the age of 20 will, when 40 years old have 1dvanced in bone ¢
to 60 or 70 years

Chnical series (1957—1958)

A total of 32 women whose ages ranged from 23 to 39 years were treated
with bilateral Ifung of the ovaries followed by raduum wradintion vone Recur
rence was recorded i 10 cases, or 285 ©

This figure was compared wsth the frequency of recurrence cal ulated after
the same observation period i patients of the same age group from the un
mediatels preceding five year persiod This was 328 9, {1 ¢ 23 cut of 70) In
spite of the fact that these 70 pauents had been gnen combiaed radrm and
roentgen treatment, the percentage of cures obtamed after ovaran fiftng
and radwm vradiation docs nat seem to have beea reduced

Among the 10 patients with recurrence aftes ovanan hiting m dignan
evident i two after childbirth (which 18 alwys a senous complication},

v was

© artan lifting Controf senes
35 pauenss 10 recurrences 78 patients 23 recursences .
Rttur(mtt Reeuryenc
.
5
{ died withm first 9 months 3 2 died wathin first 3 manthe §7
i » s W0 > 6 2 5 2 o » 6 > .
I o»  w m 3san 9 8 » o 1 42 » b
7 aline by 33cars with recurrence 285 7 8 s g;nn e
LY >
¥ death has subsequently ocrorred
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il third pauent was in stage II and a fourth had a
strong famulal predisposition (her father and a sister
had died of cancer}

These observations may venn well semve 25 a
pointer wmdicating the type of patient i which
radium therapy alone will not be sufficient

A more detailed survey of the times of recurrence
within the first three years 1n the two groups 1s given
below

3 It 15 possible that some of the paunentsn the control
series classified as stage L had more advanced grow ths

2 Ovarian lfing was actually performed i 37 pa

328% tients but two were excluded because operation re
vealed that the conditron was far more advanced than

10 had been assumed at the vagmal examunation
785+ These figures suggest that the margin of error in vag
mal esarunation performed even by expenenced

examners may be about 5 °,

Menstruation 1t 15 well known that many conditions
No of cases Recurs ncluding surgical mtervention may result in abolt
Fig 1 Number of patientsand 1100 of menstrual function either permanently or
of recurrence m the control temporanly and 1t would therefore be reasonable
sres (Ra + roentgen) (whte to assume that operation on the ovanes might pro

colurons) and n patents pre g,
Ct
teated 1 th ovaran lfumg o this change

(+ rocatgen) (black colurans) Among the 25 panents without cancer treated
with ovanan hfting 19 menstruated normally after
wards although menstruation did not occur for a vear 1n a few and for two
years m one patient
With one exception the 6 patients 1 whom menstruation did not return
were over 34 years of age while menstrual function was re established n 8
Ppatients who were over this age

One patient became pregnant and “borted at the third month 1 the series
from 19571958

The desirability of performng tubal resection at the time of ovanan hfing
has been carefully consdered but not as yet accepted One patient was asked
1o record the body temperature regularly and the chart distinctly showed

the occurrence of ovulation since then the temperatures of all patients have
been recorded

Sexual funehon One of the principal purposes of ths study was to imvestigate
11t was possible to preserve a normal sex life

Eighteen of the 25 patients without recurrence stated that their sexual
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a
Fig 2 a) Frequeney of preserved menstruation No patsents with
presened menstruation after combined radim roentgen treatment
i the control senies (white column) Ereserved menstruation
76 of panents pretrcated with ovarian Litng (black colamn)
b) Frequency of unaltered or tmprosed sexual funct onsn tie
control series (black column lefi) and in patients pretreated with
ovarian hifting (black column right) c) and d) Frequency afhot
flushes (¢) and of weight pam (d) Control series (black columns
feft) and in pat ents pretreated with ovarian hfung (black columns
fighty

‘J 51/ 92y 518/ 4/ 63/ 25

d fre

function was as normal as before the operation both as far as hbido and o
a had

quency of intercourse were concerned Iour others stated thit dysparcunt
been present before the operation, and that no change had occurred, 1¢ the
conditions were unchanged in 22 out of 25 patients

Onc patient seemed to have demved benefit from the
her previous fear of becorming pregnant had disappered Two pauents,
37 and 38 reported that hindo hid disappeared after the treatment

ntenention 10 that
aged
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Forty seven of the 70 patients of the control group were symptom free
{frequency of recurrence 328 9,) Information as to sexval function was
available for 42 of these 47 patients Twenty four stated that no change had
occurred, 4 had ceased 1o have sexual relations for fear of recurrence 11 reported
a defimte deterioration, and 3 could give no worthwhile mformation

Depth and degree of mosture of the vagina The sigmficance of measuring the
depth of the vagna was unfortunately not appreciated at the beginning of the
mvestgation but the vaginal depth was measured after treatment in two groups
m which ovarian Ifung or castration had been performed In none of the
patients 1n the first group did vaginal shortening amount to more than 50 °5

The depth of the vagina in pauents undergoing ovanan hfting or castration
was as follows

Average Maximum \inimum
After ovanan hftung 10cm 12em 6 cm
After castration 7» 10 » 1»

The vaginal mucosa was normal being moist non atrophic and folded 1e
unaffected by the treatment m the 19 patients with presersed ovanan function

The vaginal mucosa was studied 1n 40 of the patients in wWhom castration
had been performed It was dry and atrophic 1n more than 60 %, and dry and
agglutnated 1 10 9, of these patients

Weght gan Weight gains were smaller in the patients who had undergone
ovarnan Ifting than in those subjected to combined radium and roentgen
trachation {castration) Among the 42 patents treated with radium and
roentgen wrradiation 1n whom menstruauon fuiled to reappear definite weight
gams were observed mn 29 (or 70 %)} mcluding 51n whom the gains exceeded

Weight gains were observed 1n 25 9, of the patients treated wth osarian
ifting but did not exceed 5 kg 1n any of the patients The fatty tissue increase
Was especially marked on the abdomen and thighs

Postmenopausal symptoms S1x (or 24 %) of the pauents who had had ovaman
Lfting complained of hot flushes while 19 had no postmenopausal symptoms
Flushes occurred m 32 (or 76 %) of the 42 patients n the control series 1¢
they were three tumes as frequent as after ovanan lfting

It may be mentioned with regard to comphcations that two patients of the
entire senes (1949-—1950 and 1957--1958) had to be subjected to a second
Operation for unilateral ovaran cysts

Conclusions

Ovanan funcuon was preserved m 25 out of 32 patients aged from 23 to 39
of the entire series wath carcinomn of the cervix uten after lifting of the ovanies
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from the field of irradiation and therr fixation at a ngher level The posstbility
of preserving ovanan function, an intact vagma, and normal tonus of the
breasts as well as ensuring a normal sex Iife with this type of operation must
constitute an mportant factor from the aspect of the welfare and happiness
of the patient

Two (one from 1949 and one from 1927} of the 42 patients became pregnant
and aborted at the third month It must consequently be assumed that the
chances of a successful termnation of pregnancy are poor

SUMMARY

Attempts were made o presene the ovanan function 18 young women with cenvcal cara
noma stage I by lifting the ovarics and attaching them fo the panetal perttoncum on the
psoas muscle or retropentonealls to this muscle before radism sradiation  The attempts
proved successful m 25 of 32 patients aged from 23 to 39 The posubiltty of a normal sex hfe
was considerably mereased

ZUSAMMENFASSUNG
In Fallen von Cenvixcarcnom sm Stadium I wurde versucht die ovanelle funktion zu
behalten indem man die Ovarien b und sic am p len 1 des Psoasoder

retro-penitoneal hunter diesem Muskel befestigte bevor Bestrahlung stattfand Diese V ersuche
bewahrien sich gut in 25 von 32 I atientinnen sm Alter von 23 bis 39 Jahren D Moghebkat
cines normalen Geschlechislcbens war crheblich serbessert

RESUME

Les autcurs ont cssayé de préserver la fonction ovanenne de jeunes fernmes afteintes gr
cancer du col au stade I en fixant leurs ovaires en postion haute au pénton  panétal du
psoas ou sous le péritoine a ce muscle avant cuniethérapie Ces essais ont é1é sunss de succes

chez 25 fernmes sur 37 agées de 23 3 39 ans La possibulité d une vie sexuelle « rmale a dté
considerablement augmentée
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EFFECTS OF ROENTGENRAYS ON THE
ENZYME SUBSTRATE (LUCIFERASE-LUCIFFRIN) SYSTEM
OF THE CRUSTACEAN CYPRIDINA

by

W Louvany C F Fowrer and W H Perwans

Both the site of the primary cellular lesion and the earhest physiological
changes produced 1n ammals by 1onizing radiation have been investigated for
several years Most of the recent studies deal with alterations 1n the membrane
permeability of certain ntracellular structures (harLax 1955) The wncrease
n the activity of several enzyme systems observed after irradiation may be due
o changes in membrane permeability Bacg & AtexanpEr (1961) have
Ppostulated that enzymes are released from membranes and intracellular surfaces
by radiation Physiolomecal changes then would be produced by the hiberated
enzymes DNA however 13 very radiosensiive while DNAase cannot be
hiberated by small doses of radiation (Onapa et coll 1957)

Other possible explananons for the increase 1n enzvme actwity observed
afier srradiation might be (1) a substrate 15 rendercd more susceptible to
€nzyme action or (2) substrates are partly destroyed leaving unused enzymes
0 accumulate

To obtain some information about the relati e radiosensitivaties of an enzyme
and yts substrate we have done 1n vitro studies on the effect of radiation on the

Submitted for publication 1 October 1962

183



184 W LOHMANN, C F FOWLER AND W H PERKINS

=W«
W Flosh height peok
W Flosh he ght beak width
A Areq fin ted by solid and b oken | nes
g < Stope of the sacton cu ve
t
[N x
x
4
W
T
x A
123
<
N
«
e gem——| ‘\
isct on of Lue fe ase $mm
TIME -
Fig 1 figure for cxplatning the abb used in text
and figures

enzyme substrate \luciferase Juciferin) system of the small ostracod Cypridina
Thus system 1s an excellent one because both the enzyme and the substrate are
m highly purified states and can be wrradiated separately

Matenial and Methods In these expenments an RCA type 6217 phototube
with a range of highest response from 3 500 to 6000 A and 1 Moseley %3
chart recorder were used The negative voltage to the phototube w1s obtamed
from a Bard atomic model 312A super stable ligh voltage supph  The
phototube as well as a test tube with fived geometry relanve to the phototube
were mn a hight ught box

All irradintions were done with a berylfium window roentgen tube (Phahps
Llectronics Instruments Mt Vernon, N Y ) operated at 100 kV and 12mA
and producing a dose rate of 9 X 10* rfmumn

Four hundred micrograms of ghly punfied luaiferin were dissohved 1 4 ml
of methyl alcohol In this solution pure luciferin is relatnedy stable The
tuciferase solution consisted of 400 g of enzyme dissolved 1n 4 ml of 01 M
phosphate buffer Twenty five lambda samples of the luciferase solution ucrcf
pipetted 1nto 2 small lucite contamer and wrradiated with different doses of
roentgen ravs (3000 to 45 > 104 1)

Afier irradiation, the sample was difuted to 10 m{ with 0 1 M P’hﬂff’h-"lfc
buffer at pH 70 mabing a final concentration of 0 20 pg/ml Also 25/ of the
methanolic lualfrnn solution were diluted to 10 ml with 0§ M phos
buffer producing a final concentration of 0 25 ug luaifenin/ml

phte
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Fig 2 Flash height peak arca stope and peak width of the Cypriding
luGerase lueiferm system as a function of the roentgen dose gnea to
luciferase

Furst 10 ml of the buffered luciferin solution were poured into the test tube
msde the light tight box The reaction was then imtiated by mjecting rapdly
with 2 hypodermuc syringe, 10 ml of the 025 pg/m! buffered, irradiated luail
erase solunon

To demonstrate the effect of the raciation on luaiferin 25 7 of the 0 1 mg/ml
methanolic lucifern solution were 1rradiated under the same condiuons as the
lnaferase After diluting to 10 m! with 0 1 M phosphate buffer the solution
was poured 1nto the test tube and mixed with unirradiated luciferase solution
10 m!) using the method mentioned above The total hght emutted (area
under the curve), the slope of the reaction curve the flash height peak and the
flash height peak width as illustrated i Fig 1 were determined immediately
after mixing the enzyme and the substrate

Unurradiated control samples were used with each particular experiment
Autouidation could not be observed dunng the time measurements were made
Al measurements were made at room temperature

Results and Discussion

The distribution of the values of flash height prak area slope and peak
width for luaiferase as a function of the roentgen dose 1> shown m Fig 2 Each
ndividual pomnt represents the mean of several experiments As can be seen
the enzyme 1s very radioresistant There 15 onlv a shght change in the activity
for doses up to about 10° r For higher doses the peak height and the slope
decrease simultancously The area however decreases at 2 much slower rate
The total Iight emitted 15 reduced by only about 50 95 after irradiation with
36 x 10°r This1s probably not due to an influence of the concentration of the
enzyme as will be shown liter on Related to this might be an increase 1n the
Ppeak width of about 800 %, after rradiation with 36 x 10 r
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Fig 3 Flash height peak area slope and peak widih of the Cypriding
llun;':rasc haferin system as 2 funcuon of the roentgen dose gnen 10
ucrfenin

The results obtamed by the wradiaton of luciferin are shown i g 3 In
this case the area, the slope, and the peak height decrease almost at a constant
rate within experimental error, but the peak width remasns constant 4 dose
of about 13 5 x 10* r destrovs almost completely the substrate

In Figs 4 and 5 the flash height peaks and the areas, as abtuned after the ie
radnation of luciferase and luciferm are compared The curves were normahized
1 the control values As can be seen, the enzyme 1s much more radioresistant
than the substrate

To demanstrate the effect of the concentration of either enzyme or substrat
on the peak height, the slope and the area, different amounts (5 ta 40 «) of
vmrradiated luciferase os luciferin solunhon were muved together ta the fest
tube The results are shown m Fig 6 The peak heights decrease proportionall
with decreasing total amounts of either enzyme or substrate leupcnmrnm
resubts are fitted by a strught hne and can be represented by the equation
y = 1 17 v« By using hall the imtal amount (20 #) only, the peak height 18

reduced by half A strasght hne could afso be obtuned for the arer 1 casc 0
2dding different amounts of luciferin to 40 » of lucsferase There was howeves,
no hnear decrease sn the area with decreasing volumes of lueiferase and 1
constant amount of luciferin (40 4) A reduction of 3bout 50 % in the wmount
of the cnzvme changed onh slightly the total light emitted The obsernvation cant
account for the effect mentioned carhier and shown n [sg 2 Irrudiztion of
fuosferase required 36 x 10° ¢ to reduce the total ight emitted by 50 % The
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enm system as a function of the quanuty of each co it tu nt

decrease 1n total light ematted 13 not proportional to a decrease 1n enzyme con
centravon However the decrease in the flash height peak s proportional 1o the

reduction 1 enzyme concentration and can be used as 4 measure of radiation
effect on the enzyme



188 W LOHMANN, C F FOWLER AND % H PERRINS

The substrate, luciferin, appears to be more radiosensttive than the enzyme,
Iuciferase A 50 % reduction 1n the total hght emtted 1s produced by less than
1 x 10% r when given to luciferin However, the same amount of reducton n
total light emtted produced by irradiation of luciferase requires about
30 x 10'r

A reduction 1n luciferase concentration of about 75 % 1s measured by total
hght output, 1s required to decrease total ight output by 25 ¢/ using non ir
raciated samples Thus, a large amount of luciferase would has e to be destroyed
by 1rradiation before significant loss of activity could be found, using the area
determination

The flash height peal 15 a linear function of the quantity of luciferase
present If the flash height peaks re used as crtenia for radiosensitrty, lual
erase 15 3 to 4 times more radioresistant than luciferin, as determined by the
50 % reduction 1n flash height peaks of the reaction curves

Acknowledgements
We appreciate the generosity of Drs F H Johnson and Shimoura (Princeton Unnersin}
n furmshing us with luciferin and luciferase and for their valuable advice The technical as
sistance of Mike Fbert and Mus Luanne d 18 11y ack ledged

SUMMARY

Twenty five lambda of practically pure luciferase solution (0 1 mgfml of 01 \f phosphate
bufler) or 25 7 of highly punfied lucifersn solution (0 1 mg/ml of methyl alcohol were wradi
ated with diffcrent doscs of roentgen rays (3 000 to 45 X 108 1) The imtial flash height peak
the slope of the reaction curve and the quanuty of hight emitted after combinauon of enzvme
and were de: d using qutpment The results of these in vitro €3
penments show that the substrate 13 much more radiosensitive than the enzym

ZUSAMMLNTASSUNG

Tunfundzwanzig Jambda von praktisch remer Luciferase Losung (0 1 mg mf ciner 01 M
Phosphatpufler Losung) oder 25 7 einer hochgereimgten Luciferin Losung (0 1 mg m! Aethyl
alkohol) wurden mut verschiedenen Rontgendosen bestrahlt (3000 bis + 0 # 10° 1) Das
anfangliche Maximum der Abfall der Reakuonskune und die nach hombinanon Lon
Enzym und Substrat frewerdende Lichtmenge wurden muttels ciner Photozelle besummt
Die Ergebnisse dicser Versuche i witro zeigen dass das Substrat wesenthich strahlencmp-
findhcher als das Tnzym ast

RLSUME

\ingt-cing lambda d une solution pratiquement pure de luciférse (0 | mg ml de (;l \:
phosphate tampon) ou 23 lambda de solution de luciférne trés purtfice (01 mg/mi dal 5{"“
méthlique) ont été arradiés par différentes doses de rasons roentgen (30003 45 l‘ .'«
La hauteur de 1 éclar imial 1 pente de Ja courbe de réaction ct Ja quantité de fumicre (70
aprés la combimason de | enzyme avee Je subntrat ont été measurées avec un éqml’m" -
celtule photo-électrique Les résultats de cos expéniences in vitro montrent que I substrd
beaucoup plus radiosenuble que 1 enzyme
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FROM THE RADIATION PHYSICS DFPARTMENT (DIRECTOR ASSQC PROF B LIDL\),
UNIVERSITY OF LUND, SWEDEN

SI MI-PORTABLL WHOLE BODY COUNTIR FOR
CESIUM 137 AND OTHER GAMMA LMITTING ISOTOPLS

by

Y Navrrsten R C McCarvL and K Lipen

After the discovery of the unusually high 97Cs burdens 1n Swedish I 1pps
(LinEn 1961) 1t was realized that a large group of people had to be studied o
assess the actually existing contamination levels Since the people to be meas
ured were about } 700 kilometers from the iron room whole body counting
facihity (IRC) 1t Tund and since the Lapps are not easily avulible for long
distance trvelling 1t was deaided to design and construct 1 whole body counter
suitable for transport to Lapland

The whole body counter was designed around the followinsy specifications

I 1t should be serm portable 1¢ two men should be able to ssemble of
disassemble 1t for transport 1n a few hours

2 It should have the sxme geometry as the 42 em chatr arringement :n the
stationary whole body counter at T und (Crorrquist & T1nfs 1962)

3 The detector should be 1 5 1n diam by 4 thick NaI(T1) erystal

4 Shclding must be presently available matenal 1¢ lead bricks, the amount
of shiclding must be mimmized to facihitate transport

5 Tt must be structurally safe

It ws expected that the I apps would hay
of 01 uC *'Cs or more With such 1 relatnely large amount of acti
not necessary to have 1 very low background We were also of the opsnion

¢ 191Cs body burdens m the range
sy 1 was

that

Submutted for publication 15 Tcbriany 1963
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7/
L’
DWood DLe ad
Fig 1 Sem portable whole body counter The shielding 1s supported
by a structure of 8 + 4 tmbers and plywood sheets

determination of the body content of potassium was of a second order of
importance
There was very hittle expenience to draw upon 1n the literature Rogscretcoll

1261 Paruer 1962 and [iwpELL 1962 have done some work with simple
huelds

Description of the whole body counter A stable basic structure of 8 x 4 timbers
15 made with a plywood roof (Fig 1) A lead floor 4 «m thick 1s then laid

The wooden structure 1s used to support side wall ot I ¢ 4 cmthick withan
mner retaming wall of plywood A section of the 1 v 1 ¢t 15 cut out and
replaced bv 2 4 mm lucite sheet in the area where @1 11 the subject must
Pass to reach the detector The detector 2 inch 1 i mrter and 4 inches

thick Nal(T1) crystal rests upon this sheet of luaite \ sinal house of lead the
walls and roof of which are 8 cm thick 1s built around three sides and above
the top of the civstal The fourth side must be open in order to let the , ravs
Pass from the he 1 and shoulders of the subject to the crystal In order to
strengthen the piv d roof a 30 mm by 30 mm by 5 mm nght angle 1ron
beam 15 added at the h ad end of the plywood roof A lead wall 4 em thick
held 1n posiwon h tur heets of plywood 1s built smmediately behind the
subjecttoclosett p n nd
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Fig 2 Arrangememt of the lead shiclding of the serm portable wh le body
counter The positson of the chaw 15 sndicated by dashed-dotted Iincs

B2 Leas
£ wood
{7 Praste toam

23 Crystal

Fig 3 Irofle view showing the grom tey of the sermu portable
whole body counter The prineaple of th e 7 Jthng charr 1w andicated
by arrows 2w dashed hines The lead shiel 2 of the side wallsof the
counter 15 not shown The crynal rests on a Jutite sheet replacing
the plywnod arca inside the Jead cave

The arrangement of the lead shuelding of the sermportable wh(;!;cgzg

counter (PC) 15 shown mn Fig 2 The wesght of the shicld 15 thout )
The total weight of § 500 kg 15 small enough that most foars can easly
the countes without further support
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Fig 4 The sem portable whole body counter seen from two different direct ons with  child 1n meas-
unng postion The bags contaming 5 kg of sugar are used for background measurements

It was decided to avord using a door since this would greatly merease the
complewty of constructtan  The outer dimenstons of the counter thus construc
ted are only 160 cm (length) by 120 cm (width) by 110 em (height) This
small size was made possible by using a folding charr of plywood sheets (Fig 3)
The subject walks into the shield and sits down on the chair, shich s folded
flat on the floor The charr 1s then erected to the standard charr position until
the subject sits comfortably m 2 well defined geometry Since the head of the

subject protrudes out of the shield (Figs 3 and 4) there 1s no problem of
claustrophobia

Factors influencing the background Background stuches made at our laboratory
showed that addinonal lead would decrease the bachground only slowly n
<ompanson to the amount of shielding needed We have estimated the un
shielded opemings 1 duifferent directions according to Table 1 to be about
20 % of full solid angle 41 The measured reduction of the total background
counting rate was also about 80 %,

Of those openungs mentioned 1 Table 1 (see also Fig 2) only the first one
by closing 1t could reduce the background to the expense of a reasonably
small amount of lead Measurements at our laboratory showed that a lead
shield, 4 cm thick above the stem of the photomultiphier could reduce the bach
ground of the *Cs energy band (0 60 to 0 72 MeV) and the potassium energy
band (1 38 to [ 56 MeV) wath 5 and 10 9, respectively

The 1mprovement by addmg a lead wall 4 cm thich at the foot end of the
counter was also investigated A wall 64 cm wide and 48 cm high suppressed

the background of the ¥ Cs energy band by about 7 9, and the bachground of
the potassium erergy band by about 6 %,

13633088 Acta Radiolog ca Vol 1 3 Therapy
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Table 1

Localion of unshrelded parts of the counter and therr st.¢ 1 per cent of the
Sull solid angle £ 7T (as seen from the crystal)

°

The opening for the stem of the photomultpher above crystal 3
The entrance of the counter 3
The upper part of the side walls 4
The foot end of the counter 6
The head end of the counter 3

9

All openngs 1
Table 2
Backgrownd of the semy portable whols body counter on different locaticns
Locauon <pm n the energy bands Background
H I rato {11/
600 ta 1 380 to
720 kel 1560 keV
No } 280 230 082
> 2 620 530 082
» 3 410 330 ¢80
» 3 180 120 067
» 5 23 13 e45

Place No ] Lund (557 \ 146 E; Sweden The counter 1n the muddle of an air condimoned
foom room dimensions about 10 ¢55 2 m? floor about 2 m below ground Imel concrete
walls ceiling and floor

Plae \o 2 Johkmokk (66 N 199 E; Sweden The counter 1n the muddle of a room of gi'
following approumate dimensions 4 3 2 m? floor about 2 m below ground level conare’e
walls ceiling and floor

Place Ao 3 Jokkmokk (666 N 199 Ej Swcden The counter in the middle of a room do«;
10 that of place No 2 room dimenssons about 66> 2 m* floor abaut 2 m below groun
tesel concrete walls cetling and floor

Place Nod Inan (689 \ 278 Ej Finland The counter tn the mud i of 2 room i .a’mwdr"
house room dimensions about 5573 m* floor about one meter abos ¢ ground level

Plae Vo 5 Lund (357 N 146 Fi Sweden The detectar  an air condioned sron oo
210 em by 250 cm by 193 cm (hesght) walls and floor 18 om thick of Jamunated wron

1
cetling shucld consists of 1 ema sron and 8 10 12 em dad  the floor about 2 m below ground e

In such a counter suth onfy moderate shielding the background 193¢5} rr?:
pendent on the emvironmental radiation It was expected that our mr:\sr;-!mr
ments 1 the laborators room with concrete walls, ceding and floor the o
besag about 2 m below ground lesel would 1n some respects copsiitutc a0
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Fg 5 Background spectra in the energy range from 0.2 to 20 Mc\ obtamed
1n the semu portable whole body counter at the four places mentioned m
Table 2_compared w th the background in a convent onal tfon room (spectrum
No 5) The dominant peak 1s mostly from potassium in the environment of the

(\:Junlcr Small amounts of radon daughters €an be distingusshed from vanous
umps

favourable background situation The background should be sigruficantly
lower in a wooden house and 1 a room above ground level

The backgrounds i Table 2 are measured with a 70 kg non radicactive
sugar phantom 1n the counting position 1t can be seen that the background
of the PG could vary withn wide himts probably almost exclusively depending
on the degree of radicactive 10n 112 the hhourhood of the counter
The relanon between the counting rate of the *Cs energy band and that of the
potassium energy band shows that there 1s a quabtative difference between
the vanous background spectra The concrete 1s undoubtedly contammated
with radionuclides emitting high energy gamma rays

Background spectra as they are obtamned at places mentioned m Table 2
are shown i Fig 5 For companson a background from the IRC1sshown too
{cune No 5) Bachgrounds at places INos 2 and 3 are defintely elevated prob-
ably due to a higher contamnation level of natural radioactivity 1n the sur
roundings The peaks and bumps can be nterpreted as gamma rays from dis
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Ig 6 Background spectrum obtaincd i the semu portal fe whale
body counter at place No 2 The marked prak at 262 Me\ and
the Lump at 6 90 McV from thormm daughier producty vo some
extent explan he relatively high backgroun ! at thes place

integratng nuchides of the uranium and thorium series and of “h Inlig Gis
shown the background from plhice No 2 1n the energy ringe from0 2 McVio
29 MeV Besides the perhs wnd bumps noiced 1n g 5 2 peak at 262 MeV
from **T1 of the thorium series 1s visible The most predomnnt peth 1t | 16
MeV onigmtes from naturally occurring “R o the noghboushood of the
detector

To be able to make 2ccurate whole body radiorctivity determunations 1818
also ymportant to take mto iccount the effcet on the bachground of ywying
body sizes Qung to the moderate shiclding 2 s1zable amount of bichground
photons wilf be attenuated m a body placed i the counting posiion Some of
these will lut the crystal as degraded photons

Photons winch, n the case of empty chr, would not hive hit the cr!
will be dirccted fowards the crystal by scattering processes tn the body 4 rthout
pasung 1t least 4 em of lend, however, only thase photons enterng through the
open foot end of the counter ¢n hut the crystal ag 1 scattering angle of fess than
90° Attenuation by the body el background y rays of 1 certun enefty therefore
will show up 13 1 depression of the counting rate withm s (ull energy perk A
smaller depression occurs 1 the encrgy range of sts Compton dmninmln;\
Superimposed on ths depressed bickground are then the counts from 1((1[
nonat degraded photons scattering to the crystal by the obyect aself, most @
them having 1n coergy less than 311 keV

ystat
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Fig 7 The effect on the background of photon intetactions in
a large mass n the counting position The background spec
trum of a 70 kg sugar phantom is normalized to a background
of empty char

The effect on the background of varying body sizes has been studied wath
non radioactive sugar phantoms of several sizes m the counting position of the
PC The phantoms were made 1n sections of 5 kg sugar bags They were bult
toresemble the shape of the body of 2 human being The ratio of the background
of a 70 kg phantom to that of an empty chair, as a function of the energy 15
shown 1 Fig 7 The correlated spectra show the effect of photon interactions
n large masses mside the counter Degraded photons will result n an elevated
background counting rate of the channels below 300 keV Above 100 keV we
obtained a marhedly decreased background counting rate with a 70 kg sugar
Phantom 1n companson to that obtamed without sugar in the counter Thisis
due to the attenuation m the phantom of photons penetrating the shield

The background m different energy ranges shows approxamately a linear
felation to the phantom mass mn the region from 30 to 80 kg (F1g 8) The
break of the hines of the high energy bands at about 30 kg could be a result of
the attenuation of gamma rays from the floor outside the counter The first
30 kg sugar will obviously more effectwely shield the detector from photons pas
sing the lead floor than sugar does thereafter added to get larger phantoms
Below 300 keV owing to scatter there 15 an increasing background counting

rate with the phantom size The counting rate m the total energy range from
01to 18 MeV also increases with the phantom s1ize Houever, for ail energy
bands above 400 keV the counting rate decreases with phantom size

If a standard background 15 automatically or otherwise subtracted a further

correction in order o get a correct net count 1s easily apphed accerding to the
following considerations
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Nb & = dard back d with a ph weight of 5t kg epm
Np x = background for a person with a werght of 1 kg cpm
N
fx s = N: : = background correction factor
Ng = gross count cpm
Na = Ng— Nb st = net count before correction cpm
N = Ng—Np x = true net count for a person weighing A kg cpm
S = sensitivaty of the whole body counter epmy/nc
From these defimitions the following formula 1s deduced
N =Na+ Nps (1 —fxs) cpm (1)
The correction corresponds to a body burden of
N
Acors = % (1 —fx s ne (2)

At place No | the change of the background 1n the #'Cs energy band due
to different body sizes in the counter, was found to be 011 ©, per kg Ifa
standard background with a 70 kg phantom 1s used and 1f the bachground s
less than 700 cpm (sce Table 2) thuis correction corresponds to less than 10 n¢
397Cs for a subject of 30 kg body waght

Caltb of the portable whole body counter for absolute measurements of
21Cs body burdens The whole body counter was constructed to have the same
geometry as the 42 cm chair arrangement of the stationary whole body
counter at Lund (Croerguist & Lipex 1962) Therefore the cabbration
data of the latter 1n the first approximation should be applicable to the PC

However a small correction of the figure of sensitivaty had to be made, stnce
the detector n the PC was supported by a luate sheet,  mm thick and the
head end of the plywood roof of the counter had 1 30 mm by 30 mm by 5 mm
nght angle tron beam By 1 somewhat ssimphified geometrical considertion l(;
was calculated that the absorption of the *’Cs and **h gamma rivs amounte
t0 50 °, and 3 4 9, respectively Therefore the counting efficiencies of those
1sotopes a priort were assumed to be correspondingly smaller in the rc lhnr:.l}r:
the stationary facility Using the most recent level schemes of #* Cs and
(Auclear Data Sheets 1959 and 1961) the sensitiaty of the counter for these
radionuclides 1t equilibrium 1 a subject of 70 hg body weight 1s 2 76 counts pef
munute per nanocurie ¥*Cs and 0 180 counts per mmnule per grim potassium
The uncertunty of these figures 1s about 5 %, peen

In order to test the counting cfficieney of the PC great cfforts have b ¥
made to compnre it with result in the IRC Persons measuredin places \NMHU
1 were transported by ur and train to Tund to get comprible mz’;um'z'l’v;t'lﬂ1
as soon as possible However, 1t was not possible to arrange 1t withoutadelny
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‘Table 3

Comparable counting rates in the energy range from 0 60 to 0 72 \fel from 137Cs as obtained wuth the same
detector n the semy portable whole body tounter and 1 the wron room iehole body counter at Lund

Subject  Weight of Counting rate Discre Signtficance
the subject A B pancy of (A—B)
kg n PC mIRC (A—B) 25 D
cpm cpm cpm cpm
3N 2 185 177 8 8
Jjc 77 210 240 0 11
AN 72 132 132 [ 4
EM 61 900 903 —3 34
T M 34 210 199 n 13

of a couple of days Table 3 shows the result of such measurements of different
subjects 1n the PC and the IRC The counting rates of the PC have been cor
tected for 5 %, absorption 1n the detector supporter All bachgrounds used were
obtained with non radivactive sugar phantoms of correct weight except for
subject T M 1n the PC His background obtamned with a 65 kg sugar phan
tom was corrected according to the formula (2) on page 191 using 2 relatne
background correction factor of 00011 All counting rates are also corrected
for contribution of potassium counts 1n the *Cs energy band A correction 15
ko made on the assumption of a daily excretion rate of 1 %, Table 3 does not
mndicate any difference m the counung efficiency between the compared
whole body counters
In the PC, children down to about 20 hg body weight were assumed to be
measured Therefore 1t was desirable to take into account the relation between
the counting efficiency and the body weight The wron Toom counter was cah
brated for ¥7Cs 1 the body for a standard man The efficiency vanation with
the body weight was not very partcularhy studied Wath 2 7 1 diam by
35 thick Mal crystal MicLer et coll (1929) have shown that the varation 1s
less than 5 9, of the sensitivity of potassium for a change 1n body weight from
50t0 96 kg With a8 diam x % thick Nal crvstal MitLer 1962 reported
Tesults indicating 1 varation of the sensinaty for potasstum n the body of
about 10 9, for a change of 50 kg m body weight In our laboratory using
a5 x 4 Nal ITL cystal a decrease in the efficiency of about 10 2}, for
a change m bodv weight from 50 to 100 kg has been found
Measurements of cvlindrical plastic contamners filled with solutions of 1CsCl
have shown a rather wide vanation of the counting efficiency for different
Pparts of the bods 1> could be expected from simple geometrical considerations
(Fxg 9) Each of the four sections consisting of two cylindrical plastic containers
were counted while the other three were replaced by non radicactive sugar



200 Y NAVERSTEN, R C MCCALL AND h LIDEN

fx 6o | fx 50
1,__ra)u10 1O0MeV — d) 06 072MIV.__
19 | e 10 o
e 0

09
1 T 1 —
" l_n) 010023 Me " €103, 112 Mo
10 o 1
9l Y [1]
o | o8
© T 2 T T
L aosoame | 3l L pishsemer |
10 fot o 10 —
o | as [ 1

e S S W S S S S} [ SRSV GO MU S SR S
0 20 40 60 8 0 20 40 60 80

Weight kg Waight kg

Fig 8 The background correction factor (fx 60) for different energy wnter als
obtamed with several sizes of the sugar phantom Above 400 ke duc to

the b d decreascs with mass In the low en gy
part of the speetrum’ duc to additional degraded photons the background
wncreascs with the phantom mass

bags The figures indicate the relatne countng efficiency Thes show that
radioactnaty in the lower parts of the legs 1s counted with a rather low cfficiency
By weighing the contribution to the counting effictency of different parts of the
phantom 1t was possible to get an 1dea of the vanations with body weight
below 50 Lg The weight of the different counting efliciencics was obtained
from a consideration of both the body size and the distribution of muscles
sithin subjects with body weights of 25 and 50 hg respectively Thus calculation
ndicates a vanation of the efficiency of 03 10 05 ¢, per kg body woght from
25 10 50 kg the efficiency being higher for small body stzes

A dircet measurement in the PG of a phantom of plasuc cylinders containing
"Cs solution and resembling a subject of 20 to 25 kg bods weight gae a
sensitnaty which was 19 9, hugher than that obtamed with subyects ofsl:m,(hfd
weight This corresponds to an avcrage change of sensitivaty of about 049 per
kg from 25 t0 75 kg

From thesc considerations a vanation of 0 3 to 0 5 9, per hg from 20 to 501g
and 0210 03 °, per hg from 50 to 100 kg body weight should be a rather good
approximation
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&

015 100

Fg 9 A simple synthesized phantom consisting
ofd Fdonbl Arical

095
The figures indicate the relatne counung effi o7
aency of the different compattments

Since this counter 1s constructed for measurements of relatively hgh body
burdens of 131Cs, the contnibution of potassium counts 1n the »*Cs energy band
15 of hittle importance These counts should never correspond to more than 4 nc
#Cs However, 1 most normal cases they correspond to about 1 nc »7Cs for
subjects below 50 kg body weight for heavier persons about 2 nc Cs

The considerations above lead to the following general formula for determi-
nation of the body content (A,) of *¥*Cs 1n human beings

e f2,v > 50 LEH 1
A“‘[L27s[1+0004(70—“)]_'|1 W = 50 hgf | ¢ G &
where cpm 15 the net counting rate in the interval of 0 60 to 0 72 MeV and
w1s the body weight of the subject

Counting accuracy

The most important factor determining the accuracy in the evaluation of
body burdens of radioactive 1sotopes 15 governed by the random occurrence of
the pulses Table 4 shous the statistieal accuracy of the determmaton of bady
burdens of * Cs as indicated by one S D 1 per cent of the number of net
counts The calculation 1s made on the assumpuon of counting umes from 10 to
60 minutes for body burdens from 5 to 500 nc % C  and for three different
background counting rates The first onc correspends to the relatively high
background level at the place No 2 of Table 2 The second b ickground repre~
sents a rather good counting situation for the PC at plice No 4 of Table 2
For companson  the stanstical accuracy of the IRC at Lund 15 calculated where
the backgroun | ¢ unting rate 1s about 30 cpm 1n the same energy band In all
cases the sensttinity 1s assumed to be 2 76 cpm/nc From Table 4 1t 1s calculated
that the greatost stindard deviation for a 10 minute gross count and a 10
minute backer sund count corresponds to about 4 nc *'Cs independent of the
body burden of thus isotope If2'S D 15 used as a measure of the stanstical ace
curacy, the uncertamnts owing to statistical fluctuations is less than 9 nc 137Cs
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Table 4

The statustecal accuracy expressed asone S D tn per cent of the number of net counts {the calculation 1s made
Jor a sensituity of 2 76 counts per munute per nanocurie of 1¥3Cs and for the same
counting time and background)

Counting Background Body burdens nc '*'Cs
ume mun pm
5 10 20 50 100 200 500
10 650 83 42 21 8 5 2 i
180 +H 22 12 5 3 2 1
30 20 11 6 3 2 1 <1
20 650 59 30 15 6 3 2 <1
120 31 16 8 4 2 1 <l
30 14 8 4 2 1 1 <1
60 650 3% 17 9 3 2 1 <l
180 18 ] 5 2 1 <1 <1
30 8 4 3 1 <1 1 0+

The accuracy i the determinaunon of body contents of (s 1s highh
gorerned by the stability of the background which 1 most cases 15 a matter
of holding the radon concentration at a constant level i the surroundings of
the counter With fluctuating weather conditions the radon concentration 15
subject to considerable vanaton Since the radon daughter products espeatalls
RaC haveseveral , ray lines above 0 6 Me\  this varying radon concentration
will effect the bachground counting rate in the 1¥Cs energy band At the places
Nos 2 and 4 the mavimum deviation from the average of frequenth measured
10 minute bachgrounds of the **'Cs energy band was about 2 S D Thisvan
ation was too small to be sigmficantly atributed to 1varying radon concentra
tion Therefore with ven simple precautions the uncertunty owmg 10 this
sanation probably should correspond to less than 2 nc 2 Cs ;

The superficial radon contammation of the subject atself1s a problem of the
same nature The only real cure ts a shower for the subject espec 1ally his ln;]r,
and a change of clothes before measurements \Without anyv precautions the
superficial radon contamination could result 1n false counts in the? Cscenergy
band corresponding to several nc 27Cs 1 excess of the real body content "

The background depression owing to the subject in the counter also cnum
gne an error 1f the background phantom 1n 1ts scattering properties doc;s nL
sufficiently well resemble the subject The magnitude depends on the )";IC .
ground level In our case thus error should not correspond to more than 2 n
e band 1
The correction for potasstum counts distibuted n the Cs encrgy
certamls assessed within 1 ne 'Cs
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Summed up, a carefully evaluated value of a subject s body burden of *'Cs
from a 10 mnute measurement 1n the PC should not be 1n error by more than
15 nc 7Cs

It 1s the opiion of the authors that this ssmple counter could find applications
for medical and other survey purposes, in many cases offering a good alter
native to the more complex and expensive whole body counters of the 1ron
Toom type
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Addendum 1n the proofs

Recently (in March and April 1963) the counter was used as a mobile umt m a big
motor bus The counter was placed in the middle of the bus The floor of the counter was
about 80 cm abose ground level The mobile unit was used at a distance of less than 20 m
from the rooms defined as place No 2 and place No 3 mn Table 2 The backgrounds of the
encrgy bands 1 and 11 + erc then 150 cpm and 85 cpm respectively The background ratio
(I1/1) was 057 At 8 cufferent places along more than a 2 000 km long road from northern
10 southern Sweden the background of band T vaned from 110 cpm to 230 cpm The back
gt;;md of band 1I varied from 65 cpm to 130 epm and the background ratio from 048 to

SUMMARY

A whale body counter for determination of body burdens of 33?Cs and other 1sotopes 1s
described The counter eauly assembled and disassembled hassmall dimen jonsand the weight
1 less than 1500 kg The background reducuon 15 obtaincd by lead shiclding The effect on
the background of the rad and of the size of the subject has been studied
The measuning grometry a5 X 4 Nal(T1) crystal in a 42 cm chair geometry has been
calibrated by comparison with a static iron room counter The sensituty 1s 2 76 cpmfnc 1¥7Cs

© Measuning accuracy as a function of body burden and background t analysed

ZUSAMMLENFASSUNG

Em Ganzkorperzahler fur Best mm ng i M ngen on 137 Cs und anderen radioaktven
Isotopen am menschlichen horper w rd I hay ben Der Zahler der lercht auf und abgebaut
werden kann ot verbaltnismasag ki m w1l acgt vemg r als 1500 kg Die Abhangigkert
des Nulleffekts von der radioakun n hontamin crung d r Umgebung und von der Rorper
grose sind studiert v orden Der € an korpurzahler e N\atnumgodidknistall (125 em x
10 em) in 47 cm Stuhlgeometne 1 t mt Hilfe von Vertlewchsmessungen mit einem statio-
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naren Stahlkammerzahler kalibnert worden Die Empfindlichkert wurde als 2 76 Imp/min
pro nc 137 Cs Die Abh: keit der N vonder K k
und von der Grosse des Nulleffekts wird analysiert

RESUME

Les auteurs décrivent un compteur humarm total pour la mesure de la charge du corps.
humain en 137 Cs et en autres 1sotopes Ce compteur facilement monté et démonté est
de petites dimensions et pése moins de 1 500 kg La réduction du brunt de fond est obtenue
par un blindage de plomb L effet de la rad b et des di du sujet
sur le brut de fond a é1é émdié La geomerne du dispositf de mesure un eristal de Nal
(T1) de 5 x + pouces distant de 42 cm du fautewn] a ¢té étalonnée par comparaison avec un
compteur fixe dans une chambre blindée de fer Sasensibilué est de 2 76 cpm/nc 137 Cs
L exactitude de la mesure en fonction de 1a charge du corps humaimn et du bruit de fond a été
émdiée
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DEVELOPMENT OF THE SWEDISH ROENTGEN
STANDARD LABORATORY EQUIPMENT

by

R Tuoraeus

The free air standard chamber 15 sull the primary nstrument for the ex
Penmental realization of the international roentgen at raduation energies
Up to 500 kV Fully aware of the fundamental importance of having access
o such a chamber standard laboratories and many radiotherapy centres have
designed and installed such umts In Sweden a complete standard faboratory
for measurements of roentgen radiation excited by tube voltages up to 200 kV
<onstant potennal was planned and designed m 1929 In 1930 the nstallation
Was an operation at our institute (ref 4) and the free air standard chamber
then mstalled 15 still used as the national standard Improvements of details
have naturally been introduced since then but alwass 1 such a way that con
tnuity 15 maintamed Some of the improvements will now be described

An ncrease of the calibration capacity of the standrd laboratory above
200 kV was planned by the author at the beginmin, of the mneteen fifties
With monetary grants from the Government ind from the Anti Cancer
Society of Stockholm 1t was possible to order and mstall an encapsulated
h‘gh voltage gencrator capable of 300 KV constant potential, designed to
Speaified qualifications and a 300 LV roentgen tube of special design capable
of operating from 6 ta 300 kV constant potential with 25 mA at 10 kV and

Submutted for publication 20 December 1962
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4 mA at 300 LV A photograph of
this tube 15 shown 1in Fig 1 The
electrostatic high tension voltmeter
mentioned below 15 seen to the left
and the new generator to the nght
The 1nstallation was completed 1n
July 1954 and 15 sull in use

Three different types of instru
mentation were at our disposal for
measurement of the constant poten
tial tube voltage

1 A sphere gap with spheres of
30 cm diameter, capable of voltage
measurements up to 350 kV

2 An electrostatic voltmeter of
the Abrakam Villard type, thiscan
be used from 6 to about 250kV bv
overlippmg ranges

3 Two highohmic o1l immersed
resistor units 1n the high voltage
gencrator tanks  The current
through these umts 15 measured
by a microammeter positioned 1n
the switch table and provided with
a scale showing the tube voltage & " 1. 500 1\ roemtgen tube in the standard
i AV This mstrument has two  Jaboratory To the left the electronatic voltmeter
sensiuvity ranges Oto 100KV, and  measunng the tube voltage
0 to 300 LV which can be used
alternatively

At the cnd of 1954, low voltage d ¢ high ohmic resistor unily were con
structed, they were produced by adding 1 large number of 5 meg,ohm resistors
The resistance of exch of them was determined by mesurements usng 2 volt
meter and a microammeter, both calibrated with an accuracy of & 02 per
cent, and batten potentinls of 250 to 400 volt Some of the resistors nere
tested with ten to fificen different potentials between 40 wnd 700 volt showing
close proportionahity betwcen potential 1nd current and thus 1 satisfactory
constancy of the resistance

The 5 megohm resistors used arc tube shaped wnd c1n ther o
be mounted on 1 perspex rod Inthis was tworcfurence resistor umits or'l('cu'?l “Z_
hnown resistince were constructed each about 1 metre 0 length ‘Ir
resistances re 95 74 and 95 60 megohm respectisely They can be used 5\‘:5 o
mn parallel, or 1n scries When not nsed the units are stored 10 clmfd' tu ed
lnminated paper thus effcctively protected from dust and eastly han

efore ey
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Fig 2 Distortion of beam and plane of defimtion \f the facal size projection on  focal plane
perpend cular 1o the centre hne of the beam 18 greater than the diaphragm d ameter

The resistance of each individual resistor of the units can be re checked when-
ever wanted

The resistance of the two o1l immersed high ohmic resistors mentioned above
“as then determined by current measurements, using battery potentials between
5000 and 10 00D volt measured by the reference resistor units and a microam
meter The gh ohmuc resistors are commeraially avalable and nomnally of
the order of 500 megohm Another set of two such calibrated o1l immersed
Teustors and a microammeter n the switch table are used for measurement
of the constant potenual tube voltage obtamed from a separate high voltage
generator used 1n operatng thfferent types of roentgen tubes for short focal
distance therapy

In a personal communication Dr H O Wxckorr of the NBS Washungton
has informed the author of a recent paper from the Bureau (ref 2}, de
scribng o new design for an accurate d ¢ standard resstor simularly made
up of a large number of resistors connected 1 sertes but arranged to form a
vertical helix 1n air between a ground plate and a high voltage electrode
This resistor unit 18 designed for direct measurements of high volages

For vanous reasons the roentgen tube of a free air standard chamber 1n
stallation should haye the smallest possible focus size and emt the smallest
Possible percentage amount of off focus radiation (ref 5) A special reason for
Using a small focus 15 illustrated 1n Fig 2 As may be seen the plane of definstion,
of the diaphragm becomes undefined 1f the focus size 15 greater than the diam-
cter of the diaphragm aperture

The 300 k\ rocnigen tube m Fig 1 has the focus chiaractenstics indicated
by the natural size pinhole photographs 1n Fig 3 The normally exposed
photograph (F1g 3a) shows that the size of the focus spot 1s about 5 x 6 mm
The photagraph m Fig 3b 10 times longer exposed Teveals an overexposed
forus spot and a small amount of off focus radiation Both photographs were
taken at a tube voltage of 150 hV constant potential without additional filter
The tube wall window (mherent filtration) 15 of 3 mm thick berylhium
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Fig 3 Sccuon through the roentgen tube of the free arr standard chamber equipment and natural
size pinhole photographs of the focal vegion

One roentgen of the radiation used produces 1n a free air chamber a cor
puscular emission such that when an arbitrary measunng volume of free,
1 e unrestricted, air at standard atmospheric conditions 1s 1rridinted, satura
tton current and electronic equilibrium conditions prevailng, and the maximum
range of the corpuscles being fully utihized, 1ons carrying one electrostatic umt of
quantity of electricity are obtained per cubtc centimetre of the irradiated measur
g air volume In the experimental realization of the umit the quantity of elec
tricity collected may readily be measured by a suitable instrumental equipment
compared to which the measuring air volume used 1s usually a number of
cubic centimetres, which has to be determined by calculation

The 10mizaton current measuring system of a free ur chamber forms an
electric cireut, the stability of which may easily be checked A constant source
of 1omzation current 15 then substituted for the 1omzation mn the chamber
and the change 1n potential 1n the collecting precision capacitor s measured
as usual The jomzation current most convement for this purpose 1s obtuned
by using the corpuscular emission (alphas or betas) from a ridwactive sub-
stance of long, half hife A urinmum 1omzation current standard has for a long
tume been used 1n our standard laboratory with good result

One of our collecting capacitors consists of coaxinl brass tubes with ur as
delectric medium, except at the ends where the tubes are mechameally
fixed 10 posiion by small 1mber rings This capacitor 18 protected aganst
stray radintion by 3 mm lead 4- 1 mm brass Tt was separately cahibrated at
three standard laboratories abroad (ref 9) The valuesobtamned were s follows

In Fngland (1953) 2044 pul
In Germany (195%) 2042 pupk
InUS A (1956) 2042 ppk
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d

Fg 4 Secuon thro gh earhier beam-defimng Fig 5 Secton through the new beam-defining
duphragm arrangement 1) Front wall of diaphragm arrangement 1) Front wall of standard
standard chamber 2) interchangeable diaph chamber 2) diaphragm holder 3) interchangeable
ragms of dfferent apevture d 3) beamabsorbing  diaphragms of different aperture d 4) beam ab-
phug sorbing plug

43 A

T
! %
S N . - o_ J 4 4
N F E
70 | R
410 {;Apj:)

Fg & Diaphragm disc in whicha 1ghtly Fig 7 Daphragm dsc n which a shghtly
coned su fuce replaces the ylndrical sur  coned_urfac ceplaces part of the eylndricat
e su face

It appears that the values are very nearly the same This shows that the
capacutor atself has the high constancy required for the purpose 1 hand

In 1956 when the portable Swedish free ur standard chamber umt was
calibrated at the NBS Washington the complete 10nization current meas

urn;
cquipments of the two free air units were directly compared one again: s

st the
14633088 Aet R dologica Vol 1 3 Therapy
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other (ref 11) An agreement within 01 per cent was then found This 1
tn accord with the last ICRU report (ref 1) in which 2 maximum error of
=+ 0@ per cent 1s esumated for the charge measuring equipment

The measunng volume 1s defined by the length of the collector electrode
and the geometry of the diaphragm system 1in relation to the roentgen tube
and the collector electrode The length of the measunng volume 1s geo-
metncally defined by the length of the collector electrode plus the sum of
half the spaces between the collector electrode and the adjacent guard elec
trodes According to earhier expeniments in this mstitute (ref 8) this method
of defiming the length has been found to hold true for lengths down to 1 5 cm
using a space of 0 5 mm at each end of the collector electrode

The cross section of the measunng volume 1s defined by the ciaphragm
aperture and the beam geometry The diaphragm system used here, until
the muddle of the nincteen fifties, 15 shown 1n I1g 4 and consists of mter
changeable diaphragms of different aperture diameters up to a masmum of
22 mm The beam defining part 15 a cylindrical hole 5 mm 1n length, this
was considered sufficient to define the beam when tube voltages not above
200 LV constant potential were used The plane defining the cross section of
the beam, and the direction of the radiation, 2re indicated by the arrow F
in the figure This daphragm system was described in detail in a previous
paper (ref 7) It will only be mentioned therefore, that the material used w1s
so called hard lead (90 per cent lead and 10 per cent antimony) nd that the
same system was used with the portable free arr standard chamber unit, which
was specrally designed to be the intermediary medium 1n the compartson of
the Swedish stationary standard chamber with those of Great Batain Western
Germany, and USA (ref 8, 10, 11) and also was used to compare two of the
foreign chambers (ref 11)

The use of a lead plug close behind the diaphragm agerture 1s shown in
Fig 4 may be briefls explamed This arrangement permits direct measure
ment of the total leakage correction without introducing modifications of
changes of the scattering and other leakage conditions and their geometny
It has been used 1n this standard laboratory for a long ume 1t first 1n the
stationary free ur standard chamber and later also mn the portible umt when
this was used abroad 1n the period 1953 to 1956 (ref 11) It has been found to
be both convenient and rehiable The new modified diaphragim wrrangement

described below (see Tig 5) 1s particularly convenient ns being so simplfied
that only onc plug 1s required for all the diaphragms dified
In connection with the increwse of the cahbratuon capacity 1 Mo ified

w1s covered by 2
[ Stockholm Tl
hiaphrigm dises
beam

draphragm arrangement was introduced The cost of this
separite monctary grant from the Ant Cancer Society ol
system 15 shown 1n T1g 5 and consists of mterchangeable
the 1perture diameter of winch can be up to a mumum of 22 mm, the
defiming part of the discs 1s a cylindrnica! hole 10 mm in length
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Tahle 1
Duameter of our dutphragm No 8a
Diameter Measurement results in mm
Stackholm 1946 Washungton 1956  Stockholm 1959
Front 800> 799080 79920
Middle —_ 799465 —
Rear (8 005) 799719 7945

The matenal used for the whole system 15 a Swedish made heavy alloy of
tungsten having a density of 18 This material has been found to be excellent
for the purpose 1 question, and easy to machine The diameter of the incident
pumary beam at the front surface of the dinphragm holder 15 always kept
within the diameter of that surface (about 50 mm) The plane of defimition,
and the direction of the radiation are 1ndicated by the arrow F

The old and the new beam defiming draphragm arrangements mny be used
alternatively This enables direct comparisons and thus a complete mam
tenance of the continuity In addition the new diaphragm discs are gnen
the same external dimenstons as the diaphragm put at the disposal of standard
laboratonies by the NBS for companison with thewr own diaphragms (ref 1)
A direct mterchange for this purpose 15 thus very easy Furthermore the disc
shown in Fig 5 has the same aperture form as the NBS diaphragm

As has already been mentioned and illustrated 1n Fig 2, a cyhindncal
diaphragm aperture can be used safely only if the size of the radiation emitting
area projected on a plane perpendicular to the centre Line of the beam 15
smaller than the aperture diameter Therefore, when two diaphragms of
Gifferent diameters are 1onometnically compared errors may occur if one or
both of the diameters are smaller than that of the radiation emitting area, or
i the difference between them 1s great Jtis however evident that this source
of error may be eluninated 1f a shghtly coned surface 15 used m place of the
cylindrical surface A draphragm disc of ths type 1s shownn Fig 6 It appears
that the angular thickness of the aperturc edge at the plane of defimtion 15

171 degrees Thisss only 9 degrees less than the maximum available and much
more than what 1s usually used {90 to 135 degrees) The correction required
for the small amount of radiation transmitted at the 1op of the V shaped, eir
cular edge constituting the plane of defimtion of the diaphragm 1s considerably
reduced by this design

A modifi of the dizphragm m Fig 6 1s depicted 2 Fig 7 here o
shghtly coned surtace 1s used i place of part of the length of the cylindrical
hole shown 1n g 5

The design using a coned surface 1n whole or m part, may be expected
10 give a more accurate position of the plane of defimtion The high density
of the material used further contributes to the smprovement The diaphragm
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Table 2
Results of 1onometric measurements with dufferent diaphragms n Washun, ton 1956

Diaphragm Vol Exposure time  Average volt Caleulated relative values
No 1n seconds per munute of 1onizatton

6a 2864
28 59 200 8 58¢ 05636
2859

8a 2537
2538 100 1522
2536

8a 2540
2538 100 1524
2542

10a 2381
2375 &0 2378 L5614
2379

Average 1523 = 1000

Table 3

Dusphragm diametzrs obtaned from direct and tonomelrsc measurements 1 ¥ ashington 1956 and from
direct measurements 1n Stockholm 1959

Diaphragm Calculated from the relative values  Measured 1n Stockholm  Difference { o)

No 10 Table 2 and the rear 8a value mn 1959
giwven in column 3 of Table 1
6a 6003 6001 003
8a 7997 7935 003
10a 9993 99% 003

discs 1n Igs 5, 6 and 7 may be used alternatively, and a direct comprson
1s thus very casy

Our measurements 1n 1946 of diphragm 8a, of the type shown in Iig 4
were made crosswise 1 two perpendicular directions at the front surfice,
a cylindnical hole being assumed from the method of machimng, In 1956 this
diaphragm was separately measured with very high precision at the NBS and
tn 1959 was re measured at our mstitute by a measuring device more accurte
than that used 1n 1946 All the results obtamned with this diphragm are
collected tn Table 1

The NBS results show that the hole 1s shightly coned with 1 calculated
front rear average of 79940 4 00% per cent This value 15 very nearly the
same as that measured at the middle Our own values in the st cnhxm;n
give a similar result The average 15 7 9933 which 1s only 001 per cent o
ferent from the just mentsoned average of the NBS values

Fig 4 shows that the rear diameter 1s thar normally defimn
section of the beam I€ we thus compare our latest rear salue 7 994
obtained at the \BS 799719 1t appears that the differcnce 15 about 003 per
cent

o the cross
5 wath that
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Table 4
VMeanmement sesults oblained with each of the seven separate parts of the dirded collector electrod
Callector Length of 165 kV 165 kV/
electrode collector electrode HVL =005 mmCuy HVL=033mmCu
o n em 'V 1n volt per minute 'V 1n volt per minute
1 500 121 115+
2 500 1120 1158
3 200 115 1153
4 500 1105 1150
5 500 1086 11.54
6 500 1084 1152
7 500 1085 1 5a

As already mentioned, diaphragms of the type shown 1n Fig 4 were used
s the mtermediary medwm 1n the companson These diaphragms were
tonometncally compared at the NBS free air standard chamber The results
obtained are collected 1n Table 2

Duaphragms 6a and 10a have been re measured 1n our institute in the same
way as shown ibove for diaphragm 8a The measurement results and the
results calculated from the direct and relatine measurements in Washington
all of them to three decimils are gnen in Table 3 It appears that the dif
ference 15 wathin -+ 0 03 per cent

According to Rajewsky et coll (ref 3) it 15 usually possible to attam an
accuracy of + 0 003 mm 1n the measurement of the aperture diameter Ifthe
diameter 1s of the order of 10 mm the accuracy will be + 003 per cent The
differences i Table 3 agree with ths

An error of + 03 per cent 15 estimated in the last ICRU report (ref 1)
m the determimation of the measuning air volume The diameter error found
above 1s only one tenth of that volume error As the maximum error that may
occur 1n free air standard chamber measurements 1s 1 11 per cent (ref 1),
further efforts to reduce the error m the determination of the dlaphmgm

will not app bly mnfl the total accuracy

Two diaphragm discs have been produced to fit the new type of dnaphmgm
holder shown mn T1g 5 one of the type designated 3 1n Fig 5 and one of the
type shown in Fig 6 The first mentioned has a cylindrical hole 100165 mm
n diameter and the other an aperture diameter of 10 0075 at the plane of
defimuon

It 15 a common expentence that a free air standard chamber ¢,
manly used for calibration of radiation measuring instruments p
cavity romzation chambers or other detectors When such an
10 be calibrated n this laboratory 1ts detector 15 arranged
way (ref 7) The detector 15 inserted into the beam through 5 pt

qupment is
Tovided with
instrument 1s
the following
ecial opeming
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Table 5
Symmetrical addition of the experimental sesults n Table 4

Collector clectrode 1 = total length of 165 kV 165 kV

No collector electrode HVL =0055Cu HVL=035Cu
m em Sumofv /1 Sumofs /1

4 500 1105 2210 1150 2300
34445 1500 3306 2203 3157 2303
2+4+3+445+6 2500 5510 2203 5767 7307
I14+24344454647 3500 7716 2203 8071 2306
Average v/1 = 2205 = 2304
+016° +015 ,

in the cyhindrical high tension electrode of the free air chamber, with 1ts
longitudinal centre hine at the same focal distance as the centre of the collector
electrode and passing through and lying perpendicular to the centre Iine of
the beam By this experimental arrangement the readings of the mstrument
may be compared with those of the frec air stindard chamber without cor
rection for differences 1 beam attenuation 1n arr and without changing the
position of the standard chamber If the instrument 1s later used with ifferent
lengths of sts detector stem cxposed to radiation, the corresponding correction
for the variation 1n response with the stem length irradiated has to he apphed
A separate mvestigation of this variation 1s a necessary part of the test program
to which for example cavits chambers have to be subjected before final
cahbration

The wnter as carly as 1930 1n the first investigauon of the free air standard
chamber of this mstitute used a collector clectrode divided mto seven equal
parts each of which was arranged to be independent of the others (rel 4)
The quantty of clectricity collected by each of these seven collectors could thus
be measured separately The rocntgen tube used was a Metwa Metaln lmlml!
a thin glass window According to a separate mvestigation (ref 6) theglss
window thickness of this tube was 033 mm which was found to be equiv alent
10 027 mm of aluminium With a tube voltage of 165 AV constant P""“;”l
1nd no added filter, the HVL of the beam mcasured by the standard chan(l))sc;
was 0055 mm Cu by an added copper filter the HVI was increased to 3
mm Cu Using these two beams measurements of the jomzation were macde
scparately by cach of the scven collectors The results obtuned e K“"";:
Table 4 The change n potential between the plates of the collecting Frcc;sl;“
capnator, v 15 given n volt per mmnute The values in column 3 re clr, ln )
cver, to a2 capaaitance of the collecting capaaitor other than those 1n €0 un; "y
It 1s seen that v obtamed with no added filter, 15 shghtly reduced nri
absorption 1 the ur along the collector clectrodes Ths cffect dierppe
with the added copper filter
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If the v values 1n Table 4 are symmetncally added, and each sum dinded
by the corresponding collector length, we obtam the result shown i Table 5
It appears that v/l 1s of good constancy at both the beams Thus venfics that

1t 15 correct to refer the measurement result to the centre of the collector
electrode
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SUMMARY

Improvements of the Swedish roentgen standard laboratory equipment introduced in
connection with an increase of sts calibration capacity from 200 to 300 kV are descnbed The
employment of a sub-dvided collector electrode as well as the charactenstics of the new 300 L\
tube and the new diaphragm system and precision measurements of diaphragms are discussed

ZUSAMMENFASSUNG
Ein Ausbau der halib hebk des schwedischen R d
torums von 200 KV auf 300 KV wird beschricben Die schon fruher verwendete 7 tailige
mn der die Exgenschaften der neuen 300 k\ Rontgenrohre
unc[ des neuen Blend nebst ¥ emzelner Blenden werden aus-

fuhrlich erortert

RESUME
de { apportés a 1équips du lab suedos des
etalons n)cnlgtn €n meme temps que sa capactte d etalonnage passe de 200 a 300 kV
Lauteur ctudie 1emplor d une electrode coll b ans que les

du nouveau tube de 300 kV le nowveau ssteme de diaphragme et les mesures de
precsion des ciaphragmes
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REPORT ON MEETING ON PRACTICAL METHODS
OF ASSISTING RADIOTHERAPY CENTERS IN
LESS DEVELOPED AREAS

International Atomic Energy Agency/World Health Orgamization

Montreal, Canada, September 4—6, 1962

In 1959 and 1962 the International Atomic Energy Agency and the World Health Orgamza
ton jointly convened two meetings of experts 1in radiotherapy and radiation physics The
fint meeting was held 1n Vienna from 3—5 Sugust 1959 the second in Montreal from 1—6
September 1962 Although the two meetings took place under different utles and with dif
erent participants they were both d with the devels and prac
tice of radiotherapy with particular reference to high energy radiation The Chairman of
both meetings was Professor Sir Brian Waindever
1t was the 1ntention of the 1939 Vien1a meetng to produce basic recommendations which
would be of value to all authorties responsibl tor rad oth rapy in cancer treatment to those
considering the of rad centers and to prachsing rad otherapists and
Tadiation physiossts The recommendanons of the meet ng were drawn 1p with 2 view to
K“gng Practical gurdance rather than as a centribution to fundamental knowledge on the
subject

The recommendations of the 1959 mecting were published 1n various languages 1n a
number of radiological journals and also tn booklet form together with some background
thformanon, under the tile  Use of Radio sotopes and Supervoltage Radiation 1 Radio-
therapy  Present Status and Recommendaons  (International Atomic Energy Agency
Vienna 1960 copies of the booklet are still available 1n English French Russian and Spanish)

The 1962 Montreal meetng was concenved 2s a follow up meeting 1 which the subject
matter of the earhier meeting would be reconsidered with particular reference to the problems
of developing countries_ Some of the topics which were mentioned only briefly 10 the firsy
meeung were therefore dealt with in more detail together with other topies of special 1nterest
to developing countries
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Last of partispants Chatrman Prof Sk Briax Winpever Meyersten Institute of Radio-
therapy The Middlesex Hospital Lospov W | Lngland Members Dr H F Bamo
The Brush Columbia Cancer Insiitute 2656 Heather Street Vascourrr 9 Canada Dr
Jeaw Bouciarp Radiologist in Charge Dnvision of Therapeutic Radiology and Isotapes
Roval Victoria Hospital MonTREAL 2 Canada Dr F T Iaruer Head Physics Laboratory
The Royal Victona Infirmary Newcastee uros Tyne | Pngland Dr Jous HaLe President
American Association of Physicists in Medicine Department of Radiology  Hospital of the
Unnersity of Pennsylvama Puttaneieiua 4 Pa USA Dr Saap Hasav Radiotherapst
Republic Hospital Bacupao Iraq Prof Sven Hurtnerc Radiumhemmet harolnska
sjukhuset Stockioim 60 Sweden Prof Gauar Er Div Massoun Alexandna Unnersity
Hospital Atexaspria UAR Dr Jawes J Nickson Charrman Department of Radiation
Therapy Memorial Hospital for Cancer and Allild Diseases New Yorx 21 N Y US\
Prof Jews Nieisen Rad db arden 49 Core~tiacen O Denmark
Dr M O Roxo Nosre Presd da lade de Rad: pia Instituto Central da
Associagao Paulista de Combate ao Cancer Rua José Getulio 211 S%o Pavro Braul Dr
K M Rar Chairman National Delegation to the Xth International Congress of Radiology

Lahth 110/l Mount Road Mapras 18 India Dr S K Stermensos Physies Depart
ment Chnstie Hosprtal and Holt Radium Institute Withington Masaiester 20 Frgland
Dr Keweo Tsukavoro Director Natwonal Institute of Radiological Sciences 250 hurosuna
cho Cuipa stit Japan Prof Ag Maurice Tuniana Chel du Département des Radhations
Institut Gustave Roussy 16 bis Av P Vaillant Coutunier ViLLEjup (Sane france Prol
Dr Ing F Wacuswaxy Lester des Institutes fur Strahlenhunde der Universitat hranken
hausstr 12 Ercances Germany Prof G A Zepcesinze Chairman National Delegation
to the Xth International Congress of Radiology Chairman Jomnt Scienufic Instiute of
Roentgenologists & Radiologists Mimstry of Health Protection Solyanka 14 Moscow
USSR Technical Aduiser to Prof MassoLp Prof Mamsworp Eu Savep Mamotp Care
Unnersin Hospital Cairo UAR  Unable to attend owing to sickness Dr v A Lrmo
Chief of Physical Techmeal Department Central Saienufic Research Institute for Medical
Radiology LesinGrap USSR Scientific secretaries Drs M Cottrw and kG Tstes Sectiont
<of Medicine Depariment of Research and Isotopes JAEA Dr Iins Drvik Radiation and
Isotopes WHO Secretary Miss Froicrras Sciiacuere TAEA

REPORT

I Terms of reference

The deliberations of the working party were directed towards asusting des eloping countne
n the application of radiation sources in cancer therapy

I Introduction
} centers to evaluate

1t 1s dewirable for a nation d the establ at of
anereaung 113

the overall needs of 1ts people and to arrive at a decision as to the necowity for "
effort agawst cancer There 1s no doubt that radiation therapy 13 and may well remain ;r
«essential element i the medical effort to treat cancer patients andifa prap"nfi"“"-"""’, d
the treatment of cancer is developed an efficient radioth rapy service s therefore rs«n::“dv
The recommendations made by this working party are based on the Report of m'k;d»
Group on the Ls» of Radiouotope Telctherapy Units and Supersoltage Radmhonlnl\h'um
therapy 1939 (Lse of Radiousotopes and Supervoltage Radiauon i Raduotelel P
Iresent Status and Recommendations I1ALA Mienna 1960 ) The working party accep
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the organizanon detailed in the 1959 Report Parts I 11 and I as the basic mmimum for an
<fficent radiotherapy service but ¢ d that the folll changes 1n emphasisareap-
propniate 1n the light of further expertence with superioltage therapy

(a) Caesium 137 or any other radioisotope emittng radiation of energy less than 1 \eV
should not be regarded as a form of supenoltage Suitably designed caesium 137 umits can

bowever be used as subs for orthovoltage \ ray mach

(b} Greater emphasis should be placed on the nced for physics services In addition to
Gamed phvsicists who should be employed full timein radioth should be di
to the necessity for the proviston of ad phys

103 and
{c) Attention 1s drawn to the desirability of having relatncly uncomphicated machiners for
Toutme treatment where there are d i ad

I The blist t of radiotherapy centers

A radiotherapy center should provide acceptable medical and scicntific conditions for the
treatment of cancer patients by means of radiation This can be done only 1f the center 1s
related to the medical and scientific community as a whole because while radiotherapy 15 an
essential medical element 1n the treatment of cancer 1t 1s not the sole means for so doing
Co-operation with other medtcal speciahities 135 therefore necessary Similarly continuing
contact with the scientific community wall ensure that apprepriate scientific des elopments wall
be applied to the patients

In order to provide the necessary conditions for the practice of radiotherapy the radio~
{herapy service should be set up in close association with other clinical departments and abo
with the basic medical sciences It 15 therefore desirable that a radiotherapy center be placed
within a medical teaching institute

The working party considers 1t important that a radiotherapy center should accept its
Tesponsibilities 10 the traming of 1 at both und d| and level
Professional stafT both medical and non medical should undertake the teaching and traimng
of radiotherapy personnel Furthermore some imstruction 1n radiotherapy should be gen to
all medical students so that they can be provided with an overall picture of cancer treatment
Such would also recrutt of radioth teainces

A radiotherapy center should also provide facilitics for rescarch and development 1 ork
and professional staff both medical and non medical should be allowed and encouraged to
Participate i such research

e radiotherapy center must be m the charge of a radiotherapist The physical conditions
of treatment with 1omzing radiations are complex and thewr accurate planning and reahza
tion are essential for the patient if his cancer 1s to be controlled with mummal likehhood of
damage to normal tissues and if the staff and public are to be guarded agamst overexposure
to radiation ‘The radiotherapist must therefore be assisted by a physicist responsible to ham
Tor all statements relating to the absorption of 1omzing energy in the patient staff and the
eavironment

The profe staff must be supported by technical staff such as radiotherapy
and physics techmicians, so that they may effe ly d scharge their In add;
tion 1t as important that an engineer or techmoan capable of mamtaimng and servicing
apparatus and equ pment be available at all tmes

IV Responsibilities and duties of radiotherapy personnel

A—Rad otheraprst
Since the most important part of a radiotherapist s work concerns the treatment of mahgnant
diseases the following details refer spearfically to his duties with respect to this type of disease.
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1 Chimical duties The radiotherapist collaborates with hus clinical eolleagues in diagnosing the
disease and i making the fundamental decision as to whether or not it should be treated by
radiotherapy He 1s responsible for the medical care of the patient undergoing radiotherapy
He 15 also responsible for ensursng that adequate records of the patient and his treatment are
kept

2 Treatment planmng The mm of pl 1n radrotherapy 1s toirradiate adefined
volume of tissue and to deliser to it a dose considered as The radsoth 1
responsible for this task he 1s helped by physicists and technicians but his responsibility
remains ! His duties m planning are the following

(a) Localization of tumour delineation of the target volume determimation of the relation
of the target volume to the external contour of the body in the treatment position and to
neighbouring structures

(b) Chotce of the type of radiotherapy € g external beam therapy or intesstiual therapy

(c) Decsding the dose total absorbed dose 1n the tumour fractionation overall ume and
number of sessions

In some cases his work for treatment planning can be hmted to these items Usually
however tn conjunction with the physicist he also chooses the best way of delivering rachation
to the patent

After estimation of the absorbed dosc within the body of the patient by the physicist he must
satisfy himself as to the dose recessed by the radiosensstive tissues in order to be sure that none
of them recene a dangerous dose

3 Conducting the treatment (a) Climcal examination of the patient at least twice weckly
order to judge the effects of the radration (b) Overall venification of the technician s work
especially as regards the postioning of patients before irradiation and the absence of any
change of position during treatment

4 Follow up of the patient after treatment

5 Radiation protection The scnior rachotherapist 15 responsible for protection of has stafl
agamst radation

6 Teaching and Research s already indicated an mmporiant part of the radiotherapist s
work may lie in the fields of teaching and rescarch

B—Phynast

Generally speaking the responsibilinses of the physicsst fal] into three
related 10 the treatment of patients teaching and rescarch The amount of tm
on each of these will depend on the state of develop of the radioth d
the hospital with which he 1s asociated

\s mimmum dunes the physicist shall be responsible to the radiotherapist for
All aspects of radiation dostmetry
Collaboration in treatment planning
Al physteal aspects of radiation protection
All phvitcal aspects of the use of radiotsotopes
Design and construction of anaillary apparatus sucl
O:crall supervaston of matntenance of equipmient
Advice on the choice of new radiotherapy and r
dessn problems

categonics st

he will spend
c' e i

t

h as beam directing devieds

MO W -

adiossotope equipment and bulding
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C~—Radutherapy techmeran

In general the duttes of the radiotherapy technician are to assist the radiotherapist to
Plan and execute the treatment of the patients and to record relevant information concerning
the treatment The radiotherapy tech 1s durectly ble to the radiotherapist for
these duties which may include

1 Asssung the radiotherapist 1n the day to-day treatment of the pauent ncloding pos
tioning the patsent for venfi hroughout the d that the desired
positton 13 mantained and otherwise assisting the radiotherapist as required 1n the care of the
patient

2 Prepaning equpment for daily use for example warming up \ ray machmes calibrating
reatment unis (under the geaeral direction of the physicist) and recording the value obtained

3 Using beam durecting ards mcluding field locahzing films

4 Asasting the rad pist 1 the p and use of awds such as body
cast moulds et

3 Mamtaining records of the factors of treatment  These will include statements of exposure
dose treatment nime relevant calculations etc

6 Assisting the radiotherapist 1 the therapeutic use of sealed and unscaled radioisotopes

V Working conditions

WAs alteady emphaszed radsotherapy shauld be carried out within the general framework
of medical and surgical services and should be closcly ntegrated with other branches of
medicine The amm should be to dexelop a system whereby the radiotherapist 1s a competent
<hnucian who 15 a full partner m the team work necessary for the treatment of cancer He
should be sufficiently trained and of such caliber as ta have climical control of patients and be
able to have hospital beds under his own control

In view of the vartety and techmeal nature of the tasks which the radiotherapist must perform
2nd the grave handicap which a dispersion of his activities Among vanous occupauons presents
both for harg and hus center st 15 dessrable that as far as possible he should devote hus full
tme to radiotherapy 1n a single place of work To this end adequate remuneranon must be
Provided In this way will 1t be possible to gam the value from the 1 and
“quipment of a radiotherapy center

e physicist must be recogmized as a full v orking partner with the sadiotherapist He must

e given facilities which will allos him not only to meet the day to-day chinic1l needs of the
department but alko to make e tothe of cancer by radiation
Toitis end he must ha ¢

(a) Adequate laborators space and strumentation

{b) Machine shop facitities

(c) Competent technical assi rance as the development of the department menits

(d) Opportumty for research

In arder tq attract a man of suitably high caliber the salary and career prospects must be
<ommensurate with those obtamed 1 comparable scientilic positions

Adequate 1 brary faciliies and the opportumty to attend meetings are ako essentsal tg all
Personnel

VI Tramning and assistance

he buldin r
Trawung of stafl 1s one of the greatest problems i the building up of radigrhery,
The fo\lovi;g‘lmn of approach are considered 10 be tmportant DY sersices
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A—Fellowships

It 13 recognized that effective op of a fellowshug 18 onc of the best means
of achteving 1mprovement 1n radtation therapy It 1s urged that the number of fellowships i
radiotherapy and radiation physics be increased and their cxstence made known on a wide
scale The working party agreed that the of of the fellowship p should be
ntegrated with the overall pl. leading to the blist or development of a center
for radiation therapy

The fellowship programme should include opportumities for traming for persons with no
prior expenience 1o radiotherapy or radiation physics as well as arrangements for shorter
periods of time for persons whose quahfications may range up to and include full competence
in their field and who wish to obtain experience in a speaial facet A traiming grant may be
necessary for a few months only or may be required for a three year period in the case of &
person who needs full training

As noted 1in the 1959 report the larger teaching centers m all countnies should recogmze
an obligation to assist the sponsoring organizations to tramn ndividuals 1n this field

In the course of the discussion of the working party on fellowship traming a number of
practical points emerged Although these matters are already known to the 1A[ A and WHO
1t was considered worthwhile to bring them forward again for the sake of emphasis

| Language barriers 1t 1s necessary that a Fellow who 1s to receive all or most of his radio-
therapy traming have 1 good working knowledge of the language of the country to which he
1s assigned I this condition 1s not satisfied the value of the training 1s reduced  Thisis particul
arly true for medically qualified Fellows since ability to communicate eanly and accuratch
with patients 1s essential to their training

2 Early communcation between tramce and tramning cenler It 13 suggested that o all cses the
traince be urged to write to the prospective tramng center at as carly a date as powible and
that the trauning center should communicate with lim This would allow an interchange of
tdcas about his desires and needs and permat the center 10 recommend reading matenat
Much time could thus be saved both by better definition of his training progrimme and by
prior acquisitton of basic knowledge The carly contacts will facilitate the definiign not only
of the programme but also of the length of the fellowship

3 Letel of hnouledge Tt 1s unfortunately true that the level of knowledge presumed by the
sponsoring organization and by the tramung center 1s not i fact always met by the tramnee
d above early between the trance and the insttunon responsible

for the training would do much to elanify this pont In some tnstances 1t may be necessary (0

ramme in such a way as to render 1t appropniate to the r:nduhllt s
av alo

revise the proposed prog
actual level of knowledge The decision should rest with the training director who m

recommend if necessary  that the period of tramming be extended

t tssurance of a position after completion of iratming It 1s recogmzed that tusisa difficult x]v'ml:
lem Many traiming centers have had the unhappy experienee of trainmy, excellent Jellow

who upon Tetumn to ther home countnies have found no sitable postions This m;"'l"f:;
1 such a senious one both for the Fellow and for the traming institution tht it le}l, e
o

fellowships 10 radiotherapy should not be granted unless a suitable post 1 asuree
returning | ellow
ance
The sponsoning arganizations should therefore seck by all apprepriate mrar;‘rﬂ‘:“":m:
that the interested gosernments understand the gravity of this problem and the neet (],:urh ay
every effort to ensure suitable working conditions for the trainee on his return %
include the provaston of certain necessary atems of cquipment
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5 Timng of fellowships Many centers which accept Fellovs have orgamzed training pro-
grammes which begin at a certamn period of the year Itisurged that msuch cases fellowships
should be timed 30 25 to fit 1n with these programmes Otherwise months may be wasted and
the value of the fellowship considerably reduced

6 Selection of Fellou s The number of candidates for fellowships in radiotherapy and rad
physics may well exceed the number of available fellowships 1t 13 clearly desirable to assure:
the greatest efficiency m the fellowsh and 1t 1 therefore desirable that great

areshold be grven to ensuring a wide geographical distribution of the candidates and to the
ficult task of selecting the best reciprents both on a national and international basts

B—1Vsiting experts
These represent a very important form of assistance and roust be encouraged They must
integrated 1n 2 more general programme of international ard Advanced countries and
nstitutes should be urged to provide facilities for their staff to participate in such programmes
€T are two matn categories of visiting experts Long visits 1 e of several months will
enable 4 broad new ficld of work to be imtsated short vistts of experts wall point to the direcw
tion m which a special effort 15 needed and will help the experts themselves to understand the

f_:rﬁzblcr}?s of the centers visited znd to guide the work of those who may subsequently recenc
lowships

C—Co-operation and ¢xchange of personnel betu cen wnstslules
dl;;‘::]:cs of‘co-optruhon between indidual institutes ether within a given countey or in
one hzndmmd‘ ries appear to be 2 particularly good way of providing tratming facihities on the
atte and unusual scientific or clinical material on the other The v orking party draws
ntion ta the possibality of the sp acting as drartes m
::L‘:‘alm"-’l)erauon It 1 expected that the arrangements will include the exchange of profes
sbouldlnd techmcal personnel between the two centers It 15 suggested that such exchange
- < arranged either as a follow up to the visit of an expert from one center to the other
10 the course of a Programme of co-operation between the two centers

D—Traming courses
du'{:ze working party recogruzed that a formal traiung course of some weeks or months
i ration and organ: ed on a national regronal or international basis can be of value provided
— ‘Ycallzed that a short course cannot replace the more 1 ngthy training m a radiotherapy
by o, ‘u(e which 15 required to produce qualified radiotherapists and radiation physicists
p " courses may ho sever perform a useful function in gwing advanced tramnng 1n ceftain.
elds 10 already qualified personnel
E—Rt,t0nal ahisers
The working party agreed that the appomtment of raditherapists and radiation physicists
Z‘”‘monal advisers would be valuable 1n many regions of the world These adwvisers shoyld
® appointed on a long term basis for the purpose of helping and advising all the radiotherapy
ccters wathin a defined region Such 1 should be carefilly choser,
having regard to their techmical and personal quahities

F—Regronal symposia
The working party considered that the holding of regional symposia should be encoura el
Such symposia on both med cal and physical aspects of radiotherapy would be o ) 22Y

10 alt personnel 1n less-developed regions of the world and would fost of berefie
s P el 1 eveloped regio OSLET CO-0peration i theae
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BOOK REVIEW

D Ixter>e hressterarie Von H D Diamond Deutsche Ubersetzung von P Obrecht
und P Berg 158 Setten 42 Abbildungen und 23 Tabellen Georg Thieme Stuttgart 1960
Price DV 29 50

It 1s becoming increasingly necessary for chimcians to have access to an informative review
of the ¢k 1 agents lable for the of mal. disease Thousands of new
substances are tesied each year for thar carcinoid effect although only a few are submtted for
chascal trial and cven fewer gamn chiucal use It 1s widely accepted that malignant disease
<annot be cured by chemical agents but this does not necessanly mean that the coursc cannot

be influenced by medication Clintcally useful ch herap agents and are
already available in such large numbers that much confuston and uncertamnty exsst regarding
their fields of application and dosage Insuffi k ledg these substances
Tesults 1n their not being so widely used as they should be 1n the palliative treatment of neo-
plasms

Thieme s Publishing House has 1ssued  Dic interne hret a German transl
of the oniginal work The Medical M: of Cancer published 1n America 1928

and wntten by H Dustoss who has had wide experience 1n this field The book deals
with a number of malignant discases — one chapter for each — that have often proved to
respond to chi herap and h I methods of fymph
and leukemias are aflforded pride of place but other types of malignancy such as mammary
and pulmonany carcinoma are also included Attention 1s mainly concentrated on chemo-
therapy and b 1 while y radiol i od onl
for informaton intracavitary radiossotope therapy 1s however given a speaal exhaustne
chapter by two radiotherapists

Thus readable book contatns interesting mformation not only on the treatment of different
duscases but also on thar symp logy and L No ot can be rased to the
methods of treatment described although other forms might n certam cases prove equallh
satsfactony  The procedures are competently and simply described usually with refesence ;n
original publications The work 1s somewhat brased as the author refers atmost excheneh
10 cxpeniences reported 1n the \nglo-Saxon literature this has been recufied 1o some extent
by the publishers 1 ho have added 2 List of German publications to the references gren for
«cach chapter The brief. p of ) methods are largely i accordanct
with the methods and doses used 10 Sweden

The book should be of mnterest to all chmicians who deal v 1th cases of malignant disease
Desprte 1ts age 1t 1s still of great value 1n practice sceing that many years of chimcal trnals a{:
necessany before a new preparauon can be put on the market for general use A fov 5 "
stances farrly generally employed 1 recent years (¢ g qdaphmph;mxde-cndoun ;:;
phenvlalanine mustard — \elphalan Sarcolysin PAM) arc however mussing Not sl
any menuon of more recent forms of administration such as perfusion and continuous mllﬂl
artenal imfusion although admitted!y these are methods that are not yet npe for general ehn

2cal use Bo Jotanssm
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OFFICIAL ORGAN OF THE RADIOLOGIC \L SOCIETIES OF
DESVMARR FINLAND NORWAY AND SWEDEN

Vol 1 New senes 1963
Fase 4 THER APY PHYSICS BIOLOGY August

VERSATII E POSITIONING AID IN FINED AND

MOVING FIELD THFRAPY IN HEAD AND NECh

TUMORS
by
Runert PErez Taravo and Cuaries & Sepert

In this progressive era of rapid medical ads and develop of

more precise treatment techmques 1t 1 remarkable that so httle attention has
been given in the Literature to the importance of immobilization of the hed and
nech for radiotherapy of tumors of these areas (see hist of references) The neces
sity for immotilization may be obvious yet publications concerming haw to
achieve this pomt are very rare indeed In no other part of the human body 15
immobilization so critically vital The extreme raciosensitivaty of the uminy olved
€ye 1s only one of the many self evident examples of the alucial need for com
plete immobilization whle treating the head Fortunatels this 15 one part of
the human body where motionlessness can be obtuncd vern effectively
Thus the radiotherapist should provide precise means to hold the head and neck
of the pauent

Dot only children but comatose unconscious disoriented or uncooper
ative pauents need to be treated while properly restrained The treatment of
the most cooperative patient can be factory due to ble avolun
tary movement since the final dose distribution depends on the position of the

field and the postuon of the field depends on the position of the part of the
body under treatment

From the D p of Radiol Duwision of R h (Director Prof R Perez
Tamayo) Unnersity of Colorado Medical Center Denver 20 USA Submutted for publication
12 \ovember 1962

15633088 Acta Radsologeea 1 1 I 4 Thesapy 295
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Fig |

A — Far support arms

B — Ear picces

¢ — Vertical extension stabilizer bar
D — Cassette clip

T — Lateral adjusuing racks

F — Stabilizing clamping tracket knob
G — Stabitizing clamping bracket

H — 1 ateral adjustment rack housing
H — Rack pinion adjusting knob

1T — Sune()okz

] — St nel yoke locking knob

A — Flating pimion

1 —Cal bm(cdpupnghl

A — Table clamp

Immobilzation therefore, 1s 1lso tmportant because 1t 15 st itely related
to 1ccurate ficld placement Over and above the mnherent limitation ol the 1b:lu(){
to recogmze the exact localization and extent of certamn lesions the head
neck lends atself 10 many nformative examinations and better |nc1lxzmoml
Ventniculograms, pncumoencephalogrims, arteriograms and other sm;"
procedures are good ples of the vast ding auds 1w ulable to the 1 u(»
therapist when 1 search of gwiding points for the field placement tn the tred '
ment of brain lesions Indirect laryngoscopy soft tissuc techmque roenteenogram
of the nech nd tomograms arc good examples of diagnostic procedures 1n
valuable i the localization of the lestons of the nech

Once the reasonable localization of 1 lesion has been accomplished ";';lr
ment ficlds can be onented accordingly and related to refe ence pamts ("r
unchangeible orbitomeatal base ine m1v be used 1s a constant rtfrrcnf':'lc o
Fig 2) This hine muntans ats relitine position 1n the herd 1 my des ol
flesion of the nech and permuts treatment reproducibility Ibe mrrcco(cl(du"
field 1djustment can be cheched with plicement filins and the rnurrlgr e
mw berepeated daily, without error if the known posiion of the fie ; ’:(ynhr
to the bise hine and the known position of the source relitive to tn
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1

iy

Fg 2 Patcnt and head holder in positon o bt
tomeatal hine drawn tn black

Fig 3 Pauent (ly ng horzontal) and bead holder
in position for treatment of neck les on

head or neck are kept constant Unless this 1s done localization and place
ment are useless

In the Division of Radwotherapy at the Unnersity of Colorado Vedical
Center the Jocalization and routine placement films of the fields as well as the
mmmobiization of the head 1nd nech are accomplished with a specialls desimed
positioming ard or head holder

Allowing for the need and desirability of such a posmnoning ud or head
holder certain features are then necessary for opumum function and perform
ance

1 The umt must be adaptable for the treatment of either head or nech
lesions yet not be in the path of the pnmary treatment beam because then
in the pnmary treatment bexm  the skin spanng effect of high encrgy radiations
will be lost and the intensity of mediem voltage range will be senously reduced

2 It must be portable but sturdy Portability 15 an tmportant feature in that
an unwieldy heavy immobilizer might find 1tself more frequently m a storage
area than readily available 1n the treatment room Durability and strength are
however necessary features

3 It should be accurate but ssmple 1n design and operation to assure speed
n the daily treatment of patents

4 It should have provisions to facihtate film localisations
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Fig 4 Example of seiting with film easscttc n Fig 5 Metallic gead fitting «1 hes | holder ot g0
position for locahization fitm ment of grid hine wath orbiton catal lne

5 Dinnlly 1t should afford daily accurate reproducibility of treatment ficlds
by erther physician or technician

Tollowing the basic principles of the deyvice used by Dr Isodorc I xmpe -'l“‘
the Lnnversity of \Michigan, 1 unit was designed with dded features to fulf;
the particular needs of the treatment center at the Unversiny of Colanu’?'
Medical Center The head holder designed and bult for our division o
radiotherapy, 15 depicted 1n Fg 1

Funcuonally, 1t can be divided into five parts the

I The calibrated upright part (1) with elevation rich fistened to e
treatment table by 1 table clmp M) This ean be easthy moscd along the ';1 h
and will meet the head at vinable distances 1tis equipped with ascilew ::d
designates the position For treatment of head lesions this u|’1rll.l“l"'”l ":"d
s depicted in Tig 2 and for treatment of nech lesions it s phcrd'\s(“l’“h"
in Fiy 3 The umit, however, can be fastened on the nght or leftsidean e e
case Note that the head holder will not be 1 the w iy of the sourr‘t; lh": ot
while moving therapy 1s employed  thus nwoiding possible collision 1:‘""]"
n use, the upnght part and the head holder are cons enrently stored on
climp on an adjrcent wall or table

2 !I"hc clc\adnq pinton (K) fits on the calibrated upright wd by wrning the
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om0
AXIS OF ROTATION OF THE GRiD
SENTER OF THE FELD

Fg 6 Example of setung of field using gnd co-ordmates The sel ¢
ted center of a treatment field 1s 3 cm up and 5 5 cm cephalad from
the zero pomt (These fisures are derived from local zation ficld film )
These distances are counted off on the gnd and the central beam and
cross hairs are moved to comade with this po 6t Feld size 1s then
1 mted to the desired dimenstons

t}:lle\anng pnion hnob the piion can be elevated or lowered to any desired
eight

3 The swivel yoke (I) 15 attached to the elevating pimon and 1s free to prot
1 a rotary fashion as shown m Fig 1 It s locked o any deswred position by
the swivel locking knob (J) The lateral adjustment rack housing (H) 1s attached
to the swivel yoke The housing contains lateral adjusting racks (E) which are
moved inward or outward by the rack pinion adjusting knob 'H?} Ear support
a;ms are attached to the adjustment rack and ear pieces (B) are attached to
these

4 A flexion extenston stabilizer clamping bracket (B) and stabihizer clamping
bracket knob (F) hold the vertical extension stabihzer bar C)

5 Accessory features mclude cassette chips (D) for cassette holdmng which
are attached to plastic ear support arms holes presentm the 11 picces to permut
accurate placement nto the 1uditory canals and 2 plastic grid with metal cross
hatch gnd which will fit into the car holder preces (sec Fig 4}

The use of the head holder 1s best descnbed by one example the positioning
of a patient for the treatment of a bram tumor The patient assumes a comfort
able supine position on the treatment table Any comfortable flexion or exten
sion of the nech can be used for the treatment of brain tumors because the final
setting 15 based on the orbitomeatal hne and this reference remains the same
with flexion or extension of the neck Thus feature of the head holder s especially



230 RUHERI PEREZ TAMAYO AND CHARLES L SEIBERT

15 7 Txample of use of head holder m treatment of
posterior field i child v 1th medulloblastoma

rewarding 1n short neched patents or those with arthritic chinges which
would himt their ability to assume a forced position The general position 1s tht
of the patient shown in Fig 2 The elevatung prron 1s lowered or clevated
unul the plastic ear pieces are 1t the level of the auditory canil Combned
adyustments of the clevaung prmon and the proting movement of the swivel
yohe facilitate this prelmmary step The car support arms are approumated by
turning, the rack pimon adjustment hniob until the ear pieces fit into the yuditory
canals and the head 1s hedd snugly  The pressure muntuned by the ear pieces
and supporting 1rms need not be great Indeed it was quite surpnsing 10
observe the small amount of pressure needed to stabilize semicomatose patients
and potenually uncooperative pedintnie eases The mere sen<on of the cr
picces m plice, while not uncomfortable seems to promote mmobihizaton
The flexion extension stabilizer bar ss then djusted to one of number of
selected sites to mamtain a goven degree of nech extension I xan ples ofselected
aites might be the forehend the bridge of the nose, the ntenor nasal pine or
the chin Her, agun pressure 1s not demanding but only 2 gentle rrmmdf;
for the paent not to move The fields can then be adjusted  1he position n‘
the upnight part the height of the clevating prnsons and the angle of the swie!
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yoke are calibrated and may be charted so as to duplicate the entire setting
dail

an' accurate daily fields, portal placement, one needs an unchanging base
Line pomt Itwas mentioned earlier that an excellent built 1 baseline s available
n the head, 1¢ the orbitomeatal line as depicted on Fig 2 Since ths line
1s unchanged by a degree of flevion of the head or nech, daily accurate field
portal reproducibility can be achieved by locating the center of 2 given treat
ment field at a perpendicular distance from this ine Toaccomplish this 1 plas
e gnd with opaque gnd hines 15 placed on the car support arm and rotated
until the central grid line comncides with the orbitomeatal line (Fig o) The
mtersection of the cross hairs of the hight localizer of the source 15 made to
comcide with the meatus of the ear Then the colhmator 1s rotated until the
cross hairs are supenmposed over the orbitomeatal line and the central gnd
hne as 1 Fig 6 This constitutes the zero position A roentgenogram 1s
obtamned making use of the treatment source with the head or nechn the
treatment setting and the center of the field can then be determined on the
film Its position and size can be noted by taking co-ordinates on the gnd from
the cero pomnt (The locahization film techmque 15 fully descnibed 1n another
pubhcation ) Using the co ordinates from the zero point, the central beam
15 then moved 1o the selected central field positon Once more the gnd nd
the cross hairs permut the easy placement and alignment of the center of the beam
onto the predetermined center point of the field The supenimposition of the
cross hairs and gnd 15 smple

As shown 1n Figs 3 and 6 the head holder 1s casily adapted for lateral
anterior or posterior nech portals, with the patient prone or supine In these
areas the vertical extension flexion stabilizer 1s agam of pnme mmportance
Since 1n the treatment of antenor neck lesions elevation of the chin is imperative
1o thrust the soft tissue structures of the neck as far anteriorly as possible
this feature 13 1gain important As depicted m Fig 3 full extensi m can be m
sured and a neck field can be constructed and Adjusted without comproms
ng the cervical cord

Needless to say, the accuracy required for moving fild theripy 15 easihy
accomplished with this umt
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SUMMARY
The need and features of a head stabilizing aid for treatment of head and neck tumors 15
discussed A hghtwerght vematile head holder designed to fulfill the needs of smmobilization
film localization and accurate daily field placement 15 described A simple method of achieving
daly reproducible treatments 15 presented wsine the orbitomeatal hne as a constant basehine
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ZUSAMMENTASSUNG
Die Notwendigkeit wie auch das Aussehen enes hopfstabibsstors zur Behandlung von
Schade! und Nack wird besprochen Ein lewchter dechb: Repfhalter zur Immo-

bilsterung  Filmplazierung und exakter Feldenstellung wird beschrieben Es wird einc e
fache Mfethode fur taghch wiederholbare Behandlungen gezergt wober dic meatus-orbual
Lime als Basishme serwendet wird

RESUME

Les auteurs examnent 1 utihité et des caractéristiques d un moyen de contention pour Ie
trastement des tumeurs de fa téte et du cou Ils décrnvent un craniostat léger manable cons
trust pour permettre | immabidisation Ia localisation du film ct 12 musc en place quotidienne
préaise du champ s presentent une méthode sumple utihsant la higne osbito-aurteulaice
comme ligne de base constante pour obtenrr un trattement reproductible quotiden
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FROM THE DEPARTMENT OF RADIOTHERAPEUTICS (DIRECK'OR PROF | § \ﬂTCHELL),
UNIVERSITY OF CAMBRIDGE, ENGLAND

EFFECT OF BREATHING HIGH PRESSURE OXYGEN
UPON TISSUE OXYGEN TENSION IN RAT AND
MOUSE TUMOURS

by
D B Carer, E L Scmoemcer and D A WATRiNsov

The tissue oxygen tension 1s an mmportant factor 1n the radiosensstivaty of
tumours (CrABTREE & CravEr 1933 MoTTrAM 1935, 1936, HoLLcroFT
Lorenz & MaTnews 1952 Gray Cowncer, Erert, HornsEy & Scorr 1953,
Grax 1957) Tissues with an oxygen tension greater than 10 mm Hg are tbout
twice as radiosensitve as tissues with an oxy gen tension of less than 0 5 mm Hg
(Gray 1961) Because of the rapud cell divi 1on m tumours and the anatomical
and phy siological abnormalities of the blood + essels (Cater GriGsov & War
BINSON) zones of necrosts are frequently scen Adjacent to these necrotic areas
there are viable tumour cells Ining under sufficrently anowc conditions to be
relawnely radioressstant (Trosunsov & Cray 1955) These cells might need
5;9(?0 t to kull them compared with 4 000 r for well oxvgenated cells (W riGHT

2) It 15 bel eved that such anowic rachoresistant cells are an important
cause of the recurrence of tumours after radiotherapy
Practca) atiempts to deal with this problem have followed four patterns
uul '{o rasse the anovic zones of the tumour to full radiosensitivity by mhala
‘h“ Ol oxygen at atmospheric pressure HutTeoRN & FORSSEERG (1954) studied
© effect on tumours of the skin and MrrcrzLr (1957 {(a) (b), 1960) has used
O%ygen as a radiosensiiser smee 1953

Submutted for publication 11 October 1952
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Fig 2 Relationship between rad osensumitv and oxygen tens on
the formula of Gray (19€1)

Materials and Methads
The tumours used were

\ e in muce of C3H
stramm Jensen sarcomas i white Wistar rats and transplanttble hepatomns

1n rats of the August strain The rat tumours were transplanted 1nto the muscles
of the thigh which produced excellent tumours infiltraung muscle and per
mutted complete mmobilisation of the tumour site duning the experiment
Tumours tr i d mto the sub msues of the flink were less

satisfactory

The rats and mice were anaesthetised with urethane 75 ml kg of 2 20 9,
wiv solntion njected subcutaneously In the later expeniments tracheotorm
and carotid cannulation were performed prior to inseruon of tlectrodes Less
than G 1 mi of hepann (5000 I U /ml) was mixed with the ihine su a pols
thene cannult which was tied 1nto the carond arters The blayd pressure was
measured with a Borden type pressure gauge with a 3 cm diameter dial This
was calibrated agamst 4 mercury manometer The dimenst ms of the ovvgen
pressure chamber were too small for a mercury manometer to be used

The amimal was fixed to the table A of the pressure chamber (see Fig 1)
and the electrodes were mserted and connected to the amphfiers Measure
ments of oxygen tension with the ammals breathing wr were made by the
oxygen cithode technique using the apparatus described by CATER Strver &
Witson (1959) wsing rhodum plated stainless steel electrodes described by
Cater & SiLver (1961) Recordings were made by the simple device described
by Cater Gricson & Watkinson (1962b) The perspes cylinder (B n Fig 1)
was shd 1nto plice 1nd the chamber was sealed agamnst au O ring by ught
cming three winged nuts Oxvgen at atmosphenc pressure was admimistered



236 D 0 CATFR, F L SCHOPNICFR AND D A AW ATRIACON

oy
300y - [l L4 ’—

)
Cooes B lveas o 11 »

. e e e a e m—— ———
e 0 e w )
G € (e of 1)

Tl ?h —

of
] s w0
ol
.

T e i
T
Oxygen pressure atm wpl eres absolure Oxynen pressure atmospl e brolute

e 3 Log «f mean oxygen tenvon 1 tumour Fig 4 Mean mabosens iy ¢f tu ur swerin
phitte Lagain t the prevure of ovygen inhaledl by rach greup plotted_ sxaimt prsu  of owgen
the animal € roups accord ng 1 the it aloesgen  inhaled by animal 71 ¢ groups are tt same as 11
tenion with animal breathing are group A 010 fg 3 and Talles [ and 2

05 mm Hy group Bt 05t 4 mm g group (.

4 6 10mm fig group I mere than [0 mm Hg

with the chmber closed but with the pressure releise vabe € open
Alter 5 minutes this vahe was closcd and the pressure steadls rused through
1 reduction salie on the ovvgen cyhinder The safiy vale D wo set to
open at | atmospheres excess pressure (5 atmospheres 1bsolute) In 1 typreal
expenment the following obsemvauons were made  the onvgen wnsion of
tumour and muscle, -cctal temperature, mean carond blood pressure
pressure of ovygen mn the chnmber, 1nd notes on the general condition of
the 1mimal The ammal s temperature was controlled by 1n external heatng
Iump and by ruaning hot or cold water through the coil of copper tubing
F m the lower part of the chamber In expeniments on cerebril oxygen
tension the rats head was held tn the stercotasie instrument, I mounted
the chamber, and the electrode was fowcrud nto the brun to a bnown depth
below the dura by a micrometer scren M through a burr hole m the shull
1 to 3 mm caudally and | mm Iterally to bregm1 At the end of the c\pmr
ment the rat was hilled with chloroform 1nd fived by myecting 30 to 40 ml o
10 %, formaldehyde 1n normal saline 1nto the tail vemn or carotid artery Next
day the tumour with the electrodes sull in situ w1s placed m formaldehyde
salme for further fisation The electrodes were removed when the tissues \}:rc
dehydrated and ready for cembedding 1n was Senal sections throuch the elec~
trode site were made to study the tumour adjicent to the electrode
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Macroscopic and histological examinations of the lungs lner and hidneys
of the ammals were 1lso made

Serotorun (5 hydroxytryptamune creatinine sulphate supphed by Light & Co
Ltd) was dissolved 1 physiological saline and used in 2 dose of 5 mg of base/kg
1 P Cyproheptadine (1 methyl 4 5 dibenso {7, €] cycloheptatrienylidene
pipendine hydrochlonide monohydrate), or Peractin 1 mgjml was hndly
supplied by Dr J J F Merry of Merck Sharpe and Dohme of Hoddesdon

Results

Assessment of useful wncrease of radiosensitialy of tumour twith inerease
of pressure of wnhaled ox;gen
The first analysis of the data was made as follows
The results from the three types of tumour were pooled gring electrodes
n 77 dafferent tumour sites for which there was good histological evidence that
the tip of the electrode was sitnated 1n tumour These electrode readings were
dwided mnto four groups according to their imtial value with the animal breath
mg air Group A, with an imuial oxygen tenston below 0 5 mm Hg, group B
between 05 and 4 mm Hg group C 4 to 10 mm Hg and group D, above
10 mm Hg The rationale of this grouping follows from the formula relating
oxygen tension to radiosensitiaty given by Gray (1961)

Oxygen tension
1413 O nen tension 1 4
<ygen tenston + 4

where 8 15 the sensitivity at the stated oxygen tension and Sy 15 the sensitivity
m mtrogen

A plot of this formula 1s shown 1n Fig 2 An oxygen tension below 05 mm
Hg 13 believed to gwe a radioscnsitivity not signibicantv different from the
anoxic radiosensitivity of 1 An oxygen tension of 4 mm Hg t1ves a sensitivaty
of 1651 e half way to masimum radiosensiivity which » tiken 1s 23 An
oxygen tension of 10 mm Hg gives a radiosensitivity ot 195> Fi, § shows the
mise of mean oxygen tension of each group as the pressurc of whaled oxygen
was rassed from 02 to 5 atmospheres absolute The oxvgen Linvon s plotted
on 2 log scale The tumour oxygen tension obtamned hiom «uach electrode at
cach pressure level of inhaled ovygen expressed 1n atmospheres was then con
verted 1nto 1ts equivalent radiosensitivity A change of radiosensiiity of
02 was arbitranly chosen as a significant 1nerease or decrease for the purpase
of scoring and on this basis Table | was constructed

It will be seen from this table that over half the tumour zones 1ny estigated
showed an oxygen tension of less than 4 mm Hg when the anaesthetised rats
and mice were breathing air When the amimals breathed oxygen at atmos
pheric pressure 16 electrodes showed an ncrease of radiosensitivaty of 0 2 or
more and onc electrode showed a decrease On the basis of one plus for cvery

Sy
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Table |
Number of lumosr st s wn eack group which wouli ha € an vnceease of radiatennit 1ty of G 2 or move
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Y\ nise of Fads men sty of £ counts one afllof 07 cotnn ne

0 2 ancreast of ridiosensitingty the score was 26 - after subtricung one nega
ure respanse The table shaws that the cliace from ur to oxigen at 1 1mos
phere scores most heaaly but thar useful increases of radiosenstntn oceur
cven up to 5 amospheres absolute A plot of the menn ridiosensitinaty mdicnted
by chie electrades tn ¢ach group At the dufurent pressures of inbled oveen 15
shown m g

Another 1nportant consderauon s the number of tumour sites which hune
rerched netr mavimum ridiosensitivaty 1t each pressure lescl ofinhaled onvgen

Table 2

Number of tumour-electrodes sho cing near maxvmem radiwsensits ity (eque a’ont &3 eenoy o1
te 40 mm Hg) wtth the angesthetised artimal breathing oxygen 8l rarwous fresss €1

n iwnston

Croup | Imual Pressure of inhaled nxsgen in atmospheres abrolute
tumour
otygen
enon |02 ! 2 3 4

A 0to05 0 1 I 2 2

B 035t04 [ 1 1 3 &

c twie lo 2 7 10 13

D 10040 |1 5 7 10 u

Totals A\BLD |1 9 16 3 3

Percentage | 13 107 207 ps  jus
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Fg 5 Record of exporiment 23 rat with Jensen sarcoma showmng oxygen tens on
platted on 2 log scale 1n twa tumour sies A and B and muscl

For this purpose, an oxygen tension of 40 mm Hg was taken This » equal to
the oxygen tension of venous blood when air 1s breathed and corresponds to
aradiosensiivity of 2 18 The data ire shown in Table 2 and mdicate a steady
merease 1n the number of tumour sites reaching near maximum radiosensttivity
as the pressure of inhaled oxygen was raised

Relatice importance of time under pressure versus height of pressure for
obtarming & wuseful tncrease of radiwsensthindty

f pressure chambers are to be widely used 1n radiotherapy an mportant
Practical consideration anses whether a longer time at a lower pressure will be
as effective as a short time at a higher pressure An attempt was made to ob
taw information on this point and durms, the first third of ths series of expen
ments the anumals were held at each pressure level for th « smparatively lang
period of 5 to 10 minutes Such an expersment is shown in Lig 5

The tumour site A, showed a useful increase of oxvgen tepsion when oxygen
Was mhaled at atmospheric pressure and at two atmospheres absolute near
maximum radiosensitivity was reached The response was quick and no use
ful 1ncrease would have been obtamned by the 5 minutes oxygen nhalation at
3 atmospheres absolute pressure

The tumour, site B with an 1nitial oxygen tension of 0 5 to 1 mm Hg required
the mhalition of oxygen at 5 atmospheres absolute before a useful response
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Fig ¢ &y of electrade It 5 cxperiment 73 fg § Jensen sareoma wi sm
dlated cap Hanes andsome wherl of ke fbrob List T ke cell wh fetum o
€ I hase degenerated H and § 55

tp but there are also dilated cipithnes and small pale arers where tumour
cells have degenerated and been replaced by loose whorls of fibrobi type
cells

\nother expertment of this series 1s shown m fig 7 but the tumour 1s 1
transplantable hepatoma The electrode 1n the tumour (see Fig 8 for histol

w1s breathed An interesting finding was the rather slow fall of oxvgen tension
n the tumour when a1r breathing was resumed after the mnhalition of oxygen
at hugh pressure This was frequently obsened When these experiments were
compared with those 1n v Iich the pressure was raised more raprdhy (rising 1
cin 2 and r £ 2 minutes 1t ecach pressure level sec
at a short pertod of oxy gen inhalation
raising tumour ovygen tension than a

long pertod of 0Xygen mhalauon at low pressure
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Fig 7 Experment 24 rat with transplantable hepatoma Electrode in connecu e

tissue bets cen muscle and tumour - muscle and n turaour — —
The oxygen tens on in tumour remains hugh when b cath ng a r afier the inkalaton
of hugh pressure oxygen

TImportanee of factors which alter the blood flow through tumour

1 Changes of systemic blood pressure ‘The pressure of mhaled oxygen 15 only
one of the factors upon which tumour oxygen tension depends another impor
tant factor 15 the tumour blood flow CATER et coll (1962b) have shown that
tumour oxygen tension s often dependent upon systemic blood pressurc and that
a fall of systemuc blood pressure usually causes a marked fall 1n tumour oxygen
tension In view of this finding and because it was suspes ted that inhalation
of oxygen under pressure might shock the ammals the systemic blood pressure
was measured 1n the latter half of ths series of experiments However during
the periods of inhalation of oxygen under pressure a consideiable increase of
mean systemic blood pressure was always observed (see Figs 9 12 13, 14)
Thus some of the increase of tumour oxygen tension during oxsgen admmstra
tion under pressure 1s due to this nise of systermic blood pressure causing an
crease of bload flow through the tumour

2 Effect of 5-hydroxytpptamine Because of its action as a radioprotector CATER
et coll (1962b) invesugated the action of 5 HT on tumour oxygen tension
They found that 5 mg/Ag I P caused a more rapwd and profound fall of oxygen
tension m tumour than 1n bone marrow spleen and muscle and that the nise

16633088 Acta Rad ologea Vol I ¢4 Therapy
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hig 8 Sue of clectic e an expetiment 4 fig 7 bepatoma m xderateh
gt tum ¢ with many small csp llarwes but some polsm rphs present
wlich it Leat that wme degeneranon has taken flace H antF 100

of tumour oxvgen tension when oxvgen was breathed was usunlly b lished
Fypariments were therefore performed to study the offect on tumour « \wgen
tension of mhalation of ligh pressure oxvgen following mjecuon of > HT

A typieal experiment, 1 which tumour site A (hepitomn) showed o good
rise of oxsgen tenston duning the first period of hugh pressure oxyvgen nhabhy
tion s shownn Fig 9 After 5 HT 5mghg I P there was no nise of umour
oxygen tension even when oxvgen was inhaled at 5 atmospheres 1bsolurc  Mter
tmyection of the antt 5 HT antr histanmune agent cyproheptadme 4 mg b 1V,
the response of tumour sit¢ A, to oxygen inhalion was nearly completely
restared Ingectton of 5 HT did not dimmnish the nise of blood pressure due to
the inhalaton of oxygen unders pressure The ovygen tension 1n the muscle
was dimimished by the 5 HT much more in this experiment th1n 1o the other
c\pertments of this serics

The experiment 43 i the rat (fig 10) and expernment 54 1n the mouse
(Fig 11) are more typical 1n ths respect and showed a profound effect of 5 HT
on tumour oxygen tension with no cffcct on the ovvgen tension of muscle

An wnteresting difference betwcen the oxigen tension 1n tumour tissuc {Jen
sen sarcoma) which fuled to respond to the mnhalation of oxygen under pres
sure ~fter 5 HT and that of the muscle very near to the tumour, in wlich the
response to oxygen wmhaltion 15 only shghtly reduced by 5 HT 18 shown 1
g
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£ 9 Erperment 37 Rat with hepatoma From above dowmwards rectaltemp —8— mean
vt pressure —A—A~—A—A tuscle r A tumour
B ramore of wmhaled ovyEen wx S-hydroqyyptamne m an amount

— and
of 5 mgikg TT " abol hed the respan ¢ of tumout A to.oxye 1 tahalation and cvprohep-
tadine 4 mgfke IV largely restored the esponse Tumour B s an example of an electrode
showing a negat ve response with pressure 5 HT aboh:h:d this and cyproheptad ne part ally
restored the negative respon €

Smakg 1P 3mariy tV

Fg 10 E penm nt 43 Rat with Jensen sarcoma The tumour elect ode ~——
showed a 5 HT T ctsim lar to tumour A fig 9 but muscle near tumour x
showed only aslght flect 2nd the mu cle n the other leg “howed no § HT
effect
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Inly, thasillustrated the 5 HI effect i 1 spontancous mammary carcinoma
n the mouse but shows the difficulty which was expenenced in the mouse 1n
reversing the offect with the ant 5 H1, anu histimine agent ¢y prohepta
dine However after 1 second dose some response to oxygen inhilaton was
restored 1 the tumour  This maght be duce to 5 HI causing such 1 marhed
stans of blood in the tumonr that the ann 5 HT agent cannot ewly reach
the sones ffected

In By, [2 the efleet of cyproheptadine ginven before the 5 HI s allustrated
and 1t will be seen thatat partly prevented the 5 HE effect

3 Durect pressure effects upon the tumonr blood flae: Nine clectrodes of the 77 10
tumour showed 1 Nill of oxvgen tension dunng the mhaliuon of lngh pres
sure oxgen with the greatest depression usutlly occurring 1t the heght of the
pressure and 1 recovery of the oxivgen tension when the pressure w s reduced
1o umosphene (ste electrode tamour B big 9) In general lastologicl ex
wminnon showed such electrodes to be near 1 zone of necrotic tumour  [his
unexpected finding with 10 per cent of the clectrodes cannot be disimssed as
fortuitous A posable explanition of this rather surprising phenomenon s that
necrotic zones of tumour may have eavities contuning g iswhichisnotin equilib-
rum with the blood and g therefore ke been compressed shen the
chunber pressure was rused and caused deformation and vascular stasis i
the adjrcent arenr T xammation of F1ig 9 shows that electrode tomour B had
this £1ll of oxygen tenston dunng, pressurisition abolished by 5 HT, but that st
occurred 1gun, somewhat dimimshed, after the evproheptadine If s 1
suspected, 5 HT causes s iscular stwsis and cypillary engorgement  the be
haviour of the clectrode, tumour B an Fig 9, which wAs 1lso observed an three
other experiments would be consistent with the explinaton offcred

The possibihity of oxygen mhbalaon under pressure actually reducng the
oxygen tension an some zones of the tumour which are already redatnely
hypoxic his importane radiotherapetitic implications

Synkarit and wnhalation of high pressure oxygen

The cffect of the radiosensitiser Synkavit on tumour oxygen tension during
whilwon of tugh pressure oxygen wis 1lso imvestipated A typical expersment
1sshown in Fig, 13 I'wo pertods of inhalation of oxygen under increased pres
surc showed furly consistent mcreises ol oxigen tension (n hepatomn and
muscle nd 1 third period After Synkait 25 mg/hg 1 V ndicated less response
to the breathing of oxygen under pressure his was typrenl of this series of ex
peruments which gave no evidence thit Synkavit inereased the oxygen TNPOTE"
i tumour, 1 finding consistent with the hypothesis th1t radiosensitisation by
Synkavit concerns some other mechamsm

Iffect of nhalation of oxygen at high pressures on the oxygen tenston of normal lissues

In most experiments muscle was used as the control tssue, because “r‘:}::lcs
desirable to avoud any procedurc lIikely to shock the animal 1 view ol
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fotlowed by rather reduced resprnses 10 tumour The £ rmal n effect on tumo
an | muscle may be notedd

a

effect of 1 fil of blood pressure upon tumour oxsgen tension Muscle thso has
the dv aintage that there was rarely 1y trouble due to haemorrhage 1t the site
of the electrade Records of the effect of inhaltion of oxy gen under pressure on
the oxygen tension 1 musele 1re shown in Tigs 5, 7 9 10 1§ 12, 13, 14 The
ovygen tension of muscle was usutlly such that furly full radiosensitinity wis
present with the amimal breathing ar

In g 14, records of the oxygen fension in bone mirrow 1nd testis 1re alse
shown In the case of the tesus the values indicate that an increase of rdio
sensitnaty would have occurred during the inhalation of ovygen under pres
sure However too much weight must not be put on an sohted observation
1n an annesthetised ammal Measurements of the oxygen tenston in brawn wese
mde 1n three experiments i which electrodes were nserted nto bramn and
held ngidly 1n place by the stercotasic mstrument buslt into the pressure cham
ber (sec Iig 1) The results showed that the oxygen tenston in brun rose during
the mhalition of oxygen under pressure, as would be expected but chd not
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Fig 14 Experiment 47 Effect of high p essure oxygen mhalat on on the oxygen tension of

bone marrow ——A——A muscle and testis — ~ — —T) Synkavit does

A
not appear to ha ¢ caused much change 1n the responses to oxygen

tend to diminish when the pressure remamed constant at a high level How
ever, the effect of inhalation of high pressure oxygen on the oxygen tenston of
vanous parts of the brain requires detailed investigaton

General effects of high pressure oxygen therapy

The mncrease of mean systermic blood pressure which occurred i these
anaesthetised rats and muce has already been mentioned (see Figs 9, 12 13 14)

ther general systemuc effects obsenved included a marked tendency for the
ammals to become hyperthermic durmg nhalation of high pressure oxygen
This can be seen from the records of rectal temperature shown in Figs 5 7 and
910 14 These changes took place 1n spite of active steps to heep the rectal
femperature constant includme runming cold water through the col of cop
PEr pipe 1n the chamber Hyperthermua above 40 € combined with oxygen
3t 5 atmospheres absolute was rapudly fatal to rit R uts and mice anaestheused
“ih urethane tend to lose body temperature unle  warmed 1t would thus
Ppear that temperature regulationisumpair d by ur than  anaesthesia Ttwas
more difficult to heep the mice at a steads h v ¢ mp 1 twe

In the early experiments a bag of s da lun vt plwed in the chamber to
absorh CO, but the chamber was well v ntlued b 1w e of small leaks and
::r;i"clzl‘; latter experiments the CO 1h rh 1 w1 onutted with no deleterious
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Death duning decompression occurred 1n some of the carly expenments in
spite of very slow increase of pressure and slow decompression In Iater cxpert
ments 1 which annumals were tricheotomised becase of carotid cannulation
devth duning the experiment was much less frequent The presence of exten
sise zones of pricumonttis i usmals dying dunng the experiment suggested
respiratory obstruction It 1s posuble that during decompression extensive con
gestion of the nasal mucosa and blockge of the tracher with mucus may have
been 1 cause of pneumomtis ind derth Iracheotomy mwy have ehminated
this hazard from the longer and more complicated experiments i the Iatter
part of the senies

Discussion

The prunatry obyect of tlus mvestization was 1o determine whether hypouc
zones 1n tumours with 1 radiosensitinety near ta the mtrogen level could be
rused 10 1 oxvgen teasion of 10 mm Hg corresponding to 1 radios nsitnvaty
aout twice that of wnovic ussue by the breathing of oxvgen 1t atmosphenc
pressure or whether the pressure chimber techmque 1s necessany From the
stindpoint of radiotherapy the hy poxic zones in tumour re of great tmp rtnce
and at 1s interesung thit over b the tumour zones investigated showed an
ovvgen tension of less than 4 mm Hg nd would therefore be below the hall
w1y pant af the merease of ridiosensitnaty obtanable by onsgen This s evs
dence tn fivour of the hypothesis that by pove zones in tumour are 0 important
cause of tumour recurrence After ruhotheripy  Some of these hypowe zones
showed useful incretses of ridiosensitivaty when the anmmals mhalcd ovvgen
1t atmosphenic pressure, some did not while some showed useful incrcases of
racasensitin ity during mhalation of oxsgen under pressares of up to o 1mos
pheres 1bsalute Correlation with the histological appearances of the wmours
1t the sites of the clectrodes suggested that many of these hypoxic wmous
zones contuned vitble tumour cells and therefore 1t a first analvsis high pres
sure oxygen 1nhalation during radiotherapy would reduce the recurrence rte

The detailed statistical apalysis of these data mvolies the correlatton of
numerous varables mcluding the three types of tumour and the Instologreal
grading of the electrode sites mto 5 groups varying from good tumour mu;»ml
plete necrosts A full statisticnl analyss 1s being made with the aud of 2 drgtal
computer and will be the subject of 1 separate commumnicanon The prehmnnry
results indicate that, while some differences will be found between the three
tumour types, these will be small compared with the differences betwccn near
necrotic and well vasculanized zones in ny onc tumour type There 1 some
thing 10 be gained from poeling the three types of tumour 1s 1t g s 1 better
statstical sample from the chinical standpoint st

The finding that the histological appearance of the electrode site 18 the mt:]C
important factor determining the Jevel of oxygen tension at that sie was :c:m
espected The finding that 9 out of 77 electrodcs showed a fall of ovvgen
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sion during mhalation of high pressures of oxygen was unexpected but cannot
be disrussed as an ncidental finding or due to technical failure of the electrodes
concerned Their behaviour was too consistent for this to be a reasonable ex
planation They were sttuated near necrotic zones and sometimes near macro
scoprc cavities which might well contamn gas compressible dunng the mcrease of
external pressure, with consequent deformation of the tumour and its capillanes
This seems a possible explanation and the paradoxical effects of 5 HT 1n
Jection on these electrodes 1s consistent with this hypothesis It 15 of course
possible that the presence of the electrode might accentuate the effect of pres
sure deformation of the tumour but the general phenomenon, that when gas
cavities are present in a tumour high external pressures may cause diminution
of capillary circulation cannot be 1gnored and must be set mn the balance
agamnst the benefical effects of hugh pressure ovygen 1n radiotherapy
The 1mportance of tumour blood flow 1 radiotherapy and chemotherapy
cannot be emphasised sufficiently, and the factors which alter tumour blood
flow will also affect tumour oxygen tension CATER et coll {1962b) found that
tumour oxygen tension often vaned directly with systemic blood pressure and
was very susceptible to falls of blood pressure Therefore one good effect of mn
halation of high pressure oxygen 15 the nise of blood pressure and some of the
increase of the oxygen tension mn tumour may be due to this Guitno &
GranTHAM (1962) studied tumours transplanted mto the ovary and found that
adrenaline and acetyl cholme affected tumour blood flow 1 the opposite sense
to the changes produced 1 systemic blood pressure In their experiments the
effect of hormones on the vessels of the longovanan pedicle cannot be separated
from thewr effect on the vessels in the tumour However there 13 evidence
which suggests that the mmperfectly innervated tumour vessels may be unduly
sensitive to airculating adrenaline noradrenaline acetsl chohine 1nd 5 HT as
Cater et coll also found that tumour oxygen tension was reduced by 1drenaline
and noradrenaline 1n spite of a nise of blood pressure and by 5 HI1 although
the fall of blood pressure was small The rse of ovigen tension during oxygen
whalation 15 a good test of an adequate blood flow to nissues and 1t 15 note
worthy that 5 HT abolished this even with o atmospheres oxvgen pressure
Therefore 5 HT probably caused a profound slowing of tumow: blood flow
Under the conditions of the experiment the rise of oxvgen tension n muscle
1s not u ually altered and this discounts the suggestion that the oxygen 1s not
reaching the artenal blood because of constriction of the bronchioles (van pry
Brenn 1962} The difficulty expenienced 1n reversing the 9 HT effect with
cyproheptadine 1n the mouse also suggests profound circulatory stasis n the
;um{mr whereby the antidote may reach the affected vessels only with dif
1cu l)
High pressure oxygen inhalation will be advantageous in radiotherapy only
13t increases the oxygen tension nd thus radiosensitivity of the tumour while
the radiosensittvity of the adjacent norma! tssues remains essentially unchanged
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The muscle showed marhed nses of oxvgen tension but was frequenth above the
cnticad level of oxygen tension with the ammal breathing air Qur data on bone
martow, testis tnd braun are tnsufficient to ment discussion How arp-Fraspers
& WrienT (1933 suggested that certun normal tissues, 1n putculir bone
and cwrulage, might not be at maxsmum radiosenstivity whien the patient
wis breathing ur
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SUMMARY

Oxgen tennon 1n mt and mouse tumours was measured by the oxygen-cathod 1echnque
and converted to radiosenntniaty by the formula of € xay (1961) OF 77 recordings made while
the ammals breathed oxvgen at 5 atmospheres abrolute n a speaally constructed pressure
chamber 4% reached near maxtmum radiosensitinity and 9 showed a fall of oxyg n tension
Reasons for this are discu sed  Ttctors altenng tumour blood flow are also important tn radios
therapy  Afier SHT 1ymour oxygen tenvon falled 10 rise dunng ovgen mbalat n even at
5 atmospheres abnolute

ZUSANMMINIEASSUNG

. fTs mig

In Tumoren von Ratten und VMausen wurde dic 5 der tofl
kathodentechnik gemessen und muttels der Formel nach Grav (19611 1n Strablencmpfindlich
ket umgerechner Von 77 M; die bey ber 5 absol Atmospharen i
einer spezialhonsiruerten Druckkammer sorgenommen wurde erreichten 45 nah zu mavt
male Strahlenempfindhichhent wahrend 9 einen Abfall der Sauerstoffspanaung zogten D';
Crsachen huerzu werden besprochen §aktoren die die Tumordurchblutung andern ind :uts
fur dic Strablentherapie + schug Sach 5 HT gelang es nicht sclbsg v ahrend Inhalation ber
absol \thmospharen dic Sauerstoff 1m Tumor zu erhoben

RESUM¥

e
Lu tenston d oxs gene dans des tumeurs de rats et de souns a été mesurée par la rechniqu

de la cathode d axygene et a été conyertic en raciosensibilité par la formule de € “;‘.3(1-5922—
Sur 77 mesures futes pendant que les ammaux respirasent de Lovygenc 3 5 atmosp Y } a0
solues dans une chambre A pression consteurte spécialement 45 atteignasent presque “;P e
mum de radiosensibilité et 9 montrarent une chute de la tension d oxygéne Les 'Tsom‘ eus
phénomene sont érudiées Les facteurs qut modifient le débit sanguin tumoral o' =0
ausst ymportants en radiothérapre Aprés 5 HT fa tension d oxygene nic s cleve pas pel
1inhalation d oxygéne méme sous une pression de 5 atmosphires absolues
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A WEDGE FILTER TOR COBALT 60
SUPPLLMENTA ION OF CARCINOMA OT THY
CERY Ih UTER] PREVIOUSLY TREATED BY RADIUM

by

G R Tavior

The treatment of carcinoma of the cenvix uten by vagmal and mira uterinc
tadum soutces 1s frequently followed by the external applicatton of gamma or

Toentgen ray fields to supplement the radium dosage 1 the parametna
A cnucism of manv teck

for such supple 15 that they rase
2 tegran of non unsform dowage to a higher tevel of dosage winle sull preserving

the non umformity of the dase This s particulardy true for gamma or roentgen
fields diided by a central lead stnp and u ed in parallel anterior posteriac
OPO 1on

Ihe

¥ 3

P P by the ded source of a cobalt umt when 4
stmple rectangular lead bloeck of sustable dimensions 1 placed centrally acrass
2¢ raaranan field, may be used to attam ome degree of matching of mereasing
cobalt and falbing radium desage However the relatively level peaks, partic
arly for large cobaft fields when combined
contribution

wvith the st fallng tadium

praduce o fulling total domage distnbuvion The usefulness of

B method 15 very Wmted and may only be used tf onc aceepts & restricted
Plateau followed by

a region of falling dasage which extends ta the od
radianon field N " edge olthe
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FROM THE PHYSICS DEPARTUENT OF THE NORTHERN IRELAND RADIOTHERAPY
CENTRE, BELFAST, NORTHERW IRELAND

A WEDGE FILTER FOR COBALT 60
SUPPI EMENTATION OF CARCINOMA OF THE
CERVIX UTERI PREVIOUSLY TREATED BY RADIUM

by

G R Tavror

The treatment of carcinoma of the cervix uten by vagmal and intra utenine
radium sources 1s frequently followed by the externil apphication of gamma or
Toentgen ray fields to supplement the radium dosage 1 the parametna

A cnticsm of many techniques for such suppl 10n 15 that they rase
2 region of non umiform dosage to a higher level of dosage whle still preserving
the non uniformity of the dose This 1s particularly true for gamma or roentgen
Aelds duaded by a central {ead stnp and used in paralfel antenor posterior
Opposiion

The penumbra produced by the extended source of a cobalt umt when a
simple rectangular lead block of sustable dimensions 1s placed centrally across
the radiation field may be used 1o attain some degree of matching of increasing
cobalt and falline radum dosage However the relatnely level peaks paruc
ularly for [arge cobalt fields when combined with the sull falling radim
contnbution produce a falling total drsage distnbution The usefulness of
this method 15 very hmited and mav only be u «d M one accepts a restncted
blateau foliowed by a regwon of falhng dosaze which txtends 10 the edge of the
fadiation field

—_—
Submutted for publicaton 17 October 19
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Fig 3 R dum cobalt and combined dosage dis  Fig 4 \anat on of combined radwsm and cobalt
t 1but ons at the m 4 1 ne of a patrent 20 cm thick  dwtributions w th distance from the central axus of
for a field of 16 X 12 em the field for var ous field sizes

The radium cobalt and combined dosage distributions at the mid plane of a
patient 20cm thick with the radium centrally placed are illustrated in Fig 3
The combined dosage distnbutions obtuned for ficld sizes of 16 x 12 em
14 x 10 cm and 12 X 10 cm when the cobalt treatment umes e adjusted
to gve a plateau of 5500 r are illustrated mn Fig 4 On the sime basis the
combined distribution curve obtained for a 14 x 12 em field was virtually
comaident with that o a 14 X 10 cm field and 15 theiefore not recorded
Similar combined dosage distributions will apply for other tluchnesses of patients
as the 1sodose curves for this wedge mamntain therr cross field distribution
sensibly constant over a range of depths

Direct addiion of cobalt and radium doses was adopted to obtain the
combined dosage distributions shown in Figs 3 and 4 Itis however clear that
as pomnted out by Trawrer for the hnear accelerator wedge 1t would be
possible to adjust treatment tunes to achieve the same degree of matching if
other assumptions are made as to the mode of summation of dose
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SUMDMARY
A lead wedge filter 1s described which when sustably placed in the radiation beam: ensures
that the dose from the supy ntary fields 15 a at ponts Already dequately i

radiited by radium and thereafter increates laterally in such a way that it marches the faling
radiim dosage A typrcal combined radium and cobalt desage dustnbution s allustrated and
the effect of varation in the cobalt field size considered

ZUSAMMINTIASSUNG

1m Blakedfifter wird beschrieben das nach horrekter Anondnung sm Strahlenhegel die
Daose von den Hhilffeldern an den Stellen die bereits emne austeschende Bestrabluny, echalten
haben auf ein \lintmum reduziert und das lateral zunchmende Strablung dur hlwst ent
sprechend der dort abnehmenden Radmmstriblung 1ine typische kombimerte P fium und
hobalt B d wird bescheieben und die Trnwirkung son 1 eldgrossenmer
anderung der Kobaltstrahlung besprochen

RISUNMI

Description d un filtre cunéiforme en plomb qui phicé convenablement dans le f usceau de
radittion permet de délirer Wi pots correctement trradiés par le radium une dose minimale
par les champs complémentaires et de donner latérlement une dose cromsante comprasant Ia
diminution de by dese cunicthérapique Les auteurs présentent un c1s typique comme exeriple
de la distbuton de dose combinée par le radium et le cobalt et étudient Linttuence des
vamtions des dimensons du champ de cabalithérape

RITLRFNCI

Iravten T W A wedge filter for use in the treatment of carcutomn of the cervi uters with
4 MV Norays Brt J Radiot 32 (19,9) 350



FROM THE DEPARTMENTS OF RADIATION PH3SICS (DIRECTOR ASSOC. PROF KURT
LIDEN) AND RADIOTHERAPY (DIRECTOR ASSOC PROF MARTIN LINDGREN),
UNVERSITY OF LUND SWEDEN

INDICATIONS AND METHODS FOR RADIOTHERAPY
OF CAVERNOUS HAEMANGIOMAS

A study of 1191 haemangiomas following radiotherapy
by

ULLa BritA NorDBERG and JAN SUNDBERG

The role of radiation therapy 1n the treatment of haemangiomas 1s a subject
of keen discussion Radiotherapy has been used very spanngly m England for
example (Lister 1938 Warrer 1903) beeause 1t has been felt that haeman-
giomas have a natural tendency to spontaneous healing In Germans on the
other hand the opinton has been held that the nisk of compheations such as
haemorrhage and infection 15 so great that a more active atttude 15 yustified
(Miescuer 1944 WEIsHAAR & RosLowskl 1959) The Swedish author Norter
(1956), recommended radiotherapy for haemangiomas m areas where there
1s an enhanced risk of these complications

The authors 1n the present communication evamine

1 The results one year following the radiation treatment of haemangiomas
and the extent to which these results were affected by such factors as the size
of the growths the quality of radiation used and the dose admimstered

2 The effect these same onginal factors had on the appearances of the shin

5 to 15 years following therapy and whether radiotherapy can be shown to
have had any injunious effects

Submutted for publication 11 October 1962

17633088 Acta Red ologica Vol 1 4 Therapy 227
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Table 1
Dustrebution wn per cent 1n the diffetent age group (all patients)
Year of treatment N\umber of Age (n years
patients 00—/, V=1 1—=?  2—io

1945 130 i 33 16 5
19,0 274 47 31 20 2
1945 476 (1] 26 8 ’

Tota! 830 56 29 13 2z

Haemangiomas are usunlly classified i the medical hterature according
to their histologic appearances into the following categores hiemangiomt
capillare, hremangioma simples  hacmangioma cnernosum and haeman
grom racemosum  Ths clssification, however s unsuitable for clinical use
and at Jubileumshhmhen 1n I und hacmangioma simplex and haemangioma
cwvernosum are chissified on 1 chimieal basis into surface (cutancous) and deep
(subcutancous) types, two types that Iy occur ! Iy 10 one
haemangioma The present writers will not discuss hiemangtoma racemosum
and those types of hacmangiomn capillire known 1s hiemangiomt vinosum
and angioma stellitum

Material

Tlus mvestigation, which was carried out in 1961, ncludes all haeman-
giomas 1 children under 10 years of 2ge who were gnen rudiotherapy in the
years 1945, 1950 and 1955 The number of patients m those years was 130
274 and 426 respectnvely, and the number of hacmangromas 169, 402 and 620
respectively 1 total of 830 patents with 1 191 haemangiomas of these haemn
giomas 868 (72 °,) had only superficirl components, 311 (27 °) both
superficinl and decp elements and 12 (1 %) only deep components

The size of the hacmangiomas showed wide vamuons Haemangomis
having a maximum measurement of 15 mm i ny direction are ciled mmor
there are 756 mmor and 435 myor hiemangiomas in this imvestigation The
haemingioma w1s single mn 598 pauents, and 232 patents had mutuplc
b Pt s The ber o s per pauent i ths Iavier gronp
\aried from 2 to 50, the usual number being 2 to 4 The distribution between
the sexes 1s the sime as that given in the Iiterature, namely onc male to tho
females

Table 1 gives the age at the ume of the first treatment The um has been
to treat hacmangtomas as carly as possible, preferably during the first year
of hfe The table also shows that the number of pinents over the age o£ one
year has dimimshed with the passage of ume, faling from 22 % to 10 55 of
the total number between 1950 and 1955
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Investigation and percentage of answers

All pauents who were not re examined in 1961, were ashed to fill1n a ques
tionnaire Qving

1 Details of the present appearances of the shin, any changes 1 the shin
n the form of atrophy pigmentation de pigmentation telangiectases, or
other abnarmality

2 To state in brief whether or not the result was cosmetically sausfactory

3 To state whether they were healthy and normaily des eloped

Certain special problems, however e g ndications and counter wdications
for radum therapy and the possible occurrence of disturbances in growth due
to wrradiation of epiphyses, made 1t necessary for a number of patients to
come to the clinic for re This 1on compnsed mspection
and palpation with assessment of any permanent changes 1n the skin and anv
deforrmty or hypoplasia 1n the surrounding tissue Most of the patents also

N

had routine h tologic studies including lobin and red, white and
differential blood counts The blood tests were all within normal hmuts Further
Investig: such as r aphy or ophthal py were carried out

where there was reason to suspect that the dosc to any one organ was excessive

One hundred and thurty five patients with 178 haemangiomas were re
quested to come to the chinic, and 695 patients with 1 013 haemangiomas were
mvited to fill 1 a questonnaire, some of this latter group elected to come
to the clinic for re examnation instead Thus a total of 267 patients with 354
haemangiomas (30 % of the total number) were re examned at the climc
and 492 pauents with 733 haemangiomas (62 9,) filled m the guestsonnaire
This provided data on long term results for 759 patients with 1 087 haeman
gomas (92 %) Sipular data are not available for 71 patients with 104 haeman
giomas (8 %) Some of these latter patients had died but the myonty had
moved 1o other districts and could not be traced «ven by consulting pansh
regustries Far 64 of these patients wath 96 hiemangiomas onlv o one vear

control examination 1s recorded, but not even this 15 av ulsble for 7 patients
with 8 haemangiomas

Principles of treatment

Haemangiomas were treated at Jubileumshlimhen during the period coyered
by the mvestigation with radium radium combined with contact Toentgen
therapy or by contact roentgen therapy alone A few patients received Toentgen
therapy, generally tangentially &

The prinaiple followed was that h mn especially rad
areas, e g epiphyses and undeveloped breasts were given contaey roent,
therapy The mcthod of treatment was otherwise deternuned by the g, }%Cﬂ
the haernangioma 1nd by 1ts spread at the surface Minor superf, pth of

giomas recened contact roentgen therapy (50 kV, 05 mpy Aclm:ag;:tmanl
10na.

the
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filter 20 mm TSD corresponding to a HVL of 3 mm soft tissue) Contact
roentgen therapy was 15so often given to major haemangiomas mcluding some
where the changes extended down beneath the superficial lavers of the shin
The haemangiomas were then compressed dunng treatment and i some
cases the qualiy of the ravs was modified (30 AV 05 to | mm Al addsional
filter 40 mm I'SD corresponding to a HY1 of about 4 10 6 mm soft n>wue)
Many haemangomas with relamely thick superficial components were ginven
radium therapy H with cous components were mostlv
treated with radium or 1n 1solated instances with tangentia! roentgen therapy
Those haemangiomas that showed substantial regression after radm treat
ment but stll had a munor superfictal residue were usually grven final treat
ment with contact roentgen therapy Isolated cases were recommended for
surgical therapy 1f any disfiguring haemangioma residue following radio-
therapy existed

The first radsum treatment consisted of a dose of 700 to 800 r at a depth of
about 3 mm corresponding to 900 to 1000 r on the shin surface following
the method described by STRavpguist (1939) (Fig 1) The radwm dose for
each additional application for those haemangiomas that recened several
treatments was usually 500 to 700 r at a depth of 3 mm The surface dose n
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Table 2a
Results of treatment 1n per cent for all re-examtned haemangromas
After one yeac After 5—15 years
‘Total number Disappeared  Almost Regression Disappeared  To surgical
disappeared therapy
1087 +H 35 21 99 1
Tahle 2b
Resull of treatment sn per cent for all d h 1h betueen h u sthout
and 1 th deep components magor and munr hacmangiomas and haemangtomas n males and females
Number of Skin after 5 to 15 years
hacrmangiomas No changes  Minor changes  Major changes
All baemangiomas 1087 +7 48 5
Haemaneiomas with only surface
components 794 47 19 +
Haemangomas with deep com
ponents 293 42 51 7
Size of haemangiomas < 15mm 685 54 43 3
>15mm 402 37 53 10
Males 357 49 46 5
Females 730 47 48 5

contact roentgen therapy was usually 1000 r for the first treatment and 600
to 800 r for subsequent treatments

The majonty of haemangiomas were treated by one of three methods (routine
radiation treatraent)

1 Radium treatment alone {one or two applications)

2 One radium applicanon followed by one contact roentgen therapy treat
ment

3 Contact roentgen therapy alone (one of two treatments)

A muonty of growths were treated by other methods {non routine treat
ment) Some of these were given radium treatment or contact roentgen therapy
three imes A number received one or more radum applicauons combined
with one or more contact roentgen therapy treatments the first treatment
consisting alternately of radium and contact roentgen theripy A few haeman
glomas recenved roentgen therapy generally tangential The interval between
the treatments was generally about 180 days occasionally about 120 days
and rarely more than 200 days

An examumnation of the percentage distnbution between the different types

of treatment described abose reveals that 53 %, of the haemangiomas recen ed

some kind of radum treatment on at least one occasion whereas 45 9 were
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Table 3
Result of treatment wn per cent for different age groups (routinely treated haemangiomas)

Haemangioma after one year Skn after 5 10 15 years

Agem Numberof D sappeared  Aimost Regrewion o Minor  Major
years hiemangromas disappeared changes changes  changes

017, 230 I 38 13 45 51 4

Y1 273 7 32 1 al 47 2

-2 128 56 30 14 47 49 +

2—10 21 H 19 20 62 2% 12

Total 952 <0 36 H 50 47 3

given contact roentgen therapy onlv and 2 ©, recened roentgen trettment
The number of pauents recening ridium therapy has gradually declined
during the Itter part of the 1950 s (Norbsrre 1961) 1nd the number treated
with contict roentgen therapy has increased Treatment to day 15 mostly
by contact roentgen therapy

Since mamy patents had more than one laemangioma and since the
therapeutic techmque and the results obtuned vany for different haeman
gromas on the sxme patient, the percentage figures cited 1bove, and the figures
m all the following tibles refer to the number of hiemangiomas and not 10
the number of piucnts

Results

One year results All the hiemangiomas that were re exammned have been
asugned to one of three groups with the assistance of the case notes (Table 27)
The first group ( disappetred ) consists of haemangiomas that had completely
disappeared, the sccond ( almost disippeared ) contuns those m which only
minor hiemangiomn residues were discermble  the third group ( regression }
contuns those that had receded to a greater or lesser degree but not com
pletely Lhis st group 1lso sncludes the 12 cases (1 °, of the matersnl) that
were later referred for surgical therapy The percentage distribution within
the three groups speetfied 1in the 96 hacmangiomas i which only the one
year results are known s 41, 30 nd 29 9, respectively

Long term results As there 1s no hiemangtoma residue remuning after 5 to
15 years, the long term 1ssessment 1pplies to the 1ppearance of the shin 1 ¢
the long term results from the cosmetic pomt of view The first group { no
changes ) contatns thosc cases i which the skin was completely normal the
second ( munor chinges ) contans those tn which the skin showed 1solated

lang , shight pig tion or de | aton The cosmetic results
m both these groups were satisfactory Therc were more obvious changes i
the shin mn the third group ( myyor changes)

Dnta on the long tgrm !;es(ultsjfor 1087 hicmangiomas, 952 of which re
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‘Table 4
Result of treatment 1 per cent after dfferent tr atments ond dyfferent doses (routinely treated haeman,tomas)

Table 42 — one treatment

‘Treatment Surface Number Haemangioma after one year  Skn after 5 to 15 years
dose  of Dis- Almost Re o \fmor Magor
mr haeman  appeared dis- gression  changes changes changes

giomas appeared

Radium < 900 56 47 41 12 57 38 5
> 900 99 61 30 9 66 31 3

Roentgen con

ract therapy <900 46 &8 24 8 7+ 24 2
>900 262 74 24 2 51 47 2

Table 4b-two treatments

Treatment  Surface Number Haemangioma after one year  Skin after 5 to 15 years
doremn  of Dis

Almost  Re No \fmor  \fajor
ratthe haeman appeared dis gression  changes changes changes
st treat  giomas appeared
ment

Radium =900 66 3 31 37 41 55 It

>900 97 36 10 2% 49 16 5

Roentgen con

tact therapy < 900 31 40 43 17 59 38 3
>%00 147 31 50 19 35 62 3
Radmum +
roentgen con
tacttherapy <900 87 30 53 17 10 57 3
>900 58 37 52 1 55 43 2

cetved routine radiation treatment are walable A surves of the long term
results for all the radxotherapcuncally treated haemangiomas that were re
cxammed respective of the type of treatment thev had recened 15 givenn
Table 2b H with sub eous components are also placed
this table 1n Juxtaposition to those without such components for companson
Both the one vear results and the long term resuits are ¢cn iderably worse for
the subcutaneous category There 15 also as can be scen trom Table 2b, a
marked difference between major and mmor haemangiom s both 1 the one
year and long term results There 15 no difference betwecn the results for males
and those for females

The results for haemangiomas that recenved routme radiation treatment
are better than those for the total number of haemangiomns 1rrespective of
the type of treatment This may be explamed by 1o factors

1 The majority of the haemangiomas recening non routine treatment
were gnen three or four treatments and thus recenved larger skin doses than
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Table 5
Result of treatment tn per cent after different treatments and dfferent 53 ex of haemangiomas (routinely
treated haemangromas)
Table 5a —one treatment

Treatment  Size of “umber Haemangioma after one year  Skin after » to 15 vears
\

haeman of Dus Almest Re ] Minor  \Magor
giomas  haeman  appeared dis gression  changes changes changes
mmm  giomas appeared
Radwum <15 102 63 31 G 70 28 2
~15 53 41 39 17 17 45 8
Roenigen con
tact therapy < 15 252 Tt 23 3 56 42 4
> 15 56 68 30 2 47 50 3

Table 5b—two treatments

Treatment  Size of umber Haemangioma after one year Skin after 5to 15+ ars

haeman of Dis Almost  Re No Minor  Major
gromas  hacman  appeared s gression  changes changes changes
mmm giomas appeared
Radium <15 113 50 33 17 50 47 3
15 79 18 39 43 42 52 6
Roenigen
contact <15 16 40 43 17 43 55 2
therapy > 15 65 22 56 22 31 62 4
Radum +
roentgen con
thettherapy < 15 80 38 53 9 54 15 1
> 15 65 27 52 21 37 58 5

those treated 1n the normal manner A greater number of shin changes due
to radiation may therefore be expected 1n this group

2 When haemangiomas that had recened non routine treatment 1 ¢
12 %, of the total materal, are excluded the cutineous group dimnishes by
9 % and the subcutancous group by 22 %, minor haemangiomas by 7 % and
major ones by 21 9% It 1s therefore evident that major haemanglomas and
haemanglomas with subcutaneous components are over represented the
non routine groups These types of haemangiomns gne n less satisfactory
cosmetic result than munor ! giomas and h with only
cutaneous components

The non routine treated hremangtomas form a non homogenous group
as far as the therapeutic techmque 15 concerned There are also reltively f’ex}\:
of them compared with those that had routine radiation treatment Wit
due consideration to these factors 1t was thercfore thought correct to omt non
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Table 6

Combartson beleceen the ane year vesult and the long term result 1n per cent for dyfferent stces of haemangiomas
(routinely treated harmangromas)

Number of  Size of Haemangioma Skin after 5 t0 15 years
hacmangio  haemangio-  After one year After 5to15ycars o \inor  \Magor
mas ma, n mm changes changes changes
323 <15 Disappeared  Disappeared 57 41 2
153 > 15 » » 3t 67 2
206 <15 Almost dis- » 62 37 1
146 15 appeared » 37 60 3
54 <15 Regression. » 52 39 9
70 > 15 » » 36 4t 20

routme treated haemangiomas yn further tables Tables 3 4 5 1nd 6 thus con
tam only those haemangiomas that recerved routine radiation treatment

The results for different age groups may be seen 1n Table 3 The number of
haemangiomas 1a the 2 to 10 age group 1s so small that the less satisfactory
results m this group are not necessanly siemficant There 1s otherwise no
marked difference between the different age groups

Tables 4a and 4b show the extent to which the results of the treatment are
winfluenced by the size of the dose Cases that received two treatments (Table
4b} are grouped according to the size of the first surface dose The boundary
between a fow and a high dose has been fised at 900 ¢ Corresponding depth
doses for a normal radim application (A) and contact roentgen wradiation
of normal quality (B) are shown m Fig i

Despate the fact that the number of haemangiomas 1n some groups 15 rather
small the tables show that for radium treated haemangiomas both the one
year results and the long term results are better when the higher dosc was
gven For haemangiomas that received contact roentgen therapy the long
term results are better for those given the lower dose

The hacmangiomas are dwided according to size wn Tables 3a and 5b
the boundary between the major and rnor haemangiomas bemng fixed at
15 mm as described above The results of the different types of treatment when
given once (Table 5a) or twice (Table 5b) are compared within these two
mun groups The results for the major haemangiomas are less sausfactory
those for the different linds of treatment are basically the same as those shown
n Tables 4a and 4b

The possible vanation m the results with the site of the haemangioma was
also investgated Haemangiomas were divided 1nto three main groups  those
situated on the head the trunk and the extremities The one vear results are
about the same 1n all three groups and are sumilar to the results for all routine
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Table 7
sphle y € — Doses and fr tme for srrad: of the skeleton lens and
thirord gland
Table 7a ~irradiation of the skeleton
Pauents No Arer Dose in rad at the Intenval in Toal  Total frac
examined examined part of the  months between  dose tionation
skeleton av trextment  ireatments mrad  tme in months
o2 3 1~2 23
441824 Ihoracic €00 500 400 6 g 1 500 1+
vertebras
441013 Cervical 900 900
veriebras
450118 Whst 600 600 5 1200 3
Skult 6o 600
550503 Temur 70 o 6 160 o
5006 20 Skull 700 700 400 8 9 1800 L
0100, Shank 130 90 8 220 8
4902 06 Thorec 600 600
vertebras
4906 27 Shoulder 200 200
4908 23 » 70 70 70 + 6 210 w
5006 19 Skull 800 500 + 1 300 4
491022 » 800 600 + 1400 +
Table 7b— frradiation of the lens
Iatients No Dose in rd Total dose  Total fractronation
at treatment in rad time 1n months
2
5006 19 9 60 150 4
491022 Ho 110 250 +
491218 120 100 220 +
490321 100 100 200 4
Table 7c—irradiation of the thyroid gland
Pauents No Dose in rad Total dose  Totnl fractronation
at treatment 1 rad ume in months
! 2
450427 90 60 150 5
490923 10 100 210 t
550903 300 75 375 10

radiation treated hiemangtomas shown m Table 3 The long term results are
better for haemangiomns situated on the head Of these latter 68 % showed
no shin changes after 5 to 15 ycars and 29 % showcd only mmor changes The
corresponding figures for the other two groups are 40 % 1nd 42 9 respectit cly
without changes 1nd 56 % and 54 % respectnvely with muor chinges A
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Table 8
Three cases unth multiple haemangiomas doses and fractionation perods
Patient s No Dumber of Interval Dose 1n rad on
haeman between  Actne Thyrod Gonads  Lens
glomas treatments bone marrow  gland
550318 5 9 20 5 70
3 months 1 o 0 0
Total 3 months 10 20 5 70
500414 15 20 25
8 days 20 25
4 months 15 40
4 months 15 25
‘Total 8 months 70 <20 115 <10
500213 18 20 80 3 60
1 day 10 80 9 20
4 months 10 20 12 20
4 months 1 10 o 20
Total 8 months 41 190 2% 120

relatnely larger number of the haemangiomas located about the head were
munor ones This may be one explanation of the fact that the long term results
are better for this group than for the other two groups Another explanation
35 that the vasculanization and thus also the nutrition of the skin 15 better
the head than 1n the rest of the body There 1s consequently better healing of
the skin changes n this region brought about ¥ \ h
and those caused by radiation

The matertal was sull further diided by speafying the sites even more
closely ¢ g upper and lower halves of the face and <calp or chest back and
abdomen The results are essentially the same as that noted for the principal
$roups within these subdivisions Such deviations s could be noted are ex
plamed by the fact that the number of haemangimt 15 small for certain
groups

The relationship between the one year results and rthe lony, term results are
llustrated 1n Table 6 No single case with a haemangioma residue was found
3t control exammation afier o 1o 15 years iTable 24 although other skin
changes that were to a greater or lesser degree disfiguring were often evidert
The haemangiomas are divided 1 the table according to size and one vear
results The results after 5 to 12 years are given for each group and are similar
for ali haemangiomas except for the group contaiming those large haeman-

g
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gromas that after 1 yer showed only regression  The Jong term results m this
group were often unsatisficton but for the other hiemangiomas the long
term results did not differ considerably from the average result As less sats
fictory long term results may be expected for those mijor hemangiomas that
show only regression after one vear there 1s good reason to refer these patients
while still in childhood for plastic surgery 1n order that supplementary non
ridiotherapeutic treatment may be grsen at a suitable oppostunity

Suppl )] frons u here compll due to rad; are probable There
arc numerous 1ccounts in the literature of tjuries wising from radiotherapy
apphed to haemangiomas These injuries usually occur m pitients who have
been grven doses far above those regarded as pernussible at our chinte
Table 7 deals with 3 number of patents m whom supplementary msestiga

tons 1n connection with their re examuination were performed The table
shows the dose at cach treatment the interval between the treatments and the
total dose The doses wre given m rads to make 1t possible to add doses of

differing quality

The radio sensitivaty of eprphyses, 1 ¢ the Jowest dose at which the rsk of
growth disturbances or other damage to epiphyses arises, has often been dis
cussed (Mav 1953, Fiscuer 1955 Wesiaar & Rostowsar 1959 Bosse &
Grar 1960) It 1s gencrally stated without any preaise information on the
quahty of the radiation bemng ginen that the nisk of amy permanent growth
disturbances 1s shght after a mramum ussue dose of 300 r dunng one treat
ment WEsiaarR & Rostowsks stated that tolerance increases with fractio
natton and dirumshes with harder radiatton These tno writers beheved that
the tolerance hmut stated 15 also applicable 1o contact roentgen therapy A
ussue dose of > 400 r produces a tisk of the development of deformities

Twehc pauentsamong thase who cime to the clinic for re examnation and
1 whom the ussue dose m some part of the sheleton was high, were sub
Jected to roentgen examinauon for the detection of possible sheletal ¢hanges
caused by radiation It was not possible to demonstrate any deformities of
damage to the sheleton even though the dose at a single treatment was as
high as 900 rad and the total dose reached 1 800 rad over a 17 month persod
({Table 7a)

The danger of causing a radation calaract when treating hacmanglomzs
near the eye was discussed by e g Merrian & Tocur (1907) Quist :
Zactavu Curistiansen (1959) and Ben & Zaun (1960) A single dose o
about 200 rad gamma radition 1o the lens 1s considered 10 be dangcro;s
The longer the fractionation period the greater the tolerance and thus t Cr
humut of tolerance 15 cansidered to be 550 rad fractionated over a pcno(: 05
three months Four patients were ¢ d by an ophthalmol The ;"a
had been given a total dose varying between 150 rad and 250 rad wit
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{

Fig 2 2) Appearances of haemang oma before radotherapy b) State of skin at
control-rxamination w th {c) scunt grat and radarodine tracer tests dose admin

stered 75 gC thyrod uptake 2 hrs 23 thyroid uptake 24 hrs 4> unine
excretion 0—94 hrs 33

fractionation penod of 4 months (Table 7b) There were no signs of radiation
cataract in any nstance

There appears to be no reference 1 the hiterature to the radrosensiticaty of
the thyrod gland 1n chiddren The general opimon 1s however that this
organ 1s relatively insensitive Three patients of the present senes were ex
amined by means of radio 10dine tracer tests and scntigrams The tissue dose
in the thyroid gland was esimated at 150 240 and 375 rad respectuely
(Table 7c) The tracer studies i all three patients were within normal himats
Using these methods of detection a dose of 375 rad apparently caused no
changes in the thyroid gland The appearances before treatment from a case
of this type are shown in Tig 2 mncluding the presentstate thescintigram and
the radiorodine test

Hypoplasia or aplasia of the female breast after radiaton treatment n
childhood has been reported i a few papers (Ruse 19>+ Grecrn & Weiss
1962 inter alia) The authors agree on the high ratis snste ity of the breast an
{age but no definite mformaton 15 vet avatlable on th t lerance himt Among
27 females 1n whom the haemangtomas were situatrd near a mammulla
o presented evidence of shght mammary hypoplista The appearances
of one of these haemangiomas before treatment ind m 1ts present state 1s
shown 1n Tig 3 The doses to the breast tissue in these two patients could be
estimated at 580 and 1 150 rad respectnelh gnen 1n one treatment and 1n
w0 treatments with an mterval of 4 months respectivelv
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There 1s no defimte mdication for carly treatment of hremangioma situated
m other parts of the hody

Contact roentgen therapy appears o be supenor ta tadsum therapy from
bath the theoreucal and the practical pomts of vies Racdum therapy implies
total body awradiation for both pauent and staff and ought therefore 1o be
noded (Norosere 1961) Contret roentgen theraps 15 easier to apph
“The duration of the treatment 15 a3 mater of seconds, durmg whick time the
chisld 1nd the roentgen tube can be fixed mn relavon 1o cach other so that the
field of treument 1s sinctly defined 10 the extent of the beam s stnctly hmited,
the total irradintion 18 Rept 1t 3 minimum for both paoent and staff

Pracucally all hriemangiomas that recetve raditherapy should therefore
be gnen contact roentgen therapy  The myonty of hacmangiomas with sub-
cutancous extensions w1y 1lso be treated successfully by compression of the
hremangioma and, of necessin, modificatton of the quahiy of the rays to
for example, 56 AV 2 mm Al additional filter, FSD 40 mm This quabty hos
A HA L that 15 about that of 8 mm soft tssue and has, 15 1s shown m D I,
a depth dosc distnbution that pracuicilly corresponds 1o that of a normal
rachum applcator Tifty ©ight hremangiomas with subcutineous components
mn the present matenal were gren contact roentgen therapy ind 136 hacman
gromas of this type recesved radmm therapy  after one year 43 96 and 40 %o
respeenehy, had disappeired completely and 26 °, and 24 9, respectinely,
were mcampletehy, cured  whereas at the time of the conteal examnation
40 °, and 47 ©4, respectnely, showed no changes w the shin and 3% and
79, respectnely were cosmetically unsatsfactory It ss only sery seldom
therefore that radium thicrapy 15 ind d A few } e with large
decp components may require roentgen treytment which should, if possible,
be tangenual

The surface dose at the first treatment should be 800 to 900 r for contact
roentgen therapy WALTER (1953) has shown that o lesser dose gnes worse
one year results A dose of 400 r gives only 9 % healing compared with 45 %o
for a dose of 800 r A higher dose, of say 1000 to I 500 r may produce more
rapid heahing but t the same time the cosmenc result wiil be worse (Hour
BERe 1943 and Warter 1833 anter ahos), there will be an ncrease i PIg
mentation  depigmentation and atrophy of the skin The frequency of
haemangiomas that showed no skin chringes whatsoever at reevanunation
i the present matertal was three times greater when the surface dose dunng
treatment was < 900 ¢ than when the dose was > 900t (Tables 4a and 4b})

Conelusions
I Radiotherapy 1s not generally mdicated for the treatment of haeman

gromas ;
2 Rapudly growing haemangiomas on the face should be treated carly
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for functional, psychologic ind cosmetic reasons Haemangiemas 1n the
penneum and adjoming regions should also be treated early because of the
sk of mfection and ulceration

3 Haemangiomas should be treated i principle with contact roentgen
therapy of a quality adjusted to the deepest component of the haemangioma,
a HVL corresponding to 3 to 8 mm soft tissue

4 The suitable surface dose for the first treatment 1s 800 to 900 r

SUMMARY

The results of radiation treatment of 1191 hacmangiomas 1n 830 patients have been re
examuned with special reference to changes 1n the appearances of the leston one year later

the appearances of the slon 5 to 15 years following therapy and the possibility of mjunous.
effects from the treatment

ZUSAMMENFASSUNG

Eme Untersuchung der Resultate nach radiologuscher B handlung von 1191 Haman
gomen b1 830 Patenten wurde ausgefuhrt Spezielles Interesse wurde folgende Faktoren

gewidmet das Aussehen des Hamangioms emn Jahr nach der Behandlung das Ausschen der
Haut 5 bis 15 Jahre nach der Behandl und dic Moglichk dlich

von st Wirkungen
der Behandlung
RESUME
Les autcurs ont ré examine les résultats du trartement par les radiations de 1191 héman
glome- chez 830 malades 1ls ont L

¢tudié les mod de laspect de la
Iésian au bout d un an 1aspect de 1a peau 5 a 15 ans apres le traitement et 1a possibilité de
1éstons dues au tratement
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Most datr obtaned to date pertuning to these effects have been denved
from acute exposurc to high doses or raduon  Moreover, unti recently
1lmost all experimental work ws carnied out with roentgen rvs whose energy
spectra differ from those emutted by the princpal ridioisotopes From these
studies the conclusions arrved 1t are often irrelevant to the problem of low
dose rate chronic irradiation, and are thus muleading

It 15 thercfore essenunl to design rradiation facilities with these speaific
problems in mind

Charactensties of facilities for chrome srradiatton The facility should be able
to dehver 1 fairly wide range of dose rates Both long continuous irradiations
(several weeks), and accurately timed short exposures (1 few munutes), should
be attunable Large target volumes 1re also required

Very large umts nstalled 1 specially designed buildings or restricted arens
are very uscful, but there ts ample justification for an apparatus that can be
used 1n a pre exisung room of normal size and construction, with mimmum
addwonal stuelding

Finally, the conditions of irrdiation should be reproductble at intervals
of several months or even vears

Comparable basic principles found n 1l existing facthties are ns follows

1 Use of moderite quanuties of monochromanc high speaific actvity gam
ma ertters with long hall ife c¢g “Co and %7Cs (Desanvr et coll 1957,

2 Targe radiation field volume relative to the targct size,

3 Target 1 normal environmental conditions during long exposures

These faciities ¢can be broken down into three broad categories

1 Self contaned, 1 ¢ target 1s placed wathin the confines of the faciity

eg gammacell 220 contaiming 16 000 curics “*Co produced by Atomic
Energy of Canadh Ottawn, 6 cunes *Co and 5 curies ¥ Cs arradiators at the
Physics Department, Insttute of Cancer Research, Royal Cancer Hospital,
Iondon (QuastLer ct coll [959)

Y1 Transportable external beam 1 ¢ source 1s only shielded 1n one posttion in the
storige contamer 1t which time 1t 15 transportable

eg 4000 cunies “Co wrradator at Cornell Unmersity NY, US %
215 cunies #7Cs 1rradiator at the Department of Agriculturc, Harrow, Ontario,
50 curtes *Co 1rradiator at the Bintng and Best Institute of Medical
Research  Uniwersity of Toronto

( Che umt described n this article also falls 1nto this category )

111 Fixed external beam, 1e source 1s stored in 1 permanent location when

1n the safe postion b
eg 8 cune “Co rradiator at Division of Biological and Medical Research,
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—

Fig | Orerall p cture of the umt

Argonne National Laboratory, Argonne Iimois US A (Sacner et coll
19,5)

1 340 cunes *Co arradiator at the Texas Engineering Experimental
Stanon College Station Texas U'S & (Rawpar 1958)

Techmuzat description The wrradiation facility herein desertbed 15 a low dose rate
transportable external beam unit designed ind constructed by the Commercial
Products Division of Atoric Energy of Canida Ltd It was mstalled at the Facul
ty of Medicine of Laval Umversity Quehec and loaded on \ovember 28th
961 with 73 6 cures of cobalt 60 (Fig 1)

The source isell comprises 1 mm ciameter by 1 mm long mickel plated
cobalt 60 pellets hiving an mitial specific actvity of 1pproaimately 163 5
curesfg

These pellets are sealed by welding 1nto a stainless steel capsule which 1o
turn 13 welded 1nto - second capsule of the syme matenal therebv gwving a
double seal and ensunng maximum protection agamst contimination

The sealed source 15 mounted 1n a lead filled stecl encased drawer and s
held in position by a truarc ning (Fig 2)
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Fig 2 Quthine of unit and room showing surface rad aton ficlds

The drawer wlich hasa teflon seal at either end shdesyerucally in the central
bore tube of a cyhindrical storage contuner which 1s also comprised of lead
encased 1n steel 1/4 (64 mm) thick (Steel encisement provides protection
agamst fire hazard )

When the drawer 1s at the bottom of 1its travel in the bore tube, the source
15 completely surrounded by a mummum of 7 5 mnches (19 cm) of lead The
external fields at the surface are shown n Fig 2 In this positon the unmit cl;l:n
be used as 1ts own shipping contumer The total weight of the umit 1 2400 lbs

approx 1100 k

¢ l:shen the dra“gc)r 15 10 the upper posiion  the sourcc stops dircctly opponllc
a 38 comcal port allowing a collimated beam of radration to be projected mnto
the shelded room X

The drawer movement 1s achieved by the application of ar pressure ar
etther end The operating pressure of 25 pst 1s supphed by a small compresso
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Fg 3 Control console and lead glass window

and reservorr tank of commercial design It 15 introduced to either end of the
bore tube via two normally closed solenoid valves Needle valves on the outlets
of the olenoid valves can be adyusted to vary the exhaust rate of air from the
bore tube, and hence the speed of drawer travel A third normally open solenord
valve 1n the upper line acts as a safety device such that in the event of a break
1n the electrical circutt or a power fatlure pressure 15 immediately applied to
the top of the drawer returning 1t to the safe position

Mechanical support for the drawer 1n the source exposed position 18 provid
ed by a solenord actuated pm which engages mn a groove around the drawer
body at the same time closing the lower solenoid valve This enables long
wradiations to be ¢irned out without mamtaining air pressure n the drawer
A cable attached to one end of this pm extends outade the shielded room
enabling manual retraction 1n the event of solenod farlure

The facility 15 operated from a control console outside the shielded room
which houses a tmer power supply control and source poshon mdicator
lights (Fig 3)

The timer has a range of 120 hours 1n increments of 6 minutes the mmmum

setting being 18 minutes Shorter exposures can be achieved by manual shut
off of the umer

Installation and room shielding For economical reasons 1t was considered
necessary to mstall the unit 10 « room requinng mimmum additional shielding
and secunty measures Such a room was selected in the basement of the Faculty
of Medicine (Figs 4 and §) situated in a corner of the centril wing of the build
g the occupancy of adjacent areas being almost mi

The concrete floor rests directly on bedrock and the two preexisting outside
walls already offer considerable radiation protecuon Above the celing an
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#FELD MEASURED (23m FROM FLOGR ey
WITH SOURCE O
Fiz 4 Room projection in a horizontal planc showing the hmuts of the radiation beam
(11 ese fields are reduced to background level when source 15 in the off position )

ool

empty space (beneath the rear end of the great auditonum) offers protection
agamst radintion scattered upwards Access 1o the unt 1s guned via a wide
corndor leading to a nearby elevator

Some limitation arose from the fact that the ongimnal room had an rrregular
shape and was not very large approx 19 > 15 x 86 (58x45x 26m)
The necessity of additional shicldmg 1n the direcuion of the primary bem
reduced the mside dimensions of the irradiation room to approximately
14 ¥ 10 » 86 {425 % 300 x 260 m) At the same time, 3t was thought
adwvisable to have sufficient shielding to allow for possible futurcincrease tn the
source activity

The umit 1s mounted on 1 concrete pedestal such that the axis of the beam
1s horizontal and at a convement worhing height of 1 23m ( = 481/2 ) above
the floor To make best use of this shape of room, the central axis of the beam
1s directed 45 toward the outside wall The beam 15 so cothimated that the
primary radiation 1s only absorbed by the one wall which 15 80 em thick
standard density (147 Ibs per fi*) concrete bricks, added to the exisung 50em
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SCE ELEVATION

Am
Fig 5 Room projection m a verucal plane

of remforced concrete in the extenior wall of the building The average half
value layer of concrete for “Co gamma rays being 5 ¢cm  the total thickness of
130 cm corresponds to 26 HVL and offers 2 dose reduction factor of more
than 107 (Wacusmany 1957) Accordingly, no radiation abone background
level could be detected outside the building In order to avoid the necessity
of filling 1n the outside window a concrete wall 20 cm thick has been bult 1
the path of scattered radiation The mside protection wall not being exposed
to any direct rachation 15 also 20 cm thick Viewng 1s carried out through an
8 x8 (20 x 20 em) 2 (5 cm) thick high density lead glass window which
&ves a myamum angle of vision of 110 (shown 1n Fig 4)

A standard door contaning a 5/32 (4 mm) thick layer of lead provides
access to the shielded room and 1s interlocked with the umit 1n such a manner
that the source cannot be raised nto the exposed position with the door open
Alternatively, opeming of the door during an irradiation will 1mmedintely
feturn the source to the safc position 1n less than 2 seconds

Both window and door frames contain Iy ers of lead insuring adequate shicld
ing
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The rrracdiation dose 1n mrfh at various positions 1n the control room, when
the umit 15 operating, 15 guven below (position letters refer to Tig 4)

A B

mrfh mrih mrih
At the floor level 1 2 3
123 em aboyve floor leve) 3 + 6
Behind the lead glass window 25

The field (25 mr/h) at the console 15 not increascd when the door 15 open,
therefore the door interlock can be disconnected (1n excepuonal circumstances)
and the unit operated without closing the door {All the above measurements
were taken on March 30th 1962 withan A F C1 Mulupurpose survey meter)

Antmal cazes and rac) Rectangular cages, 8 ¥ 8 » 5 (20 x 20 » 125
cm), constructed from 18 g gahvamised steel mesh with the entire front hinged
for access contain the ammals (rats) duning the irradiation

These cages are mounted on a steel framework such that the centre of cach
cage hies on a pomnt on the surfice of 1 sphere 3 metres 1n radius By this
means, the average dose rate at the center of each cageis constant 1t 10 6 ¢ hour
{on June 20th, 1962) with a uniformity of &+ 5 °, across the 12 5 cm width

Dosimetry In all applicitions of somzing radiations one 1mportant aspect
13 that of the accurate measurement of the amount of cnergy 1bsorbed by the
objects undergoing irradiation

In labortory facilitics the object source relationship 1s generally fixed which
permts the dose rate 1n the sample to be deduced This 15 done by using a plot
of the gamma ficld 1n air over the irradiation volume tn conjunction with the
absorption propertics of the matenal

For subsequent irradiations over a period of ime  allowance 1s made for the
decay in the actiaty of the source which can be accurately determined at any
time after the ongmal calibration (Hoover et coll 1955)

An alternative method and one which chimmates 1y possibility of error,
15 the use of dosemeters, several types of which are currently avulable Two
examples arc 1omzation chambers and the ferrous/fernc system

AMaterial and methods Preliminary measurcments were madc on the 7th and
8th of February 1962 using a 705 medwum encrgy Victoreen condenser
chamber of 25 r capacity, covered with a lucite cap to obtamn a wall thickness
surtable for **Co gamma rays Readings were made witha ‘model 70 Victoreen
condenser r mcter

Complete measurements were made hetween the 16th and the 26th of April
using high energy Victoreen chambers (models 552 of 25 r capacity, and
553 of 25 r capacity) having a nominal wall thichness of 450 mgjem? ‘The
readings were made with a *model 570 r meter At this uime thesource strength
was approximately 70 curies
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Both svstems had been calibrated less than 1 month before the measurements

At all posttions, three 5 min exposures were made using the chamber having
the most approprate range generally these readings differed bv much less
than the +5 9, rated accuracy The means were calculated and correcion made
for the ‘chamber factor , temperature and atmospheric pressure

Results
Doses n the axs of the beam Fig 6 shows excellent agreement between the
o series of measurements for points situated within 2 from the central
axis (The figures of the first series are multiphed by 0 975 to correct for the ra
dioactive decay )
Lt will be seen from the data below that between 70 and 300 ¢ m focal distance
there 15 also good agreement with the inverse square law

Distance Square of Dos rate

mm the distance n h th D
05 025 363 9075
07 049 195 9550
1 1 995 99 50
15 225 41 99

2 4 24 9%

25 623 154 96 25
3 9 106 95 40
35 122> 86 105 35

The dose at 50 cm 15 too low but an error of 1 cm 1n the esumated focal
distance 15 sufficient to explam this value The dose at 350 cm 1 too high this



284 ROGFR GIIYS AND JOHN MASFFIELD

measurement was made a few centimeters away from the wall and there 1s
obviously sigmficant backscattering at that location

It can be scen that tiking an averaye value of 97 5 for the product of the
cquation 1t the end of Apnl, we had by chance sn the beginming of February
for intermediate foc! distances the relation dose \ (distance 11 m)? = 100

In the future this value wall decrease directly with the decry of the source
activity tihen as 100 9, on the 5th of Pebruary, 1962 The approximate dose-
rate (in r/h) at 1ny focal distance and 1t any tume can therefore be readiy
esumated

It 1s noteworthy that although this yrradiator was especially constructed
for chronic low dose rate uradiation of 2 large target wea its simple design
mkes 1t suitable for the irradintion of small objects at 1 very short focaldsstance
te with a high dose rate ¢ g at a focal distance of 20 cm (at the noszle of the
collimator), the mawimum field diameterss 14cm It can be seen, applyng the
previous formula that an object the size of a Petr1 dish can be irradiated at a
dose rate of 1pproxmmately

100 ~ (100)* 104
20)7 — 210

or 41 7 r/mun (in February 1962) Ithewase at a distance of 2 ecm an object
approximately 1 cm? can be exposed to a dose rate of about 25 » 10* r/h or
4 167 rfmm Howcver secondary radintion from the irradintor may be expected
to mnfluence the dose rate for samples placed inside the collimator and the
rrradiation cannot any more be constdered 1s coming from a pornt source for
focal distances shorter than 20 em The last figures are therefore only a rough
guide and will be supplemented by chemical dosimetry done with cach «(ypent
ment

This rradsator 13 therefore useful for a number of applications ranging, from
the chronic exposure of Inrge biological objects to radiochemistry

Freld s1ze The huts (in the horizontal and sertical plancs) are indicated
i Figs 4 and 5 The homogeneous utihzable beam 1s defined 1s the regron where
there 1s 2 maximum + 5 % vanation 1 dose rate between ponts situated on
a sphernical surface at equal distances from the source

The penumbira 15 the regron just outside the beam where the dose rate falls
to less than 5 9 of 1ts full value (this being the smallest percentage change meas
urable by the dosemeters)

The 1n situ measurements showed a very well defined utilizable beam with
a narrow penumbra The homogeneous beam covers an angle of 39 i the
horizontal plane and 38 n the vertscal plane (I'tgs 4 and 5) These valucs are
i heepg with the calculated 38 angle of the collimator Tahing the praum
bra 1nto account, the total beam covers 42° i the honzontal planc 405
the vertscal plane The horizontal axis 15 1t a shight angle to the end wall the
area of which 1s covered by the homogeneous beam being 2 ¢distorted cirele
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FED RAR

Tig 7 Lateral vananon of the dose rates for vanions focal duiances

with a radius varying from 122 to 130 cm and surrounded by a corona of pen
umbra 10 <m w width Lines showing the himts of the ficld and the projections
ofits axss have been panted on the walls

Lateral vanation of the dose Fig 7 shows that there 1s very httle Jateral dose
Tate vanation 1n a honizontal plane, situated 123 cm above floor level for focal
distances of 70 to 300 cm

Fig 8 shows measurements taken along vertical hnes 1 2,3 and 3 1/2 m
away from the source in the central beam The focal distance along these
hmes 1ncreases from the centre towards floor and ceting and the dose rate
dumnshes accordingly However, the cunvature of the 1sodose lines 15 smaill
past 2 m focal distance which means that a paralielepipedic cage arrangement

<an be used 1f one 13 satisfied with a dose vanation of + 10 to 15 %% from one
<age to the other

Practical utilization
This apparatus lends 1tself to two conditions of wradiation at first thought
beyond the imutations of a cobalt irradiator (1) exactly reproducible dose rates
at the same focal distances for long periods of time {2) continnously vanable
dose rates ssimulating exposure to fallout gamma arradation
The first 15 achieved by a composite filter made of a number of thin copper
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measurement was made 1 few cenumeters awny from the wall and there 1
obvioushy signific tnt backseattering 1t that location

It can be seen that (ikang an awerage value of 97 5 for the product of the
equition 1t the end of Apnt we had by chance i the begmnng of Februan
for intesmedinte focal distanees the relwion dose \ distince in m)t [00

In the future ths value will decrese direethy with the decas of the source
wtnaty tiken a5 100, on the uth of Februan 1962 The wpproumate dose
rate n rth) At amy focal distinee ard 1t any ume can therefore be readihy
estunted

It 13 noteworthy that although thes arrsditer was espeenlly constructed
for chronic low dose rie irraditicn of 1 Jarge target are1 ats sumple deugn
mabes it suitable for the irrydition of small objects at 1 vens shortfocl distanee
1¢ with 1 lugh dose rate e g ar 1 focal distanee of 20 cm 11 the noesde of the
colimator) the maxunum ficld dismeteris t4em It ¢an be seen applyng the
previous formuly that an obyect the size of 1 Petry dish cn be nradived at a
dose rte of approumateds

100 100y 100

Tore o 2500rh
or 41 7 r mun an Icbruamy 1962 Likewsse 1t 1 distance of 2 cm an obyject
tpproximatels | em® ¢an be exposed to 1 dose rite of 1bout 2> 10 rhor
4 167 r min However secondan radintion from the irmdintor mas be expected
1o influence the dose e for symples pliced nade the colimator ind the
wradiition cannot 1y more be conudered 15 conung from 1 pant s urce for
focal distances shorter thn 20 em The last figures are thercfore only 1 rough
guide and wall be supplemented by chemieal dosimetsy done sath exch expen
ment
This trrdintor 15 therefore useful for 1 number of 1pphcruons Fngng from
the chrontc exposure of Irge biological objects to mdiochenustey

Feeld st.e The hants (in the honizontrl and vertieal plines) are wdicated
wn Figs 4 ind 5 The homog encous utliz ible beam s defined 1s the resicn where
there 15 1 mramum 4 52, vanaton in dose rite between points sit ated on
1 spherical surfice 1t equal distances from the source

The penumt r s the region just outside the beam where the dose rite Falls
to less than 5 2, of 1ts full valuc (this beng the smallest percentige ¢l inge meas
urble by the dosemecters)

The wn situ mesurements showed 1 ven well defined unlizable
a narrow penumbra The homogencous beam covers an angle of
horizontal planc and 38° n the vertical phine (Ligs 4 and 3) These ues e
n heeping with the calculated 38 angle of the colbmator Taking the penum
bra nto account the tot1] beam covers 42 1n the horizontal phne 403 10
the vertical pline The honzontal axws 1s 1t 1 shght 1ngle to the end wall the
arca of which 1s covered by the homogeneous beam being 1 dustorted arrcle

X

boum with
£ 39 nthe
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Fig 7 Lateral ananon of the dose rates for var ous focal d stances

with a radws varying from 122 to 130 cm and surrounded by a corona of pen
umbra, 10 cm m width Lanes showng the limits of the (ield and the projections
of its axis have been pamted on the walls

Lateral vanation of the dose Fig 7 shows that there 1s very little lateral dose
Tate variation 1n a honzontal plane siuated 123 cm above floor level for focal
distances of 70 to 300 cm

1g 8 shows measurements taken along vertical lmes 1 2 3 and 3 12 m
away from the source m the central beam The focal distance along these
Iines increases from the centre towards floor and calns and the dose rate
dimunishes accordingly However the curvature of the 1sodose lines 15 small
past 2 m focal distance which means that 1 paraltelepipedic cage arrangement

©1n be used 1f one 1s satisfied with a dose vanation of + 10 to 12 °, from one
cage 1o the other

Practical utilization
This apparatus lends itself to two condations of irradiation at first thought
beyond the limut 1tions of a cobalt irradiator (1) exactly reproducible dose rates
at the same foc 1l distances for long periods of time (2) continuously varable
do e rates ssmulwing exposure to fallout gamma wrradiation
The first 15 1chicved by 1 compoute filter, made of 2 number of thin copper
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Fs 8 \anstem of the dowe 13t along eryead
Uneyin the § cal plane

and alummum lyers deugned to compensate for the decay of the radi actne
enntier

The complete filter placed in frant of the colfimator will Abrarb 50 ¢ of the
rdition  therefore giving an output simular o that without filter o1 * Co
half life later (1e 53 years)

This hnlf hie corresponds to a decay of about 19, per month Thus ty e
moving every other month a capper lyer of spproprate thickness 1wl be
posuble to obtan dose rites reproduaible within 2 @, for more than o vears,
for cach focal distance

The sccond 1s achieved by a cirnage moved at a continnously, vanable speed
along the central beam enabling us 1o delnver, to ymmals doses of radatons
sumuliting that of exposure to fillout gamma iradiation The mtensity of this
wradiation, after 4 fairly short build up penod decreases as a power function
of ume Our fallout simulator 15 dered from the comparable asembly built
by Baner at the University of Toronto (Baner et coll 1961}

Both composte filter and vanable speed cage carner are presenth under
construction and will be descnbed 1n a forthcoming paper

Biological work utihzing this equipment has just started and the first e
penmental results indicate that the 1D 50/30 davs of Sprague Dawles rats 15
almost doubfe for a chronic iradiation over a period of 4 davs compared with
an acute exposure (20 min duraton) to *Co ravs (Gnys ct coll 1962)
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SUMMARY

In view of the ever increasing interest i the effects of fallout and chromc irradiation of
Living orgamisms 1t has become necessary to have factlities 1ndividually designed to carry out
such studies Basic design principles are discussed and the techmical description of one such
wradiator designed and built at moderate cost 1s outhined Detailed 1sodose curves measured
with the unit 1n situ are presented A method for using the uradiator to sumulate fallout
wradiation conditions 15 ginen and the results of the first biological experiments are quoted

ZUSAMMENTFASSUNG

Um dem ansteigenden Interesse uber die Wirkungen von Atomausfall und chronischer
Bestrahlung auf den lebenden Organismus gerecht zu werden istesnotig uberspezielle indss1
duell gepragte Emnchtungen zu verfugen die solche Studien zulassen Die Grundprnzipien
hierzu werden diskutiert und die technische Beschreibung eines solchen Strahlers der zu
moderatem Press gebaut werden kann ummssen Detailherte Dosiskurven die mit dem
Apparat 1n situ gemessen wurden werden gezeigt Eine Anwendungsart des Strahlers unter
Bed, die ber 4 lit h herrschen wird gegeben und dic Resultate der

ersten b sind
RESUME
L étude des effets des d etdel d d
vivants suscite de plus en plus d interet Nous discutons les d d 1rrad

pesder
spécalement adaptés a ces études et déervons un tel apparei]l construut A prix tres modique
Nous donnons Ie relevé détalé de la dosimétme faste aver | appares] <1n situw» Nous inds
quons comment cet jrradiateur pourra éire utilisé pour simuler 1 exposition a la composante

de et les résultats des premieres expériences biologiques
faites au moyen de cet appareil
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SERMICE D} RADIOLOCIF (CIIFF W R FYIRR), HOFITAL (IF\RY FORD DETROIT,
MICHIIGAN LS A 1T SIRVICE DF RADIOLOCIE (€1FF € WINTFMAN), HOPITAL
QUEEN FLIZADFTIL MONTRAL CANADA

I INIPIOL DI 1\ GLHOME IRIT DESCRIFIIVE POLR
TOCALISIR I'1S SOURCIS DI RADIUM, DI RADON
I'1 DI RADIO ISOIOPIS ARIITICIILS
A DIS FINS DI DOSIMI IRII

par

Jeas NMare Tecarf

1y 1 plusicurs innces PaTERsON et PARNER (in Mireorri 1947) et Quinsy
(1923} mtrodwisirent deux plrns de repartitions geome tnques de sources de rd
wm et de ridon Depuss | wenement des rdio-isotopes artificiels plasicurs
auteurs ont étudic I dossmatnie pour diverses repartinons geométrigues de ces
saurces cancretes (Herey 1958 1962 Berey et call 1958 Durrei 1901 Trit?
etcoll 1960 IrosT 1960 \Mustast et coll 1904, Pirrguis ctcoll 1959 Siareh
ctecoll 1927 Wasmtnrrsir et coll 19.8)

Tous ces plans, cependant peuvent se runener soit ) 1idee de dosimétne
umforme precomsée par Parrrson ct PARNeR soit 1 cclle de sources umfor
mément distibuces de Quistns T es tables de PATERsON PARRFR ctde Quivpy,
peuvent parfors ctre utihisces pour d autres radio-tsotopes s 1on emplote les
correctifs de Havr (1958)

Dans tous les cis de raciothéripie mterstitielle et d appheitions antra
cavitares 1l est towjours désirable de vénfier st 1 dosiméinie de I distribution

Sourmis 4 11 Rédaction le 13 septembre 1902
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spattale obtenue correspond bien a celle projetee Des renseignements a ce
sujet peuvent etre obtenus de deun manieres générales, notamment au moyen
de mesures et au moyen de calculs

1 Les mesures peuvent etre dircctes (A) ou mndirectes (B)

A Les mesures directes se font au moyen d un detecteur approprie, place a la
surface extencure ou mténeure du corps pres de 1ensemble des sources Les
renseignements obtenus de cette fagon sont tres mites cependant

B Les mesures indirectes peuvent etre effectuées & la suite de la reconstruction
des sources reelles Cette reconmstruction peut etre obtenue a partir de deux
radiographies prises sur un ou deux films Ii va sans dire que la reconstruction
de sources reelles constitue un certam danger

2 Les caleuls 11 a ete demontre avec les annees que parmu les methodes
dosimetriques les methodes graphmques sont les plus precises et les plus utiles
Une fois que la repartition geometnigue est connue les calculs sont effectues a
partir des tables appropriees Les methodes actuelles d obtenir cette distnbution
spatiale sont les suivantes

A Localisation o partir d une seule pellieule radiographigue 1a methode du foyer
déplace (LEDFRMAN et coll 1948) nc requiert qu un seul radiofilm Elle a ete
modifice par Tesra (1957) afin de permettre les calculs de 1 intensité en chacun

des pownts d teret sans que la reconstruction precomsee par ¢es premiers ne
soit requise

Plus récemment une nouvelle techm
a ete presentee  Cette methode phug P ne sapphq
qu a des cas 1déaux et quast ideaux tels que dans les cas d aigwlles paralleles
\EoaN et coll 1960 PierQuin et coll 1960 1962 Suarew et coll 1957 Sto
vALL et coll 1962) De plus une section umque ne donne des renseignements
qua cet endroit et non pas pour 1ensemble de la region traitee pour cette
raison ces chercheurs ont, en general pns plusieurs sections

B Localisation a partir de deu films Un bon nombre d auteurs ont decouvert
des moyens de trouver 11 repartiion de sources concretes en se servant de
deut radiographies orthogonales (FarR 1953 “MerepiT 1947 Swrta 1958)
cesta dire a angle drowt Quelques uns ont reconstruit 1 ensemble des sources
au moyen de sources postiches mars 1a plupart ont determmne la reparuuon
5ans avoir recours a la reconstruction La methode de crlcul est parfors simplifice

p:l’l des nomogrammes (Horr 1956) calculateurs ¢t disposiufs de toutes
sortes

que n exigeant tusst qu un seul film
1 4

En genéral ces methodcs de localisation spatiale necessitent sufisamment de
calculs de plus elles n evoquent pas toujours les vues que nous desirons ob
temr Afin de remedier A ces difficultes une nouvelle méthode est Propo ee
@ bas Effe a comme base la geometne deseniptne Quoique cette methode
nous permette d obtenir toutes les vues spattales quelles qu elles sotent les
vues Tes plus utiles aux fins de dosimetrie sont celles de profil et de bout

19633088 Acta Rods logea Vol 1 4 Therapy
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Difirttion. ¢t Fistongue de la gloretne desenghie La géometne desenptive
(Lasorrat 1919) ot I partie des mathemauques appliquées qui 1 pour but
de sepresenter exactement sur un plan, les figures de | espace ot de résoudre
A 1 ude de 11 geometnie plane les problemes ou 1 on considere les trors dimen
$0ns

On peut fure remonter les méthodes et les applicaons de 11 geometne
desenpuve A 1 plus haute 1ntiquite mus on peut dire que ¢ est & \oser que
revient Iy glowre o woir debroutllé Ie chaos des procédés griphiques emplovés
want o dns Ies arts industriels et d 1voir systémansé les procédés en un pett
nombre de principes dans 1 gloméine descnptine qu il enseignt & Pans en
1791 ct 1792

Technique de Ia méthode proposée

Un support de bois (Fig 1) tenant deux cassettes 1 angle droit 1 <1 con
struit A endrowt ou les deux cassettes se rencontrent unc tige metdhique a
€t¢ plicée en permanence Cette tige 1 pour but d indiquer par I suite 2w
moven de sa projection sur chaque film) [ortentation d un film par rapport 2
1 utre

2 Ln mdofilm est plicé dans chacune des deux cassettes \u moment des
deux ridiographics orthogonales Ies cassettes scront alternativement inserecs 3
Linténcur du support de bors

3 Ie pauent est placé de sorte que les sources concrétes pusssent ctre radio-
griphiées sur les deux films perpendicul ures sans que le pittent ne se deplace
entre les deux expositions Les sources deyront ctre tusst prés que pos ible des
deux films

t Un anncau de luton (ou d un utre méta! dense) est place sur le pauentd
une distance anneau film égale 1 I distance sources film vertical L radio-
graphic ltérle est ensuite prse & une distance foyer peau suffissmment grande,
(! m environ) afin de rendre I distortion et le grossissement A minimurnt
Sans que Ie patient ne se déplice ) emplacement de | anneie est ensmte
sénfié et déplcé st nécessure de sorte que cette fors-cr 1l soit & une distance
anncau film égrle 3 )1 distance sources film honzontal Une rdiograiphie
sertcale cst enswite prise A unc distance d environ | metre

5 Ies deux pellicules sont développées ct les grossissements de 1 ensemble
des sources sont déterminés pour chacune des deux images A partie du rpport

Dimension maaimale de 1image de 1 anneau
Diamétre réel de ce meme annec

Leurs calques sont obtenues sur deux femlles de papier de soie differentes

6 Lnsuite, 2 partr de ces deux Ncteurs de correction et d un pantographe
adéquat les deux mmages sont reduntes & Jeur vrue grndeur sur ces deux
fewlles de papser de soie differentes
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Fig 1 Lavrae longueur A B et la vue de bout A, d unc source
Lin€aire umique s obucnnent A partir des rad ographics & | angle
drowt comgees de leur grossissement

7 Ces deux wmages corngées telles qu obtenues sur les deux fewlles de
papter de soe sont placées au dessus d une visionneuse L une de ces smages
est deplacee par rapport a Pautre de sorte que les projections de Ia tige sur
chaque film, comadent ou solent paralieles et que des Lignes tirees entre les
sources ponctuelles (ou les extremuités de chacune des aiguilies ou des tubes)
correspondantes des deux films soient perpendiculawres aux 1mages des bords
superposes de la tige metalique Comme exemple dans la Fig 1 8 lavuel
est placée relativement a la vue 11, de sorte que les lignes A;A am=n que BB
soient perpendicularres a X,Y, (la superposition de limage de la uge sur
chacun des films apres avorr ete cornigee du grossissement)

8 Les vues de profil et de bout {(ou de face) sont obtenues

9 A partir des tables appropriees 1intensite des rayonnements est determ:
née pour 1 endrort desire

Exemples
1 Source bindare umgque (Feg 1
Celle1 est considérée en vue d expl quer en détail les fondements de cette méthode graph
que Une fois que les sept premudres ctapes de la section 11 ont été suivies 1l s agit enswite
d obtenir les vues de profiletde bout Fig | (%) montrel mguille ABquelque partdans| espace
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o YUE DE
SN

Fig 2 La longeur M1 et Ja base IV efficaces de | implantat on cylindrique
Pro tennent de 1 apphication des prine pes de la premidre figure

A partir de chacune des extremtés des aiguilles de la vue 11 1 on trace des ignes de rappel
perpendiculaires a la ligne de terre %,1; tout en la traversant

Le long de ces nourelles lignes de rappel 1on rapporte 3 parur de la ligne de terre N, gt
au deld de celle 1 les distances entre chague extrémité d une mpuitle donnée de la vue Let
la ligne de terre %Y, tel qu il a été fait dans le cas de | aigwlle umque (Fig 1) Tout en em
ployant les mémes ignes de terre et Jes hgnes de rappel appropnées ce procedé est repete
pour chacune des autres aiguilles On obtwent ains: les pawres de pomsa A b B ¢ C etc
{vue 1IN

Cette dernlere vue ainst obtenue en tirant les ignes aA bB ¢C etc est une vue de profil
de limplantation d aiguilles puisque la moyenne des miguilles est vue en vrate grandenr

Vue de bout Une higne de terre Y, est tracée perpend culairement et a une distance quel
conque de1 ensemble des aiguilles de 1a vue TT1 qui forment les cotés lateraux de 1implantation

A que Tout comme cette cffective est détermmée au moyen de
I feuslle de papier quadnllé placée sur la vistonneuse

Perpend Nekget t cette nouvelle higne de terre 1 on trace des lignes
de rappel émanant de chacune des extrémtes des aiguifles de la vue 111

A partir de cette hgne de terre XY, et au-dela de celle-ci 1on rapporte pour chacune des
aguilles les distances entre chaque extrémté d une aigwlle de la vue II et la ligne de terre
sty Ces distances sont mesurées le long de ces nouselles lignes de rappel Ceat nous donne
lspomtsa A b B ¢ C etcde la vue IV ams construite

Throns les hgnes a4 bB ¢C ete afin de micux vorr les aiguilles dans cette vue IV qus est
1a vue de baut
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ent

Fig 3 Dorenes sua de profil (ITE V) et de face IV A §1 sont dmnées pou
le plan formé par une a glle et un point dintérét d mnéy.

Volume et donmitne da exlind ¢ Le volume  aire de la base longuenr effecuve d e lindre

La dostmétric peut 2tre deterimuné 3 partie de ce volume et des tables du systéme de distnbution
suna

3 Source I nbasre umque ¢t pornt dintirlt donné (Fig 3)

Ce cas st considéré on vue d indiquer les étapes & suivre dany les deux exemples cités plus
bas
La droite \(B, représcnte la vue d élévation d une aiguille aprés que le film verucala cté
corngé du g au moyen du h

La droite \,B, st a vue de phin de laguille apris réduction telle qu indiquée par I
groutssement de 1 anneau sur le fitm honzontal

La ligne de terre N,y est obtentic en superposant x;3, €t xqv, qui sont des drostes
prises parallles aux projections de 1a tige sur les films (voir 1 figure 1)

D, et D, sont les projections orthogonales du point d intérét I situé dans [ espace

Aprés avoir s 7 étapes de la techmque tragons les hignes A,D, ByDy A,D; ¢t BD:

Vue de profil A\ parur de A, tragons unc dronte paralléle d Ja higne de terre X3 elle crossera
donc B,D; en G, De cette fagon a higne A,C, est dans un plan honzontal

De G, abrrsont une ligne de rappel perpendiculairement 4 N1, crouant B,D; en G

Turens 1a ligne 1, tout en la prolongeant

Perpend ‘ment A cette higne | tragons une ligne de terre \,
quelconque de \,8,C,D,

3 A upe distance
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Avpartir de B et de Dy tragons des Lignes de rappel perpendiculaices a “\gx,
Le Jong de ces hgnes de rappel rapportons les distances a; by ¢ et d; Cect nous donne Jes
onnts A, et Dy {vue 111)
P Pu\sq\:e}l;: h(é’ne A,Zl, avait €té parallél au plan 1 ¢ est d-dire que
les cdtés &, et ¢, sont égaux 1l en swit que A, et G, comaderont en un seul point
Puisque AC {qut se trouve dans le plan ABD) est vue comme un pont ;04 dans la vue TIT
1l en suit que cette projection 11 est une vue de profil

Vue en trawe grandeur ‘Tragons une igne de terre Yy 4 une distance quelconque de ByA,D;
et paraliele a cette vue de prafil Dans la figure 3 %,Y, 2 été prise & une distance nulle de
BAGD;

A partir des pointt Ay B, Cyet Dy tragons des lignes de rappel perpendsculawres a B,A,C;Ds
ou X,Y,

Rz;)p’nrtons Jes distances 4, b, €5 et d, le long des lignes de rappel vorrespondantes Cear
détermune les ponts Ay B, Cyet Dy

Tirons les droutes AdB, A D et B,CDy

Cette nomelle vue IV obtenue en regardant le plan B,A;CiD, perpendiculairement estla
vue en vraie grandeur du triangle ABD

Dosimétne Puisque A{B,D; représente Ie triangle ABD vu en vraie grandeur la vrae distance
perpendiculaire entre D et AB peut étre mesurée sur Ia vue IV De plus nous pouvons mesurer
a quelle distance du centre de Laigwille AB cette ligne perpendiculaire sc trouve

De ces données et des de 1a source rad. 1a dose au point D peut étre
d en Tes tables

La dostmetne an point D peut esre obtenne directement de fa vue IV st naus possédons
1 isodose de 1 arguille

Remarques Dans Ia Fig 3 deux vues awaliawres (vue de profil et vue en vraie grandeur)
ont ét¢ ajoutees Ces projections permettent de mieux yoir comment fonctionae la geométne
descriptive Elles aideront auss: a mieus saisir s vues de la figure

Prolongeons Ia drotte B,A,C,D, et tragon unc ligne de terre X, Y4 perpendicularre a cette
premudre droite

Rapportons au-dela de 4, les distances prises entre la hgne de terre X,Y, et les pomts
Az By C;et D, qu fa précedent

Pusque ABCD apparait dans 1 vue T1I comme une bgne BsA,CuD,, 11 en suwvra que la vue
de bout de cette projection donnesa une autre rue de profil BsCsD Ag

Frenons une higne de terre XYy parallele 4 1a drotte B,C D A,

Tragons les lignes de rappel perpendiculaires a %% s Ces drostes sont tracées & partir des
pomnts B; C; Dy et Ag

Rapportons les distances by ¢, dyeta,
Tirons les lignes AgB; A4D, et B,CyDy

Cetre nouvelle vue VT est a vut en vrare grandeur du tnangle ABD et elle est identique & fa
vue IV Comparer les deux vues

Nest a noter que a vue IV n a pas é1é employée 11 puisqu elle ne se trouve pas surle chemin
entre fes vues ¥ V1 et les deux premdres voes

4 Implantation plane de grams radvo actifs (Fre €Y

Les vues I et 11 représentent Je film vertical {1a vue d élérayon) et l¢ film horizontal (la
vue de plan) aprés que les scpt premueres étapes de la technique ont ét€ sunvies Les grams
sont représentées par leslettresa b e d e f g h 1) k etl
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vue
vRal eranbiyn

fie 4 Lasued faee \ dune implantar on plane de grans ra { o
actf st btenu en trowsant st abord une vu degrofl 1V effective

Fue de profil Dans I3 vue d élésaton prenons trow ponts (grains  deux vers | extréme

droite ou gauche et un autre A 1 antre extrémuté
Tarons les hignes entre ces 3 points qui sont pris suffaamment espacés
\ partr du point a tragons une droite paraltele \ la higne de terre \Y et renc atrantha

hgne e enm {vue 1y

De m (sue Iy abawsons une ligne de rappel perpendiculaire 3 \,}, et rencontrar « ez enm
vue 1T

Dans cette vue 11 urons la nouselle ligne am et prolongeons 11 Cette nourelle | ane am
(vue ) est en veue grandenr pussque dans [a vue 1 1 bgne am asaie €eé § ruse | oalléle 3
N,Y, cest Adire que 1 projection orthogonale am (de la higne AN appartenant au freangle
ACME de Limplintation plane siuée quelque part dans [ ewpace) sur Ja vue d élé ton est
paralldle A Ia ligne de terre \yY,

Le long du prolongement de 13 Irgne am (vue 11) tragons unc nowselle higne de terre Sqdp
perpendiculure A am de Lavue 1

Au-delt de \3, et Ic fong du prolongement de am de la vue Il mapportons Jes distances
entre les points 1 m {vue It et Ny}, I es nouserux ponts a et m (sue [1) comadent donc en
un seul et unique point pussque les dutances rapportées (a,) sont identiques

A prtie de chacun des pomnts de 1a vue 1 tragons des lignes de rappel perpendiculaires &
\;}, €t rapportons y les distances entre Jes points de Ia vue I et 1a higne de terre %3,

Cette vue HI et une vue de profil de 1 implantation plane des grams A BC D E 1 ©
H 1] KR L pouriu que Limplantation se trouve sur un plan wdéal Cecr est vrar pusque fes
ponts \ et M sont vus en un seul et umque point

1 n général les grains ne sont pas sur un plac idéal Dans ce c1s les grains ne paraisscat pas
sur une hgne drotte dans fa vue 1T I'n telle situation la vue 1T est plutot une approximation



LA GEOMETRIE DESCRIPTIVE A DES FINS DE DOSIMETRIE 297

de la vue de profil la déviation étant d autant plus grande que le triangle formé par les trois
grains arbitrairement chomsis n est pas parallile au plan efficace des grams Pour réduire
cette erreur au Tmmmum  regardons de bout le plan (vue I11) de gramns qu: est quelque peu
tournd sur lui méme autour de la forme allongee quc forme 1 ensemble des grams de la vue
1II Cette nouvelle vue nous donnera une vrate vue de profil

Tragons une hgne de terre X,Y; perpendiculaire a I forme allongée des grains de la vue I1T
et & une distance quelconque de ceux c1

A partir de chacun des pomts {vue I11) tragons des lignes de rappel perpendiculames 2
Xat, et traversant celle ¢1

Rapportons a partir de Xs¥; les distances entre les points de la vue I et la ligne de terre
XY, comme il a été fait pour le grain A

Cette nousclle vue IV est une vue de profil

Vue en vrae grandeur Tragons une Ligne de terre X,Y; perpendiculaire a la forme long:
tudmale de | ensemble des grams de la vue IV cctte higne est prise 3 une distance quelconque
de 1 ensemble des grains de la vue IV

A partir de chacun des grams (vue IV) tragons des hignes de rappel perpendieulasres 4 Ia
ligne de terre X,Y, et allant 2u dela de celle a1

Pour chacun de ces grams rapportons les distances entre les points de la vue 11T et XX,
tel quil a ét¢ fait pour le pomt A {distance ag)

La nouvelle vuc V est 1a vue en vraie grandeur (vue de face) de 1 implantation plane

Dosimetrie NMamtenant que 1aire de 1implantation est connue (vue V) la dose a la région
traitéc s obtient a partir des tables du systéme de dosimétnie choist

5 dpphication de vadwm wtvacasitaire — cancer du col uténn (Fig 5)

Tig 5 montre les vues d élévation et de plan d un tandem et de deux tubes radio-actfs
lesquels proviennent chacun d un groupe de tubes situés dans deux ovoides differents Le
tandem powmte vers Ic bas dans la vue & élévauon parce que dans cette application 1 utérus a
£té renversé

La vue I represente la vue d éévation Cette vue de | image corngée du grossissement
sobtient en prenant une radiographie orthogonale sur un film vertical en la réduisant au
moyen du pantographe Nous pouvans auss: obtenir cette vue en se servant de Ia methode de
Testa Contrairement a cette premuére méthode la double exposition sur un méme film nous
donne Ia vuc de plan en plus

La vue de plan représente la projection non grossic du tandem et des deux tubes sur un plan
horizontal Y, représente I Iigne de terre entre ces deux vues

Localisation des deux powts 1 par rapport au tandsm Les deux ponts A (ind ques comme A et
A afin de les distinguer) seront localisés d aprés Ia plus récente definution S ueer 1962) de ce
point Tout d abord nous devons obtemir le plan vertical passant par I ¢ Jem vu en vrae
grandeur

Tragons une higne de terre XX parallile & 11mage du tandem dan 11 ue (I} de plan et
une distance quelconque
A partir des deux extrémtés du tandem et des deux tubes (vue II
rappel perpendiculaires a NqX, et allant au dela de cette Ligne de terre
Le long de ces lignes de rappel rapportons les distances correspondantes entre les extrémités
du tandem de la vue | et \,Y, ¢ est A-dire Ies dustances a, et b, Tirons cette ligne

. (rkcl donne un plan vertical contenant le tandem en vraie grandeur (vue III) Comparer
a fgure |

tragons des lignes de
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PLAR VERTICAL
TANDEM VU N
VRAE GRANDLUR

Fig 5 Lesdonx pants, A peuvent frc |alues dans
les plans vertieal 1 et Fonzontal 18 1 nque nous
ason  déterruné le plan serneal paant par le
tant m vuen sray granler I et laprojenm
des tubes des deux ovcl des sur ce plan

Rapportons auss au-del\ de \,1, les distances entre chaque extrémité des tubes de 1a vue
T et \;}, Tirons les lignes dans cette vue TTL

Cect donne les projertions des tubes sur le plan vertical {(vue 1)

Autour de ces tubes de 11 vue HE tragons Jes surfices exténeures des ovoides

lartant de ]1 moyenne de ces surfaces exténicures tragons une higne perpendiculaire av
tandem vu en vrase grandeur et rencontrant celar o (vue 111

A partir de cetie mntersection mesurons (dewx) 2 em le longy du tandem vu en srase frandeus
tout en s éloignant des deux ovoides Cecr détermine les denx points 3

Dosimétnie du tandem La dosimétric aux ponts \ {\ et \) prut mantenant étre determnée
pour ¢c tandem puisque de fa vue 11 (plan vertical vu en vrve grandeur) nous pouvons
mesurer A quelles distances ces denx pornts \ s¢ trousent des bouts du tandem Ausst nous
savons que les points \ sc trousent A une dastince perpendiculure de 2 em de eeluner

Powts A et 1 dns la cue de plan Partant de AA de T sue I teagons une hgne de rappe!
perpendiculaire A \,}, ct traversant celle @ ct le tandem de 1a vue Tt
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Le long de cette hgne de rappel déterminons les pomnts A et A en Ies plagant a 2 cm de
chaque coté du tandem (vue 1T} Ceea est Jusufie par la défimtion des pants A la droste
trée entre ces deux pomts A et cromsant le tandem perpendiculnrement se trouve paraliéle
au film honizontal

Pownts A et A de la vue d elévaton Partant des pomts A et A de 1a vue (1) de plan tragons
des hignes de rappel perpendicularres a ¥, et allant au-dela de cellect

Le long de ces hignes de rappel rapportons a parur de \,Y),, 1a distance entre A et \g3,
et celle entre A et \,X, cest a~dire les distances ¢, Cect détermune nos deux pownts A (A et
A} dans 1a vue d Elévanonr

Dosimetrie des tubes des orordes Les deux points d mtérét A et A sont donc situés par rapport
aux deux ovordes pour les vues d élévation et de plan

Constrmsons 4 pasres de tnangles au moyen des deux tubes et des deux pomts A des vues
d elévation et de plan Pour chatune des + paires de triangles repétons le procedé de 1a figure
3 tout en employant la méme ligne de terre XY,

Remargues 11 existe une méthode plus smple de localisation Elle est généralement justifiable
duc aux grandes distances entre un tube chows et chacun der pomts A Daas cette methode
nous prenons les sources Lin€aires comine €tant ponctuelles De cette fagon [on est ramené
a obterur 4 lignes en vrate grandeur (1a droite entre I pomnt censral d un tube et un powt A)

Pour obtenir ces quatre hgnes sk s agit de répéter la procédure de Ia figure | quatre fois Les
Lignes de terre (sauf X,Y,) scront cependant différentes pour chacun de ces quatre cas

Une fois que ces 4 distances sont obtenues en vraie grandeur les imtensités peuvent ére

obte;ucs a partir des tables en tenant compte du nombre total des tubes dans chacun des
ovoudes

Une fois que 1 an connat suff: 1es méthodes de descniptive nous pouvons
soustraire quelques étapes
Alune des carémutés de A,B, (Fig 1) dicul a A8, la diffe

P P
des hauteurs (cotes) des pomts By et A, viz la distance d—c L hypothénuse mesurce estla
distance en vraie grandeur entre les points A et B siuds quelque part dans | espace

Discussion

Nous remarquons de la figure 1 que le support de bois n est pas requis
pourv que le bord du film vertical sout paraliele au dessus de la table et que
le cote latéral du film horizontal soit parallele au cote latertl de la table

VREELAND a deja donné une methode de correction pour la distortion d 1ma
ges sur les radiofilms Celle a1 est negligeabl

mises en pratique
Grande distance foyer sources
2 Courte distance film sources

3 Epusseur et largeur de 1ensemble des sources prutes par rapport a la
distance foyer film

4 Anneau et sources a distance egale du film

5 Films bien places et faisceau< suffisamment perpendicularres aux films
6 Pauent non deplacé entre les deux exposiions

s1 les condinons survantes sont
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Lorsque Jes grosussements pour les deux films sont sdentques ol nest pas
nlcesure de rédwre chicune des deux images 11 s ag tout simplement d en
terur compre dns les dunenvions finales 1 ant de referer 1ux tables et sodoses

Les tables de racdhum catées (Gravik et col Gressprerpetcoll , \rrFpmi
VIRUANCEN) sont presque toutes calculés o parur des donnes de SieverT
(1932) Les tables du systeme de Manchester (\Merenrrn 1947) ont «te refutes
prr Jonss (1961} elles ant cte multpliées par le Nicteur

! 81
09> 825
Ces nouvelles t1bles tennent muntenant compte de It plus récente saleur de
I ietnaté spéafique d une source ponctuclle de mdm (Arrie & Rirz 1957)
1 lies sont alors exprimées en

103

mg h
1000 rd

On remarque dans Ty méthode de geométne descnptive déerite que toutes
Ies chistances ripportées Je long des lignes de rppel proviennent de Iy d uxeme
vuc précédante ou 11 deuxieme sun tnte st Lon resient en arriere 1 es distances
ripportees pour obtenur 11 sue 111 proviennent de 1 vue 1 celles d Ty vue
IN proviennent de I vuc I ete

Dns tous les exemples eites 11 comvention habituelle de fetrer oo pas eté
sunie I es indices ont étc chosis d unc telle Nigon qu en ripportant les dis
tances les indices des ponts et de ehnque higne de terre sorent les memes
Comme cxemple, 1, est It distanee entre e pont A, et I hgne de tesre 3y,
1, est 1t distanee entre A; et \;Y, Les hgnes de terre €t comcntioned
Iement pomtllées sont ict générlement representees par des lignes tre minces

Toutcs les imphntatons d ugudlles paralldles una que celles de grams
formant des cubes du tvpe Berey (Hrrey 1958 ct Berey ct coll 1958) se
résolvent en sunant | exemple du eshndre (Ing 2)

I preaision de 11 méthode 1 été déterminée pour des implntitiens nont
1d¢ales d ugwlles posuches et de gruns non radioscufs Ies vanations max
males des dimensions finales étuent de 5 ©,

RISUMS
Une méthode graphique de localation des sources radic-actin es est déente 1lic rslltnsn:;:
lustrée pour une wnplantation cyhindrique de sources hinéaires une wmplangation piane
grams radio-acnfs ainst que pour une application intracasiture de rachum

SUMMARY
A graphical method of lacalizing radiorctne sources s llustrated by me;
tmplantatton of linear sources a single pline tmplantation of radioactive grains an
tracavitary application of radium

ans of a cy indncal
d anm
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ZUSAMMENFASSUNG
Emne graphische Methode fur die Lokalisterung von radioaktiven Quellen wird bildhch
erlautert und demnach werden eine eyhindnsche 1 von linearen h 1)

eine offene Emzel Implantation radioaktiser homer wie auch eme Ubertragung 1 intra
cavitaren Radiumquellen illustriert
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BOOK REVIEWS

BroLogisch cHesiscHER Strantevscnurz  Erve Uperstorr in Tassitev Von R Huber
und E Spode Aladermec Verlag Berlin 1962 Price 124 DM

The menace of nuclear war and the enhanced nisk of radiation accidents by the increasing
e of nuclear energy have drawn attentron to the possibilities of chemical and biologic protec
tion agamnst radiation myury The research activity 1n this field has been extensive and an
enormous number of papers have been pubhshed although the absence of a bibliography
covering the whole field seems conspicuous

eports reviewing the literature dealing with attempts to alter the response of ammals to
tomzing radiation were published as early as 1949 and in 1951 and 1953 by SeLtE et coll
from the Umversity of California Los Angeles Huser and Srope have now with German
thoroughness prepared a survey i tabular form of the works on biologic and chemueal radio-
Protection covering a time penod from 1945 to 1959,1960 The large amount of work within
this field 15 1llustrated by the number of references close on 1 600 By far the greatest number
of insestigations have been carrted out on the effects of SH compounds and related substances
ne marrow transplantations play a dommant role among the many attempis to obtan
therapy agamnst acute radiation injury Other substances sunveyed include hormones amio
acds amines heterocychc compounds and protens alcohols carbohydrates and orgamic
acids and vitamins and related compounds Attention s also paid to the wfluences on the
vegetative as well as the central and penipheral nervous system parabiosis and transfusion
and sul, cyan pounds and other enzyme touns and antihistamines
The survey appears to be almost complete and will be of great value as a reference to those
working in the field of chermical and radiobiologic protectors

The use of a special device with sharp-edged rings that cut the leaves detracts from the loose
leaf system which 1 tself seems an excellent 1dea It 15 to be hoped that a different kind of
cover will be used n the next edition The price of DM 124 appears to be rather high

Ame Nelson

Tie ToxicoLocy oF RADIOACTIVE Susstances Vol 1 STRONTILM CAESTTM RUTHENTLAM
ROV Editors Letavet and E B Rurlyandskaya Translaton trom the Russran edited by
E Lloyd 236 pages 113 figures and 67 tables Pergamon Pre s Oord 1967 Price 80 Sh

Access to the comprehensive Russian scientific Literature has to a gr at ext nt been hampered
by the language barnier The increasing number of translations 1nt> Fnglish has now made
this volume available to Western rcaders who are presented w th 2 account of Russian
Progress in the studv of the effects of 150topes of strontum caesium 1 thenium and radon 1n
experimental ammals

The Russtan onigial was published in 1957 and the work reported was carned out from
1931 16 1953 The iterpretation of some of the results ha ¢ been modified by the edutors of
the English edition m th  light of later Most of the results are
however sull valid a1d of great nterest in spite of the long ume lapse between the appearance
©f the Russian and Engl sh ersions
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There are four mam sections (1) Absorption dustnibution and exeretien (2) Radiotoue
effects ain tugh dose expeniments (1) Radiotonie effeet of radiotctine ruthenum casium
and strontium 10 continnous expeniments (B Stumulation of the excretn of radioactne
strontinm and ¢venum from the orpanum

Kurivaspsnava emphavses the impartance of studying the reactions of the organnm
during, the continuous internal adminstratien of small doses of radicactive subwtances The
papeny included are therefire munhy concerned with the bich e effects «f ra losotopes
under continuous Intake (2 to 3 veans Bt rygts s report a much highes rnorg 1o of ruthem
um 106 from the gutroutatnal tract 100 to 200 times fugher than that gren by certam
carfs Amenean imveisatons This ditference 19 probably due to the particular chemical
forms wsed which epeaally o the case of ruthenum  will comphicate the metabolum.
hunasovikara and Usitanor & have studied the trander of Sr 2% an | Se %0 fr m mother ta
focun 1n rats and have blished thar the ace i} of 1n the foet 33 33 malv
dur to the votope recened dunng pregnancy  Thi has been confitmed by the raaewer and
his co-motker in an tmvestization n muce which alio showed that the fietal up1 ke comadn
with the mulication of the foetal akeleton and beginy approxuimately at the Lth ay of oz
uon The strontium depostion in the females prior to grstanon 1s of minor umy etaner lus
stated tht a subaitaneous dose of Ru [0 gave a more marked dutnbution of 1t e lrukopotesss
and enthropoiesis than Se 8 Sy 00 and Cs 131 \n investigation of the chromc ettect of these
wotopes admintstered per o1 i rabbits revealed however that radisstrontium s ssed mote
extensive dimage 1o the erythropoiens than was evudent after Cs 131 and Ru 100

The tast part of the boak deals 3 ith the search for agents that sumulate the  eretion of
radinatine sufntances Al the cf1tic methods have been tried with onfy shght  feets

e book comtitutes an excellent revies afthe extensne s orkanthe L $ SR on the biofodic
effects of rudioactive ssotopes The pictonal matenal 15 not umform hoy ever Ite fecrnds
give no wnformaticn oh stanins, methods or magmhcation and the fev autora b igrams are
primitive compared sith the standrds set by the autoradiograms of Lrearse and o-workers
n this country  any statistical trextment 18 conspicuoushy absent

tme \elson

TuswnouvrTrit CRUADLACES 1D METHODEN DIR PHOTOCRAPIUSCHEN \ FREANRES ZLR
STRAltFsbousurst g Von Rlaus Becker 176 Sesten 93 Abbildung n Sprineer Berlin
12 Tnce 28 DA
\ short introduction on the vanous Jinds of radiation and the fundamental oncepts of

dowimetry 1 folloy ed by a more detuled account of photographic processes th | ropesties

of different emulsions and develapers and densitometry  The main part of the book s devoted

10 the vanous methods of photographic doumetry Fmphasis ts fnd on radiation protection

mevsusrements » hule other wses are touched upon more hightly The difficulues and sources of

crror especially s hen measurng radition of unknoy n quality or maxed radiations (e &
gimma rays and neutrons) are discussed 1n detail and adivice gren on the precautions that
should be obs ned Theoretical foundations as well as practical mformation on film badge

deugn and the organisation of 4 radiation protection service are considered and i cussed i

detail
The book ends 1 ith a long and useful list of references ILas however a pity that many

papers bear only 1 code referenee conusting of a few Jetters and Gigures so that ther racking

18 chificult without access to a speertlized hibrary  an indication of the institutes of ongqn

would have been helpful Iy of
The reviewer considers the book to be of ¢ reat value to all those working theoreticatly o

practically im the field coxered P—
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A MODIFIED COBALT 60 APPLICATOR FOR THE
TREATMENT OF RETINOBLASTOMA

by

Bengt H O RosencreN and Bjorn TExcROTH

Numerous methods for the treatment of retinoblastoma have been proposed
during recent decades The present method of choice 1s some form of radiation
therapy with or without the c d 1on of rad

Retmnobl 15 2 malig] tumour ansing from the retinal germ cells
1t occurs almost exclusively 1n nfancy and childhood and 1s frequently con
genital Among eye tumours the growth 1s second m frequency to melano
sarcoma of the uvea The tumour 15 present m both eyes and often 1n some
30 per cent of the cases has a mululocular character

Retinobl are highly mal and without treatment the proguosis
9u0 ad vitam 15 extremely grave The tumour may either spread via the optic
ant;lC to the cavity of the shull and orbit or by metastases through the blood
paths

Enucleation unul the late 19205 was the onls chance of saving the hfe
of an affected child After FOSTER MooRE 1n 1929 had intraduced therapy with
lomzing radiation from radium and particularls after diichermy (WevE 1932)
had come 1nto use attempts were made to treat the less affected eye in cases

—_—
. Ffm{n the Department of Radiathetapeutics honung Gustaf Vs Jubileusasklnik (Director
rol Ny

gnus Strandq st nd the Deparunent of Ophthalmology (Director Prof Bengt J H
Rosengren) Unnert of Goth nburg § ~den Submutted for publication 19 February 1963
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of ilterl retinoblistoma while the other eve was enucleated, in unilateral
cases the affected eve was enucleated  Dinthermic treatment of the tumour
atsell (Wi 1932, Doty 1907) or photocorgulation of the vessels entening
1t AR SomwieneraTie 1959 has occasionally resulted n healing The nsk
of recurrence or of larg e intrisoculir haemorrhiges must, howcver, be deemed
compartvely great

Whereas some workers (Risse et coll 1903, 1907 1958) hawe clamed
excellent results with 1 combinuon of roentgen trrdiation to the eye and
prrenteri] mdiomimctie  tnethnlene melvmine, 11 \) therapy other workers
using this mode of trentment 1§ vieson & Roseneren 1961) hve fuled to
achieve cqually good results  [he intrivenous or antra artenal imjection of
FEN, owing to s necessandy parenter] admanstration, must constitute 2
conuderible nisk of inducing svstemic lesions The TE V concentration 10
the tumour admitiedly may become fugh and the rdiomimenc actvty
adequate but festons particularly of the bone marrow, make the use of
the drug hazardous  The benefits of TIN therapy wall be realized onh a0
the care of clinicians who have conuderable expenence of the drugs 1d
ministration and thorough knowledge of its narrow range of ipphcaunon
Therpy with intewatreous Thiotepa (Tifosy!) amecuions has been tned
(Lricson & Roseaerrs 1961) but it merely produced temporan improves
ment Since the mterchange between tumour tissue and vitreous 1s not under
stood, the Tifoss] concentrition in the former cannot be estumated and 3t
probnbly does not attun the tended level

Rocntgen irradiation to the entire eve suffers from obvious disadvantages
The doses commonly given, 3000 to 4000 r (Rrese recommended a toul
dosage of 8000 r 1n dinded doses of 400 r), have 1lmost ivanably been
accompamed by catarct formation, frequently by necrosis of the vascular
walls leading to intra ocular haemorrhage, and not infrequently by phthusis
bulbs The hinut for the nisk of phtlusis 1ppears to lie around 5 500 £

Treatment with radiorctne applicators was imtinted 1n 1929 by Foster
Moore, who used radon necdles inserted into the tumour, nd was later
modified 1n vanous ways (WarLpuvan 1940, Joxcr 194%, Jornsston 1949}
STALLARD (1918) introduced hus so-called mdium deskh a speenlly designed
radium applicator of plainum formed n a thin shell having the same carvature
as the sclera and capable of being sutured to the sclera outside the cumou?
This applicator was further modificd by substituting the 1sotope *'Co for the
radwm p cparation In 1952, STALLARD survcved the results of theripy 1
the senies of retinoblastoma cases he had treated over the presious 20 years
with both roentgen irradiation 1nd radon needles as well as with radium
and “Co applicators, the results of corresponding treatment in other “orkcrsl
series beng used as 1 basis for companson He came to the conclusion tha
treatment with radiim and cobalt applicators was preferable to mtﬂ‘S“:
wradiation of the whole eye when the retmoblastoma covered less than onc
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Fig I Co apphcator with ting for attachment

third of the retina Effective immobilization of the child s head was absolutely
essential when roentgen trradiation was employed There was a ligh incidence
of late complications mn the form of haemorrhages and retinal detachment
if the dosage was to be effective

Radism and cobalt appheators are so shaped that they can be located
over the retinoblastoma Owing to their close proximuty to the tumour, they
make 1t posuble to expose 1t to relatively large rachation doses which decaying
geometrically, do not unduly affect surrounding tissues Only y radsation 1s
utlized The results achieved with these apphcators indicate that compli
cations are relatively few and rare The lens receives a comparatwvely small
radiation dosage a fact which reduced the madence of cataract in STALLARD s
series

Pending the advent of better procedures based on enurely new principles
the fact that an applicator can reach a arcumscnbed retinoblastoma without
unduly harming surrounding tissues must mahe 1ts use the method of choice
for the treatment of solitary retinal neoplasms of up to 10 mm mn diameter

Novel therapeutic methods have also been tried One such method the
electron irradiation of extensive reunobl with lead shield of the
Iens has yielded encouraging results but the number of cases 15 sull to small
to jusufy a final verdict (Hurtserc 1962) Becker of Herdelberg described
another modification A further 1nteresting possihiny 1s the uuhization of the
so-called Bragg peak 1n high energeuc proton irradiauon

Progress in the field of retinal surgery has contnbuted a number of methods
and attachments for achieving scleral buckling One such duvice the so-called
scleral buchler has been used routmely for a number of vears 1 our chme
(Rosencren 1960Y It consists of a ring to which 15 soldered a curved arm
Carrying a small ball or «yhinder at ats free end the whole assembly being
made of silver In pricuce a umt with an arm of suitable length for the
application 1n mind 1 stlcted 2nd the arm 15 manoeuvred backwards along
the bulbar wall extraconjuncuvallv or transconjunctnally untl the ball op
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cylinder s located 4t the required
point on the exterior of the bulh
Ihe ning 1 then fstened around
the hmbus with 1 few episclernd
sutures when the arm s bent
the attiched ballorevhinder buckles
the sclern The resultint retnal
meunsaton s visible m the oph
thalmoscope ind allows finaf wdjust
ments to be mrde Tins tvpe of
scleral buckler has prosed o be
espeenlly susted for the trevtment
of rntinl detachment wath sohitan
ruptures

The scleral buekler hasnow been
modified by rephang the silver
ball or cylinder on the irm witha
plrunum sphere contumng ¢Co,
thus comverting the device mto 2
versatle cobalt apphecutor (Tescrotn 1962) By sirtue of the scleral
ncunaton, the preesse posttion of the apphcator may be checked and of
necessary  corrected under ophthalmoscopic control by bending the arm
The ball or cvhinder s thus pressed agunst and into the base of the tumour
Consequently the tumour will more or less envelope the applicat r and the
dose will be adequately distributed As mentioned 1senies of rings wath differ
ent arm lengths 1s wulible the arms being screwed into 2 sochet 1n the
coblt sphere (sce Figs 1 and 2)

Before one of STALLARD 5 * Co dishs can be applied 1t 1s necessan to locate
the projection of the tumour on the sclerh, 1 time-consuming procedure
Turthermore attichment of the applicator may requere that one or more O
the extra-ocular muscles be cut thus prolonging the durition of the epertion
sull more I astly, removl of the applicator demands that the post or bulbar
segment be exposed subjecting the subject to the stress of another imost a3
lengthy sesston under amacsthesia Such exposures of the sclert bocome evelt
more difficult 1f the patent has previously recenved irrdition therapy of some
hind because the exaision of fibrotic tissue calied for 1 such cases 15 ittend
by massne haemorthages m the operation ficld No

This °Co sphere has proved s simple to apply 7s the scleri! bucklcl;_ b
mamfest necrosis has been induced by compression and radion or :]c
interposed comjunctna A tumour situated in the postenor scr;m"l"‘ o b ’_‘
cyeball mry convemently be approiched by insertng the arm l;rD"S“s'
munute conjuncinal meston, the operation may be made under hight ::un
thesta The applicator 1s removed by first cutting the epscleral sutures &

Fg 2 Panople of attack ment of  appl cator
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Fig 3 Isodose curves showing dose rate in r per hour

the limbus and then extricating the arm and sphere by a gently twisting
movement This procedure may readily be carried out under local anaesthesta
and a %°Co sphere apphed extraconunctvally may be removed without any
anacsthesia whatsoever

Radratior data for the * Co sphere The *Co apphicator has the shape of a near
sphere with an external diameter of 6 mm  An ntetmally threaded hollow
stud 15 provided as a means of attachment to the 1rm e Fig

The radicactive cobalt component 1s enclosed in 1 ¢ 0 mm thick platinum
shell The current designs have an activity of 8 m(C  odo es see Fig 3)

As manufactui d the sphere 15 charged with = Co whih subsequently has
been activated 1n 1+ ncutron reactor at Amersham Encland

Our source b 1 higher activity as compared to STALLARD's cobalt desk
another dose rate nd therefore another fracnionation (dose time rclauons}up)’
Is consequenth u«¢d The treatment ume 1s about 2% hours ghung about
12000 £ at 1 mm de pth This dose seems to be comparable with the 19 00¢
adminstered 1 thout 100 hours by StaLrarp r
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Table 1
Dases n f of ancveanng defth
Faelde 3 2 3.4 (Booster 10 1)
Dae W 1%0 53 191 250 196Gt
1 12000 ¢ 6000 ¢ 1600 ¢
Depth {5 6300 ¢ 300 530
n 3 4100 ¢ 200 ¢ 3400 ¢
mm {y 3000 ¢ 1,00 ¢ 2500 ¢
Table 2
Dhoses wn 1 af sncreaning depeh
Ticlds ] 1 a1Booster to {
Date 209 %60 2510 1960
i 10090 ¢ G000 ¢
Depth { o 5300 r 3200 ¢
m 3 3400 ¢ 200
mm oy 2500 ¢ 1,00 ¢
Case reports

Case 1 Bay aged 3 years with talateral retmoblastoma The left eye hiad been enucleated
in another hopial and the nght eye had recened a total dow of 4900 ¢ combined with
miravenous TH M admtaistration Phe patsent 3 as cransferred to our eve dey srement beease
farpe tumour mases were atill present on the fundus A cobaft sphere was apphed for 10
hours 1n November 1960 deuage panienlars are gnen m Table 1 Tuo wreks later 1he
tumaur was found to be dimntezrating Owing 1o the ducovers of a further wmour arsatd
from another part of the fundus 2 *Co sphere was agan anserted for 5 hours in Apnl 1%
wee Fable 1) and two weeks ater this tumour was much smalfer s 1 booster dose 10
field 1 3n \May 1961 farded 10 present a genrral recurrence the gt e1e had to be enuclested

Case 2 Carl aged 12 monthe with bilaterad resinoblasioma 1 v hom the fundus had bf;ﬂ
practically covered v ith tumour tissue when the feft eye was enucleated A tumour of :b'
nght eve 6 of tic dik dameters serows was treated by yepeated photoccagulation of the
vessels supplymg the tumour and once by diathermy Whale thus treatment + 35 10 progres
a large smracocular haemorrhage oteurred Somewhat Jater when the bhod had b‘\’l"
absorbed the tumour was seen (o hase grown At ths stage wn September 1960 a robalt

sphere was apphied the eshmated dote being guen in Jable 2 The cobalt sphere vvmh’:d
applied a month later 2y tumour tmeue peristed  Afier another month 1he \umo;x:akd
2

diminished appreciat §y the teduction progresung untl the tumour had completely hea’ct
At control cxammanon 26 months later the sole sequela was a retinl scar The !\2‘“":‘:
ocuar fixation was then adeguate with central von but on account of her age ’)“I‘QLG”
acuity could not be measured sansfactonty (The panens waslast scenn Seprember

Case 3 Boy aged 12 monhs wah bilateral retnoblasioms + hose feft eye hxgmt:lﬂ;“r
cnucleated as the fundus had been almost completely covered by growth Famin repec
the nght eye disclosed the presence of two tumours of 2 and 4 optir disk diameters
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Table 3
Doses 1n 1 at wncreasng depth
Fields 1 2 3
Date 2011 1961 512 1961 91 1962
1 12500 12500 ¢ 12500 ¢
Depth | 5 6600 6600 6600 r
" 3 4300 ¢ 4300 4300
mmog s 3100 r 3100 r 3100
Table 4
Doses n r at tnereasing depth
Fields 1 1 a (Booster to 1)
Date 181 1962 85 1962
1 10000 ¢ 7000 r
Depth | 5 5300 ¢ 3700 ¢
w 3 3400 ¢ 2400 r
mm | 4 2500 ¢ 1700 ¢

tely which were irradiated from a %9Co sphere The first focus was treated m November
and the second 2 weeks later the doses bemg similar (see Table 3) A further two weeks
later a new third focus measunng 3 optic disk diameters was detected and was treated
1 2 corresponding manner n January 1962 The tumours were appreciably smaller two
months later and four months after the Jast cobalt I hibited no signs of

there were no indications of any new foct Twelve months after the last application the retma.
merely presented signs of healed for There was no evidence of any new tumours or of re
currence in the old scars (August 1963)

Case { Boy aged 2 years with hilateral retinoblastoma, whose nght eve had been enucleated
because of diffuse A cobalt was d 1n the left eve m Januany
962 against a tumour 9 optic dish diameters acros which reccived the doses specified 1n
Tablc 4 Some 4 months later the retmoblastoma wa. stll present but  as dist nctly smaller
Another cobalt applicator was mtroduced on 6 Mav 197 the d | ing as set out in
Table 4 After another four months the tumour ebibited ditin t ¢ g w00 and its site
Wa$ now occupied by gelatinous translucent tissue p naded by d 1 at stis Appearances
of this type may be regarded as a radiation reaction t be expect d f om th doses 1 question

The patient was se n s August 1963 when the transtucent us  hud disappeared No
tumour was evident

It may just be mcntioned that a patient with a centrally located malignant
TMelanoma 1 the r muning eye (the other eye had been traumatically mjured
at work) has be n tr¢ 1tedd n the same manner as m Case 4 without showing
any signs of recur: nc  dunng the year that has elapsed
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Conclustons

It 1s apprrent from these c1se seports that the modified #Co applicator
induces retrogression and cven disapperance of the malignant tissuc One
of the ¢ases has been followed for 34 months and another for Approumately
20 months On 1ccount of the sm 1l number of cases treated, and the himited
penod they hve been observed 1t would be unwise to driw 1my conclutions
regarding the cffectivencss of the treatment Yet, with duc conaderation to
the fict that 1t embodies the sume fundamental principles 15 STALLARD $
#Co 1pplicitors the method can be hoped to yield no less fivourable results
Ihe method possesses some advantiges over STALLARD s techmique — pre
domunantly tn offering superior Applicriion accuries and shorter 1nicsthesia
— and there would appear to be some justificition tn recommending 3t as
1 complement to other procedures used m the trevment of retnoblastoma

SUMMARY

A modified ¢ Co applicator embadving the same fundymental prnayls as the *Co
Stallard apphicatons for the treatment of retinoblastomata 18 dexcribed Fise caws are reported.

ZUSAMMIENFASSUNG

Tin modsfizrerier %Co Applikator der nach demselben Innzpien wie ¢ Stallard #Ce
Applikator gebaut st wurde fur dic Dehandlung von Retinoblastomen a g ferust Fusf
Falle werden beschricben

RISUMI
Les auteurs déernent une modification de tapplicateur de #Co de Stallud compor'-':'
fes mémes 1 ) pour le trautement du rétinobl, ir <
cnq cas
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WHOIT BODY AUTORADIOGRAPHIC STUDILS OF
THFI DISTRIBUTION OF SULPHUR 35 LABFLLED
MUSTARD GAS IN MICE

By

C J Curuepson H Rristortrrsson B Sorso and § Urinerce

Lxtensne studies of the hoachemical and pathologic effects of mustard g3
(B3 dichlorodictinl sulphrde) sere carned out both an the USA (sce ¢ 8
Giuvan & Catrrn 1918) and i Ingland (sec  Biochemical Reactions of
Chemucal Warfrre Agents 1948} duning and after the sccond world war,
and the essential acton of this agent on biologically smportant compoun 5
1s now known It has thus been found to react with purines, rrmudazoles,
pynmudines (Wurerr, \orRrow & Swirprr 1925), protemns {scc ¢ g Boulf
~eLL 1918) and nuclac tads (see ¢ g Brreaniuv & SCHOENTAL 1547,
Brookes & Lawrey 1960} 1s well 15 enzvmes (sec ¢ § NEEDIIAM 1948) "

Iiquid mustard gas rypdly penetrates the human shin and reacts wit
various cell constituents to produce the well known changes of ervthema
sesiculation or necrosis, depending on the dose applied Rapid penetration
of the skin also occurs 1 Ammals but the reacuon 1s different from !}mll"s‘
human subjects and the effect also varies i different animal speacs I b

Submutted for publicanon 26 February 1963
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H  tblood

Fg 1 Dsmbuton of S-mustard gas in a pregnant mouse 5 run after intravenous myection. White
areas correspond to hugh radicactivity fairly even distnibut on throughout the body but an accumu

lation 15 ewident 1n the kudneys and liver and especially 1n the nasal region actsaty m the braum
and fetuses

been demonstrated (Axsirop & Hamirtov 1947 Currussive 1954) that
only about 12 per cent of the mustard gas penetrating the shin remains
situthe rest passes rapidly 1nto the airculation

The fate of the mustard gas that 1s taken up by the blood 15 not known
detall The content of §# dichlorodiethylsulphide orits degradauon products
bhas been determined 1n certam organs (BoursneLL ComEN ct coll 1946
Boursversr. Francis et coll 1946) but the overall distnbution of the agent
after systermic resorption 15 not known As mustard gas also has strong radio
Mimetic properties a study of 1ts concentration m vanous parts of the body
35 of further interest The aim of the Ppresent mvestigation was to study the
gencral distnbution of #S labelled g8 dichlorodiethyl sulphide after ats cu-
taneous and antrasenous adminstration 1 mice

Methods 55 labelled $8 dichlorodiethvl sulphide with 1 speafic actvity
©of 189 mCjg was obtaied from the Radioch ] Centre Amersh Eng
land The mustard gas wasdiluted vith proplene glycol (10 mg dichlorodiethyl
sulphide 1 15 mi propylene glycol) Eighteen adult muce 15 males and 3
Pregnant females weighing about 20 g were used for the expeniments

The mustard gis was admumstered cutancously to mne ammals all males

€ amumals were thoroughly chipped and shaved on a small area on the back
and about 1 mg of the diluted mustard gas was applied to this area by metns
of a fine glass rod The dituted mustard gas 1n a dose of 0 20 ml per ammal
Was administered intravenoushy nto a tail ven in the Temaimng mne ammals

T!

he ammals were kalled at vanous intersals by 1mmerston in a mixture of solid
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N

Tig 2 Ditnbutt nof S-mu tar § gas in a pregrant mouse 1 heur afier mtravenou ingection. Rabo-
actnity now aearly completely excreted with exe ptim of that in the nawl region 1testnes dxdan
and bla tder

carbon dioude 1nd acetone (— 78 C) The amimals were swnficed at the
following umes cutineous rdmimstrivon group 15 min, 1 hour, 4 hours,
1 d1y and t d1ys afier the adnunistration, intrw enous dminist ition group
S mun 15 mn I lhour, 2 hours 'nd t hours Afier the jection

The frozen ammals were sectioned 1nd awtoradiograms prepared according
to the method developed by Urtnrre (1924, 1958) for autor idography of
small Ihboratory 1mmals Saguenl sections, 20 4 thick, through the whole
animal were made at difTerent levels and the sections were then dehvdrated
at — 10 € Gevaert Dentus Rapid film was emploved for ol the auto-
radiogrums (exposure tme 32 drys in a1l experiments)

Results

Intravenous admimstration The S mustard gis was mpidhy tihen up from
the blood stream when administered intravenously The rmdiorctise 150t0p¢
was Furly evenly distnbuted throughout the body  with 1 sigmificant accumy
lauon appearing mamnly 1n the hver and Midneys and espeenilly in the nasal
region 1t 2l tmes studied The passige was apparently free 0 the bran
and the 1sotope also raprdly passed the phcenta {

A somewhat higher actinty than in the blood was evident m 1 numb(:]l:]ﬂ
organs 1s early as 5 mun after the injection of the compound (g 1) b’°
highest content of radioactivity was present in the nasal region followed ,;
the hidneys liver, intestines and salnvary glands The central nervous s‘f"sl!ht
showed evidence of 1 furly high uptahe with an even distribution 0“ !m
activity but with some predominance 1n the granular layer of the cerebel ;m
A shight accumulation was also evident n the walls of Iarger arteries an
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Fig 3 Distubution of § mustard gas 1n a mowse 15 mun after admun strauon to the skin Rap d
wptake in the nasal regeon

the thyroud gland The actity was very evenly distributed 1 the rest of the
body and the lymph nodes spleen thymus pancreas suprarenals piturtary
gland and bone marrow all presented about the same activity as the sheletal
muscles The concentration of the 1sotope was low in the hard tissues, such
as the bone and tecth as well as i the cartilages

The radiactivity disappeared quuckly from most of the tissues except from
the nasal region the biliary ducts and unnary teact The actvity was very
low 1 most tissues as early as 1 hour (sec Fig 2), 4 hours after the adnunss
tration of the radioactve mustard gas hardly any activity was detectable

The fetuses had also taken up radiocactivity, although the concentration 1n
therr tissues were lower than in those of the dam The distribution pattern

Owever, was about the same 1n the fetus as in the dam

In an attempt to determune whether the radioactrty 1w the nasal region
*2s also present 1n the secreton labelled mustard gas was given mtravenously
M o rats (dose 20 mg/kg bodyweight) The animals were then decapitated

5 mun after mjection and the nasal cavity was washed out with 10 ml saline

€ washing solution was radioactive but 1ts total actvity «orresponded only
to 001 and 0025 per cent respectively, of the dose mjectcd n each animal
ese figures appeared to be low when compared to the relavely high actwvity

localized to the nasal regions 1 the autoradiograms but this may have been

due 1o difficulties 1n removing the nasal secretion bv the washing proce
dure ysed

Cutaneous admimstration The * S mustard gas appled to the skin was rapdly
absorbed and as carly as 15 mun after the admumstration actvity was found
n vanous body ussues and orgins of the ammals (Fig 3) The distribution
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Fig 4 Dutnbunon of * Ssmustard gas in a mouw 4 Lours after a Immistration to kn Marked 2¢
cumulatim prexens in the kidnevs hver and intestnes

pattern wis essentidly the same as that obtuncd after the intraenous ad
mnistration of the compound Thus even n these amimals the haghest con
centriten was present an the excretory organs

The ligh actinaty evident n the blood after the mtrvenous injection of
the Ibelled compound was never encountered after ats cutincous pphicaton
On the other hand, 1t was found that sigmficant amounts ol the 15010p¢
remuned tn the body for a much longer time afier cutancous than after
ntrnenous administrition (see Figs 4 and 5) This was probably duc to 2
slow continuous uptahe of mustard gas or 1ts degradition products from
the shin Thus, even t days fter adminstrition there was stll 1 considerable
amount of activaty i the nastl regon s well s in the wtesunes ind bhdder
(Fig 5), 1nd the shin at the site of the appliciton Also retauned a fur
amount of the 1sotope

Discussion

The results of the present myestigation are [argely in agreement with those
of BoursnELL et coll (1946) who measured the S activity 1 vanous dis
sected organs of ribluts, after the intrivenous dnumstration of lbelled mustard
g1s These authors howesver, reported 1 comparatnely high actmaty i the
lungs the actisity being of the sxme magmtude s that present the Iner
this 15 10 contrast to the furly low activity 1pparent in the lungs in the present
study It 1s of interest 1n this connection to note that Davisoy et coll (1961)
reported only trices of radicactiaty 1n the expired air of rus that had bcc‘n
given radiorctive sulphur mustard gas On the other hand, 1 comparah\t!y
high actvity was found 1n the central nervous system n the present IYes 1
gation whereas BoursverL ct coll measured only 1 furly low activity "1:
the brain 1 their experiments This dwvergence in results may be due to t
different techniques used and possibly also to species differences
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Fig 5 Distribution of#* § mustard gas 1n a mouse 4 days after adminstration to the skin Some radio-
actviry sull remams at the site of application

Stnce the whole body autoradiography method used allows rapid screening
of almost alt body tissues, lauon of the pe may be observed
also at unexpected sttes in the body Thus, the high content present m the
nasal region would probably have escaped detection :f measurements had
been made only on dissected nissues

The radioactivity observed 1n the various organs and tusues m ths study
must be present as degradation products of the mustard gas and not as the
parent compound 1tself (see ¢ g BoursweLL et coll 1946 and Boursvern
1948) as sulphur mustard gas 15 rapidly converted mn vivo to degradauon com
Pounds of which thiodiglycol s g chloroethylsulphone and the conjugate with
glutathione are the most mportant (Davisox et coll 1961) It would have
been of mnterest to 1denufy these metabolites m the different ussues but thus
was beyond the hmuts of the present nvestigation

SUMMARY

*$ labelled sulphur mustard gas was applied to the skin of rmzce and also 21y en by intravenous
mjection the distribution of the radicactivity bemg follawed by whole body autoradiography
A high uptake was found 1n the kidneys and hyver the nasal region rapidly accumulated a
Rugh actvity and considerable actvaty was also evident in the central nervous system Some
€Xperiments in pregnant ammals a passage of to the fetuses

ZUSAMMENFASSUNG

Schwefelsenfgat das mut S markiert war wurde auf die Haut von Mausen aufgestrichen
und ebenfalls intravenos emgespritzt Die Verteilung der radioaktisen Substanz wurde mattels
Auwndxognph.c des ganzen Kérpers studiert Die Haupraufspeicherung fand sich i den
Moeren wad der Leber dic Nasenregron zeigte bald eine rasch stergende Akfvitat und be
trachtliche Aktivitat wurde auch im Zentralnen ensystem gefunden Versuche an schwangeren
Theren zeigten emen Ubergang der Aktvitat in die Embryonen
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RISUMS

Les auteuns ont apphqué sur la peau et aust admmsstré par sore intravem use A des souns
unc ypénte soufrée marquée au S et ont étucié par autoradiograptue de tout le corps Ia
dutribution de sa radioactnité Il ont constaté wne fixation €l ée dans les reins ct le fore
La région nasale fise rapudement une acuvité élevée any que le svateme nenveux central
Certaines expéniences sur des ammaux gravides ont monteé un pasage d  la radoactnaté
dans les foctur
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FROM TIIE DEPARTMENT OF RADIOTHERAPEUTICS (DIRECTOR PROF J § MITCHELL)’,
UNIVERSITY OF CAMBRIDGE, AND THE RADIOTHERAPEUTIC CENTRE, ADDENBROORE'S
HOSPITAL, CAMBRIDGE, FNGLAND

INVESTIGATION OF A RADIOAGTIVE DRUG (TRA 119)
WITH SPLCIAL REFFRENCE TO AUTORADIOGRAPHIC
AND RELATED STUDIES

by
J § MircheLr E A hane, D H Marrian and BarearA CHIPPERFIELD

An attempt 15 being made by a team at Addenbrooke s Hospital Cambndge
to develop a radioactive drug for the purpose of selective mnternal therapeutic
itradiation 1n the treatment of patients with cancer This approach 1s based
on the P that suffi ly large boch 1 differences exast between
malignant cells and normal cells to make 1t possible to devise organic compounds
which are concentrated or absorbed to some extent selecuvely by the cells
of certain malignant tumours and carry mcorporated radroactive atoms with
high speesfic activity Despite the great difficulties the possibility may be en
visaged that a smtable radicactive drug could be curatve since 10mzing
radiations are the only agents apart from surgery which as yet have cured
substantial numbers of patients with cancer

Tntwum appears to be the most promusing radioactive 1sotope for this applica
‘llln \Most of our investigations have concerned trnitiated denivatives of 2 methyl

phthaguinol bs (dssod phosphate) — Synkavit {Roche Products)
our compound 1 This compound, which has been investigated since 1946 as a

—_
Submutted for publication 22 January 1963
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therapeutic radiosensiuzer was found unexpectedly to concentrate to some
extent selectinely in the malignant cells of some human 1nd ansmal umours
(Mrrenrer 1960) Studies of the distnbution and sclectine concentrayon of
compound I in the tumour and other tissues have been made, using the methods
of fluorescence with Wood s hight (Mrrcnrtr 1919, 1953) and rdioacine la
beling with “C, *'Br and ™1 (Marrian and Maxwery, 1956 a and b,
Maswzrz 1958 1955) and wath tratium (sce MARRIAN 1927)

We have myvestigated the use of tntiated compound I n the ireatment of
prtients with advanced malignant discase since Februany 1959\ number of
accounts of various 1spects of the laboritory and climeal investigtions have
been published (Horwrz et coll 1929, \[arrian et coll 1961 Srvon Rets
1961 Mirreneet 1961, 1962 Cuis rerFiELD and \Magriax 1962) Information
of great value from the point of view of the elimeal appheauons sn man was ob-
tuncd 1n studies of the treatment of spontancous malignant tumours wnd leukac
mns in cuts and dogy (SILvER et coll 1962) It s of interest that preparations
of tnuted compound I (TRA 72) produced mutationsin the cruciferous plant
Arabidopsis thaliana, sumilar to those produccd by roentgen rvs  MeReLvie
1962)

In the attempts to treat patients the prepirations of tptiated compound I ha € been ad
mnutesed by some form of intsa artenaliyyechon wheneser posble pthensise by 1 itsay enous
injection In the treatment of the first 27 patients we used matenal tnnated by the W ilzbach
exchange method but this contained wncorporated tntium at onhy relatneh tor levels of
specific actinaty  together with varying amounts of triiated water

Then one of us (DH M) dearsed a method of tritiation which made 1t possible to obtan
rehable preg of the © d F Is one atom of tritum pef
mofecule with the tntum firmhy bound This { 7 methyl-G. { 4-nar ‘
L dium phosphate) was prepared in collat with Roche Products, Welwsn Garden
City and the Radiochemical Centre Amersham (ANDREwS ct coll 1967) The material used
was prepared by the Radiochemical Centre Amersham  accordingly 1 € have found it con
vement 1o desctibe 1t by the code designasion in the catalogue of the Radiochemcal Centre
TRA 72

We have mvestigated TR A 72 1n the treatment of 21 patients who v ere seriously ill with
advanced recurrent rad or refeactony discase ‘Temporary improvement
assessed on the bas of observation of some form of definite objective improsement andlor
stnking rehief of pan as indieated by a great reducuon of the analgesics required in paric
ular discontinuance of the need for morphia was observed 1n 5 of these 21 cases lhut;r:
probably some mprovement attributable 1o the 1reatment 1n o further 3 cascs 1t appe: s
that under the conditions of this trial defimte though small palliaue cffects were obsers
1t scemed hikely that these were associated with the relatively low levels of radation dose deln
cred by the radicactive drug.

Extensne measurements of the specific actin ity of tnuum i biopsy and autopsy specimens
provided evidence for some degree of selecun € concentration of the compound in certaift hum:i“
malignant tumours in relation to the bone marrow alter both intra artersal and ntray rnous: .
rinstration  The specific actvity of the specimens of tumour was almost »nvanably h!sr A
than that of specimens of bone marrow and of skeletal muscle ofien by a fackor o h
and somettmes by 2 factor of 6 to 7 The values of the speaific activity observed were sud
that 1t appeared that at least three atoms of tntim per molecule of compound 1 are nec
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sary to make 1t possible to deliver doses of radiation within the therapeutic range to tumours
with adequate uptake and a sufficiently high radiosensitvity . !

The required drug 2 methyl 56 7 trtnitio 1 4 naphtt 1 bis phosp
has been prepared 2s a result of 2 collaborative effort by the Department of Radiotherapeutrcs
Unnersity of Cambndge the Radiochemical Centre Amersham and Roche Products
Welwyn Garden City (Axprews et coll 1962) Its formula is given below

OPONa,
TN \_cx,
Sy

T OPONa,

The preparanions used will be referred to as TRA 119 agam following the code of the
catalogue of the Radiochemucal Centre

Durnng the last year we have carrned out chnical and laboratory investigations of TRA 119
both to study 1ts th P and to obtain n ry for widening the
scope of its application and for the further development of radioactine drugs generally So far
TRA 119 has been used 1n the treatment of 33 patients with advanced and recurrent mahgnant
disease when conventional methods of treatment were not likely to help

The main aum of this paper 1s to consider the evidence for selective concentra
tion of TRA 119 1n the malignant cells of some tumours after intravenoys and
mtra arterial 1njection, and to try to relate the concentrations of tritium ob-
served in the malignant cells and normal cells to the therapeutic effectson the basis
of some form of dosimetry

Aswith TRA 72 many measurements have been made of the speaific activaty
of specimens of tumours and normal tissues obtamed by biopsy surgery and
autopsy after the admimstration of TRA 119 Following usual procedures,
these macroscopic average values of the specific activaty can be utihzed for
approumate calculation of the average doses of radiation delivered, on the
basis of a number of assumptions of which the most important 1s that the radioac
tive materal 15 uniformly distributed However the distribution of trittum 1s
almost variably non umform both within the cells and i the tissues Ac
cordingly the calculated values of the macroscopic average doses although of
some Interest cannot be expected to give rebable or detailed 1nformation con
cerning the effective doses of radiation delivered m many tissues and especially
m the case of mahgnant tumours where a vanable and often substantial pro
portion of the volume of tissue 1s occupied by stroma — quite 1part from the
variability of the mahignant cells themselves

The use of a radioactive drug makes 1t necessary to study radsation dosimetry
at the muicroscopic level and to try to evaluate the cell dose with the appro-
pruate ime factors For this purpose, autoradiographic studies have been carned

out as an essential part of the invesugation of TRA 119 So far 1t has not been
Ppossible to use these diographs for q ¢ cell d

Y However



321 MITCHELT RING, MARRIAN AND CIII PFRFIFLD

Table 1

Casex trexed by means of TR 119 beteeen 73 1977 and 17 17 1977 (all cases confirm d by kusto
logical examinahion)

Duagness Number of €
Total Intra Intra
arterial  venous
e route

Carainoma ¢ gastro-intestinal tract (stomach, carcum cclon and
rectum) adenocateinoma recurrent and ad anced

\d anced rerebrat glioma wn con)inclion with surgery

Catainoma mammae advanced an i recurrent

Mal gnant m lanoms of skin recurrent

Carcinoma «f skin athanced ard recurrent

Carcinoma of 1rad of pancreas with extentive meta taws

Metast s i Iner — adenocarcnoma but o prman found

Hodgkin s ducass ad anerd with generalied pruntus

Mycous fungoides advanced after much radistherapy

Neurcblastoma a hanced

Semunoma of tests advanced and recurrent

Carcinoma of Fall pan tube metastaws after surgery and radio-
therapy

S+andiny carainoma 1n R femur pnmary uncertamn

Renculum ccll sarcoma of bone with extensive metastases

Tetal numbers 33 [} 18

Hwwom

-t
e N s WO

- -

the qualitatne 1nd semi quanutatne tutoradiogrphic findings tiken 1o con
Junction with the metsured yalues of the macroscopic spearfic actii appear o
give useful information

Some chmeal aspects The sclection of pitients for the mvestigaton of the
thertpeutic possibilities of TRA 119 preseats mamy problems So far we hwe
felt compelled to follow the gencral principles of selection of patients which we
used for the studies of TRA 72 (sce MARRIAN, MarsuALL And MiTcuELL 1961,
P 286) The cases which have been treated mav be classified m the following
main groups

1 Lg’llc cI;scs, where no form of com entional treatment 1s Itkely to be 1ble 1o
offer further help 1¢ with advanced, recurrent radioresistant 2nd refractory

tumours able
2 Earlier, 1n the sense of somewhat less ady nced, but otherwise untreal

cases 1 allied
3 Advanced cases of lughly radiosensitne makgnant tamours and &
Y 731962 and 1712 1962

The cases treated by means of TRA 119 between
are summarnised 1n Table 1 The previous studies wit
particular attention should be pard to adenocarcinoma of the gas

h TRA 72 suggested that
tromtesunil



RADIOACTIVE DRUG (TRA 119) AND AUTORADIOGRAPHIC STUDIES 325

tract mahignant melanoma, advanced carcmoma of the shin and the highly
radiosensitive mahgnant diseases OF particular interest 15 the study of adv anced
cerebral ghoma which 1s being carnied out i collboranon with Mr Walpole
Lewm and Dr T D Hawhins and will be the subject of 1 separate report
In addition to the cases hsted 1n Table 1, so far 4 cases of carcinoma of the
bronchus have been wvestigated by means of pre operative myections (three
ntravenously and one nto the pulmonary artery) with subtherapeuuc
doses of TRA 119
In Table 2 1s summansed some more detailed mformation about 6 cases,
which were selected because of the type of disease and the av-ulabilits of
biopsy specimens for which autoradiographs showed uptake of TRA 119 into
tumour cells and 1n which measurements of the specific acuvity have been made
The results of measurements of the specific activity of autopsy specimens
one of the cases 14 days after ntra artenal mjection of the dose of 10 8 cures
of TRA 119 which 15 one of the largest single doses administered so far, are
recorded i Table 3 1n this case intra arterial injection was made through a
catheter 1nto the external carotid artery which had been exposed surgicaily
Ewvidence will be discussed for two other cases m which apparently sats
factory autoradiographs showed no evidence of uptake 1nto the tumour cells
Further 1t 15 of interest that there were 6 cases 1n which single mtravenous
doses of between 8 6 and 10 9 cunes of TRA 119 were admimstered only one
of these a case of carcinoma of the head of the pancreas with extensis e metas
tases 1n bones showed evidence of a serious fall in the level of blood platelets
with petechial haemorthages This example appears to have been the only
serious towc effect attributable to TRA 119 1n this sertes of 33 cases In a few
cases where the amount of TRA 119 given corresponded to more than 75 mg
of compound vasomotor reactions were observed but these were never serious
It1s of course too early to draw any general conclusions 1bout the possible
therapeutic value of TRA 119 and great cautton 18 necessary (For a discussion
of the methods of assessment see Marrian MArsHALL and MrresterL 1961 )
At present, 1t can be reported that there was useful rlief of pam 1n 6 out of 9
cases 1 which pain was a serious problem and m one case of Hodghin s disease
generalised pruntus was relieved after a single mtravenous dose of 2 9 cures
l\;or:ow er 1n Case 52 (see Table 2) there appeared to be delayed retrogression

0\19 nodules of mel after three mntra arteral imjections of TRA

The procedures for ntra arterial mjection of TRA 119 and the methods
uscd have been described (Horwrrz et coll 1929 GRecG 1960 \[Arrian
Marsiract and \lrreHeLr 1961 p 287) In general 2 prehmmnary arlenogmn';
1s carnied out Tolazoline (Pniscol) has been used tn many cases before the
intra artenal myection of TRA 119 Although the general policy has been to
give a single intr1 arternal mjection of TRA 119 n attempt 1s being made
some cases to repeat the intra arterial injection after an interval of between 10
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Table 2
Detarls of selected cases treate! by TRA 119 (* wndicates that astoradrographs of purt of 1he specimen
Caw Disease and previous treatment Age in yean | Route of injee | \mount of TRA|
o sex an ty exght] tion and date | 119 myected
( neaa [ mg
19 Metastases in antenior abwlominal 66 n (K3 g
wall Ca rectum adenoearcinoma A} 7307
abdorminal perineal resectrn 11 5% 5thg
n
4562 rs 163
n
9567 4 165
Died
1o
57 Metastases of mahignant melsnoma W I | 3
of skin muluple tecursent nodules ¥ 1946
of R leg below knee mole removedl 351g
5853 re-excsion of pimry mite
ant Hock dissection of ngumnal
nodes (not tached) 10953 ex
ewon of recurrent nolules 18 439 I 'Ry 2t
and 10 § ptember 190 o2
I 98 7
476
66 | Tungating metastases of anterior 37 n 52 33
abdominal wall advinced recurrent F 30767
Ca caccum — adenocarcmoma Stkg n 99 69
hemicolectomy and side to-side anas 17862
tomons 18962 laparotomy snd
excston of recurrent tumour March
196" post-operatinve Fndoxan
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are shown tn the figures)

Speetmen and | Speafic actinty of specimen Climeal response and other information
tume after 1 (#C per gram of wet tusue)
Jection
Tumour Other speimens
Biopsy *283 Adjacent muscle | Slowly growmng well-differentiated tu
30 in (1) 155 mour with grosly fibrotic atroma
1 Rebef of pam after first wection 0o
objectine evidence of tumour inhibiion
*258
Autopsy 22)
Bapsy 743 Muscle Good general condition 1o evidence of|
30 yain (13 ) 278 extension of the tumour outside the R
(6 ) leg below the knee sternal marrow
3
30 cun Penpheral bloga | 7o 2866
7 Compression of vessels and withd awal
+1 ) of effluent blood from limb
- Appeared to have late retrogression of
nodules 16 1! 62 including new nodules
Bopsy nodule | %842 which had develaped since inyeet ons
near ankle (+2 )
41 mun
Nodule n ar 804
knee 2 )
46 min
1 hoar Penipheral blood
k]
(4 )
Bopsy 9 Very it and grossly anaeme sequinng
30 min (=34 ) tr nsfusion mo evidence of twmour
30 run 300 mhbition
1)
7 days 88
Ded 159
{£35 ) &
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Table 2 (cont )

Cae Duease and previows treatment Age n years | Route of injee | Amount of TR
o sexaniweght] uon and date |19 inpeeted
Cunes | mg
" Fxtenuve recurrent squamous car o 1A 108 } 4
cnoma of L. pinna invshing mle At 6962
of head and neck o ginal exaision iTkg

MLC urther surgery on 22.2 62
and 446 and rady al Ca 134 eele
therapy ” 562 ta 8¢ 62

Ded
0962
80 Recurrent nodulas on chrst wal 59 n 1 35
spheradaleellaf  caranoma  and F 916
axillary nodes Ca mammae R 101kg
stage 111 recurrences after rocntgen
therapy  295€1~16661  mmple
mastectomy 12167 and local
rocntgen  therapy 16462 and
14667 no response to Durabolin
8F Recurrent mass in L. ischiorectal 53 n 97 574
fossv and penneum Ca reclum F 41267
adenocaramoma abdomino-perineal 67 5kg

exasion 16567

days and $weeks For both intras enous and mtra trteral routes of admimstra
tion, 1t 15 considered smportant 10 myect the TRA 119 as rapidhy s possible
1n order to mimmuse its reaction with. SH compounds in the blood and to make
certan that 1s high 2 proportion as possible reaches the tumour cells

4 naphthagquinol

1
Preparations of TR4 119 used Ihe compound 2 methyl 567 minno- T g

Tus (disodium phosphate) corresponds to a speaific activity of 87 3 curies per M
1 cunie 1s contained 1n 4 88 mg of compound

The TRA 11913 prepared by the Radinchemmical Centre Amersham 1n batches which :;\::!rlly
contatn hetween 10 and 30 curies The specific actity of the different batches has var
siderably and was usually between 50 and 80 curses per m\

It 15 interesting that the use of batch No 5 which had the tl
mM corresponding to 3 atoms of tntium per molecule gave high values o

heoretical value of 87 cunes PEf
f the uptake 1nt0
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Table 2 fcont )

Spraumen and | Speaific activity of specimen Clinucal response and other information
ume after in (uC p £ gram of wet tissue)
]
Jection Tumour [ Other sperimens
Buopy nteror part | Peripberal blood | Detenorated  and  died wath  severe
30 mia 8990 209 bronchopneurnonia  at  autopsy (Dr
(£27 ) (£17 ) R W Amsworth) carcinoma cells show
" snere degencrative changes with con
31 hours ';mcmr par spicuous vacuslation of ther ¢ytoplasm
(26 )
*Posterior part
181,
(£38 )
Autopsy 403 {Sec Table 3)
(& 9°)

Buopsy sk nod | #1025 Complete relicf of pam but ebjectnely
e

{1} noO 1mprosement
35 mun
Biopsy 28 Pam rel eved temporanly but no ob-
Perneal recur | (+ 4 ) Jrctive smpro ement
reace

30 min

specemens of tumour per curie jected 1n a recurrent cercbral gioma {Case 50) and a meta
static nodule of mals (Case 52 first tign} though there was not a high
uptake i a biopsy speaimen of primary carcinoma of the rectum (Case 51} There appears
ta be some association between the values of the specific activity of the preparation of TRA
119 used and of the uptake 1to blopsy specimens of turnous defined in terms of mucrocunies per
gram per cunc ipjected  but there 1s obviously considerable vanation between the uptake
of the tumours m different patents The highest values of the uptake observed so far were
w Case 74 {sec Table 2) after wtra artenal njccnon of a preparauon {batch No 20) of
specific actnaty 62 curres per mM The lipted evidence available confirms that the uptake
mio tumour biopsy specimens 15 usuaily higher with the preparations of TRA 119 of specific

atuvity in the range between 60—87 curies per mM than with preparations of TRA 72 of a

specific actwity of between 16 and 29 cunes per mM

ﬁ“c solut
A

ons of TRA 119 are stenlised by filtravon 1nto stenle rubber-capped bottles
18 added as a 10 give a ¢ of

o The solutions are
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Table 3
Spectfic a 1ty of autopry speewmens (Case No 71) 1f d1ys after intra artenial tnyection of 10 8 cuner
of TR 119 1nto the expased Iifs external carotid ¢ tery through a catheter and af e artenagraphy end o
Jurther syection of Priscol (body werght 47 Lilograms)

Tisue #C per gram  Ti ue #G per gram
of wet timue of wet tissy
Tumour 025 5 Skeletal muscle 7325
Bone marrow 102 4 4°  Cardiae muscle 137 =1
Kidney 421 2 te, lung 2+ 1
Small intestine 201 & 2 Testis 217 £ 3°
Spleen 130 & 3 , Drain—night temporal lobe 109 & 2
Iner 159 2 2 Bran—Ieft temporal fohe 104 £ 4
Tancreas 137 217 114 £ 5

frozen immedately debisered n contamers surrounded by sold CO, and kept at =78 C
surrounded by solid COy 1n a Dewar sessel 1n a deep freeze at ambient temperature about
-20 C.

Each batch of TRA 119 s tested biologically before the chmea) use by the two methods

! To exclude the powbility of acute tovicity by intrasenous injection into a rabint 1n doves
<corresponding at first to 11 cunes per 70 kg of body weight and later to 22 cunies per 70kg No
acute tovc effects have ever been encountered  The rabbits are being kept for the rest of ther
Wl span under observation with regular blood couns for which we are indebted to Mr R
Flemans ull autopsy studies are planned

2 Studies on tussue culiures manly of Hela cells, to check stenhity and to demonstrate the
uptake of IRA 119 into the tumour cells under standard conditions by means of autoradio-
graphy (scc Stysox Revss 1961)

The difficultics raised by the de of TRA 19 tn aqueous sofution asa resuft of auto-
srradhation has been overcome 1o a large extent by the low temperature storage Nexertheless,
despite this deterioration of the material occurs in the frozen solution The f roblems of
radiation stabulity and chemical purity are being i estigated by our colleagues ar the Radio-
chemucal Centre Amersham I rom the biofogical point of view by means of the autoradio-
graphic studies on tisue cultures Mry Simon Reuss has found that many batches show
no substantial decrease in the labelling of the tumour eells + 1th only a hittle increase in bacl
ground after two weeks though some batches detenorate more quickly Accordingly 1t 58
considered that good batches can be used for up 10 two weeks and perhaps even up to three
weeks An account of these studies will be published scparately

Measurement of specific actunty of specmens of hssue 1or routine assay of tntium the tntated
water obtained by combustion of specimens of fissue of werght 10 to 40 mg has been counted
sn a Nuclear I'nterprises NI 8301 Liquid seinuillation counter using esther NI 213 scmullalo;
or SP2 (Nash and Thompson Lid Chessington Surrey) (Scc MARRIAN MARSHALL an
Mirenert 1961 p 282) The cfficiency of the counter was checked regularly by countng 2
sample of triiated water of known specific actinaty At first the weighed speaimen of ussuc waj
sealed into a hard glass tube (M ] \ combustion tubing) together with copper oude n:d
reduced copper and heated at 650 for 6 hours {Jaconsos ct coll 1960) the water form
was sublimed m vacuo 1nto a vial and kept for counting More recently the tissucs have b«'r:
burned 1n a fask of oxygen (Sciovicer 1955 1956) contauung a knowa volume of water a
scavenger Ahquots of water were then counted as before

of ussue were ficed m Susa

Hustologre and autoradiographsc techmques At first the lpeumtn!) e e dhat dffsron

and the sections stamed with Ehrlich s haematoxylin (see Fig 1
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of the radicactin e materal in the speamens of tumour was a problem and it became necesary
to we a freeze-dnying preparation of the tusues In general standard procedures have been
followed T specimens of tse were frozen as quickly as powible after removal by plamping
nto hquid iopentane cooled with kquid mutropen Vacuum dehydration of fragments of d:
mensions of about 5 mm w1t exrnied out at temperatures between —30 and —,0 Cfor 5
elays and was followed by embedding 1n degassed paraffin wax under vacuum Sections were
cut at thickness st selected as corresponding 1o a layer of infimite thickaess in refaton tathe
range of the beta particles of ttium (see Ronrrysox and Heenes 19,9) Autoradiographs
were prepared with G, iguid emulsion (Hford) with exposure umes at 3 C between 12 hours
and 10 days according to the speaific actinaty 11 195 descloper (Tlford) for 10 aunutes then
fixation washing 1a distilled water and immension in 70 per cent alcohol at 3 € and Fevlgen
slaming

Dosimetric considerations

As 1 prelumnany to considerition of the results of measurement of the
speaific 1ctivaty of the specrmens of ussues and of the esidencee provided by the
autoradiogriphs 1t 15 necessary to summanse the relev ant physicil propesties
of tnitism and the caleultions of the dose of ridintion delinvered (sce MARRIAN,
Marsuzarr and Mrreinnee 1961, Mirenerr 1962)

The best value of the mean energy of the beta prrucles of tntum 1s5 73 &
003 eV, corresponding to the half Iife 12 13 + 0 04 yeurs (Pitiscer, HevTots
and Brair 1961)

The ringe i umit density tissue corresponding to the mean enurgy of the
betr parucles of tntum 1s approxumately | The maximum energy of the
beta particles 1s 187 4 0 1 keV’, so that the corresponding maxinium range 1s
approximately 6 u

Cnlculations of the radiation dose rates and 1sodose curves about 1 pomnt
source of tnuum m umt density tissue hive been published (RonerTson and
Hucurs 1959, RonerTson, Bosp and Croswatr 1959 RUSKEL 1962) Radia
tion dose calcultions 1n cells contumng intrinuclerr tntum have been made
(Goobueart 1961, Kuskrr 1962)

1he hinear energy transfer for the beta particles of mean energy
of c1 4 heV per s, near the end of the track, the value of the hinear encrgy
nises to about 6 heV per p

On the basis of 1 value of the mean energy of the beta parucles of
of 573 keV and with the assumption of umform distribution of the r1d|o1cm:
matennl, approumate eilculations have been made of the macroscopic a\;ﬂlg
values of the dose dedivered by tritum from the pomt of vicw of 1ts ;_’{ltnd
peutic 1pplications 1 mC tnium per gram of tissue dchvers 1 dose of?A brlcf
1n 24 hours Other results are given in Table 4 (sec also MrrenreL 1962) i T
discussion 15 necessary o consider the imphcations of the numerical vl utsm

The himited evidence avulable, mainly from the studies of TRA 72,;0"“;“3‘
ing the values of the biologic half hife of the trititum 1 tumours 'mI "g;ELL
tissues hns been discussed clsewhere (scc MARRIAN, MARSUALL :mdLl\ le the
1961) It appears that the value of the mn bologie hnll hfe (BHL)1s

has the value

tntium
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Table 4

Dostmetry of tntum wn therapeutic applications (approvimate dose deluered by one cune of trtium
adminstered to a 70 kg patient}

Brologic half hfe 3 days 6 days 9 days 12 days 13 days
Calcutated value of total

dose delivered 1812 rad 362 rad 514 rad 725 rad 485 rad
Mean 1 fe 43 days 866 days 130 cdays 173 days 188 days

“Time factor assumed for
calculation of the equiv
alent mngle acute dose
(scc Matchell 1960 p

234) 222 254 264 269 27
Approumate equivalent

single dose delivered at 82 143 206 269 290

Iugh dose rate say8rad sy Mred say 2] mad say 27 rad 29 rad

Approumate b ologically
equalent single dose of
Co gamma radiation

{RBE =17) 4r 24 3r 46 r 50 r

These caleulatims assume umform d str bution of the tatum throughout the body and gwe the
approvmate dosc for different values of the b ologic hali hie

regon of 13 days for a number of different tumours though values as low as
about 3 to 4 days have been observed, for case No 66 treated with TRA 119
the findings are consistent with a value of 1 4 days The rapid 1mtial loss of
radioactivity from at least some tumours, with a half hfe of about 8 mm m
one case needs further 1nvesugation The possibility of an additional very
long half life must be envisaged for some tumours It 1s likely that the values
of the mam biologic half ife for many normal tssues including bone marrow,
are 1n the region of 3 to 6 days The apparently higher value in the region of
11 to 12 days found for the small mtestine m the autopsy studies also needs
further wmvestigation

The best esmate of the relevant value of the relative biologic effectiveness
(RBF ) of the tntium beta particles of TRA 119 1 relauon to  Co gamma
radiation 15 17 This value must be regarded as provisional and needs direct
experimental myvestigation from the point of view of therapeuuc apphcations
The possability may be envisaged of somewhat different values of the R BE
for TRA 119, trtiated water and tntiated thymidine

It can be deduced from Table 4 as a first approxumation that the maxumum
single amount of TRA 119 which can be administered with safety to the whole
body 1n a panent of weight 70 kg 15 approumately 11 cunes The safety of
thisamount has been confirmed for patientswithoutserious bone marrow damage
It 15 ikely that the calculation involves a safety factor on account of the non
uniformity of the macroscopic distnbution of the tritium, 1n addition to the



334 MITCIFLL, RINC, MARRIAN AND CHIF PERTIELD

cffects of non umform distibuton of the compound witlin the cells The
size of the stfety fictor 13 not vet known but 1t 1s necessary to be cautious about
this particularly because of the possibality of late effects of the wradiation on
the hidney dunng cxcretion
In these calculations account must be tahen of the differental absorption
rtio (D AR ) which 1s defined as the rto of the observed radioacuvity per
gram of uissue to the total injected rdioactinity per gram of body weight (cf
Kessy, Mariserr and Woonwarp 1941) Agtn it 1s to be noted that the
D AR rcflers to the macroscopic awverage value
For the admenustravion of 11 curies 1n 1 patient of body weight 70 hg the
calculations on the basis of Table 4 lead to the following approvuimate values of
the biologically equivalent single dose of **Co grmma radiation
for bone marrow with BH1 4 days 190r
for small intesttne with assumed BHT 115 dvys 480 r
for hidney with BH T 6 d1ys and assumed DAR 2 530«
for tumour with BHI 3 dyys 150r, and for BHL 13 days »50r
In these calculations, the hmiting factor was taken to be the threshold for
acute radiation effects on the small intestne, 1t was noted that the threshold
dose for the gastro intestinal form of the 1cute rditon syndrome mn man
After total body srradinuion 1s given s 500 ¢ (GersTER 1928) In fact, after
mtravenous injection of 9 6 to 10 9 curies in paucents of different body weights
only shight ntusea was observed tn onc case Further the absence of appre
cnble hiematologic changes in pauents with essentially normal bone marrow,
together with the crude caleultions of the dose recenved by the hidnes, suggest
that the safety fxctor may prove to be about 50 per cent
The calculited doses for tumour are consistent with the striking palliative
cffects obsers ed alter intrayvenous injection of TRA 119 1n some ads anced cases
of certun highly radiosensitne discases ¢g Hodghins disease testicular
seminoma Howcver to obtun useful therapeutic effects with most malignant
tumours, 1 lngh D A R 15 essenuial It ¢an be assumed that with a sngle dos
of gammna ridiation, a mimmum tumour dosc of about 2250 r s required to
cure 1 squimous caranoma of a drmeter of about 1 em  Accordingly, the
DAR required must be 1t least about 4 to 15 depending on the B HL,
n fact higher values are necessary for more extensne tumours The stmplest
method of attamng these high values of the DA R appears to be by means
of intra artenal njection of the TRA 119, with dramnmng off of the returmng
venous blood whenever posstble With intra artenal injection, the total nmouﬂ;
of TRA yected may be himited by the radiosensitivity of the normal tissue
concerned, especially the gastro intestnal tract and probably also the bra::
It seems hikely that the ime factors are such that rdiosensitization by th‘l? C;Cd
pound 15 not important, although ths possibility cannot be completely C‘ig u this
‘These ad dly crude calculations are of some interest 1n that by .
method 1t has been possible to reach a provisional working level of maxim
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safe dosage of TRA 119 for adminstration to the whele body However 1t
must be emphasised that this level has been approached cautiously and empin-
cally and that 1t mav be possible fo go to somewhat lngher levels such as 16
curies per 70 hg of body weight, m patents with essentially normal bone
marrow, when preparations of TRA 119 of the full theoretical speaific activity
87 cunies per mM become regularly available

The next and apparently most difficult step 15 to relate the calculated
macroscopic average doses to the bologically and therapeutically effective
cell doses taking o account the distribution of the trium of TRA 119 among
the different cells and within the cells, together with the appropnate time
factors

As with all the previous therapeutic applications of the internal use of radio-
active 1sotopes, this development 1s basically empincal but every effort must be
made 1o establish some form of guantnative dosimetry

Discussion

Measurements of the specific activity of specimens of tumour and some other
tissues are given 1n Table 2 for the 6 selected cases Table 3 gives the measure-
ments of the spenific actvity 1 one of these, Case 71, after intra artenal -
Jection of 10 8 cunes of TRA 119

In Table 2 the specimens of tumour from parts of which autoradiographs
are presented are mdicated by astenshs Representative autoradiographs for
these gpecimens are shown mn Figs 1to 7 Its to be noted that the grams are
m focus 5o that the cells are sn general out of focus For Case 49 the histologic
appearance of part of the biopsy specimen 15 shown mn Fig 2a at low magm
fication to demonstrate the smaijl proportion of the valume of the metastatic
tumour mass occupied by tumour cells In studies of the autoradiographs of
these and other cases approximate estimates have been made of the proportion

ofutumnur and stroma cells labelled and the mean gran count per labelled
cel

The first problem to be d

d 15 the of the value of the D AR
which 1s relevant to the production of therapeutic effects and to the esumation
of the dose of radiation delivered The calculated values of the macroscopic
DAR for the different tumours are of particular mterest and must be con-
sidered 1n relation to the mode of admumstration of the TRA 119 — whether
Intravenous of imntra artenal — the proportion of the macroscopic specimen of
tumour occupred by tumour cells as shown by histology and the distnbution
of the radioactne matenal both in the tumour and normal cells and within
the tumour cells as shown by autoradiography

For Case 66 of recurrent adenocarcinoma of the caecum the macroscopy
DAR for the bopsy specimen taken at 30 mun after intras enous mjection o
98 curtes of TRA 119, had the value 164 which must be regarded as sgifi
cantly greater than umty The histolog ic structure, as seen in the autoradio



336 MITCHELL RINC, MARRIAN AND CHIPPERFIFLD

Fig 2 Same eascas mfig | Secuion of biopsy specimen (upper) x ¢ )
Autoradiograph of autopsy specimen (lower) ¥ 100

graphs in Fig 4 shows that there 1s only 1 very lutle strom but that the spect
men contains considerable acinar and mtercellulr spaces, i ddwon 10 the
tumour cells Measurements showed that 1bout two thirds of the et of the
sections was occupied by cells nd nbout 60 %, by tumour cells Accordngly,
1t can be assumed that 1bout 46 %, say 50 %, of the volume of this speomen
was occupred by tumour cells The autoradiographs show that almost all the
tumour cells were labelled under the expenmental conditions Crude wluc;
for the mean grun counts per cell were bout 16 for tumour cells and bout

for stroma cells with wide vanation among cells It seems reasonable 10
conclude that the DAR for tumour cells 1e, 1n relon to the mti::;
concentration of radionctinaty average over the whole body had amluca

bout 33 This value will be considered agun Iter mrelation to the concentr:

tion of tritium within the tumour cells and the problem of cell dose Howevet
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1t 15 of mterest that 1 this case, the value of the D AR for the tumour cells
15 greater than umty after intras enous njection of TR\ 119
For Case 49 of recurrent adenocarcinoma of the rectum  the macroscopic
DAR for the biopsy specimen from the metastases n the antenor abdommal
wall at 30 mun after intravenaus ngection of 14 cunes of TRA 119 had the
value of 104, which 1s not significantly different from unity However 1t 1s
1mportant to note that histology showed a very substantial proportion of the
speamen 1o be occupied by fibrous stroma {Fig 2) Measurements showed
that only 76 9, of the area of a scction of the biopsy specimen was occupied
by tumour including acinar spaces The histologic structure (Fig 2) suggests
infiltration by the well differentiated adeno carcmomn 1n association with an
extremely marhed stroma reaction Accordingly in this case sphencal symmetry
3 mot likely and 1t 15 best to assume that only about 8 9, of the volume of the
biopsy specmen was occupied by tumour including acmar spaces The auto-
radiographs (Fig 1) show a high degree of selectin¢ uptake of trtium i many
of the tumour cells \nd apparently all the tumour cells at the growing powt
of the acmus shown, however there 15 only a low uptake m the stroma, both
for the cells and for the matnix Quanttatnvely the gramn count per arbitrary
unit ared of section was approximately 1 09 for the tumour cells and approxs
mately 0047 for the stroma, the very low bachground count was neglected
About 65 9% of the total radicactivity 1n the macroscopic specimen was concen
trated 1n the tumour which occupied only 1bout 8 % of the total velume so
that the microscopic D A R for the tumour cells had a value of not less than
about 8
The autoradiographs of sections of specimens of the same metastises ob
tained at autopsy 1n Case 49 are shown Fig 2b Even at 135 days after the
Iast mtravenous 1njection of 2 64 curies of TRA. 119, some trittum still persisted
m a few areas in degenerating remains of tumour cells there was no labelling
of the stroma cells No labelling was seen in acuvely proliferating tumour cells
These findings suggest that there 1s 2 long bolome half hfe of the mcorporated
tatium for some of the tumour cells and that delaved degeneranon of tumour
cells 15 possible under some circumstances as a late result of the uptahe of
TRA 113 Thws matter needs farther m esigation
Far Case 80 of recurrent carcinoma mammae the macroscapic DA R for
the biopsy specimen of a metastatic nodule 1n shin taken 1t 35 mun affer
travenous injection of 101 curies of TRA 119 had the value 1 03 which s,
of course not sigmficantly different from umty The histologie exanunauor’n
and the autoradiograph (Fig 6) showed the specimen to be largely occupied
by tumour cells with relatvely little stroma and few stroma cells The auto-
radiograph shows the presence of tritium 1 most of the tumour cells but gram
counts showed that about one third of the tumour cells had 2 grams or less per
cell while the approximate mean gram count for the rest of the tumour cgf)s
was about 6 grains per cell with wide vanation between cells Almost all the

2"-633088 Acta Radwlogica Vol 1 5 Therapy
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stroma cells seen contuned either no gruns or one grun per cell under the
present expenimental conditions Accordingly there 15 no conssneing, evidence
for 1 useful concentrition of trum in the tumour cells or for a value of the
microscopic D AR for the tmour cells substanually greater than umty in
Chse 80

At thss point mention may be made of 1wo eases, 1n which apparently sats-
fictony qutordiographs of biopsy speennens showed no apprecable fabelling
of the neoplistic cells after intravenous snjection of TRA 119 For one of these
Case 63 of 1dsanced recurrent crranoma mammae which had insen dunng
hetation, the speaific actnaty of the preprrations of TR A 119 used was low,
vz 40 and 12 cunes porm M, however the fulure of uptake may be attnbuta
ble to the nure of the wumour since there was evidence of uptake sto Hela
cells o ussue culture In the othier cise, C1se 72 of advanced my costs fungordes
after much external irrdintion the speesfic actisaty of the prepar won of TR
119 used w1s 62 curies per mM but this preparition was found to how neghgible
uptahe mto the Hel 1 cells on testing 1n tissue culture Accordinels, at present
1t1s not possible to draw anv conclusions about the uptike of TR A 119ntothe
neoplistic cells sn mycosss fungordes

The evidence concerming the values of the D AR for the tumour 1 cases
treated by intr artenal admimstrtion of TRA 119 1s of particular interestan
relauon to the posubility of trenting pauents with relainely Jocabsed but
otherwise untrentable malignant disese

A number of problems are raised by Case 52, of recurrent nodules of mahg
nant melanoma, treated by means of three inter artenalingections of TRA 1ne
The biopsy of a nodule of tumour taken 1t 30 min after the first intra artenal
injection of § 5 curies of 1 preparation of TRA 119 of speaific actiity 87 cunes
per mM had a value of the macroscopie D AR of 2 72 The biopsy of adjacent
muscle had 2 D AR of umty and peniphernf blood 26 Tor the biopsy of
another nodule of tumour taken at 41 min after the third sntra arterial inyection
of 9 8 curies of a preparation of TRA 119 of speaific actnaty 56 curies per m My
the macroscopic DA R was only 047 The histologic and autoradiograph ¢
appearances of this specimen are charactensed by patchy uptake of tntum
with many arcas with hittle demonstrable uptakhe, but some 1reas such 1s those
shown in Iig 3, with considerable upthe 1nto apparently ll the tumour cells
and httle or no uptahe mto strom1 cells However, in some of the xrensg
considerable uptake into tumour cells, therc 1s a rather lngh local backgroun p
Only a few of the tumour cells are pigmented The histologie :\ppcal‘;\nCC;’
patchy uptahe in the biopsy specimen after the third imjection probably
reflects 1 changing non umformity of the blood supply in these sccondﬂ;}i
nodules at different imes It1s possible that the relatn ely low uptake C‘P"’sd‘
i terms of ;G per gram of wet tissue per curie injected may be assoctated \u“7
a poor batch of TRA 119 of rather low speafic actnty, further, the “of
previous mjections may have produced radiation effects In any case, 163
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of section of nodule of mal gnant mefanoma X 1 900

Fig 3 Casc 5

preat interest that m this patient there appeared to be late retrogression of
the secondary nodules including retrogression of new nodules which had
developed since the mjections This observation does not refer to two nodufcs
which appeared to be growing and were treated with single doses of 1 750 r of
roentgen rays delivered to localised small fields of diameters 15 and 20 em
respectively Although the late retrogression of the secondary nodules obscryest
at 135 days after the last injection may be attnbutable to the treatment, 5
1s difficult to be certain of this, because ‘the behaviour of no other tum

15 50 unpredictable as that of mel and occasionally 1 melanoma v ¢
has already d undergoes sp retrogression (see WiLrs [ ¢
p 908)

The highest values of the speaific activity of biopsy spcamens of tuny- . 4
of the corresponding macroscopic D A R so far attained have been ¢# et
in Case 71, of extensive recurrent squamous carcinoma of the Prozefyt,
ear The patient was treated, after failure of surgery and radiotherap- §
artertal injection of 10 8 curies of TRA 119 (of speafic acvity 63
mM) through a catheter into the external caroud artery whyt
exposed surgically The artertogram showed partial thrombogs f;
carotid artery but filling of the occipital branch, with increage mt
patchy blood supply to the region of the tumour after mitra arter,,y
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tolizoline (Priscol), which was used as 1 vasodilator before the mjcction of
TRA 119 It must be concluded that in this case the blood flow through most
of the tumour was unusually slow The patient s general condition w1s poor
Unfortunately 1t about 3 dnys after the ntra artenal mjection he beeame
confused, he then deterorated and died with sesere bronchopneumonia at 14
days afier the mjection At autopsy, the listologic examination of the edge of
the ulcer showed scvere degencratne changes m the earcinoma cells these
changes are consistent with srradiation by the TRA 119 at 2 therapeutie Ienel
The value of the macroscoptc D A R for a biopsy tahen from the anterior part
of the tumour at 30 mm After the mtra artenial mjection of 10 8cunicsof TRA
119 was 39 Tor further biopsics tahen at 3 1/2 hours After the mtr artersal
yection, the D A R for 2 spcaimen from the anterior part of the tumour was
only 164, while the DAR for a specimen from the posterior part of the
tumour was 79 The autoradiographs for this Iatter speaimen 1re shown 1n
T.g 5 There 1s considerable vanationin the histologic appearances especrally
with respect todiffcrentiation of the squamous carcinoma cells, 1 different parts
of the sections of this specimen However, throughout the specimen there 15
heavy labelling of tumour cells and only slight lbelling of stroma cells Under
the cxpenmental conditions, the value of the mean grun count was about
35 per cell for the tumour cells and about 5 per cell for ndjacent stroma cells
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Fig 5 Case 71 Autoradiographs of section of recurrent squamous earcmama of pmna X 1 900

with wide varianon among cells 1n both cases The specumen consisted Jargely
of tumour cells with relativelv ttle stroma Accordingly for the biopsy
P mn the mcroscopic D AR for the tumour cells
had the value of at least 8 [t 1s to be noted however that there were areas
of tumour with very much lower uptake
Thespecific activity of the autopsv specimens in this case are given 1n Table3

The findings are simiar to those with TRA 72 (MARRIAN MaRsHALL and
Mirreueer 1961 Mrrenest. 1961) The rauo of the speaific acuviny of a speci-
men of tumour to that of red bone marrow 15 40 Again 1c was noted that the
macroscopic apprarances of the tumour were very vanable 1n different parts
with great differences 1n the vasculanity The specific ictivity of the specimen
of hidnev was about the same as that of tumour The values for the small in~
testine and tesus were about half those for tamour and kidney and about twice
that for bone marrow The value for iver was not huigh bang somewhat Jess
than that for the smali intesune It 1s of interest that the values for specsmens of
bram are about the same 1 that for bone marrow The detailed interpretation
of these results 15 difficult The tissues remaming for eximunaton at autopsy
are likely a pnort to mnclude a selection of cells which both are relat elv radio-
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Fesistant and hawe shown a relatnely low uptake of drug The specimen of
tumour show ed severe degeneratine changes almost certunly due to irradiation

For Case 86 of recurrent adenocarcinomn of the rectum  the value of the
macroscopic D AR for the biopsy specimen of tumour taken at 30 min fier
mra arterl myection of 9 7 curies of TRA 119 was only 158 Histology
howed rather w wdely separated tumour cells with some acinr spaces nd verv
tttle stromn The autoradiographs (Fig 7) show labelling of apparently all
he tumour cells but with wide vartion from dense labelling of many
umour cells to only shght Inbelling of others especially i some areis
here probably the blood supply was poor

Evidence concerming the disttibution of the TRA 119 within the cells can
¢ deduced from the autoradiogriphs The hmiting factor 1s the resolution,
1th which 15 associated the 1mage spread It 1s to be noted that the sections
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Fig 7 Case 86 of section of of adeno.arcinoma of recturn X 1900

of the cells are of thickness about 5 ¢ so that 1n rel1tion to the range of the beta
particles of tritium, the sections approximate closely to layers of mfinte thack
ress At 2 distance of 5 1 of umit density tissue from a pomt source of tritium
the dose rate has fallen by a factor of about 5 x 10 ¢ (RoserTson and Hucnes
1959) The tumour cells show great vanation 1n size Representative mean
values of the diameters are 4 2 ¢ for the nucleus and 65 p for the cell (cf
Case 66) and 8 # for the nucleus and 11 g for cell (¢f Case 49) Undertheex
Penmental conditions the apparent grain size ranges from about 0 4 p to about
104 Tracks and parts of tracks are viewed at angles rincing over 2 ¥

It 1s concluded that in most tumour cells the compound {R & 11935 present
In the cytoplasm probably with concentration smmediitc v outside and per
haps within the substance of the nuclear membrane, 1n some of these cells there
1S concentration 1n the regions of the nucleoh someume to a high degree
Apart from the nucleols there appears to be httle or no compound 1n most of
the nucler Probably there 1s a high concentration 1n some cells in metaphase
and anaphase chromosomes but ths subject needs further investigation There
1salmost certainly 1 higher concentration of compound 1n prohferating tumour
cells than 1n the cells 1 non prolferating parts of the tumour In most cases
there appears to be negligrble uptake 1 degenerating tumour cells These find
Ings are consistent wath earlier studies of the distnbution of Synkavit using flu
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orescence microscopy (MiTeurte 1955) and 1lso with the mbubition of part of
RNA sinthesis by Synhaat (Marrias 19)9)

The next part of the problem s the evaluation of the effectssc cdll dose The
simplest model ss to 1ssume that the distnbution of the compound, TRA 119,
1s umform within the cytoplism and nucler membrane and that the cell and
the nucleus are spheneal For 1 cell of dinmeter 11 g with nucleus of diameter
8, the D AR for the evtoplism 13 increased in relation to thatcaleulated for
umflorm distibution throughout the whole volume of the cell by 4 factor
of 163, for 1 cell of dinmeter 6 5 ;¢ with nucleus of dinmeter 4 2, the D AR
for the cytoplsm 1s inerensed by 137 These are not Irge factors Morcover,
1t s Ikely that only the compound present in and immedintely outside the
nuclear membrine, meaning within 1 shell outside the nuclenr membrane of
thickness about 1/2 1, make an appreciable contribution to the dose dehs ered
by the tnuum to the nucleus and its contents It s to be noted that 105 p
from 1 pomt source of trntum, the dose rate has fllen to about 8%
(Ropertson and Huenes 1959) It 1s difficult to estumate the «ffects of it
radintion by tntium an the regions of the nucleolt However the ingh degree
of radiosensitinaty of the nucleolt, s shown i microbeam studies Seep 1560),
must be noted Fyen sf 1t 15 assumed that haif the trtium in the cell 1s concen
trated 1  spherical shell of thickness 0 5 4 surrounding the nuclear merbrane
the dose of radition delivered wathin the nucleus near the nner surface of
the nuelear membrane 1s such that st s not likely that the effectnve value of the
D AR 1s raised above the merage cell value by a factor of more than about
15, or less for smnll cells Tt scems reasonably certan thatasubstantial propor
tion of the nuclear contents recen e only 2 small or negligible dosc of radiation

These considerations suggest that until much more prease mformation 1
available, the best approximation to mrhe 1s to assume that the relevant values
of the speafic rctnaty and the D A R correspond to the macroscopic values
aweraged over tumour cells Tlus procedure may in some cases underestmate
the mean value of the dose aweraged over all tumour cells This use of the
mean value 1s open to the objection that viable tumour cells with uptake much
less than the average value may recene mndequate doses of radiation To
some extent, this factor can be assessed by autoradiography in terms of the
distnbution of gram counts per cell It may be offset to a certamn extent by the
persistence of trtium i the tumour cells irradiated at lower dose rate Never
theless, this problem of low dosage 1n some of the tumour cells 1s smportant
and m1y prove to be the factor hmiung the possibility of cure by means ot 2
radioactive drug

Within the himitatons discussed, 1t 1s now possible to consider the
mate estimate of the mean dose of radation recewved by the tumour ce!
selected cases

For Case 66, of recurrent adenocarcinoma of the caecum the relevant meat
speafic actrvity of the tumour cells had the value of about 600 «C per grart

approt
1ls1n the
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Thus corresponds to an el dose rate of about 176 rad per 24 hrs which 1s
equn alent brologically, assuming the value of 1 7 for the P BL, to 1bout 300 r
of #Co gamma radiation per 24 hours However, the BH L of the tnoum i
the tumour 1n this case was only “bout 1 4 dwvs so that 1t was onl possible to
delwver 7 total dose of about 600 r corresponding to the mean life of 1bout 2
days Thss conclusion 1s m agreement with the chimcal obsenyation that no im-
provement followed the ntrayenous myection of 99 curies of TRA 119 The
possibility of repeated ntravenous mmjections must be rused mn retrospect
although 1t 15 unlihely that a theripeutically uselul dose of radiation could
have been delivered n this case

For Case 49 of recurrent adenocarcinoma of the rectum, it has been shown
that the D AR for the tumour cells had a value of not less than 8 Accordingly
the relevant specific actiity of the tumaur cells 15 about 226 G following
the intravenous myection of 14 cures of TRA 119 using a preparation con-
taitung about 8 mg of compound The mitial effective dose rate 1s thus at least
about 112 r per 24 hours With a long B H L not inconsistent with a value of
13 days or even longer as suggested by the find n autopsy sp L 1t
1 Not unreasonable to expect some palliative effect of the radiation delivered
Moreover 1t 13 hikely that by intravenous mjecuion of 8 cures of TRA 119
corresponding to the amount of 11 curntes per 70 kg of body weight which s
now constdered yustifiable, an mitial dose rate corresponding to about 640 r per
24 hours would have been attamed 1 the tumour cells

For Case 80 of recurrent carcinoma mammae, the value of the speafic ac-
ity of the tumour cells must be taken as 103 ;C per gram, althought1sreal-
wsed that this may be an underesnmate The eguvalent mmtial dose rate 15
thus at least 53 ¢ per 24 hours Evenassuming alongBHI forthe tntiumin the
tumour cells, 1t seems doubtful whether the observed rehef of pamn could be
ltnbuted 1o 1rradiation at this dose level The amount of 10 1 cunies of TRA
119 injected ntravenously was contamed 1n 74 mg of the chemical compound
ordmary Synkavit even in larger amounts does not relieve pamn in these cases
The question of a psychologic effect must be raised but the possibilitzes of
radiosensitization and of underesimation of the cell dose must be considered

The selected cases treated by mtra artenal injection raise many problems
For Case 52 of recurrent nodules of malignant melanom1 1t must be empha-
sised that there 1s no evidence of the delwvery of equivalent dose rates of radiation
of more than about 40 r per 24 hours from each of the three ntra artenal
'Mections However 1n view of the observed late retrogression of the secondary
nodules the possbabity of 2 very long B H L of the tntum m the wmour cells
:‘t‘mdbc considered but the question of spontaneous retrogression must be

5t

For Case 71 of extensive recurrent squamous carcinoma of the pnna of the
€ar the high values of the specaific actity m the tumour cells are consistent
with the delivery of doses of radiation at the therapeutic level The remarhabls
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tugh value of 8 990 4C per gram found for the 30 min bopsy from the anteror
part of the lesian s probably only a short bed concentration Wath the poor
aircuhion through the tumour absersed in this case, the values of the speafic
actnaty for the biopsy specumens At 3 1/2 hrs after theintra rtennd igecuon of
10 8 cunies of TR A 119 sre Ithels to gve mare relible estimates of the doses of
ridiion delnered Tor the biopsy from the antersor part of the lesion, the
speesfic actnay of 378 G per gram corresponds to an effectise dose rate of
1881 per 24 hrs, for the nopsy from the posterior part of the lesion, the specific
actssty of 815 pC per gram corresponds to 1 dose rte of 904 ¢ per 24 hrs
The specific 1ty of the atopsy specimen 1s not inconsistent wath 2 value of
the BHT of about §4 days Accordingly, on the basis of 1 valuc of about
63 dys for the mean bie of the tnuum an the temour, the total doses delnered
would be about 1 2007 for the antenor part of the lesion and 2bowr 5 700 5 for
the posterior part It 1s to be noted that the anterior part of the fevon with the
very poor blood supply was i the area previously treated by exicrnal yadio
therapy  The results for the biopsy specimen from the unirmdnis d postenor
put of the lesion suggest that it may be possible to deliver 4 eurinve dose of
rydiation 10 1 squmous ¢ ircinomn by merns of mtra arterssd TRA 119

The results for Case 86, of recurrent adenociranomn of the rectum, are
disappomung, perhaps because of the poor blood supply to the recurrent mass
i the ascherectal fossr and penncum, but passtbh because the wmour bed
aret was washed through with 50 ml of sahne immeditely before the it
artenal injection of, first Priscol, and then the TRA 119 The equrs dent dose
rate delisered was about 114 ¢ per 24 houss, which counld be expeened to pro-
duce some palliati ¢ effects of assactated with < Jong I H L of the trwum n the
wmour cells Temporary relief of pun was i fict obsenved

General & and Concl

The results provide evidence for some degree of selectne concentration of
TRA 11811 the tumour cclls in relation 1o normnl cells in some C'\scsal'ccr(a)l]n
types of mrbgnant diserse The estimated doses of mdiition deliyered by the
witim are canssstent with the chimeal finding that 1fter mtrnenous ipjection
of TRA 119, pallatve effects mv be produced in cases of nghly radiosensitive
conditions such s testiculr senmnomn and Hodghan s disease, and also m eer
taim cises of slowly progressne recursent adenocarcimoma of the gastro
miestinal tract

Intra artenial adonmstrauion of TRA 119 appears to be necesswy 0 au:;‘l(:
therapeutic Jov els of the dose of radiation in the attempted treament ()['13’1!1'14?"1C
with relanvely localised but otherwise untreatable malignant disese oThc
histologic types of squamous carcinoma, melnoma nd adenocarcinoma
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present evidence together with that of eather studies w ith TRA 72, suggests
the desirabibity of further investigation of the possible value of intra arterl
therapy with TRA 119 1n selected otherwise untreatable cases of squamous car
cinoma of the head and neck, wnd also of the parametrium 1n carcinoma of the
uterine cervix, stage 11, mahignant tumours of the hmbs including melanoma
and tumours of bone, and adenocarcinoma of the gastromtestinal tract

1t 15 clear that much further investigation of the dose and tme factors 15
required, particularly m connection with the need for repetition of intr1 artenal
jections at mntervals comparable with the biologic mean hfe of the tritium in
the tumour In order to slow down the rate of blood flow through the tumounr
the suggestion has been made by our colleague Dr Adeen K Adams, that the
intra arternal mjection should be gnen under hypothermin

¥rom a biochermical point of view, the selective uptahe of TRA 119 1nto cer
tam malignant cells 1s of interest particularly in relation to the recent findings
of low concentrations of co enzyme Q sn some tumours, and of the greater
mcrease 1n the activity of certain oxidative enzymes produced by addition of
co enzyme Q, or menadione 1n tumour than mn homologous normal tissue
(WatTENBERG 1961 OSTERBERG and WATTENBERG 1961)
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SUMMARY
An account 15 given of y and climcal of the therap bk
ofa I'ad'loal:(l\: drug contaiming trtium 1n very hugh speaific activits 2 methyd 56 7 tritnatio-
14 bus (d h (TRA 119) Measurements of the specific acuvity
of biopsv and autopsy specimens and autoradiographic studies are discussed 1n selected cases
with special reference to dosimetrs The results provide evidence for some degree of selectne

concentration of TRA 119 n tumour eells in relation 10 normal cells 1n some cases of certain
types of malignant disease
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ZUSAMMINIASSUNG

Laboratornums und kinische Untersuchungen Gber die therapeutische Wirksamkent eines
rdiorktven Hedmittele das stark akines Intum 2 Methvl 5 6 7 Ininto-l 4\ phtha
qumol bts {cdisodiumphosphat) (TRA 119) cnthalt werden beschriclen Mescungen der
spezifischen Altvatat nach Frobeexasion auf dem Sek h und d hisc
LUntensuchungen an ausgew ahlten Fallen werden geschildert mit besonderer Rucksicht auf die
Dostmetrie: Die Resultate bestatigen die selektine Renzentration des TR A 119 10 den Tumor
zellen von gewissen Arten von malignen € eschwulsten

RISUM/S

Eréscntation d études expénmentales et clinques sur Jes possibihtés thérapeutiques d une
substance radioactin e contenant du trsium de trés haute activité spéerfique le > méthyl 567

tritritio-1 4 hthag ! Lis (phosph disod. {TRA 119) Les auteurs examnent,
en paruculier au pomnt de vue de la doumétne sur des cas sélectionnés les mosures de
Tactnté spéafique de mices b et et les érudes h

Les résultats donnent la preuse d une certaine concentration sélectine du TR A (19 dans les
ccllules tumorales par rapport aux cellules normales dans certans cas de certamns types
d affection maligne
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FROM THE ROENTGENDIAGNOSTIC DEPARTMENT (DIREﬂOR PROF § R KRJELL-
BERG), SAHLGRENSKA SJUKHUSET GOTHEABURG SWEDEM

GONAD DOSIMETRY IN DIAGNOSTIC RADIOLOGY
WITH THE HIGH KRILOVOLTAGE TECHNIQUE

by

HEeruaRN Boscue and SvEN Roranp KJELLBERG

Radiography at kilovoltages of 150 or higher may 1n many arcumstances
Possess certain advantages Reductions in the exposure tume and the sub
sequent radiation dose are obtained and by the use of a small tube focus better
tmage defimtion may be obtamed

The main objection to the so called high kilovoltage techmque would
appear to be the cost lved 1n ch g from a com ] radrographic
technique but the only valid argument aganst the high kilovoltage techmque
advanced by vanous mvestigators would appear to be that the gonad dose in-
creases 3 to 5 imes when the kilovoltage nises

As previous results obtained in our department did not conhrm this assertion
the results of 2 new and extenswve mvestigation are now pr «nted

‘The following prelimnares to the tests took place

1 Checlang of the roentgen equipment and of the exposure factors K\ mA sec) Neghgible
@A deviations will be considered i thas report Cable capacity = 770 picofarads per meter

2 Checking of instruments (a) Phalips clectrometer type 37471/00 wath measuring chamber
0-30-300 t/mun type 37480/10 HVL 003—3 mm Cu for the test measurements and with
chamber 1 3.10 r/min tvpe 37488/10 HVL 007—2 mm Cu for SO/ED/FD measurcments
(b} EIL et (Electronte 1 Ltd) model 378 with standardized round
graphate flar chamber 5x 13 cm Chamber constant at 22 2nd 760 mm Hg = 1 05 for mr
values The varation of the chamber for the vanous voltages was less than 3

————
Subsmitted for publicauon 16 January 1963
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3 Checkine of the dennitom ter EEL
Unwersal for constant senutisity exten

I ded over a fow days
The abbreviations used arcasfollows
SD = superficia! dose
D film dosc 'in flm plane)
s = small field 10 10 cm colli
mted at the phantom base
Tem I~ large field 1515 emcolli
100 em mated at 1t phantom base
CLD — chamber-central  beam-dus-
" 1ance
T 'Eh S = film blacken ng
7 FD = exitdose
1 1{%” o H v D = gonad dose
sL ) I Testing arran emevts (see §1 1)
v 8]y Shem I Siemens diagnosts tube 200 kY,
F Dy 05 300 KW large feu § L mm wih
a tiher of 02 mm Fe s used
Tig  Experimental modet expostres had been ma | with this tube
at the bemnning of the 1+ estization
2 Llema Seb der Triplex O, three phase 150 ¢ycles v th addiwonal
transformer  \Minimum switching time 1 53 msee (with due conuderation to  hle capaaty)

3 Elema Schonander Coordinat Lanersal table with IHemagnd 7 |

4 Geraert Rapad film and Schrmidthals cassettes with Siemens Rubin inte 1 fvng sereens.

5 Tlema Jarnh automatic film processing machine 1ype 7

6 Phantoms of 1 cm plegiass 40 40 cm and 30> 30 cm with 15 cm or 0 cm water
depth

7 Distances Tocus-film 100 em focus-table 91 em  focus-phantom 86 cm
surface 71 or 66 cm

8 Field collimation at the phantom base with Siemens collumator

9 Measuring pomts the middle of the chamber i the central beam on the + ater surface
= $D the middle of the chamber in the cenial beam on the bottom of the phaniom = ED
the muddie of the chamber i the central beam on the film plane = FD chamber on the
Tateral wall at half water height at a distance of 20 to 50 em from the central beam = GD

focus water

Test sertes

The test series were tabulated m proper sequence In the evaluation enly the results of
complete test series that had gien constant values in repeated measurcments after chmnation
of intial saurces of crror were uscd Prehmnary tests provided denycal relanonships between
values

All measurements were made under the same mital condstions In order to ensurc consu‘{:';
radiographic data constant film blackening was required for the voltage steps from 60 to }
kv

Measurements
by ad the mA value and ume factor (sec) t©

s #
a film blackenuing of 0 6 and another one of { 3was

1 D of
60 80 110 140 I190kV One encs

obtained Jackening
2 Measurement of the superficial dose exit dose and film dose related to 4 film blacke:

of 06 and 1 3 with a small and a large field and 1n 2 15 cm water phantom

data
with
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Table 1
Comparison of the film blackemng with various tniensifying wrerns

Blackeming of the filr1 w -

v mA sec Screen 1% Screen2  Screen?
60 200 10 077 065 110
80 200 02 080 065 110

120 200 002 074 060 09,

150 200 0007 on 055 04,

200 200 0003 075 060 116

* This screen was used 1n the experments

3 Checking and correction of exposure data because of excessis e variatue
* Measurement of fitm dose related to a film blackeningof 0 Gand | .
large field and 1 15 cm water with corrected values
5 As under (4) but 1n 20 cm water
5 Determunation of new evposure data refated to a film blackenusy of6 7/
mA was kept constantly at 200 and the exposure tiume (sc¢) was adguesd ¢4,
These data were used for the following tests Nos 7 to 14
5 ¢ Measurement of superficial dose exit dose film dose with (12 par
T asmall and large field and 15 ¢m water (Tables 2 and 3}
B Measurement as under (7) but wath 20 cm water (Tables § guef #

Table 2
Rdation SD ED FD 1n 15 em water and fild 10 X 10 em with 0 2 mug fy

Surface dose in mr

Exyt dose n mr
Filter Fe

ithout Fe Without
60 kv 790 1730 130 220
80 kv 310 680 070 112
10 kv 315 382 06+ 091
140 %y 235 309 060 071
190 &, 212 315 061 079
Table 3
Relation Sp ED FD 1n 15 om water and field 15 X 15 cm with 0 4,
Surface dose in mr Exis dose 1n 17y
Filter Fe Without Fe Wil o
60 kv 1030 2050 139 g
80 kv 412 701 072 142
10 kv 270 441 03t s
140 kv 234 330 032 gy
190 Ly 25 327 036

2633088 A cta Radiologica ¥ ol 1 5 Therapy
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T
50 80 120 150 200 kv

Fig 2 Relation of film blackening with different screens and
same exposure data (sercen | was used for the experiments)

9 Measurement of gonad dosc with 0 2 mm Te filtration and without filter small and large
ficld 15 cm water with 20 35 and 00 cm chamber central beam distance

10 Measurement of gonadal dose as under (3) but with 20 cm water

1} Control meusurement of film blackening and cxposure factors For companson 4 dif
cens were used sereen combination | gave the most constant film blackenung and was
used 10 the (Table 1 Tig 2)

12 Exposure data unchanged repeat measurements of gonadal dose asunder () Chamber
central beam distance 20 25 30 35 and 50 cm (Tables 6 and 7 Yigs 3 and )

13 Repetition of the measurements as under (10) distance as under (12) (TablesBand9
INgs 5 and 6) roth
14 Control measurement of superficial dose curve in the range between 40 and 60 kV w

and without filter

ferent scr
heref:

Exposure datn were determimned with an 1verage film blackening of 0 74 for
tube potentnls of from 60 to 80 KV (Table 1)

A companson of the blackening charictenstics obtaned with various 1t
tensify ing screens confirm the radiographic data and the constant bclnvxourg
the sclected screen combmation 1 wath reference to film density (Table
Fig 2

Thc) values shown in Tables 2 and 3 indicate 1 steep drop in the supcrﬁcu::
dose, espeanlly between 60 and 120 kV The curve of the filtered radiatio
runs nearly parallel to that representing the unfiltered radiation 9

The values 1n Tables 4 and 5 have 1 relationship stmilar to those in l'aka:l
and 3 In the case of 15 cm water and 2 small field, the exit dose 1s reduced f‘:ld
fifth 1n the voltage range from 60 to 140 LV and in the case of 20 cm water & .
alarge field the exit dose decreases to a fourth within the same voltage “‘"l%o
A slight increase 1n the exit dose 1s observed i the voltage range from 140to o
LV 1n both tests and this increasc corresponds to a small measurable lower
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Table 4
Relation SD ED FD wn 20 em water and field 10 X 10 em wsth 0 2 mm won filter and wathout filter
Surface dose 1n mr Ext dose in mr Film dose 1n mr
Filter Fe Without Fe Waithout Fe Without
60 kv 1000 2250 304 421 019 026
80 kv 120 44 213 290 013 020
1o kv 380 470 113 121 009 012
140 kv 290 390 105 107 018 016
190 kv 235 387 112 120 015 020

‘Table 5

Relation SD ED FD tn 20 ¢m waler and field 15 X 15 cm with 0 2 mm 1ron filter and wathout filter

Surface dose 1 mr Ext dose m mr Film dose n mr
Filter Fe Avithout Fe Without Fe Without
60 Ky 120 2450 490 681 030 042
80 ky 430 830 312 421 022 031
1nokv 430 480 183 202 017 020
HO kv 312 402 151 200 020 025
190 kv 290 380 165 180 022 030

ume dose The *sag of the curve for the film dose 1n the range from 60 to 120
XV 1s based on the decrease of the absorption factor of the grid/cassette combs
nation and on the increased 1 e of the fying screens Then

Crease withan the voltage range up to 190 kV 1s obviously related to the harder
radiation

With reference to a constant film denaty and the radiographic data m ac-
cordance with Table 1 1t1s evident from Fig 3 and Table 6 that the gonad dose
decreases with the distance from the central ray n the varnous kV ranges, the
lower the voltage the more marked will this decrease be The shape of the
cunves cor to a speaific d from the central ray reveals that
with nising voltage the gonad dose drops considerably Its mummum value 1s
obtained at voltages of from 110 to 140 LV the increase with voltages of up to
130 15 only shight and does not exceed the dose level obtamed at 100 KV

e measurement values 1n Fig 4 and Table 7 show that the larger field n-
fluences the absolute values but not their interrelation Here agam the gonad
dose 15 markedly ngher at 60 and 80 LV than at voltages igher than 100 AV
The bundie of curves 15 denser wath a 20 cm water phantom corresponding to
a thick panent although the shape of the curves compared with findings of
the previous test 1s not altered Here agamn the mimmum value of each cune
falls 1n the voltage range from 110 to 140 LV and the shght nise with voltages




356 ILFRMANN BUSCIHE AND SVES ROLA D RJELLBERG
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Fig 3 Gonad doscswith 6010 190KY archf  Fig 4 Gonad doses with ol €0 10KY st
fevent duvances from ficld 15 em water field  fevent distances from fiekd 1> em water i
10 10 cm {see table 6) 15 X 15 em {see table 7)

up to 190 hes far below the values measured at voltages fower than 100 INY
(Tig 5, Table 8) The gonad dose 1t 68 AV 15 3 to 6 times greater accarding t0
the distance from the contral 1y than the onc measured at 190 LV The

creased scatter of the larger ficld results in 1 somew hat more murked fise m tﬁt
gonad dosc at 190KV (Mg 6, Table 9), but it completely corresponds tob! :
equally higherslue obtamed 1t 100 AV The gonad dosc 1t 60 LV 1s still abou

3 times higher at ~il distances measured than at 190 AV

Results

The values given 1n Tables 2 3, 4 wnd 5 1 7
superficial dose, ext dose and film dose at voltages from 60 to 190 bV
to a constant film dose blackening G voltage

The steep drop mn the superficial dose with mcreasing radiograpiuc O
has been confirmed by all rescarch workers Because of the backscnllcl:‘, an
has also to be measured the dose on the phantom s surface 15 g :}‘;out i
when the measuning chamber 1s located 1n the same postion but w1
phantom This was previously shown by Sczaar

ndicate the behaviour of the
1n relabon
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Table 6
Gonad doses n gex 1n 15 em v ater and field sie 10X 10 ¢mwsth @ 2w aron filter ol dyffesent distances
Jrom field
Chamber — central beam — distances
kv 50 cm 35em 30 cm 25 em 20 cm
60 44 70 91 120 280
80 24 45 63 72 200
110 18 22 24 28 82
140 20 21 23 27 72
190 22 23 25 32 a3
Table 7
Gonad doses 1 15 «m water and field see 15X 15 cm with € 2 rrm sron filter at different dstances from
the field
Chamber — Central beam — Distances
kv 50 cm 35 cm 30 cm 25 em 20cm
60 50 173 200 300 €00
80 28 100 120 170 80
110 13 47 5% 77 200
140 13 42 49 72 160
190 13 45 50 80 180

Doses in it

The exit dose follows by no means a linear course in relation to the constant
film density required 1n practice The exit dose drops at 190 LV on an average
by a third of the value obtamed at 60 KV when vanous field sizes and object
thicknesses are used The total volume dose 15 lessened owing to the more
favourable relationship between superficial dose and exit dose n the case of
rsing voltages  Fhe film dose from 1ts imitral value obtained at 60 kV decreases
up to 110 kV and rises agam shghtly with voltages up to 190 k\ The fact that
the curve does not follow a rectihnear course proves that the film density 13 2
function of the kilovoltage There 15 a decrease n the film dose of 30 to 40 9,
when the potential 1s raised from 60 to 190 LV, depending on the object thick
ness and field size

The gonad dose curves (Figs 3 4 5 and 6) obtamed by plottng the meas
ured values (Tables 3 4 5, 6 7, 8 and 9) display a uniform course despite
ifegulanties caused by measunng errors A lagh scatter dose 1s measured at
60 LV at distances of 20 2> 30 35 and 50 cm from the central ray This dose
has reached s half value at about 80 LV The lowest pomnt of all cunies
for the various phantom thichnesses and ficld sizes 15 obtamed between 140
and 110 LV this lowest value moves from 140 KV at a distance of 20 cm 1o
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€0 g0 120 150 200 kv 60 80 120 150 200 kV
Fig 5 Gonad doses with 6010 190kV atdif  T'g 6 Gomd doses with 60 to 190KV ardif
ferent distances from field 20 cm water ficld  ferent distances from field 20 cm water feld
10 x 10 cm (sec table 8) 15 % 15 cm (sec table 9)

110 kV at 50 cm When the ridiographic voltages are pushed up to 190 kY,
the curves become shightly steeper, because under this condtion the effect of
the increased harder scatter 1s felt This rise 1s however so small that the end of
the curve at 190 kV does not exceed the value obtained at 100 hV The flat
end of the curve represents only a moderate change in the gonad dose betweent
110 1nd 190 LV as compared with the steep nise 1t the begmmng of the curve

\Moreover, the curves give the impression that 1t 1s the field size rather thanthe
phantom thickness that affects the gonad dose

Discussion

These measurements of the superficinl dose and exit dose correspond with
the data obtained by other authors The values differ only in ther absolute
magmitude The present writers used for all KV ranges tested added filtraton
of 02 mm Fe With regard to the resultant radration homogeneity, this c";
responds to 4 mm Al filtration but offers 1n compensation a gamnin dose ra
(12)

Grids, filters intensifying screens and films remained cons
There 15 no doubt that a higher blackenuing and a modification
filter, intensifying screen or film, change the measured values in ¢
magmnitude although the type of curves obtamned will be marntasmed

tant during the tests
of the gnd
herr order of
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Table 8
Gonad does 18 20 e water and field su.e 10 10 cm with 0.2 mom tron filtr at differen disterces from
the field
Chamber — Central beam ~- Distances
k% 50 an 3em 30 em 25 cm 20 cm
60 38 49 6.5 120 430
80 21 28 38 78 170
110 03 14 19 42 80
140 04 13 19 38 70
1% 05 14 20 41 80
Doses mm g1
‘Table 9

Gorad doses n 20 cm water and field seee 15X 1> em with 0.2 mem won filter ot different dustarces frort
the feld

Chamber — central beam — distances

kv 50 cm 33 em 30 em 22 em 20 e

60 27 120 150 230 510

80 15 70 98 170 30

10 075 28 43 90 180

140 08 28 38 70 160

1% 09 32 46 85 190
Doses 1n pix

The mpression gamned by the wnters that the thichness of the pauent has
only a sight influence on the gonadal dose values 1n conjunction with Hay-
BITTLE § statement that the field size 1s not as deasne as the distance of the
gonads from the field suggests that the charactensstic shape of the cur es obtained
make them generally acceptable for roentgen diagnosts

Many papers dealing with the changesin the gonad dose with varving racio-
graphic potential have appeared The results are by no means umform and the
reports that the gonad dose increases by as much as 3 10 2 umes when the tube
potential 15 raised into the high AV range 1s hmited 1o few yet frequently
quoted test results These papers almost without exception referred to a
constant exat dose ob! d i pl In contrast to this 1t
emerges from Tables 2 3 4 and 5 that the exat dose 1s not sutable as a reference
pont 1f the present conditions are to be met OESER found 1n phantom measure
ments at tube potentials up to 100 KV that the gonad dose apprecrably nises in
the hugh kV ranges With reference to the exit dose Moxnr army ed at the same
results by phantom measurements at kilovoltages up to 200 kV Accounts by
the same author on results obtamed 1n patients dunng exanunations made by
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operators 1 vanous hospitals under different conditions are not conclusne as
he indicated onb mean values for potentals up 1o 150 kY Miciar & Svo-
nropa, while emphasizing the 1dvantiges of ligh K\ techmque for phantom
measurements with 1 consiant exat dose, also drew the conclusion that the
gond dose increrses Sciaal however found that the mcrease 1 the gorad
dose 15 less mathed of the measurements are made behind the gnd a result
which was confirmed by meisurements effected by Monr Cen & Frixm
making measurements under the same condittons also obsenved that the gonad
dose nises with a hugher twbe potential but argued thar this ncrease mieht
possibly be affected by the ghd intensifiang screen and §lm factors hrorz &
SEELENTAG, In 1 thesis published 1in 1961, stated that dunng measurements
made 10 a Iving subject the gonad dose increased with nising potenual, but
Tud the emphasis of the mvestigition on the resultant dosages actualhy obtained
1 routine examinatons hrotz {1928) however, reported that the difference
m the magnitude of the gonad dose with soft and hard radiation 20 10 200kY)
15 not noncetble although he too referred to 1 constant exat dose There appears
to be 1 contradiction 1n the paper of MarTis who 1n a table for thorax radio-
grphy gue 4 reduction of the dose 1o the ovanes when the radiographic
voltage and the filrtion were rased Mention 15 made n the perunent text
however of an increase 1n the gonad dose under the same conthnons detailed
voltage and filtration data are not watlable in the clinenl apphcation of thee
m estigatons

It emerges from 1 Jarge pumber of publicitions {Buraey, Haver Jacos
sex, Houmiusen, OssorN, WINDEYER, ZUPPINGER etcoll ) that the gonaddese
recened m roentgen diagnosts 1s on an average vers small, 1t 15 abo lower than
the dose recened from the dalv expasure to nitura} vmbient radation Con
sequently a dose inerease or decrease certanls hes wathun a mgnatude thatn
1tsell cn be tolerated It must be stressed howenver, that this knowledge does
not free us from the obhigaton of heeping the mdnadunl dose of the panent 25
low 18 possible od

Although the results contuned 1n the publications that have been quot o
only wmn part are not umform, they have nevertheless produced the 1mprt§1{;’w
that the lngher gonad dose should restnet the use of high hilovoltiges .
present results corroborate the fact, already presumed mn some papers ¢ Dc
the gonad dose does rot rise when radiographic 1oltages 1 the bigh K4 r:d“:i‘
are employed More than that, they demonstrate that at the distances u<60 -
dardy pracuice, the gonad exposure 15 consideribly hugher at volt1ges from
100 LV thin from 100 to 200 AV

Acknowledgements

The authors wish to acknowledge the of the D of R
wish to thank B Roos for s help with the measurements.,

ph and ak0




GOVAD DOSIMETRY IN DIAGNOSTIC RADIOLOGY 361

SUMMARY

The superficial exit and scatter doses corresponding to the gonad dose were measured 1n 2
phantom at klovoltages of from 60 to 190 kv with a tested installation and under given con
ditions Proof was obtained that the gonad dose decreases both at short and long distances
when the tube potentral 1s mereased The gonad dose 1s derably higher at rad b
Aohages from 60 10 80 k% than mn the 100 10 200 &V range

ZUSAMMENFASSUNG
An emem Phantom wurden die E: blung die Ausfall sowie dic S
3 emer Gonadendase bet von 60 bes 190 kV mut exner geewchten
A X

p und unter Es wurde bestatigt dass die
Gonadendose sowohl ber kurzen als auch bex langen Abstanden abmmmt wenn man die
Rob ® t Die Gonadendose 1t b htlich haher 1m Bererch der diagnos
tischen Spannungen von 60 bis 80KV alsam Bererch der Hartstrahltechnik von 100 bis 200 kv

RESUME

La dose superficielle 1a dose de sortie et 1a dose de rayonnement diffusé correspondant 2 la
dose gonade ont été mesurées sur un fantéme sous des tepsions comprises entse 60 et 190 kv
avec une installation testée et dans des conditions déterminées Cette expénmentation prouve
que la dose gonade dimunue auss: bien a courte qu i longue distance quand la tension du
tube augmente La dose gonade est considérablement plus élevée & des voltages radiography
ques compns entre 60 et 80 kV qu entre 100 ct 200 kV
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FROM THE DEPARTMENT OF MEDICAL PHYSICS, AND THE DEPARTMENT OF GERM
FREE RESEARCH KAROLINSKA INSTITUTET, STOCKHOLM SWEDEN

MINERAL PATTERN OF URINARY CALCULI
FROM GERM FREE RATS

th

J E Gras and B Gustarssox

A frequent occurrence of unnary calculi was detected 1 a recent mvesti-
8auon n germ free rats (GusTarsson & Noryan 1962) Profound alterations
n the unpary composiion were found to be associated with the presence of
Oumerous bladder stores which were observed almost exclusively 1n males
When the animals acqurred the flora of coprventional rats however the unnary
excretion after a short penod returned to normal Conventional rats main
taned on exactls the same diet were enurely free of calcult indicating that
some speaific enologic factor for stone deposition was present under germ free
conditions The present report concerns the morphology structure and mneral
composition of bladder stones collected from a small number of germ free rats

Germ fiee method Germ free rats were reared according to the modified
technique of Gustarsson (1948 1959) and maimntamned on the semsynthetic
diet D7 stenlized by autoclaving for 20 mun at 121 C According to the
analysss of the diet by a commercial laborators the dnv weight basis consisted
of protemn 21 4 °, calcium 102 °, phosphorus 048 95 gving a Ca P rauo

—
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FROM THE DEPARIMENT OF MEDICAL PHYSICS, AND THE DEPARTMENT OF GRRM
FREE RESFARCH, RAROLINSRA INSTITUTET  STOCKRHOLM, S\WEDEN

MINERAL PATTERN OF URINARY CALCULIL
FROM GERM-FREE RATS

by

J E Gras and B Gustarsson

A frequent accurrence of unnary calcuh was detected m a recent investt
gation m germ free rats (Gustarsson & Nomman 1962) Profound alteranons
in the unnary composition were found to be assocated wath the presence of
numerous bladder stones which were observed almost exclusively 1n males
When the ammals acquired the flora of conventional rats however the urinary
excretion after a short pertod returned to normal Conventional rats mam
taied on exactly the same diet were enurely free of calcul indicating that
some specific etologic factor for stone deposiion was present under germ free
condiigns The present report concerns the wmorphology structure and mineral
composiion of bladder stones collected from 2 small number of germ free rats

Gernt free method Germ free rats were reared according to the modified
:Chmquc of Gusrars.on (1948 1959) and maintained on the senusynthetic
iet D7 stenhized by autoclavine for 20 mn at 121 G According to the
(a)rrmlysxs of the diet by a commercial laboratory the dry weight basis con 1sted
protewn 2L 4 9, calawm 1 02 9, phosphorus 048 9/, mwing a Ca P sano

Submusted for publication 17 November 1962
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of 213 The 1mmals were hilled after vanous pertods of time and the bladder
stones were collected and hept at —17°C

Roentgen analysis One to five caleult from each wmimal were exaruned by
the powder gen diffraction technique The stones were cut in two equal
halves, one of which was ground mto a fine powder Representatve samples,
contaming all the components present 1 cach caleulus were thus assumed
to be obtuned Duffraction patterns from such specimens were recorded with
A cyhndric Debye Scherrer camera 1146 mm in diameter M filtered Cu
radintion from 1 rocntgen tube, operated at 40 KV and 20 mA was used
throughout the diffraction cxperiments The cut surfice of the remamng
halves of the stones was ground s smooth s possible and a shce was cut
parallel to the ground surfice the ground scctions obtamed i this way had
a thickness between 200 and 300 microns and were obtwned from calesht
from the majority of the rats In most cases regions having a different micro
scopic appearince were noted 1n the cut scctions and small pieces of such
regions were dissected out for idennficatton, = flat film microrocntgen diffrac
tron camern bemng used for this purpose Contact microradiograms of the
sections were made prior to the dissection procedure on hodak Maximum
Resolution plates using Ni filtered Cu radintion as above These provided
detuled mformation, duc to the varying roentgen bsorption charactensucs,
on the local distnibution of the different ot 1 p building up
the calculi

The crystalline salts present within the calcul: were rdenuified after com
paring diffraction patterns from substances of Anown composition with those
actually obtained from the stones Identification of one of the componcm;
(calcium atrate hexahydrate) was somewhat complicated by the Tack of
reference matenal as well as of recorded roentgen data for the pnmcula?
hydrate present Several different preparations of different hydrated forms(;l
calcium catrate were therefore produced, diffraction patterns from suCd
precipitates (dried at room temperature for 48 hours) were recorded an
compared with those obtained from the calcult

Results and Discussion

Bladder stones from germ free ammals appeared as well formed ovmdbig
sphercal bodies varving n size from less than 0 5 mm to 7 mm Th:dn;";em
and approximate stze distribution of stones collected from five rats of di xe:tutc
ages arc gaven 1n the Table [he external ippearances and 1nternal stru §
of calculi from each ammal were 1dentical, as revealed by microscame & M
amnation of intact or fractured/shiced stones in reflected light Calcuhs colfecte
from a single ammal also showed umform chemical characterisics el

Three different chemical compounds were identified n the calculus mnlcmm
exammned caloum atrate hexahydrate (Cay(GH:O1); 6 HO), e
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Table
Aumbers and st distributton of stones collected from five rats of different ages
Ammal Ageat  Number and size Number Components found in the caleuh

Mo sacpfice  of caleuls ofcalcult
(days) examined
1 128 22 to3mm 1 Calctum oxalate dihydrate
2 104 8tal0 05to4mm 5 Caleum citeate hexahydrate 4 caleium
oxalate dihydrate
3 208 81010 05t03mm 4 Calcium citrate hexahydrate + caloum

axalate dihydrate
4 974 2010252 to7mm 4 Calaum cutrate hexahydrate 4 ealcium
oxalate dihydrate + basic calcum
phosphate (apatite}
5 110 *05t04mm 2 Calawum atrate hexahydrate + calelum.
oxalate dihydrate

*Cluster of ovord stones connected by masses of calculus matenal

oxalate dihydrate {CaC O,, 2 H O) and basic calaum phosphate, ‘apatite
(Ca1,(PO,),(OH),) (sce Table) The presence of the hexahydrate modification
of caleium aitrate within the stones was strongly suggested by the observation
that a change 1n crystal structure from that of the tetrahydrate form was
mnduced after the calculus citrate had been heated to 60 C for two hours
The predicted temperature for the hexahydrate tetrahydrate transformation
15 52 C, as shown by Cratrerjee & Duar (1924) Morcover difiraction
patterns obtamed from caletum citrate preciprtates dried at room termperatare
and contaming 61 moles of water were found to be 1dentical with those
recorded from the calculus citrate thus proving the existence of the hexahy
drate modification 1n the stones Catrate occurred as the dominating component
1 the calculi and appeared as a white soft and rather loosely pached powder
which easily decomposed 1nto thin, curved lamellae when fractured Calcum
atrate was oceasionally found n the pure state in small volumes although 1t
usually occurred admixed with calewum oxalate and sometimes apante

Only m one case were stones found to be composed of pure caluium ovalate
Caleuli from animal 1 thus appeared as a cluster of closely connected browmsh
cnystals arranged radially and hawving an individual size of about 100 to
400 mucrons

In calcuh from other ammals calcium citrate always formed a central core
1 combimation with varying quantities of calcium oxalate The oxalate frac
tion mixed with the atrate, however, was always small and showed up
the microdiffraction patterns as spotty rings indicating a greater crystal size
than the cierate

As judged from microradiograms and mucr gen diffraction tests there
Was an mcreasing proportion of oxalate towards the outer parts of the stones
n most cases Calcul from amimals 2 3 and 4 were all enveloped with a thin
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of 213 The ammals were hlled after v arious periods of time nd the bladd
stones were collected and hept at — 17 C

Rocentgen analysis One to five crleult from each ammal were cxamined
the powder roentgen diffraction techmque The stones were cut 1n tho ¢
halves, one of which was ground into a fine powder Representatine sam
contuning nll the components present 1n each calculus, were thus assu
to be obtuned Diffraction patterns from such specimens were recorded
a cyhindric Debye Scherrer camera, 1146 mm in dinmeter Ni filterer
radiation from 2 rocntgen tube, operated 1t 40 KV and 20 mA  was
throughout the diffraction expeniments The cut surface of the rem
halves of the stoncs was ground s smooth as possible and a shce
paraliel to the ground surfice, the ground secuons obtuned n this w
a thichness between 200 and 300 microns nd were obtuned from?
from the mnyority of the rats In most cascs, regions having 2 different
scopic appearance were noted n the cut sections and small preces
regions were dissected out for identificanion, a flat film microroentge:
tion cameri being used for this purpose Contit mmcroradiogra
sections were made prior to the dissection procedure on Kodah 'V
Resolution plates, using Ni filtered Cu radiation as above These
detailed nformation, duc to the varying roentgen absorption chara
on the local distribution of the different chemical components buj
the calculi S

The cnystalline salts present wathin the caleull were 1dentified 1
paring diffraction patterns from substinces of known composition |
actually obtiuned from the stones Identification of one of the cd
(calaum atrate hexahydrate) was somewhat complicated by th
reference matenal as well as of recorded rocntgen data for the
hydrate present Scveral different preparauions of different hydrate
caleiwm catrate were therefore produced, diffraction patterns
precipitates (dried at room temperature for 48 hours) were rec
compared with those obtained from the calcub

Results and Discusston

Bladder stones from germ free ammals appeared as well form
spherical, bodies varying in size from less than 05 mm to 7 mm
and approximate size distribution of stones collected from five
ages arc given 1n the Table The external appearances and ntc
of calcult from cach ammal were idenucal, as revealed by 1
amunation of intact or fractured/sliced stones mn reflected hight C
from a single ammal also showed umform chemical character

Three different chemical compounds were 1dentified 1n the c
examined calaum ctrate hexahydrate (Cay(CHiO1)s 6
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analysts s olving the use of column and gas chromatography for the sepa
ration and dennficanon of calcium oxalate and calcrum citrate (GusTaFsson &
Noraan 1962)

The applicauon of roentgen methods has yiclded further information about
the distnbution of the vanous mineral components bwlding up the calcuh,
and the crystalline nature of the different calcium salts present has been fully
established It has also been possible to prove the existence of basic calcium
phosphate 1n small quantities 1n stones from one ammal

Data collected on the chemical composition of the calcult correlate well
with the observed unnary excretion pattern of the rats Determinations of
the electrolytes m the urine from a small group of rats thus showed the presence
of high levels of calcium and aitrate (5 to 10 times the values for the con
venhional rats) whereas the phosphorus content was low The occurrence of
calctum citrate 1n the caleul 1s remarkable i view of 1ts lugh solubility (2 1
grams per 1 000 ml water at 30 C) (CuatTEr]EC & Danr 1924) compared
to that of other calcum salts present mn the calcul (caleium oxalate and
apatite)

The uninary concentrations of calcium and citrate 1ons dunng germ free
conditions are however evidently high enough to kecp the salt n ats sohd
state The orgamzation of the stones 15 in agreement with the finding that
calculi disappeared during the ex germ free period and that the mnermost
Part was then the first to dissolve (Gustarsson & Norman 1962)

SUMMARY

Bladder stones from germ free rats were investigated by means of microradiography and
roentgen diffraction The calculs were found to be composed of three different caleium salts
calem enrate hexahydrate calaum oxalate dihydrate and basic calcium phosphate The
Proportions of these compounds and their local distribution within the stones were determined

ZUSAMMI NFASSUNG

Blasensteine von infektionsfreien Ratten wurden mit Hilfe von Mikroradiographie und
Rontgendifirakuon untersucht Es wurde gefunden dass die Steine aus drer Kalksalzen
2 waren C h Cal lat-dsh und Calcium
Phosphat Der proportionale Anteil jedes Salzes sowre deren Verteilung mnerhalb des Stemes
werden angegeben

RESUME

Les auteurs ont étudié en et en diffy de ravons roentgen des
caleuls vésicauy j to cnant de rats exempts de germes Ils ont constaté que ces caleuls sont
Composés de tro sels de calem différents le citrate de calerum hexahydrate 1 oxalate de
calowm dihydrat 1t e phosphate basique de calerum s ont détermné les proportions de
€& composés et la lo absation de leur réparttion dans les ealeyls
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CHANCE-PILKINGTON

Chance Piikington Opticat Works have made four radhation shielding windows for use with
the Dragon {OECD High Temperature) Reactor Project being buiit at the Atomic Energy
Establishment Winfrith as @ joimt venture by the European Nuctear Energy Agency

Eath window Js 3-#t (914 cm) in diameter and 27 inches (686 cm} thick It gives the same
shielding against radiation as the equivalent thickness of concrete The glass elements
Consist of three 6's inch {156 cm) thick blocks and two 17%/sinch (48 cm) thick blocks
In haspuals also Chance gton have had i the de gn of
radiation shielding windows having supplied them to Guy s and the Royal Marsden {Lon-
hthl N=wcastle General and Newcastte Royal Infismasy and St. George s Lincoln Windows
Zae';a'abzfn ordered for the Royal Sydney Hospital {Austraia) and Wellington Hosp af (New

N

Chance»Pnk)ngzcn Oplical Works give a complete service in the design manufaclure and
nstaliation of radiation shielding windows for all types of apphcation Save tme and money
b/ tonsulting the Chance-Pitkington Adwisory Service In the early planming s age

CHANCE PILKINGTON OPTICAL WORKS
St Asaph Fiintshire England  Yelephone SL Asaph 3289




DANA. X-Y TABLF

NEW BUCKY COUCH

with silding table top [‘2200 x 600 mm)
X displacement 1250 m

Y displacement 270 mm

independent fixing

Height of couch 730 or 810 mm

UNILATERAL SUSPENSION

gives free access to locate elther image Intenslfier with TV X ray
tube or fiim or cassette changer under the cauch, and makes
possible a bitable (4 15 ) suspension of the table top

THE BUCKY DIAPHRAGM

Is also unllatertlly suspended and can be displaced 537 mm fn
the tonpitudinal direction of the couch out of the beam

For more detalled Information please apply to your
nearest Philips erganization or Philips dealer or direct to

DANSK RONTGEN-TEKNIK?

{
EXPORT DEPARTMENT 30, MOELLEGADE AARHUS C, DENMA



FROM STRAHLENTHERAPEUTISCIIEN ABTEILUNG (LEXTER PRIV DOZ HL l\ELLER)
DER MEDIZINISCHEN KLINTR (DIREKTDR PROF N IIEV\I\G) DER UNIVERSITAT ER
LANGEN-NURNBERG DEUTSCHLAND

COSTS IN DEEP THERAPY OF A 1 r TUMOUR DOSE
WITH VARIOUS RADIATION SOURCES

hy
Hans Lubwic RELLER

The practice of medicine takes 1ts ongm from motn es of charity usually with
Out regard to matenal considerations But m the chowce of the means the
Physician 15 necessartly bound to economuc considerations This applies partic-
vlarly to the employment of larger techmctl resources as, for example
¢ostly apparatus Radiotherapy 1s a good example

e product, 1n an economic sense 1s usually equivalent to the financial
©penditure The latter consists m the outlay for the prousion of treatment
Tooms the purchase cost of irradsation apparatus, runmng costs for electnaty
and water, value depreciation of radiation sources and remunerations to the
medical personnel

A Synopsis of the imual expenditure financial outlay runnmng costs and
medical salanes 1s shown i Table 1

I We have ascertuned the outlay for construction of treatment rooms 1n
CIudmg the necessary radiation cubicles and accessory rooms such as reception
to0m, physician s room, office, and lavatories A life span of 25 years has been
@aleulated for the rooms of pnmary ymportance and accordingly an annual

Submutted for publication 11 January 1963

1633038 Acta Radiologrca Vol 1 5 The apy 3¢9
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Table 1
£ inaneral eependiture wsing vartous radvation treatment arrangements (all the figures ex
200k 300k |300k\v  |Cs 2000|Co 60 Co €0
20 mA 12mA | 12m\  |cune 1000 2000
vVl HvVE 1vL beam cune cune
tmm  |Imm  |4mm  |moving |radiaton|radition
Cu Cu Cu mall di |inafived linafived
rections | plane plane
Calculoted bilding expenses
Treatment room
Surrounding space 1in m 125 133 133 275 200 200
Cots for I m surrounding spice 30 3750 3750 50 50 50
Insuial cost of treatment room 3750 5000 5000 13750 10000 10000
Side roomsy 5000 5000 5000 5000 5000 5000
Total bullding expenses without
speeal installations 8750 10000 10000 13750 16250 16250
Inttral costs of
Apparatus and moving ficld
treatment Uit 17500 21250 21250 20000 29000 29000
Radiation source 2500 5000 10600
Treatment table 2500 2500 2500
Total sutral costs without tran
sport and custom fees 17500 [21250 21750 25000 |36500 |41500
Capuial service per year
Building costs
Amortization 4 350 400 400 750 6.0 650
Interest 5 435 500 500 937501 825 825
Apparatus
Amortization 10 17,0 2125 2125 2250 3150 3150
Tnterest 875 106250) 106250} 1250 18% 2075
Wear of radiation source per
year 250 1000 2000
Rent of arca and cxpenses for
heating and lighting per year 500 500 500 500 500 500
Total capital service per year
repairs included 4250 5000 5000 6250 8500 10 000
Of eratronal costs
Tubewear expenses for electne
ity and cooling water per hour |1 dollar |1 dollar |1 dollar
of radiation 13 cents |25 cents |25 cents
Annual expenditure at maxt
mum yearly performance 1425 ] 1000 | 1750
Annual salaries of staff 8500 | ss00 | ssoo | ssoo | 8s0 | 8500 |
Total sum of annual expenditure
operational costs at the theorett
cally possible maximum yearly
performance 14175 14 500 15250 14 750 17 000
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Table 1 feont )
<epling the first line figures representtn the space required correspond to dollars end eents)
Cob0 |Co60 |[Co60 |18 el |18 Mel |35 McV betatron | 35 MeV |Linear accelerator
2000 (4000 (8000 [betatron ] betatron] rocntgen rays betatron [4 3 Mev (SL 48)
curte 1a |cune ra |cunera tgen | fast fastelec
diaton [dution [diston [rays  [elec Without [Vath  [1rons fast elec
beam  |beam  [beam trons | ficld field rays  [trons
moving |moving |moving hormo- | homo- \theoret
wall d: linall d |inall di geusa | genusa cally)
cctions | rect ons | rections tion tion
400 400 400 420 450 500 500 500 500 500
50 50 50 55 55 75 75 75 75 75
20000 120000 |20000 | 25000 | 25000 | 37500 | 37500 | 37500 | 37500 | 37500
6220 | 625 | 6250 7500 | 7500 | 7500 | 7500 | 7500 [ 7500 | 7500
6250 {26250 [26220 | 32500 | 37500 | 45000 | 45000 | 45000 | 45000 | 45000
42500 147500 147500 [112500 |112500 |tessoo [185300 | 185500 (150000 [150000
10000 20000 (40000
2500 | 2500 | 2500
53000 |70000 {90000 Ji12500 |112500 |185500 | 185500 |185500 |ts0000 150 000
1050 | 1050 1050 1300 | 1300 | 1550 | 1550 | 1550 | 1520 | 1550
131250f 131240) 131250] 1625 | 1625 | 2250 | 2250 | 2250 | 2250 | 2250
4500 | 5000 | 5000 |1rgso | 11250 | 1gsso | 18550 | 18550 | 15000 | 15000
2750 | 3500 | 4500 | 5625 | 5625 [ 920 ( 9250 | 9250 | 7500 | 7500
2000 [ 4000 | 8000
00 500 500 500 200 500 500 500 500 500
12500 15750 [70375 | 21250 | 20250 | 33700 | 33730 | 33750 | 28750 | 28750
28| 1758 3758 | 3758 | 3755 [ 178 1358
10000 | 3720 | 3250 | 4300 85 | ti12s | 1125
8300 | 8so0 | 800 10500 {10500 | 10500 | 10500 | 10500 | 10500 [ 10500
Techmcal st T 2000 | 2000
000 24250 | & 400> 00l 47500 48750 45000 | 4237 | 42335”
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Fig 1 Relationship of preparation ume to ira
diation tyne depending upon the wmour dosc
rate_single tumour doses of 250 r1n 10 cm tissue
depth preparation time 6 3 min

deprectation 1n value of 4 9 Interest at 59 on the mital funds was also
tiken nto consideration The internal area of the treatment room was cal
culated at 25 m*

2 Tor the radition sources and irradiation apparatus an average hfe of 10
years and therefore an annual depreciation of 10 %, and an annunl interest
At 5 % on the purchase price, were selected

3 The runming costs, 1e costs of electricity (1bout 2 5 cents per hlowatt)
and cooling water (about 12 cents per m?), 1s well as wear and tear of radiation
sources arc about proportionilly dependent on the number of working hours
An overall sum for recurnng costs, such as for heaung and lighting of the
rooms also has to be included The expenditures for wnting material forms,
and patient stiistics may apparently be neglected

4 Essenunl atems are the silaries and wages of the treatment personnel
For the operation of 2 full time wrradiation umt the costs were estmated as

follows

Annual expenditure for 1 1ssistant radiologist $ 4000
Annual combined expenditure for 1 1/2 techmical assistants $ 3500
Share of typist 1/2 salary per annum § 600
Share of cleaning  1/3 salary per annum S 400

Inall § 8500

These expenses for personnel are about the same with fully worked apparatus
for deep therapy of conventional construction and with radioactive 1sotopes 23
radiation source In the case of various particle accelerators a further amount
must be added for techmeal personnel

A physicist does not appear to be indispensable, but for the hnear accclcraul)rs
and the betatrons 1t 1s necessary to employ well tramed personnel Accordingly,
for such medical personnel an annual expenditure of § 10500 in toto was

arnwved at



€OsT OF 1 R TUMOUR DOSE WITH VARIOUS SOURCES 373

v ou 32 o e B
HE R EET I L
$° 2 vSTEcuw G GE2
as 5 P IRIE &L
=§ = S5Eyay X939y w3 I
T8 B (zieEn8, .32 k2 ZT
£
z A}
8 ATNAS Fig 2 Comparson of the
H S yearly performance and costs
2 NNESR 1 r tumour dosc using
9 NS ~ various sources of raduation
The continuous curses show
H
s NS Pl the range of yearly perform
ot ance from cost standpoint be-
° ™~ tween 25 , and 75 , fal
H filment of the maumum
8 1y performance theoret
L 1| yearly pe c
M % Gally poss ble A aircle on the

100 ™ W o«
ToTAL SERIES PER YEAR

8

cunemarksad40  fulfilment

The roentgen tumour dose corresponds econommcally to the means produced
by the costs Health insurance companies 1n various countries tahe the super
fical dose as the basis for calculation of the fee for deep therapy but this 1sapt
10t to compensate for the best qualitative results for example, decp therapy
with low energy radiation must obviously be in a different category from
treatment with ultra hard radiation In the present consideration 1t 1s
therefore the dose applied to the tumour that 15 made the focus of the
€cononuc evaluation

The number of worhing hours 15 on the whole aconstant The worhingyear
consists of about 50 weeks each of 40 working hours and therefore amounts to
2000 worhing hours In this period of ime only a certain number of treat
ments can be carried out The time allotted to the treatment of each mdividual
may be divided 1nto a so called preparation time and the treatment timc
uself’ In the preparation ume the pauent 15 brought tnto the room undressed
Positioned upon the table and the treatment field set up after the treatment

€15 dressed and taken from the room It would appear that the preparauon
ume 15 a httle over 6 minutes Our average value with always the same
medical personnel 15 generally constant on the other hand  the treatment time
depends upon the tumour dose rate of the apparatus used

The relation between preparation ume and treatment time s therefore equn
alent to the relation between 1 constant and a varable quantity It 1s illus
trated 1 the first graph (Fig 1) with the percentage proportion of treatment
time 1o the total working time on the ordmate and the vartous tumour dose
fates taken at an avera,e depth of 10cm on the absaissa It will be seen that
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‘Table 2
Companson of accomplished hmour doses by vartous radation unsts
200 kV 300 kV 300 K\ v 7Cs 2000] * Co 1000
WmY 12mA 12mA Cbevm | radiation
HVL HyvI HVL moving [T ]
ImmCu | I mmCu [ $mmCu | mall 4 | Atcom
rections | mENCINg
actity
Free air dose {rjmun) 70 200 45 30 78
150 em focus to chamber distance)
Relatise depth doscin  of free aur dose
for roentgen raysn 10 cm tissue depth | 309, 30 38 43 49°
for fast electrons according to encrgy
Tumour dosc rate
for roentgen rays 1n 10 em tissue depth | 210 efmun| 60 gfmun [ 17 cfmun | 13 efoun | 38 rjmon
for fast clectrons at the dose maximum
(no values gnen)
Hours of radiation per year of 2000 1300 800 1360 1540 1000
working hours hours | hours hours hours hours
Tumour dose at maximum yearly per
farmance 1n 10 ¢ 164 29 14 12 23
‘Treatment scries peryear 4 20X 2501
tumour dose 328 380 280 240 460
Single treatments per year 3 250 r
tumour dose 6560 11600 5600 4800 9200
Single treatments A 250 r per working.
day 25 445 75 185 355
(1 year = 260 working days)
Costs of 1 r tumour dose at 108 unh
zation of the theoretically possible maxi
mum yearly performance {Amer cents)| 0875 | 05 11 123 a7
Costs of 1 r tumour dose at 40 utilt
zation of the theoretically possihle max: o
mum yearly performance (Amer cents} 21 12 265 29 16!

at a tumour dose rate of nbout 38 rfmin, the preparation time s equal to
the irradiation time At smaller dose rates the treatment time predonunates,

and for larger dose rates the preparation time 1§ greater I
that 1 a worhing vear of 2 000 hours at high dosc rates a re
radiation time 15 required compared with a relatively long

tumour dose rates This may be exemplified as follows

At a tumour dose rate of 62 r/min the working year consists ©

t therefore follaws
Iatively short i
time with small

f 800 irradiation
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Table 2 (cont )
{See alsa pp 376377 for horr.ontal continuation of table)
Cfixed *Co 2000 C fixed Co2000Cheammoving | *Co 4000 C beam moving
plane radiation planc 1 all directions 1 all direct ons
Byhalf1fe | At com Byhalflfe | Atcom By half Ufe | At com By half Ife
menang mencng mencing
actity actvity acuvity
39 184 72 144 72 260 130
19 19 490 9 49 49 9,
19 rfmun 70 rfmun 35¢mm | 70 rfoun 35tfmun | 128cfmin | 64 fmm
131 70 1040 740 1040 480 760
hours hours hours hours hours Fours hours
153 31 22 31 22 17 293
300 §90 410 620 440 740 590
6120 12400 8800 12400 8800 14800 11800
2t 48 3 48 34 o7 4
e 06 083 06> 09, oF 083
27 14 20 156 227 198 20

hours, whereas at « tumour dose rate of 17 r/mm the worhing year 1s increased
%0 1 360 1rradiation hours Consequently 1n order to achieve twice the number
of tteatments during a working year for example 1t 15 not sufficient to double
the tumour dose rate 1t must be increased to more than 4 times 1ts value

Toreoy er, 1t 1s clear that each treatment umit can only achieve a certain number
Of tumour senes per vear, and this depends upon the average tumour dose
Tate {Sec Table 2}
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‘Table 2 (cont )

#Co 8000 C beam moving | 18 MeV betatron

11 all directions roentgen rays

At com By half Ife | Without Vouth ficld

menaing field homo- | homogen

actity gomsation | sation
Free air dose (rfmin) 200 2,0 80 65

(90 em focus-to-chamber dustance}

Relative depth-dose in ©, of free air dose
for roentgenraysin 10em tissue depth | 49¢ 49°, €3° 63
for fast electrons according to energy

Tumour dose rate
for roentgen rays in 10 cm tissue depth | 196 rfmun 93 rfmn 50 rfoun 3ot run
for fast electronsat the dose maximum
(no values gnen)

Hours of radiation per year of 2000 200 280 230 1080
working hours hours hours hours hours
Tumour dose at maximum yearly per
formance in 10 1 40 28 265 23
Treatment senes per yeara 20% 250 ¢
tumour dose 800 560 530 460
Single treatments per year A 250 ¢
tumour dose 16000 14000 10660 9200

Single treatments A 250 r per working

Y
(1 year = 260 working days)

Costs of 1 r tumour dose at 100 unls
zation of the theorctically possible max:

mum yearly performance (Amer cents) | 073 093 1.58 18
Costs of | r tumour doscat 40 unl
zation of the theoretically possible maxi 42
mum yearly performance (Amer cents)| 176 225 36 |
afixed
Th r en by a certain figure only when
¢ cost of 1 r tumour dose may be given by gu relationship

number of patents are treated per annum  Strctly speaking the This guves
can be shown only by means of a cost performance graph {Fig 2) ber of
the costs per 1 r tumour dosc m cents on the ordimate and the nl"“ts n
applied tumour sertes per annum on the abscissa The continuous oc:l:uhzn
dicate the cost range of yearly performance between a 25 % and 75 %

rele 0D
tion of the theoretically possible maximum annual performance A
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Table 2 (cort )

JEAYAY 3a betatron roentgen ravs 3\ Linear accelerator 106 Meh
betatron. betatron
fast electrons fast electrons
Without field | With feld Roentgen Fast electrons
homogen homogen raye (theorets
1auon 1sation ally)
300 7 40 ca 500 400 e 200
s focustochamber-distance I m focus-to-chamber-distance- 1 ;x
[ 65 o 60°
2 100 e 100 , @ 100
@ 20rfmn | 50 rjmun 26 rfmun 500rfmn [ea 250rmn | e 500raun
a. 400 e 860 1700 @ 400 ca 400 e 400
hours hours hours hours Bours hours
45 26 188 48 48 48
%0 570 375 ca 1000 ca 1000 ca. 1000
18000 10400 7500 ca 20000 e 20000 ca. 20000
6 0 29 ca 80 e 80 ca 80
0426 182 76 09> 0872 087>
18 135 625 23 21 21

;h; cunves marks the 40 9, accomplshment of the maximum yearly perform

Q:: The costs of a 1 r tumour dose at an average utilizanon of the effi

“mc)' of the radration sources may thus be calculated \lodern radianon

o 'S necesstating a relativels high minal expenditure mosth
¥ this extra cos

Paruc

P
t by an increase 1o the yearly work performance This applies

: Uarly to the cobalt 60 sources to the Lmear acceleritors and to the
trons especially 1f employed as electron generators If betatrons are
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Table 2 (cont }

#Co 8000 C beam moving | 18 MeV betatron

1n all directions rocntgen rays

At com By half hfe | Without Wath field

mencing field homo- | homogem

actity genusation | sation
Free air dos (rfmin) 500 250 20 6

{50 am focus-to-chamber-distance)

Relatve depth-dose . of free awe dose
for rocntgenrays in 10 cm ussue depth | 49 4 490 63° 6
for fast electrons according to cnergy

Tumour dose rate
for rocntgen rays in 10cm tussue depth | 196 ffmin | 98fmn | 50 gfmun 325/mun
for fast electrons at the dose maximum
(no values given)

Hours of radiation per year of 2000 200 280 230 1080
working hours hours hours hours hours
‘Tumour dose at maximum yearly per 3
formance 1n 10 ¢ 40 28 263 2
Treatment scries per year 20> 250 ¢ 460
tumour dose 800 560 530
S ngle treatments per year 2 250 r
tumour dose 16000 14000 10600 9200
Single treatments A 250 £ per working 15
da 80 70 4

>4
(1 year = 260 working days)

Costs of 1 r tumour dose at 100 utih
zation of the theorctically possible maxi

8
mum yearly performance (Amer cents) [ 073 093 158 1
Costs of I r tumour dosc at 40 utils
zation of the theoretcally possible maxt 425
mum yearly performance (Amer cents) [ 176 225 3f (2=
nafixed
The cost of 1 r tumour dose may be given by a certainfigure onllly “};;uonshl}"
number of patients are treated per annum Strctly speaking there

Fig 2) Thisgne
(ng the number ©
nuous curves 1

can be shown only by means of a cost performance graph
the costs per 1 r tumour dose m cents on the ordinate 2
applied tumour serics per annum on the abscissa The contu o uulza
dicate the cost range of yearly performance between a 25 % and 73/\/211‘615 on
tion of the theoretically possible maximum annual performance
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Fig 4 Theorencal maumum performance of treat
ment senes per year (for a working year of 2000
hours) depending upon the tumour dose rate for van
ous fract onations with b olomc equivalent effect on
11t amour {from Axprews & Moooy)

The cost conmideration m the chowce of radiation techmque and fraction
ation 13 of particular interest

In order to apply a tumour dose of 5 000 r 1n single surface doses of 250 r
usng the stationary field and cross fire techmque according to the chowce of
radiation and the various relative depth doses 66 to 31 single treatments are
required, as opposed to 20 treatments with moving field therapy To obtain

the same tumour dose therefore, the stationary field method leads to gher
{fractionation

Such a fr 1y olve

a derable average reduction of 0 66 times
the yearly performance, as may be seen from Fig 4 Providing there 1s a suffi

aently high number of available cases this results 1 1 50 %, cost ncrease for
a 1 r tumour dose Apart from the climcal point of vicw  economic considera

tons therefore become cntical factors i the argument that mowing field
therapy 15 to be preferred to the stationary field techmque

SUMMARY

The annual expenses of radiation deep therapy (cost of buldings and plant and runming
«c¥penses and salanies of staff) are considered 1n relation to the possible tumour dose rate [at
10 cm vissue depth) with various types of apparatus Thesc woutd appear to vary to a marked
degree 1n various centres Tables are shown from which vanauons according to local
circumstadces may be derved It 1s evident that the selatvelv hagh cost of elaborate appara
tas may often be offset by the large number of cases posuible to treat

ZUSAMMENFASSUNG
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beue 15t sich bewupt dass 1n der Welt die Rosten sehr verschieden sind Es werden daher Ta
bellen gezeigt die nach den lokalen Verhaltnissen varnert werden konnen Bei Apparaturen
mut hohem Anschaffungspreis wird haufig infolge der wesentlich hoheren Dosisleistung e
viel grosseres Patientengut bewaltigt

RESUME
L auteur a détermuné d une part le cott annuel de la thérapie profonde par les raduations
(cott des ba et des drrad frais de fc et salaires) er

d autre part la dose 4 la tumeur (2 10 cm de profondeur) que peuvent émettre annuellement
divers types d appareillages de thérapre profonde Les frais peuvent varter beaucoup d un pays
alautre L auteur public des tableaux que 1 on peut adapter & crs facteur locaux Suuvent
les appareils dont le prix d achat est ¢levé ent une capaaté de fonctionnement annuel notab
lement plus grande permettant de traiter beaucoup plus de malades
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BOOK REVIEWS

Toxizng RADIATION Ax OLD HAZARD T A NEW ERA. By George Tievsky 154 pages 6311
Tustrations and 5 tables Charles C Thomas Springfield Il 1962 Price $8

The physical radiobiologic and genctical background to the understanding of various
fands of raciation hazards are first p dma lfied and not too accurate
manner In the two chapters on fluoroscopy and radiography the author stresses the 1mpor
tance to lrmut as far as possible whitout jeopard the d results the rad doses
secenved by patients and personnel He gives the more mmportant rules to follow for this end
"These rules should alr ady be well known and apphed 1t 13 to hoped by all radiologsts but
surgeons and others using roentgen radiation and without speail tramming in radiology should
study them closely The author nightly advises non radsologsts to refrain from more specialized
and difficult roentgen exammations because of lack of experience they will usually mflict
unnecessarily high doses on their patients and themselves and with mferior diagnostic result
There 1s no special chapter on radiotherapy

The wrradiation of human bemgs m general by patural radioactivity and by radoacuve
fall out 1s then discused and some compansons of magnttudes are presented m order to
Tetain a sense of proportions Some figures are contamed 1 an appendix by G M Dunning
Legal considerations are stressed such as the dufficulty mn many cases of deading whe
‘workman s compensation claxm for radiation myury 1s d as well as the of
founding a future policy 1 2ll questions of radiahion protection solely on smentific facs A
Judgment of values 15 also necessary to ensure that the postive consequences of a proposed
policy weigh over the negative ones Finally some wmformation 15 given on national and
nternational bodies considering radiation hazards on Handbooks of the National Burcau of
Standards and a glossary of terms is presented

In short the book constitutes a papular and readable presentation of a subjeet of great

topical anterest although parts of 1t should be taken + 1th a grain of salt A study of the rel
erences quoted should be helpful in this respect

ther a
1

Sten Benner

DIE Wirsersavte m DiaGNosTIK unp Trrrapie h der 2 Ar der
kY Ny

lischaft fur W 1961 1 Frankfurt am Mamn 208 Sesten 79 Ab-
bildungen Hippokrates-Verlag Stuttgart 1962. Price 39 DA{

Thus book reportson 35 congress papers Some of the papers dealing with radiography of the
vertebral arteries performed on cadavers i the course of which the blood flow at different
fotations of the spine was expenmentally studied arc of particular mterest to radiologists The
climeal sigruficance of this mechanical mftuence s discussed i the hight of simalar studies 1
Patients

The lectures are of general and theoretical interest but they do not from the purely rad
ologic viewpot provide much new information

Folkz hnutsson
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I INTERNATIONALER KONGRESS FUR APIIF UAD K
Herausgegeben von H Orbach 362 Seiten und 275 Abbildungen Georg Thieme Stuttgart
1962 Price 88 DA
The first Intcrnational Congress of Medical [ hotography and Cinematography was held

at Dusseldorf1n S, 1960 the have now been beautifully printed in a handy
volume contamming about 140 papers Many subjects from the wide field of photography are of
nterest to a radiologist although some of them will be well known from recent radiwologic
meetings Some technical papers particularly those on modern roentgen films and their
¥ and on p h will also prose of value Parts of the papers on 1mage
quality obtained with the image ampl and on § { with an
anefluorography  memory tubes and the mucroroentgen techmque have been published
previowsly

Of probably less account to the are the onend ophthal
mologic dental orthopedic and surgical photography T ¢ ph phy (for skin
discases) and electron microscopy arc also dealt with and general medical photography
educational films and the standardization of photography 1n hospitals are discussed Cinemato-
graphy 1n different connecuions 1s comprehensively covered

The in the d at least those that have been published
are surprisingly few The reviewer regrets that the author of the paper on the possibilities of
reducing dosage by he devel seems to have overlooked certain
important elementary physical facts

N P

Ore Mattsson

StranLenscuTz N Torscitune unp Praxis Band 1 Jahrbuch der Vereinigung deutscher
H ben von H J Melching 252 Seiten 93 Abbildungen und
31 Tabellen Rombach Fretburg im Bressglau 1962 Pricc DM 39

Lectures covening a sun cy of selected topics during 2 radiation protection course to German
physicans 1n January 1961 are collected in this book The interests of those actually working
with radiation of those exposed as patients duning radiol ani
and of third parties are considered The report of H Howmiwsey on the extenstve invesngation
of patient doses in Hamburg sn which about 14 millon examunations and treatments are
analyzed 1s of special interest. Hontause and other authors stress the importance of improving
methods 1n common use and the possibility substantially to reduce patient doses without
sacnificing the medical value of exarmnauons

Other papers describe various forms of radiation 1njury and the treatment in such cases 33
well as waste disposal 1n atomic energy and medical 1sotope work The German legal aspects
of radiation protection appear to be of limited value to readers in other countrics although
questions of general interest are also discussed in these communications ¢ g the difficulty
or imposuibthity of proving 1n a given case the causal relationship between iradiation and
injury especially when the latter 13 delayed This naturally lumits the chance of the njured

arty ob from the
party ! 4 Sten Benner
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\snote popy CovvtnG Proceedings of a symposium held by the International Atomuic
Energy Agency Vienna 12—16 June 1961 535 pages International Atomic Energy
Agency Vienna 1962 Price 3 £ (1n North Amenca 1000 §)

The measurement of low level radio-activity 1n the human body 15 a field of study requiring
considerable skill and care 1n the design of app n the p of

and 1n the mterpretation of the results If these conditions are fulfilled valuable information

on radio-active fallout distnbution and metabolism may be obtamed It 1s further posuble

10 perform several diagnostic radio-isotope studies with a much smaller quanuty of radio-

artiity than i ordinary methods or to follow the excretion of a grven dose over a longer period

of ime The of natural rad: y 1n the body 15 alsa often of clintcal interest

A debt of gratitude 15 therefore owed to the International Atomuc Energy Agency for con
vening a meeting of prominent scientssts from several countries and for publishing the proceed
mgs 1 the present volume contamming 33 papers mostly in English but 5 of them m French

Vanous types of detectors calibration methods typrcal measurement faciliies and data

processing techniques are described Some devices for measuring the acuwvity i part of the

body or for studying the actvity distnbution are also mentioned

Certam papers concern the measurement of natural radio-activity from which potasssum
content and Jean body mass may be esimated others which cannot be reviewed n detail
ge several examples of the advantages acermng from the use of low level counting methods
for various diagnostic tests

The book should be of great interest to all workers 1n the field and its value 1s enhanced
by the summaries of discussions which give much useful supplementary information

Sten Benner

Motzcutar Biovwysics By Richard B Setlow and Ernest C. Pollard 545 pages 208 1
lustrations and 52 tables Pergamon Press Ovford 1962 Price 84 Sh

‘This book grves an account of the vanous physical and chermucal methods 1n use for studying
the structure and properties of biologically d organic les (duffu

sion sedimentation birefringence absorption spectra roentgen ray difiraction clectron spin
resonance} It further reviews cellular biology i general and commonly used methods such as
light and electron microscopy 150topic tracer methods radiation effects on viruses enzymes

cells and especially chromosomes) One chapter gives apphcations i muscle nerve and eye
physiology Mast of the chapters end by a number of problems for the reader

The book contains a wealth of factual matter and on

topics especially from the physicist s pomnt of view It does not always provide easy reading
but 1s well worth a thorough study by anyone who wants to penetrate the problems dealt
with or who 1s already active n the field The chapters dealing wath radiation effects and
tsotopic tracer methods would seem to be of greatest interest to the readers of this Journal

S en Benner
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Emnfuh mn die A huk der K g der Rad 2
Auflage He von H Fassbender 420 Scm:n ZHAbblldungm und 26 Tabellen.
Georg Thieme, Stuttgart 1962 Price 49 50 DM

The first edition of this book was described by the present reviewer as being probably of
more interest to technucal than to medical readers The second edition has been considerably
enlarged and s the work of specialists 1n the varnious fields and now no longer wntten by
one author Medical questtons are however still treated relatively briefly emphasis bemng
placed on radiation measurements and the dmgn of the necessary instruments The book
seems to be of lar wmnterest to and those concerncd with the technt
caluses of mdmxsmopts

Sten Benner
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AUTORADIOGRAPHY OF VARIOUS RAT TISSUES
AFTER THE ADMINISTRATION OF BISMUTH 210

by

C ] H van pex Broen

The usc of **B1 as a radiation source 1n the detection and therapy of neo-
plastic diseases has been nvestigated by va~ pEr WERFF (22 23 ) In the course
of this work 1t was thought desirable to collect more detailed information on the
distribution of bismuth Various organs and ussues Autoradiographv 1s the
usutd method of chotce for this hind of nformation However *¢Bi bemng
2 pure y emitter 15 unsuntable for anything but the youghest localizaton
Thus van bR Werrr & HaANEN (24) who used 29By gbsorbed on coal par
tickes and njected thus 1nto Jeucemic panents obtamed only a vague contact

diogram of 115 ! i a lymph node

Bismuth 210 on the other hand decays wath a half life of 5 0 days with
cmusston of 117 MeV £ ravs mto ® Po this 1 turn decass with a half Ife
of 140 days with emussion of both a (58 MeV) and , ravs mto stable Ph
Whereas the mean 8 energy of # Bu 55 rather high for accurate Jotalization
m autoradiograms the @ particles of polomum produce short straight tracks
i a photagraphic emulsion which can be traced down eyen to mdividual cells
A sharp localization of bismuth 15 therefore possible by imgecting a preparation
of freshly solated “By 1nto a test ammal fiing 1ts wssues after a wme interval

—_—
From the Department of Histology  Faculty of \eficine Usnwersty of Utrecht  the
her); Suby for pub 10 January 1953
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short an companson with the hall hfc of #°Bi, stonng the dehydrated
tissucs 1n paraffin blocks for some 4 1o 5 of these half Iives wnd studying 1n
autoradiograms the dstribution of the «a tracks onginating (rom the °Po that
has developed from practically all the #°Bi duning the storage mterval
Lacassacar & Foucaurp (6) 1n the early thirties demonstrated the presence
of lismuth 1n vanous organs by this method 1nd later hana (5) recorded its
presence i tumours  Since then the autoradiographic technique has been
markedly improved (ref 20) and 1ts resolution brought down to the cellular
level

The method has the disadvantage that 2 ume interval between the isolation
of #¢Br and 1ts vdmimstrition to the amimal, and between the Iatter nd the
fixation of the tissucs, 18 unwordable Whereas the first pertod can be reduced
to a mmumum the second 1s inherent to the expeniment It was thought,
howeser, that the 13 per cent of *: that turned into #9Po within the first
24 hours alter «dmmistration would not seriously 1impair a demonstr tion of
1 possibly speoific accumulation of bismuth

In the present expeniment the preparation and injection of 2By, 1 well as
all work on the tissues up to ther embedding 1 paraffin were curied out
at the St Camsius Hospital, Nymegen Holland under the supervision of
Mr van DEr WERFF upon the request of whom the preparation and valuation
of the autoridiograms were carned out by the present author

Matertals and Methods # B, as 1 BiCl, solution, wis obtamned from Phalips
Duphar Amsterdam The vena saiphena of 5 ordinany white rats of 1pproxt
mately 200 g bodyweight was mnjected with 1 ml neutral saline prepared to
contan 01 03, 1 3, and 10 xG respectnvely, these doses correspond with
the range from tracer dose to therapeutic dose 1o man The 5 animals together
with a control were hilled after 24 hours, and the liver, lung hidney spleen
and bone marrow (sternum) were immediately fixed m 10 8 formnldehyde
solution and embedded in paraffin wax accordmng to usual practice The
exact ume intenval between the preparition of the batch of #°By and the
amyection of the ammals was unfortunately not registered so that the mjected
solution contaned more than the unasoidable mmmum of polonium . Although
this would undoubtedly dimunish the exactitude, 1t was thought that some of
the results were sufficiently clear to warrant this report, the more 5o as the
said time imterval was reported to be considerably shorter than the hnlf lfe
of bismuth and hence the contammnation by polomum considerably lfess than
50 per cent (vAN DER WERTF) d

Between 20 and 35 days after fixation, 3z and 7y sections werc preparc
and autoradiograms obtamed by the applicavon of hodak AR 10 stupping
film 1 the usual manner (ref 1, 20) The exposure tme for most Pl"-‘P"ﬂ“O"zs
vaned between 3 and 12 weeks for bone marrow this was extended to 2
weeks because of the rather low radioactivity and small ayulable tissue areas
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Table 1
Radwactzities of carious tisses as percentages of the by hest radiwactizity
Igection prepared 014C 0340  14C 3,40 D40 Mean
to contain
Kedney tubult 100 100 100 100 100 100
glomerult 517 878 112 794 617 9o

Spleen ved pulp 342 536 388 185 306 o

white pulp %5 375 362 363 250 323
Lizer penportsl area 186 302 186 339 179 38

parenchyma 171 319 136 185 199 206

vena centrahs 2% 234 136 141 148 177
Bonz marrou 114 192 146 neé 133 110
Lung parenchyma 50 229 1ne 108 103 123
Rudney medulla 130 136 83 61 60 9%

Notwithstanding its hmited thickness of 5, the stnpping film, after develop
ment 1 Kodal, D19b at 18 C for 5 mun and fixauon, showed ven clear
o tracks which were subsequently evaluated 1n the following two ways

1 Homogeneous tissue areas were sought 1n autoradiogryms made from
7 p sections staned with methyl green and pvromne and showing suitible
track densitics, their surfices were measured from camera Juuda drawings
and the number of tracks counted After due corrections for radionctive decay
exposure time and background (negligible for tracks) comparable figures were
armved at for the number of tracks per 10000 g tissue area per umt exposure
time Figures, dermved from prepatations from one tissue after different times
of exposure, generally agreed within 20 to 30 per cent with some exceptions
m cases of low track density

2 Simlar homogeneous tissue areas were sought and svstemaucally
searched with an o1l immersion objective 1n autoradiograms from 3 g sections
staned with Mayer s hemalum The ongin of the type of cell was registered
m at least 200 « tracks The track disttibution thus found was then compared
with a chance distrrbution obtained by registering the cells on which a black

dot mounted m the microscope ocular fell 1n at least 200 chance posions of
the preparation (pomt hit method)

Results

! Quantitate All ussues studicd gave a measurable number of tracks 1n
the autoradiograms but m all ammals stokine sanations mn trick density
between tissues or tissue components were observed \loreover the relanve
Tadioacumities of the vanous ussue components were found to be essentially
strular for 11l doses administered These relatve radioactmties expressed as
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Fig 1 atrack autoradiogram of rat renal cortex fixed 24 hrs
after adminustration of 10 uC By chlorde Very high track
density over provmal comvoluted tubules less 1 glomerulus

percentages of the track density of the tissue component with the highest
incorporation 1 e renal tubules (with one minor excepuon) are presented
in Table 1 Tissue components are arranged 1n the table i the order of de
creasing radioactivity, and the similanity of this order pernmts 1ts expression
m the mean percentages given 1n the last column

It 1s apparent from these figures that 24 hours after mjection of any dose
between 01 1nd 10 uC there 15 a marked concentration of the 1sotope(s) 1
the renal tubuh and only hitle less 1 the glomerult {in the latter supposedly
1n the process of excretion) The renal cortex as a whole always contains about
ten times as much 1sotope as the renal medulla Tsotope concentration in the
spleen, though sull prommnent 1s much lower, and the radioactity of the
red pulp 1s consistently somewhat higher than that of the white pulp It 18
surprising to find no significant difference between the parenchyma and the
peniportal areas of the liver The track numbers for the venae centrales apply
onls to tracks evident 1n the lummna of these vessels, mside as well as outside
the blood cells It 1s obvious, especially when companson 1s made with the
figures for the renal medulla, that the Inver accumulates the wsotope, albait 1n
a lesser degree than the renal cortex This accumulation stands out more
clearly when other tissues are also taken mnto account Incidental but less
complete countings performed for muscle and bone reveal a trach density 10
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Fe ? Autoradiogram of rat renal medulla fived 24 hrs after ad
munstrat on of 10 4C = B chloride Same exposure ume as mn
fig 1 hence track densities comparable

these tssues of the same order of ma,
noticeably weaker than m the lier

spleen These figures have howeyver been checked 1n
nal preparations

€ rauos of tissue radioactivity are gnen for each tentold 1ncrease n
dose 1n Table 2 Wyh some exceptions which must be ascnbed to the low
track numbers obtamned from the 01 4G dose most of these ratios are seen
to lie between 5 and 7 Hence for all tissues the mcrease 1n radioactiviny 1s
approumateh proportional to the njected dose Notwithstanding the apparent
accumulation of 1sotope 1n some organs radioactivits in most tissues ncreases

5 to 7 times for each tenfold increase 1 dose over the entire range from 0 |
1010 4C

As far as deviations from this general rule can be observed it mght seem

that the ratos are lowest for the less radioacuye tssues This would mphy
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Table 2
Track count rotios for a 10 I wncreas in dose

Dose ratio 1001 3003 10010 Mean
Aadney tubuli 59 99 58 72
glomeruh 126 89 34 83
Spieen red pulp 66 86 16 66
white pulp 80 95 40 72
Luer periportal area 58 1o 56 75
parenchyma 53 57 74 61
vena centrahs 35 59 63 52
Bone marroe 75 59 53 62
Lung parenchyma 113 47 52 71
Audney medulla 37 45 42 +1
“Mean 790 75 52 66

that the capacity of the nctively accumulating tissues has not been o erloaded
by the higher doses of 1sotope

Finalhy, as 11l counts were dern ed from tissue sections of :dentical thickness,
the relative radioactivinies given in Table 1 may also be regarded as the
relative 1sotope dose per unit volume of these tissues They may assist n
furnishing 1n 1dea of the radiation damage to be expected 1n these ussues
during the first day after injection of *B: chlonde

2 Qualitatne The quahtative cvaluation of the autoradiograms, for which
over 5000 tracks were traced down to mdividual cells, showed that the trach
distnbution 1n the great majonty of cases comecided closely with a random
distribution recorded by the point hit method

The cells of the proximal comoluted tubules i the renal cortex onh (sec
Fig 1) had an accumulation of tracks far in excess of the random distribution
It 15 predomunantly by these cells that the 150tope or 1sotapes are accumulated
within the first 24 hours after mnjection The track density 1n the distal con
voluted tubules was judged to be only httle m eacess of that i the renal
medulla where 1t was very low (see Fig 2) The far more numerous tracks
1 the glomerult agan showed an essentially random distribution

Seven per cent of the tracks in the spleen of two of the five amimals were
traced down to macrophages aganst 3 per cent random hits Owing to the
relative scaraity of these cells no more than 96 tracks have been attributed
to them, but this number seems sufficient to explain them as a sign of some
accumulation by these cells

Mo significant accumulation could be detected 1n the kupffer cells of th;
Irver Consersely, if these cells should have accumulated 1sotope to ans marke
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Fg 3 Autoradiogram of rat lung fixed 24 hrs after adm nistra

ton of 10 ;G B chlonde Tracks a ¢ present hkewise over
lung parenchyma and arte 1al media

degree, 1t would certainly have been noted amudst the rather low overall
track density

Tracks over varous tissuc components of the lung are depicted m Fig 3
to 1llustrate the random distribution 1n other tissues

Discussion

Nerther the distnbution of tracks at the organ level nor that at the cellular
level show any vanations corresponding with the 1 100 vanation 1n the
admimstered dose This would mean that even the lirgest dose (equivalent
to a therapeutic dose 1n human subjects, as previously mentioned) 1s notlarge
enough to disturb the distribution to any marhed degree within the first 24
hours after mnjection It remaimns of course to be seen whether the influence
of an 1s0tope dose would {quite aside from a difference 1 radiation damage)
become noticeable at longer itervals

There scems to be some contradiction between the qualititive and the
quantitative results described above The former clearlv pont to a speafic
accumulation of 1sotope by some tissues especially the renal cortex and spleen
but 1n the Itter such spearfiaity 15 much less marked at the cellular level
where only the proximal tubules of the hidney and less definutely the macro
phages of the spleen displty signs of accumulation
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Table 3

Comparison of relatice radioactitties n vat and mouse organs 24 hours after the admumstration of radios
actice Bs 1n aqueous solution n tarto is expersments

Authors Ref Com Antmal  Kidney Spleen Liver  Lung  Bone
pound mar
row
I ASSALACQUA 16 295, Rat 100 05 15 04 —
Table2 nitrate A > > >
I asALacqra 17 208[3, Aouse* 100 41 82 41 —
Table2 mtrate = < > =
PASSALACQUA 17 oep,; Rat* 100 20 5 — 25
Table 3 murate < > < <
PAsSALACQUA 19 208, Rat* 100 2 4 [ 0
& kocn Table3 nurate < < < < =
MATTHEWS*® 15 081, Rat 100 14 22 10 —
Table2 cnrate > > > =
VAN DEN BROEX Present %Dt Rat 100 54 22 17 21

paper chlonde
* Control amimals anumals bearing tumours omutted

** Figures interpolated from those gien for 19 and 48 hours
Signs < increasing == stavonary >> decreasing A at a maumum

There are numerous data 1n the hiterature on the distribution of radioactive
bismuth among organs but hardly anything about 1ts accumulation 1n cells
The former distribution marmly depends on the medium in which the bismuth
15 introduced, ¢ g whether 1n 2queous solution (6 15 16 17, 19) 1n ol {6),
bound to organic compounds such as carbonate Ieerthin (16, 17 18) or proteint
(15), or absorbed on conl particles (3, 15 22, 24) In conncction with the
present work, all results pertaining to the Admimstration of bismuth other than
i watery solution can therefore be left out of consideration As far 1s the
author 15 aware the first autoradiographic data on the distubution After
imjection of a bismuth salt dissolved m water was given by Iacassaone &
Toucaurp (6) These authors, 4 to 10 days after the mjection into rabbits
found a very gh accumulation mn the renal cortex, a high concentration 1
the spleen, less in the hver, a scarcely perceptible xmount in the bone marrow
and practically none 1n lymph nodcs, testes, thymus, adrenal and appendix
kann (5) reported an accumulation of #Bi in tumours but not elsewhere
The findings of Lacassacve & Foucaurp, although not presented on 2
quantitative basis, and determmed at longer intervals after injection more or
less agree with those of the present imnvestigation

The only reports on the distrsbution afier shorter time intervals are those
by Martuews (15) and Passaracgua (16, 17, 19), obtamed by radiation
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counting of 2%B: 1 entire organs and therefore not directly comparable with
the results now given As, howeer, the radiation countings are recorded as
radicactivities per umt weight of hidney, hver spleen, lung, wnd sometimes
bone marrow, and as the track countings presented 1 this paper pertamn to
autoradiograms from umiformly thick sections of these same organs some
companison of the relative radioactivities of these organs would seem possible
To this end therefore, Table 3 was compiled The results grven by Passa-
LacQua (16 17, 19) for the 24 hour mtersal after admimstravon of **Br
mtrate 1n ammals not beanng tumours are represented m relation to the
radioactvity of the hdney (Mdney = 100) 1n the table The rcsults by
MarThEWS for 2¢Br citrate were also interpolated for 24 hours from her
figures for 19 and 48 hours and likewise presented relative to hidney = 100
It 15 indicated 1n all cases whether the radioactivity seems to go up or down
or to remam equal The track countings from the present investigation, msofar
as they were obtained from parts of organs {e g hidney tubult cortex, medulla),
were converted to figures for the enure organs by due consideration of ther
composition as measured from senal sections and the figures so obtamned
were 1gain presented 1n relation to whole hidney = 100

It 13 apparent from this table that there 1s a stnking difference between the
autoradiographic findings and all radiation counts (wiich among themselves
are far from umform) This must doubtless be ascribed to the fact that most
of the bismuth that at the instant of fixation 1s still present m a soluble form
will be washed out in the course of the fustologic preparation for utoradio
graphy Most tracks 1n the autoradiogrms will be denved from the Bithat
15 rendered ansoluble erther by the formation of larger aggregates or by
bimding to orgamic compounds Although 1t has long been hnown that the
1sotope concentration and the method of ijection m lead to vaned degrees
of aggregation (13) this does not seem to have been the case 1n 1m of the
doses used 1n this 1y estigation because even n areas of the greatest track
density no stars were endent It must be concluded therefore that most of
the autoradiographically detected By 15 bound to organic matenal sup-
posedly proten The distnibution of the trachs among all tvpes of cells and
ssues mahes 1t seem likely that one day after imjection the 1sotopes are still
largely 1n a soluble form and freely pervading all ussues

IF 1t be assumed that the Bi 1oms on therr course e somewhat randoml
bound to orgamc matter this would explain the prosence of wracks over
enythrocytes connective tissue and bone smooth muscle fibers of artenes and
even gver the histologically empty lumina of vessels ind tubules In such
organs as accumulate the 1sotope(s), part of the amount ncorporated by
specific cells such as the proxumal tubyli cells of the Lidney may also have
diffused out so that tracks are found over other cells of these organs as well

The organs that specially accumulate the 1sotope for excretion are the
kidney and to a lesser extent the ver, the bile of which was found to contamn
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much bismuth If indeed both organs collect Bi mainly n the soluble form,
this would explain why these two organs register 1 much lower relative radio-
activity 1n the qutoradiograms than 1n total organ counting (Table 3)

A random binding of freely pervading Bt 1ons would also explain why a
ratio of only 5 to 7 was found for a tenfold increase 1n dose The binding of
the 150tope to orgamic compounds would be less than proportional to 1ts con
centration, whereas a higher concentration would favour the loss by excretion

It 1s certanly not claimed that all discrepancies may thus be explaned
Due attention must be given to the fact that both the method of administration
of the 1sotope (13) and 1ts concentration (21) may influence the distribution
1n the body As to the present investigation, it has already been stated that
the first possibihity does not scem hikely, whereas the second 1s rendered less
probable by the regulanty observed in Tables 1 and 2 The mam question
left open 15 to what extent these results have been influenced by the unknown
quantity of *Po formed out of the #°Bi If these 1sotopes had been accumulated
by the various organs mn a markedly different proportion, this would have
resulted 1n a greater wrregulanty of the figures presented n the tables Ther
very regularity mahes 1t seem fair to assume that the behaviour of Bi ind Po
1 the amimals was roughly similar as long as no data to the contrary are
recorded

The distibution of polontum has been studied by Lacassagne ind his
co workers (7, 8, 9, 10, 12, 14) 1 what have become classics of autoradio
graphy The mvestigations however, were made at much longer intervals after
mjection (4 to 10 days) 1nd then the accumulation 1n the renal tubuli bile,
and pulmonary dust cells (9) 1s much more marked, 1ts accumulation mn retic
ulum cells and macrophages even leading to extensive radiation dunage
(ref 10, 14) As with bismuth, distribution depends on the medium m which
the 1sotope 15 admmstered, after its introduction 1n an aqueous form the
accumulation 1n the kidney was found to be especially marked (ref 7) Indi
cations on the distbution after 24 hours were reported only by GALLIMORE
et coll (2) Therr figures for percentage of dose per gram wet werght were
hidney 28 (100), splecn 51 (183), lver 1 4 (50), or markedly different from
those of the present investigation (Table 3) Therr autoradiograms of tissues
fixed after the same mterval however, show many strking likenesses with
those now described

Aside from a multitude of minor quantitative differences, the general prture
for polonium, as for bismuth, 15 that 24 hours after ijection the 1sotope 18
sull far from being concentrated at ats definitine locations The clement 18

reported to be ehmnated from the orgamsm with an effective half life of
approx 30 days (ref 4) and 1t 15 therefore not surprising that after one day
only the first indication of the future accumulation 1s evident

The marhed accumulation of the 1sotope(s) m the renal tubules observed

i the present work has been found both for Bt and Po moreover it scems
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10 be the rule for a great number of elements admuistered to the organism
1n a soluble form Thi accumulation cannot therefore be considered to be
specific for any 1sotopes

The present observations do not give the clear cut distinction 1n the spleen
between red pulp on the one hand and white pulp, vessels, ind connective
ussue on the other as reported by Lacassacne et coll (10) and GALLIMORE
et coll (2) for Po the shighthy but systematcally higher track density over
the red pulp m the present work may however tentatively be considered to
be 2 first ;mdication of this distnbution  Likewsse, the mnconspicuous accumu
lauon m the phages may be explained as the beg of the accumu
lation observed so defimtely by Lacassace after 6 days

It appears therefore that such specific accumulation s has been found 1n
the present work could almost equally as well be ascnbed to the bismuth as
to the polomum present mn the mjected matenial There 15 no ndication as
yet for any cellular speaificety for Bi i soluble form It may be that such a
speaificnty 15 overlapped by the Po present 1n that case a repeunon of the
experiment with a very freshly prepared solunon of #*Bi may produce clearer
results If however a speaific accumulation of Bt does not develop untl some

days after the introduction of the 1sotope the accruing contarmnation by Po
may well become prohiitive
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SUMMARY

of‘}hm were injected mtravenously with doses of #9B:C’], and counts and distribution studies
of the tracks of autoradiograms of various wssucs wese performed Track distribution i most
es conformed to the random distnibution the only exceptions being a high accumulation

:2‘:; proumal tubules of the Lidney and a slight accumulation 1n the macrophages of the

ZUSAMMENFASSUNG
Ratten erhuelten Ewmspritzungen von 2 9BiCly worauf mit Halfe von \utoradiogrammen
von verschiedenen Geweben die Starke und die \ertellung der Strahlungsemission gemessen

wurde Dic Strahlung zeigte 1m all cime gleich \erterdung eme Anreicherung
zeigte sich Jedoch 1n den proumalen tubuly der \ieren und m den \akrophagen der Nilz

RESUME

Aprés avorr mjecte a des rats par o mtravemewse du  BiCly 1 auteur a effectué des
;omptagcs et des éuudes de b sur les d; de diers tissus Cette
a\slnbu;mn csldd:ms 1a plupart des cas conforme au hasard l1a seule exception etant une forte

ccumulaton dans la partc proximale des tubes renaux et une faibl

e accumulat
les macrophages de la rate o dass
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COMPLICATIONS IN POSTOPERATIVE IRRADIATION
OF MAMMARY CARCINOMA

Observations 1n 585 pauents treated at Radiumhemmet 1925~—1960
by

Foure Epssyr and Rune WALsTaM

Different methods of irradiating parasternal lymphnode metastases have
been mnvestigated at Radiumhemmet One of the methods particularly devel
oped for this purpose was descnbed by Epssryr & WarsTast i 1959 and
physical cond; for certain techmques were compared 1 a later paper
(StRow  VixterLoF & WaLstav 1959) Postoperatne urradmation of the
parasternal region was performed 1n 585 patients from 1955 to 1960 on the
bagis of results from these mnvesugauons, from January 1938 unul the end of
1960 120 of these patients were treated with 9 or 12 \MeV electron beams while
1 the other 465 patients a short distance cobalt 60 beam techmque was used

The treatments were started with relatively moderate doses since no ex
perience had been ganed erther of early or of late reactions from the iradiated
ussues The plan 1f circumstances allowed was to mncrease the doses gradually
s0 that as high a dose as posstble could be given to the lymphnode areas without
causing 1ntolerable comphications functional disturbances or other radration

Submutted for publication 25 February 1963
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Fig | Scheme of irradiation + 1th orthoraltage roentgen therapy and short dustance cobnlt (0 gamma
beam therapy
a) Overlapprng field cluding the parasternal and supraclavicular regions
felds 1'to 58SD 75 cm arcular field diameter 6 em
» 6to 8 » =75cm tnangular field sde 5 cm
» 91023 » =6 cm fielld35 x 6em
b} Overlapping field including only the parasternal region
Field 1 — triangular or partly covered field
Fields 210 14 - SSD = Gem Field 35 x 6¢em

reactions 1n surrounding organs (cf FLETCHER ct coll 1962) The skin and lung
reactions subjectnve symptoms and local complications mn patients thus ura
divted will now be denlt with The srradintion technigue has successively under
gone minor modifications suggested by the clinicnl observations The cffect of
irradiation on any parasternal and supraclavicular lymphnode metastasis that
may have been present cannot be assessed from this senes for 1t 15 relatively
heterogeneous and the observation time has m most cases been too short

Preoperative roentgen irradiation (FSD 50 to 60 ¢m, HVL 08to 1 0 mm Cu)
was given 1n about two thirds of the patients and may be considered to have
had some 1nfluence at least as far as skin reactions are concerned The irra-
diation was generally ndminmistered m a weel by gving 3 x 350 r to frontal
and dorsal fields that included the mamma and the axillary and supracla
vicular regions

Patients (465) treated by the short d cobalt 60 technigq

Irradiation teckmque A special techmque was developed at Radmhemmet
(Warstam 1958) for irradiation of elongated superficial areas with short
distance cobalt 60 umits This comprses a great number (10 to 25) of over
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lapping rrradintion fields (SSD 6 to 10 cm)  with some exceptions each field
15 1rradiated once only, so that a homogencous dose 15 obtained at the particular
ussue depth For further data on this techmique the reader 1s referred to earlier
papers (Epsuyr & WarsTan 1959 Strost VIRTERLOF & WaLsTam 1959)

Thirty exght panents were treated by a prehminary techmque dunng the
period December 1st, 1925 to August 31st 1936 a beam nozzle grvng a field
of § cm width at the skin at a source shin distance of 10 cm was used  All the
other patients were irridiated according to the schemes outlined n Fig 1
A specially designed beam nozzle giving a field of 3 5 cm wadth at the surface
at § cm SSD, was then employed Two iradiations 1z different parts of the
treatment area were administered duly in many of the patients for whom a
great number of rradiation fields were utiized Only exceptionally was this
procedure contramdicated, for mstance by the patient s general condition The
total duration of a treatment series was thercfore 10 to 20 davs

The dosage m short distince gamm- beam therapy with radium or cobalt
60 because of measuring, difficulties 15 gencrally expressed as the extrapolated
skin dose This dose whch 15 arnved at by extrapolanng the depth dose cunve
obtained 1n tissue equnvalent matersal to the depth O 1s often 5 to 10 per cent
bigher than the true dose maximum found at a tissue depth of 1 to 2 mm The
surface doses now mentioned for wmnstance the dose to each rrradiation field
(75010 1000 1) refer to the extrapolated shin dose The total shin dose used
the apphed overlapping field techmque 15 generally about six tmes the dose
prescribed for each field

In the total group of 465 pauents 213 were wrradiated over both the supr-
claucular and the parasternal areas whereas 252 patients received cobalt 60

rrradation over the parasternal region and orthovoltage roentgen therapy over
the axllary and the supraclavicular regions

Skin reactions The shin reaction could be graded from the data of the records
w 287 (62 %) of the patients wradiated by thrs techmque nccording to the
following schemes

I — moderate or shight reaction

I — :ntense redness (no discharge)

I — seraus dermanus (discharge)

The results from this grading are set out 1 Table 1

The shin reaction should mcrease with mcreasing dosage to the fields Such
a tendency mav be found 1n the preoperatively irradiated group but 1s hardls
noticeable 1n the group of preoperatisely non radiated patients It will be
seen from the table that middle dosages 820 10900t compnse 216 patients or
75 % of the total number The extreme groups are fairly small and cannot
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Table 1
Grade of skin rea tions in patents treated by the short distance cobalt 60 techmque

Doseper | Numberof | § w189 | Nog 1n 98
field r paticnts (60 ) cases (3t ) cases
Crade 1 Grade 11 | Grade 11} Grade | Gradce 11 | Grade H1
750 51 31 1a 5 2 1 0
800 8 4 2 1 1 — —
820 61 22 10 2 19 [ 5
900 142 50 27 1 30 17 7
950 1t ] 1 2 4 1 2
1000 8 1 3 1 2 1 -
Total 287 109 53 22 58 pis 14
Table 2
Summary of results presented . sable 1
Doscper | Sumber of | 1rcoperative srradition No preoperatine trradiation
field r patients Grade I | Grades 11 + 1L Crade 1 | Grades 11+ 111
Number | Percent Number | Percent
750— 850 126 57 35 38 22 12 35
s00—to00 | tal 52 5 i 3 28 4
Total 287 109 80 58 40
Average 2 4

therefore be expected to give significant deviations If the patients arc divided
nto two groups only, the distribution shown n Table 2 1s obtamed

The small difference 1n the frequency of heavy skin reaction (grades 11 + 111)
between the groups of patients who reccived preoperative rocntgen therapy
(42 %) and those who had no such treatment (41 %) 1s surpnsing It should be
borne 1n mind however, that the preoperative wrradiation was admumstered
1 short series about 3 weeks before the postoperative wrradiation was started
Its cumultive effect 15 therefore difficult to assess

The patients records in a great number of nstances (178) contained no data
on shin reactions It may therefore be assumed that in all these the shin rcacm}rll
was of grade I, on this assumption the mcidence of marhed shin reactions {
or 111) should decrease from 40 % to 25 %, of the total number of patients

The most marked shin reaction was gencrally observed mn regions wath a thin
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skin layer, particularly over the bones mn the sternoclavicular area, as was to be
expected Necrosis developed m the srradiated parasternal area after a dose of
900 and 1000 r respectvely per field in two pauents The necrosis appeared
1 one patient 18 months and 1a the other a year after the termination of wrra
dration Both patients had recened preoperative uradiation The first men-
tioned patient was 35 years old and had severe anaemia before, dunng and
after the treatment, which might have influenced the postoperative course and
the healing The other patient recenned a dose of 2000 r to the first and the
last treatment field, and 1t was 1n these regions that the maxamum shin reaction
and the necrosts occurred Healing 1s now complete and without complications
after plastic surgery

Severe telangiectasts or superficial induration within the parasternal region
occurred 1n the groups that had been given 850 r per field (5 patients) or higher
doses The numbers of such patients were 4 1n the group of 900 r per field one
1 the 950 r group and one mn the 1 000 r group Three of these eleven patients
had not been 1rradiated preoperatively

Lung reactions Thirty seven of the 38 patients treated according to the prelim
mary technique at 10 em 58D were examined roentgenographically for lung
reactions 1mmediately after the treatment and later No changes considered
referable to the radiation treatment were observed mn 27 Among the other 10
patients four have sull, after 5 years, residual radiation reactions three have
decreasing effects, and n three the changes have disappeared No subjectne
symptoms have been reported apart from those occurning immediately after
the termmnation of treatment

Roentgenography of the lungs was performed 1n 164 of the other 427 pauents,
because of cough and increasing dyspnoea A radiation reaction was evident 1n
40 (24 %) of these panients The symptoms and signs disappeared after 2 to 3
months No difference was noted 1n the lung changes between the groups given
750 to 830 1 per field and those recewving 900 to 1 000 r per field

Subjectrve reactions The symptoms and signs were shght excepung the skin
and lung reactions mentioned earlier Induration was present however 1n the
supraclavicular region n a small number of patients mn each group 1t caused a
reduction of the range of of the cor g arm and 1 some
Patients farrly intense brachial pan No such complications were noted m the
groups given 750 to 850 r per field but occurred 1n 2 pitents 1n the group of
830 r per field 1n 13 of the group with 900 r per field and m 2 patients in the
group that recerved 1000 r per field The symptoms started about one vear
after the termination of the treatment

Dysphagia and other disturbances due to raciation effects in the oesophagus
such as are reported to follow srradiation by other methods (FLETCHER et
coll 1962) have not occurred 1n any of the patients in the present series

"6--633088 4cta Raduologica ¥ ol 1 6 Therapy
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Fig 3 Approumaave depth dose curves in the central
part of the iraduated area (cf text)

the exammation reveal evidence of radiation reactions No difference n the
lung changes betw een the 9 MeV group and the 12 MeV group were observed

Among these 120 patients no mmportant subjectice reactions other than
serous dermatitis i eleven (Table 3) and marked induration 1n the supraclavic
ular region 1n one patient were apparent

The local compls and the ch n the blood preture that occurred m
this group of patients were not sufficiently severe to be mentioned 1n the case
records or to necessitate any alterations 1n treatment planned for the seres

Discussion

The presence of metastases in the parasternal and supraclavicular Iy mphnode
areas cannot as a rule be established 1n the mdwidual case The treatment of
these regions 1s based mainly on a probability esumation, in which for instance,
the site of the primary tumour and the gross and mcroscopical appear
the surgical axillary specimen are important factors The srradiation
1s therefore planned to provide an adequate dose to those arcas %
metastases are particularly likely to occur, without causing serious »
unreasonable distress to the patient
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Thus imvestiganon has shown that a dose of 850 r per field (L\(n;())nl lll“:
susface dose), when using short distance gammn beam techmque or 4000 1. p .
fr1d 1n electron heam irradiation with the treatment times stated, ‘1‘"\,':3:
produce any noteworthy side effects Preoperaus e roentgen therapy “‘:Ih ' ::ol
10007, 2 10 3 weeks before the postoperatne radiation treatment dots
seem ta increase the shan rexction mn any considerable degree the

The relative depth dose obtamcd with these trexment techmaus ‘b“nm
muddle parts of the treatment arca 2nd 1n the centre of the tlectw“d rible
respecinely 15 evdent from Fig 3 \s pomnted our cather, 1 const (tu““’
spread of electrons 15 obtaned in the lung casvities becw ¢ of ther
denyty s of
This materral unfortunately permuts no conclusions regarding dw-lfl',]‘(:fosts
the applied doses to any lymphnode metast 1ses that may be present ¢ by 3)
adounsstered with these methods to the tissue volume conccrncdk ’c! shin and
seems however, to be ugher than the doses that becavse of the ﬂ; :ﬂl wr doses
lung reactions can be gnen with orthovoltage roentgen therps E: ke been
applied with a telegamma techmque at larger source shin dhstand!

Feercier
fgporrsd fo cause serious pulmonary symptoms and dysphigy
1962)

SUMMARY

ad supraclasicular
e Previotsly described methids for the srrachatin of parasternal and s

he
Fphnade metasta.es have beer used at Radiumhemmet one "'ﬂ“dn:';m‘m :«l;(:i;::m\
distance gamma beam therapy the other uthzing 9 or 12 \MeV ek'ctr:)' T 585 patients treated
DOt 15 gn en of the srradianion conditsons and the clinical obseration
b mcthods duningyhe pened 1085 1900,

ZUSAMMINEASSUNG rmaten und supraciav

Znet fruber beschrichene Aoy 1 . fung der parasternalen und supraclavic
lacen Lymphanoy nmetastasen wurdc,:n ’;m Radsmhemmet a;?c;vandl cmcgl\l;lhmllc
v 357 Gammastrablung von kareem Abstand Gic e e ey von 9 oder 12
" Vse 2 ¢ Der Bercht umfasst due festrath kioren
n 19551960 behandelr w
o 38> Patienten i nyyg oy berden Aethoden m den Jahee wur

RFSUME
Deux méthodes precsq © 1yrradiation des mé .
Tyoysh: nt décnites pout e cancer du som ooy &
i{:i‘:umh“em;vpam“mﬂts et sus clavirulasres dans u sen ont été unlsées au

thérapic a courte distance 1

et une bask 1 utilssstion d une g3MMa stance I autre
vtlisans Jes electrans de @ o: sdu:‘ Lu:“:v d un béatron Les auteurs présentent les conditons
dirradiation ¢

A 1960

¢ Jes abrervationg cliruques de 589 malades trattees par ces methodes de 1900



406 FOLKE EDSMYR AND RUNE WALSTAM

RLFERLNCES

Epsmyr F and Waistas R Method for irradiation of parasternal lymph node metastases
Acta radol 51 (1959) 308

Fretcuer G H Jouvson G C Stvcrame W K and Cote A Clinical use of short source
skin distance cestum 137 teletherapy unit Amer J Roentgenol 87 (1962) 511

Sievert R M Eine Methode zur Messung von Rontgen  Radium und Ultrastrahlung nebst
eimige Untersuchungen uber die Anwendbarkeit derselben in der Physik und der Medizin
Acta radiol {1932) Suppl No 14

Strom O Vikrterror k J and Watstam R Expennmental studies of different techniyues for

d of 1 lymph node Acta radiol (1959) Supp! No 188

p 248

Tuoragts R A substandard 4, and 1ts cahl agamnst four national
free air standard chambers Acta radiol 48 (1957) 473

Watstast R Nya hjalpmedel 1 decacurie terapien med Co® (Swedish) Nord Med 59
(1958) 880




FROM THL DEPARTMENT OF RADIOPITASICS (DIREC‘K’UR SVFN BEP\‘IER) AND THE
DEPARTMENT OF RADIOTHERAPY (DIRECTOR MAGHUS STRA\DQ_V‘ST), UNIVERSITY
OF GOTHENBURG AND THE SCANDINAVIAN ADP INSTITUTE (D(REL'IOR SVEN OLOF
TU'\LI\D), CHALMERS UNIVERSITY OF TRCHNOLOGY, GOTHENBURC, SWEDEN

COMPUTER METHOD FOR TREATMENT
PLANNING IN ENTERNAL RADIOTHERAPY

by

Hans HarLpér, InceEr Racnuurt and Bener Roos

Dugital computers have proved to be very sutable for the calculation of dose
distributions 1n radiotherapy with fixed or mas g ficlds In the antomanc dose
caleulation methods desenbed by Tse~ (1955 1958) and STERLING, PERRY &
Banr (1961) polar co ordinate systems were used and the methods were
restncted to beams intersecting m one pont and to symmetrical beams
SER & Lavcnriv (1962) schematcally described a more generally applicable
method Castesian systems are used 1 the computer method described below
1t 15 not hmited to symmetncal fields but 1s applicable to beams of any shape
‘The method has been tried for different combmauons of roentgen and cobale
60 beams and has been in pracucal use for 1bout a year 1t 1 now used munk
for the planning of cobalt treatments ’

Isodose dmgcam_r and codes The 150dose curves of the cobalt beams are measured
n a water p with an 10n chamber connected to an automatic 1sodog
recorder (Larssox Lev & Starrsrr 1963) Source surface distances E

60 and 80 cm are used and distnbutions with normal and abligque (S(Sgn) of
as well as with a number of wedge hlters are measured aidence,

Submtted for publication 30 January 1963
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Fig 1 Isodose diagrams for 80 em SSD  Co ficld s12¢ 8 X 10 e angles of incidence 0 and 20

The following code 15 used to 1denufy the parameters

Saabbu

where § = SSD 1n decimeters aa = field width 1 centimeters 55 = field
length 1n centimeters u = the angle betw een the central beam and the normal at
the entrance pomnt in deca degrees (For wedge filter diagrams we use u = 5)

Isodose curves for SSD = 80 cm field size 8 x 10 cm® and angles of 0 and
20 between the central beam and the normal are shown i Fig 1 The codes
808100 and 808102 are shown in the upper nght corners of the diagrams

Before the 1sodose charts can be used for computing, they must be transferred
1o digrtal form The depth doses 1 per cent are read off at a number of points
1 a Cartesian system The values are obtamed from the measured curves by
interpolation, and are expressed mn per cent (excluding decimals) The previ
ously shown 1sodose diagrams transformed into digital lattices are shown m
Fig 2
These field matnces are punched on paper tape, which 1s read nto the
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Fig 2 Field matnr es obtained from the sodose diagrams in fig 1

computer where controls are made then the information 1s stored n a format
more switable for the dose planning program

A more rapid and accurate method of producing field matrices would be to
let the 10n chamber scan the radiation field and directly to record the doses at

the different points of the lattice

Co ordinates and an,les The contour of the body cross section 15 drawn on
transparent paper The co ordinate axes and a contour with two treatment
fields are shown i Fig 3 The x and co ordinates of the entrance pomts of the
beams are read off The heam direction angle 2 1s found when the posive 3 axis
1s turned clochwise until 1t concades wath the direction of the central beam The
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Fig 3 Schematic diagram showing co-ordinates and angles

Table 1
Dose planming Ar 33621113
Fiald Sym x > 3 .
pos
neg
808102 neg 74 02 100 330
808100 sym 262 28 100 50
808102 neg 21 197 100 140
808102 pos 08 181 100 240
x Pd
4 | A ) 0
E—— I 29 7
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Read pa-ameter tape

Transform co-ord nates|

s the next hetd
identicol with the
one prst b dled?

Compute the contribut ons
ond odJ to the pant concerned

More fields to be handled?|
no

Fig 4 Block diagram showing the computer program

boundaries for v are 0 =Xy < 360° The angle of incidence u 1s defined as the
angle between the central beam and the normal to the contour at the entrance
pomt and varies between the hmits — 90 and + 90 It 1s defined as positive
1f the normal mentioned can be brought to comuide wath the central beam by a
positive (clochwise) turn In Fig 3 u1s negauve for field 1 and posttive for
field 2

The area within which the computer has to add the contributions from the
fields 1s chosen as a rectangle that well covers the tumour region 1s well as
other regions having smportance for the treatment The maximum size of this
rectangle 15 48 cm along the x axis and 32 cm along the y axis The co ordinates
for the two corners A and B defimng the rectangle and all the radation
parameters mentioned above are recorded on an order form (Table 1)

The computer program and examples
The program 1s described by the block diagram (Fig 4) so we will just make
a few remarks
The data on the order form s transferred to paper tape and the result 1s
given on paper tape
The computer work follows a program with about 1 500 instructions

The wanted contribution from one field to a point (x ») 1n the area 15 deter
muned s follows
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Fig 5 The figure shows the_sodose lines betng drawn on the eross-sectional diagram which 1 super
tmposed on the resultform The completed diagram s shown in fig 7

Let F (x, y) be the dose at the pomnt (x y) then f F(x,y) =4 x+ By +
C xy + D we have to find the four constants 4, B, Cand D First we transform
the co ordmates of the pont to the co ordinate system of the field, and there st
usually becomes surrounded by four ponts, which we give the co ordinates
(0 0) (1,0), (0, 1) and (1, ) with the doses I (6, 0) F (1,0), F (0, 1), and
F(I' D)

Then F(0,0) =D
F(1,0)=A+D
F,1)=B4+D
F(UL,)=A4+B+C+D

and D =1r(00)
A =F,00—F (00
B=F(@QI)—F(0 0)
C=FLI)—Ir({o0—~F(01+F(0,0)



COMPUTER METHOD IN EXTERVAL RADIOTHERAPY 413

€ Bem SSD fard

Fig 6 Distnibution resulung from four fields

Fe 7 Dose distribut on ebtained from two wedge fields and one
no mal e dence field

and these constants muluphed with the decimal fractions of the transiormed
<o-ordinates according to th formula give us the dose contnbution &1 m tins
one field to this special point

The result piper tap 1 whitenoutona flexowriter Over the result forin we
Pputa film with 1 cm squ ires nd over thas the transparent paper wath the body
<ross section On this paper the 1sodose curves are eastly drawn (Fig o Thus
last moment can be omutted 1f the computer 1s connected to 2 plmmrD
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Fig 8 Dose distribution obtamed from 18 fixed fields simulating
moving field srradiation with 180 oscillation angle

The usefulness of the method 1s 1llustrated by three examples which show
some different proposals for treating a tumour

Example 115 caleulated with the parameters of the Table, and the percental
dose distribution obtaned, 1s shown i Fig 6

Lxample 2 sllustrates how with three fields we get a somewhat diffcrent
distnbution (Fig 7) (Fig 5 shows how the 1sodose curves are drawn on the
transparent paper )

Example 31s an arc therapy calculation with an oscillation angle of 180 The
posttions of the osaillation axis and of the ficlds are marked 1n Fig 8 The
computing 15 done with 18 fixed fields with 10° angular intervals, size 8 X
10 em* source axis distance (SAD) = 90 em Here we have to consider that
the 8SD 15 4 vanable The varation 1 58D has 2 neghgible nfluence on the
1sodose distnbution and on the percental depth dose, but the dose rate at the
different cntrance pomts has a considerable vanation, and hence the contn-
bution from each field has to be muluphed by a factor Thus factor 15 witomats
cally computed by means of the nverse squarc law

Cheching, errors, and corrections ‘The manual calculation of the dosc at a few
essential points 1s a precaution that always should be taken On a compnnson
of these chech values with the computer result 1t 3s found that the computed
values are often a few per cents below those calculated by hand The greatest
crrors appear at the field borders and are due to the fact that the computer fills
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Fig 10 Distnbution obtamed hen th
Fig 9 Mused sodose diagram faior 0 90 1s apphed to puints m the rectangle be
hind the vertebra

the empty columns of the field matrix with zeros, so that the mterpolation
formula gives an underestimated dose at a pomt surrounded by onc or more
field points with the value zero These marginal errors which generally are of
secondary 1mportance will be smaller if we mcrease the width of the field
matnices but as this would ncrease the work to read off the diagrams we have
to balance the errors to the extra work Near the central axis the errors usually
he between 0 and 2 9, which we consider a sufficient accuracy

When a field 35 applied obliquely to the body surface we use the proper
measured diagram There 15, honever sometiumes a need for diagrims which
on one side of the central beam are close to normal incidence and on the other
side to oblique madence (Fig 9) Mixed diagrams of this hind are easihy
produced by the computer

When irradiating tumours sn the thor1x region we can compensate for the
increased transmission 1n the lung tissue either by moving the entrince pomts
of the fields closer to the tumour or by mtroducing ussue factors

For the decreased transmussion m bone tissue we can compensate 1n a siralar
manner In those cases where only a part of the beam 15 penetraung bone we
can use the tssue factor within a imted area of the field matrix The 1sodoses
when the field pomts within the rectangle are multiplied by the factor 0 90 are
shown in Ing 10

Series of standard dose dia,rams The computer
suited for precalcul of dard luple and moving field dose distn
butions (Dant & Vinterror 1960 Prarzaer 1962) Calculations on a series of
fixed field distnibutions of circular cross sections are carned on

method described above 1s well
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SUMMARY
A method of automatic computation of dose distnbutions in mulufield and moving field
therapy 1s described The asodose d) have been d 10 lattices 1n a

Cartesian system and punched on paper tape The treatment area has been drawn 1 another
Cartesran svstem n which the dose contributions from the different fields are added at 2 number
of pomnts The caleulation was carried out on a digrtal computer The method 15 illustrated by
examples and corrections for different types of tissue are discussed

ZUSAMMENFASSUNG

Emc \Icthodc zur automatischen Bcrechnung der Dosisverterlung ber Rreuzfeuer oder

1| wird geben Die kurven wurden in numerische Vatrizen

cunes hartesischen Roordimatsy stems uberfuhrt und auf Papierstreifen gestanzt Das Bestrah

lungsgebiet wurde m em anderes kartesisches System emgezerchnet 1n dem die Dosisbeitrage

der verschnedenen Felder 1n einer Anzahl Punkte addiert wurden Alle Berechnungen wurden

mit Hilfe emes digitalen homputers ausgefuhrt Die Methode wird an Bespielen 1llustniert
und Korrekturen fur serschiedene Gewebsarten werden besprochen

RESUME

Description d une méthode de calcul automatique de Ja distnbution de dose dans le traite-

ment par champs multiples et par cyclothérapie Les courbes 1sodoses sont reproduites en

puis sur bande p:rforéc La rt‘glon a tratter est représen

tee sur un graphique ou les d de dose p t des diff champs sont add:

tionnées en un certain nombre de points Le calcul est effectué par une calculatnce digitale

Les auteurs donnent des exemples de cette méthode et étudient les facteurs de correction pour
les daférents tissus
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a water-soluble contrast medium of

and high 1odine content

TRIOSIL

Aortography
Pyelography (espeially ‘double dose’ techmique)

for Angiocardiography

and other procedures

Triosil 1s a new water soluble contrast medium show
ng g ds Ithasasimilar
level of toxictty to earlier known amidotrizoate com
pounds but m addition 1t 1s exceedingly soluble so
that the sodum salt can be used for production of
even the highest concentrations providing stable and

over earlier

clear solutions having greatly increased fluidity By

low viscosty

Triosit

used Ty for fo)
can be employed advantageously in many instances
bccause of 1its greater fludity for other diagnosts
| hy aortography

cerebral and peripheral angiography
Triosl 1s sodum 3 acetamudo 2 4 6-tr1 10do SN
methyl acetarmidobenzoate which has been given the
pp! d pame sodium metrizoate It 1s ssued 1n

cluding organic bases and other agents
sos1l 1s a simple solutron free from materials which
Tight possibly be involved 1n production of reactions

In common with other water soluble contrast media

four concentrations @il contaiung the sodm salt
which are shown below together with their jodine
content

JODINE CONTENT Pe Cent

Trosit 25 (sodivm metrizoate 25° )
Trosil 45 (sodwm metnzoate 45 )
Trosil 60 (sodium metrizoate 60 )
Trosil 75 (sodium metrizoate 75,/)

Grams per L. PACK SIZE
146 0146 5 x 10 mt ampoules
26 026 5 X 20 m! ampoules
35 03s 5 x 20 ml ampoules
44 044 5 x 20 m! ampoules

and 1 x 50 ml ampoules

Other Glaxo radologicals
DIONOSIL the standard bronchographic mediut

Dunng the past 10 years Dionosil has become the standard preparation for Bronchography It 1s avarlabae 1n two strengths.

of Each 15 1n 20 and 100 ml vials

A 50 o aqueous of liodone and 60° o1l
MYODIL. for myelngnpm and venlrlculozraphy
Myodilis mto the

d space It 1s available 1n boxes of 3 x 3 ml ampoules

The pam 3 TriosT D onosila d Myodil are Glax frade marks,

GLAXO LABORATORIES

GREENFORD

MIDDLESEX

LOOK TO GLAXO FOR RADIOLOGICALS



FROM THE CHILDRENS CLINIC (DIRE(TI'DR PROF NIILO HALLMA‘() AND THE DE
PARTMENT OF RADIOTHERAFPY (DIRECI'OR PROF SAKARI HUSTAMLLID), UNTVER
SITY OF HELSINAI, FINLAND

GIANT HEMANGIOMA AND THROMBOCYTOPENIA
IN A NEWBORN INFANT TRFATED BY
IRRADIATION THERAPY

Case report
by
U FurunjeLy, P Makera and A VouTiLAnEeN

The simultaneous occurrence of h and th bocy topemc
Purpura 1s unusual The first report of a case of this now generally accepted
clinecal syndrome was published by Kasasacn & MerriTt i 1940 and more
than 40 cases have since then been quoted n the hterature Hie & Loseno
(1962} describied twa cases of their own and reviewed earlier case reports

The size of the tumour and the severe bleeding tendency 1n these patients

quently pose derable t} 1cal problems The present case concerns
a newborn baby with a rapidly growmg hemangioma and severe thrombo-

cytopema m which good chinical 1mprovement was obtaned by roentgen
trradiation therapy

Case report
A boy born by spontancous delivery after a full term uncomplicated pregnancy weight at
birth 4450 g gencral condition good and skin colour normal Alarge turour which appeared
to be a hemangioma was evident in the left thigh no petechiae or other signs of bleeding were

Sab

for 20 Dy ber 1962

27633088 Acta Radiologica Vol 1 6 Therapy 417
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Fig | Hemoglobin concentration and platefet count while in hosputal The days
on which transfusion and roentgen therapy were given are ndicated

apparent When the child was two days old the hemoglobin value was 16 7 g/100 ml and the
thrombocyte count 99 000/mm  on the fourth day the thrombocyte count had dropped to
33 000/mm and the child was transferred to the Childrens Clinic

On admssion the chuld s condition was still good and no signs of bleeding were evident The
liver extended 3 cm below the costal margin and the spleen was not palpable An elevated
hemangiomatous mass purple 1n colour firm and immovable and 1 5 cm mn size was present
aver the night thigh almost the whole of which was mvolsed except for a small area postertorly
The adjacent skin was not sharply demarcated from the mass The leg appeared to be otherwise
normal The hemoglobin concentration was 15 5 g/100 ml and the white cell count 14 300/
mm  the thrombocy t¢ count was 59 000/mm?* The mn k Job: on
and platelet counts arc depicted 1n Fig 1 The prothrombin and bleeding times were normal
Tibal bone marrow aspiration disclosed a cellular marrow with shight myeloid hyperplasia
and normal erythroporesis megakaryocy tes were present and seemed to be increased in number
though they were normal n form and d a granular cytopl Buopsy da
capillary | with derabl dothelial p

Roentgen exammnation revealed only soft tissue swelling of the thigh the bone appeared to be
wntact The tumour wmercased progressively in size during the following two weeks to form a
crrcular mass that extended distally below the knee and prouimally to the gluteal regron
{F1g 2} There was marked edema of the leg

From the age of two weeks the child bled contmuously from numerous small ulecrations o
the surface of the tumour at the same time he gatned as much as 100 g a dayn weight though
this may be attributed 1n part to bleeding into the mass The blood loss was conuderable and
sufficient blood volume was mamntamed by frequent transfusions of fresh blood 800 ml in all
were given (Fig 1)

Irradiation therapy was started when the child was 18 days
through two ficlds each measuring 8 X 10 cm factors 180 kV, £
and HVL 1 | mm Cu A total of 1 150 r to each ficld was gien on consecutive

old The tumour was cross fired
lter 0 5 mm Cu FOD 40 cm
days m single
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Fig 2 Appearances of tumour Fig 3 The th ghat the contrul
PrioT to treatment examunat on

doses of 300 r with onc of 250 T A lead rubber sheet 3 mm thick wasused to protect the gonads
and epiphyseal ines the secondary radiation caused by each single treatment (300r) was meas
ured as being 2 3 1 to the gonads and 2 O ¢ to the nearest epiphyseal ine

The tumour felt much harder after a few days and there were signs of inflammation which
ncluded local elevation of temperature and maceration of the skin The growth of the tumour
was clearly mhiinted and 10 spite of persistently low platelet counts the bleeding subsided
towards the end of the treatment period Clear unproverent 1n the baby s general condrtion
which had been rather poor during the peniod of severe bleeding was apparent at this stage
On the other hand there was no marked change in the size of the tumour and 1t was not unul
38 days aftter the treatment was completed that the platelet count rose dramaucally and then
remamed normal (Fig 1) The skin lestons al o gradually healed and the child was discharged
after 67 days 1 hospital

At control exanunation 3 months later when the baby was 5 months old his general con
dition seemed to be sausfactory The tumour had almost disappeared leaving a fibrotic scar
formation 5 X 10 ¢m in s1ze and firm to the touch There was no difference 1n the areum
ference of the thighs (Fig 3) The penpheral blood picture was pormal as was the bleeding
time The thrombocy te count was 265 000/mm  The growth of the femora appeared roent
genographrcally to have been equal

Discussion

Tt ytop! and a tend; to bleeding 1n connection with 2 heman
gioma 15 rare ynmediately after birth Hemorrhage 1n this pertod constituted
2 problem 1n only 5 of reported cases (Hir & Loncivo 1962) The remaining
cases reported were mostly 1n infants and children with a few 1n the older age
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groups The thrombocytopema usually appears duning a period of rapid growth
of the tumour, though cases with multiple small hemangiomas have also been
described (Griox et coll 1959, Fiscurer 1960) Diagnostic difficulties may
anse when the h g 15 situated sub ly or internally, e g m
the intestine (James & Turree 1961, Hi & Loncmo 1962, Backuman &
ParkxuLANeN 1958) Because of the tendency to severe bleeding biopsy has
been performed only 1n a hmited number of cases and has revealed either a
simple benign hemangioma, a capillary hemangioma or a hemangioendo
thelioma Reports of bone marrow studies have not, however, recorded sigmifi
cant abnormalities except for immature megakaryocytes and a decreased or an
increased number of these cells

Several theonies have been put forward to explain the process by which the
thrombocytopema 1s produced (SiLvER et coll 1948, Soutnarbp et coll 1951,
Goop et coll 1955, GiLow et coll 1959, BLix & Aas 1961}

Varnous therapeutic measures, mcluding supportive treatment, have been
used m this syndrome Steroids have lly been ad: ed but
without obvious beneficial effect on the thrombocytopema (HiLL & Longino
1962) they may, however, have prevented bleeding by raising the capillary
tesistance  Splenectomy has been performed 1 8 cases with resultant 1m
provement 1n the thrombocytopenia 1n one case (MEegks et coll 1955) Infusions
of platelet concentrations restore the bleeding time to normal only for a very
Limited period but are of the greatest value before and during operative pro
cedures

The choice of treatment appears to he between radical removal of the
tumour and wradiation therapy If the hemangioma 15 successfully excrsed
there 15 a prompt nise m the platelet counts (INGLEFIELD et coll 1961, HiLr &
LoNemo 1962) Operation 15, however, ruled out in many cases because of
techmeal difficulties or because of the great nisk of excessive bleeding Roentgen
treatment results 1n cessation of the growth of the tumour and 1 1ts gradual
shrinkage The nse of the platelet count 1s slower than after surgery and occurs
{from one to several weeks after the treatment (SOUTHARD et coll 1951, James &
“TurTLe 1961, SuthErLAND & CLARK 1962) The penod was about 5 weeks 1n
the present case, on the other hand the bleeding from the tumour ceased much
earlier when the treatment was completed apparently as a result of the irra
diation

The wradiation dose was the usual one for hemangiomas and other bemgn
tumours The depth of the tumour was estmated to be approuimately 3 cm,
and 2 HVL of 1 I mm Cu was used The expected results were achieved the
growth of the tumour was checked, the thrombocyte count became normal and
there were no signs of eprphyseal damage evident at the follow up examination

Dusapproval of irradiation therapy 1s based upon the fear that secondary
radiation may damage the gonads and epiphyseal lines The total gonad dosc
i the present case was 18 r and 104 mr, and the dose to the femoral eprphyses
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15 r and 320 mr respectively The therapy would appear to have caused r;)o
somatic damage but 1t 15 of course too early to evaluate possible genetic distur
CH

anTc;e wniters believe that iradiation 1s indicated for cases with massne
hemorrhages where radical treatment 1s smpossible A combnation of irra
diation and surgery mght be advantageous, the acute stage could be con
wrolled by radiation therapy and the tumour excwed later (Hir & Loveno
1962)

SUMMARY

A case of 2 newborn boy with a raprdly growing grant hemangioma and thrombocytopemia
treated with Toenigen wrradsation s reported The treatment resulted m a decrease 1n the size

of the tumour and a nse 1n the platelet count Some of the therapeutical aspects are brefly
discugsed

ZUSAMMENFASSUNG

Ein Fall von emem neugeborenen Jungen mit einem rasch wachsenden Riesenhaemangiom
und mit emer Thrombocytopenic behandelt mit Rontgenstrahlen wird beschnicben  Die
Behandlung fuhrte zu emer Verklemerung des Tumors und emer Besscrung in den Thrombo-
¢yten Eimge Punkte der Therapie werden erartert

RESUME

Les auteurs présentent [e cas d un gargon nouscau né atteint d un hémangiome géant
croussant rapidement et de thrombocytopénie qua fut tramté par roentgenthérapie Le traite

ment amena une dimunution du volume de la tumeur ¢t une augmentation du nombre des
plaguettes Les auteurs discutent b certains probl le
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FROM THE CANCER RESEARCH LABORATORIES, MEHARRY MEDICAL COLLEGE,
NASHVILLE, TENNESSEE, U § A

LONG TERM STUDIES IN DOGS RECEIVING SINGLE
MASSIVE INJECTIONS OF RADIOACTIVE IRON
DURING GROWTH

by

P F Haux and E L CAROTHERS

Concern as to the long term effect of internal exposure to radioactive 1sotopes
1 not new Interest ongmally centered not only on the pseudo-medical use of
water contaiung radon many years ago but also on those individuals who were
exposed by their own carelessness, ignorance or otherwise to radium 1n the
course of dial pamnting during World War I Such individuals have been studied
extensively by many workers The increase 1n potential exposure to long Lived
and therefore possibly carcmogemc and genetically 1important artificially
produced radioactive 1sotopes and fission products has resulted m the extensive
re mvestigation of the effects of exposures to such agents in laborators ammals
and also 1 humans A great amount of such work has for many \ears been
cammed on at Argonne National Laboratory, and 1its predecessor the \etallurg:
¢al Laboratory of the Umiversity of Chicago 1n connection wath the study of
strontium  banum cesium yttnum and plutonwum in expenmental amimals
Similarly studies on the concentration and long term effect of plutomum
polomum and radium have been conducted at the University of Cahforma at

Submitted for publication 14 January 1963 This work was carried out under contract with
Division of Biology and Medicme U § Atomic Energy Commussion
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Berkeley, and at the Umiversity of Rochester More recently the effects of
relanvely long hived Y'C, tnhium and uranum isotopes have been studied at
vartous laboratories Strontium 90 15 of course one of the fission products which
15 currently being widely mvestigated as to 1ts carcinogenic potentialities at
various levels of introduction by different routes

We have always looked upon any nuclide with a half ife of ten days or more,
especially one which has a tendency to concentrate 1n speafic tissues, with a
degree of SUSPICION as concerns carcinogenicity when introduced 1n quantities
which arc currently thought to be dangerous Our concepts of maximal
permussible doses are necessanly undergomng re evaluation with mncrcasing
experience but 1n general ane might say that Amencan usage of 1sotopes has
been on the conservative side

In 1941 we first descnibed the use of the *Fe 1sotope for tagging the hemo
globin of red blood cells 1n donor dogs for the purpose of determiming the
crculating mass of erythrocytes of reciprents (6) (7) The chicf advantage of
this method over that used by Hann and Hevesy, and subsequently by
Nyuw using *P rested m the fact that once established in the hemoglobin
molecule the iron was firmly bound and remained within the red ecll throughout
1ts ife span In using 1ron as a tag there was no constant exchange m the body
of the label with that of other compounds containing sron (4) The chief dis
advantage n the usc of the e 1sotope by the mcthod described lay in the
technical problem of building up donors and also 1n the complicated methods
required for measurement of the ron radioactivity m 1941

‘World War 11 brought to the front two major problems in which the 1ron
tagged red cells proved to be of considerable value, namely 1n the investigation
of shock and n the study of blood preservation After considerable amount of
experience under battle conditions, 1t was finally recogmized by the Armed
Torces that where considerable blood loss had occurred the mifusion of whole
blood rather than plasma was required to combat shock Thercfore several
major programs were established to determine what materals would constitute
the best preservatives for whole blood andjor red cells Studies of this sort were
set up under the leadership of various investigators and these individuals alto
used the donor tagging techmique 1n their human studies Our own cfforts (3}
(9) and that of many others were confined Jargely to the study of the red celt and
total blood volumes 1n malara, shock, polycythemia and other conditions of
mterest

In present day tracer studics for dragnostic purposes every effort 1s made to
reduce the of total rad vity wntroduced 1nto a relatively normal
mdividual ' With mproved instrumentation the use of smaller and smaller
quantitics of 1s0topes 18 feasible. However, during World War IT the instrumen
tation methods were far from idcal necessitating the employment of larger
amounts of radioactivity This was particularly true m the casc of volunteer
donors who were employed for the studies mentioned above
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1t has been shown following the adnunistration of iron to growing animals
that nearly complete utilization of this material 1s accomplished 1n formation
of hemoglobin 1n the peripheral circulanon (5) and that once estabhshed‘:hc
wron 15 re utthzed repeatedly 1n red cell hemoglobn construction (1) The *Fe
activity 15 dissipated 1n six half lives which one would expect to span t‘\:u ife
cycles of the red cells "Therefore these 1sotopes with their long half I ¢s (#Fe =
47 days nd #Fe = 2 9 years) by their nature carry with them a low level of
constant 1rradiation over long periods of ime Fortunately the spectra of these
1s0topes are such that httle radiation beyond the vascular system 1s anticipated
With the *Fe 1sotope the beta component 1s quite weak and in the case of the
“Fe the K capture electron results in the emission of 2 very soft roentgen beam
Nevertheless 1t scemed advisable to determine whether or not any recogrizable
deletertous effects might be noted n long term expeniments tmn animals 1 which
the circulating titre of radigactivity was increased manyfold over that used sn
the past

It was thus decided to study whether mn the dog *Fe 1n quantities of many
hundred times those employed m the war time studies could be tolerated
without embarrassment of the 1 posetic system or ul development of
neoplastic conditions For this reason 1 October 1950 and again 1n June 1952,
a Iitter of hounds, in each year, was wnjected with the maximal quantiues of
radioactivity available at those times 1n the form of radioactive 1ron

Methods

**Fe 15 usually made by either a d p reaction 1n the cyclotron or by an n y
reaction in the pile Its producnion efficiency 1s low primanly due to the small
natural abundance of the parent **Fe 1sotope this being only about 0 25 per
cent normally Specific activities necessary for the usc of large tatal radio
activittes would thus not be normally attamable withm the toxc hmts of the
amount of iron which would have to be admmstered Therefore for our purpose
*Fe was ennched by electromagnetic separation procedures at Oak Ridge
(We arendebted to Dr P C Aebersold who made the arrangements for electro
magnetic concentration and subsequent special bombardment of the 1ron used
1n these studies } The resultant 80 per cent abundant 1sotope was then subjected
for several months to the thermal neutron flux of high mtensity at Hanford
Washington The resultant matenal contamned approximately 1 mullicune *Fe
actvity per midligram of ron Thus m 1950 and 1952 the total and specific
acuvities were very considerably greater than those previously produced The
material was prepared 1n colloidal form and ad d by vem to the dogs
1n order to ensure maximum utilization

The dogs 1n the first experiment 1 1950 were Litter mates and were marked
501, 502 50—3 and 50—5 They were nearly pure bred blue tich hounds
They were approximately two months of age when acquired with their mother
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Table
Annual nmmary of hematologic examinations and grouth
Dog Date  |REC JHct )WBC|Segs |LymphStaffs|Juv l):m Mono| Wgt
Lbs
50—1 (treated) | 10- 5~50] 764 | 445 | 15000, s1 I 13| n 3 I 2| 10 | 290
luter § @ 10- 5 50 1mC of 'Fe mjected T V
9-22-51| 512 | 490 13850 42 | 38 5 12 2 | 315
9-25-52| 767 540 |12100] 42 | 35 | 13 8 | 2380
9-23-53| 474 | 480 (134500 57 | 34 6 1 2 | 41
9-29-54] 747 ) 490 |13150) 65 | 32 3 430
10- 3-55| 642 520 890! 69 | 14 [ 15 2 | 42
929-56| 541 | 510[12050) 69 | 25 5 1 490
11-29-36 Sacnificed and autopsied 485
50—5 (control) } 10~ 5-50| 826 ) 470 |11600) 46 | 21 | 18 2 1| 12 | 290
litter 1 @ 9-22-51| 541 | 500 | 10425 41 30 [ 1 16 2 |31
9-2052] 795 | 52013450 58 | 20 | n 8| 3|37
9-23-53) 772 490 ) 148750 69 | 22 1 8 88
9-29-5¢] 809 | s30) 9550] 67 | 29 4 395
10- 1-55| 7.23 | 580 | 65000 60 [ 19 | 16 3| 2|39
9-29-56) 610 | 560 ) 9025] 53 | 33 | 1 1 2 | 410
11-29-56 Sacrificed and autopned 410
57218 (con | 6-27-52] 509 390 |18050] 68 | 21 4 5 2 | 280
trol) lter 1o | 6-24-53| 4.38 | 500 |13875] 71 25 2 2 355
6-30-5¢) 695 | 510 9325) 77 | 23 350
6-28-53) 792 | 500 | 6975| 46 | 22 [ 1 15 | 6 340
6-27-56] 751 530 }16725) €69 | 20 5 6 | 337
9-20-56| 612 | 560 | 672] 66 | 27 | 2 3] 2340
11-29-56 Sacnificed and autopsied 348
57228 (trea | 6-27-52| 624 | 400 |20000] 61 | 23 4 | | 5 7 | 166
tod) biter I1 G| 6-28-52 33mCof Feungected I V
6-24-53) 757 580 |1422)) 67 | 29 ] 3 1 85
6-30-54] 570 ) 480 [12550] 76 | 24 184
6-28-55| 723 | 550 [12625) 79 s | 10 31 2|43
6-27-356) 690 | 560 111700] 71 | 13 3 4] 9 |0
9-29-56| 617 | 520 [1o725) 51 | 29 8| 3|52
11-29-56 Sacrificed and autopsied 442

(50—4) on 23rd of June 1950 At that ume they were vaccmated aganst
distemper and dewormed The first three dogs of this hitter were mjected at six
months of age with | mC cach of #Fe during an actwve growing period without
previous phlebotomy A control litter mate, 50-—5, mamntamed as the others on
a commercial diet of ‘punna dog chow , was not mjected with radioactive
hematocrit and lencocyle
count, mcluding differential counts, were found to be within normal limits

matenal  Before imjection

ervthrocvte count
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GENEQLOGY OF INTERBRED DOGS

Chart 1—501
Mated 3/28/51 to 50 5
[}
2 pups
5126751 5/26/51
T
5119 5120
’27?5‘,‘;{‘ D ed 618/51 ated 10 8/51 t0 50 3
! ) — 1
1 3 pups
Autopsy Born 12/8/51
Ibomdead Female52 231 3 dead by

3/1652

Mated 9 2/52 t0 50 5 | Mated 6/23/531050 5

[
Male pup 53 1 born \fale pup 53 74 born
12/8152 9/2/53
Dued 3j25§03 Sacnficed 1713/34
{on account of bad
condition)
Autopsy

Chart I — 50-2
Mared $/13/51 10 50 3

1
Born 6/16/51
5133 5136 5137 5138 5139
Sacnficed Died Ded Ded Ded
Y3351 30[51 BJ14)51 7423151 7/15/51
Autopsy Autapsy Mated 11/19/51 to 50 §

e

Detnered 4 pups 1/19/52
Mated 5/28/531050 5 3Ded

i
Delivered by Caesarean Section sin
8126753 Died  [—utopsy
Al pups dred 121352
Chart Il — 52 222
Mated 7/1/5 10 50 5
]
\ i \ 6 pups born 8/30/54 |
Ded Dued 54 207 54208 54-209 1
0154 101156 Died by Dedby D cf\ by i?ef\ boy
(Worms)  (Worms) 12/2%154 |112|z/54 12/22/54 12122754
i i
Autopy
Astemnpt to mate 7728155 unsuccessful

Attempt to mate 8/1/56 unsuccessful
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All the puppies had shown normal development and had gained weight during
a period of four months between acquisition and mjection

Hematologic studies were carried out at monthly mtervals for the next sic
years by five individual student fellows working approximately one year each
(The hematologic examinations were performed by Marvin Jackson, Frank
Staggers, James Utley, Wilhlam Andrews and Douglas Foster) Data are
summarnized 1n the Table These conasted of hematocrt values, erythrocyte and
leucocy te counts, differential counts and sedimentation rates The weights, and
signs of chncal well being of these amimals, were also recorded regularly for
six years On July 28, 1953, a test study of thick dehemoglobimzed smears was
negative for microfilana on all dogs of both Iitters At the end of five years, bone
marrow (rib) bropsies were obtained, and at the end of the sixth year these
anmmals were sacnificed 1n November 1956 for gross and histologic analyses by
the use of mtravenous pentobarbital sodium in excess The dogs 50—2 and
50—3 had for various reasons died before this date

After having become adults (approximately one year of age) these ammals
were interbred whenever possible Dog 50—1, which had received **Fe, was
mated a year after mjection to a male litter mate 50—3, also mjected with 1rom,
and as a result five pups were born on December 8,1951 Of these, one was
born dead and three of the others were dead within three months time However,
one female, 52—231, survived throughout the ensuing five year period She was
sacnificed along with all the other hving ammals 1n November 1956 In the
meantime she was mated on two occastons with the control htter mate 50—5
of the onginal group (see geneology chart I} and as a result of the first pregnancy
had one male pup which hived three and a half months, dymng, as far as could
be determined, of pneumonta The second pregnancy of 52—231 also resulted
m the delivery of a single male pup born on September 2nd, 1953 and this
ammal was sacnificed four months after birth 1n poor condition, and autopsy
1gam revealed pneumonia as the cause of death It s to be noted that in none
of the second and third generation inbred ammals were there any notable
changes exther grossly or histologically No visceral changes were encountered
or hematopoletic alterations suggestive of any deleterious effect due to the
burden of rad pe 1 the pred 1t 1s apparent that our apimal house
was unsuitable for breeding and mamtenance of puppies Therefore, there was
a 1:1ml‘;Ed number of surviving of first and second generation ammals to be
studie

The dogs 52—218 52219 52—220 52—221, 52—222 (control 52—218)
m the second experiment were also litter mate hounds of about half the weight
of the earhier group, and were mjected with **Fe on Junc 28, 1952, as follows
52—218 (control none), 52—219 recerved 0 74 mC, 52—220 receved 15 mC,
52—221 recewved 3 3 mC, and 52—222 recerved 2 6 mC They were put on
the same study regime as the hiter mjected with radivactive rron m 1950 and
when njected werc about six months old, the same age as the first litter The
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nb biopsies on these latter dogs were done two and a half years after the
injection of radioactive 1ron  Attempts to rase puppies of 52—222 the only
female 1n this hitter, were not successful

The second hitter was also sacnificed m November 1956 by pentobarbital
sodwm four and a half years after the 1ron injections One dog from this htter,
52—220 had died two months after mjection No cause of death was found at
autopsy

Observations

When the females became adult (on¢. year or more in 1ge) they were interbred
with treated male 50—3, or control male 50—5, on several occasions 1n an
attempt to study the second or third generation anomalies that mught develop,
50—1 as an example was mated on March 28 1951, to dog 50—5 About 7
weeks later her weight was 36 4 1bs and five days later she delvered two live
pups, two days after delwvery her weight was 30 01bs Her weight on October 8,
1951 was 36 G Ibs at which time she was mated with 50—3 on December 8
1951 five pups were born of which one was dead at dehwvery Three days later
the weight was 34 7 Ibs At this time, due t0 an anemia suspected to be on a
basis of repeated pregnancy, mjections of 100 mg equvalent of elemental 1ron
m the form of ‘Feojectin’ (supplied through the courtesy of Smith Kline and
French Co) were made on each of two days Two weeks later 80 mg of 1ron
equivalent 1 the form of ferrous gluconate (kindly supplied by Dr Georg
Cronh of the M: 1l Co) were ad ed on each of two successive
days Litter mates including the control and the treated male recewved the
same treatment Of the pups born 1 December 1951 all had died by March
16, 1952 except one female The surviving ammal was retired to the country
to nsure survival and was subsequently returned to the laboratory and mated

Ammal 50—1 conunued m good health with gradually increasing weight
for the next several years On January 23, 1955 her weight had reached 46 0 lbs
and at this tune 4 b biopsy was obtamed

It will be noted that at no time except durnng, the post partum penod of
November 28, 1951 to January 29 1952, was there any anemia and this
responded very well to the intravenous admmstration of 1ron compounds
Otherwise there were netther penods involving leucopenta nor notable changes
mn the differentials, 50—1 remamned 1 an excellent state of health and on

Navember 29 1956 having a weight of 49 Ibs was sacrificed for the study of
various organs

At autopsy (grass and nucroscopic examinations were carried out by DrsL L
Mtler and Thomas Harwood) the subcutaneous nssues and body cavities were
normal i appearance The skeletal muscle was a rich deep red color as was the
shed blood The parenchymatous organs and the body cavities were un
remarkable Sections of bone marrow through the shafts of four or five mbs
showed 1t to be rather spotty with more than the usual amount of fat [ he
femoral and humoral cpiphyses upon section showed only a greasy colorless
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surface with prominent bony trabeculae The vertebral marrow was moderately
cellular  Histologically the rib biopsy, taken on January 23rd, 1955 was
normally cellular with all hematoporetic series well represented The autopsy
histologic matenal, 1 two sections of the spleen, showed somewhat smaller
than normal malphighian corpuscles Occasional focal accumulations of golden
yellow pigment were noted chiefly in the areas of the red pulp The liver was
of entirely mormal architecture The pancreas and kidney were essentially
normnl, as were the adrenal gland, thyroid and parathyroid The aorta showed
no remarkable changes Lymph nodes from the pulmonary hilar region were
unremarkable, except for dense accumulation of deep brown black pigment
seen chiefly 1n the medullary phagocytic cells A section of ovary revealed
normal follicle development with a regressing corpus luteum Autopsy of bone
marrow 1n sections of the femoral and humoral epiphyses, was without note,
the marrow cavities being replaced nearly enurely with fatty arcolar tissue
Rib scctions taken from the costochondral areas showed various degrees of
fatuness Other arcas, however, were normally cellular with all hematopoietic
series well represented Two sections of vertebral bodies revealed normally
cellular bone marrow

The abosve description 1s essentrally the same 1n all particulars as related to
historics and autopsy findings of dogs 50—2 and 50—3, as also of dog 50—5
which was the control ammal in this group

Dog 50—2, which died a few hours after a caesirian section was delivered
of several dead pups The section was performed because of an over duc
pregnancy three years after the ongmal injection Dog 50—3, a male, died after
a nb biopsy taken on January 23 1955 and death was attnibuted to a pneumo
thorax Otherwise, his clinical history and autopsy findings were the same as
those of the other dogs n the hitter

The second hitter of animals, myected with varmable amounts of the *Te,
although studied for shghtly shorter periods, showed essentially the same normal
growth and development as did the first itter studied Hematologie studies
duning hfe were normal At time of sacnifice the remaiming dogs of this litter,
Just as 1n the first group of dogs, showed no gross or histological changes that
were felt 1o be significant 1t should be noted that this second lntter recaved
much higher doses of iron radioactivity than the first group of dogs — as much
as six imes on a pCjks, basis in the case of one ammal

In general 1t 1s concluded that the mortahty of the trcated ammals which
did not survive, as well as that of their progeny resulting from inbreeding was
probably n all cases unrclated to any effects from months of irradiation derved
from a high titre of #Fe 1n the arculation

Discussion

We do not have figures avarlable as to the half path i tissues of the very
soft beta particle of the 1sotope used It 1s difficult to even hazard a guess as to
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how many cell diameters such beta particles might traverse before causing
sontzanon On the one hand 1t might be felt that most of the radation effect
would be accomplished within the confines of the vascular system However

1n some respects this could be construed to mean fairly general body 1rradiation
with the passible exception of certain fatty tissues for wnstance Again one must
recognize the hugh degree of vasculanty of the liver and spleen where temporary
sequestration of red cells perhaps occurs, especially 1n some sinuses Further

more during several ife cycles of the red cell the iron 1s certainly deposited 1n
some elements of the hematopoietic system for matters of hours, or posubly days

However, from earlier work we are fairly well convinced that the re utihization
of 1ron following destruction of hemoglobm and re incorporation 1nto a new
hemoglobin molecule 1s very rapid (1) (2)

‘We must not forget the fact that the greitest part of the retaned isotope 1s
1n the erythrocyte which 1s 1 fairly specialized type of cell Having no nucleus
mts adult stage where the 150tope 15 carried for a penod of 120 days there 1s
hittle reason for pating rad hanges 1n a cell which in atself 15 non
reproductive It has been estimated by MariveLws, Quivsy & Hine (3) that
24 ¢C would probably represent a safe level in the red cell mass of a human
donor The amounts used 1n these expenments would thus represent many
hundred times as much radioactiity

With the present state of knowledge of radiobiology 1t would be pure specula

tion to go further 1n an attempt to determne the Inck of radiation effects in the
arumals studied here

SUMMARY

‘Two groups of litter mate dogs were myected with sron contaming the Fe 1sotope at levels
ranging from 074 to 33 mC (70 to 435 C/kg) dunng active growth The amimals were
followed for periods of four and a half to six years respeetively complete blood examinations
being conducted at monthly intervals Thes developed normally and showed no chimcal or
hematologic changes up to the time of sacrifice

ZUSAMMENFASSUNG

Zwer Gruppen von yungen Hunden je vom sclben Wurf etht lten Essen Eanspritzungen von

Fen Dosen von 0 74 bis 33 mG (70 bis 434 uCkg) wahrend ihrer Wa hstumsperiode Die
Tiere wurden uber emen Zeitraum von 4 1/2 bis zu 6 Jahren muttels monachchen Blutunter
suchyrgen beobathier The Hunde erwicsen sich als normal und zeigren kein rie1 Ximsche
oder hamatologische Veranderumgen wahrend thres Lebens

RESUME

Deux groupes de jeunes chiens de 1a méme portéc ont regn au cours de leur crossance une
myection de fer contenant une dose de Tsotope  Fe comprisc entre 0 74 et 33 mG (70 a 434
#Cfkg) Ces ammaux ont €1é observés pendant des périodes allant de quatre ans et dem a six
ans subissant un examen hématologique complet tous les moss Tls se sont développés normale

ment et nont présenté aucune anomalie chinique i hematologique Jusqu au moment ou 3
ont &é sacnifids
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DETERMINATION OF INTEGRAL ABSORBED DOSE
FROM EXPOSURE MEASUREMENTS

by
CarL CARLSSON

The ntegral absorbed dose {for brevity the term *absorbed will usually be
omutted) 1s defined as the mass integral of the absorbed dose, mtegrated over
the total body, or simply as the energy absorbed by the body duning radiation
treatment Or examination

Z={Ddm {1)

where ¥ 15 an integral absorbed dose D absorbed dose Af the total mass and
dm 1s a mass element

If the mass 1s measured 1 gram and the absorbed dose 1n rad the mtegral
dose will be expressed 1n g rad umts 1 g rad = 100 erg = 10~* joule
(The names and symbols for radiation quantities and uruts used 1n this work
have been chosen according to ICRU  ‘Radiation quantittes and units 1962 )

Accordimg to the defimtion the mtegral dose can be computed from measure
ments of the absorbed dose by several detectors uniformly spread throughout
the body This measurement naturally cannot be performed m man but with
a convenient phantom this and other methods can be used to calibrate an
external measuring mstrument A large plane parallel 1onization chamber 15
often used (Rersvta 1962 Arnar & Pycurau 1961 szu:k 1960, Cartssov)
‘The chamber 15 placed between the ad bl ofa tube
and the patient and measures in the absence of a scanenng medium the product
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of the exposure 1 air and the field area (more exactly the field integral of the
exposure 1n air)

Methods for calculating mntegral doses from known exposure and field area
have been derived by many authors MayNEORD (1940) attacked the problem
n two ways first by depth dose measurements 1n a phantom and secondly by
calculating the incident radiation energy from known energy absorption
coeflicients for air and measured values of the exposure and field area In the
following, these two methods will be further analyzed

X Calculation of integral absorbed dose from depth-dose measurements

Measurements according to the definition of the integral dose have been
made by MAvneorD & Crarksow (1944) They determined mtegral dosesma
man equnvalent phantom bwilt of wax and rice, in which several 1omzation
chambers were placed Boac (1945) used 2 man shaped phantom, the cellulod
man This consists of several plane parallel 1omzation chambers 1 which the
electrodes also function as phantom matertal The same phantom was also
used by BEwrEy et coll (1959) in determining the ntegral doses from 200 kV
and 8 MV radiatien The celluloid man obwiates the time consummng work
of constructing 1sodoses or adding many products of mass and absorbed dose
Instead one has, among other things, to correct for the different incidence
angles of the radiation (because of the lamination) and for the fact that the
wall matenal (cellulose acetate) 1n the 1omzation chambers causes the sensitivity
of the chamber to decrease at the Jowest HVT (1 to 4 mm Al) which are of
mterest here Chemucal d ters are very factory from the pont of view
of the defimtion integral but their applications are restricted considerably as
they suffer from one or more of the following disadvantages low sensitivity,
great energy dependence, espeaially for low energy roentgen radiation and
nigorous demands on the punty of the chemicals and vessels used

To measure on the basis of eq 1 as the cited authors have done, 1s free from
objections 1n principle but 1s so laborious that one hesitates to use such 2
method to calibrate an outer detector for vanous filters, tube potentials wave
forms, field areas, and focus skin distances especially as the uncertamty m
the determmation of the low dose rates outside the geometnical radiation beam
can easily be great As the dimensions of the phantom used do not correspond
to all cases where determinations of 1ntegral doses are of interest, the hove
mentioned measurements had to be made with many different phantoms

The energy losses 1n lateral scattenng are relatively small (Z1ELER 1961)
According to Bewrry et coll (1959) they reach about 8 per cent of the meident
energy at a HVT of 1 8 mm Cu and a field drameter of 10 cm, if the phantom
15 2 23 cm high truncated water cone with a smallest diameter of 25 cm They
estimate the back scattered and the transmitted energues as 19 and 17 per cent,
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Fig 1 (lef) Measured values for exposuresn aie
from a duagnostic roentgen tube 75 KV and
HVT = 43 mm Al

Fig 2 Vanat on of HVT with emssion angle
from a diagnostic roentgen tube

fo us

resp Ty If this p 15 replaced by a water slab of the same thickness
but with an nfinite latcml cx(ent one part of the radiation losses through the
sides of the cone will after multiple scattening processes i the slab appear as
back scattered o tr: ted rad and the d wll be less than the
above mentioned 8 per cent The deviation will be still less at low HVT oraf
the edges of the field are more dxstant from the lateral limuts of the ph;mlom
than in the above mentioned le (thisis Ilv vahd n the | d
direction of the body when the trunk 1s 1rrad d) This ideahzed pt

(the water slab) opens the way to ssmplified calculations of the m(egral dose via
central axis depth dose data and makes simple comparnisons between different
calculation methods possible The thickness of the slab 1s of course easily
vanable The well known approximate formula of Mavyneorp (1940; estimates
the integral dose via central axis depth dose data and integration over the
geometncal beam The drawbacks of this method may be overcome by always
choosing the depth dose values for the calculations from very large fields (the
saturated scatter method) independent of the size of the topzcal fields (Harpey
1940 and 1941 LoerrLER 1956 Scarea 1960) To elucidate this latter method
we may consider a small roentgen pencil which is a part of and 1n the centre of
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a large, uniform beam, mcident on a large phantom The field 1s so large that
a further enlargement does not affect the central axis depth doses The con
tribution from the small pencil to the ntegral dose 1s easily calculated by
tegrating the dose over that mass which 1s enclosed by the geometrical imita
tion of the pencil, as the energy that 15 lost by photons scattered out of this
volume 15 yust compensated by photons scattered in If mstead the same pencil
alone irradiates the phantom, 1t will of course cause the same integral dose but
this will be strongly underestimated by integrating the central axis depth doses
over the mass within the volume of the pencil The mass integral of the dose
must nstead be extended over the whole phantom to give the same result

As, owing to radiation quality and phantom thickness, very large fields are
often required to assure saturation of the scattered radiation at greater depths,
1t may be difficult to use the method MereprTi and NEArY (1944) have pro
posed a method of constructing 1sodose curves which makes 1t possible to extra
polate depth doses to infimte field areas The method has only been apphed for
radiation qualities used 1n conventional roentgen therapy, and data are lacking
for 1ts application with radration qualities mn d 1ic radiology
Trour et coll (1952) have measured central axis depth doses for radtion
qualities with HVT 1n the region 0 7 to 4 8 mm Al These measurements were
performed with a field having the dimensions 36 x 43 cm® Field dimensions
and radration qualities give risc to the presumption that these measurements
could be used for calculating integral doses according to the saturated scatter
method However, 1t should be pomnted out that the exposure rate from a
hghtly filtered diagnostic tube with small anode angle 1s far from homogenous
over the whole ficld An example of measurement of the distnbution of the
exposure 1n air from a diagnostic tube 1s shown in Fig 1 The field dimensions
and focus shin distance are about the same as given by Trout Apparently
the exposure varies 1n the field by more than a factor of two The mntegral
A!.X dA of the exposure, A, over the ficld arca, 4, calculated from Fig 115 13 per

cent less than if the whole field had been rradiated with the exposure of the
central ray With the aid of depth dose data for dufferent field areas the dose
contributions from scattered radiation from different parts of the field to the
doses of the central ray can be calculated From this 1t 1s possible to compute
the effect of the exposurc vanations of the field on the doses of the central riy

The integral doses calculated from central axis depth doses for an inhome
genous field (Fig 1) and for a homogenous ficld with the same central axis
dose at zero depth and with the same radiation quality have been compared,
the calculated integral dose for the inhomogenous field 1s only about 3 to 4 per
cent below that for the homog field If d 1s taken of the fact
that the radiation quality also depends on the direction, the difference will be
still less Fig 2 shows how the HVT vanes with the direction of the radration
along the axis of the roentgen tube, as measured by the author Another serious
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objection to using these depth dose measurements 15 that they have lzlsgn m:uit‘:
wath a large 10mzation chamber (the Victoreen thimble chamber) e 1nse s
tion of an air volume 1 the phantom matenal causes an increase in mcasurcd
exposure because of the decreased filtration of both the prnmary and scattere
radiation but also a dimmished exposure contribution because of the chimina
tion of scattered radiation from the displaced volume This volume effect of the
romization chamber may lead to corrections mn the measured depth doses by
several per cent (Lipex 1961, SkoLpsoRN 1959) Usually & large 1omzation
chamber causes an overestimate of the depth doses as well as of the mtegral
dose calculated from them The effects of an inhomogenous field and a large
1omzation chamber may to 7 great extent cancel each other

From the experimental values of Trou et coll the author has calculated ntegral doses as
follows

o
T f D[ FYpdude=fodo | X (F ;‘)'dx @
A ¢ o

where f = f factor==the ratio between the absorbed dose and the exposure for monoenergetic
photons 1n water

F = the average value of the f factor for the photon spectrum in the phantom The values of
7 have been taken from National Bureau of Standards Handbook 78 (1961) and arc given
n Table 1

= the exposure in the central ray at the depth x
the density of the phantom material

surface area of the field 4 = the field area at the depth x

= focus—skin distance

= the depth 1n the phantom

If Y15 expressed as a fraction of the exposure measured in the centre of the beam at the

position of the phantors surface but with the phantom removed 1if Ao 15 chosen as 1 em? and

if the phantom matenal has the density 1 g/fcm® eq 2 may be simplified to

2 =Ffv (F“)' dxg radj(em? R) &)
I3

R -

F
This integral has been evaluated for 4 = 20 cm for fifteen cases with HVT between 091
)
and 4 8 mm Al The results are presented m Table 1 1n the column/ For the calculation of
3

1 according to the method of MeRenITH & NEARY the contnbution from the pamary radiation
has been taken from depth dose values for zero area ( Depth Dose Tables for Use in Radio-

therapy 1961) and the saturated scatter from Horserey & Asery (1956)
As earlier the integral

a 3
E=ffEr (F;x) dx (O]
was determined graphically (the results being given 1n Table 1 for d = 20 cm) P = exposure
from the primary radiation Af = saturated scatter both arc expressed as fractions of the
Pprimary exposure at zero depth
Eqs 3 and 4 arc app d of the focus-skin distance For a semu mfinite
phantom the ntegral dose per cm? and R will be shghtly less for a shorter focus skin dis-
tance {cven if the exposure 1s constant over the whole surface) owing 1o the fact that the
backscattered energy increases with the obliquity of the incident rays (BERGER & RAso 1960}
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Table 1
Tntegral dose and fractional transmusston calculated from depth dose values
kV Added HVT 2 o T, xz x
filter mm { measured .{7 { =Z ool " * *
mm
g rad cem”™ R™

Trout et coll 85 0Al 091 Al 49 50 01 42 47
8 05A1 135 A1 60 60 02 47 55

85 10A1 154 Al 69 72 03 55 65

85 20Al 19541 82 86 05 63 75

85 30Al 250A1 9.2 98 08 70 83

TRoOUT et colt 100 0Al 100 Al 67 72 07 49 60
100 05A1 160 Al 77 82 07 57 69

100 10A1 195A1 89 96 09 65 79

100 20Al 290 Al 106 18 15 74 92

100 30Al 360A1 19 132 16 81 103

Trour et coll 130 0Al 120A1 74 79 06 53 66
130 05Al 195Al 93 103 12 64 80

130 10A1 290 Al 108 121 17 72 97

130 20A1 41 Al 124 141 21 81 106

130 30Al 48 Al 136 162 32 84 1z

MerEDTH NEARY] - — 05Cu 173 211 48 96 137
— - 10Cu 204 266 76 101 153

- - 20Cu 209 282 91 96 157

- — 30Cu 202 287 106 88 142

- - 40Cu 188 278 13 78 128

d¢ Sce

‘ @ - (F+ax\
X 4 means integral dose per em and R 1n a @ em thick water slab [ means f. /\'( 3
e [
eqs (3) and (4)
The results £ are corrected for errors 1n depth doses owing 1o the fact that they are measured ina
phantom thicker than d cm. g means energy transmutted per incident em* and R

e
Z‘; means fraction of the incident energy which 1s transmtted through a & cm thick water slab

In a water slab with fimte thickness the transmssion decreases with shorter
focus shin distance owing to the longer path 1n the phantom These phenom
ena are however of small importance at ordinary focus shin distances,
and as they mainly refer to the boundary rays they have only 1 small cffect on
the central aws depth doses and the integral dose calculated from them

Therefore eqs 3 and 4 may be cvaluated most easily with depth doses
measured as tissue air ratios The tissue air ratio 1s independent of the focus
shin distance and equivalent to the mfimte focus skin distance m egs 3 and 4
(Jonns et coll 1958)

Fig 3 gwves for roentgen radiation of HVT = 05 mm Cu the central axis
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Table 1 (cont )

L T T Ti T T Tae AE,
2o | B |Er Er Fe Ec rad R

49 50 50 0018 013 004 0014 0004 0001 0.23 0932
58 59 60 0034 016 007 0076 0010 0004 023 0937
69 70 71 0046 018 008 0035 0016 0007 023 0932
81 84 35 003 o1 010 0048 0023 o1l 023 0932
90 94 96 0078 022 012 0060 o031 0016 023 0932

66 69 70 009l 0.2¢ 013 0070 0037 0020 024 0937
76 79 81 0084 024 013 0064 003 0017 02¢ 0937
87 92 94 () 025 013 0069 0036 0018 024 0932
103 109 13 013 028 017 010 008 003 024 0932
116 123 127 012 029 016 0090 0050 0028 024 0932

73| 76 | 78 | o008 | 025 | o13 | oos | oozs | o013 | o2¢ | 0932
90 | 96 | 99 to1z | 029 | 017 | 009 | 0050 | ov27 | 02¢ | 0932
105 | 112 | 16 | o014 | 031 | 018 | 010 | 00,9 | oo03s [ 024 | 093
120 | 128 | 133 | o015 | 032 | 015 | 011 | 0068 | 000 | 024 [ 0932
130 | 141 | 148 | 020 | 036 | 023 | 015 | ooss | 0063 | 02¢ | 0932
163 | 180 | 191 Jo23 | oar | 026 [ 017 | o | 007 [ 025 | oo4
189 | 213 | 230 | 029 | 047 | 032 { 022 | 015 } o010 [ 025 | 09
191 1 218 | 237 | 032 | 049 | 034 | 024 | 017 [ o | 025 | 09
181 1 210 | 230 | 037 | 053 | 035 | 028 | 021 ) 016 | 023 | 0%
165 | 193 | 215 | 041 | 057 | 043 | 032 | o2¢ | 018 | 021 | 0%

depth exposure 1, expressed as a fraction of the inaident exposure 1 air and

Fix\r
multiphed by the fﬂctnr( ;x) as a function of the depth 1n water The ex

:

Ppression (F-Itx) dx constitutes a volume element with the incident area =
i (F4x
1eme Thcmtcgral{f X(T) dx expresses a volume dose Multiplication
by the density of the phantom gives the ntegral absorbed dose per cm? and
Toentgen umt according to eq 3

According to the saturated scatter method the ntegral dose will be under
esumated if the central axis depth doses do not have a saturated contnbution
of scattered radiation The upper curve mx Fig 3 which was calculated ac-
cording to MereDITH & NEARY (infimite field area) meets the saturation con-
ditions, and the area beneath the curve 15 a measure of the mntegral dose The
other curves which refer to depth doses from finite fields underestimate the
integral dose to an increasing extent s the field area and thus the contribution
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HYT QS em Gy

oo 25
. — Iy = 0
B 0 15 200 pth em

Fig 3 The integrand 1 egs (3) and (4) Upper curve
represents depth doses with a saturated scatter contnibu
tion The area beneath tlus curve 1s proportional to the
integral dosc For doses from a decreasing field area cq
(3) underestimates the integral dose to an ever increasing
extent

of scattered radmation to the measured depth doses gradually decreases In
successton from top to bottom the different arcas beneath the curves under
estimate the integral dose by 12, 17, 53, and 75 per cent Chlculations of the
integral dosc based on depth dose values and ntegration over the geometrical
cone of radiation can easily result an crrors of a factor 2, and n extreme cascs
even a factor 4, if the saturation conditsons are not fulfilled

Of the two cases 1 Fig 3 wath the same werdent area (400 cm?) but dif
ferent focus skin distances (50 cm and infimty), the field with the shorter
focus shin distance best meets the saturation conditions since the field arer i
this case increases with the depth and the relative contribution of scattered
radiation to a point at a depth + 1s dependent of the arca of the ficld at this
depth and 1s independent of the divergence of the radiation (Jomns et coll
1958) \AvnEORD s well hnown and often applied formula differs from eq 3
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Dose

rad
F

15
7~

10

05

20 30em
© depth
Radiation. Fieldem X /D 5,/D
g rad cm~ rad™
— 31IMY 50 92 130
8 MV 400 98 131
*co 400 101 126

Fig 4 Ratio of integral dose to tumour dose for three radiation quahties

¢ miEe?

Fig 5 Depth doses m & sem infimte medwm and = 2 20 cm thick water
slab The' crossed area corvesponds to the encrgy scattered backwards
through the 20 cm planc 1 the scm nfimite med um  OF this energy 2
fract on 15 scattesed forward over the same plane and so on The broken
curve gives the depth doses in the slab

441
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i the approximation of the depth dosc as exponentially decreasing 1n order to
obtain a defimtion integral which can be evaluated

This and sumlar methods therefore underestimate the ntegral doses in the
same w1y as the graphical method presented here This graphical method has
besides greater accuracy the advantage of being easily apphicable to high
energy radition where the dose 1s far from exponenuially decreasing Tor
prrticle as well as photon radintion of sufficiently gh encrgy the forward
scatterng dominates to the extent that saturation of the central axis depth
doses will be reached for the moderate ficld ares reported 1n the standard
tables Fig 4 gives a comparison of integral doses from *Co 8 and 31 MV
roentgen radiation for the same tissuc {tumour) dose at 2 depth of 10 ecm The
dose values have been taken from tables for mfinite focus shin distance
{‘Depth dose tables for use in radiotherapy, 1961) It 1s seen that the 31 MV
radiation gives the Jowest and *°Co the highest mntegral dose for a 20 cm thick
phantom For a 30 cm thick phantom 1nd the same tumour depth the *Co
radiation 1s preferable

As the phantom used for the depth dose metsurements 1s usually semi
infimite or at least 30 cm deep, the measured depth doses will be larger than il
they had been measured 1n a phantom with smaller dimensions This 1s becuse
onc part of the dose contribution 1 the measurement an the thicher phantom
originates from radiation that has been back scattered from deeper parts of the

Ig 3
phantom If the mtcgrand]\( ;x) 15 extrapolated to mfimite depth, 1 ¢ by

supposing the whole expression to be exponentially decreasing and then inte
grated graphically, first over the actual depth 04, and secondly ntegrated
numerically from 4 to infinity, then the mtegral dose to the depth d, calculated
m this w1y can be corrected by considering the cnergy albedo The energy
albedo Ag 1s defined as the ratio between the reflected and the mneident energy
Albedo values for semi ifinite media of different matenls have been calculated
by the Monte Carlo method (BERGER & Raso 1960) for photon encrgies be
tween 20 heV and 2 MeV nd different incidence obliquities

Tig 5 gives one example of the integrand 1n eq 4 1n 2 semi 1nfimite phantom
(solid curve) The brohen hne refers to the syme integrind measured ma
phantom 4 cm thick In the figures, d has been chosen as 20 cm because this
thichness corresponds well with the mean value of the thickness of the trunh 10
the antero posterior direction i adults Of the energy 7, whichis transmutted
1 2 phantom of thickness d, the fraction Ay, 15 reflected 1f the depth of the phan
tom 15 increased to infimty However the fraction 4p 15 bachscattered from
the first f cm of the phantom, and 5o on A, 15 the mean energy lbedo value
determined from the energy 1nd dircction of the photons

Tor the calculation of the transmitted energy T4 1n a water slab of thickness d from dose
values measured 1n a sem: ifintte phantom eq 5 18 vald (for brevity the integrand from
cqs 3 and + 15 omitted)
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Integral dose

grad/e
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Trout et coll

MeredirNeary v

Fig 6 Calculated imtegral doses in a 20 cm thick water slabasa function
of the HVT in mm Al

o
{5TJ—AnTi+Az_AExTa—Am4}:.4::17]+ )

This series converges rapidly because Af as a rule 1s smaller than 03 In the calculauons
all A¢ have been chosen equal to Ax = 4k = 025 This gives

@ o ~
{='m: (—Ag, or TF(|+AE){ {6)
=0
The corrected integral dose 1s then
Z4=Z o—Ta O]
Eqs 6 and 7 have been solved for different d and are shown in Table 1 The transmussion 13

<
th re expre sed as a fraction pznly of the mtegral dose m a sem; whaste phantom (T
RIESY

and partly of the nadent encrgy E ‘The transmatted and madent  nerg ¢ e here nor

.
malized to 1 em* R incident The ineident energy fluence per roentgen umi { rg (cra® R)]
15 obtamned from the relaton £ —Fy (I—Ag) ®

where the encrgy albedo Are of the primary radiaton denotes the (raction of entrgy back
scattered from the phantom surface Ago 15 obtawned from the spectral calculations described
under next heading and from Table 1

On the basis of the values i Table I, the mtegral doses 1n a 20 cm thick
phantom are p! dmFig 6asafi of HVT 1n mm Al Theothertwo
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Fig 7 Fraction of the energy transmitted through a
20 cm thick water slab_The lower the filtration the
higher the transmussion for low HVT

scales HVT 1n mm Cu and heV, are both related to the first scale in 1+ manner
that 1s vahd for monocncrgetic photons Fig 7 presents mn the same way the
transmission through a 20 cm thick water phantom Ior low HVT a tendency
to higher integral dose and transmission can be seen for hightly filtered radiation
Thus 15 due to the fact that the HVT 1n these cases underesumates the tverage
encrgy of the radiauon We shall return to this question n the following

Il Calculation of the integral absorbed dose by determunation
of the incident energy

The incident energy can be measured directly by calonimetric methods
Simultancous measurement of the exposure allows the determination of the
energy fluence necessary to give one roentgen 1n frec ur The expression energy
fluence means the ume integral of the energy flux density and has the dimenston
encrgy per aren (ICRU 1962) A calonmetric determintion of the encrgy
fluence per rocntgen umt with the radiation qualities 10 which we are inter
ested here has been reported by Lauvcnuv & Genwa (1956) They used roent
gen 2pparatus with potentials between 130 and 400 AV and HVT between 5 1
mm Al 1nd 3 0 mm Cu (scc Table 2 and g 8)

Measurements of spectra of primary roentgen radiation, which have been
reported by, among others, Corvack ct coll (1958 and 1960) and HETTINGER
& STarrrur (1958) also give the inaident energy These measurements were
performed with santilittion spectrometers with varous acceleration potentinls
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Fig 8 The energy fluence per R for different filtered radiations as
a functon of the radiation quality For 140 kV radiation with a
total filtration of 0 6 mm Al the data for moneencrgetic radiation
wf“gh the same HVT underest mates the incident energy by a factor
o

and filters 1n the roentgen apparatus Simultaneous measurements of the ex
posure were not reported, which explains why the expeniments do not directly
gwe the energy fluence per roentgen umt These measurements were performed
with a very narrow beam geometry and with ntensities so low that exposure
easurements under the same conditions would be troublesome

If the energy absorption ¢cocfficients for air and the average encrgy necessary to produce
20 100 pair in air are known the encrgy flucnce per roentgen unit can be calculated from

"
e c R
("?') 300 0001293 10

where Ey15 the necessary encrgy fluence to give I Rinair Tt the average energy dissipated 1n

Ep=

hen
arr to form one 1on pair expressed m ¢V (T) 13 the mass cnergy absorpuion coefficient for
n
arr (cmt/g)

Ey 25 a function of the photon « 1rgs has been calculat d by umong others Mayxzoro
{1940) Jomws & Lavemiry (1956 and Murvey & Bauim rr (13.3) The latter 1n ther
work use values of the absorption ¢ efficent from Warre Grorst is (1901 ard thar cal
culations are used 1n the following Ho vever 34 ¢V will be pref rredasavalu of H wstead
of the value 33 eV used by Moovry & Barimcer {(ICRU 1961 As 1t 1s assumed to be a
constant over the whole energy  t rval this mvolves only a smpl  correcon \ewer values
of the encrgy absorption coethi 1 nt (R T Bercer 1961) do not appreciably change the
results given here

The incident energy can then be calcwlated from €q 10 1f the field area and the exposure
10 air are measured provided that the photons are monoenergetic By means of eq 10 and
measured spectra of pnmary rocntgen radiation the energy fluence per roentgen unit can be
calculated for radiation wath a continuous spectrum
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Fig 9 The madent energy per em® and R (solid curve) asa function
of the photon energy For the broken curve the reflected cnergy 1s sub-
tracted from the incident For the dotted curve the transmitted as well
as the reflected encrgies are subtracted

If £ 15 the energy of the photons P(¢) the number of normally mcident photons with the
energy £ per keV interval and emt then P (€} de expresses the number of incident photons per
cm? with energes between £ and € + de £P(e)de erg/cm? expresses the energy fluence of these
photons
eP(e)de

Er(e}

expresses the exposure 1n air which this energy fluence gives

The mean value of the encrgy fluence per roentgen umit for the whole spectrum 19 given by

:fsp(e) de y
& :75!’(5):15 a

o Ele)

In the calculation of eq 11, E, as already mentioned, has been taken from
MULVEY & BALLINGER with Tf” = 34 ¢V The spectral distributions were first
obtamned from measured pnmary spectra (HETTINGER & StarrELT, COR
sAck et coll) and then by calculating new, more heavily filtered spectra
from the first mentioned Instead of P(z), P(e)e—#* 15 mnserted m eq 11,
where p(e) = the total hinear attenuation coefficient for the filter matenal,
d = the lmear thickness of the filter, y(¢) has been taken from Wete GroD
stEM (1957) Coherent scattening s also mncluded m p(e) Thiss reasonable on
account of the extreme narrow beam geometry in the spectral measurements

Filter matenals and thicknesses have been chosen so that the resulting total
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energy albedo
03
. °
02 - |
+ —_— tie radiation
. totat filtration
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] 3

1o T 76T T %5 | mm AL HVT
05 1 2 3 4 5 mmCuHvT

Fig 10 The energy albedo for monocnergetsc photons and for roentgen ra
diation of different ltration

filters (inherent and added) amount to 2 3 and 4 mm Al 4 mm Al 4- 05 mm
Cu, and 4 mm Al + 0 25 mm Cu -+ 04 mm Sn The calculations cover radia
tion qualiies used both 1n roentgen diagnostic examinations and n radio
therapy For each of these spectra E,, the energy fluence per roentgen umt
and also the half value thichness or half value fayer (HVT or HVL), have been
calculated for bath mm Al and mm Cu HVT 15 here, as in the preceding
section defined as the thickness of an attenuator which 1s necessary to reduce
the exposure or the exposure rate 1n ur by a factor of two In the calcula-
ttons of the HV'T the same absorption coefficients have been used asin the spectral
caleulations The HVT 1s obtawed from
1 ®ePle)de 7 £P(e)e sl FVTYs a2
1Bl 4 E(©
In practice nstead of HVT different thicknesses, d are tried 1n eq 12 so
that the ratio between the mtegrals gves values 1n the neighbourhood of 05
Then HVT 15 obtamed by mterpolation 1 e just as in HVT measurements
For measurements of HVT dehmed as m eq 12 a stringent narrow beam
geometry 15 necessary
Fig 8 shows both I, and E; (monoenergetic photons) as functions of HVT
nmm Al The curve wathout signs corresponds to monoenergetic radiation and
the other curves correspond to roentgen radiation with the indicated total
filtration The lowest HVT corresponds to the lowest voltage of the roentgen
tube Speaifications of voltages are given 1 Table 2 As could be expected the
curves for heavily filtered radiatton (narrow spectrum) agree best with the

curve for monoenergetic photons The greatest deviations are found with light
filtrations and tube voltages of about 100 kV
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Of course the maxima of the curves for the spectra are inferior to that of the
monoenergetic radiation This explans why E, << E; for HVT greater than
05 mm Cu For low HVT, E; > E, especially at low filtrattons In this case,
for the HVT measurement of radiation with a broad spectrum, the exposure
15 reduced to ene half mamly by a strong absorption of low energy photons
These low energy photons provide 2 large contribution to the exposure but 2
small contribution to the energy fluence, and therefore the spectrum 1s alloted
an effectine energs (its HVT) lower than 1ts energy fluence and mean energy
would indicate

From a knouledge of the total filtration the incident energy can be calculated
by means of Fig 8 if the exposure in air and the field area are known As s
seen 1 Fig 8, the agreement between the calonmetric measurements of the
energy fluence per roentgen umt and the spectral calculations 1s surprisingly
good 1n the cases where direct companisons can be made (130 kVp and4 1 mm
Al total filter and 250 LVp and 0 5 mm Al + 1 5 mm Cu total filter) Also1n
the other cases the same general trends are to be found as in the spectral
calculations 1 ¢ the broader the spectrum the greater the dewiations from the
monoenergetic curve

The integral dose 1s obtamned from the mcident energy by subtraction of
backscattered and transmutted radiation energy

The fraction of the energy scattered bachwards 1s taken from the energy
albedo calculations of BERGER and Raso (1960) and the fraction of the energy
transmtted from the calculations in section I Fig 9 gives for monoenergetic
radiation (a) the energy fluence per roentgen (b) the integral dose 1n a sem1
infimite water medium (backscattered energy subtracted from (a) (c) the
1ntegral dose m a 20 cm thick water slab (the transmitted energy subtracted
from (b))

The ntegral doses and the backscattered and transmtted energies i (b) and
{c) are per cm?® and roentgen umt The transmussion calculations are per
formed for continuous spectra and are not strctly valid for monoenergetic
photons As a further cntiasm may be mentioned that the bachscattered
energy from a water slab will be shghtly overestimated because 1t has been
caleulated for a sem infinite phantom According to Berger & DoGGETT
(1956) the reflection from a barner will rapidly assume 1ts maximum value A
water slab with a thickness of two mean free paths of the pnmary photons

(066 \MMeV) 15 already equnalent to a semn mfimte medium LEMDORFER
(1963) has shown that to reach the maumum value of reflected energy 1n con
crete a greater thickness tn mean free paths 1s required at low er photon encrgies
n the range 1 to 10 \MeV From backscatter measurements by HETTINGER
(1960) 1t 15 cvident that at least 3 mean free paths are necessary at photon
energies as low as between 60 and 100 keV A mean free path (mfp) 1n water
15 for 60 heV photons 4 9 em and for 200 keV photons 7 3 em Then the 20 cm
thick water slab 1s at least 3 to 4 mfp for mostofthespectra constdered here The
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Fg 11 Integral doses percm and Rana %0 cm thck s aterslabasa func
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overestimate of the reflection in the calculations 1s then shight and only at the
hughest cnergies may one expect shightly underestimated integral doses

For all the spectra 1n Table 2 a mean energy albedo g has been calculated as

Fdste)er(erde
< — 13

JePlerds
H

dg=

1nFig 10 both 4g(monoenergetic photons  and T, for the diffeent filtered radiation are
presented as functions of the HV'T in alummium The reflect -d and transmitted energies hase
been subtracted from the inaident energy from the dufferent sp ctra ¢ ording to
U= 15 ¢ JEP(e)~T o £ }de
3

l” (e)d
Eie)

A

The results integral doses in 2 20 em thick water shib arc presented

Table 2 and Fig 11

Il Comparson between different estimations of integral doses

From Fig 12 which 15 2 combinaton of Figs 6 and 11 caleulrtions of
integral doses from depth dose datr and pumary spectra can be compared
From both methods 1t 15 obvious that the HV T concept measured in mm Al

7962308 4ct fadolo ca Vol I & Ther gy
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Table 2
Integral dose from spectral
Spectrum I3 Total filtration mm T
(The term calcultted means calculated
by the author from the measurcd spec Caleulated
trum ~ means alternating voltage ) mm Al | mm Cu
HETTINGER STARFELT measured | 45 07\l 100 | 0030
caleulated| 4o 20 Al 150 —
» 45 30 At 180
43 40Al 204 | ooit
> 4 4A1405Cu 365 | 013
> 45 4A14025Cu+045Sn 206 | 0081
HeTrNGER STARILLT measured 75 07 Al 135 | ooy
caleulated| 7o 2041 240
» 7 30\ 300
> 7 40 Al 358 | 01t
» 75 4A1405Cu 733 [ o
» 7 4A14025Cu+048n 909 | 040
HETTINGER STARFELT measured | 100 44l 490 | oIns
caleulated! 100 4A1405Cu 93 | 0w
> 100 4A14020Cu+04Sn s | 0w
HLTTINGER STARFELT measured | 14s 44l 633 [ 0300
calculated, 145 4A1405Cu 1o | o7
» 14> 4A14025Cu+048a 133 1D
HETTINGER STARFELT measured | 170 441 813 | 04
calculated| 170 4A1405Cu 122 { Lo
» 10 4A14 075 Cu+0451 148 | 108
HETTINGER STARFELT measured | 925 4Al 960 [ 08
caleulated] 725 4A1405Cu 139 [ 14t
» 225 4A14+025Cu+045n 164 | 227
HETTINGER STARFELT measured [ 250 4\ 941 | ors
calculated| 750 4A405Cu 146 | 160
» 250 4A1+025Cu+045n 171 | 261
HETTINGER STARFELT 50~ 074l 074 [ 0072
calculated| SO~ 10 A1 187 | 0057
» 50~ 4A14+05Cu 37 | 013
HETTINGER STARFFIT 90~ 07A 133 | o0t
calculated] 90~ 404l 349 | 012
» %~ 4A1+05Cu 767 | 035
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Table 2 (cont )

T Energy fluence per | Lnergyalbedo | Phantom 20 thick
Messured rorntgen per cent
mm | erg em— R— Transmuss on | Integral dose per em
per cent and rontgen
g rad em— R—
302 1n7 34 300
- 188 133 40 104
- 567 11 43 160
- 672 147 16 200
- 1070 184 68 800
- 592 137 44 190
- 6% 179 51 515
- 1030 196 94 730
- 1200 204 103 830
- 1340 200 106 430
- 7410 237 128 154
- 2910 242 150 177
019Cy 1830 225 130 121
- 2970 243 158 178
- 3410 250 187 194
030Cu 2420 28 152 150
- 3280 748 174 189
- 3650 257 29 197
039Cy 2670 239 167 Iag
- 3370 24 186 191
- 3630 218 240 186
05 Cu 2850 2 172 169
- 347 241 223 183
- 3580 " 266 173
069Cy 279 2 1 165
- 33% 737 234 19
- 35.0 234 275 1
- 0 105 31 33
- 8 141 41 476
- 1640 186 66 214
- ‘o 181 87 494
- 1360 25 99 990
= 2370 25 132 159
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Table 2 (cont )

Spectrum (3% Total filteytn mm Hv
Cleulated
mm AL o Ca
CORMATR m el 1o 0 Al 14 00
aileula | 110 20AL iR
» o INAL ol
10 0 Al 230 [tad)
» Ho AAT1 0 Cu 105 a7
» Ho 4ALEO2 Cul 015 123 1
ConMAR® m asured 140 0on Al (B3} 4]
aladn dl 10 10 A1 S0 02
) 140 1AL Cu 10, o1
110 AALTO D Ca1015 129 1o
LORTTETEN m wsured 240 2AI02:Cu025: It 17
» 2i0 ZAIODH G065 171 200
280 ZALI0 0 Cal 2N 81 dlo
Dnwe me mred 0 0 Al 077 on
+alendae Y E) A0 A 10 ) awmy
» 10 4ALI D) Cu 11t arn
0 AALODCui0 S 20 oot
[T measur 1 130~ 11A)
il nmoer ) 20~ G1AL 03 Cu
2~ OLALIO e
’ [FFANR TN
100~ AL 20Cu

3
Sl ol (IT) neq 10 tiken from R 1T e e (1961)
(BN

docs not correspond to vumdgue intepe il dose Asn igs 0, 7, 8 ad L1, iy, 12
shows that the HV I undorestimates the werge enagy ol tie speca o s the
low cnergy regron

The agreoment hoween the results of the tso ¢ deal won methods s ather
good dthough wthe tow encegy tegron 1o 5o AUIIVE the deptly dosc
claulwons tosultn gher integrd doses o the speeted el ions for the
sane TIV T and Gltr o As e ssons for the devinons may he mentoned

1 Irots ctcoll (1952) morsured therr depth doses wath v lod up to 500
m A of tiull wne 60 cycde dingnostic rocntgenun, whale thespeetr Wl e 1sure
ments were pordormed with so low currents less thn Tomy, thae the tuht
voltige osng, to the mftucnce of the cible Gpaatinee (Trovt ot coll 1960}
ws constunt Lhere probably e rdhinnedy groster number of low encgy
phatons i the vdrinon fom 1« tube with pulsiting volt e I his e s that
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Table 2 (cont )

T Lnergy fluence per Fnergyalbedo] Phantom 20 em thick
roentgen per cent
Measuredmm | erg emp- R-3 Transmussion | Integral dose per em
per cent and roentgen
g rad cm~ R~

153 Al 99> 213 120 663
- 1680 223 130 109
- 1890 278 134 1”1
- 2020 231 13¢ 130
- 3900 24¢ 168 188
-~ 3670 252 210 195
133\ 1040 _ — —
- 2130 — - -
- 3230 - — -
- 3590 - - -

177Ca 3390 238 234 179

7€3Cu 3530 235 775 173

3G 367 232 291 173
- 307 s 35 257
- 619 151 7 290
- 1230 193 74 200
- 7°t s 58 for

S 2020

05Cu 2810

10Cy 3170

19Cu 3500

30Cu 28,0 + 90

the HVT underestimates to i cven cruater extent the average encrgy of the
radiation, which may explan the whole deviavon In Table 2 2 fow spectra
with pulsruing tube voltige (HETTINGER N S1arFELT) hue been used for
ntegral dose calculations The expected highes ntegral dose per em  and
foentgen unit than for 1 whation with the sime HVT 4nd filtriwon but with
onstant soltage has not been obsersed with certamnty

2 The relanvely 1uge sontzation chamber used by TroUT et coll gnes too
high values in a phiniom

3 The spectral masurements underestmate the number of low energy
Photons The numbt of Jow cnergy photons P(e) just s the cnergy fluence
Per roentgen unit E/( +) vanes rapidly with the encrgy ¢ forthelow estenergies

which explains the 11t that the calculation of eq 11 15 most uncertain for low
Photon energies
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Integrat dose
g rad/em? R
20t - o

oD 30 48 50 60 BTO 190 150, |Photon enerqy ke¥
1 T B0l mmal Wyt
1 2 3 4 5 mmCukvT

Lig 1’ € mbumaton of figs 6 and 11 The micgril ds es caleutate | frm
depth d s s and spectral measurements can be ¢ ympare

Integal doscs caleulsted by means of the Meredith Noy method diflor
fess than those bascd on IrouT et coll from the spectenl ealcutinons (g 11
The method of Mcredith Neary gives fower ntegral doses for IV I bencih
1 mm Cu nd igher for HVT over 2 mm Cu than the spectral ealeul itons
The Jow values my be due to an underestimnte of the contnibution of the
satut ited scutter to the depth doses by the nbove mentioned method [his s
mciced by the fiet that if the contribution of the saturated seitter as tihon
from 1 tible for short focus ki disttnee  the calealited ntegril dose will
be graater than for 2 grater focus shin distinee The integril doses cstimatced
from «q 3 e greater for 1 short focus shin distanee becawuse the field w v
wnd thus the contribunion of seattered ridintion 1s greater for greter dopths
tJorns et coll ) When the scatter contnbution 1s Alrcady swurued one min
msterd (ypecet the reverse for 1 short focus shin distance as e thyy case the
meemtty of the border ridion decreases according to the mmverse squire
I Inercwsed reflecuon nd inhomogencities sn the fickd alo ply 1 role
by L

As the cnergy albedo hns been ¢ileulated for 1 sumn infine phnton the
reflection will be overcstimated to 1 greater estent for thimer water shbs
Ihis resubts i underesumate of the speeteal caleuluons of the tegrl
doses espeerslly atTarge HVT 1his mny be the reson for the Jower s ducs of
the integrl doses caleulted from the spectey for the lngher IIVLE T must be
Admitted however that the caleulttions of the trinsmission are so ceurue
that nothing, definite mas be sud concerning these small desitons

Ta comp ire the caleulttions with those of othic r authors the results published
by Scart (1960) Keetrr (1956), Rrivsua (1962), and Znrir (1961) have
been added m Lig 13 o the rosults from Fig 12 ScARiA uses the suprited
scatter method and lus results are approximatedy adentical with the results
based on the Meredith Nears method  The cilculations of hirtir gne
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Integral dose

g radfem?R
2 -
3
Rem:
0 /_jl/
Zieler
WX M 0 60 80 100 150 |Photon energy keV
0 5 o T T 20 ] mm athvr
o5 1 2 3 4 5 mmCuhvT

hiz 13 Integral doses per em an | R caleulated b T rent authors are
ad fed o fix 17

apprecsably lower results wheres Remswy simply assumes that all of the in
adent entrgy s absorbed Ho neglects backsentter and trmsmucion and
assumes that the HVT well duseribes the rwdiuon quilin Neglecuny, the
speetral differences for ridintion with the sume HVT involves 1 fwlty esumn
tion of the dose-s wing ¢fficet of the Glteation of 1 roenteen twbe In s mes
Uruments of mtegral doses pmpcrl\ madent energy, i roentgen diignostic
f)“mlmlmns he uses 1 roenteen tube with an imherent filteition equin ilent to
= mm Al Hc compares measured mtegral doses without nd with n added
filter composed of 02 um Cu 4 | mm A\ and does not obsernve an deerese
of the integrl doses in sprte of the tact thit the shin doses decrese by 2 fctor
of § for the hevier filter The decreae of the mtegel dose (inadent enerm)
Produced by the flter 1s conceded 1 he undorestimnates the adont eneryy
More for the unhltered ridiation than ko the (liered Thist evidentfrom g §
where the HVT o wies bowean 15 wd o A for unhtltcred radien aind
teen 4 and 9 mm Al fon filtered rdowoy

Ziver (1961) lso caleulates mtegial 1 ¢ {rom expolute mic wsurcmenty
2nd encergy Absorption ccflicunts lor ur Tike Kessushechoo ¢ forthichetero
geneous and low enarey radition v i b erpion ccdbiient tiken from
Monocnergene radittn nowith the stme HY 1 On the other b ! e csumntes
e energy loss due (v catenng and tran onownoan suscu phoantoms He
uses the encrgy flun 1oty (spheneit mten ) insted o the ancey current
denssty {plane inten vy 0 lus estimatc of the rdle tad we ton oteed encrges

EWLEN ¢t coll 10 @ Fano ¢t coll 198 Wi | The reflected and
imsmitted energn wall then be overestmted by up o 1 fictor 2 wlhich
mewns 1 grase undcrosumate of the mterd do



454 CARL CARLSSON

Integral dose
grad/enfR
204

ol® . 0100 50 [Photon energy keV
0 5 o T T Bol mmaiwr
05 1 2 3 & 5 mmCGuHT

Fig 12 Combmation of figs 6 and 11 The mtegral doses calcutated from
depth doses and spectral measurements can be compared

Integral doses calculated by means of the Meredith Nearv method differ
less than those based on TrouT et coll from the spectral calculations (Fig 12)
The method of \eredith Neary gives lower integral doses for HVT bencath
I mm Cu and higher for HV T over 2 mm Cu than the spectral calculations
The low values may be due to an underestimate of the contribution of the
saturated scatter to the depth doses by the above mentioned method Thisis
ndrcated by the fact that if the contribution of the saturated scatter 15 tahen
from a table for short focus kin distance the calculated imtegral dose will
be greater than for a greater focus skin distance The mntegral doses estimated
from eq 3 are greater for a short focus shin distance because the field irea
and thus the contribution of scattered radiation 1s greater for greater dpths
{Jomns et coll ) When the scatter contribution 1s already saturated onc may
mstead expect the reverse for a short focus skin distance as 1n this casc the
mtensity of the border radiation decreases according to the inverse square
law Increased reflection and inhomogeneities 1 the field also play o role
(Fig 1)

As the energy albedo has been calculated for a semr infinite phintom the
reflection will be overestmated to a greater extent for thinner water slabs
This results 1n an underestimate of the spectral calculations of the imegral
doses, especially at large HVT This may be the reason for the lower values of
the ntegral doses calculated from the spectra for the ngher HVT It must be
admtted however that the calculations of the tr are so 1rccurite
that nothing defimite may be satd concerning these small deviations

To compare the caleulations with those of other authors the results publnshcd
by Scarpa (1960) RkLLer (1956) Remsua (1962), and Zierer (1961) hase
been added 1 Fig 13 to the results from Fig 12 ScArpA uses the saurated
scatter method and hus results are approximately :dentical with the results
based on the Meredith Neann method The calcultions of RELLER ghe




INTEGRAL ARSORBED DOSE FROM EXPOSURE MEASUREMENTS 457

Bewiey D K Barcurror A L Lowe J ct coll Integral doses at 200 kV and 8 MeV
Brit J Radiol 3% (1959) 36

Bosc ] W On the energy absorbed by a patent during \ ray treatment Brit J Radiol
18 (1945) 23>

Cartsson G Integral absorbed doses in roentgen d d To be published
m Acta radiol

Corsack D v and Burnr D G Spectral distributions of primary and scattered 140 A\ p
 rays Radiology 74 (1960) 743

~DarrtW E Burse D G and Rawson B G Spectral dustributions of 280 kv p X
rays Bt ] Radiol 21 (1958) 565

Depr pose TABLES 5OR UsE IN RADIO-ruERaPY Brt J Radiol Suppl No 10 (1961)

Emuct M Jz  ICRU Report 1956 “at Bur Stand Handbooh 62 Vvashington
1857

FaaU Seenerr LV and Bercer A J Penetration and diffusion of \ rays Handbuch
der Physik Bd 38/2 Springer Berhin 1959

Hapeex F The integration of radiation dosage and the absorption of encrgy 10 tssue for X
and gamma radiation Brut J Radiol 14 (1941) 235

= Volume mtesrauon of dosage for \ and  radition Nature 143 (1910) 668

Hermger G Angular and spectral d. of backscatter rad from slabs of water
brass and lead irradiated by photons between 50 and 250 keV  Acta radiol 54 (1960) 129

= andStarrerT N Bremsstrahlung spectra from roentgen tubes Acta radwo! 50 (1928) 381

Horstey R J and Aspiv N New values of constants for usc in calculating 1sodose curves by
the method of Meredith and Necary Bt J Radwol 29 (1936) 673

ICRU Report 1959 Nat Bur Stand Handbook 78 Washington 1961

ICRU Report 10a 1962 Radiation Quantities and Umits Nat Bur Stand Handbaok 81
Washington 1967

Jowss H E Bavce W R and Rem W B The dependence of depth dose on focl shin
distance Brit J Radiol 31 (1958; 254

~ and Lavenux ] 5 Interaction of radation with matter Jn G ] Hiveand G L Brow
AELL Radiation dosimetry p 49 Academuc Press New York 1956

ReLer H L Dye Ernuttlung der Raumdosts bex der R bestrahlung Fortschr Rontgen
str 84 {1956) 73
~ Grundlagen der R bes allen gebrauchlict en Qualitaten der Rontgen

bestrahlung Fortschr Rontgenstr 85 (1996 333
Latonun ] § and Gewsa S Calonmetric methods In G J Hine and G L Brow~err
Radiation dosimetry p 411 Academic Press New York 1956
R\ The b of gamma radiatton from plane concrete v alls AE 92
Stackholm 1962
Libes K Errors introduced by finite size of 1on cha nbers 1n depth dosc measurements
Selected topics i radiatton dosumetry P ibl International Atomic Lnergy Agency
Vienna 1961
ErrLER R K A smplified method of estmating ntegral dose 1o radiotherapeutic practice
Radiclogy 67 (1956) 371
lavazoro W v Energy absorption Brit J Radiol 13 (1940} 23>
= and Cramkson] R Energy absorption 1T Integral dose when the whole body 15 irradiated
Brit J Radiol 17 (1944 15] 177
MeGreviss R T\ ray att nuation coefficents from 10 ke\ 1o 100 MeV Nat Bur Stand
Suppl to Cire 583 Vwa ungton 1959
Mirsot W J and \rar G ] The production of tsodos cuncs and the calculation of
energy absorptton from standard depth dose data Brit J Radiol 17 (1944) 75 126

Ls




458 CARL CARLSSON

MuLvey T and Bartivger ]  The energy and quantum equivalent of the roentgen Brit J
Radiol 32 (1959) 408

Remsua ko Dosemeters for X rav diagnosis Philips Technical Library Eimndhoven 1967

ScarpA G Integral dose and high encrgy radiation Brit | Radiol 33 (1960) 770

Sxorpsory H  On the design physical properties and practical application of small 1ontzation
chambers Acta radiol (1939) Suppl 187

TrouTE D kEeiiey] P and CatHeEy G A The use of filters to control radiation exposure
to the patient in d logy Amer J R 67 (1952) 946

— — andLtcasA C Influence of cable length on dose rate and half value layer mn diagnostic
X ray procedures Radiologv 74 (1960; 255

Wurre GroosTE! G N ray attenuauon ceefficients frora 10 keV to 100 \eV Nat Bur
Stand Circular 583 Washington 1957

Wayte G N Prinaples of radiation dosimetry John Wiley & Sons New York 1959

Zirier E Messung der Strahlenbelastung von Patienten in der Rontgendiagnostik Fortschr
Rontgenstr 9 (1960; 211

— Untersuchungen zur Besummung der I
Rontgenstr 94 (1961; 248

m der R : k Fortschr




FROM THE DEPARTMENT OF PHARMACOLOGY, ROYAL VETERINVARY COLLEGE,
STOCRHOLM AND THE DIVISION OF MEDICINE RESEARCH INSTITUTE OF
NATIONAL DEFENCE SUNDBYBERC SWEDER

AUTORADIOGRAPHIC 1 OCALIZATION OF
STRONTIUMI 85 IN OSTEOSARCONMAS

by

I E Arrercren, A Nisson and § ULLsere

The only 1sotopes that have been used up to now n utoradiographic
distribution studies with radiostrontium seem to be *Sr and **Sr These are
both exclusively beta emitters with the relatnely high maximum energies of
035 and 15 VeV respectvely

Strontium 85 has been used munh i experiments connected with external
measurements Its 0513 Mel g immn radiation has then been registered by
scintitlation detectors #5Sr also «mit short range extianudle u clectrons (mam
energy about 11 5 keV) which th  1cucally are vers swnblc 1 high resolution
autoradiography

The present authors 1n earkier in estigntions with transplanted bone forming
osteosarcomis (3 4) found a more rapid strontium turnover 1 tumours than
n normal bone The autoradiogrims revealed a vers rapi{ uptak of °Srn
the actnely growmng tumour tissuc svon after mpection ol d hiter by a
tapid decrease in concentration

In the present mvestiganon the earlv uptake of radio trentium 1n trans
planted ostcosarcomns has been studied in more detail by means of 1uto
rdiography An mmproved autoradiographic resolution wis obtaned, mamly

Submutted for publication 26 February 1963
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Fie 1 Lfi A di of part of a ! o 4 hours after 1mect on of St

hite arcas correspond to high radiostrontm uptake high uptake 13 evident 1 bone trabeeulac
two areas (a) and (b) show very low Sr uptake Rt &t Section corresponding to the aumradmgralm
stained w th von Rossts silver heavy m nerahization 1s generally related to  Sruptake the t abeculae
1n areas co respond ne fo the or free parts (a) and (b) 1n the autorad ogram are | ghtly more
slender 1n ne ghbouring parts of the tumom X 40

because of the more favourable radiaton properties of *Sr s compared
with *S8r

Vethods ®Sr mitrate 1 HNO, solution, was purchased from Qak Rudge
Tennessee USA The specific activaty was 8 718 mG/g

Inbred CBA mmce werc used as expermmental ammals Sm 1l preces (1bout
2 22 x 2 mm) of *Srinduced osteosarcomas were transplanted t0 the
subcutaneous dorsal region of the neck of other CBA mice The tumou:;
had been used for transplantttion 1 several generations of ammnls and ha
lost their onginal content of *8r, 1n two months they had reached a diameter
of 25 to 3 cm (.

Strontium 85 (80 uC) was myected mtrapentoneally after dcvclopmc;:tlg
the transplanted tumour nd autoradiograms were obtamned of s1gttal who
body sections through the mice which were hilled four hours Jater by immersion
m 2 dn 1ce and acetone mixture

Section thicknesses varied from 5 to 20 p The autoradiographic exposure
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Fg 2 Transplanted osteosarcoma with highly m neralized tumour bone (lower
part of view) and a per pheral narrow zonc of soft tumour tissue (upper part
of vtew) v here trabecular bone has not yet been formed van Gieson X 100

was made by apposition agamst Ilford G 5 nuclear plates (emulsion thickness
4 ), or films of the Schumann type {hodak SWR} with the silver brormde
layer confined to the surface of the emulsion The exposure time was 16 days
The autoradiographic method has been described earlier (5, 6) The sections
were stained by the von Kossa method after the autoradiographic exposure
Sections for histologic exammnation 5 g 1n thickness were also stamned with
haematoxylin eosin_ azure cosmate (Lallze) or accordm,, to van Gieson

Results

The most penipheral part of the tumour consists of a narrow zone of 1
cellular soft ussue wathout detectable mineralization (Figs 1 and 2) there
IS Io noticeable 5S¢ uptake in this arer (Fig 1) The next zore contatns
well developed mneralized trabeculac (Tig 3) with haghly active osteoblasts
Frig 4) and mostly 1ntact blood vessels This area shows the most active
Uptake of Sr 1n the autoradiograms

The Imes of high uptake of *Sr in thr autoradiograms correspond well
w1t the bone trabeculae 1n the von hoss stuned scctions (Fig 1) A number
of small 1slands (10 4¢ to 1 mm n diameter) are seen 1 the zone of generally
ntict obviously fast growing tumour tissue and these in the wutoradiograms
Present evidence of httle or no uptake of 5r The uptake of 3Sr gradually
Tises to match that of the surroundmgs at the peniphery of these doad nlands
{Fig 1) The degrcc of mineralization occisionally Appetrs 1 the corre
sponding areas of the von hosst stuned sections Simular islinds with varying
degrees of cellulu degcneratton from a hardly noticeab!  granulauon of the
osteoblasts to compliic necrosis of the tumour bone mu be found m the
histologic sections fig o)
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Fig 3 Transplanted tumour Highly mineralized necrot c area at upper right
cornet  an Gieson > 100
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Fig 4 Area from a transplanted tumour 1 ith blood vessels well developed
tumour bone and highly active osteoblasts Azure eosinate x 400

Discussion

The use of *Sr 1n autoradiography has led to a stnking improvement 11t
resolution compared with earlier expenences with * St This 1s probably
mamnly duc to the contribution of the short range extranuclear clectrons
crmitted by %8 (1 2)

The monoencrgetic electrons of *58r have predommant hnes at about 113
eV, 1n the neighbourhood of the energy of tntium (max energy 18 heV)
The range for such electrons 15 2 2 4 in water The electron radiation may be
expected to dominate 1n causing blackening of the photographic cmulsion i
autoradiogriphy with thin secuions and emulsions, m work with sections
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Fig 5 Tranplanted ostcosarcoma vith necrosis of the tumour bone Lmpty
lacunae and debris between the narrow trabeculae san Geson X 100

considerably thicker than the range of the electrons however 1t can be ex-
pected that the electromagnetc (roentgen) radiation of *8r (energy 13 3 heV)
significantly contributes to the blackening of the emulsion If the absorption
Ib water 15 considered, the roentgen radiation of ® Sr (half thickness about
33 mm) 1s less advantageous for autoradiographic resolution than the beta
Tadiation of Sr {range about 18 mm or half thichness about 0 25 mm}
the situation will be the converse however 1f the absorption 1n the photographic
mubsion 15 considered With an emulsion consising of 50 per cent silver
bromide and 50 per cent gelatine (v/v) the half thickness of the °Sr betas 1s
about 70 # while that of the 133 keV roentgen radiation of *8r 15 only
about 50

Attention has not been paid 1n the above calculatton to the fact that the
2utoradiographic resolution wath *Sr s mmpaired by the mfluence from the
Yttnum 90 daughter

Conccrmng the uptake of radiostrontium 1n the tissues the results agree
with the previous obseryation of a vers ligh early uptake of radiostrontium
n tumour as compared with normal bone The distbution within the tumour
tssue however, was Inghly rrregular with marked differences n uptake both
:’gtwcen the various zones from the penpherv and mwards and within the

nes

The appearance of trontium 85 free areas 1n zones of rapid tumour growth
™May probably be related to blood vessel damage Autoradiography appears
1o be a sensitive method for discovering metabolic changes m such areas
before any hustologie signs can be detected
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SUMMARY

Improved resolution has been obtained with stronttum 85 as compared with strontum 90
1 autoradiographic imvestigations of the distribution of radiostrontium 11 bone forming
osteosarcomas A much higher uptake of radiostrontrum was found 12 tumour than m normal
bone the distribution being hughlv irregular and related to the varying degrees of mineralt
zation and degeneratne changes

ZUSAMMENFASSUNG

Strontum 85 zeigie emn besseres Auflosungsvermogen als 90 m
graphischen Untersuchungen uber die Verteilung von radio aktiven Strontrum in knochen
bildenden Osteosarhomen Es ergab sich dass betrachthch mehr radio akuves Strontum
mm Tumor 2ls 1m len R hert wurde die Verteilung des

d

erfolgte recht gel Je nach dem Mass der hnochenbildung oder der
Entartungsprozesse
RESUME
Dan ! étude autoradiographtque de la distribution du radiostrontium dans les ostéo
arcomes osteogeniques le strontium 85 donne une meill que le 90

r
On wowe une fixation de radsostrontium beaucoup plus élevee dans la tumeur que dans
los normal sa distnbution efant tres srreguliere £t lide aux sariatons de Ja minéralisation
et aux modifications degenératives
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UN Int Conf Peaceful Lses \tomic Energy 24 (1928) 248
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RADIOPROTECTIVE EFFECTS OF
S PHOSPHORYLATED THIOI 8

by
Stic AnerrELDT

It was recently reported by Hansev & Sorro (1961) as a result of a search
for new ridioprotective substances at this msttute that one of the S phos
phorylated thiols carlier synthesized by AxererLpr (1959) namely cysteamine

phosphate 15 a potent radioprotective agent when given to mice This fact
has sumuylated the synthesis of a series ot related compounds (AKERFELDT
1962) and a preliminary investiganon of their properties as potential anty
Tadiation drugs 1s reported i thus paper

Methods fale mice of an 1nbred CBA straty 10t 12 weeks old and weighing 22 — 2 g
were used i thus mvestigatin  Total bods wrradian n as delivered from a roentgen generator
Operated at 260 kV and 11! mA with 4 mm Al an1 05 mm Cu filters Furthermor an
‘mregular copper filter (1 rage thickness 01 mm) sas mserted to counteract differences
8 raduation intensity 1n 1t rent parts of the radiation field The ammals were k pt n plastic
cages dunng iradiation Lhe FID was 40 em and the dose rate 74 mun ! The total
Toentgen dose given was | 1192 r which corresponded to LD The LD g for th muce stran
used was 718 ¢

The compounds 1o b
of the solution inyected » ¢ aperitoncally nto 30 mice 15 m n beto
of compound njected 1110 ach ammal corresponded roughly o 1 1)

mestigated were di sohed m salne adjust 1to pH 7 and 03 m)
hauon The amount
A1 cstimation of LD,

Submitted for publ ation 9 January 1963

30633088 Acta Rad | gca Vol § 6 Therapy



466 STIG AKERFELDT

Table 1
Acute toxiesties and radioprotectie effects of S phosphorylated thiols
No Compound LDy, Dose 30-day
mmole mmole survival
per kg per hg
bodyweight  bodyweight
1 NH,CH,CH,SH 40 175 93—100
2 NH,CH,CH,SPO,HNa* 52 22 %
3 CH,\HCH CH,SPO,\a, >05 05 0
4 (CHy),\CH,CH SPO,\a, 30 05 0
5 (CH;)2\CH,CH,SPO;Na 02 008 0
6 1—CsH,),\CH,CH,SPO,\a, 07 05 0
\H
7 C~N\HCH,CH,SPO;(NH, o sL1, 5 17 14 97
\H, 07 53
8 \H CH,CH,CH,SPO,HL, >10 10 4
\H
9 C~\H(CH,),SPO}(NH,), ,L1, 5 16 10 80
NH, 05 13
10 (CHy,N CH,CH(CH,)SPO,L1, 18 15 81
075 13
11 NH,COCH,SPO,L1, >10 10 0
12 HOCH,CH,5PO,Ls, >10 10 0
13 HOCH,CH,CH,SPO,Na, 1o 05 o
14+ CH,CH,SPO, L, >10 10 0
15 L1 PO,SCH CH(OH)CH,SPO,L: 02 013 0
16 Li PO,SCH,CH(SPO,L1,) CH,0H 03 025 0

* Calculated from data by Hansev & Soreo (1961)

2nd LDsy was obtained afier intrapertoneal mjection of the substances (dissolved 1 03 ml

saline) mto 10 to 30 mce Thirty control mice given 03 m! of saline and 30 muice myected

with 03 ml of saline ¢ o ding to 175 midhmoles per kg body

wc{ngh( were used in cach experiment
t Seph

phosp in tissues after intraperitoneal inyection of cysie
aminc S phosphate was d 10 the foll way The tissue was homogenized 1n
sts double volume of 10 2, cold trichl acd After a sample of the
clear supematant was heated for 2 min at 100 and cysteamine in the solution was determined
colonmetrically according to Grunert & PriLtips (1951)
The chromatographic methods used for the identification of unnary excretion products
of injected €ysteamine S-phosphate have been reported clsewhere (AxerreLnT 1939)




RADIOPROTECTIVE EFFECTS OF § PHOSPHORY LATED THIOLS 467

Radioprotective effects of S-phosphorylated thiols

The results are presented 1n Tble 1 It1s evident that of the new compounds
tested three have good radioprotective properties, namely 2 guamdinoethan
ethiol S phosphate (compound No 7), 3 guamdinopropanethiol S phosphate
{compound No 9) and 2 dimethylimino 1 methylethancthiol S phosphate
(compound No 10) These three substances are good radioprotectors at
concentrations below those necessary for 4 protective effect with custeamine
or ¢ysteamine S phosphite but they are more toxic Reduction of the dose
considerably decreases the effectiveness of the compounds Nos 9 and 10 but
does not affect the protective action of compound No 7 to the same extent
A concentration mtermediary to those investigated for compound No 7 may
therefore be sufficient for maximal protectivity of this substance

Table 1 clearly shows that substitution of R i compounds contaiing an
unbranched carbon chamn R(CH,),SPO™ (where n = 2 or 3) for hvdrogen,
alkylated ammno groups or hydroxyl groups produces compounds that are
completely ineffectine as radioprotectors at the dose levels tested

Compound No 15 has the same spacing between the sulfur atoms as liporc
2ad and compound No 16 1» diphosphorylated Briush Ann Lewsite (BAL)
Both are relatively toxic and have no radioprotective effects 1n the concen-
trations tested For protective effect, the subsutuent (R) must include an
unsubstituted NH, group such as the guanidino or amno group It 1s note-
worthy that the NH, group of the amide No 11 1s devoid of protective ac-
ity This 1s probably due to the twtomenc properties of the amido group

The radioprotective properties of compound No 10 are surpnising This 15
the first 1nstance 1 which a substance contaiing an alkylated arno group
has been shown to be a potent radioprotector Since the analogue with an
tnbranched carbon chamn (No 4) 1s meffective the action of compound No 10
must be associated with the presence of an a methyl group

Mode of action S phosphorylated thiols are easly hydrolyzed enzymuically
By a number of ussues of the ammal bods The products formed are ortho
Phosphate nd a thiol (AxerrELor 1960 1962) It would therefore appear
that the radioprotective effect of S phosphorylated thiols 1s at least partly
due to the enzymic formation of thiols from these compounds This conclusion
1 also supported by the following facts

1 Vanation of the structure of the substituent and of the length of the
carbon chain has the same influence on the radioprotecaivity of S phosphory
lated thiols as 1t has on that of the corresponding thiols (LancEnDORFF &
Roca 1956 Suarira et coll 1957, and DonerTy et coll 1957,

2 The guamdino dervatives Nos 7 and 9 are effectve at the same dose
levels as are the corresponding thiols (SHAPIRA et coll 1357) Compounds
Nos 7 and 9 and the corresponding thiols are nor cfiecctne when gnen
after 1rradiation This was the case also with compound No 10
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Table 2

Concentratton of cystearune + gysteamins 8 phosphat (CASP) n various organs of mice 0 5 and 1 hour
after intrapentoneal ijection of O 11 mmole gysteamine S phosphate 1 0 3 ml saline

Organ pmole SH/g ussue pmole SH/g tissue Difference between CASP
control ammal* CASP animal and control ammal
pmole SH/g nssue
05 hour 1 hour 0., hour 1 hour
Lner 702 11 101 405 30a
Spleen 123 383 312 260 18%
Radney 482 144 8 60 958 378

* Calculated as cvsteamine

Table 3

Concentration of ¢vstiamine — ¢ysteamune S phosphate (CASP) sn varous organs of rats 0 and 15
hours after sntrap ntoneal ingection of 0 34 mmole eysteamun § phosphate n 0 6 mi saltne

Organ  1mole SH g ussue smole SH/g tissuc Difference between € ASP
control ammal* CASP anmat and control ammal
smole SHg tissue
05 hour 15 hours 05 hours 15 hours
Lner 530 594 700 064 170
hadney 501 551 530 050 029
Spleen 286 356 314 070 028
Marrow 076 112 178 036 102

* Calculated as cvsteamine

Dustribution of 1 iy tnjected st S phosphate 1n carous oreans of
the mouse and rat It was mentioned that cysteamine S phosphate and other
S phosphorslated thiols are rapidly hydrolyzed by enzymes present n vanous
organs of mammals Intrapenitoncally mngected cysteamine S phosphate will
therefore be recovered in various tissues both as cysteammne and as unchanged
cvstermuine S phosphate (In addition, small of other bolites
may possibly be present ) The method chosen to vestigate the concentrations
of the injected radioprotector 1n the tissues was such that it measured both

cysteamme and unchanged cysteamine § phosph The depr d acid
tissuc_homogenate was therefore hydrolyzed at 100° for a few minutes, 2
procedure that gnes a quantitative yield of cy from any cy

S phosphate present (ARERFELDT 1962) This technique 13 superor to the onc
using **S labelled compounds, since 1t measures only the amount of radio
protector present, 1t does not measure the amounts of possible metabolites
(which do not contun the thiol group)
Organs of mice and rats that had recaved 011 to 034 mullimoles
}

1 1

cy S phosp intraper Ity were yzed 05, 1 and 15 hours
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afier the njection  Representative results are presented n Tables 2 and 3
and show that the rdioprotector rapidly increses the 1mount of wvailable
thiol groups mn 11l tissues studicd These results are i agreement with earlier
studies performed on cysteamne, ¢ g by Sorno (1962), who nlso demon
strated that the inerensed thiol concentration m Iver and spleen could not
be attnibuted only to the cysteamne present in the blood of these ussues

Unnayy excretion products of eysteamme S phosphate Paper chromatogiaphic
analysis of urine collected from rats that had recenved intraperitoneal injection
of evstermine S phosphate was performed  (2) on untreated urmc (b)) nfter
coupling of the excreted thiols to 6 chloromercunt 2 mtrophenol (AnrrreLdr
19:9), and (c) After todine oxrdation of the excreted thiols

The results showed that only traces of cysteamune S phosphate remuned
Small amounts of cysteamine were found but by far the lrgest portion of
the cystexmme § phosphate njected hid been hydrolyzed to cysteamune
which was the only detectable thiol present Hypotaurine and tturnne were
possibly present in trace amounts

The mun urinary excretton products 1re thus cystexmine 1nd ortho
phosphate
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SUMMARY

Tourteen different § phosphorylated tluols ha e been myvestigated as to their radioprotee
Bve properties 1n mice 1 he distribution of intrape ntoneally myected cysteamine S phosphate
Incertain organs of rats and mice and the urinary e uion products of cysteamine S phosphate
were al o examuned

ZUSAMMLNI \SSUNG

Vierzehn verschieden S phosphoryl Thiole s widen an Mausen auf itren Schutzwert
Begen radio-aktne horp  gepruft Die Vertolung ven imizicrtem Cyst
S phosphat 1n besummt  Organen von Ratten und Mausen sowse dic renal  Ausscherdung
n Abb ok s wurden ebenfalls untee ht

RESUMT
Les proprictcs 11| protectrices de quatorze thiols S pho pl \1és differents one éee
#udides sur Ia sour 1 ~uteur a ausst examiné la distabution d ¢ certains organes de rats
“tdesourisdu & ph phate de cystéamme iyecté dansle p 1t et bes produits d exerétun

urtnaire du S phosi | ate de cystéamne
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PROTECTIVE FFFECT OF CYSTEAMINE AT
FRAGTIONATED IRRADIATION

I Lethality up to 30 days after last wridiation
by

ArnE Neison, Ora HertzeerG and Inca BrRior HEVRICSSON

A considerable amount of mformation 15 accumulating on the protective
ments of chemical compounds in 1cute mmyunes measured s lethality
cavsed by single whole body nradirtion trevicwed by ELpjarn & Pruv (1960),
and others) Few attempts have however been made to investgate the effect
of protective substances at 1 1ctional irriciation up to 1ccumulated lethal doses
or at contmuous long term irradiation

Patr et coll (1953) i esugited the protecuve effect of cysteme on muce by
using a split exposure technique The interval between successne radiation
fractions did not, howcver exceed 5 ymn The two fractions varied from 100 to
700 r and the amount of cvstemne mjected was proportional to the radittion
dose Patr concluded from his results that irradition prior to cvstemne ad
Minstration does not influcnce the protection agunst subsequent (xposure
and that the lethal potentral of small dosages of radiation cannot be reversed
by cysteine under these conditions

Rucnt & Crucston (1954) could not obsenve any prot cve effect of cvste
—_—

Submutted for publication 15 February 1903
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amne on muce given 100 r per day The protected mice died after an average
accumulated dose of 1230 r the corresponding value for the controls bemng
1440 LancenDOrfF & Carscu (1956) gave two doses of 175 to 500 r with 24
hour intervals and found a protective effect of cysteamme, which, however, was
Jess than that with single doses Later LANGENDORFF et coll (1959) tested the
effect of serotonin They gave three fraction doses of 505 to 1 100 r with 30 day
mtervals and 750 to 1 050 r with 15 day ntervals and observed a good protective
effect NosLE et coll (1960} gave ten daily doses of 50 to 200 r to mice and
noticed a protective effect with AET Doutr et coll (1960} in a smtlar
vestigation observed a sigmficant reduction in the 30 day mortality with
serotonin and dimethyldithiecarbamde acid, but no effect with cysteamime
The few studies on the protective effects obtamned have resulted m equnocal
results due to the rather limited range of fraction doses intervals and 1ccumu
lated doses 1t 15 hikely that an mvestigation with 2 wider range would give
valunble informauion concerming the mechanisms of protection and of recovery,
and n wsw(r to the question whether the chemical protection 15 due 10 a
dose reduttion effect or to an enhanced recovery, might perhaps be obtamed
The piresent investigation 1s an attempt to eluctd ite some of these problems

Mater:al and Methods

tmmals Tn all experiments only male mice of an inbred CBA stramn were used
Their 1ge was 60 to 70 days at the first irradiation

Trradialion conditions The roentgen pparatus was operated at 260 kv and
10 m\ filter 05 mm Cu inherent filiration 4 mm Al, dose rate 84 r,mun
distance between the roentgen tube 1nd the object approximately 40 cm

The 1mmls were srradinted m groups of ten 1n a plasuc ‘wheel and were
then pliced together in 1 cage Because of the growth of the ammals during
the expenmental penod single 1nimnls were suffocated 1n the radsation wheel
The ren of the breathing holes mn the wheels was therefore mereased to give
the vmimals ample arr supply , this possibly influenced the radiosensitivaty This
change was made between two series of experiments in August 1961, but ont
group (160, 7 d1ys) was crrnied through at the changed conditions

The wradinuion schedule grang fractionated doses accumulated doses, and
mtervals, 1s presented 1n Tables 1 to 7

Groups of 1mmnls consisting of 1bout 60 mice were exposed under the sam¢
rradiion conditions Hall the number recenved an intraperitonel ijection
of 3 mg evsteamine 15 nun before the jrradintion

Controls In several of the untreated control groups, cach consisting of 50 mice
no deaths occurred dunng the obseration time, which 1n some cases was
extended to 11 months
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Table 1
ortahty after fraction dose 80 v — tune ntercal 1 day (numbers sn wtahes anl te fri ¢ ¢
Series | \ccumu | \umber of D of deaths b unoat |\
stacted lated ex {ammals time (days) tendot ol
posure ob ey
dose Atbe JAtend 1-5 [ 6-10 [11-15]16-20] "1-25] 20-33} 7 T
(AED) |gmning ofurra
© ofira {dia ,
datien [ton |
[~ _
1326 610 30 30 0
640 30 27 1 % i
960 30 30 1 29
90 30 29 29 33
1280 30 30 2 2 2 24 200
1280 30 23 ? 1 20 333
1600 30 o7 9 8 4 2 4 866
1600 30 17 B 1 ! 13 507
tog 30 15 | 13 H 1 0 1000
1579 30 13 > 3 3 5 832
886y 610 20 20 20 0
800 20 20 20 0
960 20 20 1 19 50
1120 0 19 19 50
1280 20 20 4 1 15 250
140 20 17 3 2 12 400
1600 20 1 5 3 700
{170 20 8 4 3 1 90

The toxicity of cysteamumne was tested 1 some non irradiated groups Of 50
i recening cysteamine ey ery dav for 24 davs, 48 suriived and out of 49
e mjected once = weeh for more than 40 weeks 46 survived

mathematical model (sec below) based on the results of the first sertes in
19601961 was designed and used for an extended examiation in 1961—1962
Omplementary cxperiments were carried out duning the autumn of 1962 m

"rd:l:l' to obtain further confirmation of the applicability of the h 1cal

model

m

The mortality m the carly series was observed up to only 30 days after the
Tast radiation The obs rvation 1n the later series was extended to the hfe span
of the antmals Only th 30 day mortality 1s reported 1n this paper however

Results

The results of the exseniments are presented 1 Tables 1 to 7, they are
Teported upon 1n groups defined by a certan fraction dose at 1 given interval
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Table 2
Mortality after fraction dose 160 r — tome tnterval 1 day (numbers sn stalics ndscate protected groups)

Series [ Accumu | Number of Dustribution of deaths during observation | Sunnals | Mor
started] lated ex [anmmals time (days) atend of taluty
observa
dosr

ginning [of1rra
ofirra [dia
diation |tion

{AID)

0 ure
P Acbe |stend| 1-5 | 6-10 [11-15] 1620] 2125 [ 26-30) 2
(r)

1716 480 30 30
480 30 30

800 30 30 3 3
800 30 30 7
1120 30 30 2% 4
1120 30 30 13 3

1440 30 30 6 2%
1440 30 29 6 23
1760 30 30 26 4
1760 30 2 19 3

28867 480 20 20

800 20 20
1120 20 20 15
1440 20 20 5 13

~ o

1 Fraction dose 80 1, wnterval I day (Tble 1) No conclusions ¢can be dr}:]i‘\;;.‘l
regarding any protective effect ngamst radiauion from the serics xln “mals
cysteamrne has been tested It 15, however apprcent that the protected ani o
which survived the treatment period showed 1 lower mortality durmgm‘(lc
obscrvation time than those that were unprotected The '|ccumuhfmr:mmd
effect of the substance must 1lso be taken into consideration It was Odlc;: e
during this expenimental series that the death of amimals ';‘)]ccurrlfcnomtnﬂﬂ
connection with 1njection of ¢ysteamine or with irradiation This pi
will form the subject of a specinl mnvestigation Leed

2 Traction da:eJ 80 v, mtennal 3 dgys In accordanee mtlh t{]\f”n:;\‘l:;ig‘m b
model, no acute death occurred 1n this series The results
reported 1n 1 paper on chromic cffects of the datl repated

3 Iraction dose 160 1, wienal 1day (T \hlcl 2) l{;ldszgxcmlcntc hgher 2¢c0

o]
wradiations, only 1 few unprotected -mmn‘ijn:s agmfcantl Jugher comparet
ber of ovste

number of survivals
e onbas o of the relatively fow nunt

with the numbcr unprotected Becuse
amne injcetions no accumulated toxic effect was :;bscr;‘c;clls - 960+

4 [ raction dose 160 v, interal 3 days (Tble 3) A'lrl"mmcrl'lhl\ e eased con
but some unprotected mice died fter 1280 r The
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Table 3

Aortahty after fra tion dose 160 ¢ — time snterval 3 davs (rumbers n stalics ndicate protected groups)

Sencs | Aceumu | Number of | D stribution of deaths dunng observation | Survivals | Mor

started|lated ex | ammals ume (days) atendof [talty

a
e [acke * end| 1-5 | 6-10 | 11-15[16-70] 21-25 | 26-30 :.?:;‘.me
gning Jofirra
g;m) of ma |dia
diaton |tion
7160 o0 | 30 | 30 30 0
sro | 30 | 20 30 o

1280 30 30 i 2 27 o
s | 0 | » s 23
teoo | 30 |20 | 2| 3| 7] 4] 1 12 600
1eo0 | 30 | %0 0
1o | 3 |2z ar | 4} 0 > 827
190 ] 3 | 3 0 o

a6t 1600 | 2 |20 | o} 7] 2 n 631
jeos | 3 (| 2| o] 3| 2 1 19 7
10 | 20 |23 s] 6| 3 1 %65
10 | a0 | e | 2| 6| ¢ 1 15 500
2280 | 30 51 o 1000
swo | 30 |z | 1| «| 1 1 0
2560 | 30 PR ° 1000
vs0 | 30 | | £ 3 5 £33
280 | 30 ) o 1000
286 | 30 | 3| 2| 1 M 1000
3200 | 30 o ° 1000
300 | 30 IR 0 1000
3320 | . | o o 1000
30| 30 I ' o7

28867 960 | 20 | 20 2 0
1280 | 20 | 20 20 0
1600 | 70 | 20 ) 19 50
190 | 20 5| s | 3} 2 ” %00
2200 | 20 | 3] e 2 1 + 200

stderably after 1 600 r and afier 2 240 r Al the ammals died The protective
effect of cysteamune 1s apparent the protected mice did not begin to die until
after 1 600 r and some survived cven afier 2 560 ¢

5 Fraction dose 160 r wnterval 7 days (Table 4) All the wradiated unprotected
muce survied an accumulated dose of 2240 r After 3 200 r about 50 °, of the
ammals survived but 1n the dose range of 3840 r to 4 800 r only a few mice
suruved Al ammals died after 5 760 r A sigmificant increase mn the number
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Table 4
Mortality after fraction dose 160 v — tume wntercal 7 days (mumbers n stalies wndeate protected groups)
Series (Accumu | Number of | Distribution of deaths during nbscrvation. | Survivals | Vor
started] Ited ex [ammals time (days) atend of |taluy
osure
e [Atve Teendl 15 [ 610 111316 20[21.25 25 30|00
(At s lofiera on tume
© ofira |dia
diation [tion
1986G0; 1280 30 30 30 0
1280 30 10 k4 0
1 con 30 30 30 0
1000 30 | 30 30 4
1970 30 | 30 30 ¢
1920 30 | 30 k4 4
2210 35 35 3 o
200 | a5 | 35 % ‘
17561 2080 | 28 [ 23 i 2| 2 18 | 7
2880 7 | 2 ” ‘4
s2o0 | 20 Loz | ) s ) 2] 0] ) |
swo | w | a]| > rlo2 ] i 0
3.20 29 |15 | 1 H 12 6
3500 | | 2 ’ 7 ot
3810 | 28 5 o [ ! o
3840 2 | 1 2 1] 0 ”z
4160 28 81 4| 2 ! ! 9;0
1100 27 5 i M b 5
4430 27 4 i ' H Z/r
1480 30 ” 1 i ¢ 4 oS
4800 28 b 1 ! 73
4800 29 " 3 ’ ! 4 1008
5760 | 28 1 o] o
sg700e| 27 Vo 0
u e delon the doy f flow g tbe

* This group should have been irradiated 40 time  The Ia t mo

3th irradiation he Sth
** Thus group should have been rrradiated 40 um s 11 tast mouse d e on the

the 37th srradiation

doy [ 1wng

lose Fnge of

groups m the ¢ Al

of survivors was observed among the protected
hetween 3 520 r and 4 800 r, 1n comparison with the unpmlcctcd groups
the mice were dead after 5 920 r, however 1ssurved
& Fraction dose 3207, intersal I day (Table 5) All unprotected 1n;ln11:r :“5:‘,, 1n
an accumulated dose of 640 r, but already 1t 960 £ the nvg(z))ru)1l 1080 romne
all were dead after 1280 r A few protected mice dicd 1t 960 1,

sunvived, and at 1 600 ¢ All died
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‘Table 5
Mortahty after fraction dose 320 v — tume wntercal 1 day {mumbers tn ttalies mndicate protected groups)
Sertes | Accumu | Number of Distnibution of deaths duning observation | Survivals [ Mor
started lated ex | anmals time (days) atendof talty
posure obsenna
dose Atbe [Atend| 1-5 | 6-10 |11-15| 16-20]21-25]26-30 t on nme
(sEp) |smmng fofura
&) ofirra |dia
diation [tion
1366)] 640 10 30 30 [
640 30 30 1 29 33
960 30 30 4 7 9 1 9 700
o 30 29 ? 8 67
1280 30 30 1 28 1 0 1000
1780 30 29 12 9 1 7 768
1600 35 32 5 7 0 1000
1600 35 24 3 k4 1 [ oo

7 Fraction dose 320 7 nterval 3 days (Table 6) Some unprotected mice died
already at an accumulated dosc of 960 r and the mortahty was 100 % at doses
Iugher than 1 280 r Some of the protected animals died after 1 280 r but some
survived at 1 920 r indicating a good protection also 1n this case

8 Fraction dose 320 1, mterval 7 days (Table 7) A few deaths are recorded
among the irracdiated animals only at accumulated doses of 1 280 r and 1600 r
but at 1920 and 2240 r only a few survived A very low mortality 1n the
Protected animals 1s however, evident 1n this dose range and at 3 200 r some

survivors still remain The protectve effect of cysteamune in this group 1s
obvious

Mathematical model and Statistical analys:s

According to the general opmion the r very rate decreas s m the ume mtervals between
irradiations This implies that the reco ¢ry 1ate durmg th i t 231 ur after an wrradiation
should be greater than the recos + rate d inng the follos = 1a Furtherm sre the recovery

Tate 15 considered to be depen t 01 a p wvious irradiay i e B ar 1961 Sacuer 1958
Storer 1961)

Systemauc deviations 11t iz that a tmplee mod 1 id © ver endent when these
concepts were applied to ! 1rscnt It \ mathematt | m d 11 as th refore designed
on the assumption that 1t al ol v 1y was andep tolan jr 1 us dose and
independent of the time 1t ¢ al L1 1} wdately pre 1 « rrad su The recovery
rate per dav was assum it b 3ttt chammal The cfl ctive dose recenved by an

ammal 15 then
IRD APD-R T

where AED 1 the accumulat | (xposure 1 R the recovery rat mn r/day and T'1s the number
ofrecovery days 1 e th tincjeriod betw r e hrst and last irradiation (Fig 1) IFR T >
AED ERD 1s defined as 0
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r

R,
g
e
1
G B 0 75 20 doys
k) Qoser oten
ED

Fig 1 ERD i r as a function of recovery ume (T) for an antmal whose
ERDYy 15 exceeded in the last sradiauon

Table 6
Mortality after fraction dose 320 + — time inter al 3 days (aumbers in ttalics mdicate protected. grouts)

Survnals | Mor

Series | Accumu | Number of Dustribution of deaths during observation
started| lated ex | anmals time {days) atend of [tality
posure obsenva
e |ache [Atendl 15 [ 6-10 [11-15]16-20 ] 21-2[26-30] o e

(AED) |Emnong fofurra
() ofirra [dia
duation fuon
5760] 960 | 30 | 30 6] 3 a0
o [ 30 [ 3 R
1ige [ 30 |so s o2 vy o e
1280 | 30 | 30 2] 2| 4 5 e
1600 | 30 |30 |33 7 o |
1600 | 30 || 7| 9] 3| 1 I I
1920 [ 35 |19 | 19 7 s
1900 | 3 |33 | 13|13 2
33
7e61] o0 | 30 [ 30 2 5 ';’3 pod
oo | 30 | s 6
1280 30 30 24 z{ 3 2 235
1280 | 30 | 30 3 o2y i o | 1000
1600 28
1600 30
1920 9
1970 n
2240 3
2240 10
2560 0
2560 2
P
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Fg 2 Mortabty as a function of ERD (scries 1) a) wradiated only b) radiated and protected.

160 1 3 da)s started 7 \\ \960
61960

a[]xe

v

390 r »
e 3 days »
320r 3days  »
320r Tdays  »
3205 7days  »

Table 7

721961

\Mortality after fraction dose 320 v — tume tnterval 7 days (mumbers in wtalies wndicate protected groups)

Senes | Accumu | “umber of Distribution of deaths during observanon | Sunavals { Mor
started| lated ex | ammals e (days) atend of |tality
]y
Boe Tacbe Jatead) 15 | 6-10 | 1-15] 16-20 2125 2630 | ST
(NED) | giamns fofurra
i) ofira {dia
duaton Juom
229600 1280 30 30 4 2 2 22 267
1280 30 30 30 o0
1600 30 30 1 3 2 1 23 234
1600 30 30 30 o0
1970 30 27 10 10 4 3 300
19% 306 29 29 33
2200 | 35 | o6 |13 ] s | 1] 1 6 823
2240 35 3 2 2 1 30 143
2261 190 | 30 | 15 | 14| 1 o | 1000
1970 28 27 I 2 1 1 22 14
2200 | 30 | 1| 1 o | w00
2 40 30 27 £ 23 234
2560 29 29 0 1000
2560 30 24 2 27 264
2830 30 30 0 1000
880 30 10 1 1 1 7 7685
320 | 30 | 30 o | 100
3200 70 5 1 5 834
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I RD 15 thus the aecumulated dose corrected for uch recorery 1 has occurred 1 4 spec
«ceedds 1 certamate (RIL
1w 10

vme (1}
1 the dase recened by 10 amml e
fed 3t the

Ifduning the rrradiation period
denth occurs according to the madel before the nd of the oberyation ume
dnys nfter the Jast iradiation It appears fiom 1ig 1 that of TRDy. 1 not exeec
wrachanion the anmal will sursive

The relnonslup between mortaliy
sine square distribution and this has ¢
of FRD; The relation hetween mortalit;
only dufler shghtly from the normnl distribution \When
the observed mortality rte p1e transformed Accordmg Yo
y = 2 arcsin 1p m whnch e1se
y=att (IRD) (a wnd b are conunts)

fasa
and dose 1 our mmat matenal my be Nprl’:‘z‘mm
herefore b tn wsametd 1 0w wodel for the dt ‘r:k -
y nd 1 RIY wilt form an § shaped cune e
the ste square distnbuton apl
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After substitution of ERD
y=a+6(AED =R T) =a+ 6 (ALD) ~ ¢ Twherec=4 R

The variable y can accept values between 0 and =
By means of regresstont analysis @ 5 and ¢ can be estimated 1n which case an esttmation of

R =%can be obtamed

The statistical analysis gave the following equations for the five regression planes
Serl 1Ir v= —339 + 0005979 (AED) -~ 01651 T R =128

Serl Jr4 P — 239 + 0003536 (\ED) — 01086 T 31
Ser1I Jr — 280+ 0002148 (ALD) — 01435 T 8
Serll Jr 4 P — 106 -+ 0002876 (AED) — 00901 T 31

Ser I Ir y= — 315 4 0005098 (AED) — 01496 T R=29
(Ir = irradiated P = protected)

Sertes [ includes expenimental groups started not later than Apnl 4th 196) series IT was
started between August 22nd 1961 and February 13th 1962 while serics TI1 was started on
28th of August 1967

Thus y 15 the expected value of y according ta the model From y the expected mortality can
be calculated which for 0 <7 < 150 <p < |

¥ <Oisregardedasp=0 andy > vasp=1

The estimations of ERD can be obtamned for each group of ammals from AED T and the
sstimation of R

The curves 1n Figs 2 3 and 4 gnc the relation betweenpand ERD The observed mortahty
Tates are marked 1n the higures

The curves for Ir + P are extended over a greater range of ERD than the curves for Ir only
€ g the standard deviation of ERDy 15 greater for the protected than for the unprotected
ammals The mean square deviation of the observed values around the functron that mdicates
the relationshup between dose and mortality should mot be significantly greater than the
theoretical vapance determned by the binomial distribution The mean square deviation
around the Lines 1n Figs 2 3and 415 however greater than theth vanance

1s might depend on thosc age differences that anise due to the long duration of the experiment
even if the antmals were of the same age at 1t inauguration In addition 1t should be pointed
out that the various groups m series 1 and I1 were s estigated at different times

The most 1mportant control investigation of the validity of the model 15 an observation of
SyStematic deviations € g 1f points based on the same experimental conditions 1a Figs 2 3 and
4tend to show a systematic stuft in relation to the curves It 1s evid nt from Fig 2a that some
points show a devaation from the cur e which 1s great in compar on 1 ith the expected deviation
defined by the binomial distribut on althoush a systemati d vittion 1s not observed m any
group Nerther 1n Fig 2b where protection has been added can any svstematie deviation
be observed

A systemauc deviation 1s noted m Figs 3 and 4 which could indicate a higher recovery rate
alter alow dose e g the points of the 801 and | day group how a lower mortalit than might
beexpected Theresshoy e 1 norewson ¢ conclude from the result that the re overy rate for

the 160 r and 1 day group should b g¢ acer than the recovery rate for the 160 ¢ and 3 day
group

Conclusions

The mathematical madel was designed as a means of proy wding a statistical
analysis of the acute lethal effect of fracuonated wrradintion In the case of
sufficiently low fraction dose or long enough wmterval 1 ¢ within 30 davs after

31623088 Acta Radolog ca Vol T 6 Th rapy
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the last rrradiation, no acute mortality 1s observed When the duration of the
experimental period 1s very extended, chromc effects will mfnence the results
and a systematic deviation from the model 15 mtroduced, ¢ g i the 160 r and
7 day groups Such a systematic deviation has, however, not been observed
within 90 days from the first rradiation 1 the present study No conclusion
can be drawn regarding the validity of the model at shorter times since no
expertment has been carned out with intervals shorter than 24 hours betseen
be fraction doses

The good agreement betwecen the recovery rates of the trraduated as well as
of the irradiated protected groups both 1n series I and II, 1n sprte of the fact
that the expertments were carnted out at different times, 15 of great interest
Somewhat higher recovery rates have certainly been observed among the
anmal groups that recerved cysteamme but the difference must be regarded
as isignificant

The protectrve nfluence of cysteamne 1s apparcnt and the recovery rater
are practically the same n the protected and unprotected groups Whlc}"
further supports the opimon that the results produced by cyseamine ¢
mutial, 1 e dose reduction effects
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STRAHLENSCHUTZ UND DEKONTAMINATION
IN ISOTOPENLABORATORIEN

von

Urricn O Scuanze

Die standig wertergehende Anwendung von offencn radioahtrven Isotopen
1n allen Naturwissenschaften 1 Median und Techmik erfordert eine umfang
reiche Beachtung der Schadigungsmoglichkeiten durch radioakaves Materrt!
Wenn auch die grundsatzhichen VorsichtsmalBregedn und Hiffsrmttel zur
Verhinderung emer hontimination bekannt sein durften und m vielen
Veroffentlichungen medergelegt sind crschemt es dennoch ratsam, auf dies
beruglich spezselle Probleme des Strahlenschutzes hier einzugehen Dazt
gehoren emne Anleitung zum Vorgehen nach Unfallen mit radrorhtrer Sub-
stanz nebst Hinw ersen zur Dek 1on T'mpfchl fur die Behandlung
radioaktny hontarmnicrter Wasche und eme Ubersicht uber Arten und \erwen

dung von Strahlungsmomtoren 1m Radioisotopen I <bor

Substan, und Hinweise 2ar Delo 12
clegentliche, merst nur Mewne
1, welches dabet aul dic Haut
rden wie aul Tochen

Verhalten ber Unfallen mut offener radiwaktizer
mination Selbst beim vorsichtigen Arbesten sind g
Unfalle meht zu vermerden Radioahtives Matena
oder die Kleder hommt, kann lexcht mnhorporrert wel

e
Ber der Redaktion am 13 November {962 cingegangen

A84
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Bld | Strahlenschutzwagen einsatzfahig gepackt

FuBboden Handen usw gelangte Radioisotope auch bald uber Kleder und
Hande den Weg 1n den Korper finden honnen

Ber emem Zwischenfall mit offener ridioaktiver Substanz Lann es sich um
Aktivitaten von emigen #C als auch um mC Mengen handeln welche durch
ungluckliche Umstande undfoder durch Ungeschichhichkeit verschuttet wur
den Dann 1st schnelles Handeln geboten, um zu verhindern da8 sich radio
aktne Flussigket durch die Kleder saugt oder pulvensierte radioaktive
Substanz verstaubt und so auf die Haut oder 1n dic Atemwege gelingt und
daB die hontaminierte Aera weiter ausgebrertet wird Dann mufl moglichst
sofort mit der Reimgung und der Dekontamination begonnen werden Auch
st darauf zu achten daf} die betreffende Person die nun emnmal cingetretene
Verseuchung micht weiter verschleppt was etwa beim ubereilten Aufsuchen
des Waschraumes oder auch aus anderen Grunden der Fall semn hann

Es hat sich als zwechmBig und sehr vortelhnft erwiesen daB alle zur
Delontamimicrung und zur Uberwachung derselben benotigten Dinge nicht
erst yeweilig zusammengetrigen werden mussen sondern an emer Stelle stets
greifbar sind Der hier beschricbene Strahlenschutzwagen (Bild 1) enthalt alle
diese Dinge ubersichtlich geordnet (MALLARD 1996) Frsoll im Laboritorums
trakt jedoch nicht in emnem HeiBlabor \MeBraum oder Isotopenlager selbst
an gut zuganghcher Stclle stchen — etwa 1m Flur — und hann 1m Bed urfsfalle
durch emn oder zwer Personen die nicht in die Rontaminntion verwichedt sind
zum Unfillort gebracht werden Der Wagen selbst ist ahnlich den i der
arzthchen Prasis verwendcten fahrbaren Instrumenten Tischchen aus Stahl
rohrhonstruktion mut zwer Etagen Er soll mcht zu Mene Rader besitzen Die

Bestuchung des Strahlenschutzwagens hann 1n dret Gruppen emgeteile werden
nambich
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Monttoren (StrahlenschutzmeBger ite)
Schutzklerdung und Schutzstoffe
Matenahen und Hilfsmittel zur Dekontamination
welche im folgenden cinzeln beschricben und muit Hinwesen s erschen sind

Montoren
Strahl . 1
] mit e fi fur f} und v Strahlen peercht in mefh

b betrieben Zur Kontrolle des Strahl Iy alv 1 schr praktisch

1n bistolenform
Strahlenmonitor mut Zahlrokr empfindhich fur B und ¥ Strablen wenn erforderlich auch
fur ¢ Strahlen mut schr dunnem | adfenster oder Szntillate nssande netz oder battene

brinchen geeicht n Impulse/Minue Zur Fontrolle de+ Steahlungsspicgels und von
Kont Impul: 1 ert genugend

~

t Ausw e Zablrohr w
lange Zahlrohr und Netzkabel erforderhch
3 Zuer Stuck Taseh Mest h 02 r fioch 1 Zfury lichen Dostskon

trollc wahrend des Unfalles als Fxtramessung Diese Dosim ter mussen sich smmer im
geladenen Zustand hefinden

Schutzklerdung und Schutzstoffe
Ruer Stuck Schut.Klewder (Rattelformy oder wert ubergrafend Schursen lang aus fiasok
m zwer verschiedencn € roBen
Zuer Paor Gummihandsthuke novmal 1a zwer verschiedencn € roen ferug mit Talkum zum
Hinewn chlupfen verschen
Zuet 1 aar Gummihandschuhe dick mut kurzen Stulpen 1n zwer serschiedenen Grafen fertig
mit Talkum zum Hinanschlupfen verschen
RZuer Paar Gummiuberschuhe 1 zwey verschiedenen GroBen
Zuer Stuck lange Grerfuangen mut zwes verschiedenen € reifc pfen etwa Harwell [yp oder
gleichweruige andere [ypen am besten mit Pistolengrifl
9 Zuwer Stick langers Tregelzangen vermekelt oder Ldelstahl i anem Standgfas
10 Behalter fur radwaktie Abfalle mat lucht 7u dffnendem Deckel und auswechselbarem Finsatz
aus hunststoff (Wird auBlen am Strahlenschutzwagen ang, bangt } N
11 Dres Stick flache Schalen terschusdener € riffe zum Ablegen Fontamimcricr Gegenstande 4
Werkreuge Cebrte
12 Zues Stuck PVC Decken ctwa ! » 2m zum vorla ifig, n At cken kontanunierter
oder ahnlichen Verwendungszwecken
13 Zuer Stuck Gasmashen mehe Text

[EIN

@

© -

Materiatien und Hulfsttel wur Detont smnabion

1t Zelistoff tn Bogen zum Abwischen o

15 Saugfabuges Fackpapier 1m Bogen yum ersten Aufnebm n versuchter € A‘,;«:"(]l‘.“h n

16 F unststoff Ab.iehla k und Pinsel zum Bedecken von radi yakin serscuchten Ob

17 # rerde 7um Bezeschnen von hontaminationsg Dieten

18 Dret bus funf laer flussige Serfe rur Dekontamnation

9 Jn liter I aliumf ermanganatiosung zur Hautentseut fiung, altum

20 1in bts e liter halwumbisulfittssung 5 1g sum Cebrauch nach benutzuns, von
ermanganatl sung T, st be

21§ unststoffbentel st Rexverschiuf zum Aulbewshren kontamin rte r‘hl:n(r;rl'" o izt

22 Je e brs cues liter Tra eslosungen dex jeweils serwendeten .Rlullu ,:") re

‘nusch s Jsotopentaboratorium etwa Jod un § §hiorphartragerl s g

siden)
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23100 ml Natrumperchloratiosung (12 g auf 90 mi) wn grady ); hen ur notwend

wenn mit Radiojod gearbetet wird Siche Text

Eun Iier Natrumthiosulfatlosung gesattigt Siche Text

Langstiehger Map wum Aufurschen mcht mut Holzstiel (Mit 2 Schellen auBen am Scrahlen

schutzwagen angeklemmt )

26 Kunsistoffermer zum Aufwischen und Eintauchen des \fops (Hangt m emem Ring auBen
am Strahlenschutzwagen unter dem Mop }

Moo
@R

Diese Aufstellung 15t sowohl ausfuhrlich durchdacht als auch 1n jat g
Ensatz praktisch erprobt, erhebt jedoch hemnen Anspruch auf Vollstandigheit
Deshalb sind Abanderungen fur speziclle Zweche nicht nur moglich sondern
oftmals sogar nmotig Auch kann die hier beschriebene Grundausrustung
beltebig erwettert werden (So empfichlt z B Marrarp (1936) noch je emnen
Satz der wichtigsten Frauen und Mannerhleidungsstucke )

Ber einem Unfall mit radioahtnen Substanzen mussen vor allem die be
troffenen und helfenden Personen Ruhe und Besonnenheit bewahren, und
gerade bex solchen Zwischenfallen zeagt sich die Wichtighert emer guten Aus
bildung uber den Umgang und dic Wirkung mit und von Radiosotopen

Der Strahlenschutzwagen wird zum Unfallort gebracht jedoch nur so nahe
an das Verseuchungszentrum heran, daB der Wagen selbst kemner hontam
nation ausgesetzt 1st Der oder die Helfenden legen Schutzhlerder Gummm
bandschuhe (Normalausfuhrung die dicken mut hurzen Stulpen dienen vor
allem als zusatzhicher Handeschutz ber mitunter notwendigem Hinemgreifen
in radioaktnes Material), und Gummuuberschuhe an dazu Taschendosimeter
Letztere dienen zur gesonderten Ermuttlung der Personendosis wahrend
aller Arbeiten am Unfallort AnschheBend gilt das Hauptaug rh der yvon
der Rontamimnation betroffenen Person welche an eme Stelle medngen Strah
lungsspreg els gebracht werden soll jedoch ohne daber Radioaktivatat zu ver
schleppen Der Helfende benutzt daber den battenebetriebenen Tonsations
kammer \fonitor zur Feststellung der jeweils herrschenden Dosislesstung Es
it zur Veremnfachung und zur Beschleumg der Hilfsarbeiten gunstig wenn
zwet Personen hierzu zur § erfugung stehen Fine ubernmmt dann die mehr
aktnen Handlungen 1m dirchten hont ikt mit der hontamination die andere
die mehr “passiven Tatigherten wie Han thabuny der Monutoren und Zuretchen

Wenn es offensichthich st daB di [we wch hontamnicre oder gar das
Gesicht mut radioakoy cr Substanz n Ber ubtung ham drnn oll unverzughch
an der nachsten Was « rleitung die betroll ne Stlle mizviel W er ibgewaschen
werden Kleider di iadioahtnn getranb( ¢da bestaubt wuiden sind sofort
abzulegen und 1n d m hunststoffbeutcl 11 zur Dehontanuniuon aufzube
wahren Auch hierb 1 spicle dic nchtige Anwendung der Mowtoren emne grofle
Rolle RBetroffene }1iutstellen sind nach J m Abwasch n mut Wasser sofort
mitin flussige Seil ¢ tauchten Zellstofflappen  dic zwechmalligerwerse in emner
Tiegelzange gehtl n werden zu behandeln und wi der out Wasser abzu
waschen Reicht i (s nach hurzer Zeit ncht au <o sind Zellstofflappen 1n
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Abschir nd che vrws

[ 2
Mxmai BE rgie nMev

Bild 2 Dicke verschiedener Stoffe dic zur volligen
Abschirmung der 8 Strahlen notig st in Abhang g
keit von der maximalen Betaenergie — Ahschirm
dicken fur andere als m dem Pild angegeb n Stolfe
konnen abgeschatzt werden da sic etwa der D chte
des Stoffes umgekehrt proportional sind

Tragerlosung (Tragerlosungen sind maktive Formen der verwendeten radiotk
tiven Verbindungen) getaucht zu benutzen Letztere Methode 1st metstens
erfolgreich wenn aber doch noch eme Hauthontammation nachwessbar it
(Zahlrohrmomtor), muB etwa 1 Mnute mt halumpermanganatlosung
gewaschen werden und danach mmt der Natrumbisulfitlosung, welche die
hautschadigende Wirkung des haliumpermanganats kompensiert Auch bxc(l:!
dic pharmazeutisch chemische Industrie Haut dehontammierende 4 sc
mttel an, die auch verwendet werden honnen

Ubertriebenes Retben der betroffenen Hautstellen st unbedingt 2t ‘f;
merden, um mucht durch Zerhratzen oder Aufrauhcn der Haut cinc Ing“‘lic
radioaktiven Materals 1ns Blut zu ermoglichen Jedenfalls sollte zunad;s::"r
Reduhtion der # und y Impulsrate uber den betroffunen Stellen t\ol,; !
1000 Imp/mimn erreicht werden (Endfensterzahlrohr hierzu benutzen,

vergleiche Tabelle 2 fur die endgultigen Werte)
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Es mul darauf hingewsesen werden daB grofiere Hauts erscuchungen beson
ders an empfindlichen Stellen, wie Gesicht und Leib wohl miemals bexm Tragen
der nichtigen Schutzklerdung und Beachten der notigen V orsichtsmaBregeln
{siche Literaturverzeichnis) aufireten

Handelt es sich ber dem verschutteten Radioisotop um #1j so 1st es emp-
fehlenswert der betreffenden Person eme Dosis von 200 mg Natnumperchlorat
pro 6 Stunden zu verabreichen Das sind 15 ml aus dem gradwerten Vorrats

hchen des Strahlensch agens Dadurch wird die Inkorporition des
Radmjods 1n der Sciulddruse blockiert und seie Ausschesdung aus dem korper
beschlennigt

Spritzer radicaktiver Flussigheiten an mcht absorbierender Schutzlleidung
Lonnen mut Zellstofl abgewischt und danach wie ublich dehontaminiert werden
(Zahlrohrmonttor gebrauchen vergleiche hierzu Tabellen 2 und 3 auch
Ref 6)

Sind die beschriebenen Hulfel gen 1n der betrofTe Person durch
gefuhrt wendet man sich den Remigungs und Dehontiminterungsarbeiten
in dem verseuchten Labor zu Unter Verwendung von Ferngraifzingen und
Iangen Ticgelzangen (besonders ber Gammastrahlern) bezichungswense mut
den dicken Gummuhandschuhen (ber Betastrahlern) wird hterzu zunachst
saugfahiges Packpapier dann Zellstoff genommen und nach Gebrauch m den
Abfallbehalter des Strahlenschutzwagens geworfen Glechzeiig sind daber
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Tabelle 1

Halbuerts etten  Halb hechten und Dosisk heeds PR

(nach QUIMBY)

Isotop HwZ Hws Dosiskonstante
cm Blea rpramC hbe lem

Natrium 24 158 15 184
Kalum 42 12 50 12 150
Chrom 51 2888 02 04
Mangan ,2 584 10 190
Eisen 59 450¢ 11 655
Kobalt 60 52 12 135
Kupfer 64 128" 04 1t
Zink 65 23501 10 27
Brom 82 37 10 JEY]
Jod 131 80! 03 218
Caesium 137 300 05 32
Gold 198 274 03 235

Scherben und ihnliches zu entfernen Ber schwachen a oder g Strablern
konnen als Abfallbehalter auch groBe Papiertuten verwendet werden (Ref 5)

ZweckmaBigerwerse wird die mit emem  Momtor festgestellte verseuchte
Aera muit Kreide b hnet, wober es manchmal ratsam ast, auch Dosiswerte
mit anzuschretben um die Remmigungs und Delontamimerungsarbeiten 1n
nerhalb der benachbarten Stellen zu erleichtern Dadurch wird auch bet
spielswerse verlundert daBl eme zu groBe Flache rwlgewischt und damit
“ hich noch k t wird, weil sonst oftmals auf emnmal dic gane
Oberflache naB 15t und man mcht mehr weil wo das eigenthche Verseuchungs
zentrum 15t

Konzentrationen starherer Betaaktivitat, etwa mit (o faBbruchstucken zu!
sammengetragene radioaktive Substanz, laft sich — wenn crforderlich zcl}g
der Jomsationshammermonitor an — leicht durch hunststoffplatten ;10 ’i
abschirmen (Bild 2) Besonders empfichlt sich Plexiglas und durchstF \lugm
PVC in emner Dicke von etwa 10 mm Hingegen werden solcherart Anhaul ;"lll:;m
gammastrahlender Isotope am besten hinter emigen schnell Zuigl‘;’:km
Bleiziegeln zusammengetragen Daber 15t moghchst grofier Abstan z‘}fnmmcr,
die langen Greifzangen zu benutzen und die Anzeige des Iomsations
“ontors zu beachten .

Es erscheint noch znechmabig an dieser Stelle tuch auf die Halb\;lc::lcl:";:g
ten und die Dosishonstanten der Giammastrahler lunzuweisen dt'll'rn’ ('-’m iTa
die Best g von Abschir resp Dosisleistungen er Clcz ’,-,ncrdmgs
belle 1) Ber den hier imteressierenden Slrahlcmchulzznw;\mhl‘ts i %)
gunstiger, statt der Halbwertschicht die «Zehntelw ertschu]




STRAHLENSCHUTZ UND DERONTAMINATION IN ISOTOPENLABORATORIEN 491

Tabelle 2
Enpfehlungen fur mavimal -ulassige aufere ¥ n Lab fur ppe (nach
CUSSED )
Verunseimgung (Zerfalle/mm auf 150 cm? Flache)
Fur Alpha Strahler Fur Beta Strabler
Vor Nach Vor Nach
Dekonta ~ Dekonta  Dekonta  Debonta
munat:ion unation minaton rmination
Hunde 75 ohne 5000 ohne
Wasche oder Handtuch 75 ohne 5000 ohne
Laborkleidung aus Baumwolle 500 100 25 000 5000
Schutzkleidung aus Plastik 500 200 25000 10000
Schutzhandschuhe AuBenserte 500 100 25 000 5000
Uberschuhe AuBenserte 500 200 22 000 5000
Arbentstische Gegenstande 500 200 25000 5000

benutzen deren GroBen sofort wegen der hoheren Schwachung anwendbar
sind

Vor dem Fortsetzen der nachsten Remigungsarbeiten mussen die erwahn
ten groferen radicaktiven Abfallmengen mn geeigneten Behaltnissen entfernt
werden Zum Transpomeren und Aufbe\\ahren radioaktiver Abfalle haben
sich Behalter mut her baren k bewahrt die gegen
¢ Strahler mut Bler und gegen g Strahler mut PVC abgeschirmt sind

Nach dem Aufnehmen der verschutteten radioakuven Substanz begmnt die
eigentliche Dekontamunation die unter Verwendung beider Momtoren sehr
sorgfalg vorzunehmen 15t Auch 1n groBerer Entfernung vom Verseuchungs
zentrum 1st zu messen Eme wirksame \ethode zur Dekontamination von
FuBlboden Tischen usw, 1st flussige Seife oder emn anderes starhes Reimgungs
ruittel uber die betroflene Flache zu gieBen und dann mut emem langstieligen
Mop aufzumischen Dieser Vorgang ist mn Bedarfsfalle zu wiederholen Wenn
erforderlich Lann auch noch mit Tragerlosung nachbehandelt werden Sollte
auch diese Methode micht zum Zrele fuhren schlagt MALLARD vor emnen
abziehbaren kunststofflack uber die verseuchten Stellen zu strerchen was emn
Freiwerden radioaktiver Dampfe oder Staubes verhindert Die betreffenden

Teile mussen dann spater ausgewechselt und wie fester Abfall behandelt
werden

Leider geben dicvonder T C R P h 3\ Empfehl Leine
Angaben uber zul Oberflachenk In den Tabellen 2u 3

sind deshalb emge von anderer Seite angegcbene Werte gebracht um die
maximalen auBeren '\ erung dnrzustellen und die

Handhabung der Monstoren zu erleichtern Daber gilt Tabelle 3 (nach Dunster
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DBild ¢ Wasche Prufing (et fed! Genehn es Techncal Assoc_Barba
" ok

Califorma) Links Messrahmen rachts Anzeigegerat mit noch cumcr fiexiblen Handsonde (Endfenmer

zahlrohr) Messbererch 0—2 000 Impfmun Ansprechzest 2 bus 4 sec Emphiaclichhert um 0 13 C (3)

1955) fur ausgedehnte Flachenhontamination, also bereits fur schwiergere
Falle, siche Anmerhung daselbst Gleichzeiig ser an dieser Stelle auf die von
der I A E O herausgegebenen Sicherheitstichtlimen (Ref 6) hingewiesen
Mawmale Konzentrationen remer Gammastrahler lassen sich unter Beachtung
der Toleranzdoss recht gut mut dem Jonusationshammer Monutor finden

Die ber der Bestuckung des Strahlenschutzwagens erwahnten Gasmashen
werden 1m Falle emer Verschuttung radioakuven Pulvers (Staubschutz) oder
radioaktiven Dampf crzeugender Flussigkeit (Gasschutz) gebraucht (Mau
LarD) Ber Radiojoddampf soll das Baumwollfilter der Gasmashe vorher mut
Natrumthiosulfatlosung getranht werden und wemgstens etwas weder g¢
trocknet semn, denn dann werden etwa 80 9, des durchgehenden Radiojod
dampfes absorbiert In emem nchtig emngerichteten Laboratorium fur Radio
1sotope (Scuanze 1957) werden aber alle Arbeiten mit solchen Stoffen
mindestens 1 emem Abzug (der ber emem Zwischenfill emfach geschlossen
wird) oder besser m emer ‘glove box (Scranze 1959 Grauve 1908) ausge
fuhrt

Em bex allen diesen Betrachtungen wichuger Fahtor it die ph)sxkah’slﬂ{w
Halbwertszeit So genugt bei kurzlebigen Radioisotopen wic etwa **1J up #Na
dic Aufbewahrung ke ter Geg de 1 geeig B"I“‘h““sc;
uber eimge Halbwertszetten, um die gew unschte Aktwitatsreduktion dqul
Abllingen herbeizufuhren Auch ber der Lagerung radioahtiver Abfulle !
dieses von Bedeutung

Y

Zur Defontamination von Gerat hat sich folgende Mischung bewahrt 3 ; ‘:l‘l‘]‘mns

teile 16 % 1ge HNO, werden rut 1 Volumtedl C Hng ‘Cfmls‘ﬁ;;':ml dem
men

Pril (Netzmttel) zugesetzt Naturhch gelten dic 1m Zusam e Dekonta

/i h h Unfillen mit radioaktiver Substanz gem
o mgshim " also micht unfallgebundene Remnt

minierungshinweise auch fur allgememe, Lonta
gungsarbeiten Den Detergentien hommt Jedenfalls ber der gcsun:;cn}?:;lschm
munterung besondere Bedeutung zu Spezell bar harmachgcnht; clr"n) <
Fallen {etwa nach m Blekammemn zerbrochenen Becherzahlroh
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Tabelle 3
Empfehlungen fur maximal .ulassige Flachenkontamunation (nack DUNSTER)
10~% Cjem* fur dic Alphastrahler
Po210 Ra226 Ac227
Pu239
10-44Clem? fur alle anderen Alpha
strahler
4% 107% Cjem? fur alle Betastrahler

{An begrenzten Flachen bis 100 cm? pro m? konnen dic angegebenen Werte um den Faktor
10 vergroBert werden Dicses gilt jedoch micht fur Kledung oder fur Gegenstande die 1
gendwie mit dem Munde m Beruhrung kommen konnen )

sowohl Titandioxyd mat verdunnter HCL als auch Sihziumchlond zur
Geratedeh 1on fohlen Dic Romb: der berden Mitte? soll
besonders wirksam sen Auch se1 an dieser Stelle auf die vonder] A E O
herausgegebenen Ausfuhrungen (Ref 6) hingewresen

Da eine Dekontaminierung von Geraten 1n Isotopenlabors wiederholt und
regelmafig erforderhch st empfiehlt es sich diese Arbeiten immer an bestumm
ter Stelle (Spule) vorzunehmen In vielen Fallen 1st hierzu auch emne besondere
glove box geeignet Fur grofiere Isotopenlabors wird am besten emne soge
nannte Dekontamimerungshammer dafur berengestellt

Um den Strahlenschutzwagen und seme Emnchtung jederzeit wieder ein
satzbereit zu haben, 1st es erforderlich, nach Inanspruchnahme verbrauchte
Bestandteile und Losungen zu erganzen Schalen Abfallbehalter Zangen usw
zu entleeren zu retmgen zu delontaminteren und zum neuen Gebrauch
wieder herzurichten Einzelne Bestandteile sollten dem Strahlenschutzwagen
nicht entnommen werden um thn immer emsatzberert und komplett zu haben

Behandlung und Umgang mut radiwoatticer W asche Es erscheint erforderlich zu
diesem bisher nur wemg behandeltem Thema emniges zu sagen weil dreses fur
die Labortoriumskleidung und fur das Bettzeug vieler radiologischer Kliniken
von Bedeutung 1st und auch eine Dek ungsfrage d 1l

Eine Schwiengkeit tancht zunachst auf nambch zu entscherden ob und
welche W nsches(uckc m die normale W aschcrex gegeben werden honnen und
welche b d

eatra gewaschen werden
mussen Radioaktiv gewordene \Vasche hann nach DunsTER immer dann mit
der gewohnlichen Sct asche gewaschen werden wenn fest
steht daB emmal die hontiminauon durch den normalen Waschprozef3
sicher besextigt wird und zum anderen die Aktivitaten ziemhch niedng sind
Auch dite Gefahrlichheit (Radiotoxschzitat) des hontaminierenden Radio
1sotopes (Ref 6 u Scuanze 1957) und die Art semer chemschen Verbindung
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spielen daber emne Rolle So konnen z B *P-Verunreimgungen schwer ent
fernbar sem, wenn sich unlosliche Phosphate bilden

Sorgfalt und hennts erfordert auch das Prufen der Waschestucke vor dem
Waschen mit dem Monitor (Endfensterzihlrohr benutzen), sonse das Hand
haben und Sortieren Daber sind immer Gummuihandschuhe, bey Camma
strahlern noch lange Ticgelzangen zu benutzen Ber schweren Gammayer
scuchungen, z B Unfallwasche, kann Bleigummischutz fur Hande und Rorper
— wie 1m Rontgenwesen gebriauchlith — trotz der hohen Gammaenergicn
dishutabel sein Die Moglichkest emer wBercn Strahlenemwirhung und em
Inhalationsnistho sind wohl messtens vorhanden ZweckmaBig sind 2um
Sortieren mit PVC bedeckte 1ische, deren Rand hochgezogen st Auch konnen
ber starker Betwverseuchung z B Unfallwasche Schutzschilde avs trans
parentem Kunststoff nutzlich werden

Unkompliziert wird nach Dunster das ganze Problem, wenn dic mesten
Waschestuche mmut nicht mehr als 10-%Cfcm? an Betastrahlern kontanunsert
sind, auch wenn eimge Stucke das zehnfache dieses genannten Wertes auf
wessen, denn die Dekontamimation von § Akuvitaten dieser GroBenordnung
i der normalen Wascheres bringt kemne homplihationen mit sich Dennoch
wird ¢s sich auch ber dicsen geringen Akuwitaten uberall dort lohnen wo
relativ viel solche Wasche anfallt eme besondere scparate Waschanlage i
cmem eigenen Raum emnzurnchten

Fanc solche ‘aktive Wascheres wird am besten dem Laboratonumstrakt
oder der Bettenstation angeschlossen und fur groflerc Akuwitaten ausgelegt
Zu rhrer Haupteinnchtung gehoren  Wasck hine (gute halts oder
Industriewaschmaschine), Schleuder (auch i hombmnation moglich), sowie
3¢ emn besonderer Tisch fur dic Handhabung kontamsmierter und 85““5‘:}’“;"
Wische Die Benutzung cmner separaten Waschanlage gilt grundsatzlch fur
alle groBeren Isotopenlabors und Klinshen 1n denen offenc Radxmsomp; ::
groferem Umfang apphziert werden Uberhaupt muB W asche  die hol Ch
Altataten als oben genannt respchtive Alpha oder Gammastrahler m $¢
aufgenommen hat, extra gewaschen :i»erd;n W

Zu berucksichtigen 15t wetterhin, da8 das
emen sekundaren fadloa} tiven Flussigkeitsstrom aus der ¥ aschlauge ““dkg::
Spulnasser erzeugt der deshalb der Anlage zur Btsmugungkmd‘i: uch
Abwasser zugefuhrt werden muB Fur onentierende \essungen ?imr‘ Wasch
erpfehlenswert sein zur Beobachtung der ‘\'asch\\asscrahm‘g ct Tauch
maschine emn Memnes Misch und Mefgefal (am besten aus PG} my
mefisonde (Scrianze 1999 u 1961)

MNach dem Trocknen der dehont
sen der “aktnen Wascherer’ sorgfilug mit emnem Mon
tuell noch Restaktintit zuruckgeblehen st Dazu 1st ber E‘:’“m Zort
mengen und bet Bettzeug em besonderer Wasche Prufungs:ﬂ P
und zwechmaBig Ber mnem solchen, 1n Bild 4 gezegte

aschen hontammerter W asche

2
ammerten W asche 1st sie vor dem Verlas
ator zu prufen, ob ever
Geren Wasche
spnr:rd
ed dic
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Wasche durch den MeBrahmen (InnenmaBe 10 x 100 cm) gefuhrt, wo sie
von sechs gegen Umgebungsstrahlung abgeschirmten dunnwandigen Zahl
rohren von oben und unten abgetastet wird Beim Vorhandensein emner Rest-
lontamnation die groBer st als der 2m Anzeigegerit vorgewahlie Wert,
wird noch em akustisches und optisches Signal gegeben Werterhin 1st noch
eme Handsonde zum Zwecke der geniuen Lokabsaton emer festgestellten
k ation am A at angeschlossen

Zeigt sich nich dieser SchluBprufung noch h ation, sost der Wasch-
sorgang, fur den ubngens normale Waschmuttel verwendet werden zu wieder
holen

ZUSAMMENFASSUNG
Ein Strahlenschutzwagen wird beschrieben der alle Dinge die ber eimnem Unfall mut offenen
n Stoffen 10 benotigt werden enthalt  \nlettungen zur

Dekontamation und zum \ orgehen nach emem Unfall mit Radioisotopen werden auch
gegeben Weiterhin wird die Behandlung radsoaktiver Wasche erlautert und eme akine
Wascherei beschrieben

SUMMARY

An accident trolley 15 described that contains every thing needed 1f an accident with radio-
actne matenals occurs Instructions for decontarmination are grien and measures to be taken
after mishaps with open 1sotopes are ded Cleansing and of laundrv that
has been contaminated with radioactive materral are discussed and an actne laundny s
described

RESUME

Descripuion d une voiture de secours tout le mateniel en casd accident
Liberant des substances radioactives L auteur donne des pour la d
et recommande les mesures 3 prendre apres les accidents liberant des 1sotopes. Il explique
comment traiter le hinge radioactf et deent une blanchisserie active
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