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VOJNOMEDICINSKA AKADEMIJA, INSTITUT ZA RADIOLOGIJU, BEOGRAD

RACIONALIZACIJA U RADIODIJAGNOSTICI URINARNOG TRAKTA SA
ALGORITMOM PREGLEDA

EXAMINATION ALGORITHM FOR RATIONALIZATION OF RADIODIAGNOSTIC
PROCEDURES IN THE URINARY TRACT

Ledi¢ S.

Abstract — The proposed algorithm of radiodiagnostic examinations in urinary tract diseases is based
upon the author’s own experience as well as on relevant data from literature.
The paper reports the results of an on-going trial in the field of rationalization in radiodiagnostic

procedures.
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Uvod — Pod racionalizacijom u radiodijagno-
stici podrazumjevamo najefikasniji a istovremeno
za bolesnika najmanje Stetan pristup pregledu
nekog organa odnosno bolesti tog organa, iz-
ostavljajuéi nesenzitivne i nespecifitne metode
pregleda, pogotovo ako su invazivne. Zbog biolo$-
ke &tetnosti jonizujuc¢eg zragenja i materijalno-
finansijskih trodkova u radiodijagnostici, raciona-
lizacija dobiva svoj puni humano-medicinski i
ekonomski znaéaj. Poznato je da se danas po-
ku$ava u medicinsko-radioloSkim publikacijama
odrediti mjesto nekoj proceduri u rasponu svih
metoda pregleda nekog organa ili njezin algori-
tam. | u nadoj literaturi poku$avamo odrediti najra-
cionalniji pristup pregledu pojedinih organa kao
$to je racionalizacija parenhimatoznih abdomi-
nalnih organa (22). Priizradi ovih algoritama sub-
jektivni pristup mora biti sveden na najmanju mo-
gucéu mjeru a da bazira na objektivnim parametri-
ma dugogodi$njeg iskustva autora kao i mnogih
drugih autora.

Racionalizacija u domenu urinarnog trakta ima
poseban znadaj zbog toga 3to u radiodijagnostici
ne postoji ni jedan organ kojemu je namjenjeno
viSe raznih metoda pregleda nego $to je to kod
urinarnog trakta. Od prve intravenske urografije,
koju je izveo Osborne 1923 godine, moze se na-
brojati oko osamnaest raznih urografskih i pijelo-

grafskih metoda i njihovih modifikacija, desetak
raznih vazografskih i njihovih kombinacija sa uro-
grafskim metodama, vide nuklearno-medicinskih
metoda i najsavremenijih digitalnih metoda kao
8to je ultrazvuk, kompjuterizirana tomografija i
magnetna rezonansa.

Metode pregledai rezultati — Ovajrad bazira
na velikom dugogodi$njem bolesni¢kom materija-
lu, na objavljenim retrospektivnim studijama dije-
lom citiranim u ovom radu, kod raznih kongenital-
nih i ste¢enih oboljenja urinarnog trakta. Rezultati
su prikazani $ematski na sliki i 2 uz uvazavanje
nekih algoritama stranih autora. Metode pregleda
su oznacene razumljivim i opée prihvac¢enim
slovnim simbolima. Sematski su prikazana samo
neka u praksi najée$c¢a oboljenja i situacije, dok
¢e o ostalima biti rije¢i u komentaru.

Intravenska urografija (IVU) sa nativnim snim-
kom (N) je do danas zadrzala prvenstvo kod bole-
sti urinarnog trakta, kao bazi¢niiinicijalni pregled.
Kod o¢uvane funkcije bubrega samo ovom meto-
dom mozemo dobiti orjentaciju i uvid u cijeli si-
stemurinarnogtrakta. Kao morfolodka metoda da-
je podatke o obliku i veli¢ini bubrega, o raznim
kongenitalnim anomalijamai displazijama, kroni¢-
nim inflamatornim nespecificnim i specifiénim
oboljenjima bubrega, kolektorskog i odvodnog si-
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stema te mokrac¢ne besike i indirektno o postoja-
nju neke ekspanzivne komponente bilo da se radi
o pravim ilipseudotumorima. Dodatnom planigra-
fijom (narocito kod nedovoljno pripremljenog di-
gestivnog trakta) i zonografijom mogu se bolje vi-
zuelizirati detalji kaliko-pijelicnog sistema bubre-
gaodnosno konture bubrega. Radiografska velici-
na bubrega nije adekvatna anatomskoj veli¢ini i
neka istrazivanja su pokazala da je radioloska ve-
liina bubrega i za 20—25% veca od njihove
stvarne veli¢ine (5). Polazna osnova za radiolosko
mjerenje veliCine bubrega je nativni pregledni
snimak bubrega odnosno abdomena. Najstarije
veliCine duzine i Sirine bubrega kod normalne
odrasle osobe muskog i zenskog pola odredio je
Moéll u apsolutnim iznosima (26) a ta€nije mjere-
nje kod razli¢itih uzrasta odraslih Simon (33) po-
mocu indeksa duzine bubrega i distance gornjih
povrsina L-1 i L-2 prsljena. Kod djecjeg uzrasta
duzinu bubrega je odredjivao Hodson (13) na
osnovu visine tijela, a Klare sa sar. (15) na kompli-
ciraniji nacin odnosa visine tijela i duzine od gor-
nje povrsine L-1 do donje povrSine L-4 prsljena.

Klasi¢na IVU sa 60—65% trijodnim diatrizo-
atom u koli¢ini 1 ml/kgtezine kod odraslihi1,5—2
ml/kg kod djece razli¢itih uzrasta kao bolus je naj-
optimalnije dozirana. Nefrotoksiénost kontrastnog
sredstva (ks) je jedna od najcescih komplikacija
pa visoke doze i koli¢ine ks kod starijih odraslih
osoba sa ve¢ lediranim bubrezima, narocito ako
su dijabeti¢ari, mogu biti uzrokom daljnjeg pogo-
rSanja i anurije (23). Ranije zastupanje mnogih
autora o potrebi IVU visokim dozama ks (high
dose urography) kod kroni¢ne bubrezne insufici-
jencije su sve vise usamljena a mi smo misljenja,
da ako se ve¢ radi IVU, onda sa dvostruko ma-
njom koncentracijom i koli¢inom ks/1 ml u rastvo-
ru kao infuziona urografija sa zastupljenom hidra-
tacijom bolesnika.

Kod akutnih glomerularnihi intersticijalnih nefri-
tisa klini¢ko-laboratorijska dijagnoza je u prvom
planu a radioloSka se ne primjenjuje. Akutni bak-
terijski lobarni ili difuzni intersticijalni nefritis pone-
kad podlijeze urogafskoj obradi pa i kompjuter-
tomografskoj pogotovo u slu¢aju abscediranja,
iako Gold sa sar. (10) nalazi na kompjuterizovanoj
tomogafiji kod bolesnika sa akutnim intersticijal-
nim nefritisom fokalne odnosno difuzne hipo-
denzne zone radijalnog polozaja od ¢aSica prema
korteksu. Kod akutne bubrezne insuficijencije vrlo
je korisna ehotomografska eksploracija bubrega
dabise odrela veli¢ina bubregaiizvrsila diferenci-
jacijadali se radi o parenhimskom oboljenjuilise-
kundarnoj opstruktivnoj nefropatiji. Kod akutnog
nefritisa u uve¢anom bubregu povecana je kaliko-
marginalna distanca bubrega (odgovara Sirini
kortkesa i medule sa po 10 mm, ukupno 20 mm) a
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isti je slu¢aj i kod akutne opstruktivne nefropatije
ali je kortiko-medularni indeks nepromjenjen (od-
nos Sirine korteksa prema meduli (14). Granicu

_ izmedu korteksa i medule ¢ine anastomozirajuce

arkualne vene na angiogramu $to ovdje ne dolazi
u obzir pa je dovoljno odrediti ehotomografski
kaliko-marginalnu distancu.
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Slika 1 — Algoritam radiodiagnostickih procedura bu-
brega. Legenda: RR — radiorenografija; IVU — i. v. uro-
graﬁja; FU — funkc. urografija; NT — nefrotomografija;

RA — selekt. renal. angiografija; E — embolizacija; OP
— operacija; SU — separat. urin; UVK — uzorci ven. kr-
vi; ET — ehotomografija; KT — kompj. tomografija; DSC
— dinam. scintigrafija; PB — perkut. biopsija, PC — per-
kut. cistografija; FA — farmakoangiografija; KG —

kavografija

Fig. 1 — Algorithm of kidney diagnostic procedures. Le-
gend: RR — renal radiography; IVU — i.v. urography; FU
— functional urography; NT — nephrotomography; SRA
— selective renal angiography; E — embolisation; OP —
surgery; SU — UVK — venous blood samples; ET —
echotomography; KT — computed tomography; DSC —
dynamic scintiscan; PB — percutaneous biopsy; PC —
percutaneous cystography; FA — pharmacoangiograp-
hy; KG — cavography

Sasvim je druga situacija kod kroni¢nih inflama-
tornih oboljenja i drugih nefropatija (slika 1 a). Ra-
diorenogram (RR) odlu€uje o funkciji bubrega, pa
ako je o€uvana, N i IVU otkrivaju morfoloSke pro-
mene, odlucujuce za dijagnozu. Kod kroni¢ne bu-
brezne insuficijencije urografski pregled moze da-
ti jo$ uvijek upotrebne urograme za dijagnozu do
odredjenih vrijednosti ureje i kreatinina u serumu.
Povecane vrijednosti ureje iznad 25 mmol/I i/ili
kreatininaiznad 500 umol/l funkcionalno ne mogu
dati upotrebljive urograme. U tom slu¢aju je mala
koristi od predhodne depuracije bolesnika. U tom
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slu¢aju je ehotomografija (ET) pravi supstituent
urografije, to je njezina velika prednost. Najcesce
se radi o smanjenom ili malom bubregu ¢ija se ve-
licina moze egzakino odrediti. Pritome je smanje-
na i kaliko-marginaina distanca zbog atrofije od-
nosno skleroze parenhima. Cesto se nepotrebno
prakticira nativna tomografija koja je insuficijentna
posto je ET metoda izbora kod bubrezne insufici-
jencije odnosno afunkcije bubrega.

Ekspanzivni procesi bubrega mogu biti slu€aj-
no otkriveni kod asimptomatskih bolesnika ili se
ide ciljano na njihovo otkrivanje. Razlikujemo tri
vrste ekspanzivnih procesa. To su solidne mase,
ciste i pseudotumori. U solidne mase spadaju
primarni adenokarcinomi, Wilmsov tumor i meta-
staze, benigni adenomi, cistadenomi, rjetko onko-
citomi i hamartomi (angiomiolipomi). N i IVU mogu
otkriti kalcifikacije, neprirodnu veli¢inu i oblik bu-
brega kao i ekspanzivno pomjeranje kaliko-
pijeli€nog sistema, ali ne uvijek ako je ekspanzivni
proces lokaliziran periferno ili marginalno. Kao
inicijalna urografska metoda najefikasnija je ne-

NORM., PRIM.
NALAZ CISTE __MALIGNOM
(Sllmn]amru)
PSEUDO-
TUMOR
y mi
Er €T
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Slika 1a — Algoritam radiodiagnostickih procedura bu-
brega. Legenda: RR — radiorenografija; IVU — i. v. uro-
grafija; FU — funkc. urografija; NT — nefrotomografija;

RA — selekt. renal. angiografija; E — embolizacija; OP
— operacija; SU — separat. urin; UVK — uzorci ven.
krvi;, ET — ehotomografija; KT — kompj. tomografija;
DSC — dinam. scintigrafija; PB — perkut. biopsija; PC —
perkut. cistografija; FA — farmakoangiografija; KG —

kavografija

Fig. 1a— Algorithm of kidney diagnostic procedure. Le-
gend: RR — renal radiography; IVU — i.v. urography; FU
— functionalurography; NT — nephrotomography; SRA
— selectiverenal angiography; E — embolisation; OP —
surgery; SU — UVK — venous blood samples; ET —
echotomography; KT-— computed tomography; DSC —
dynamic scintiscan; PB — percutaneous biopsy; PC —
percutaneous cystography; FA — pharmacoangiograp-
hy; KG — cavography

frotomografija po Evans-u (NT) (slika 1 b). U
nasem materijalu nefrotomografija je dala u 90%
pozitivne rezultate u diferenciranju cista-karci-
nom (18). Njezin efekt bi odgovarao nefrografskoj
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fazi renovazografije. Nekad ne moze otkriti manje
ekspanzivne procese periferne ili parapijeli¢ne
lokalizacije. Ona je screening metoda u cilju da-
linjeg sigurnijegistrazivanja prirode ekspanzivnih
procesa. Nuklearna medicina u svom algoritmu
ovdje daje prednost izotopskim metodama (3). Mi
smo protiv te prednosti ili ¢ak paralelizma u ovoj
fazi screening-a ekspanzivnih procesa. Nasa ra-
nija ispitivanja korelacije sa obe metode pokazale
su efikasnost scintigrafije sa obiljezenim 202Hg
neohidrinom kod karcinoma u 81% a kod cista u
76,2% bolesnika, dok je efikasnost NT bila u
93,3% odnosno 100% (19). Rezultati su ipak bolji
putem emisione kompjuterizirane tomografije
(SPEKT).

Poslije urografskih metoda slijedeca visa faza
skriningovanja pretstavlja ET.NT i ET zajedno su
vrlo efikasne u otkrivanju ekspanzivnih procesa
uopce sa efikasno$¢u do 98%. Negativan NTi ET
nalaz gotovo isklju€uju takvu moguénost te je da-
linje ispitivanje nepotrebno osim u rijetkih bolesni-
ka sa perzistiraju¢im klinickim dilemama (slika 1
c). ET moze dobro diferencirati ciste od solidnih
masa. Doduse postoji jedna manja grupa cistoid-
nih tumora a radi se o grupi cistkarcinoma ili ne-
krotiziranih avaskularnih karcinoma te jukstaglo-
merularnih hipoehogenih i neostro ograni¢enih
tumora (mlade Zene sa hipertenzijom i povisenim
vrijednostima renina u perifernoj krvi). Na Mayo
klinicije od 1950—1962 godine na 579 karcinoma
i 428 cista nadeno 4 % avaskularnih cisti€no de-
generiranih karcinoma i 1,7 % cistkarcinoma, a u
nasem materijalu smo nasli 4% ovakvih tumora
(7). Prema naSem algoritmu (slika 1 b) selekcija
ekspanzivnih procesa prema ET rezultatima vrsi
se na jedan od slijede¢ih nac¢ina. Male asimpto-
matske ciste ispod 3 cm promjera, najcesce i
slu€ajno otkrivene, sa tipi¢nim ET karakteristika-
ma, su definitivno dijagnosti¢ki rijeSene. Ostale
vece i velike simptomatske ciste, koje su poslije
eventualnog predhodnog pregleda porasle, sa ja-
kom ekspanzivnom komponentom na kaliko-
pijelicni sistem i bolovima pa i vaskularnu mrezu
bubrega uzrokujuéi mozda extrinsic renovasku-
larnu hipertenziju zahtjevaju daljnji dijagnostic¢ko-
terapijski postupak. Ultrazvukom vodenom punk-
cijom ciste izvr$i se aspiracija sadrzaja i punk-
ciona cistografija sa ks (PC). Makroskopskiizgled
sadrzaja ciste i morfoloski izgled zida ciste, te
kasnije kemijski i citoloski nalaz sadrzaja ciste od-
luéuju dali ¢e terapijski postupak biti u domenu in-
terventne radiologije ili kirurske intervencije. Bistri
serozni sadrzaj ciste male specificne tezine bez
lipida i LDH enzima u sadrzaju, citoloski ispravan i
sa potpuno regularnim zidom ciste govori za obi¢-
nu cistu. Sklerozacija ciste 95% alkoholom moze
dovesti do definitivnog izlije¢enja. Hemoragi¢an
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sadrzaj sa starom krvlju u sadrzaju moze pretstav-
ljati problem. Nepravilnost zida ciste sa defektom
u ponjenju sa ks i kasniji nalaz LDH u sadrzaju su
elementi koji zahtjevaju operativno lije¢enje (1).
Radioloska sklerozacija ciste pretstavlja veliku
prednost nad operativnim zahvatom. Publicirani
su podaci o postoperativnom morbididitetu kod
30% bolesnika poslije ovih operativnih intervenci-
jaimortalitetom 1,5% (1). Isto tako je dokazanoda
dijagnosti¢ka punkcija jednog cistkarcinoma nije
prouzrokovalarasijavanje malignogprocesa (31).

Sdruge strane na ET otkrivene sve solidne ma-
se, bilo tumoriili pseudotumori, kao i sve nedefini-
rane mjeSane cistoidne formacije zahtjevaju da-
ljinji dijagnosticki postupak odnosno definitivhu
dijagnozu. Tu su i razne forme kongenitalnih i ak-
viriranih pseudotumora (slika 1 b). Prema ovom
algoritmu sve dokazane solidne mase u bubregu
ili pijelonuna ET, bilo da se radi o benignim ili ma-
lignimtumorimaiili pseudotumorima, njihov.identi-
tet i terminalnu dijagnozu bi trebalo postaviti pu-
tem selektivne renalne angiografije (SRA), even-
tualno dopunjenom farmakoangiografijom (FA).
Bubrezni karcinom daje tipi¢nu patoloSku vasku-
larizaciju sa a-v. fistulama. Angiografija je jedina
metoda koja moze odrediti anatomsku klasifikaci-
ju malignoma od ¢ega zavisi prognoza i operabil-
nost tumora. Za preciznije odredivanje stadijuma
bolesti nekad ¢e biti potrebna i kavografija (KG).
Dokazano je da preoperativna embolizacija (E),
pored pogodnosti za kirurga za vrijeme operativ-
nog zahvata, kao i palijativna embolizacija u ne-
operabilnih bolesnika, mogu biti imunoloski vrlo
korisne i za rok prezivljavanja kao i povla¢enje
prisutnih metastaza. Sigurno je da metastatski
tumori bubrega, koji najéesce poticu od primarnih
tumora pluéa, dojke, zeluca i pankreasa, nece biti
kirurski tretirani, iako angiografski daju sliku sli¢nu
primarnom malignomu. To bi se moglo dogoditi u
slu€aju latentnog neotkrivenog primarnog tumora.
Kada se radi o uroepitelijalnim karcinomima pije-
lona, prethodni urografski i ET pregledi mogu is-
klju¢iti eventualne pseudotumore te lokalizacije u
vidu raznih organskih konkremenata, ugruSaka
krvi ili prisustva autohtonog gasa (emphysema
renis). Buduéi da su ovi tumori slabo vaskularizi-
rani, angiografski nalaz nije toliko ubjedljiv, nema
a-vfistula, alise moze naci encasementi proSire-
na periureteralna arterija (1). U ovom slucaju je
obavezna FA. Neki od ovih tumora ¢e ipak morati
da budu definirani putem kompjuterizirane tomo-
grafije (KT).

Ako se radi o benignim tumorima bubrega
mozemo naici na problem njihovog diferenciranja
od malignoma i nije irelevantno da li ¢e se boles-
niku izvrsiti parcijalna ili totalna nefrektomija. Isti-
na je da su benigni tumori rijetki, a medu njima na-
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j¢esc¢i adenomi, lokalizirani u kori bubrega. Mogu
biti solidne gradnje ili kao cistadenomi odnosno
onkocitomi. Prematome mogu biti dobro vaskula-
rizirani ali ne tako bizarno kao malignomiibez a-v
fistula, ili su slabo ili nikako vaskularizirani. Vrlo
vaznaje igrupa hamartoma (angiomiolipoma) ¢ija
je vaskularizacija takva da ih se tesko razlikuje od
malignoma. Ako je tuberozna skleroza mozga i
adenoma sebaceum udruzen sa angiolipomom,
nema dijagnostickih problema. Ipak angiografsku
sliku angiomiolipoma karakterizira hipervaskula-
rizacija sa Sirokim dovodnim arterijama i multiplim
aneurizmama bez a-v fistula dajuéiizgled »sunc¢a-
nog plamenax (sunburst) u venskoj i nefrografskoj
fazi (2). KT moze bolje diferencirati masni dio tu-
mora. Zbog otezane angiografske diferencijacije
ovih tumora od malignoma, prije ere KT ovi tumori
su zavrSavali sa nefrektomijom (1). Kod onkoci-
toma je angiografska diferencijacija takoder teSka
kod atipi€ne vaskularizacije, ukoliko nema karak-
teristicne vaskulature poput »toc¢ka na biciklu«.
Sve dileme kod benignih tumora i diferencijacija
prema malignim ne moze rijesiti ni KT a takvu mo-
guénost diferencijacije ne posjeduje ni magnetna
rezonansa. Jedini izlaz je u perkutanoj biopsiji
(PB). Sre¢om ovi benigni tumori se rijetko nalaze i
samo osigurana dijagnoza benigniteta ovih tumo-
ra moze spasiti bolesnika od totalne nefrektomije.

Prema nasem algoritmu ekspanzivnih procesa
bubrega (slika 1 b) na KT dijagnostiku ne idu svi
ekspanzivni procesi dijagnosticirani na ET. Se-
lekcija se odnosi na nedeterminirane formacije
mjesanog karaktera, razni cistoidni tumori medu
kojima ¢e biti i benignih tumora kao i malignih ne-
krotiziranih karcinoma. Kod vecine prethodno
spomenutih solidnih ekspanzivnih procesa upuce-
nih direktno na angiografiju, KT pregled nece biti
potreban. Na taj nacin ¢e se dijagnosticki postu-
pakivoditi u ustanovama koje nemaju mogucénost
KT dijagnostike. KT sa ks je senzitivnija metoda za
sve dubioze pronadene na ET. Prema nasoj pro-
cjeni u oko 15% takvih dubioza bi¢e potrebna di-
rektna KT dijagnostika. Fiegler sa sar. (9) navodi
da je efikasnost KT kod svih tumorskih procesa
bubrega 95,5 % a u naSem materijalu identifikacija
ekspanzivnih procesa bubrega se kreée oko
92%. Svi definirani maligni procesi na KT kao i
neki nedefinirani pseudotumori morajo proc¢iifazu
angiografske dijagnostike radi odredivanja stadi-
juma bolesti kod malignoma i eventualne preope-
rativne ili palijativne embolizacije. Tako su KT i
angiografija usko komplementarne metode i u ne-
kim slu¢ajevima jedna upucena na drugu. Njiho-
vom komplementarno$¢u se danas moze identifi-
cirati oko 97 % ekspanzivnih procesa bubrega.
Prema jednom ranijem misljenju Pollack-a i sar.
(28) prije uvodenja KT bilo je oko 8 % dubioza koje
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su se morale rijeSavati eksplorativnom lumbotomi-
jom. Danas jedan mali procenat (2—3 %) zahtjeva
citoloSku dijagnostiku pa interventni radiolog ili
urolog mogu sigurno i planski izvrsiti svoj terapij-
ski postupak.

Treba jo$ nesto reéi o jednoj grupi tzv. pseudo-
tumora bubrega koji u nasem materijalu ¢ini 16 %
od svih ekspanzivnih procesa (21). To su razne
kongenitalne anomalije (parcijalna hipertrofija
pojedinih dijelova bubrega, kongenitalne lobulaci-
je, hipertrofija kolumne Bertiniidr.) kaoiakvirirana
oboljenja uglavnominflamatorne prirode (sinusna
fibrolipomatoza, kroniéni pijelonefritisi specifi¢ni
sa kavernama ili nespecifi¢ni sa retencionim ci-
stama, ksantogranulomatozni pijelonefritis, kar-
bunkulus, perinefritiéni absces i dr.). Prema
nasem algoritmu (slika 1 b) ovi procesi ulaze u si-
stem obrade kao i svi drugi tumori. Jedan veci dio
njih bi¢ce determiniran na prvim stepenicama
obrade (N, IVU, NT i ET). Jedan mali dio njih za-
htjeva i viSe faze obrade putem angiografije i KT.
To se uglavnom odnosi na ksantogranulomatozni
pijelonefritis i supurativne inflamacije kao absces
odnosno karbunkulus. Najinteresantniji je ksanto-
granulomatozni pijelonefritis, Ciji je uzrocnik b.
proteus, a sastoji se od granuloma od pjenastih
¢elijaispunjenim mastimaiinfiltrata plazma ¢elijai
limfocita. On daje sliku pravog ekspanzivnog pro-
cesa sa zaobilazenjem interlobarnih arterija oko
granuloma, ali nema patoloskih krvnih sudova.
Bolesnici sa ovom slikom, kao i dva nasa slu¢aja,
obi¢no su zavrSavali sa nefrektomijom. Karakteri-
stika svih pseudotumora je da u angiografskoj slici
arterije mogu da zaobilaze hipertroficno tkivo,
granulome ali nikad nema patolo$kih arterija osim
u slu¢aju abscesa odnosno karbunkulusa sa no-
vostvorenom mrezom kapsularnih arterija.

Na$ algoritam kod-ekspanzivnih procesa bu-
brega je skoro identi€an sa ovim nekih drugih
autora (1). Jedino je razlika u tome §to u nekim
zemljama postoji ve¢a moguénost eksploatacije
KT. Ipak na kraju sve ciste zavr$avaju na konzer-
vativnom tretmanu odnosno punkciji a svi kom-
pleksni slu¢ajevi i solidne mase sa angiografijom.
Jedino se ne bismo mogli sloziti sa onim autorima,
koji su po specijalnosti nuklearni-medicinari, a koji
inicijalnu prednost u ispitivanju daju scintigrafiju
nad urografijom odnosno nefrotomografijom (3).

Renovaskularna insuficijencija sa hipertenzi-
jom je bolest ¢ija je morfolosko-funkcionalna
komponenta dijagnostike najveé¢im dijelom u ru-
kama radiologa. lako na ovu vrstu hipertenzije ot-
pada mali procenat (oko 3 %), ona zajedno sa en-
dokrinoloskim hipertenzijama moze biti elimini-
rana radioloSkim angioplastiénim ili kirurSkim
korektivnimintervencijama.Zbogtoga je potrebna
precizna preoperativna dijagnoza. Ve¢ postoji je-
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dan protokol kod nas o metodologiji klini¢ko-
laboratorijskog i radioloskog ispitivanja kod reno-
vaskularne hipertenzije prije i poslije perkutane
transluminalne angioplastike (29). Glavni uzrok
stenoza glavnog stabla i segmentarnih grana re-
nalne arterije i renovaskularne insuficijencije su
intraarterijske promene kod fibromuskularne dis-
plazije i ateromatoze (intrinsic factor). Razni ek-
sterni faktori svojom kompresijom mogu dovesti
do suzenja lumena kao kod: velikih renalnih cista,
peripelviénih limfnih cista, veéih aneurizama, po-
sttraumatskih fibroznih traka, tumora nadbubrez-
nih zlijezda (feokromocitom) i dr. (extrinsic faktori).
Posttraumatske i postbioticke a-v fistule mogu ta-
kodjer biti uzrok. Kod djece uzrok renovaskularne
hipertenzije je fibroelastoza interlobularnih i ar-
kualnih arterija (tzv Ask-Upmark-ov bubreg).
Algoritam pregleda kod renovaskularne insufi-
cijencije (slika 1d) pocinjemo sa radioizotopnim
metodama. RR sa 131l obiljezenim hipuranom
kao klinicko-laboratorijska funkcionalna metoda
daje nam podatke o vaskularnoj i eliminacionoj
fazi kao i lateralizaciju promjena. U ustanovama, u
kojima postoje moguénosti, prakticira se i dinam-
ska scintigrafija (DSc) kao funkcionalna metoda,
koju smo oznagili kao fakultativnu metodu. Kao
radiolozi odlu¢ujemo se za funkcionalnu (minut-
nu) urografiju (FU). Ovu metodu smo prvi uveli kod
nas i opisali 1972 godine (17). Ona je pristupa¢na
svakom radiologu koji izvodi urografske preglede
samo zahtjeva nesto malo viSe vremena i preciz-
nosti. FU bi trebalo prakticirati kod svake mladje
osobe sa hipertenzijom. Normalan RR i FU is-
klju€uju postojanje renovaskularne insuficijencije,
iako kod mladjih osoba jo$ uvijek treba biti opre-
zan. U gore pomenutom ranije napravljenom pro-
tokolu (29) se spominje ekskreciona urografija u
metodologiji ispitivanja renovaskularne hiperten-
zije prije PTA koja daje samo morfolo$ke parame-
tre promjena a ne i funkcionalne. Glavni morfolo-
Sko-funkcionalni parametri FU koji govore za
renovaskularnu insuficijenciju su:smanjenuzduz-
ni promjer aficiranog bubrega 1,5 cm i viSe sa
eventualnom lobulacijom bubrega u odnosu na
normalnuveli€inu zdravog bubrega, uzak kanalni
sistem (pogrije§no oznaéen kao »spasti¢anc),
eventualne popre¢ne impresije na ureteru kod
okluzije glavnog stabla renalne arterije kao po-
sljedica razvijenog kolateralnog krvotoka iz donje
mezenteri¢ne arterije (»notching«), zakasnjenje
lu€enja na triminutnom urogramu a poslije tog
vremena slabija koncentracija u odnosu na zdra-
vu stranu koja se vremenski sve viSe pojacava a
na zdravoj strani smanjuje. Ako je ovaj nalaz ub-
jedljiv, nije ni potrebno dopunsko ispiranje bubre-
ga (wash out test). Inace se ovim testom infuzijom
10% manitola brzom infuzijom zdravi bubreg is-
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pere najkasnije poslije 20 min. Metodu FU sa br-
zim bolusnim ubrizgavanjem ks i sekvencijalnim
snimanjem u prve dvije minute poslije zavrSenog
ubrizgavanja koristili su neki autori za dokazivanje
feokromocitoma (32). Naime, dobro vaskularizira-
ni feokromocitomi se prikazu na tim urogramima
svojim ja¢im bojenjem (blush), pa tako indirektno
otkrivamo andrenalni a ne renalni uzrok hiperten-
zije. Mi smo imali prilike da se u to uvjerimo. FU
daje pozitivne rezultate u 75—89% slu¢ajeva
(17), a ostalo su vise lazno pozitivni nego lazno
negativni rezultati koji mogu biti i tehnicke prirode.
Najvece dubioze pretstavljaju bilateralne ateros-
klerotiéne promjene i sekundarne arterioskleroti¢-
ne promjene na malim arterijama bubrega kod
dugotrajne hipertenzije ili kod unilateralnih pro-
mjena na segmentarnim arterijama. Ovom meto-
dom smo selekcionirali bolesnike kojima je po-
trebno daljnje ispitivanje odnosno renovazogra-
fija.

"~ Renovazografija je morfoloska metoda kojom
utvrdjujemo lokalizaciju stenoti¢nih promjena na
renalnim arterijama ali nam ne moze dati siguran
odgovor o etiologiji hipertenzije bez prethodno
spomenutih funkcionalnih testova. Poznata je
¢injenica dokazana eksperimentalno i autopsijski
da, smanjenje lumena renalne arterije i do 40%
normalnog lumena i stenoze u starije populacije,
nije dovelo do arterijske hipertenzije. Stenoze na
renalnim arterijama mogu biti slu¢ajan nalaz, uz-
rok ili posljedica arterijske hipertenzije. Samo he-
modinamski znac¢ajna stenoza dovodi do stimula-
cije kompleksa renin-angiotenzin-aldosteron. Za
eksploraciju renalne vaskularizacije potrebno je
izvrSiti aorto-renalnu angiografiju zbog bilateral-
nog uvida a zatim selektivnu angiografiju na afici-
ranoj strani (SRA). Medjutim, gdje postoji takva
mogucnost, najmanje je agresivna i. a. digitalna
suptrakciona angiografija (DSA) koja daje odli¢an
bilateralni pregled renalnih arterija a potrebno je
uvijek prikazati ostijalne dijelove arterija u poluko-
sim polozajima. |. v. DSA samo djelomi¢no zado-
voljava i moze sluziti samo kao screening u ambu-
lantnim uslovima.

Svi prethodni rezultati bi bili dovoljni za ekskluzi-
ju hipertenzije renovaskularnog porijekla. Medju-
tim, nedoumice ¢e i dalje postojati ako su nadjene
promjene i ako se pomislja na aktivnu krirursku ili
PTA terapiju. Usputna faza biokemijskog odredi-
vanja funkcije bubrega je separatno uzimanje uri-
na (SU) kateterizacijom oba uretera. Ova uroloska
metoda zahtjeva slozan postupak a moze biti
Stetna zbog unos$enja infekcije, a njezina pouzda-
nost nije ve¢a od 50 % (17). Medutim, u posljednje
vrijeme jednostavniji i za bolesnika komforniji
nacin je hematolosko odredivanje separatnog kli-
rensa 131I-hipurana pomocu personalnog komp-
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jutera iz jednog uzorka krvi, ako takva moguénost
postoiji (6).

Ipak najvazniji biokemijski test je poveéana re-
ninska aktivnost u perifernoj krvi, u donjoj $upljoj
veni i obe renalne vene kateterskim uzimanjem
venske krvi (UVK) pod odredenim metaboli¢kim
uslovima. Visoka reninska aktivnost u perifernoj
krvi uz zna€ajan kvocijent iz renalnih vena (veci
od 1,5) je siguran parametar za uspjeSnost opera-
tivnog lije¢enja (25). Taj podatak govori da je bo-
lesnik jo$ uvijek u fazi vazokonstriktorne od renina
zavisne hipertenzije. Kada dode do hipertenzije
zavisne o volumenu, vi§e nema hiperreninemije u
perifernoj krvi niti lateralizacije iz bubrega, kao
posljiedica arterioloskleroze bubrega zbog dugo-
trajne hipertenzije, kada se ne mogu ocekivati
uspjesni rezultati od operativnog lije€enja. Vrijed-
nost ovog testa je i u tome Sto eventualna nefrek-
tomija jednog bubrega moze biti fatalna za boles-
nika. Arterioloskleroza se ipak ne moze dokazati
renovazografijom.

Kod povreda lumbalne regije i sumnje na izoli-
ranu povredu bubrega na osnovu nalaza u urinu,
IVU ili efikasnija NT moze nam dati dosta podata-
ka o lacero-kontuzionim povredama kanalnog si-
stema sa ekstravazacijom ks, periferne ili central-
ne defekte sa kompresijom na kanalni sistem od
subkapsularnog ili intrarenalnog hematoma te
eventualnu dislokaciju bubrega od vecih parare-
nalnih hemotoma. Dokazano je da se moze skoro
u 90% slu¢ajeva iskljuciti povreda bubrega uro-
grafskim i nuklearno-medicinskim (SPEKT) me-
todama pregleda. Intrarenalne i perirenaine he-
moragije su akcesibilne i na ET pregledu.
Medjutim, kako se naj¢eSce radi o politraumatizi-
ranim osobama sa povredama vise trbusnih or-
gana, pa i sa kraniocerebralnim povredama, sve
pomenute metode znace gubitak u vremenu kod
ovih urgentnih slu€ajeva, pogotovo $to istovre-
meno moze biti povredeno i viSe drugih intraperi-
tonealnih parenhimatoznih organa. Tada je meto-
daizbora KT sa ks kojom se moze sigurno odrediti
ekstenzitet svih promjena od kontuzije, laceracije,
rupture, intrarenalnog, perireralnog i pararenal-
nog hematoma i urinoma (4). Renovazografija kao
sekundarna metoda bi¢e indicirana samo u slu¢a-
jeva sa teSkom profuznom hematurijom ili sum-
njom na posttraumatsku tromboemboliju renalnih
arterija.

U slijedeé¢em dijelu ove studije ¢emo se osvrnu-
ti na infrarenalne dijelove urinarnog trakta. Pro-
mjene na ovim dijelovima urinarnog trakta naj-
¢eS¢e dovode do opstrukcije i sekundarne
nefropatije, insuficijencije pa i afunkcije bubrega.
Ove promjene su naj¢esce na uskolumenskom
ureteru, od ureteropijeli¢énog vrata pa do uséa u
mokraénu besiku, alii na mokrac¢noj besicii uretri.
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Stepen opstrukcione nefropatije zavisi od visin-
ske lokalizacije opstrukcije, brzine nastajanja i
vremena trajanja. Hidronefroza odnosno uretero-
hidronefroza, kao posljedica opstrukcije, moze ta-
ko samo inhibirati funkciju bubrega pove¢animin-
trakanalnim pritiskom jojijedva moze bitisavladan
intranefronskim pritiskom a moze biti takvog in-
tenziteta da ne moze biti savladan i da dovede do
bubrezne insuficijencije. Ako traje duze vremena
takva rezistencija, dovodi do propadanja nefronai
do sekundarne nefrociroze. Ako je opstrukcija na-
stala akutno i potpuno kod blokade bubrega, in-
tersticijalni edem i sekundarna ciroza ne moze se
izbjec¢i ukoliko ova opstrukcija nije pravovremeno
otklonjena.

Promjene, koje dovode u krajnjem slu¢aju do
opstrukcije, mogu biti kongenitalne i akvirirane, a
po svom polozaju intraluminalne, intra i ekstramu-
ralne. NajceS¢e kongenitalne opstrukcije su na
ureteropijelicnom segmentu koji pretstavlja svo-
jomanatomskom gradom jedinstveni funkcionalni
segment na granici kolektorsko-odvodnog siste-
ma urinarnog trakta. Vaskularne anomalije su
osnovni uzrok ovih visokih opstrukcija. Nasa is-
trazivanja na 500 aorto-renalnih angiografija su
pokazalaanomali¢nu vaskularizaciju u 48,3 %, od
€ega otpada na prehilarno granjanje 34,8 % a na
aberantnearterije 13,5 %, od ega 84 % otpadana
polarne aberantne arterije donjeg pola bubrega.
Od 82 operirana bolesnika sa visokom opstrukci-
jom u 40 ili 47,5% bili su opstruktivni aberantni
krvni sudovi ili na 500 aorto-renalni angiografija u
8,3 % bolesnika. Kod prehilarnog granjanja bila je
opstruktivna donja grana a kod aberantnih arterija
naj¢eSce donja polarnaarterija. Operativno je nad-
enaiprateca opstruktivnavenau 15%a u 5% bo-
lesnika opstrukciju je pravila samo vena. Uz ove
vaskularne anomalije nadene su i druge kongeni-
talne anomalije u rasporedu misi¢nih viakana kao
uzrok dinami¢ne neuromuskularne disfunkcije
kao i fibroza lamine muskularis te kongenitalne
adhezije, tako da su kongenitalni faktori bili uzrok
visoke opstrukcije ureteropijelicnog vrata kod
71 % bolesnika, dok 29 % otpada naakvirirane uz-
roke uglavnom inflamatorne prirode (20). Od dru-
gih kongenitalnih vaskularnih faktora kao uzrok
opstrukcije spomenuc¢emo retrokavalni ureter a
na distalnom prevesikalnom dijelu uretera 2—3
cmispred mokraéne beSike moze se nacibrazda
od fibrozne trake ili lateralnog umbilikainog liga-
menta kao ostatka umbilikalne arterije koji se
pruza salateralne strane prema umbilikalnoj regiji
ukrstajuci ureter s prednje strane. Sve vaskularne
impresije, pa i ova, postaju opstruktivne tek posto
svojim kontaktom dovedu do organskih promjena
na zidu uretera. Opstrukcije kongenitaine prirode
javljaju se u mladem zivotnom dobu (prije 30. go-
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dine), akvirirane opstrukcije usredovje¢nomi sta-
rijem zivotnom dobu. Najées¢i uzroci su kalkuloza
i postkalkulozne odnosno postoperativne stenoze,
retroperitonealna fibroza a u distalnom dijelu ure-
tera ureterokele, infiltrativni tumori mokraéne
besike, skleroza vrata besike, infiltrativni malig-
nomi zenskih genitalnih organa, stenoze i konge-
nitalne valvule uretre i dr.

Kod svih opstruktivnih oboljenja, naro¢ito pije-
lo-ureteriénog dijela urinarnog trakta, inicijalni
pregled je RR. Ovu nuklearno-medicinsku funk-
cionalnu metodu smo postavili u naem logaritmu
(iako viSe pripada klini¢ko-laboratorijskom funk-
cionalnom testu bubrega) jer ima veliki znac¢aj za
radiologa. Ova metoda omogucuje uvid u funk-
cionalnu i eliminacionu sposobnost bubrega. Za-
pravo uvidom u RRilaboratorijske nalaze klini¢ar
moze i treba da postavi indikaciju za radioloSko
ispitivanje, dok je u praksi Cesto puta obrnut
slu¢aj. Ovaj pak nalaz je vazan za radiologa da bi
odredio pravi plan ispitivanja i odgovaraju¢u uro-
grafsku metodu. Funkcionalni dio krivulje RR daje
uvid u suficijetnost bubrega a polozaj eliminacio-
nog dijela krivulje o stepenu hidronefroze. Klasi¢-
nom IVU mozemo jo$ posti¢i povoljan rezultat kod
manjih hidro odnosno ureterohidronefroza, dok ¢e
takav pregled biti insuficijentan kod ovih drugog i
treceg stepena, narocito kada je prisutna i op-
strukciona nefropatija. Zato se odlu€ujemo inici-
jalno za infuzionu urografiju (IFU) (drip infusion
urography). Velika koli¢ina infuzione kontrastne
te€nosti poSteduje hidronefrozom napadnuti ne-
fron, omogucéuje ispunjenost dilatiranog kanalnog
sistema bubrega i uretera, odreduje visinsku loka-
lizaciju i etiologiju opstrukcije i prikaz odvodnog
sistema ispod opstrukcije (16). Na taj nacin pos-
tedujemo bolesnika prevelikog ozracenja ¢estim
ponavljanjem snimanja kod klasi¢ne IVU i even-
tualnih pijelografskih metoda. Na$a ispitivanja su
pokazalada je u 64% nasih bolesnika, kod urete-
rohidronefroza poslije klasi¢ne IVU, bila potrebna
retrogradna pijelografija. Poslije uvodjenja IFU taj
odnos se smanjio kao 1:10 u korist IFU (16). Uro-
grafske metode su insuficijentne kod teze op-
strukcione bubrezne insuficijencije i afunkcije ka-
da dajemo prednost ET kojom sigurno dobijemo
podatak o hidronefrozia mozdai o etiologiji visoke
opstrukcije (slika 2 a, b, ¢, d). Medjutim, ET ne
moze rijeSiti pitanja lokalizacije i etiologije infrare-
nalnih opstrukcija pa kod insuficijentnih bubrega
moramo posegnuti za pijelografskim metodama
kao posljednjim sredstvom. Anterogradna pijelo-
grafija ima prednost kao dijagnosticka ali i terapij-
ska metoda, pos$to mozemo preko pijelostome iz-
vrsiti viSe interventnih zahvata kao Sto su: drenaza
sa depuracijom i detoksikacijom kod pionefroza
kao preoperativna ili trajnija terapija, ekstrakcija
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Slika 2. — Algoritam radiodijagnostickih procedura-
pyelon i ureter. Legenda: IFU — infuz. urografija; AP —
anterograd. pijelografija; RP — retrograd. é)ijelografija;
PS — pijelostoma; D — drenaza; DC — desc.
cistografija; PMC — postmik. cistografija; RC — retro-
grad. cistografija; RU — retrograd. uretrografija; RR —
radiorenogram
Fig. 2. — Algorithm of radiodiagnostic procedures of the
pyelon and ureter Legend: IFU — infusion urography;
AP — anterograde pyelography; RP — retrograde pye-
lography; PS — pyelostomy; D — drainage; DC — des-
cending cystography; PMC — RC retrograde cysto-
graphy; RU — retrograde ureterography; RR — reno-
gram
konkremenata, dilatacija uretera, sanacija fistule i
dr. Retrogradnom pijelografijom mozemo takodjer
eksploriratiza sondu prolazne stenoze sve do bu-
brega i uspostaviti descendentnu drenazu. Obe
metode nisu bez rizika i opasnosti za bolesnika.
Kod pijelostomije se ve¢e moguénosti lezije bu-
breznih struktura a kod retrogradne pijelografije
propagacija infekcije ili unoSenje nove. Retro-
gradna pijelografija je lak3a za izvodjenje i vise
uobi¢ajena u praksi a anterogradna je slozenija
metoda i zahtjeva educirani tim. Odluku o metodi
pijelografije treba donositi individualno za svakog
bolesnika a pijelostomija sa anterogradnom pije-
lografijom ima prednost kada se planira ne samo
dijagnosti¢ki nego i neki od terapijskih zahvata, u
prvom redu drenaza (slika 2 a, d). Angiografijai KT
rijetko dolaze u obzir kod opstrukcionih oboljenja
uretera. Aorto-renalna arteriografija kao sekun-
darna preoperativna metoda moze da objasni
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etiologiju opstrukcije ureteropijeli€nog vrata abe-
rantnim krvnim sudovima, kombiniranasa urogra-
fijom. U polukosom polozaju je najéedce vidljiva
aberantna arterija koja s donje i prednje strane
ukr$ta ureteropijeli¢éna vrata, riede donja grana
prehilarnog grananja renalne arterije. Retrokaval-
ni ureter dokazujemo kombiniranom urografijom
(odnosno retrogradnom sondom u ureteru) i
opaknim kateterom u donjoj $upljoj veni u laterola-
teralnom polozaju. Etiologiju opstrukcije uretera
uzrokovane idiopatskom retroperitonealnom fi-
brozom (M. Ormondi) mozemo jedino dokazati
pomo¢u KT, pri ¢emu nalazimo mekotkivno
uglavnom fibrozno kolageno tkivo oko jednog ili
oba uretera, oko aorte i donje Suplje vene. Urolos-
ka karakteristika ovog oboljenja je $to se radiolo$-
ki opstruirani ureteri uvijek mogu sondirati (8).
Oboljenja mokra¢ne besike i uretre mogu ta-
kodjer biti uzrok opstrukcije ili insuficijencije sa di-
latacijom proksimalnih dijelova urinarnog trakta.
Ovi organi su mnogo dostupniji urolo8kom endos-
kopskom ispitivanju a pored toga su dominantne
klasi¢ne descendentne urografske i retrogradne
uretrocistografske metode. Od opstruktivnih obo-
lienja spomenu¢emo stenozu vrata mokraéne
besike i stenoze i kongenitalne valvule uretre. Kod
ovihoboljenja, osim bilateralneureteronefroze i di-
latacije mokraéne besike ($to kod uretralnih valvu-
la ne mora postojati), urografski descendentni ci-
stogrami i postmikcioni uretrogrami ne moraju biti
karakteristi¢ni, nasuprot endoskopskim nalazima
(slika 2 e). Najbolji prikaz uretralnih valvula pa i
drugih stenoza moze se dobiti na polukosim re-
trogradnim urogramima viskoznim ks (30) (slika 2
h). Kod odraslih insuficijencija unutradnjeg sfink-
tera mokra¢ne besike moze biti dobro prikazana
na postmikcionoj descendentnoj cistouretrografiji,
pri €emu se vidi iroki cilindri¢no prosireni vrat sa
prostati€énom uretrom bez jasnog prelaza (slika 2
e). Insuficijentnost ovog segmenta u zena kod
stres inkontinencije moze se ispitati uretrocisto-
grafijom sa uvodenjem metalnog lanci¢a (chain
urethrocystography), poligrafskim snimanjem u
stojecem polozaju jedanput bez a drugi put sa
Valsalva pokusom u PA poziciji a potom u LL po-
lozaju stojeci sa mjerenjem posteriornog uretro-
vezikalnog ugla (posteriorni zid proksimalne ure-
tre i poda mokracne besike) i ugla inklinacije
(ugao izmedju osi proksimalne uretre i vertikalne
ositijela (11). Veziko-ureteralni refluks, karakteri-
sti¢an za djecji uzrast, zavisno od stepena refluk-
sa moze biti opasan za bubreznu funkciju, ako se
pravovremeno ne otkrije. Kod nas u praksi se ispi-
tivanje vrsi retrogradnom cistografijom (RC) kate-
terizacijom mokracne besSike i postmikcionom ci-
stografijom (PMC) (slika 2 e). Medjutim, djegji
urolozi daju prednost i preporu¢uju suprapubiénu
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Slika 2 a — Algoritam radiodijagnosti¢kih procedura ve-

sice urinarie i uretra. Legenda: IFU — infuz. urografija;

AP — anterograd. pijelografija; RP — retrograd. pijelo-

grafija; PS — pijelostoma; D — drenaza; DC — desc. ci-

stografija; PMC — postmik. cistografija; RC — retrograd.

cistografija; RU — retrograd. urografija; RR — redioreno-
gram

Fig. 2 a — Algorithm of radiodiagnostic procedures of

the urinary bladder and urethra. Legend: IFU — infusion

urography; AP — anterograde pyelography; RP — re-

trograde pyelography; PS — pyelostomy; D — drainage;

DC — descending cystography; PMC — RC retrograde

cystography; RU — retrograde urethrography; RR —
renogram

punkciju pune mokracéne besike kao laku, sigurnu
i bez komplikacija metodu. Ne postoji moguénost
unosenja infekcije, ks se ubrizgava pod sterilnim
uslovima i steriina mokra¢a uzima na pregled.
Ona se preporuéuije i u dijagnostici kongenitalnih
valvula uretre (27). Za ovu punkciju postoji mini-
malan broj kontraindikacija u dje¢jem dobu. Ovdje
treba naglasiti da kod nas €esto prakticirana des-
cendentna urografija sa mikcionom cistografijom
ne moze dati sigurne podatke (daje uglavnom laz-
no pozitivne) o veziko-ureteralnom refluksu iz vise
razloga. Tumorski procesi intraluminalno lokalizi-
rani u mokraénoj besici mogu se otkriti urograf-
skim metodama a lako su dostupni i endoskop-
skoj biopsiji i histoloskoj verifikaciji. Medutim da-
linja evolucija prema dubljim strukturama zida nije
dostupna ovim metodama. Vrlo je vazno odrediti
ovu anatomsku evoluciju zbog procjene operabil-
nosti i daljnje terapije. Kt sa ks ne moze diferenci-
rati stepen intramularne infiltracije (do stadijuma
T3a). Vrijednost KT dijagnostike je u tome $to
moze diferencirati paravezikalni rasttumoraii infil-
traciju susjednih organa kao i regionalne limfne
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metastaze u subaortalnim i hipogastriénim limf-
nim zlijezdama, a 3to nije moguce limfografijom
(24) (slika 2 g). lako nemamo iskustva, navodi se
da magnetna rezonansa bolje diferencira i intra-
muralne strukture. Ona uopc¢e ima vecu senzitiv-
nost u dijagnostici karli¢nih dijelova urinarnog
trakta i genitalnih organa. KT doprinosi razjadnje-
nju urografskog nalaza »kruskaste« mokraéne
besike (pear-shaped bladder) ¢iji su lateralni zi-
dovi komprimirani i konkavni premavan. To je po-
sliedica pelviéne lipomatoze. Sliénu sliku moze
dati i idiopatska tromboza vene kave inferior (12).

Komentar — lako smo uz na3e rezultate ko-
mentirali ove i drugih autora, ovdje ¢emo dati je-
dan op¢i komentar. Vidjeli smo da su urografske
metode pregleda, i pored savremenih tehnologija,
zadrzale svoj primat kod oguvane funkcije bubre-
ga, narocilo kod infrarenalnih dijelova urinarnog
trakta. Narogitu vrijednost su pokazale neke druge
varijante klasiéne IVU kao $to suinfuziona urogra-
fija, nefrotomografija i funkcionalna urografija.
Nemarazloga da se one ne primjenjujui u manjim
zdravstvenim ustanovama. Ako bi manje zdrav-
stvene ustanove raspolagale i ultrazvu¢nom di-
jagnostikom (a to bi trebalo da bude sine qua
non), onda bi se najvecdi dio dijagnostike urinarnog
trakta mogao rijeSavati na regionalnom nivou, po-
gotovo ako tome dodamo i angiografsku dijagno-
stiku koja je vec¢ us$la u veliki broj bolni¢kih zdrav-
stvenih ustanova.

Ultrazvuéna dijagnostika, kao brza, jeftina i ne-
agresivna metoda, uspjesnai kod afunkcionalnog
bubrega, poslije Zu¢ne kese pokazala se kao na-
ro¢ito zahvalna u dijagnostici bubrega. Ona dijag-
nosticira, skrininguje i selekcionira bolesnike za
daljnje ispitivanje u odredenom pravcu. Mi daje-
mo apsolutnu prednost ultrazvuku u morfolodkom
ispitivanju bubrega nad nuklearno-medicinskim
metodama a funkcionalnoj urografiji nad dinam-
skom scintigrafijom. Ovdje ne bi smjelo biti nikak-
vog paralelizma. Medjutim, kada se radi o funk-
cionalnom ispitivanju, radiorenografija je inicijalna
klini¢ko-laboratorijska metoda koja daje podatke
kliniéaru o parenhimskim i vaskularnim lezijama
bubrega na osnovu kojih postavlja indikaciju za
radiodijagnosti¢ko ispitivanje a radiologu za pravi-
lan izbor metode pregleda. Ultrazvuk ima mogué-
nost intrauterine dijagnostike raznih malformacija
bubrega naro¢ito kod neonata kod kojih je urogra-
fija slaba.

Renovazografija je neprikosnovena u dijagno-
stici ve€ine malignih neoplazmi pa i drugih kao i
vaskularnih oboljenjai anomalija. Ona moze rijesi-
ti najvecdi procenat ovih slu¢ajeva, iako se nekad
mora oslanjati na kompjuteriziranu tomografiju.
Ove dvije metode su medusobno zavisne 1 kom-
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plementarne, pretstavljaju vrhunske i skoro termi-
nalne metode u dijagnostici patologije bubrega,
ako izuzmemo jedan mali procenat u kojih je za-
vréna citoloSka dijagnostika. Angiografske embo-
lizacione i dilatacione metode mogu pored svega
biti i uspjeSne terapijske metode.

Kompjuterizirana tomografija je ipak najsenzi-
tivnija i specificna metoda u dijagnostici ekspan-
zivnih procesa bubrega. Ona je sa renovazografi-
jom efikasna u 97% ovih oboljenja. To ne znacida
¢e svaki bolesnik sa sumnjom na tumor morati da
bude pregledan ovom metodom. To ne bi bilo ra-
cionalno a ni tehni¢ki moguce. Prema nasSem al-
goritmu samo oko 15% dubioza treba dadolazina
KT pregled. Ipak ¢e ponekad ovaj pregled biti pri-
marni i zavrsni kod veé poznatog oboljenjaiili u ci-
lju postoperativne kontrole bolesnika. Tkivna dife-
rencijacija kod kompjuterizirane tomografije nije
tako rezolutna, pa izodenzni supstrati mogu pre-
tstavljati problem kao Sto pretstavljaju i hiper-
denzne dobro ograni¢ene formacije. Inace komp-
juterizirana tomografija je metoda izbora kod
urgentnih trauma abdominalnih kao i retroperito-
nealnih organa.

lako nemamo iskustva sa magnetnom rezo-
nansom, koja bar za sada jo$ nije aktuelna kod
nas, smatra se da ima bolje moguénosti tkivne di-
ferencijacije od kompjuterizirane tomografije ali ni
ona ne moze diferencirati benigne od malignih
tumora. Njezini kvaliteti narocito dolaze do izraza-
ja kod pelviénih dijelova urinarnog trakta te mus-
kih i Zenskih genitalnih organa.

Sazetak

Autor predlaze algoritam radiodijagnosti¢kih proce-
dura kod oboljenja urinarnog trakta na bazi svoga dugo-
godisnjeg iskustva kao i iskustva drugih autora.

Ovaj rad pretstavlja nastavak istrazivanja na polju ra-
cionalizacije u radiodijagnostici.
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UROGRAFIJE JOHEKSOLOM U VISOKO RIZICNIH BOLESNIKA

UROGRAPHY WITH IOHEXOL IN GROUP OF HIGH RISK PATIENTS

Janus$ D,, Braj$a M., Dolenci¢ P., Vidakovi¢ Z.

Abstract — In clinical investigations Omnipaque nonionic contrast medium has proved to be much safer
andreliable in excretory urography than ionic contrast agents. The incidence of adverse reactions to ionic
contrast media reported in recent literature was about 8%. The aim of our investigation was to determine
the incidence of adverse reactions to Omnipaque in a group of high risk patients which included patients
with adverse reactions to ionic contrast media, drug allergy, diabetes, myocardiopathy and coronary ins-
suficiency, pulmonary hypertension and old age group. In our investigation no adverse reactions have

been reported.
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Uvod — Ekskretorna urografija kao dijagnostic-
ka metoda uvedena je u klinicku medicinu 1930
(10). Tehnika pretrage i kontrastna sredstva poka-
zali su razli¢ite faze razvoja. Zelja je bila pronala-
zak idealnog kontrastnog sredstva za prikaz
urinarnog trakta. Takvo kontrastno sredstvo mora
seizlugivati putem bubrega u visokoj koncentraci-
ji, mora imati najmanju mogucu toksi¢nost, nisku
osmolarnost i primjernu trziSnu cijenu. Nazalost
kontrastna sredstva nisu kemijski, a nifarmakolo$-
ki inertna te njihova primjena ponekad dovodi do
nepozeljnih reakcija i popratnih pojava. Ucesta-
lost ovih nus pojava (6, 7) po nekim svjetskim sta-
tistikama iznosi od 5 — 8% svih kontrastnih pre-
traga. U naSem materijalu taj postotak je nizi i
iznosi od 3 — 5%. Najveci dio tih nus pojava je
blag i ne zahtijeva medicinski tretman. Napredak
je predstavljalo uvodenje derivata trijodobenzo-
i¢ne kiseline, koje danas zovemo konvencionalna
ionska kontrastna sredstva. Daljnji napredak &ini
pojava neionskog kontrastnog sredstva 1974. go-
dine (Amipaque). Danas imamo na raspolaganju
drugu generaciju neionskih vodotopivih kontrast-
nih sredstava koja se nalaze u obliku gotovih oto-
pina pripremljena za neposrednu primjenu. To su
joheksol i jopamidol.

Joheksol je pokazao u dosadasnjim klini¢kim
ispitivanjima veoma dobru podnosljivost i znacéaj-
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no smanjenje nepozeljnih reakcija i popratnih po-
java(1,3,4,5,8,11,12). Narogito znacajni rezulta-
ti dobiveni su primjenom joheksola kod visoko
rizi¢nih pacijenata kod kojih je rizik letalnog isho-
da i deset puta manji od rizika pri upotrebi kon-
vencionalnih ionskih kontrastnih sredstava (11).
Tojerazlog, kaoi cijene novih neionskih kontrast-
nih sredstava da postoji tendenca podijele boles-
nika na nisko i visoko rizi¢ne grupe (11).

U grupu visoko rizi¢nih pacijenata ubrajaju se
prvenstveno bolesnici koji su pokazivali nepozelj-
ne reakcije na ionska kontrastna sredstva i lijeko-
ve i kod kojih se takve nus pojave mogu ponovno
ocekivati pri primjeni nisko osmolarnih neionskih
kontrastnih sredstava (9). Rizik upotrebe kontrast-
nog sredstva je kod ovih bolesnika najveci i oko
11 puta je vecinego kod bolesnika koji sunormal-
no podnijeli intravensku primjenu kontrastnog
sredstva (11).

Visoko riziénu skupinu sa velikim koeficijentom
rizika predstavljaju svi sréani bolesnici, narogito
oni sa koronarnom insuficijencijom i sréanim za-
stojem zbog poznatog negativnog djelovanja kon-
trastnog sredstva na sréani misi¢, njegov provodni
sistem i hemodinamiku (2, 10, 11). Bolesnici s
alergi¢énim manifestacijama kao $to su astma, ur-
tikarija i razni ekcemi predstavljaju slijedecu sku-
pinu visoko rizi¢nih bolesnika. Posebnu grupu
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¢ine dijabetiCari sa sklono$¢u razvoja akutne bu-
brezne insuficijencije, narocito ako je dijabetes
dugotrajan i pracen azotemijom (10).

U visoko rizi¢ne pacijente se takoder ubrajaju i
bolesniciiznad 60 godina starosti kod kojih postoji
povecdani rizik nastanka bubrezne insuficijencije
(11).

U Zavodu za radiologiju KB »Dr O. Novosel«
zeljeli smo ispitati podnosljivost joheksola is-
klju€ivo kod skupine visoko rizi¢nih bolesnika.

Materijal i metode — U nasem Zavodu nacinili
smo 34 infuzijske urografije joheksolom (Omni-
paque 300) kod 32 bolesnika (kod 2 bolesnika
urografija je bila ponovljena zbog klini¢ke indikaci-
je). Skupinu ispitanika saginjavale su 22 zene i
deset muskaraca u zivotnoj dobi od 18 do 65 go-
dina starosti sa poznatim faktorima rizika za pri-
mjenu kontrastnih sredstava (tabela 1). Metodom
infuzijske urografije davali smo 50 ml joheksola u
koncentraciji 300 mg J/ml (3).

Poznati faktor rizika

"~ %od ukupnog
broja bolesnika

Broj bolesnika

Conditions causing Number of % of total number
high risk patients of patients
Nepozeljna reakcija na ionska kontrastna sredstva 24 75
Adverse reactions to iodinated contrast agents

Alergija na lijekove 18 56

Drug allergy .

Miokardiopatija i koronarna insuficijencija 2 6
Myocardiopathy and coronary inssuficiency

Diabetes 3 9
Diabetes

Starosna dobna skupina 6 19

Over 60 years of age

Pluéna hipertonija 0 0
Pulmonary hypertension

Ukupan broj faktora rizika 53 165

Total number of risk factors

Tabela 1 — Raspodjela bolesnika po poznatim faktorima rizika za primjenu jodnih kontrastnih sredstava
Table 1 — Patients distribution according to a known risk factor for application of iodinated contrast agents

Kontrastno sredstvo je bilo primjenjenonerazri-
jedeno i prethodno zagrijano na tjelesnutempera-
turu, a vrijeme trajanjainfuzije iznosilo je 5 minuta.
Pretraga je radena bez prethodne premedikacije.
Reakcije preosjetljivosti na kontrastno sredstvo
pratilismo od momenta davanja do 24 sata nakon
zavrSetka pretrage.

Rezultati i diskusija — U skupini visoko rizi¢-
nih bolesnika nismo opazili nepozeljenih reakcija
na joheksol. U dva slu¢aja imali smo blage po-

pratne pojave: osjecaj topline i vrtoglavice (tabela
2).

Nas$a skupina ispitanikaimala je ukupno 53 po-
znata faktora rizika za primjenu kontrastnih sred-
stava, Sto prosje€no iznosi 1.6 faktora rizika po
pacijentu.

Najvedi broj ispitanika, njih 24 ima u anamnezi
nepozeljne reakcije na ionska kontrastna sred-
stva, a 18 ispitanika navodi alergiju na penicilin i
lijekove. U manjem broju bili su zastupljeni faktori
rizika koji uklju€uju rizi€nu dobnu skupinu sa 6 is-
pitanika, dijabetes sa 3 ispitanika i 2 ispitanika sa

Ukupan broj Nepozeljne pojave Popratne pojave
bolesnika blage  s.teSke  teke blage  s.teSke  teSke
Total number of Adverse reactions Side effects

patients mild moderate  severe mild  moderate severe
32 0 0 0 2 0 0

Tabela 2 — Ugestalost i tezina nepozeljnih reakcija i popratnih pojava kod urografija joheksolom
Table 2 — Incidence and severity of adverse reactions and side effects in urography with lohexol.
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miokardiopatijom i koronarnom insuficijencijom.
Sa pluénom hipertonijom, koja je takoder jedan od
poznatih faktora rizika za primjenu kontrastnih
sredstava, nismo imali nijednog pacijenta.

Bolesnici su odli¢no podnijeli joheksol, niu jed-
nom sluéaju nismo opazili nepozeljnu reakciju

premda smoimali 13ispitanika sa 2 faktorai 4 ispi-
tanika sa 3 poznata faktorarizika (tabela 3). Blaga
popratna pojava osjecaja topline u glavi javila se
kod bolesnika koji je godinu dana ranije prilikom
infuzijske urografije ionskim kontrastnim sred-
stvom imao edem larinska sa guSenjem, pad krv-
nog tlaka i gubitak svijesti.

Broj faktora rizika Broj bolesnika

% od ukupnog broja

po pacijentu bolesnika

Number of risk factors Number of patients % of total number of
per patient patients

1 15 47

2 13 41

4 4 12

4 0 0

Ukupno

Total 32 100

Tabela 3 — Raspodijela bolesnika u skupine po broju faktora rizika
Table 3 — Distribution of patients in groups according to the number of risk factors.

Druga popratna pojava koju smo opazili u
nasem ispitivanju bila je vrtoglavica koja se javila
30 minuta nakon zavrSetka pretrage i za koju sa
sigurno$¢u ne mozemo recida je posljedica pri-
mjene joheksola jer je pacijentica dijabeti¢ar.

Zakljuc¢ak — Joheksol je opravdao primjenu u
urografijama kod visoko rizi¢nih pacijenata jer se
pokazao kao veoma pouzdano kontrastno sred-
stvo, bolesnici su ga odli€éno podnijeli, a nepozelj-
nih pojava nije bilo. Uvodenje joheksola, neion-
skog kontrastnog sredstva male osmolarnosti
omogucilo je podjelu pacijenata na visokoriziéne i
manije rizicne. Visoko rizi¢ni pacijenti trebaju pri-
mati joheksol, dok se onim, manje rizi€nim mogu
davati ionska kontrastna sredstva koja su jeftinija
ali i opasnija.

Koliko je opravdana upotreba joheksola kod vi-
soko rizi€nih pacijenata govori i podatak da je le-
talni rizik deset puta manji od rizika pri upotrebi
ionskog kontrastnog sredstva.

Sazetak

Omnipaque se kao neionsko kontrastno sredstvo
druge generacije pokazalo u klini¢kim ispitivanjima ve-
oma pouzdano za primjenu kod ekskretorne urografije.
lonska kontrastna sredstva pokazuju prema svjetskim
statistikama oko 8 % ucestalosti nus pojava. Cilj naseg
ispitivanja je bio utvrdivanje podnosljivostiomnipaque-a
isklju€ivo u skupini visokorizi€nih bolesnika koja ukljuéu-
je bolesnike s preosjetljivoS¢u na ionska kontrastna
sredstva i lijekove, zatim dijabeticare, sréane bolesnike,
bolesnike s pluénom hipertonijom i bolesnike starije od
60 godina. U nasem ispitivanju nismo imali nepozeljnih
reakcija.
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KLINICKI CENTAR MEDICINSKOG FAKULTETA U BEOGRADU OOUR INTERNA MEDICINA
RENDGEN ODELJENJE

BRONHIJALNI PRSTEN U RANOM OTKRIVANJU PERIFERNOG BRONHIJALNOG
KARCINOMA

BRONCHIAL RING IN THE EARLY DETECTION OF PERIPHERAL BRONCHOGENIC
CARCINOMA

Goldner B., Novakovic P., Beronja D.

Abstract — Twenty—two posteroanterior chestradiographsin %atientswith surgically and pathohistolo-
gically confirmend peripheral bronchogenic carcinoma in parahilar part of the lung were reviewed. The
authors have focused their attention on the subsegmental bronchi visualized in parahilar regions where
carcinoma become obvious later. These bronchi represent branches ofthe anterior or posterior segmen-
tal bronchi of the upper lobes (the majority), or of the superior segmental bronchi of the lower lobes. Nor-
mally, they range in diameter between 3—7 mm and thus represent various stages of bronchial subdivi-
sion. In the majority of normal subjects there is less than 3—5 mm of accompanying shadow laterally to
the bronchus including abutted pulmonary vessels. in eight cases with bronchogenic carcinoma more
than 5 mm of tissue laterally to the bronchus, and also eccentric or concentric bronchial wall thickening
vere foundin retrospective analysis. These roentgenographic findings can be useful in the early detection
of the bronchial malignancy especially in the cases where fiberoptic bronchoscopy is initially unsuc-
cessful. Recognition of these subtile changes on plain radiographs should alert the clinician to the need
for other diagnostic procedures and adequate therapy.
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Uvod — Rendgenolo$ka dijagnostika karcino-
ma bronha se prevashodno odnosi na njegovu
perifernu lokalizaciju obi¢no sa histoloskom sli-
kom adenokarcinoma, dok se citoloskim pregle-
dom sputuma pre svega otkriva rak bronha cen-
tralnog tipa koji je najc¢es¢e epidermoidni maligni
tumor (8, 9). Mada se obe metode pregleda medu-
sobno dopunjuju, citoloska je senzibilnija jer se
maligne éelijle mogu da nadu u sputumu i kod
rendgenoloski nevidljivog karcinoma (1, 11). U
slu¢ajeva sa citologki pozitivnim, a rendgenoloski,
bronhoskopski i histolo$ki negativnim nalazom, u
znatnom procentu se kriju mikroinvazivni i karci-
nom i situ (7, 14, 15), mada i u svim citolo$ki pozi-
tivnim a rendgenologki okultnim oblicima, karci-
nomi nisu uvek bili u ranoj, preinvazivnoj fazi
razvoja (1, 3, 12).

U redovnom, svakodnevnom radu i pored
¢injenice da se citologijapokazala kao metoda ko-
ja mnogo obecéava u ranoj dijagnostici bronhijal-
nog karcinoma, teziste detekcije maligne bolesti
bronhijalnog stabla zadrzalo se na rendgenolo$-
koj obradi bolesnika kao uvodnoj za niz drugih
metoda koje joj slede. Razumljivo je stoga da je
uvek prisutna potreba za iznalazenjem nove
rendgenolo$ke simptomatologije koja bi bila
primerna u ranoj dijagnostici bronhijalnog karci-
noma. Smatramo da smo u jednom takvom po-

Received: June 17, 1987 — Accepted: December 15, 1987

kusaju i uspeli uotavanjem diskretnih rendgeno-
grafskih promena oko ortorendgenskih preseka
bronha u perihilusnom delu plu¢a u kome se to-
kom dalje evolucije bolesti manifestovao karci-
nom bronha.

Materijal i metode — Sa ciliem da se otkriju
mogucéi rendgenoloski znaci ranog malignog pro-
cesa u perifernim bronhima parahilusnog dela
plué¢a, retrogradno je analizirana sva rasploziva
rendgenografska dokumentacija 22 bolesnika sa
klini¢ki dokazanim karcinomom bronha te lokali-
zacije. Posebna je paznja polagana na ortorend-
genske preseke subsegmentnih bronha, izglede
njihovih prstenova i okolnih struktura, naro€ito u
slu¢ajeva u kojih je kasniji tumorski rast bio ogra-
ni¢en na parahilusnu oblast. Bronhologko ispiti-
vanje je obavljeno u svih bolesnika bilo klasi¢nim
bronhoskopom ili fiberbronhoskopom prikladnog
za inspekciju bronhijalnog stabla sve do subseg-
mentnih bronha. Preko katetera uvedenog u sub-
segmentna us¢a uziman je aspirat bronha za cito-
loski pregled, odnosno biopti€ki materijal za
patohistolo$ku analizu. Tip karcinoma odredivan
je premamaodifikovanojklasifikaciji Svetske zdrav-
stvene organizacije i razvrstavan u Cetiri glavne
grupe: planocelularni, anaplasti¢ni, adenokarci-
nom i nediferentovani karcinom.

141



Goldner B. et al.: Bronhijalni prsten u ranom otkrivanju perifernog bronhijalnog karcinoma

Rezultati — U osam od 22 bolesnika sa doka-
zanim karcinomom bronha perifernog tipa parahi-
lusne lokalizacije, postojala je rendgenografska
dokumentacija iz vremena 8 meseci do godinu i
po dana pre klinicke obrade i verifikacije maligne
bolesti bronha. U svih osam bolesnika zapazene
su promene u izgledu parahilusnog bronhijainog
prstena i njegove okoline koje su odstupale od
uobi€ajenih, normalnih nalaza (slika 1).

Slika 1 — Posteroanteriorni snimak desnog pluca: u pa-
rahilusnom delu vidi se ortorendgenska projekcija nor-
malnog subsegmentnog bronha.

Fig. 1 — Posteraonterior radiograph of the right lung: in
parahilar area normal sutzjsegmental bronchus is seen
end—on

Prstenasta senka ortoprojektovanog bronha ko-
ji je bio polaziste maligne bolestiimala je deformi-
san oblik, zadebljan, nejasno konturisan rub i
suzen lumen obi¢no ekscentricnog izgleda. Uz
njemu lateralnu ivicu je u svih slu¢ajeva postojala
dodatna senka nehomogene strukture Sirine
preko 5 mm koja nije pripadala vaskulnim, pra-
te¢im strukturama (slika 2, 3, 4).

Slika 2 — Posteroanteriorni snimak levog pluc¢a: od late-
ralnog ruba orto projekcije prednjeg subsegmentnog
bronha gornjeg reznja polazi mekotkivna senka Siraod 5
mm
Fig.2 — Posteroanteriorradiograph of the leftiung:there
is more than 5 mm of tissue lateral to anterior subseg-
mental bronchus of the upper lobe seen end—on
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Slika 3 — Uvelican snimak ortoprojektovanog bronha u
bolesnika sa karcinomom bronha. Senka $ira od 5 mm
uz njegov lateralni rub

Fig. 3 — Magnified view of a bronchus visualized en-
d—on from patient with bronchus carcinoma. There is a
shadow more than 5 mm adjacent to its lateral margin

Slika 4 — Ciljani snimak subsegmentnog bronha desne
parahilusne oblasti. Karcinom bronha.

Fig. 4 — Close—up of subsegmental bronchus seen
end—on. Bronchogenic carcinoma

Svih osam bolesnika su bili pusaci sa stazom
preko dvadeset godina. Zene (2) su bile nosioci
mikrocelularnog karcinoma, a muskarci (6) mikroi
adenokarcinoma.

Diskusija — Ortogonalne projekcije grana
prednjih i zadnjih segmentnih bronha gornjih lo-
busa ili rede apikalnih segmentnih grana donjih
reznjeva vide se na standardnim snimcima plu¢a
parahilusno u preko 80 % sluc¢ajeva kao prstena-
ste senke jasno ocrtanih rubova, preé¢nika 3—7
mm (5). Prstenaste senke popre¢nih preseka
bronha prate sa medijalne iligornje strane kruzne
senke odgovarajucih arterijskih grana koje u nor-
malnom ne prelaze dijametar od 5 mm, dajuci po-
znatu sliku »dvocevke« koja predstavlja uobiajen
rendgenoloski nalaz. Na spoljnji rub ortogonaino
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pogodjenog bronha moze da se oslanja uzana
trakasta senka longitudinalne projekcije krvnog
suda, ¢ija se Sirina kre¢e od 3 do najvise 5 milime-
tara (13).

Retrospektivnom analizom rendgenskih sni-
maka osam bolesnika sa citolo3ki i histoloski do-
kazanim karcinomom bronha perifernog tipa, koji
su posedovali snimke pluéa 8 meseci do godinu i
po dana pre verifikovane maligne bolesti bronha,
uoc¢ene su diskretne promene oko spoljnjeg ruba
bronhijalnog prstena, kojima kod inicijalne rend-
genoloske obrade nije pridavana vaznost. Senka
Sirine preko 5 mm uz lateralni zid ortorendgenski
projektovanog subsegmentnog bronha predstav-
ljala je u svih osam bolesnika prve rendgenograf-
ske znake karcinoma, jer se iz takvog neznatnog
zasencenja razvila slika pneumoniéne infiltracije
ili tumora koja je najpre ukazivala na maligni
proces.

Izmenjen izgled bronhijalnog prstena odgovara
karcinomu bronha u prvom stadijumu razvoja,
odnosno ranoj invazivnoj fazi njegovog rasta.
Ovakve nalaze smatramo znacajnim posebno u
bolesnike sa respiratornom simptomatologijom iz
rizi€nih grupa u kojih nisu prisutni drugi rendgeno-
loski znaci maligne bolesti bronha. Na sli¢ne
rendgenoloSke znake ukazuju i nalazi drugih
autora (4, 6, 10) u okviru skrininga, posebno u gru-
pacijama bolesnika sa citoloski pozitivnim nala-
zima u vreme kada je tumor rendgenolo$ki jos ne-
vidljiv. Blagovremeno prepoznavanje deformacija
bronhijalnog prstena i promena u njegovoj okolini
povec¢ava mogucénost rane dijagnostike raka
bronha, pravovremenog hirur§kog le¢enjai duzeg
vremena prezivljavanja. S druge strane promene
vezane za bronhijalni prsten mogu da posluze kao
putokaz kod izvodjenja fiberbronhoskopije, ciljane
biopsije i aspiracije sadrzaja iz subsegmentnih
bronhijalnih grana.

ZakljuCak — Prateca, ¢esto diskretna mekot-
kivna senka uz lateralni rub deformisanog bronhi-
jalnog prstena, Sirine preko 5 mm, predstavlja prvi
rendgenolodki znak njegove maligne bolesti.
Ovakav rendgenoloski nalaz treba da upozori ra-
diologe i klini¢ara na preduzimanje drugih dijag-
noznih procedura i odgovarajuce terapijske
poduhvate.

Sazetak

Retrospektivnom analizom prvih snimaka pluc¢a u bo-
lesnika se kasnije ispoljenim | dokazanim karcinomom
bronha parahilusne lokalizacije, uo¢ene su odredjene
rendgenografske nepravilnosti uizgledunjihovih popre¢-
nih preseka. Deformisan bronhijalni prsten sa senkom
mekotkivnog izgleda Sirine preko 5 mm koja se pruza
upolje od njegovog lateralnog zida, predstavlja prvi
rendgenolo$ki znak njegove maligne bolesti. Ovakvi na-
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lazi otkrivaju karcinom u stadijumu kada je rast tumora
jo$ ograni¢en i kada ga je moguée u potpunosti
odstraniti.
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MICROELEMENTS IN CANCEROUS AND NONCANCEROUS HUMAN EYELID TISSUE

Huljev D., Graf D., Car D.

Abstract — A quantitative investigation of Co, Cs, Eu, Fe, Sb, Se, Sr and Zn by instrumental neutron
activation analysis in cancerous and noncancerous tissue, obtained from 40 patients suffering from eyelid
cancer (carcinoma basocellulare) was carried out. The resuit showed that noncanceroustissues exhibit a
statistically higher concentration of all the measured trace elements than corresponding cancerous

tissues.
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Introduction — The essential metals in the or-
ganism are considered to participate as cofactors
in metabolic reactions. This was mainly establis-
hed by in vitro experiments (2). In addition, the si-
multaneous occurrence of metals and certain
macromolecules in the organism has been an in-
dication of trace elements being necessary to ma-
intain the structure and stability of such macromo-
lecules (4). Nonessential metals are classified as
contaminants which may enter the organism eit-
her unspecifically or by exchange of biochemical-
ly similar essential metals. They may ocassionally
participate in metabolic reactions in place of es-
sential metals, or. be stored in tissues as
»accumulated elemerits« (14). The uptake of no-
nessential metals in the organism is mostly de-
pendent on exogenous factors, such as environ-
mental pollution or geological differences. In this
regard heavy metals are of particular interest, sin-
ce they may be the cause of a variety of diseases in
man and animals (6, 10).

Several investigators have conducted detailed
surveys to determine the trace elemental compo-
sition of normal individuals (designated »standard
manx) in the United States (15). Significant chan-
ges in the tissue levels of some metals: caesium,
cobalt, europium, iron, scandium, selenium, stibi-
um, strontium and zinc particularly in patients with

Received: May 4, 1987 — Accepted: December 15, 1987

malignant diseases have aroused the attention of
researchers (8, 9).

Materials and methods — Skin samples were
obtained from the eyelids of 40 adult males and
females (are range 35 to 89 years, mean age 62
years) from the Zagreb area (Yugoslavia).

Great care was taken to avoid contamination of
samples during collection and storage prior to
analysis.

Biopsies were collected using stainless steel

_ surgical blades. Tests were performed to determi-

ne ifthe samples were contaminated by the use of
steel blades. Multiple samples were collected
from pork muscle with stainless steel and quartz
blades. Comparison of investigated metal concen-
trations in the two sample groups showed negligi-
ble contamination.

The use of stainless steel blades was chosen

for this study, since biopsies were taken by a phy-

sician under normal clinical conditions. Standard
reference material 1577 (bovine liver) was prepa-
red according to the method recommended by the
National Bureau of standards. All samples and
standards were placed in quartz crucible and
dried to a constant weight at 110°C before prepa-
ration for neutron irradiation. Dried samples were
transferred into plastic ampoulae and sentforirra-
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diation. Neutron radiations were made in the TRI
GA Mk |l reactor of the Jozef Stefan Institute at
Ljubljana.lrradiationof 40—120 hrs ataflux of 1.8
x 10" ncm 2 sec™! were used for Co, Cs, Fe, Eu,
Sb, Se, Sr and Zn determination.

After cooling time of 2—5 weeks for decay of
short-lived isotopes, their gamma-ray spectra
were measured using a Ge/Li detector, Canberra

7229 (resolution 2.3 KeV at the 1332.5 KeV gam-
ma peak of*°Co, efficiency 14 %) connected to a
4096 channel pulse height analyzer (Canberra
8100). The data from the analyzer (peak area,
percentage error and background) were subjec-
ted to computer analysis for calculation of the
concentrations, sensitivity and statistical interpre-
tation of the results.

Target Isotopic Isotope

Half Energy

isotope abudance measured life (KeV) Ele
%
*Co 100.0 “Co 524y 1173.1;1332.4 37
nCs 100.0 »Cs 206y 795,8 29
Eu 47.8 Eu 124y 1407.9 9200
%Fe 0.31 *Fe 451 d 1098.6 1.15
'Zgh 427 124Sh 60.3d 1691.0 43
"Se 0.9 *Se 120.0d 2645 + 518
bgr 0.56 &Sr 64.9d 514.0 0.81
Zn 48.89 Zn 244.0d 11154 0.78

Table 1 — Nuclear data for eight trace metals

Results — Table 1 presents some nuclear data
on the isotopes used in the analysis. The concen-
trations (mass fractions) of metals in the investiga-
ted samples were determined by neutron activa-
tion analysis and expressed in ug of an element
per gram of dry tissue.

Experimental data indicated a significantly lo-
wer concentration of trace metals in the cancero-
us eyelid tissue (basalioma) than inthe noncance-
rous eyelid tissue of the same patient, P < 0.001
(except for Zn, P < 0.01 and Sb, P < 0.05).

The 40 patients with eyelid tumors were 35—89
years of age (average age 62). The location of the
eyelid cancer in these patients was in accord with
locations reported in the literature. Results on the
amounts of trace elements in human tissues have
been reported on the basis of concentrations in
dry tissue (5), dry ash (15) and wettissue (9) by dif-
ferent investigators. In the present study, concen-
trations are reported on the dry weight basis. The
mean cobalt concentration (X) for the forty cance-
rous eyelid tissues was 0.11 ug/g (ppm), SX
(standard error) value of 0.025. The mean content
for the forty noncancerous eyelid tissues was 0.83
w/g, SX=0.16.

Descriptive statistics for each of the trace me-
tals determined are given in table 2. The noncan-
cerous tissues had 7.6 times more Co, 6.2 times
more Cs, 7.3 timer more Eu, 3.8 times more Fe,
15.7 times more Sb, 7.1 times more Se, 8.0 times
more Sr and 2.4 times more Zn than correspon-
ding cancerous tissues. The concentration of in-
dividual elements increased in the following order:
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Noncancerous tissues: Cs < Co < Sbh< Eu <
Se <Zn<Sr<Fe

Canceroustissues: Co<Cs<Sb<Eu<Se<
Zn < Sr< Fe

Table 2 shows trace metal levels for pair of can-
cerous and noncancerous tissues of the same
eyelid sample. The differences between the mean
values were tested by t-test. For all eight trace
elements studied, the concentration of each ele-
ment in the noncancerous tissue was higher than
in the cancerous tissue and the differences were
significant. The sensitivity of neutron activation
analysis is dependet on many factors including ir-
radiation times, neutron flux levels, decay inter-
vals, interfering activities, counting instrumenta-
tion and counting configuration.

Discussion — Forty cases of eyelid tumors
(basal cell carcinoma) for which diagnoses were
made on the basis of pathohistological finding, are
presented.

Theresults indicate that the trace metal content
of cancerous eyelid tissue was significantly lower
than that of the noncancerous tissue, which is in
agreement with many investigators (7,9.11). The-
re has been much information published on the
sensitivity, errors, contaminations and occurancy,
of the neutron activation analysis of various ele-
ments (1, 3).

In the present study the contents of elements
with known biological functions (Co, Fe, Se, Srand
Zn) as well as of elements with suspected or unk-
nown biological functions (Cs, Eu and Sb) have
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Element Cancerous S X Noncancerous S X P (t-test)
Co 0.11 0.02 0.82 0.16 0.001
Cs 0.11 0.03 0.69 0.15 0.001

Eu 1.57 0.32 11.44 2.01 0.001
Fe 130.02 31.05 492.82 78.88 0.001
Sb 0.44 0.08 6.81 2.59 0.050
Se 4.88 0.76 34.39 7.08 0.001

Sr 59.69 11.86 475.70 89.87 0.001

Zn 36.27 6.68 87.98 15.75 0.010
Water 80—87" 73—79™*

Mean concentrations (x); standard error (SX) ppm (ug/g dry mass) 40 + 40 samples

* — % water in wet cancerous eyelid tissue (carcinoma basocellulare)

** — 0p water in wet noncancerous eyelid tissue.

Table 2 — Comparison between paired cancerous and noncancerous eyelid tissues in eight trace elements

been determined with the aid of neutron activation
analysis. This method is more sensitive than the

spectrographic, photometric or colorimetric met-
hods used earlier for the determination of the con-
tents of trace elements in human skin.

The specimen of cancerous and corresponding
noncancerous tissues is taken from the same pa-
tient, to ensure proper interpretation of the results
due to possible differences in the content of the
trace elements amongdifferentindividuals as well
as between various types of cancers.

The results show that significant differences in
the concentration of trace metals do exist between
cancerous and noncancerous tissues. These dif-
ferences pertain to a specific type of cancer (12):
and between these anatomically different regions
ofthe same organ (13). The diference betweenthe
mean values was tested by t-tests. For all eight
trace metals studied, the concentration of each
metal inthe noncancerous tissue was higher than
in the cancerous tissue, the differences being sig-
nificant. Some variations of the element contents
in different regions of skin surface have been re-
ported for Zn, Cu and Mg (11).

Conclusion — The investigations proposed in
this study are primarily concerned with the diffe-
rences in the trace element concentration in can-
cerous and noncancerous tissues. Establishing
these differences, they could be used in future
medicine as diagnostic or therapeutic tools, not
only in the form of radionuclides, but also to deve-
lop some chemicals that could act as therapeuti-
calstaking advantage of the increased concentra-
tion of the particular trace element.

The applications of neutron activation analysis
in the investigation of trace metal distribution, of
which some examples are given here; is relatively
scarcely researched. The results are still incom-
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plete. Hopefully, however, with the further deve-
lopment of this field of study, neutron activation
analysis will be of great service in establishing the
role of trace metals in man, and in assessing the
significance of the changes in trace element con-
centrations in our environment to human health.

Sazetak

Mikroelementi u tumorskor? i gprmalnom tkivu viede oka
u ljudi

Metodom neutronske aktivacijske analize odredeno
je osam metala u tumorskom i zdravom tkivu viede oka u
ljudi. Odabram je bazaliom jer je naju¢estaliji od svih tu-
mora vjede. Sakupljeno je po Eetrdeset uzoraka od tu-
morskog i zdravog tkiva. Rezultati pokazuju da tumorsko
tkivo sadrzi signifikantno nizu koncentraciju svih istraz-
ivanih metala nego odgovarajuée zdravo tkivo.
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LOCAL HYPERTHERMIA IN THE TREATMENT OF MALIGNANT TUMOURS —
TECHNICAL POSSIBILITIES AND FIRST CLINICAL EXPERIENCES AT
THE INSTITUTE OF ONCOLOGY IN LJUBLJANA (PART II)

Lesni¢ar H., Budihna M., Handl L.

Abstract — A low-cost water circulating heating device has been constructed for interstitial hyperthermia
treatment. Seventeen patients with 23 residual, recurrent or locally advanced malignant tumours were
treated. All of them had previously received some kind of treatment, except a patient with locally advan-
ced malignant tumour which was believed not to be controllable by conventional treatment modalities.
The treatment consisted of interstitial hyperthermia — 42.5°C — 48°C for 45—60 minutes, followed in
most cases by immediate afterloading with Ir-192 wires (8—64 Gy, dose rates ranging from 30—108
TDF). Responseachievedin the 23 treated lesions was asfollows:completeresponse 7/23 (30%), partial
response 14/23 (61 %), and no response 2/23 (9%). The homogeneity of heat distribution within the tumo-
ur was satisfactory and normal-tissue adverse reactions tolerable. The technique of implantation, tempe-
rature control and required technical improvements are discussed.
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Introduction — The control of locally advan-
ced, residual or recurrent accessible malignant
tumours still remains a significant problem in mo-
dern radiation oncology. The use of hyperthermia
may have some additional potential for killing tho-
se radioresistant tumour cells which often present
the basic population leading to recurrence after
radiation therapy (4). There are several reports in
recent literature suggesting that a combination of
interstitial hyperthermia and brachytherapy provi-
des the best clinical results (2, 6, 8).

Good control of heat distribution within the tu-
mor, sparing of the surrounding normal tissuse
and overlying skin, and the possibility of combina-
tion with brachyradiotherapy are perhaps the
greatest advantages of interstitial hyperthermia. In
the reported clinical studies on interstitial hypert-
hermia mostly radiofrequency and microwave
units were used (2, 3, 5).

In our presentation the clinical use of heating
device constructed on the principle of circulating
heated water is reported.

Material and methods — Patients: seven-
teen patients (13 males and 4 females) with 23 tu-
mour lesions were treated by interstitial thermora-
diotherapy at the University Clinic for Radio-

therapy and Radiobiology A-1090 Vienna,
Austria, and at the Institute of Oncology, Ljubljana,
Yugoslavia in the period from May 1986 to Fe-
bruary 1987. Their age ranged from 47—84 years.
Table 1 shows the distribution of patients and the
number of tumour lesions treated by thermoradio-
therapy.

Histologically, the treated tumours were squa-
mous cell carcinomas (14), adenocarcinomas (5),
anaplastic cell carcinomas (3),and malignant ple-
omorphic adenoma (1).

Before thermoradiotherapy all patients except
one received some kind of antitumour treatment.
Table 2 shows the distribution of patients accor-
ding to previous treatment and indications for
thermoradiotherapy.

Parametersof observation:tumoursize
was estimated in three largest perpendicular dia-
meters by inspection, palpation, ultrasonography
or CT scan. Patients were followe up in monthly in-
tervals. The changes in tumour size and treated
normal tissue were recorded.

Clinical disappearance of the tumour was con-
sidered as complete response (CR). Tumour vo-
lume reduction 50% or more was regarded as
partial response (PR), whereas a less than 50%
reduction indicated no response (NR). Follow up
of the patients lasted 3—11 months.
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No. of No. of treated

Tumor site patients tumour lesions
Head and neck

— floor of the mouth 3 3

— mobile tongue 2 2

— parotid gland 1 1

— neck metastasis 4 8

Rectum 2 3

Anus 2 3

Prostate 3 3

Total 17 23

Table 1 — Distribution of patients according to the number of treated tumour lesions

Previous No. of . Indications for

treatment patients thermoradiotherapy
SRG + RT 9 recurrence”

SRG + RT + CT 1 residual tumour

RT 3 unresponsive tumour
RT + CT 3 unresponsive tumour
No treatment 1 - locally advanced tumour
Total 17

* One patient developed a new primary 5 years after the successful treatment of carcinoma in the same site.
SRG — surgery, RT — radiotherapy, CT — chemotherapy

Table 2 — Distribution of patients according to previous treatment and indications for thermoradiotherapy.

No. of treated Treatment response
Tumour site ) lesions CR PR
Head and neck
— floor of the mouth 3 2 1
— mobile tongue 2 1 1
— parotid gland 1 1
— neck metastasis 8 1 6 1
Rectum 3 1 2
Anus 3 2 1
Prostate 3 1 2
Total 23 7 14 2
Table 3 — Treatment response according to the tumour site
The unit: for hyperthermia treatment the unit Two types of applicators were used:
KHS-9/W 18 developed and constructed at the a) plastic or metal tubes permitting the flow of wa-
University Clinic for Radiotherapy and Radiobio- ter through the tube (Fig. 2);
logy in Vienna, Austria, was used. The unit was b) double-tubed metal needles with sealed po-
designed in such away thatthe circulation of hea- ints permitting the inflow and outflow of water
ted water through the applicators was maintained at the proximal side (Fig. 3). This type was
by means of pressure and suction pump. The used for heating of the tumours accessible
temperature of the circulating water was control- from one side only.
led by the thermostat. Water was driven to the ap- After hyperthermia treatment the same applica-
plicators through silicon tubes which in turn were  tors were loaded with Ir-192 wires.
connected with two manifolds atthe pressure and Theinterstitial thermoradio - therapy:

suction side of the unit (Fig. 1). Boththe temperatu-  under general anesthesia, metal needles or pla-
re and the flow rate could be modified manually or  stic tubes were placed in the tissue parallel to
by computer according to the needs of heating. each other, 10—15 mm apart. It was attempted

152 Radiol. lugosl. 22 (2) 151—156, 1988
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THERMOSTAT
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TC — temperature control
FC — flow-rate control
PC — pressure control

Suction pump

Fig. 1 — Schematic presentation of the KHS-9/W 18 hyperthermia unit
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Fig. 2 — Scheme of the applicator which permits heated water flow through the implanted area

that by encompassing the tumour borders into the
implant a sufficiently uniform heat distribution as
well as radiation dose distribution would be achie-
ved. The estimated mean implant volmue was 100
=+ 80 ccm (1).

The temperature was measured with a 5-point
thermocouple probe which was placed obliquely
or perpendicularly to the direction of the needles,
directly into the tumour tissue; in some cases it
was being moved through a plastic tube which
was for this purpose inserted through the centre of
the implant (Fig. 4). The minimum temperature of
42.5°—43°C was selected as the starting point of
the hyperthermia treatment. The maximum tem-

Radiol.fugosl. 22 (2) 151—156, 1988

perature up to 48°C was reached in the course of
treatment. The heating time was 45—60 minutes.
The Ir-192 wires were loaded immediately after
the completion of heating, except in three cases
where post-treatment edema distorted the ge-
ometry of the implant. In these patients the afterlo-
ading was postponed for 1—2 days. The irradia-
tion tumour dose ranged from 8—64 Gy (given in
various doserates)or expressed in time-dose fac-
tors (TDF) (7) — 30—108 TDF, depending on pre-
vious irradiation treatment.

In our treatment schedule hyperthermia was
used in all patients before brachytherapy and was
not repeated afterwards.
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Fig. 3 — Scheme of double-tubed metal needles used for heating of the tumours accessible from one side only

Results — Clinical results: until May 30,
1987, four patients died with the treated tumour
present, whereas 13 patients are still alive. Com-
plete remission was achieved in 7 (30 %) of the 23
hyperthermia treated lesions, partial remission in
14 (61 %), while the treatment was ineffective in 2
(9%) patients. Table 3 presents treatment respon-
se accordingtothe tumour site. The disappearan-
ce of tumours was usually slow, especially if the
tumours were bulky. The aspiration biopsy of resi-
dualtumours was done 2—4 months after thermo-
radiotherapy in 5 patients with head and neck tu-
mours. Only necrotic material without viable
malignant cells was found. Later on, one of this
tumours has regressed completely while other still
persist, their size slowly decreasing.

Early complications comprised edema lasting
1—3 days (5 treatments) and superficial skin da-
mage of small size (2 treatments). Late complica-
tions were: induration of the peritumoural soft tis-
sue lasting 2—6 months (3 treatments of carci-
noma of the floor of the mouth and tongue), and
fibrosis causing inconvenience (2 patients). The
patient who received total radiation dose by im-
plantonly (64 Gy/7 days =108 TDF) developed a
rather severe mucositis which persisted 5 months
after treatment.

Homogeneityofheatdistribution:
the minimum tumour temperature ranged from

154

42.5°—43°C, and the maximum temperature ran-
ged from 44°—49°C. The average difference
between minimum and maximum temperatures
was 3.2°—1.5°C, the maximum difference being
6°C and minimum 1°C.

Discussion — Owing to the small number of
patients and short observation time our results
can be regarded as preliminary. The majority of
patients were treated by hyperthermia for their re-
sidual or recurrent tumours. The method was
used in combination with brachyradiotherapy be-
cause the chances that a significant therapeutic
effect could be achieved by brachytherapy alone
were slim. In most cases the treated tumours were
rather bulky; this, together with short observation
time, probably explains why the complete remis-
sion rate in our patients (30 %) was lower than that
reported by some other authors (2). Nevertheless,
the overall response rate (91 %) is in appliance
with the reported results (2, 6).

Most patients tolerated the treatment well.
Three patients with carcinoma of the oral cavity
developed acute edema after hyperthermia treat-
ment, probably due to large treatment volume. In 2
patients small-sized superficial skin damage was
caused by accidental overheating. The three late
indurations in the submandibular region observed
in patients with carcinoma of the oral cavity could

Radiol. lugosl. 22 (2) 151—156, 1988
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Fig. 4 — Schematic presentation of tumor implant in the mobile tongue. There is a plastic tube inserted obliquely
through the tumour centre used for passing of the movable termister probe. The arrow indicates the movement
direction. Superposed graph shows the temperatures measured in that region.

be prevented by reducing the heat transfer to the
implanted normal tissue; this could be achieved
by increasing the wall thickness in the correspon-
ding part of the tube (by inserting a smaller tube),
or by using tubes made of two materials with diffe-
rent heat transfer (metal-plastic tubes). It was as-
sumed that the thermal effect of temperature
46°—48°C achieved in most tumours was not
only synergistic to irradiation, but also directly cy-
totoxic. This was the reason for only one hypert-
hermia application per radiation treatment being
used.

The homogeneity of heat distribution was better
in smaller treatment volumes. In these cases we
found that the measurements made by thermoco-
uple inserted directly into the tumour tissue were
sufficiently good. In larger tumours a better orien-
tation of heat distribution was obtained if the ther-

Radiol. lugosl. 22 (2} 151—156, 1988

mocouple was moved through a plastic tube im-
planted for this purpose through the centre of the
tumour.

From our experience it appears that the good
geometry of the implant is of prime importance for
good heat distribution. The proper position of the
thermocouple is mandatory for proper measure-
ments. In small accessible tumours the good ge-
ometry and proper position of the thermocouple
were easier to achieve, and therefore, the diffe-
rences between minimum and maximum tumour
temperatures were less pronounced than in big
tumours.

The KHS-9/W 18 hyperthermia unit is an effi-
cient versatile device which is mobile and easy to
handle. The flow-rate and temperature control are
simple. There are many fail-safe mechanisms to
prevent undesirable overheating.
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Povzetek

Lokalna hipertermija pri zdravljenju malignih tumor-
jev — tehni¢éne moznosti in prve klini¢ne izkusnje na
Onkoloskem inétitutu v Ljubljani (II. del)

Na onkoloSkem institutu v Ljubljani uporabljamo v kli-
niéne namene aparaturo zaintersticialnohipertermijo, ki
deluje na osnovi krozenja segrevane vode v zaprtem si-
stemu. S pomocjo te naprave smo zdravili 17 bolnikov z
lokalno napredovalimi, rezidualnimi ali recidivantnimi
tumorji. Med njimi je 16 bolnikov pred tem prejelo vsaj
eno vrsto konvencionalne onkoloske terapije, pri enem
od bolnikov, vkljuéenih v $tudijo, pa zaradi razseznosti
primarnega tumorja ni bilo upati v uspeh standardnih
metod zdravljenja. Zdravljenje se sestoji iz kombinirane
intersticialne hipertermije in intersticialne brahiradiote-
rapije. Implantat iz plasti¢nih ali kovinskih vodil je bil pri-
kljucen na aparaturo za intratumorsko pregrevanje (od
42,5°C—48°C) za 45—60 minut. V vecini primerov so bi-
la ista vodila intersticialnega implantata nemudoma po
pregrevanju polnjenja z Ir-192 zicami. Tumorska doza je
variirala od 8—64 Gy oz. 30—108 TDF. U¢inek zdrav-
lienja 23 tumorskih lokalizacij je bil naslednji: popolni
odgovor (CR) 7/23 (30%), delni odgovor (PR) 14/23
(61 %) in brez odgovora 2/23 (9 %). Homogenost toplot-
ne razporeditve znotraj tumorja je bila zadovoljiva, pos-
kodbe zdravega tkiva pa sprejemljive. Avtorji v ¢lanku
razpravljajo o tehniki implantiranja, merjenju intratumor-
skih temperatur in o potrebnih dodatnih izbolj$avah.
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COPRECIPITATION OF COBALT-AMINO ACID CHELATES WITH ALUMINIUM
HYDROXIDE

Hulijev D., Strohal P., Profeta D.

Abstract — Coprecipitation of various cobalt-glycine and cobalt-cystine (*’Co) chelates by aluminium
hydroxide was investigated in the pH range from 4 to 10. Results indicate that coprecipitation of certain
chelates is dependent on their charge as well as on the charge of aluminium hydroxide precipitate. It has
been shown thatthe presence of NaClin the experimental system decreases coprecipitationyields. This
phenomenon is taken as the proof of surface sorption as the main mechanismin the investigated copreci-
pitation processes. In view of the foregoing, the results of this study are of interest in monitoring the pro-
cesses of trace metal coprecipitation in natural water systems where organic components which may
combine with metal ions into chelates are also always present. The results obtained are discussed from
an analytical point of view. The purpose of these experiments is to shed some light on chelate fixation in
the soil and marine sediments, the process thatis very importantin the availability of trace metals to living
organisms.

Experimental results show the efficiency of applied decontamination by help of aluminium hydroxide, in
cases where various systems have been contaminated by chelates containing radioactive isotopes.
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Key words: water pollution-analysis, trace elements
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Introduction — The coprecipitation processes
have been widely explored for the preconcentra-
tion of trace elments from diluted solution (1, 2, 3).
However, most of these investigations relate to
simple ions. Investigations of trace elements be-
haviour and their importance in the pollution stu-
dies indicated the need for studying the behaviour
of various physicochemical forms in which a cer-
tain trace element may occur in an aquatic
system. The presence of other components such
as various inorganic salts or acids and organic
matter may strongly influence the physicochemi-
cal equilibria. As a consequence a certain trace
element may be present in various ionic, nonionic
or chelated forms. This may be specially interes-
ting when chelates or complexes are formed, sin-
ce it is known that organic matter is always pre-
sent in natural water systems.

The aim of this work was to investigate the be-
haviour of various metal-amino acid chelates du-
ring the coprecipitation processes. Amino acids
were chosen because they are present in envi-
ronmental water systems where decomposition of
biological matter occurs. Cobalt was selected as a
representative of metal ions. Also, it was expected
that these investigations would shed more light on
the influence of various physico-chemical forms
of microconstituents upon the quantitavive pre-

Received: June 15, 1987 — Accepted: July 25, 1987

concentration by means of coprecipitation from di-
luted solutions.

Material and methods — Preparation of
solutions:Allsolutionsused in this work were
prepared from analytical grade chemicals: AlClz x
6H:0, Co(NOs), x 6H,0, NaOH, HCI, NaCl, glycine
and cysteine. Radiotracer cobalt-57 was used in
carrier-free from in the control set of experiments
when its possible sorption on glass-walls was
checked. Solutions of *’CoCl, of desired specific
activities were used for the preparation of cobalt
*’Co -amino acid chelates.

Preparationofchelates: Cobalt-amino
acid chelates were prepared by mixing cobalt
chloride solution with solutions of various amino
acid concentrations depending on the ligand to
cobalt ratio of the desired chelate. For this purpo-
se, solutions containing 0.588 grams of Co® and
having a known specific activity were introduced
drop by drop to solutions containing stoichiometric
amounts of amino acid to form mostly CoR*, CoR,
or CoR; chelates. Such a solution was agitated
for about 20 minutes with a magnetic stirrer. All
prepared cobalt chelates were examined for their
purity by infrared spectroscopy. The charge of
chelates prepared in this way was checked by
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means of ion exchange resins and then a stock so-
lution was prepared.

The procedure used for the preparation of va-
rious Co-amino acid chelates permitted the forma-
tion of species with a known cobalt to ligand ratio.
The literature data for the equilibrium constants of
complexes having various cobalt to ligand ratios
proved it. Namely, the log values of these equili-
brium constants for Co-glycine (7) are pK; = 4.65,
pK. = 3.78 and pKs = 2.38, while for Co-cysteine
(8) they are pK; = 9.3 and pK, = 7.6, respectively.
Therefore the predominant content of a certain
species is dependent on the applied experimental
conditions. In other words, if all the introduced co-
balt ions do not form CoR" chelates, practically
none of the CoR; species will be formed. Using the
above mentioned stoichiometric quantities of co-
balt and amino acids, one is able to produce che-
lates of desired cobalt to ligand ratios.

Preparationofsystems: All systems
were prepared by a standard method, the total vo-
lume after precipitation being 10 ml. One ml of 0.1
mol AICl; x6H,0/Iand 1 ml of *’Co-amino acid so-
lution were placed in a centrifuge tube and then
distilled water and sodium hydroxide were added
to adjust the pH to the required value. The total
concentration of aluminiumin all experiments was
0.01 mol/l, while the concentration of cobalt-
amino acid chelates was 10™“mol/Il. The systems
thus prepared were well mixed. Then the precipi-
tates were separated from the solution by centri-
fugation in a standard laboratory centrifuge. The
speed and duration of centrifugation were varied
depending on the sedimentation properties of the
precipitates. An aliquot of clear solution was
taken, the radioactivity was measured, compared
with the one measured when no aluminium solu-
tion was added and coprecipitation yields were
calculated. Radioactivities were measured with a
1.5 x 1.5 inch Nal (T1) well-type scintillation
crystal attached to an EKCO-electronic counter.

All experiments were carried out at room tem-
perature and at constant final concentration of
aluminium.

In some experiments, sodium chloride solution
was introduced instead of distilled water in order to
investigate the desorption processes. Since it is
known that traces of cobalt might be adsorbed on
walls of glassware, this process was investigated
when no precipitation had occurred and these
corrections were made for all our systems. The
main source of experimental error is believed to
be due to the statistical nature of radioactivity sin-
ce the charges of CoR’, CoR; and CoR;j chelates
were examined and corrections for wall adsorp-
tion were made.
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Results — The yields of cobalt-glycine chela-
tes coprecipitated with aluminium hydroxide as a
function of pH of the system are presented in Fig.
1. All three types of cobalt chelates were exami-
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Fig. 1 — Coprecipitation yields of cobalt-glycine chela-
tes as a function of pH of the system.

ned in separate sets of experiments, but coprecipi-
tation yields are plotted on the same diagram. It
can be noted that in no case coprecipitation yields
higher than about 80 % were obtained. However,
the maximum coprecipitation yields are strongly
dependent on the pH values of the systems, ac-
cordingto the charge of aparticularcomplex. Due
to the dissociation properties of cobalt-glycine
chelates one could expect that in 0.1 millimol/I, a
minimum of about 40 % of cobalt-glycine will be
dissociated in the solution if there is no kinetic hi-
drance. Therefore coprecipitation yields over
60 % could not be expected. Very similar shapes
of coprecipitation yield curves were obtained in
the case of cobalt-cysteine chelates, butthe yields
were somewhat lower. It was not possible to ob-
tain coprecipitation yields better than about 50 %,
and results are shown in Fig. 2. It is believed that
the lower coprecipitation yields in the case of
cystein are due to the presence of-SH group in
cysteine molecule and its influence on the copre-
cipitation mechanism. The shift of the maximum of
coprecipitation yield curves for cobalt-amino acid
chelates with various cobalt to ligand ratios is also
the consequence of the surface properties of alu-
minium hydroxide precipitates.
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L0

Coprecipitation yield (%)

(O) [RsCo; (O) [R:Co]; (A) [RCOI’; R = Cys

Fig.2 — Coprecipitation yields of cobalt-cysteine chela-
tes as a function of pH of the system.

Most oxides and hydroxides, including Al(OH)s,
exhibit amphoteric behaviour. Thus the charge is
strongly pH dependent. By combining this phe-
nomenon with the well known ampholytic beha-
viour of amino acids, their zwitterion structures,
acidic and basic properties, one may understand
the behaviour of CoR’, CoR; and CoR; chelates
under various pH conditions. Therefore, both alu-
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(O) no NaCl added: (  A) 0.01 mo! NaCl/f; (O) 0.1 mol
NaCl/I; (®) 0.2 mol NaCl/I.

Fig. 3 — The influence of NaCl upon the coprecipitation
of [Co-glycine]” with Al(OH); as a function of pH. The
concentration of [Co-glycine]” was 0.01 mol/I.
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minium hydroxide and amino acids would have
the same charge in a certain pH region. So, if the
main coprecipitation mechanism is supposed to
be surface sorption, then desorption must be in-
fluenced by the ions of the same charge. With this
in mind measurements of coprecipitation yields of
CoR" and CoR; in the presence of neutral elec-
trolyte were performed.

The influence of neutral electrolyte upon the
coprecipitation yields of (Co-glycine)’ is shown in
Fig. 3. Results indicate that the concentration of
NaCl strongly influences the coprecipitation yield.
Since the quantity of (Co-glycine)’ coprecipitated
with Al(OH); decreases with increasing concen-
tration of NaCl, one may suppose surface sorption
as the main process (9, 11, 12). The shape of ex-
perimental curves obtained for (Co-glycine)’ indi-
cates a decrease of coprecipitation yields at pH =
8. This could explain the behaviour of aluminium
hydroxide which begins to dissolve at mentioned
pH conditions, where Al(OH); species (10, 12) are
formed depending on the total aluminium concen-
tration in systems.

Discussion — Experimental errors were sup-
posed to be due to the statistical nature of radioac-
tive decay of the radiotracer used, and to the fact
that traces of other species could notbe excluded
even when the synthesis of various cobaltamino
acid chelates was performed under desired expe-
rimental conditions leading predominantly to a
certain chelate species. However, the way of pre-
paring chelates by introducing amino acids to co-
balt chloride solution and the ratio of those two
compounds would preferably yield the desired
chelate according to the mass-action law and sta-
bility constants of possible chelates. Therefore the
existing traces of other chelate species could be
neglected. The present knowledge on the stability
constants of various metal amino acid chelates un-
der various pH conditions is rather scarce, and
therefore it is difficult to discuss our experimental
data from this point of view.

The data presented in this paper are of general
interest for coprecipitation processes, especially
from the point of view of certain organically bon-
ded trace metals. Also, they indicate that collec-
tors and scavengers coprecipitate only a certain
amount of some physico-chemical forms of trace
elements and therefore coprecipitation as a pre-
concentration step in the determination of trace
metals in natural and polluted waters should be
applied with special care. This could be well illus-
trated by comparison of the data presented in
Figs. 1 and 2 with the cobalt coprecipitation yield
curve by Al(OH); under the same conditions as
reported earlier (4,12, 13). Even though in natural
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and polluted waters concentration of chelating
agents usually does not reach 0.1 millimol/l (5, 6,
11), our data could be useful in studying the inte-
ractions of metal chelates with solid particles.

The contamination of the environment by ra-
dioactive materials, trace metals and organic mat-
ter, pollutes both watercourses and seas. Thus,
radionuclides and metals are also included into
the natural cycle of elements in animate and ina-
nimate nature. it was accordingly of interest to in-
vestigate the way of removing radioactive ele-
ments and their compounds from water systems.
The sedimentation of many macrocomponents
(Al(OH)3, Fe(OH); Mg(OH),, MnO; etc.) is known to
occur in river mouths because of the changing pH
of sweet and sea-water. This sedimentation also
involves coprecipitation certain microcompo-
nents (Co, Ce, Th, etc.), hence providing for the
possible incorporation of radioactive and trace
elements into the sediments. Through the sedi-
ments radioactive material and heavy metals may
enter microflore and fauna, and the human body.

Amino acids are also very interesting because
they are found dissolved in almost all water
systems; moreover, they bind to metals (chelates)
and also build all living beings. Neutral electroly-
tes, e. g., NaCl, may considerably influence the
coprecipitation of water system microcompo-
nents. Sea-water is a typical example of such an
electrolyte (albeitbeing much more complex) be-
cause it contains about 4 % of NaCl.

In view of the foregoing, the results of this study
are of interest in monitoring the process of trace
metal reconcentration in natural water systems
(rivers and seas), where organic components
(amino acids) which may combine with metal ions
into chelates, are also always present. This could
also shed some light on chelate fixation in the soil,
the process that is very importantin the availability
of trace metals to living organisms (3, 5).

Conclusions — Experimental data show that
the same top efficiency value of coprecipitation
can be attained at various pH, at all possible li-
gands of certain amino acid. These maximal va-
lues for percentage of coprecipitation differ, de-
pending on amino acid which creates chelates
containing ions of Cobalt.

The experiments also show, that the presence
of NaCl in systems affects the efficiency of copre-
cipitation in the way, that concentration of NaCl in
the system rises, while the efficiency of coprecipi-
tation perceptibly falls.

Sazetak

Sutalozenje kobalt-amino kiselinskih helata sa alumini-
jevim hidroksidom

162

Sutalozenje razli¢itih kobalt-glicinskih i kobalt cistein-
skih (*’Co) helata sa aluminijevim hidroksidom je mjere-
no u podru¢ju pH od 4—10. Rezultati pokazuju da je su-
talozenje odredenih helata ovisno o njihovom naboju a
takoder i naboju na talogu aluminijevog hidroksida.
Prikazano je da prisustvo NaCl u eksperimentalnom sis-
temu smanjuje iskoriStenje sutalozenja. Tajfenomen je
uzet kao dokaz povrsinske sorpcijei kao glavni mehani-
zam u istrazivanju sutaloznih procesa. Prema navede-
nom, rezultati ovih istrazivanja su od interesa u kontroli
procesa talozenja tragova metala u prirodnim vodenim
sistemima gdje organske komponente mogu u kombi-
naciji sa metalima stvarati helate koji su takoder uvijek
prisutni. Dobiveni rezultati su diskutirani sa analiticke
to¢ke gledanja. Svrha eksperimenata je bila, da se da
nesto svjetla na fiksaciju haleta u tlu i morskim sedimen-
tima, procesima koji su vrlo vazni u nalazenju tragova
metala u zivim organizmima. Rezultati eksperimenata
takoder pokazuju efikasnost dekontaminacije pomocu
aluminijevih hidroksida u slu¢ajevima kontaminacije
raznih sistema sa helatima koji sadrze radioaktivne
izotope.
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OSOBNO RACUNALO KAO POMOC U ODREDIVANJU DULJINE ZIVOTA ERITROCITA
OBILJEZENIH S °'Cr

PERSONAL COMPUTER AS A HELP IN THE EVALUATION OF THE LIFE — SPAN OF
ERYTHROCYTES LABELLED WITH *'Cr

Svarcer V., Valkovié-Mika A., Despot B., Buri¢ A.

Abstract — Standard method was used for the determination of the life-span of erythrocytes labelled with
*'Cr as well for the evaluation of the sites of destruction of erythrocytes recommended by the Committee
for standardization in haematology. Calculation of relevant quantitative parameters derived from the data
obtained during the measurement is rather complicated and time consuming.

We shortened the time necessary for calculation and diminished the possibility of error. We derived our
own computer program adapted directly to the data obtained by measurement. In this manner all the cal-
culations of the correction on radioactive decay, normalization of data, calculating operations, drawings
etc. are avoided.

Program has the possibility of graphical presentation of each group of results, as well as the possibility of
the correction of errors made by entering the data. Simple personal computer represents a good help in
the calculation of all the parameters relevant for the eveluation of the life-span of erythrocytes and of ex-

ternal measurement processing.

UDC: 612.111.31

Key words: erythrocyte aging, chromium radioisotopes microcomputers
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Uvod — Primjena radioaktivnog kroma (*'Cr) u
ispitivanju duljine zivota eritrocita dobro je pozna-
ta i prihvac¢ena metoda u sveukupnoj dijagnostici
hemolititkog sindroma (8, 10,12, 15). Gray i Ster-
ling (4) 1950. godine dosli su do revolucionarnog
otkrica. Obiljezili su eritrocite radioaktivnim kro-
mom u obliku natrijevog kromata in koristili ih za
odredivanje volumena krvi. Ebaugh, Emerson i
Ross (3) 1953. godine eritrocitima obiljezenim s
SICr odreduju duljinu Zivota eritrocita, a Jand| i
Hughes (5, 7) ukazuju na vaznost odredivanja
mjesta hemolize koriste€i vanjska mjerenja nad
slezenom.Metoda se poboljSavala(9, 11, 14)idje-
lomi€no mijenjala, uglavnom u pojedinostima.
Medutim matematicki prikaz statisti¢ke distribuci-
je duljine Zivota eritrocita jo$ uvijek nije na zado-
voljavajuci nagin rijesen (2). Internacionalni komi-
tet za standardizaciju u hematologiji (6) 1971.
godine dao je detaljne preporuke o naginu odredi-
vanja duljine zivota eritrocita obiljezenih radioak-
tivnim kromom. Objavljene su i preporuke za
vanjska mjerenja obiljezenih eritrocita u svrhu
odredivanja mjesta njihova razaranja (13).

U naSem Zavodu od 1969. godine primjenjuje-
mo metodu mjerenja duljine Zivota eritrocita. Da
bismo skratili vrijeme obrade i opisa nalaza, izradi-
li smo vlastiti program za osobno racunalo. Nasto-
jali smo pokazati kako se pomoc¢u jednostavnog

Received: December 6, 1987 — Accepted: January 4, 1988

ratunala mogu obraditi svi podaci potrebni za
odredivanje duljine Zivota eritrocita, dobiveni mje-
renjem uzoraka krviivanjskim mjerenjima. Koliko
nam je poznato elektroni¢ko ra¢unalo koristilo se
je u drugim namjenama pri prou¢avanju duljine
Zivota eritrocita obiljezenih s °'Cr.

Metode radai rezultati — Za odredivanje dul-
jine zivota eritrocita koristimo radioaktivni krom
(*'Cr). Ispitanicima dajemo aktivnost od 37 KBq po
kilogramu tjelesne mase. Primjenjujuéi standardi-
ziranu metodu koristimo scintilacijski broja¢ za
tekuce uzorke a za odredivanje mjesta razaranja
eritrocita kolimirani scintilacijski detektor za vanj-
ska mjerenja.

Rezultati mjerenja obiljezenih eritrocita u krvi ti-
jekom 23 dana (odnosno kraée, ako je duljina
zivota eritrocita skraéena)korigiraju se na radioak-
tivni raspad i ucrtavaju na milimetarski papir te se
grafi¢ki prikazuje duljina zivota eritrocita.

Posebno se obraduju rezultati vanjskih mjeren-
ja aktivnosti nad srcem, jetrom i slezenom. Iz-
ratunavanje je dugotrajno i slozeno.

Radi toga smo izradili kompjutorski program
koji ukljuuje sve potrebne raunske operacije,
korekcije, normiranja i grafi¢ki prikaz krivulja.
Osobno raéunalo ZX spectrum od 48 KB vezali
smo na pisa¢ Epson RX 100 i tako pojednostavili
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arhiviranje mjernih podataka i osuvremenili ispis
nalaza neposredno iz racunala.

Obrada mjernih podataka je brza i jednostavna.
IzraGunavanje vremena zivota eritrocita iz poda-
taka mjerenja krvi u€injeno je metodom linearne
regresije, odnosno metodom najmanjih kvadrata.
Obrada vanjskih mjerenja je nalagala u prvom
koraku izvodenje samo osnovnih racunskih ope-
racija. Javile su se pogreske u rezultatima i
teSkoce u primjeni programa. U kompjutorski pro-
gramtrebalo je unijeti veci broj moguénosti korigi-
ranja upisanih mjerenja. Ovo se odnosilo u prvom
redu na grube i vece statistitke pogreske mjeren-
ja pojedinih uzoraka. U program je uvedena mo-
guénost vizualne inspekcije svake serije unese-
nih rezultata i moguénost izostavljanja odnosno
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Slika 1 — Rezultati mjerenja uzoraka krvi prikazani kri-
vuljom dobivenom metodom najmanjih kvadrata i iz-
racunatim vremenom duljine Zivota eritrocita (preslikano

s monitora)
Fig. 1 — Results of measurements of blood samples with
the derived curve and calculated life — span of eryth-
rocytes (picture taken from the screen of monitor)
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Slika 2 — Rezultatna krivulja nakupljanja eritrocita u sle-
zeni i jetri (preslikano s monitora)
Fig. 2 — The results of final curve of accumulation of
erythrocytes in the spleen and liver (picture taken from
the screen of monitor)
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ispravka svakog pojedinog mjerenja, kao i analiza
trenda rasta rezultatne krivulje. Na taj na¢in komp-
jutorska obrada je zamijenila dugotrajno izracu-
navanje i ruéno crtanje krivulje (slika 1, 2).

Rasprava — |zrada kompjutorskog programa
za potrebe nuklearne medicine ima veéi broj spe-
cifi¢nosti. Podaci dobiveni mjerenjima podlijezu
statistickim varijacijama koje treba pripremiti za
kompjutorski program sacinjen za potrebe nuk-
learne medicine. Program takoder treba omo-
gucavati pregled i korekciju upisanih podataka.
Bududi da su rezultati obrade dijagnosti¢ki znacaj-
ni neophodno je smanijiti moguénost pogreske.
Racunalo moze koristiti samo struéno obrazova-
na osoba koja poznaje prirodu posla u nuklearnoj
medicini.

Zakljucak — lzradom vlastitog programa za
osobno elektroni¢kora¢unalo za odredivanje dul-
jine Zzivota eritrocita obiljezenih kromom (*'Cr)
znacajno smo olaksali matemati¢ku obradu mjer-
nih podataka, izbjegli mogucée greske i skratili
sveukupno vrijeme potrebno za ovaj dijagnosticki
postupak.

Suvremeni ispis nalaza dodatna je prednost
predloZzenog postupka. ’

Sazetak

Za odredivanje duljine zivota eritrocita obiljezenih s
*ICr koristimo standardnu metodu prema preporukama
Internacionalnog komiteta za standardizaciju u hemato-
logiji, kojom se uz mjerenja uzoraka krviobradujui vanj-
skamjerenja nad srcem, jetrom in slezenom. Obrada re-
levantnih kvantitativnih parametara i podataka dobive-
nih tijekom mjerenja upotrebom osobnog ra€unala
obavljena je za krace vrijeme i uz manje mogucnosti po-
greSaka. Vlastiti ratunarski program prilagodili smo di-
rektnim podacima dobivenim mjerenjem, ¢ime su izb-
jegnuta izraGunavanija korekcija radioaktivnog raspada,
normiranja, crtanje i ostalo.

Program omogucuje grafi¢ko prikazivanje svake sku-
pine rezultata mjerenja i korigiranje pogreSaka kod
unoSenja podataka. Jednostavno osobno ra€unalo
pokazalo se korisnim sredstvom u izraCunavanju svih
parametara relevantnih za odredivanje duljine zivota eri-
trocita i obradu rezultata vanjskih mjerenja.
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OOUR INSTITUT ZA RADIOIZOTOPE »Rl«

11001 Beograd, p.p. 522
Telefon: (011) 438-134
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Telegram: VINCA INSTITUT

Uz nasu redovnu proizvodnju i snabdevanje korisnika pribora za in vitro
ispitivanja:

T3 —RIA
T4 — RIA
Insulin — RIA
HR — RIA

u 1988.godini pustili smo u redovan promet:

ACTH — RIA

Sluzi za odredivanje hipofunkcije adrenalnih zljezda
(primarna i sekundarna) i hiperfunkcije adrenalnog
korteksa (Conn-ov, Cushing-ov i adrenogenitalni
sindrom).

U toku 1988. godine planiramo pustanje u promet novog preparata
za in vitro ispitivanje

CEA —RIA

Pribor za odredivanje karcinoembrionalnog antigena
(CEA) u serumu metodom radioimunoloske analize.
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UPOREDJIVANJE HEMIJSKIH | BIOLOSKIH OSOBINA IDA DERIVATA OBELEZENIH
TEHNECIJUMOM 9m

THE COMPARISON OF CHEMICAL AND BIOLOGICAL PROPERTIES OF IDA DERIVATI-
VES LABELLED WITH %"T¢

Zmbova B., Djoki¢ D., Kosti¢ K.

Abstract — Optimal condition for labelling of IDA derivatives with ¥™Tc, as well as the control of labelled
complexes are pressented. For determination of radiochemical purity we used the following methods:
paper chromatography on Whatman N°1, thin layers chromatography on SA and SG papers and low-
voltage electrophoresis. The radiochemical purity of labelled preparations is more than 95 %. Biological
studies comprised protein binding percentage determination, lypophilic measurements as well as biodis-

tribution in the organs of experimental animals.
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Uvod — U cilju dobijanja $to boljih hepatobili-
jarnih osobina sintetizirani su mnogobrojni deriva-
ti IDA-e, razli¢itih molekuiskih struktura. Komerci-
jalno se uglavnom koriste: 2,6-dimetil IDA (HIDA),
2,6-dietil IDA (EHIDA), p-butil IDA (BIDA) i 2,6-
diizopropil IDA (DISIDA). Svi IDA derivati se u jetri
vezuju za hepatocite. Mehanizam tog vezivanja
moze biti razli€it, $to uglavnom zavisi od dva fakto-
ra: od stepena vezivanja za proteine (HSA) i jaCine
veze sa intrahepatocitnim proteinima. Povecanje
procenta vezivanja za proteine dovodi do sman-
jenja glomerularne filtracije, a moze i da uspori
vezivanje jedinjenja od strane hepatocita.

Od navedenih IDA derivata najc¢esce se koristi
EHIDA obelezena tehnecijumom %™ a zbog
pogodnih hepatobilijarnih osobina. Medutim, mo-
gucnost njene primene je ograni¢ena u slu¢aju
pacijenata sa poviSenim bilirubinom.

BIDA ima Siru primenu i moze da se Koristi i pri
poviSenim vrednostima bilirubina (3) kao i za ispi-
tivanje funkcije jetre, a zbog odsustva ponovnog
vracanja obelezenog kompleksa od jetre prema
plazmi (re-entry), §to je izrazeno kod ostalih IDA
derivata.

DISIDA obelezena tehnecijumom %™ je nasla
primenu u pacijenata sa oS§te¢enim hepatocitima,
npr. kod hepatocitnog adenoma (2) i u pacijenata
sa hipervitaminozom A (5). Pri tome je vezivanje
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za hepatocite normalno, za razliku od znatno
smanjenog vezivanja pri kori§¢enju obelezenog
sumpor koloida.

U ovom radu dato je uporedenje hemijskih i bio-
loskih osobina navedena Cetri derivata IDA-e, koji
su sintetizovani i obelezeni tehnecijumom %™ u
nasem Institutu.

Materijal i metode — Obelezavanje: DA
derivati: HIDA, EHIDA, BIDA, DISIDA, sintetizova-
ni modifikovanim postupcima (6—8) obelezeni su
tehnecijumom %™ uobi¢ajenom stanohloridnom
metodom, pri pH = 5,5—6,0.

Radiohemijska Cisto¢a obelezenih kompleksa
prac¢ena je kori§¢enjem uzlazne papirne hroma-
tografije na Whatman N°1, tankoslojnrom hroma-
tografijom na trakama ITLC-SA i ITLC-SG i hro-
matografijom na koloni.

Proteinskovezivanje: procenat protein-
skog vezivanja odredivan je metodom ravnotezne
dijalize u 0.9% rastvoru NaCl kori§¢enjem bio-
loSkih membrana sa porama od 2,4 nm. Nakon
uspostavljanja ravnoteze, procenat proteinskog
vezivanja obelezenog kompleksa se racuna me-
renjem aktivnosti u kesici i u rastvoru.

Lipofilna merenja:raspodelalDA derivata
ispitivana je u sistemu etilendihlorid-voda, pri
¢emu je etilendihlorid (C.H4Cl,) hidrofobni, a voda
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hidrofilni rastvarag¢. Centrifugiranjem se odvoje
dve faze, a distribucioni koeficijent se odreduje
merenjem aktivnosti u etilendihloridu i vodi.
BioloSkaispitivanja: Biodistribucija IDA
derivata obelezenih tehnecijumom %™ po orga-
nima oglednih Zivotinja (beli pacovi) ispitana je in-
jiciranjem 37—74 KBq obelezenih kompleksa u

razli¢itim vremenskim intervalima posle obeleza-
vanja.

Rezultati i diskusija — Rezultati odredivanja
radiohemijske Cistoée obelezenih IDA derivata
prikazani su v tabeli 1.

Razli¢iti ™ Tc Uzlazna hromato- Tankoslojna Tankoslojna Tankoslojna
oblici grafija, Whatman hromatografija hromatografija hromatografija
N°1n-butanol: ITLC-SA ITLC—SG ITLC—SA n-butanol:
Different ¥™Tc ocetna kis.: H.0= 2% NaCl 80% CH;OH ocetna kis.: H.0=
forms 4:1:1 4:1:1
Ascendent Thin Layer Thin Layer Thin Layer
Chromatography Chromatograpy Chromatography Chromatography
9MTc-IDA 05 0.1 0.85—0.90 0.5
9MTcO; 0.2 1.0 0.2 0.2
9MTc-hidrolizat 0.0 0.0 0.0 0.0

$MTc-Hydrolysate

Tabela 1 — Rf-vrednosti IDA derivata dobijenih razli¢itim hromatografskim metodama
Table 1 — Rf-values of IDA derivatives obtained by different chromatographic methdos

Kao najpogodnija metoda za prac¢enje radio-
hemiske Cisto¢e pokazala se tankoslojna hroma-
tografija (ITLC) na SA i SG trakama sa 2% NaCl,
odnosno 80% CH3;OH kao mobilnom fazom. Po-
mocéu ove metode moguée je razdvojiti sve tri
komponente: obelezeni kompleks, pertehnetat i
hidrolizat.

Za odredivanje radiohemijske Cisto¢e obeleze-
nih IDA derivata moze da se koristi i niskonapon-
ska elektroforeza sa fosfatnim puferom (0.03 M,
pH = 6,5) 2h na 220 V. Sa ovim elektrolitom
takode mogu da se razdvajaju obelezena kompo-
nenta, hidrolizat i pertehnetat. Medutim, ova me-
toda, kao i hromatografija na koloni (Sephadex, G-
25) sa 0.25 M fosfatnim puferom, Ph =7,2i 0,1 %
H,0, u 0,1 N HCI kao eluensima, pokazuje pro-
menljivi sadrzaj hidrolizata u obelezenom prepa-
ratu. Procenat hidrolizata se sa vremenom sman-
juje. Ova pojava moze da se objasni time da
%mTc nakon obelezavanja gradi monomer koji
sa vremenom prelazi u dimer (1). Inage, tehneci-
jum gradi komplekse pri¢emu se sam nalaziuraz-
li¢itim valentnim stanjima. Sa vremenom prelaziu
najstabilniji valentni oblik, najverovatnije trova-
lentni, kao $to su objavili Loberg i saradnici (4).

Rezultati odredivanja radiohemijske ¢&isto¢e
pokazuju neznatne razlike u pokreljivosti IDA
derivata-*mTc, a zbog razlika u polarnosti sa-
mih jedinjenja. Radiohemijska Cisto¢a je veca od
95 %.

Poznato je da bilijarne osobine zavise izmedu
ostalih faktora, i od vezivanja za proteine. U tabeli
2 prikazane su vrednosti procenata proteinskog
vezivanja navedenih jedinjenja, odredene meto-
dom ravnotezne dijalize. |1z tabele 2 se vidi da BI-
DA ima najveéi procenat proteinskog vezivanja,
89%.

Rezultati lipofilnih merenja prikazani su u tabeli
3. Ova merenja pokazuju da polarnost kompleksa
zavisi od supstituenta IDA derivata. ViSe polarni
molekuli, kao to su DISIDA i EHIDA, imaju brzi je-
treni klirens, dok je kod manje polarnih molekula
kao $to je BIDA ovaj klirens usporen.

Rezultati ispitivanja biodistribucije obelezenih
IDA derivata, u razli¢itim vremenskim intervalima
prikazani su u tabeli 4. Iz tabele se vidi da se 5 min
nakon injiciranja preparata, najve¢a akumulacija
u jetri, oko 66 %, postize u slu¢aju primene p-butil
IDA-¢, dok je kod ostalih IDA derivata ovaj proce-
nat nizi, 21—30% po organu od injicirane doze.

HIDA EHIDA
40 55

DISIDA

BIDA
89

Tabela 2 — Procenat proteinskog vezivanja *™Tc-IDA kompleksa za 6% HSA, odredene metodom ravnotezne
dijalize u 0,9% Nacl
Table 2 — Percentage of binding of %™ Tc-IDA complexes to 6 %human serum alubimin, determined by the method
of equilibrium dialysis in 0.9% NaCl

168

Radiol. lugosl. 22 (2) 167—170, 1988



Zmbova B. et al.. Uporedijivanje hemijskih i biologkih osobina IDA derivata obelezenih tehnecijumom %™

IDA derivat C;H4Cl, H.O Distribucioni
IDA derviatives (%) (%) koeficijent
distribution coefficient
9¥mMTc — HIDA 0.70 99.30 0.0070
9mTc — EHIDA 0.75 99.25 0.0076
9MTc — DISIDA 0.85 99.15 0.0086
9"Tc — BIDA 9.50 90.50 0.1050

Tabele 3 — Distribuciona merenja **"Tc-IDA derivata u sistemu C2H4Clz + H20
Table 3 — Distribution measurements of **™Tc-IDA derivates in system C2H4Clz + Hz0

Vreme Zrtvovanja IDA-derivat organi (%)
zivotinja(min) IDA-derivative organs
Time of animal pluca jetra slezina. Zeludac bubrezi intest tract
sacrifice (min) lung liver i intest. tract
a 0.8 30 0.04 0.90 9.5 15
5 b 0.7 28 0.05 0.80 7.5 21
[c 0.4 66 0.09 1.20 1.3 25
d 0.2 21 0.12 0.70 23 58
a 04 7.8 0.03 1.20 6.5 40
15 b 0.3 5.8 0.04 1.30 52 53
c 0.5 27.0 0.04 0.20 1.1 49
d 0.1 47 0.08 0.95 22 94
a 0.10 45 0.05 1.5 55 78
30 b 0.16 2.8 0.04 1.8 38 87
C 0.18 12.0 0.08 05 16 83
d 0.20 3.2 0.10 1.5 1.6 99

a-HIDA, b-EHIDA, c-BIDA, d-DISIDA

Tabela 4 — Uporedenje biodistribucije razli¢itih IDA-derivata-*™Tc
Table 4 — The Comparison of biodistribution of various %™Tc-IDA derivatives

Ispitivanja stabilnosti ovih preparata pokazala su
da su oni stabilni bar 4h nakon obelezavanja dok
su liofilizirani kompleksi IDA derivata i Sn(ll) sta-
bilni Sest meseci.

Zakljuc¢ak — Na osnovu ispitivanja hemijskih i
biologkih osobina moze se zakljugiti da ovi radio-
farmaceutici imaju pogodne hepatobilijarne
osobine.

EHIDA je do sada na$la najve¢u primenu zbog
visokog ekskrecionog indeksa, brze bilijarne eksk-
recije i veoma kratkog hepatotransportnog vre-
mena.

HIDA je sli¢na EHIDA-i, samo $to ima vi$u uri-
narnu ekskreciju.

BIDA u odnosu na EHIDA-u ima nizu urinarnu
ekskreciju, $to omoguéava njeno koris¢enje u pa-
cijenata sa zuticom, kao i lak$u vizualizaciju bili-
jarnih kanala. Superiornija je za ispitivanje hapa-
tocitne funkcije.

DISIDA se razlikuje po svojim hemijskim i bio-
loSkim osobinama od ve¢ navedenih IDA derivata.
Ima najbrziklirens iz jetre u odnosu na ostale deri-
vate, dok urinarna ekskrecija ima vrednosti iz-
medu BIDA-e i EHIDA-e.
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Na osnovu svega izloZzenog moze da se zakl-
jugi da bi svaki od ovih preparata, zbog svojih
karakteristiénih svojstava, trebalo da nade adek-
vatnu primenu u dijagnostici bilijarnog sistema.

Sazetak

U radu su prikazani optimalni uslovi za obeleZavanje
IDA derivata tehnecijumom %™ kao i kontrola kvaliteta
obelezenih kompleksa.

Za pracenje radiohemijske Cisto¢e koris¢ene su sle-
deée metode: uzlazna papirna hromatografija, tankos-
lojna hromatografija, ITLC-SA i ITLC-SG i niskonapon-
ska elektroforeza. Radiohemijska ¢isto¢a obelezenih
preparata veéa je od 95 %.

U okviru bioloskih ispitivanja odreden je procenat pro-
teinskog vezivanja, vréena su lipofilna merenja, kao i
biodistribucija, pra¢ena na eksperimentalnim Zivoti-
njama.
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Delovna organizacija za promet z medicinskimi instrumenti, aparati, opremo
za bolnisnice, laboratorije in lekarne

s predstavnistvom v ZAGREBU, Sulekova 12

Nudi Siroko izbiro blaga domacega in inozemskegaizvora:

medicinske, znanstvene, opti¢ne, farmacevtske in druge aparate ter opremo,
medicinske instrumente in specialno medicinsko potrosno blago za enkratno upo-

zobozdravstvene aparate, instrumente, potrosno blago

lekarnisko opremo, embalazo, obvezilni material, sanitetno potrosno blago, orto-
laboratorijske aparate, opremo, laboratorijsko steklo, reagente, kemikalije in pribor,
aparate, instrumente za medicino dela in varstvo okolja,

tekstil, konfekcijo in obutev za potrebe bolnisnic in ostalih ustanov, bolnisko
opremljamo zdravstvene in ostale organizacije z najsodobnejSo medicinsko in

preko Poslovne skupnosti IRIS uvazamo za lastno skladi§¢e ter na zeljo in racun

blago dostavljamo kupcem na podro¢ju Slovenije z lastnimi prevoznimi sredstvi.
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STUDIJE FUNKCIJE SRCA NAKON AKUTNOG ZRACENJA PREKORDIJA GAMA
ZRAKAMA

HEART FUNCTION STUDIES IN DOGS AFTER ACUTE GAMMA IRRADIATION OF THE
PRECORDIUM

Durakovi¢ A., Durakovi¢ Z.

Abstract — In order to study the development of post-irradiation cardiac dysfunction, we irradiated the
precordia of 18 adultbeagle dogs with 30,60 and 100 Gy of Co-60 photons, and measured cardiac histo-
logy, electrocardiograms, Tc-99 pyrophosphate cardiac tissue distribution, and serial left ventricular ejec-
tion fraction (LVEF). Although the electrocardiograms and tissue distribution of Tc-99m were unaffected
by these dose levels, the LVEF was reduced by day 58 for all the irradiated dogs. The delay in the onset of

cardiac function impairment parallels the delay in the onset of fibrosis in irradiated hearts.

UDC: 616.11-001.28:616.12-073.97

Key words: heart-radiation effects, heart function tests, dogs
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Uvod — Zbog velikog broja bolesnika kojima
se zragii srce zbog tumora torakalnih organa, kao
ionih kojima je izolirano ozraeno srce zbog nuk-
learnih incidenata (6), povecava se interes za
u¢inak zra¢enja na srce. lako su ranijaistrazivan-
ja ukazivala na relativhu rezistenciju srca na
zracenje (12), vec¢ postoji dokaz oStecenja srca
§to je povezano s dozom zragenja, kako u ljudi
tako i u pokusnih Zivotinja. Ranija istrazivanja (9,
11) u pasa koji suozraéeni X zrakamadozama od
50 do 200 Gy, pokazala su kao u¢inak popustanje
srca, perikarditis, smetnje provodenja u klijetci,
fokalne nekroze i fibrozu srca. Kasnija istrazivanja
(8) u pokusima na kuni¢ima pokazala su razvoj
akutnog pankarditisa nakon ¢ega je slijedio period
latencije, pa eventualno progresivna fibroza.

U prikazu komplikacija srca nastalih nakon
zracenja toraksa bolesnicima sa zlo¢udnim tumo-
rima u prsima, u jednjom radu (1) ustanovljen je
perikarditis, mitralna regurgitacija, smetnje pro-
vodenja podrazaja u lijevoj klijetci, i nekroza
miokarda. Novija istrazivanja frakcije ejekcije lije-
ve klijetke (4, 5) u bolesnika kojima je prethodno
ozraCen prsni koS zbog Hodgkinove bolesti,
pokazala su smanjenje tog parametra u naporuiu
mirovanju. U ovom radu analizirali smo ucinke
lokalnog ozragivanja srca u pasa, s ciliem da oci-
jenimo da li se snizenje frakcije ejekcije zracen-

Received: June 6, 1986 — Accepted: September 8, 1987.

jem, dogada u akutnoj ili kroni¢noj postiradijacij-
skoj fazi.

Metode — Svi su pokusi provedeni na brakirac
psima muzjacima, koji su dobivali standardnu la-
boratorijsku hranu i vodu ad libitum. Od ukupno 18
pasa, ucinjene su tri skupine, koje su ozrazene
tako da je doza iznosila 30, 60 i 100 Gy gama
zraka, koje su usmjerene na prekordij pomocu
Theratrona-80 Co-60 teleterapijske jedinice. Siri-
na bila je ograni¢ena glavnim crtama prekordija, a
dozimetrija zra€enja ucinjena je u jedne od
pokusnih Zivotinja.

lzodozne linije (slika 1.) u€injene su koriste€i
plansko elektroniCko raunalo za lije¢enje, iz Me-
dicinskog centra Bethesda, Maryland, SAD. Po-
mocu te metode, uniformnosti doze zracenja srca
bile su =5 %, i glavni dijelovi plu¢a bili suizvan ru-
bova direktnog ozragivanja.

Studije funkcije srca u€injene su prije zracenja,
zatim 7, 21, 30, 50 i 58-0g dana, kao i 70-og dana
nakon zra€enja. Scintigrafija miokarda pomocu
Tc-99m pirofosfata u¢injena je prije zracenja, za-
tim 2-o0g i 12-0g dana nakon zra¢enja u pasa koji
su dobili 30 i 60 Gy Co-60 dozu fotona. Psi koji su
dobili Tc-99m pirofosfat Zzrtvovani su (neki) 2-og i
12-0g dana nakon zra¢enja i analizirana su tkiva
srca, pluéa, aorte i pluéne arterije. Tc-99m aktiv-
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Sternum

Snop 1 Snop 2
Beam 1 Beam 2
_—— —

50

Gustoéa plucéa=
Lung density=”

0.3 g/cm’

Slika 1 — Obostrano zraéenje polja srca. 1zodozne krivulje ozrac¢enog prekordija pasa. Intenzitet je prikazan kao
postotak maksimalne doze za srce.

Fig. 1 — Bilateral irradiation field of the heart. Isodose curves of irradiated canine precordium. The intensities are
represented as percent of the maximum dose received by the heart.

nost oznatena je kao postotak doze na gram tki-
va. Tkiva su takoder analizirana histoloski po-
mocu svjetlosne mikroskopije, i svim psima
snimljen je jedan prekordijalni odvod (Vs). Za sta-
ticku analizu koristen je Studentov-t test.

Rezultati — U svih pasa, nakon zratenja elek-
trokardiogrami nisu pokazivali odstupanja od
normale. Scintigrafski nalazi srca u pasa nakon
zragenja, analizirani pomocu Tc-99m pirofosfata,
nisu pokazivali porast aktivnosti. Brojenje gama
brojat¢em uzoraka uzetih iz klijetki, pretklijetkii pa-
pilarnog misi¢a, nije se statistitki zna¢ajno raz-
likovalo od vrijednosti u kontroli (nalazi u istih pasa
prije zracenja) (tabela 1.). Frakcija ejekcije lijeve
klijetke u pasa koji su ozra¢eni tako da je doza iz-

172

nosila 30,60i 100 Gy fotona, prikazana je u slici 2.
Frakcija ejekcije u pasa koji su ozrageni s dozom
od 30 Gy smanjivalase postepeno do 58-og dana,
u kojem je vremenu iznosila 38.2+4.9% u uspo-
redbi s bazalnim vrijednostima od 52.5+3.4%
(p<0.05). Psi koji su ozrateni s dozom 60 Gy
Co-60 fotonima pokazivali su sli¢énu tendenciju
snizavanja frakcije ejekcije 7-og i 21-og dana
nakon zra€enja, dostigavsi 58-og dana vrijednosti
37.316.2%. To snizenje nije bilo statisti¢ki
znacdajno. Psi koji su ozra¢eni s dozom od 100 Gy
Co-60, nisu se u tom parametru razlikovali od ba-
zalnih vrijednosti do 50-og dana, kada se frakcija
ejekcije lijeve klijetke snizila na 39.8+5.4% (p <
0.05). Dalje snizenje tog parametra zabiljezeno je
58-0g dana (25.0+3.3.3%, p < 0.005) i 70-0og da-
na (25.0£4.2%, p < 0.005).
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Regija Doza zraenja
Region Radiation dose
0 Gy 30 Gy 60 Gy
(n=15) (n=4) (n=12)
Lijeva pretklijetka
Left atrium 04+ 01 06+0.2 09+0.2
Desna pretklijetka
Right atrium 0.7 £ 041 07+02 0.7+ 0.0
Lijeva klijetka
Left ventriculum 05+0.1 0.3+ 0.0 0.7t 0.0
Desna klijetka
Right ventriculum 05+0.1 0.3+0.0 06+ 0.0
Apeks
Apex 0.5 £ 0.1 0.4 +0.0 0.7+ 00
Septum
Septum 05+ 01 04 £0.0 0.7+ 0.0
Papilarni misi¢
Papillary muscle 06+0.2 05*01 0.7 £0.0
Aorta
Aorta 09 0.1 11+£03 1.3+00
Pluéna arterija
Pulmonary artery 0.8 +£0.1 19+03 1.3+02
Lijevo pluce
Left lung 11+02 14100 12+01
Desno pluée
Right lung 09+0.2 1.0+ 0.1 1.4+ 00

Tabela 1 — Raspodijela Tc-99m u tkivima (% doze na g tkiva x 10°, aritmeti¢ka sredina + standardna pogreska)
Table 1 — Tissue distribution of Tc-99m (% dose/g tissue x 10°, AM + SD)
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Slika 2 — Frakcija ejekcije lijeve klijetke u pasa nakon

zraenja prekordija gama zrakama. Frakcija ejekcije li-

jeve klijetke izrazena je kao postotak + standardna po-
greska aritmeti¢ke sredine. * p < 0.05 ** p < 0.005

Fig. 2 — Left ventricular ejection fraction in dogs after
gamma irradiation to the precordium. LVEF is expressed
aspercent£ S.E.M.*p< **p<0.005
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Rasprava — Brojni su autori pokusali korelirati
dozu zra€enja srca sa specificnim patoloskim lezi-
jama. Premda neki (8) nisu nasli detektibilnu leziju
u pasa koji su ozra¢eni s dozom 50— 100 Gy foto-
nima, drugi su (9) opazili perikarditis i fokalne nek-
roze srca u pasa ozracenih s dozom od 50—70
Gy. Neki su autori (3,10) opazili prolaznu difuznu
infiltraciju neutrofilima i histiocitima izmedu 6 i 48
sati nakon ozrag¢ivanja kuni¢a s dozom od 20—90
Gy X zraka.

Ti su autori takoder opazili latentni period u tra-
janju od 48—70 dana, u kojem vremenu nije bila
prisutna patolo$ka lezija, nakon ¢ega je slijedila
progresivna difuzna fibroza miokarda. U granica-
ma od 135—380 Gy, viSe je autora zabiljezilo um-
jerenu do teSku nekrozu miokarda (2, 3, 8) i misic-
nu degeneraciju (7).

U ovom raduistrazivali smo vremensku krivulju
razvoja promjena funkcije srca u pasa koji su 0z-
raceni s Co-60 gama zrakama. Pri svim trima do-
zama koje su bile iste kao u radu Fajardoi sur. (3),
nisu zabiljezena statisti¢ki zna¢ajna snizenja frak-
cije ejekcije lijeve klijetke, sve do vremena od
58—70-0g dana, kada su zabiljezana znacajna
o$teéenja funkcije srca. Cini se, prema tome, da
postoji bliska podudarnost izmedu trajanja perio-
da latencije, koji prethodi smanjenjufrakcije ejek-
cije lijeve klijetke, i perioda latencije koji prethodi
razvoju fibroze u srcima ozra¢enih kuni¢a. Prem-
da je smanjenje funkcije srca ¢esto uvjetovano
strukturnim osteé¢enjima srca, snizenje frakcije
ejekcije lijeve klijetke u ovom pokusu na psima,
moglo bi se zbiti zbog kasnije difuzne fibroze srca,
osobito pri vi§im dozama zragenja. Cinjenicu da je
znacajno snizenje frakcije ejekcije lijeve klijetke
zabiljezeno 58-0g dana u pokusu na zivotinjama
trebalo bi razmotriti u svjetlu podataka o snizenju
funkcije srca u bolesnika zracenih zbog neoplaz-
mimedijastinuma, $to se mozda zbiva znatno rani-
je nego $to je prethodno izvijesteno.

Sazetak

U 18 brakirac pasa ozracili smo prekordij s Co-60 fo-
tonima tako da je doza iznosila 30,60 100 Gy, da bismo
ocijenili promjene funkcije srca nakon zra¢enja. Analizi-
rali smo elektrokardiogram, raspodjelu Tc-99 pirofosfata
u srcu serijski, frakciju ejekcije lijeve klijetke, kao i histo-
loSke promjene srca. Elektrokardiogramiitkivna raspod-
jela Tc-99 nisu bili promijenjeni pritim dozama. Frakcija
ejekcije lijeve klijetke bila je smanjena 58-og dana u svih
ozracenih pasa. Kasni u¢inak na promjenu funkcije srca
u povezanosti je s fibrozom ozra¢enog srca.
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REPEATED IRRADIATIONS CHANGE THE SENSITIVITY OF ANIMAL CELLS TO
ALKYLATING AGENTS

Osmak M.

Abstract — Chinese hamster V79 cells were irradiated daily with 0.3 Gy of gamma rays, five times per
week through 12 weeks. Afterthe fractionated regimen was completed, i. e. when the cells had accumula-
ted total dose of 18 Gy, the survival of these cells was examined after irradiation with single high doses
(2—10 Gy) of gamma rays, or treatments with N-methyl-N’-nitro-nitrosoguanidine (MNNG) or cis-
dichlorodiammine platinum (DDP). The results show that cells preirradiated with repeated doses of gam-
marays become resistantto MNNG but sensitive to DDP as compared to control cells. These cells exhibi-
ted the same sensitivity to single doses of gamma rays as the control cells. The knowledge on sensitivity
changes of preirradiated cells to subsequent treatment with additional DNA damaging agents is important
not only from the basic scientific point but may be also of clinical interest if supported with more data obtai-
ned with higher doses of irradiation and on in vivo systems.
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Introduction — lonizing radiation has been
known a long time as a mutagenic and carcinoge-
nic physical agent in various in vivo and in vitro
systems. Almost forty years ago it was observed,
that fractionation of the total x-ray dose results in
enhancement of cell survival (6). This sparing ef-
fect was attributed to repair of sublethal damage
taking place during the intervals between two do-
se fractions. The sparing effect of low LET radia-
tions was also demonstrated for mutation induc-
tion (1, 4) and neoplastic transformation (10, 11,
17, 26). In these and related experiments higher
total doses were usually used, which significantly
decreased cell survival. In the last decade, howe-
ver, the interest has been focused on the effect of
low doses of ionizing radiation (7, 27, 28).

Many experiments were done which examined
the interaction of irradiation and other agents
which produce cell damage, like chemical agents,
increased temperature, different antibiotics etc. In
these studies, in vitro and in vivo systems were
treated with radiation and other agents simulta-
neously or with relatively short time intervals be-
tween them. There are not so many data onradia-
tion and other agents with longer intervals
between these treatments (8, 18). Especially la-
cking are the data obtained with low, repeated do-
ses of ionising radiation followed by treatment with

Received: March 10, 1987 — Accepted: January 8, 1988

other agents. These data are interesting not only
from the basic scientific point, but are also impor-
tantbecause of their significance in risk estimates.

The aim of this study was to examine if the cells,
which have been irradiated with low repeated do-
ses of gamma rays during a long time period,
change their sensitivity to unrelated DNA dama-
ging agent. Two akylating agents were chosen: N-
methyl-N’-nitro-nitrosouguanidine (MNNG) and
cis-dichlorodiammine platium (DDP) with the
concentration ranges 0.5—2.5 uM and 10—50
uM, respectively.

Materials and methods — Cell culture:
chinese V79 cells were grown in modified alpha-
MEM medium supplemented with 10 per cent of
foetal calf serum and antibiotics (9). The cells were
grown at 37°C in a humid atmosphere containing
2 per cent COa.

Gamma irradiation — Daily irradiati
o n: Gammacell 220 (Atomic Energy of Canada
Ltd.) was used for irradiation. The cells were irra-
diated daily with 0.3 Gy of gamma rays, five times
per week, during 12 weeks; the dose rate was 4.33
Gy/min. The cells were irradiated while attached
to Petri-dishes. They were kept in exponential
phase of growth by replating three times per week.
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Drug treatment:cells were seeded depen-
ding on the treatment schedule, 3x 10> — 1 x 10*
cells per Petri dish. The following day they were
washed twice with medium lacking serum and
then medium containing DDP (10—50 M) was
added to cells for 60 min. After that the cultures
were washed twice with medium and incubated
for 7—10 days in complete growth medium. The
same procedure was used with MNNG, except
that this agent was added directly in to the growth
medium in concentration 0.25—2.5 uM.

Survival assay: when fractionation regi-
ment was completed i. e. after the cells had accu-
mulated total dose of 18 Gy, the sensitivity of these
cells (designated V79—+) to three DNA dama-
ging agents was examined. The cells were plated
for colony assay at appropriate concentration on
the same day when receiving previously the last
dialy fraction of gamma rays. The following day
they were irradiated with single, high doses of
gamma rays (2—10 Gy) or treated with MNNG or
DDP. After 7—10 days the colonies were stained
and survival calculated. Control and preirradiated
V79— cells were treated in the same way on the
same day. For each dose of gamma rays and
eachdrug concentration three samples were trea-
ted identically in one experiment. Each experi-
ment was repeated twice.

Results — The sensitivity of gamma preirra-
diated or control cells to single doses of rays,
MNNG or DDP is presented in Tables 1—3.

Table 1 shows the sensitivity of control and
gamma preirradiated cells to single doses of
gammarays. ltis evidentthat there is no difference
in sensitivity of these cells to gamma rays.

Gamma rays dose  V79-vy cells V79 control cells
(Gy) (survival %)  (survival %)
20 90.18+0.24 89.58+0.33
4.0 67.22+387 65.841+1.45
6.0 32.15+255 30.01+0.98
8.0 1213+1.72 11.08+2.13
10.0 5124066  4.7110.41
Table 1 — Survival of Chinese hamster gamma

preirradiated V79-vy cells and control V79 cells after
irradiation with gamma rays

MNNG concentration V79-y cells V79 control cells

(M) (survival %)  (survival %)
0.5 65.82+5.08 49.77+5.67
1.0 32.48+3.84 21.83+1.22
1.5 15.52+417 10.23%1.85
20 7.641+0.26 457+0.15
25 4.72+0.27 2.081+0.23
Table 2 — Survival of Chinese hamster %amma
preirradiated V79-v cells and control V79 cells following

the treatment with MNNG
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Table 2 shows sensitivity of control and gamma
preirradiated cells to MNNG. The results show
that owing to daily irradiation the cells become re-
sistant to MNNG.

The opposite results were obtained with DDP:
gamma preirradiated cells exhibited increased
sensitivity to this drug (Table 3).

DDP concentration V79-vy cells V79 control cells
(eM) (survival %)  (survival %)

10 52.82+4.67 57.99+0.50

20 23.89+0.98 30.50+1.94

30 10.93+2.76 15.80+0.27

40 452+046  852+0.31

50 229+0.16  4.62+0.14
Table 3 — Survival of Chinese hamster gamma

preirradiated V79-v cells and control V79 cells following
the treatment with DDP

Discussion — Thelesionsformedin DNA after
ionising radiation are mainly strand breaks. While
single strand breaks are repaired very fast and
with great fidelity in genetical code (5, 13, 16),
double strand breaks are repaired more slowly (3,
23).Inthe later case the restitution process is less
efficient, and it may cause the disturbance in ge-
netical code leading to somatic mutations (22).
The experimental data support the hypothesis that
unrepaired double strand breaks are the cause of
death in irradiated cells (21).

The doses used in this study for dialy irradia-
tions are very low: only the doses higherthan 1 Gy
of gamma rays, given as a single exposure, could
affect the cell survival. Also, since the cells were
irradiated daily approximately at the same time,
24-hour interval between daily fractions should be
long enough to allow for completion of repair of le-
sions induced by radiation (19). As it was expec-
ted, the preirradiated cells exhibited the same
sensitivity to single doses of ionizing radiation as
the control cells. In contrast, however, the sensiti-
vity of preirradiated cells did change to subse-
quent treatments with alkylating agents.

Alkylating agents are widely studied. It is known
that the major mutagenic lesion produced by
agents like MNNG are 0°-methylguanine, causing
GC — AT transition during the replication (14). The
enzyme responsible for repair of these lesions is
0°-methyl guaine transferase (0°MT) (for review
see ref. 29). The lethal lesion for the major part of
the cytotoxic effects of methylaning agents is 3-
methyl adenine, which can be repaired by DNA
glycosilase (15). The lethal lesions produced in
DDP treated cells are mainly DNA-DNA cross
links (for review see ref. 20)

Recently published in vitro studiesindicate, that
cross-resistance among some of the alkylating

Radiol. lugosl. 22 (2) 177—180, 1988
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agents is very low, while for others partial cross-
resistance may occur (25). Also it was discovered
that multidrug resistance in mammalian cells to
different classes of DNA damaging agents was
associated with amplification and expression of
certain genes (24).

Atthe moment, the exact mechanism responsi-
ble for the changes in sensitivity observed in this
study is not clear. Posibly, the changes in activity
of proteins activated after environmental insults
may be of relevance. Namely, it was found that ac-
tivity of 0°MT in mammalian cells was enhanced in
vitro after various treatments like gamma irradia-
tion, ultraviolet light, heat treatment, treatment with
DDP or bleomycin (12). There was no apparentre-
lationshipbetweenthe type of initial DNA damage
and the enhancementof the 0°-methyltransferase
activity, although the implication of the DNA
breaks enzymatically produced during the repair
ofthese lesions is also posible. Maybe the activity
of different enzymes involved in the repair of DNA
lesions are modified by the syntheses of specific
proteins, accompained by transcription and trans-
lation of genes, which occur after cell-insult. This
hypothesis however, has to be investigated more
in detail.

These results open interesting possibilities for
clinical application. Alkylating agents like melpha-
lan, busulfan, cis-diclorodiammine platinum, N,N’-
bis (2-chloroethyl)-N-nitrosourea etc. represent
one of the most important classes of antitumor
agents (2). The aim of the curative treatment of the
tumors is to eradicate essentially all the neoplastic
stem cells. By giving the patients after radiothe-
rapy the alkylating or other DNA damaging
agents, to which preirradiated cells are hypersen-
sitivie, the irradiated cells (mainly tumor cells)
could be selectively killed. In this way the effi-
ciency of such combined radio and chemotherapy
might be improved. Butbefore that, much more da-
ta are needed, expecially those obtained with hu-
man cell lines and higher irradiation doses.

Conclusions — The cells exposed priorto low,
repeated doses of gammarays change their sen-
sitivity to additional treatment with alkylating
agents: they become resistant to MNNG and sen-
sitive to DDP. These data which indicate that re-
peated irradiation changes the sensitivity of cells
to subsequenttreatmentwith alkylating agents are
important not only from the basic scientific point of
view but may be also of clinical interest.

Sazetak
Ponavljano zrag¢enje animalnih stanica mijenja njiho-

vu osjetljivost na alkilirajuée agense

Radiol. lugosl. 22 (2) 177—180, 1988

Stanice kineskog hréka V79 zraéene su gama
zrakama dnevnom dozom od 0,3 Gy, pet puta tjedno
tokom 12 tjedana. Nakon zavrSenog dnevnog ozrai-
vanja, to jest kad su stanice akumulirale ukupnu dozu od
18 Gy, ispitana je senzitivnostovih stanica na akutne vi-
soke doze (2—10 Gy) gama zracenja, te na tretmane sa
N-metil-N'-nitro-nitrozogvanidinom (MNNG) ili cis-di-
kloro diamin platinom (DDP). Rezultati su pokazali, da su
stanice koje su bile zraéene malim opetovanim dozama
gama zraka postale rezistantne na MNNG, ali osjetljive
na DDP u usporedbi sa kontrolnim stanicama. Ove sta-
nice bile su jednako osjetljive na akutne doze gama
zrake kao i kontrolne stanice. Saznanje, da prethodno
ozracivanje mijenja osjetljivost stanica na DNK oste¢u-
juée agense zanimljivo je ne samo sa stanovista bazi¢-
nih ispitivanja ve¢ i zbog moguc¢eg znaéaja u klini¢koj
primjeni (ukoliko se rezultati potvrde na in vivo sistemi-
ma i uz viSe doze zracenja).
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BIOLOGICAL EFFECTS OF ULTRASOUND (U. S.) EMPLOYMENT FOR DIAGNOSTIC
PURPOSES: HISTOCHEMICAL INVESTIGATION ON RAT LIVER ENZYMES

Cardinale A, Lagalla R., Tessitore V.

Abstract — Experimental investigation on biological effects exerted by U. S. on rat liver enzyme
systems is reported. Changes undergone by oxydizing and lysosomial enzyme were studied. Lysosome
enzyme ecitivity increases in rats sacrificed 24h after U. S. exposure, while oxydizing enzyme activity was
found to be altered in rats sacrificed 4 weeks after U. S. exposure for 80" and 160".
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Introduction — Experimental research in ul-
trasonology has been focussed on investigating
biological effects of U. S.: knowledge of such ef-
fects is of the utmost importance, considering the
widespread employment of echographis techni-
ques for diagnostic purposes (1, 9). Our research
group has already given important contributions
and investigated morphological and structural
changesinratliver parenchyme by increasing du-
ration of U. S. exposure (2, 3,6,7, 8,11,12,17).
Progressive formation of vacuoles has been
shown to occur in experiments in which cells were
exposed to U. S. for up to 80”. If duration of expo-
sure was made to last for 160" to 500", cytoplas-
mic depletion was shown to ensue, as well as ac-
tual cytolysis and nuclear piknosis. Findings were
practically unchanged if microscopic observation
was carried out 4 or 8 weeks after U. S. exposure,
although repair neogenesis of connective tissue
could be observed.

Occurrence of parenchymal injury is confirmed
by determination of biochemical markers of liver
cell cytolysis, such as GOT and gamma-GT and
by reduced ability to incorporate H’-thimidine, as
evaluated according to the technique by Munro
and Flech (4, 5) using liver homogenates. We the-
refore decided to check whether mophological
and structural changes were associated with

Received: October 2, 1987 — Accepted: January 11, 1988

changes of kinetics and behaviour of oxydizing
and lysosome enzyme systems in rat liver.
Results of our experiments on oxydizing enzy-
mes — siccunate dehydrogenase (SDH) and iso-
citrate dehydrogenase (ISD) — and lysosome
enzymes — acid phosphatase (AP)-are reported.

Materials and methods — 24 Wistar albino
rats (average weight: 200g) were subdivided
into two groups of 12 animals each. The first
group was exposed to U. S. for 80”, the second
one for 160”. Rats of each group were then
further subdivided into three subgroups of four
animals each. Animals of the latter subgroups
were then sacrificed at various times after U. S.
exposure. i.e. 1h, 24h and 4 weeks.

Rats were laparotomized and liver parechyme
was thus collected. Liver parenchyme fragments
were fixed in formol CA and frozen in cryostat. Sli-
ced samples were stained using appropriate his-
tological techniques. U. S. beam was characteri-
zed by pulsed U. S. emission (1000 pulses/sec),
3.5 MHz fraquency and 10mW/cm’ intensity.

Results — Microscopic analysis of acid
phosphatase showed a slight increase of total
lysosome enzyme activity to occur in rats sacrifi-
ced 24h after 80” and 160”. U. S. exposure. Enzy-
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Fig. 1 — Diffused lysosome enzyme hyperactivity (acid
phosphatase) in arat sacrificed 24h after U. S. exposure
for 160"

Fig. 3 — Normal periportal location of oxydizing enzy-
mes (SDH) in arat sacrificed 24h after U. S. exposure for
160«

me activity was shown to return to normal levelsin
rats sacrificed 4 weeks after.U. S.exposure. Peri-
biliary microgranular activity, which is typical of
lysosome enzymes under normal conditions, was
shown to persist both in animals sacrificed soon
after U. S. exposure and in those sacrificed 4
weeks after U. S. exposure. Investigation of oxidi-
zing anzymes (SDH and ISD) showed enzyme ac-
tivity to be within normal range and to maintain pe-
riportal location in animals exposed to U. S. for 80"
and 160", and sacrificed 1h or 24h after U. S. ex-
posure. An abnormal location of enzyme activity, i.
e. hololobular distribution of enzyme activity non-
homogeneous increase in various fields was ins-
tead shown in rats sacrificed 4 weeks after U. S.
exposure.

Discussion — Investigation on possible biolo-
gical effects of U. S. exposure upon rat liver enzy-

184

Fig. 2 — Lysosome enzymes (acid phosphatase) show
normal patterns in a rat sacrificed 4 weeks after U. S. ex-
posure for 160".

Fig. 4 — Hololobular distribution of SHD with non-
homogeneous enzyme staining in a rat sacrificed 4
weeks after U. S. exposure.

me systems complete those concerning morpho-
logical and structural changes in liver paren-
chyme (16, 21,22, 24). Both investigations havein
factshown the occurrence of changes due to ex-
posure to U. S. beams of the type currently used
for diagnostic purposes. Such changes appear to
be proportional to the duration of exposure and
may also be ascribed to mechanical (microstrea-
ming) and to thermal and chemical causes (13,15,
19, 20).

Interaction between U. S. and enzyme systems
seems to be reversible at exposure of medium or
short duration (80" to 160”) such as those used in
the present investigation. U. S. exposure seems
to exert a gradual effect on liver enzymes, invol-
vingarather moderate increase of lysosome enzy-
me activity in the early phases, followed by chan-
ges of oxydizing enzyme patterns in later phases.
Oxydizing enzymes are also shown to occupy an

Radiol. lugosl. 22 (2) 183—185, 1988
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abnormal location. Such results deserve further
experimental investigation in order to assess
whether changes of enzyme kinetics exert some
influence upon morphological and structural al-
ternations of cytoplasmic organelles.

Indiscriminate employment of U. S. in clinical
practice (18) should in any case be avoided and
echographic equipment with controlled potency
should be used (10, 14, 23).

lzviecek

Bioloski u€inki uporabe ultrazvoka v diagnostiki: his-
tokemijske preiskave jetrnih encimov pri podganah

Avtorjiso eksperimentalno raziskovali bioloske vplive
ultrazvoka na jetrni encimski sistem podgane. Prouéili
so nekatere spremembe oksidirajo€ih in lizosomskih
encimov. Aktivnost lizosomskih encimov je narasla pri
podganah, zrtvovanih 24 ur po delovanju ultrazvoka.
Aktivnost oksidirajo¢ih encimov se je spremenila pri
podganah zrtvovanih $tiri tedne po 80 ali 160 minutah
delovanja ultrazvoka.
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PHYSICAL ASPECTS OF THE TREATMENT PLANNING IN A LARGE RADIOTHERAPY
DEPARTMENT*

Feist H.

Abstract — A survey on the irradiation facilities in the Radiotherapy Department of the Munich University
Hospital for Radiology is presented. Considerations are outlined, how the physical tasks arising from
treatments of different complexity are managed by means of a computerized planning system as well as
by measurements with thermoluminescence dosemeters. Current restraints of dose computations are
pointed out. As examples, physical aspects of the mantle field technique and of total skin irradiation with

electrons are discussed.
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Introduction — During the last decades the
computerized planning of radiotherapeutic treat-
ments has rapidly developed (7). This is mainly
due to the fact that fast computers are available
and that appropriate programs have been desig-
ned either by the manufacturers of radiological
equipment themselves or by authorized institu-
tions and individual research workers. There is no
doubt that large radiotherapy departments could
not cope with the requirements of modern treat-
ment methods without these modern devices. On
the other hand, the extensive use of computerized
treatment planning systems implies the risk of ig-
noring limitations inherent in the theoretical simu-
lations of real irradiations. From this point of view
the general proceeding in the Radiotherapy De-
partment of the Munich University Hospital for Ra-
diology is briefly delineated and some cases are
given as an example, how more complicated or
somewhat extraordinary irradiations are dealt
with.

Facilities — In table 1 the treatment units are
listed. Furthermore a set-up atthe Gesellschaft fur
Strahlungs — und Umweltforschung (GSF), which
consists of two cobalt sources having a distance

of about 7 meters from one another, is utilized for
total body irradiations (5). Conventional x-ray
machines are also available, but are notin use for
thetreatment of patients. As for the most important
auxiliary equipment, therapy simulators in either
hospital and a treatment planning system
»Siemens Evados«, installed at the Klinikum Grog"
hadern, have to be mentioned.

Strategy of the physical treatment planning
— Although the patients frequencies are different
for the six treatment units, the total number of daily
irradiations in both hospitals is very high. Under
these circumstances it is impossible to execute
computation of treatment plans by means of the
computerized planning system in each case.
Hence »trivial« cases, as for instance single or
simply opposed fields, are dealt manually, whe-
reas the computer is utilized whenever the angle
between two fields differs from 180°, or when
wedge filters or inhomogeneities in the irradiated
part of the body are involved. Up to now calcula-
tions of electron dose distribution have not been
carried out. Even though great efforts have re-
cently been made on the development of electron
dose calculation programs (6), an appropriate sof-

*Rad predlozen na simpozijumu »Upotreba kompjutera u planiranju radioterapije«. VIl Kongres kancero-

loga Jugoslavije, Novi Sad, 14.—17. oktobar, 1987.
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tware for routine is not yet generally available.For
dose determination in cases of more sophistica-
ted electron irradiations, in-phanton measure-
ments with thermoluminescence dose meters are
preferred, and similar considerations are valid for
irregular and blocked fields (see below).

Data acquisition for the treatment planning
system — Originally the basic data of every
treatment unit, i. e. dose depth curves and lateral
dose profiles have been measured by means of
an RFA-3 water phantom (Scanditronix) with sili-
con diode detectors, and transferred to the plan-
ning computer manually. Since itturned out that si-
licon detectors tend to overestimate the absorbed
dose atlower photon energies, the measurements
have recently been repeated by means of ionisa-
tion chambers in a microprocessor-controlled
water phantom (Wellhéfer). In this case the new
data could be transferred automaticly. Surpri-
singly enough, isodose curves based on both sets
of data did not differ much, even for cobalt-60
gamma rays.

Dosage optimization by means of compute-
rized treatment planning — Dosage optimiza-
tion means sparing of healthy tissue and visceral
organs as well as achieving a sufficiently homo-
geneous dose distribution throughout the referen-
ce volume. In this respect computerized planning
systems open a wide scope for improvements in
radiotherapy.The treatment of a tumour in the me-
diastinum may serve as an example. In this case a
sole fixed field would charge the spinal cord too
much, and vice versa, a sole rotational field the
lungs. A proper combination of both types of fields,
however, results in a satisfying dose distribution
throughout the reference volume, and in tolerable
dose values at both mentioned visceral organs for
the required tumour dose. Due to time consump-
tion, such a computation could not be done
manually.

Deficiencies of treatment plan computa-
tions — One should distinguish between different

kinds of deficiencies in this context. The first kind
is characterized just by lack of convenience com-
pared to other methods, whereas a second type
suffers from a more serious drawback that basic
assumptions for correctdose calculations, for ins-
tance the existance of charged particle equili-
brium, are not fulfilled. In both casses straightfo-
rward measurements may support the calcula-
tions. Thermoluminescence dosemeters are best
suited for this purpose. Hence great effort has
been made to establish a method of high precision
thermoluminescence dosimetry in the Radiothe-
rapy Department of the University Hospital for Ra-
diology. As a result, fluctuations of less than 1%
are achieved at the 95% confidence level, when
LiF thermoluminescence dose meters are repea-
tedly used in the absorbed dose range of 1 Gy.

Selected cases — A frequenttreatment moda-
lity, the so-called mantle field irradiation, may illus-
trate, how calculations and measurements are
complementary to one another. Mantle fields are
mainly applied to cure early stages of Hodgkin di-
sease. Various problems encounter the dose de-
termination in this case. Since blocked fields are
applied, the question arises, which effective field
,size corresponds to the irregular field.There are
two approaches to this problem (1, 9). Compari-
sons with measurements have shown that the ol-
der method (1) gives fairly good results (3). Howe-
ver, absorbed dose values in the lungs under the
absorbers, or in the areas where electron equili-
brium does not exist, cannot be determined wit-
hout measurements. Hence, extensive investiga-
tions have been carried out in a humanoid
phantom for mantle field irradiation using films as
well as TLDs. In contrast to the conventional met-
hod (4), it was shown by these measurements that
the dorsal irradiation can be replaced by two dor-
so lateral fields without impairment of the deman-
ded dose distribution in the mediastinum (8). The
advantage of this alternative, however, is a more
effective sparing of the spinal cord.

Finally, total skin irradiations with electrons are
to be mentioned, as a domain for treatment plan-

Unit Manufacturer Radiation Qualities Location

Cobalt-60 Siemens gamma rays 1.25 MeV City Hospital

Betatron Siemens photons and electrons City Hospital
up to 19 MeV

Linac Philips photons 8 MeV Klinikum
electrons 4, 6, 8, 10 MeV GrogBhadern

Cobalt-60 Picker gamma rays 1.25 MeV Grophadern

Linac Siemens photons 15 MeV GropBhadern
electrons 5,7, 10, 12, 15, 18 MeV

Linac Siemens photons 6, 15 MeV GroBhadern
electrons 6, 9, 12, 15, 18,21 MeV

Table 1 — Treatment units in the Radiotherapy Department of the Munich University Hospital
188 Radiol. lugosl. 22 (2) 187—189, 1988
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ning by measurements in the plantom as well as
on the patient. Essential facts, as forinstance the
total body irradiation by the photon contamination
of the electron beam, can only be determined ex-
perimentally. As for homogeneous dose distribu-
tions throughout the whole skin, the optimum pro-
cedure strongly depends on the local conditions
(2). Since partial selfscreening of the patient can-
not be estimated effectively, neither by in-
phantom measurements nor by computation,
measurements on the patient are almost indis-
pensable in order to trace underdosaged spots for
additional treatment. Thermoluminescence dose
meters are most versatile for this purpose. Cons-
traints inherentin electron dose determinations by
LiF dose meters, however, have to be taken into
account as well as the supralinearity, which might
already arise atdose levels starcely beyond 1 Gy.
Investigations of these phenomena are in pro-
gress at the Medical Physics Division of the Mu-
nich University Hospital for Radiology.

Conclusion — Nowadays a large radiotherapy
department, which makes use of modern treat-
ment units and methods, cannot manage withouta
computerized treatment planning system. it is
inappropriate, however, to implement calculations
of simple field combinations, for instance parallel
opposed fields, by means of the computer. Onthe
other hand, computation of absorbed dose values
and distribution may fail in sophisticated cases.
Under these circumstances experimental met-
hods will support the computations or even super-
sede them.
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RADIOLOGISCHE KLINIK DER UNIVERSITAT MUNCHEN,
KLINIKUM GROSSHADERN, MUNCHEN, BRD

RADIOTHERAPY PLANNING FROM A CLINICIAN’S POINT OF VIEW*

Willich N.

Abstract — Under medical aspects, treatment planning has to consider the interdisciplinary position of
radiotherapy. An aim of the treatment has to be defined primarily. The target volume has to be irradiated
under consideration of the reauired dose for tumor destruction and the tolerance of the normal tissue.
Factors which influence the therapeutic gain are tumor size, fractionation and the size of the target volu-
me. Combined treatment with chemotherapy may modify the dose delivery by radiotherapy. A meticulous
field setting using all modern techniques like CT, simulator etc. is required for most treatments.
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Radiotherapy today is a potentially curative
modality for the treatment of cancer diseases,
which often has to prove its effectiveness in con-
nection with surgery or medical oncology. Radiot-
herapy as a locally acting agent is related to the
local treatment by surgery. Its local effectiveness
is high, but it has the same disadvantages as sur-
gery, namely the inability of eradicating dissemi-
nated disease. On the other hand, radiotherapy
can act beyond the thresholds of inoperability and
can so serve as a supplement for surgery. But ra-
diotherapy can profit by surgery too, if a surgeon
can reduce the tumor mass, so that previously in-
curable tumors may become curable by radiothe-
rapy. Last, there may be a competition between
surgery and radiotherapy in treating tumors which
can be cured by both methods, for instance in
early laryngeal cancers.

Chemotherapy can actmore or less in the who-
le body and that is the major difference to radiothe-
rapy for most cases. Another difference is that
many chemotherapeutic regimens are less suc-
cessful in eradicating a local tumor than radiothe-
rapy, because they can’t be administered in the
reguired concentration to the tumor because of
their high toxicity to other organs, especially to the
bone marrow. But radiotherapy and chemothe-
rapy can interact in different ways and some tu-

mors can be cured either by chemotherapy alone,
or with the combination of chemotherapy and
radiotherapy.

In this general situation, a radiotherapist has to
decide about a cancer treatment as a partofanin-
terdisciplinary working team of surgeons, medical
oncologists and radiotherapists. The first question
he has to answer is whether treatment can be do-
ne with curative or palliative intention. Normally,
the answer can be given only when a certain level
of diagnostic accuracy is reached. The answer is
important, because the invasiveness of a treat-
ment can be directly dependent upon this answer.
If there is a chance of cure, the treatment must of-
ten be very aggressive in order that this chance is
not squandered. The aim of treatment with palliati-
ve intent is to reduce symptoms or dangers like
pain or myelon destruction caused by metastases
within the spinal cord for instance. Such a treat-
ment must not be so aggressive in order to avoid
additional trouble, caused by the side effects of the
treatment in a case of incurable disease.

The next question concerning the indication for
radiotherapy is: should the patient be treated pri-
marily by radiotherapy, or should he have a com-
binedtreatmentmodality. To answer this question,
an interdisciplinary consultation is frequently
required.

*Rad predlozen na simpozijumu »Upotreba kompjutera u planiranju radioterapije«. VIl Kongres kancero-

loga Jugoslavije, Novi Sad, 14.—17. oktobar, 1987.
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The important points with regard to more medi-
cal aspects of radiotherapy planning are the defi-
nition of target volume, the required tumor dose,
the tolerance of surrounding critical normal tis-
sues, and the fractionation of dose delivery. More
technical points are the choice or radiation quality
and questions of the application of therapy, pa-
tients positioning, field marking an field setting on
the therapy machines.

The firstimportant pointis the definition of target
volume. This area includes not only the tumor, but
also a safety zone of some centimeters, and one
or more lymph node areas. The definition of target
volume postulates the knowledge of the tumor si-
ze and site and of the probability of extent to the
regional lymph nodes. A target volume always in-
cludes an anatomical unit, for example the tumor
region, the surrounding tissue, the right lung hilus,
the upper mediastinum and the right supraclavicu-
lar fossa in a case of bronchial carcinoma in the
apex of the right lung. In the case of medulloblas-
toma of the posterior fossa, not only the scull with
the intracranial liquer space has to be irradiated

butalso the whole craniospinal axis to prevent me-
tastases in the whole subarachnoidal space.
Tumor healing by radiotherapy requires certain
doses to the tumor, and, in general, better cure ra-
tes are achieved with higher doses. Itis of mainin-
terestthat, according to Withers and Peters (5,11)
in most cases the tumor size seems to be more
important than the histological properties of the
tumor tissue. With the exception of some very
sensitive tumors (lymphomas, seminomas) relati-
vely high doses are needed for destruction of lar-
ge tumors (fig. 1). From the diagram it can be esti-
mated that for destruction of subclinical disease, i.
e. tumor nodules with a diameter of less than 2
mm, about 42 to 45 Gy are required for a certain
cure probability, which is 50% in this case. For a
bigger nodule with adiameter of about 2 cm, 65 to
70 Gy are required for the same cure probability,
and a tumor diameter of about 5 cm requires more
than 80 Gy for the same cure probability. This
schedule indicates, that at first the tumor reduction
achieved by surgery, is desirable in most cases.
And secondly, it substantiates the use of a main
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Fig. 1 — Tumor volume, surviving fraction and radiation
dose for a tumor control probability of 50% (11).
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Fig. 2 — Probability of tumor control and normal tissue damage (11).

shrinking field technique in tumors, where there is
amain bulk and other regions suspected of subc-
linical involvement.

Unfortunately, the therapeutic beam does not
affect only the tumor but also the surrounding
normal tissues, and the treatment modality which
causes a certain rate of tumor healing is therefore
loaded with a certain rate of severe complications,
which also increases with higher doses (fig. 2).
There is only a little difference between these ra-
tes with a given dose for many tumors, for example
carcinomas and sarcomas, dependent on the site
of the tumor. This difference may be larger in so-
me tumors with a higher radiosensitivity, for ex-
ample lymphomas or seminomas. The chance for
tumor healing is therefore often limited by the risk
of severe complications entailed by higher doses.
For this reason, itis mostimportantto know the le-
vels of tolerance for the most important organs
within the body. Rubin (7) designed a classifica-
tion of organs, where damage, produced by ra-
diotherapy, yields different sequelae (table 1). Or-
gans of class | are the organs where the radiation

Radiol. lugosl. 22 (2) 191—197, 1988

induced damage yields the death of the patient or
severe morbidity. Organs of class Il are the or-
gans where the radiation damage yields only a lit-
tle morbidita but exceptionallythe death of the pa-
tient. Organs of class Ill are the organs where the
irradiation damage yielda only a transitory effect
without any mortality. The given tolerance levels
for different organs are very different and depend
also on the irradiated volume. The minimal tole-
rance dose TD 5/5, i. e. the amount of dose which
produces a complication rate of less than 5% wit-
hin 5 years after the radiotherapy is the guideline
for a therapeutic decision. For many organs, for
example the myelon, the bone marrow, the liver,
the kidneys, the lungs, or the bowel, these toleran-
ce doses are not very high, and apparently clearly
below the doses which are required for tumor des-
truction. Moreover, there are some very sensitive
organs like the gonades or the ovaries, where a
complete dysfunction can be achieved with very
low doses of 1 to 3 Gy. It is important that children
for many organs have a higher sensitivity to ra-
diotherapy than adults. This minimal tolerance
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Class Organ Effect TDsss TDsors Whole organ or
part of an organ
I Brain Necrosis 60 70 Whole
50 80 25%
Myelon Necrosis 45 55 10cm
Bone Marrow Aplasia, 25 4,5 Whole
Pancytopenia 30 40 part
Liver Acute, chronic 15 20 Whole
hepatitis 25 40 part
Kidney Sclerosis 5 20 Whole
20 25 part
Lung Pneumonitis 5 25 Whole
30 35 100 cm?
Bowel Ulceration 45 55 400 cm?
Perforation 50 65 100 cm?
Bleeding
I Skin Dermatitis 55 75 100 cm?
Oral cavity Mucositis 60 75 50 cm?
Rectum Ulceration 60 75 100 cm?
Stricture
Bladder Shrinkage 60 80 Whole
Gonads Sterilization 1 2 Whole
Ovary Sterilization 2—3 6—13 Whole
Periph. nerv Neuritis 60 100 10 cm?
Cartilage
(children Growth delay 10 30 10 cm?
Adults Fracture 60 100 10 cm?
Eye
Retina Retinitis 55 70 Whole
Cornea Opacity 50 70 Whole
Lens Cataract 50 70 Whole
1] Muscle Atrophia
(children) Fibrosis 20—30 40—50 Whole
(adults) 60 80 Whole
Uterus Necrosis >100 >200 Whole
Perforation ‘
Vagina Fistula 90 >100 Whole
Breast
(children) Growth delay 10 15 Whole
(adults) Atrophia, > >100 Whole
Necrosis .

Table 1 — Tolerance levels of normal tissues and organs (Rubin 1975, 1978)

dose TD 5/5 isthe guideline for a clinician, and itis
of basic importance in clinical radiotherapy. It is
valid using conventional fractionation schemes.

To overcome the problems of toxicity to normal
organs, the help of a physicists is needed to deve-
lop and to use sophisticated irradiation techni-
ques. The aim of these techniques is always to ir-
radiate the target volume with high and homo-
geneously distributed doses and to exclude all
normal visceral organs from the higher doses as
well as possible and necessary. Under these as-
pects a correct choice of the radiation quality and
correct calculation of dose distribution within the
body are required.

There are some possibilities to modify the toler
rance level of the organs: generally, the tolerance
level can be increased with the administration of
small single doses, using a long treatment time
and a small volume. In contrast, the tolerance level
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is lower with the administration of large single do-
ses, short total treatment time and using large
volumes.

Although the high effectiveness of alarge single
dose to a tumor is well known, and it can be esti-
mated that a single dose of 20 Gy has about the
same effect to a tumor as 45 or 50 Gy administe-
red in a conventional fractionation, these high sin-
gle doses do not have advantages only. Fig. 3
shows a woman who was irradiated 7 years befo-
re. She has developed severe damage of the skin,
which was irradiated with 50 Gy in a fractionation
of 5 Gy twice per week. In the upper region of the
maxillary sinus 60 Gy were administered in a con-
ventional fractionation scheme of 2 Gy 5 times per
week. In this area no severe damage can be de-
tected. The example shows that high single doses
also have a high toxicity to normal tissues. For ot-
her cases, e. g. lung carcinomas, where sufficient

Radiol. lugosi. 22 (2) 191—197, 1988
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Fig. 3 — Skin reaction 7 years after radiotherapy of a

maxillary sinus tumor. The neck was irradiated with 5 Gy

twice per week, total dose 50 Gy. The region of the pri-

mary was irradiated with 2 Gy 5 times per week, total do-
se 60 Gy.

dose distributions within the body can be produ-
ced with a sufficient sparing of the myelon, higher
single doses can be tolerated very. So we did not
find any significantdifference between the outco-
me of our bronchial carcinoma patients who were
treated with 2.5 Gy four times per week or 5 Gy
once per week, totally 50 Gy (9). This resultis in
agreement with the studies of Perez (4) and Eich-
horn (1).
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At present, different fractionation schemes are
used clinically and many of these schedules are
object of clinical studies. It is of significance that
the tolerance to late effects, and that is a limiting
factor in radiotherapy, is higher with small single
doses andhyperfractionationin contrastto a smal-
ler number of fractions where the tolerance to late
affects is much lower. On the other hand, the tole-
rance to acute inflammatory reactions of irradia-
tion is much higher when the whole dose is given
in a way of protraction, whereas with accelerated
fractionation schedules the tolerance to acute
reactions is much lower (fig. 4).

The last point which is the object of interest is
the volume. It is possible to administer very high
doses, when the target volume is small enough.
This phenomenon can be noticed when interstitial
irradiation techniques are used. An additional ad-
vantage, which reduces the toxicity of such high
doses is the very protracted dose application,
when iodine 125 seeds are used.

Considering the possible use of a combined
treatment modality with chemotherapy (6) it
should be emphasized that the purpose of such
combined treatment is notto decrease the dose of
radiation to gain the same effect, but rather to in-
crease the therapeutic gain (8). This may be
achieved by using a number of techniques that
take advantage of the different mechanisms of ac-
tion of systemic chemotherapy and regional irra-
diation. Chemotherapeutic agents that dirgctly
modify the irradiation survival curve may be used.
Perhaps a good example of this is the use of
in the treatment of childhood
rhabdomyosarcoma or Wilm's tumor. The second
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Fig. 4 — Fractionation and tolerance of normal tissue with regard to acute and late effects (5).
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way to increase the therapeutic index is to use
drugs, which specifically affecttumor response to
radiation; the most exciting of these are the hypo-
xic sensitizers, because they affect hypoxic cells
which usually are restricted to tumors. A third me-
chanism is the combination of drugs and X-rays
with either independent action or additivity. This is
just beginning to be explored but appears to be of
value intheincreasedlocal control seen in studies
of head and neck or breast cancer, where che-
motherapy is given before radiation or simulta-
neously (3). Finally, since the major advantage of
chemotherapy is its wide distribution throughout
the body, the combination of irradiation and che-
motherapy may improve the therapeutic index
because the target volumes are different. Adju-
vant chemotherapy with radiation for breast can-
cer, for example, may improve survival because
chemotherapy is effective on occult micrometas-
tases outside the irradiation field. Similarly, irradia-
tion may be of value in the treatment of leukemia
by chemotherapy, because the radiation can be
applied to specific sanctuary sites, such as the
central nervous system.

Unfortunately, the toxicity of radiation to normal
tissues is often increased using chemotherapeu-
tic agents simultaneously, and this may be a rea-
son for dose reduction in radiotherapy (8).

Whereas it is the task of a physicist to produce
sufficient calculations of dose distributions, it is the
task of a physician to take care that the dose is
administered to the correct area. Initially, the diag-
nostic examinations, especially computed tomo-
graphy, give the basic informations on tumor site
and size. But often this diagnostic computed to-
mograph cannot be used for treatment planning
purposes. So it is the first step in radiotherapy
planning to find the correct volume, when the pa-
tient is lying in the simulator in a position suitable
for irradiation. In the same position then CT scans
of the region of interest are taken, and it is most
important that for therapy planning purposes so-
me requirements in computed tomography are gi-
ven, which are quite different from the require-
ments in diagnostic computed tomography (table

2). The patient may be fixed for the planning CT,
the simulation and the therapeutic machine with
individually formed face masks and then the iso-
dose calculation is done by the physicist. The next
step is again a task for the physician who has to
position the calculated plan to the patient. For this
purpose the therapy simulator is one of the most
important treatment machines. There is no better.
method than to use a simulator to place afield un-
der the control of the eye to the correct site (10).
When the fields are marked on the patient, then all
is ready for the first treatment at the accelerator or
the cobalt machine; sometimes it is important to
have verification films produced by the treatment
beam. In this way it is possible to control whether
or notthe critical structures are shielded by indivi-
dualblocs and whether or not the tumor volume is
irradiated completely.

In conclusion, we can establish some guideli-
nes for radiotherapy planning, according to Flet-
cher (2):

1. The radiocurability of a tumor is often more
determined by the tumor size than by the histolo-
gic properties of a tumor. There is no cancericidal
dose, but a sigmoid curve of tumor response to ir-
radiation. In general, large tumors shouldn't be
treated only by radiotherapy, if the tumor mass can
be easily reduced by surgery.

2. The dose within the target volume does not
have to be distributed very homogeneously in all
cases, but can be adapted to the different tumor
volumes within the target volume.

3. Complications of a radiotherapy treatment
are acceptable only, when their frequency and
severety are reconsidered with three conditions:

a)The stage of disease: patients with stage | col-
lum carcinoma have to be treated such a way that
severe late effects are not likely to occur. In pa-
tients with collum carcinoma stage Ill good treat-
ment results can be expected only when certain
late effects are imputed to a part of patients.

b) The function of an organ: Cure rates of more
than 90 % can be reached for patients with stage |
squamous cell carcinoma of the larynx. The aim of
radiotherapy is to preserve the normal voice in

Diagnostic CT

Planning CT

trough shaped table
positioning not critical

bolus aceptable
reproducebility of patient's
geometry not required

no movement of the patients

flat table

reproducebility of positioning
for treatment critical

no bolus

1:1 reconstruction of
geometric proportions required
respiration permitted

Table 2 — Requirements in CT for diagnostic and therapy planning purposes
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contrast to the raucous voice, which may remain
permanent after chordectomy or hemilaryngek-
tomy.

c) The cosmetic aspect: This aspect is impor-
tant in carcinomas of the skin, for instance. The
conservative treatment of early breast cancer is
better than a mastectomy because the breast can
be preserved.

4. Since there are dose effect curves for tumor
destruction and for late effects, an optimal dose
range has to e chosen. The wish to give adose as
high as possible in a target volume protracted as
much as possible hes to be balanced with the pro-
bability of local failures. In many cases there is
only the choice between the loss of 1 to 2% of the
patients, and the induction of complications and
permanent late effects. This decision has to be
made individually.

5. Radiotherapy planning is based on the pat-
hways of metastases development, the probabili-
ties of tumor infiltration into the surrounding tissue
and to the lymph nodes, and the probability of tu-
mor destruction with a certain dose. Radiotherapy
planning has to consider more the regularities
than the exceptions in the biological behavior of
the tumor. Radiation treatment should not be ex-
tremely radical for eliminating every possible tu-
mor risk. For example, metastases to the contrala-
teral lymph nodes of the neck are rarely setfrom a
buccal carcinoma and it is rare that a patient will
die from metastases in the contralateral neck.
Therefore itis not justified to irradiate both sides of
the neck with doses of 50 and more Gy in all
patients.

6. The quality of the patients survival has to be
considered.

Povzetek

PLANIRANJE V RADIOTERAPIJI — KLINICNI
PRISTOP

Planiranje radioterapije izhaja iz interdisciplinarnega
pristopa zdravljenju in mora biti doloéeno pred zace-
tkom zdravljenja. Na doloéitev zeljene doze obsevanja
vplivata velikost 0z. obseznost tkiva (volumen, tar¢a), ki
ga Zelimo obsevati, in toleranca okolnega zdravega tki-
va. Faktorji, ki vplivajo nauginkovitostobsevanja, so: ve-
likost tumorja, frakcionacija obsevanja in velikost tar¢e.
S kombinacijo kemoterapije lahko vplivamonadozo ob-
sevanja. Obsevalno polje dolotamo z modernimi teh-
nikami: CT, simulator ipd.
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RAZVITAK RACUNARSKOG PLANIRANJA U RADIOTERAPIJI | PERSPEKTIVE
PRIMJENE U NASOJ ZEMLJI*

DEVELOPMENT OF COMPUTERIZED RADIATION TREATMENT PLANNING AND THE
PROSPECTS FOR ITS USE IN OUR COUNTRY*

Bistrovi¢ M.

Abstract — The efficiency and accuracy of computer-made radiation treatment plans were first realized
in the sixties. With the introducing of microcomputers they became widely used in clinical practice. In the
future, the accuracy of the computer planning will have to be followed by a computerized patient-
positionning device, such as CT-simulator. The essential part of a planning software is the density correc-
tion algorithm. So far various methods have been used for that purpose: effective depth method, Batho's
correction, dSAR-method, ETAR- method as well as some others. In order to promote and extend the
clinical use of computers in our country, relevant specialists are to be educated accordingly.
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Uvod — Osim uizuzetnih lokacija, radioterapij-
ski u¢inak nije moguce ogranicitisamo na tumor i
na zadano podrucje, ve¢ se u snop zracenja mora
ukljucitii dio okolnog zdravog tkiva. Stoga je selek-
tivno djelovanje zraéenja na tumor uvjetovano
vecom osjetljivoS¢u tumorskih stanica na zraen-
je, po moguénosti ve¢om dozom danom na tumor
i maksimalnom dozom koju moze podnijeti zdravo
tkivo. Iz ovih ograni¢enja proizlazi da je osnova
svake kvalitetne radioterapije — precizno pozna-
vanje raspodijele doze unutar anatomije boles-
nika. SloZzenost zadatka da se odredi raspodjela
doze dovela je do bliske suradnije lije¢nikaifizica-
ra. Tatradicijatraje viSe od pola stolje¢ai genera-
cije radioloskih fizi¢ara »educirane« su na izradi
planova zra¢enja. lako je ekvidistantni izodozni
prikaz raspodjele omogucivao stanoviti ruéni
automatizam, izrada takvih planova trajala je
satima. )

Pedesetih godina uvedena je luéna terapija,
gdje je raspodjelu doza teSko izracunati zbog po-
trebe superponiranjavelikog brojasnopova. | tako
je 1955.g. Tsien (22) prvi put primijenioracunar za
odredivanje raspodjele doze. Medutim, tek se po-
lovicom Sesdesetih godina (9, 18, 21) pokazalo,

koje sve mogucnosti ima elektronski racunar u
planiranju radioterapije. Naposljetku, poCetkom
sedamdesetih, Bentley i Milan (1) uvode mikro-
ra¢unar PDP-8 s grafi¢kim displejem, perifernom
memorijom, digitalizatorom i crtatem, ¢ime su bili
ostvareni svi uvjeti za Siroku upotrebu racunara u
radioterapijskom planiranju. Ovaj je sistem, pod
nazivom RAD-8, dominirao u klini¢koj primjeni go-
tovo deset godina.

Suvremeni trendovi i oprema — Nakon prvog
odu$evljenja automatom koji za nekoliko minuta
izraCunava raspodjelu i iscrtava raspodjelne izo-
doze nekog slozenog plana, uocio se nesklad iz-
medu vrhunski preciznog proraduna i ostale
opreme, nedostatne za primjereno snimanje i
namjestanje bolesnika u snopu. Naime, ako Zeli-
mo da to€nost zbiljske raspodjele doze u boles-
niku dostize to€nost raéunara, nuzno je raspola-
gati dodatnom opremom:

1. detektorom i vodenim fantomom za snimanje
digitaliziranih podataka o snopovima, koje ¢emo
pohraniti na magnetskim sredstvima memoriran-
ja; akceleratorski i drugi snopovi mogu se vreme-

*Rad prediozen na simpozijumu »Upotreba kompjutera u planiranju radioterapije«. VII Kongres
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nom mijenjati i nije pouzdano osloniti se na jed-
nom zauvijek snimljene podatke

2. CT-skenerom radi snimanja to¢ne anatomije
bolesnika, da bi se mogla izvrsiti korekcija na ne-
homogenostgustoée (maseno-atenuacijski koefi-
cijent)

3. radioterapijskim simulatorom radi namjestan-
ja bolesnika u snopovima zadanim planom
zragenja.

| najzad, kad budemo imali ovu opremu, pos-
tavlja se pitanje, na koji na¢in da se poveze iz-
radeni plan zra¢enja s namjes$tanjem bolesnika.
Zbogtoga je vremenom postalo oéito, da planiran-
je raéunarom treba vezati na raéunarski upravlja-
ni CT-skener dopunjen moguénostima simulato-
ra, ili pak, uz specifié¢ni simulator, koji je dopunjen
mogucéno$éu CT-skeniranja. Radi se, naime, o
CT-skeneru koji ne moraimati veliku mo¢ razludi-
vanja, ali se njegov rad moze kombinirati sa simu-
lacijom. Istrazivanja (4, 12) su pokazala korist koju
bismo mogliimati od CT-simulatora, kako zovu tu
napravu, a trenutaéno je prototip u pokusnoj upo-
trebi u Royal Marsden bolnici u Londonu radi pla-
niranja i namjestanja torakalne stijenke u tangen-
cijalnim snopovima (13, 24). Gledano u perspek-
tivi, CT-simulator bi u sklopu sa sistemom za
planiranje omogucio poslove i radnje prikazane
na slici 1.
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1. planning gf r:,“' CT-simu-
beaa 2. asimulation lator
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ding 4, recording: simu-

lation

Slika 1 — Planiranje i namjestanje putem ra¢unara. Bo-
lesnik se snimina CT-simulatoru. Uz pomo¢ CT-brojeva
izradi se plan. Pod kontrolom ra¢unara plan se simulira
na bolesniku uz pomo¢ CT-simulatora. Na kraju se bo-
lesnik po provjerenom planu ozra¢uje pod nadzorom
verifikacijskog sistema. Podaci o snopovima snimaju se
na magnetska sredstva memoriranja pomocu upravlja-
nog vodenog fantoma.

Fig. 1 — Planning and positionning by means of compu-
ter. Patient is first scanned by CT-simulator. Using CT-
numbers one develops the treatment plan. The patientis
positionned according to the plan using a computer
conducted CT-simulator. Finally, the patientisirradiated
under the direct control of the verification system. Beam
data are recorded on mass memory devices using a
computer managed water fantom.
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Prikaz suvremenih softvera — Zavirimo li u
ameri¢ki ¢asopis Medical Physics, suogit éemo
se s desetinama hardversko-softverskih sistema
za planiranje zra¢enja. Ragunarski sustavi za ra-
dioterapijsko planiranje razvijaju se danas, kako u
okviru velikih poduzeéa, ali se mogu nadi i vrlo
dobri programi na relativno jeftinijim sistemima,
kao $to su ku¢ni radunari. Izmedu mnogobrojnih
softvera, prikazat éemo ovdje u osnovnim crtama
neke najvaznije. Podrobnije informacije o njima
¢itatelj moze naci u usputnim referencijama.

Svi softveri za radioterapijsko planiranje polaze
od a) zadanosti upotrebljavanih snopova i b) od
zadane anatomije bolesnika. Stoga je za razumi-
jevanje rada programa vazno razumijeti na¢in na
koji su ova dvaentiteta zadana. Radijednostavni-
jeilustracije, ograni¢it éemo se u daljnjem prikazu
na megavoltne X- i gama-zrake, buduéi da se na
analogan nacin postupa i s ostalim snopovima.

Snop se zadaje nizom brojeva, matricom, za-
danim nad lepezastom mrezicom prikazanom na
slici 2 (14, 23). Pomocéu ove matrice brojeva, moze

fokus

voda

ol =5

3=-29 3=0 ga1 $=23

Slika 2 — Lepezasta mrezica za definiciju matrice sno-
pa. Snop je zadan vrijednostima TAR-a ekvidistantno
duz osisnopa i vrijednostima profilnih funkcija Py = Da/-
Dys U Evorovima.

Fig. 2 — Fan-like network for defining the beam matrix.

The beam is given by equidistant TAR-values along the

beam axis and by the values of profile functions Py = D,/-
D, at the knots.

se, koristeci interpolaciju, izra€unati doza D(P) u
nekoj to¢ki P u vodi gdje je d,, — bildap dubina, R
— distancija izmedu to&ke P i fokusa, TAR[dJin-
terpolirana vrijednost TAR i'P'ii— interpolirana vri-
jednost profilne funkcije.

(FKDthm)z_ TT::(d) . P, (1)
(dm)

D(P) =
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Anatomija bolesnika moze biti zadana na dva
nacina. Prvi je putem obrisa, kontura anatomskog
presjeka s unesenim obrisima nehomogenosti i
deklariranim gusto¢ama. Algoritamski je s ovako
zadanom anatomijom teze izic¢i na kraj, budic¢i da
se jednodimenzionalne konturne linije moraju in-
terpretirati dvodimenzionalnom topologijom u za-
danom snopu (3). Drugi je nacin zadavanja po-
mocéu dvodimenzionalne matrice CT-brojeva.
Sada ¢e sveukupna koli¢ina ra¢unice biti vec¢a. ali
je ovaj slu¢aj algoritamski lakSe rijesiti, jer je ana-
tomija zadana dvodimenzionalno. Ovdje treba
voditi raéuna o tom, da se radioloske gustoce u
CT-slici odnose na kvalitetu zrac¢enja kojim je
snimljena. Stoga ¢e se maseno-atenuacijski
koeficijentiza=~100kV X-zraéenje, morati preves-
ti u odgovarajuce vrijednosti fpriterapijskoj kvalite-
ti zraenja (16). To nije moguce uraditi na jednoz-
nacan nacin, osim ako nam je poznat precizan
sastav tvari, a tu nam informaciju CT-slika ne daje.
Stoga neki misle da bi se za planiranje morali
koristiti CT-brojevi dobiveni u terapijskoj kvaliteti
zraCenja (19).

Slika 3 — Glavne faze programa. Pocetna faza: namjes-
tanje snopa u odnosu na anatomiju pomocu transfor-
macije koordinata. Srednja faza: korekcija na nehomo-
genost i formiranje matrice-doprinosa snopa u ¢voro-
vima raspodjelne mrezice. ZavrSna faza: zbrajanje
matrica i crtanje izodoza.
Fig. 3 — Main phases of the program. Initial phase: posi-
tionning of the beam with respect to the anatomy using
coordinate transformations. Middle phase: inhomoge-
neity correction and forming of the matrix — one beam
contribution atthe knots of the dose distribution network.
Final phase: summation of matrices and drawing of
isodoses.

Rad programa za radioterapijsko planiranje
moze se podijeliti na nekoliko faza prikazanih na
slici 3. Mrezica nad kojom je dana raspodjela do-
za moze biti identi¢na onoj u kojoj su zadani CT-
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brojevi. Metode koristene u po¢etnoj i zavr$noj fa-
zi su opc¢e poznate. Stoga u nastavku opisujemo
najpoznatije algoritme za korekciju na nehomo-
genost gustoce.

Metoda efektivne dubi ne: u ovom algo-
ritmu se u izrazu (1), umjesto d koristi efektivna
dubina d (slika 4):

N
det = ; (di — di1) @i, do =0, (2)
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Slika 4 — Shema za objasnjenje proracuna efektivne
dubine i Bathoove korekcije u izrazima (2) i (3).

Fig.4 — Scheme for the explanation of calculation of the
effective depth and of Batho’s correction factor in ex-
pressions (2) and (3).

gdje su g, gustoce tkiva. Ovo je najéesce upotrebl-
javan algoritam i moze se koristiti kako za
anatomiju prikazanukonturama (3, 14), atakoderi
za anatomije zadane CT-brojevima (16).
Bathoova korekcija:Korigiranadoza Dgyy,
dobiva se pomocu korekcijskog faktora Fg,y.:

Dgatho = FgathoD(P),
gdje je D(P) dan izrazom (1), a Fgato j€ (slikad)

Fearo =K | | TAR(dn) (g — i), (3)
n:

gdje je g+ =1, K=0,95 za kost, K =1 a ostala
tkiva. | ovaj algoritam dade se primijeniti kako na
anatomiju zadanu konturama (3) tako i na anato-
miju zadanu CT-brojevima (7).

U oba ova algoritma raéunica se vrsi za sve
izabrane to¢ke u mrezici, duz puta koji spaja tocku
P s izvorom zrac¢enja. Rac¢unica je krac¢a ako put
presijeca nekoliko diskretnih kontura ili duza, ako
je posrijedi prolazak kroz niz ¢elija mrezice sa za-
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danim CT-brojevima. Prema tome ovi algoritmi ne
korigiraju na raspodjelu tkiva koje se nalazi pos-
trani¢no ili iza toc¢ke P. Oba su algoritma priblizno
jednako brza i Batho-ov daje to€nije raspodjele na
granicama dviju gusto¢a, ali samo tamo gdje je
snop okomit na grani¢nu plohu izmedu njih.

Stoga su za “*Co-snopove, u kojem nadmoéno
dominira dobro prou¢en Comptonov efekt, raz-
radeni algoritmi koji adekvatnije modelirajo fi-
zikalna zbivanja u snopu.

Monte Carlo metode: Ovommetodomge-
neriraju se slu¢ajne sudbine pojedinaénih fotona
koji interagiraju s elektronima u tvari, a vjerojat-
no$c¢u dogadanja ove ili one sudbine upravlja se
Klein-Nishininim diferencijalnim udarnim pres-
jekom (17). Vjerodostojnost dobivene raspodijele
doze tim je vec¢a &im viSe slu¢ajnih sudbina gene-
riramo. Metoda moze biti vrlo to€na, ali zahtijeva
mnogo vremena (nekoliko sati po polju). Stoga se
uglavnom koristi za provjeru rada drugih algori-
tama, a rjede u rutinskom planiranju.

Zbog toga su u sklopu kanadske radiofizicke
Skole okupljene oko Johnsa i Cunninghama i
AECL, razvijeni algoritmi koji su dovoljno brzi i
modeliraju raspodjelu dijelom na osnovi komto-
novskog rasprsenja i na obilju mjernih podataka
za kobaltne snopove.

DiferencijainaSAR metoda (dSAR):
funkciju TAR(d) u izrazu (1) zamijenit ¢emo
veli¢inom

TAR(d,0) + S,

gdje je TAR(d,0) — TAR na dubini d za vrlo uski
snop, a S se dobiva numeri¢kom integracijom po
cijelom ozratenom volumenu snopa

— 1 TAR(,0) g(zr, ¢ ¢ SARz1)
5= 2  orez TARZO) V1

ozrateni
volumen

gdjesu(z,r, ¢) cilindricnke koordinate (slika 4) vo-
lumnog elementa integracije AV u odnosu na
koordinatni sustav s ishodistem u tocki P, SAR (d,
r) — funkcija SAR u ovisnosti o dubini d, za polum-
jer kruznog poljar, a g (z, r, ¢) — relativna elek-
tronska gusto¢a volumnog elementa AV (8). Za
nalazenje parcijalnih derivacija u izrazu (4) dobro
moze posluziti analiti¢ki izraz za SAR (d, r) (10).

Ekvivalentna TAR-metoda (ETA R):u
izrazu (1) TAR(d) se zamijeni sa TAR (d,;, ), vri-
jednos¢u TAR-a za dubinu dgi za kruzno polje po-
lumjerat =r g, gdje je g efektivna gustoca, a ona
se procjenjuje integriranjem po cijelom ozrace-
nom volumenu snopa kao i u dSAR metodi. Inte-
grand je slozen izraz temeljen na Klein-Nishininoj
formuli za diferencijalni udarni presjek elektrona
za kobaltne fotone (20).
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Slika 5 — Volumni element integracije AV =rdrd ¢ dz
dan je u cilindrickim koordinatama s ishodiStem u tocki
P

Fig. 5 — The volume element of integration AV=rdrd ¢
dz is given in cylindrical coordinates with the origine at
the point P.

1z ove Skole proizisli su i drugi algoritmi (25), a
sve ih karakterizira to da se za procjenu doze u
svakoj to¢ki P mora integrirati po cijelom podrugju
ozraCene anatomije. Ovi algoritmi razvijeni su
prvenstveno za anatomije zadane CT-brojevimai
zahtijevaju vrlo brze procesore, da bi rezultat bio
pripravljen u razumno dugo vrijeme.

Najsuvremeniji algoritmi karakterizirani su prim-
jenom tehnike uskih snopova (pencil beam) (6,
15), racunanjem trodimenzionalnih raspodijela te
racunanjem doprinosa sekundarnog i tercijarnog
zracenja iz cijela volumena. Za to su potrebne ve-
like procesorske brzine i velika memorija raGuna-
la. Ubrzanju algoritama pokuSava se doskogiti i
matematickim metodama. Pokazuje se, primjeri-
ce, da se proracun pojednostavljuje, ako se adek-
vatno organizirani ulazni podaci o anatomiji i sno-
povima prevedu u Fourier prostor. Nakon zagotov-
liene racCunice, rezultat se vraéa u prostornu
domenu (5).

Algoritmi za planiranje elektronskim snopovim
su se znatno slabije razvili. U primjeni je najvise
model kojeg je razvio Kawachi (11). Korekcija na
gustoéu moze se izvrsiti metodom efektivhne
dubine.

Racunica za fokalne izvore je znatno jednos-
tavnija. Pad doze u okoliSuizvora je tolikobrzdaje
utjecaj nehomogenosti tkiva na raspodjelu doza
zanemariv. S druge strane je, zbog istog razloga,
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raspodjela doze krajnje osjetljiva na promjenu po-
lozaja fokalnih izvora. Stoga se iziskuje vrlo to¢no
poznavanje polozajaizvora u odnosu na anatomi-
jubolesnikairaunanije raspodjele doze ne moze
se odvojiti od problema lokalizacije izvora (2). Al-
goritmi koji se upotrebljavaju temelje se na poz-
navanju doze oko toCkastog izvora i na eventual-
nom korigiranju na autoapsorpciju. Sveukupna
doza dobiva se sumacijom doprinosa zra¢enja
svih izvora svim ¢vorovima raspodjelne mrezice.

Stanje i perspektive u nas — Trenutno se u
Jugoslaviji za potrebe radioterapijskog planiranja
koristi 5—6 raCunara razli¢ite provenijencije.
Zbog pomanjkanja nov€anih sredstava kupovani
su kao dodatak nekom ve¢em uredaju koji se na-
bavljao (CT-skener, akcelerator itd.). Nisu povolj-
nije prilike ni u pogledu automatskih vodenih fan-
toma. Kod njihove kupnje najc¢esce se nije moglo
voditi ratuna o tom da ga kad — tad treba spojiti
sa sistemom za planiranje. Automatski fantomi
koji iscrtavaju izodoze danog snopa su sa stano-
vista rac¢unarskog planiranja, nazalost, nekorisni.
Racunaru su potrebni snopovi prikazani brojka-
ma, a ne krivuljama. Stanje stvari je, najblaze re-
¢eno, nezadovoljavajuce i u pogledu broja i u po-
gledu izbora opreme.

Vrhunska instrumentacija je enormno skupa i
traje izuzetno kratko. Stoga se cjeloviti sistemi
suvremene opreme mogu zamisliti samo umalom
broju jakih radioterapijskih centara sa spektrom
snopova najrazli¢itijih kvaliteta. Kod kupnje kom-
pletnih sistema najpovoljnije je izabrati neko od
velikih poduzeca, koje oprema je povezana lan-
cem medusobno kompatibilnih uredaja. Dakako,
moguce je neki uredaj kupiti od druge tvrtke, jer je
bolji, ali tada mozemo biti zate¢eni nespojivoséu s
ostalim jedinicama sistema.

Medutim, veéi broj nasih radioterapijskih centa-
ra je srednjeg ilimanjeg kapaciteta. U tom slu¢aju
potreban je razborit i kriti¢an izbor prioriteta u
kupovini opreme. Ako ne posjedujemo ni simula-
tor ni CT-skener, ne¢e imati smisla nabavljati
slozen sistem za planiranje. Buduc¢i da u skoroj
buduénosti nema izgleda za nabavku skuplje de-
vizne opreme, bit ée, mozda, potrebno posegnuti
za dosad neiskoristenim rezervama. Jedna od
mogucnosti je bolja suradnja srendgenskimodjel-
jenjima u bolnicama radi koristenja CT-skenera,
jer se dokupljenim softverom, na CT-skeneru
moze planirati. S druge strane, u Jugoslaviji se za
dinarskasredstva mogu kupiti ra¢unari, kojih pro-
cesorskebrzineikapacitetmemorije zadovoljava-
ju potrebe radioterapijskog planiranja. Neku do-
datnuopremumoguce je izraditiu dobro opremlje-
nim radionicama. | napokon, potrebno je Skolovati
darovite elekiro, strojarske i softverske inzenjere,
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koji e za nase potrebe izabratiiliizraditi opremuii
softver primjeren nasim potrebama. S obzirom na
sve razvijeniju kompjuterizaciju u bolnicama,
takav kadar nam moze pomoci da se aktivnije ukl-
juéimo u svjetske trendove, a ne samo da kupu-
jemo tudu pamet.

Sazetak

Efikasnost i to€nost planiranja radioterapije racuna-
rom spoznata je sredinom Sesdesetih godina. Racunari
su u kliniCku praksu uvedeni po¢etkom sedamdesetih
godina, kada su za planiranje primijenjeni mikrora¢una-
ri. U buduénosti ¢e to¢nost racunara morati biti po-
pracena uredajem za adekvatno precizno namjestanje
bolesnika. Glavni dio programa za planiranje je algori-
tam za korekciju na nehomogenost. Koriste se razne
metode: metoda efektivhe dubine, Bathoova korekcija,
dSAR metoda, ETAR metoda itd. Da bi se poboljSala i
prosirila klinicka primjena ra¢unara u nasoj zemlji, po-
trebno je u buducnosti raspolagati adekvatno obrazo-
vanim struénjacima.
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VOJNOMEDICINSKA AKADEMIJA U BEOGRADU
INSTITUT ZA RADIOLOGIJU

DOZIMETRIJSKA VERIFIKACIJA | PLANIRANJE ROTACIONE TEHNIKE ZRACENJA
KOD SL 75—20 AKCELERATORA

VERIFICATION AND DOSE PLANNING FOR ROTATION TECHNIQUE WITH 8 MeV X-Rays
SL 75—20

Andri¢ S.

Abstract — Rotation technique with 8 MeV X-rays of SL 75—20 accelerator was used based on both
dosimetric measurements in cylindrical-tissue-equivalent phantom with film and Farmer 0.6 ccm ionisa-
tion chamber, and on computerised treatment planning system for isodose planning. The results of mea-
suremené analysis and the procedure of dose calculation using TMR (tissue maximum ratio) factor are
presented.

The importance of rotation technique from the aspect of homogenised target volume irradiation, optimal
dose gradient from isocenter to the surface, and possibilities to single out some structures from the irradia-

tion volume are pointed out.

UDC: 615.849.114

Key words: radiotherapy planning computer-assisted
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Uvod — Poznata &injenica u radioterapijskom
planiranju je da se poveéanjem broja zraénih pol-
ja, u odgovarajuc¢ojkombinaciji, postize povoljnija
distribucija doze u okviru volumena mete i okolnih
struktura, uprkos povec¢anju ukupnog zraénog vo-
lumena (5). Rotaciona tehnika, u kojoj se zra¢ni
snop kontinualno okre¢e oko izocentra (presek
ose kolimatora i ose rotacije terapijskog uredaja),
moze se smatrati kombinacijom niza stacionarnih
polja koja se seku uizocentru. lzocentar se obiéno
nalazi u sredi$tu volumena mete (2) gde se, izbo-
rom odgovarajuce veli¢ine polja, ostvaruje lokali-
zovana distribucija doze sakarakteristi¢kim grad-
ijentom (polusenkom) prema periferiji. Polusenka
kod rotacione tehnike je Sira nego kod kombino-
vane tehnike stacionarnim poljima i doprinosi po-
vecanju ukupnog zraénog volumena. Ovaj pro-
blem se re$ava u okviru radioterapijskog izbora
optimalne tehnike zraenja u odgovarajuéem
sluc¢aju.

U savremenoj radioterapiji X-zra¢enjem akce-
leratorskih uredaja, rotaciona tehnika se koristi za
tretman manjih, dobro diferenciranih, dimenzija
mete centralno postavljene u okviru spoljne kon-
ture priblizno cilindri€nog oblika. Kod slu¢ajeva
vecéih dimenzija povrsinski lokalizovane mete u
poslednje vreme se u literaturi sve vise sre¢u teh-
nike rotacione elektronske terapije (6).

Pored medicinskih indikacija, izbor rotacione
tehnike je vezan za tehni€ke moguénosti terapij-
skog uredaja, dozimetrijsku verifkaciju i moguc-
nost izodoznog planiranja koje je veoma otezano
bez primene sistema za kompjuterizovano plani-
ranje.

Prednost tehnike rotacije nad tehnikom kombi-
novanih stacionarnih polja nije dokazana u smislu
duzine prezivljavanja pacijenata ve¢ u smislu
manije incidence radijacionih komplikacija (7).

Materijal i metode rada — Razmatranju mo-
gucnosti primene rotacione tehnike sa 8 MeV X-
zraenja SL 75—20 akceleratora, prethodila je
tehni¢ka kalibracija internog dozimetrijskog sis-
tema prema osnovnom outputu za stacionarnare-
ferentna polja, kao i odgovaraju¢a merenja na po-
sebno konstruisanom fantomu.

Tehni¢ka kalibracija internog dozimetrijskog
sistema izvrSena je usaglasavanjem korelacije
monitorskih jedinica i absorbovane doze (output)
merene u fantomu, sa brzinom okretanja akcele-
ratora za zadati ugao.

Merenje relativne distribucije doze, za slu¢aj
parcijalne rotacije, izvr§eno je sa filmom postavl-
jenim izmedu dva segmenta fantoma cilinc'ri€nog
oblika prekrivena tankom plo¢om od plek=iglasa.
Fantom je nacinjen od smese voska, par=iinai pil-
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jevine, gustine oko 1 gr/cm?; pre¢nik osnove cilin-
draje 16 cmivisina 16 cm. Kori§¢enje Litex N515
p film kalibrisan u opsegu doze od 0.2—1.5 Gy i
ruéno razvijan u razblazenom razvijacu.

Merenje absolutne vrednosti absorbovane do-
ze u izocentru, za isti slu€aj, izvr§eno je Farmer
0,6 ccm jonizacionom komorom u fantomu iden-
titnog oblika i sastava. Na sliki 1 je dat Sematski
izgled fantoma (a, b) i geometrija merenja.

b)

Rezultati — Parcijalna rotacija 180° za polje 6 x
6 cm u izocentru planirana je po sledecem pos-
tupku: ugao rotacije 180° podeljen je na segmente
po 20°(d: do die na sliki 2). Obzirom na kruzni oblik

‘fantoma i polozajizocentra,d; =d,=...=do, paje

iz tablica dubinskih doza za stacionarna polja pod
referentnim uslovima, uzeta procentna dubinska
doza, PDD, za dubinu d. Brzina doze (Gy/imp) u
izocentru, D,,., jednaka je brzini doze pod refe-
rentnim uslovima, D, korigovanoj za TMR faktor
(tissue maximum ratio) (4, 6).

Dizoc = Dref TMR (1)

Slika 1 — Geometrija merenja parcijalne rotacije 180°u
cilindriénom tkivu ekvivalentnom fantomu: a)-Litex film,
b) Farmer komora
Fig. 1 — Geometry of measurements for partial rotation
180°in the cilindrical tissue equivalent phantom with: a)
Litex film, b) Farmer chamber

PARCIJALNA ROTACIJA |, 180°
PARTIAL ROTATION , 180°

fantom
phantom de

Slika 2 — Denzitometrijska obrada filma (Litex N 51 SF) na RFA-3 denzitometru, eksponiranog u cilindricnom fantomu
)

za uslove parcijalne rotacije 180°, veli¢inu po

a u izocentru 6 x 6 cm, sa podelom na segmente po 20°

Fig. 2 — Isodose distribution for film (Litex N 515p) irradiated with 8 MeV x rays from SL 75—20, field size at the
isocenter 6 + 6 cm, with 180° partial technique of rotation (angle of rotation is devided to 20° segments for TMR
calculations)
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segment d(cm) b(cm) f PDD PDDko TMR
—120° 166 96 129 480 619 0809
—100° 172 92 128 475 608 0.803
— 80° 156 100 1.30 525 68.3 0.877
— 60° 152 74 122 529 645 0.823
— 40° 162 72 122 500 610 0792
— 20° 160 40 1.12 510 571 0739
0° 150 0 100 530 530 0674

+ 20° 154 30 109 528 576 0.737
+ 40° 156 64 119 525 625 0.803
+ 60° 150 68 120 530 636 0.808
+ 80° 152 64 1.19 530 63.1 0.805
+100° 172 90 127 475 603 0.796
+120° 170 80 124 480 60.0 0.789
TMR = 0.789

Tabela 1 — Odredjivanje TMR faktora u izocentru za
primer sa slike 3 za segmente po 20°

Table 1 — TNM determination in isocenter for 20° seg-
ments from fig. 3

Na sliki 3 je Sematski prikazan postupak merenja
PDD (odnos doze merene u D3/D,) i TMR (odnos
doze merene u D,/D,).
_[S+d)?1

TMEG, B)/S (S +x) 100

TMR faktor se moze izraCunati prema postoje-
¢im PDD prema izrazu 2 (8), u kome je
S-nominalna fokusno kozna distanca, d-dubina
izocentra, x-dubina ekvivilibrijuma (build-up), A-
veli¢ina polja na povrsini (A = (S+x)/(S+d) . B), B-
veli¢ina polja u izocentru.

Umesto TMR faktora alternativno se koristi i
TAR faktor (tissue air ratio) (4, 7).

a) b)

PDD (d,AS)  (2)

Prema izraGunatom TMR faktoru za kruzni pre-
sek fantoma (TMR = 0.840) odreden je brojimpul-
sa akceleratora potreban za dozu od 1.00 Gy u
izocentru (133 imp); na osnovu toga je odredena
brzina rotacije (1.52°/cGy) i ozraen film prema
zadatim uslovima. Izodozna distribucija prikazana
na sliki 2 dobijena je denzitometrijskom obradom
filmanaTherados RFA-3 automatskom analizato-
ru polja.

Rotacija pod istim uslovima (ugao, veli€ina
polja, brzina rotacije, broj impulsa) ponovljena je
sa drugim fantomom i jonizacionom komorom u
geometriji merenja b na sliki 1. Kalibracioni faktor
komore k = 1.028; konverzioni faktor za absorbo-
vanu dozu za 8 MeV X zragenja, CA = 0.93 i
srednja vrednost pet merenja prilikom parcijalne
rotacije za 133 imp. je bila 1.048 Gy £+ 1 %. Razlika
0d 4.8% od izraunate vreednostije u granicitole-
rancije eksperimentalne postavke.

Diskusija — Metod izradunavanja absorbova-
ne doze u izocentru fantoma cilindri¢nog oblika
primenjen je prilikom terapije tehnikom rotacije u
slu¢aju datom na sliki 3. Sa CT snimka pacijenta,
nacinjenog utransverzalnom preseku kroz sredis-
te volumena mete, indirektnom metodom je prene-
ta spoljna kontura, raspored unutrasnjih struktura i
povr§ina mete u TPS (Philips Treatment Planning
System), kompjuterizovani sistem za izodozno
planiranje terapije. Kao najpovoljnija tehnika za
homogeno ozragivanje mete (Srafiran deo na sliki
3) odabrana je parcijalna rotacija 240° sa velii-
nom polja u izocentru 6 x 10 cm za 8 MeV X-

c)

—_— A ——— N
> @
-— 0 r—_—

Slika 3 — Sematski prikaz mernih tagaka u vodenom fantomu pri definiciji PDD i TMR

Fig. 3 — Position of measurement points in the water phantom for PDD (percentage depth dose) and TMR (tissue
maximum ratio) determination

Radiol. lugosl. 22 (2) 205—209, 1988
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PARCIJALNA ROTACIJA, 20°
PARTIAL ROTATION , 240°

CT presek
CT section

Slika 4 — Izodozna distribucija za parcijalnu rotaciju 240° uradena na kompjuteru za izodozno planiranje za odgova-
. rajuci presek pacijenta
Fig. 4 — Isodose distribution for partial rotation 240°, 6 x 10 cm field size atthe isocenter, for 8 MeV y rays SL 75—20
accelerator, have been done at the TPS (treatment planning system)

zraCenja na SL 75—20 akceleratoru. Optimalinim
izborom ugla rotacije i veli€ine polja postignut je
povoljan efekat distribucije doze u okviru mete,
pluénog parenhima i medule spinalis.

U postopku izraGunavanja uslova zracenja u
datom primeru izvr§ena je podela na segmente po
20°, iz referentnih tablica procentne dubinske do-
ze odredena je PDD za svaku odgovarajucu duzi-
nu segmenta od povrSine do izocentra, koja je
korigovana za duzinu pluénog parenhima po
svakom segmentu prema izrazu (8):

PDD,,, & PDD f (3)

f=1+ab,a=0.03,b=duzina plu¢nog parehni-
ma u okviru segmenta koja se razlikuje po gustini
od okolnog tkiva. U tabeli 1 su date vrednosti pa-
rametra potrebnih za odredivanje TMR u izocen-
tru za slucaj sa slike 3. Za referentni output akcele-
ratora za S = 100 cm i veli¢inu polja na povrsini
konture, prema izrazu (1) planiran je broj impulsa
za predvidenu absorbovanu dozu u izocentru.

Planiranje distribucije doze i obra¢unavanje u
pojedinim tackama od interesa, moze se vrsiti i
preko pojedina¢ne izodozne raspodele za refe-
rentne uslove koja je normalizovana prema izo-
centru (5).

208

Zakljucak — Primena rotacione tehnike zrace-
nja kod savremenih akceleratorskih uredaja us-
lovljena je, pre svega, tehni¢kim moguénostima
akceleratora (tehni¢ka ispravnost masine, stabi-
lan rad, konstantna brzina rotacije, ispravnost in-
dikatora zaustavnih uglova itd.), preciznom kali-
bracijom internogdozimetrijskog sistema, dozime-
trijskom verifikacijom metode kao i preciznim
izodoznim planiranjem.

Metoda je veoma znacajna sa radioterapijskog
aspekta zbog lokalizovane distribucije doze u vo-
lumenu mete, smanjenja doze na povrsini koze i
potkoznim regijama kao i zbog moguénosti isklju-
¢ivanja iz zraénog volumena odredenih struk-
tura.

Sazetak

Primena rotacione tehnike zraéenja na SL 75—20
akceleratoru, ostvarena je na osnovu dozimetrijskih me-
renja u specijalno konstruisanom fantomu i koris¢enja
kompjuterizovanog sistema za izodozno planiranje.

Merenja relativne distribucije doze, za slu¢aj parcijal-
ne rotacije oko fantoma cilindriénog oblika, vrSena su
filmom a merenja absolutne vrednosti absorbovane do-
ze uizocentru Farmer 0.6 ccm jonizacionom komorom.
Na osnovu analize rezultata merenja dat je prikaz raz-
radenog postupka obra¢unavanja uslova zra¢enja kod

Radiol. lugosl. 22 (2) 205—209, 1988
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rotacione tehnike, kao i primer kori§¢enja u radu sa paci-
jentima. Istaknut je zna€aj metode za odredene, medi-
cinski indikovane, slu¢ajeve sa aspekta strogo lokalizo-
vane distribucije doze u volumenu mete, povoljnog
gradijenta doze od izocentra ka povrsini i moguénosti
isklju¢ivanja odredenih struktura iz zraénog volumena.
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Varia — saopS$tenje

NASE IZKUSNJE PRI PLANIRANJU OBSE-
VANJA Z RACUNALNIKOM*

Umek B.

Leta 1965 smo pri€eli na OnkoloSkem institutu v
Ljubljani izdelovati plane za obsevanije bolnikov z
zarki gama visokih energij — tedaj s kobaltovimi
zarki. Plane smo izrisovali ro¢no. Do leta 1979
smo na ta nacin izdelali preko 3500 obsevalnih
planov.

Leta 1979 smo imeli poleg dveh kobaltnih ob-
sevalnih aparatov $e linearni pospe$evalnik. Zato
smo planiranje obsevanja posodobili z nabavo
Philipsovega racunalniSkega sistema TPS (Treat-
ment Planning System). Z njegovo pomo¢jo smo

Obdobje Stevilo planov Povpresno stevilo

planov na leto

Period Number of plans  Average number of
plans per year

1965—1979 3500 250

1980—1987 4500 675

Skupaj

Total 8900 —

Tabela 1 — Stevilo izdelanih obsevalnih planov od leta
1965 do 1987.

Table 1 — Number of treatment plans made from 1965
to 1987

moc¢no povecali Stevilo izdelanih planov, kar je
razvidno iz tabele 1.

Prehod od roénega k rac¢unalniskem planiranju
je pomenil tudi bistven preskok v kvaliteti izdelanih
obsevalnih planov. Ra¢unalnik nam omogoca:

— hitro spreminjanje parametrov obsevanja in
s tem optimizacijo plana. Tako lahko pove¢amo
homogenost doze v podro¢ju tumorja in zman-
jSamo dozo na obcutljiva tkiva v njegovi blizini.

— hitro lahko preizkusimo nove kombinacije
obsevalnih polj oz. nove nacine obsevanja,

— upostevamo lahko razli€no gostoto tkiv
(pljuca),

— sesStevanje izodoz je natan¢nejSe,

— planiramo lahko v ve¢ presekih bolnikovega
telesa, vendar se moramo zavedati, da je plan
dvodimenzionalen.

Zaradi preprostega racunalniSkega algoritma
moramo biti pozorni pri dolo¢anju doze na nekate-
rih mestih npr. pod ozkimi svin¢enimi zas¢itami,
kjer nam da racunalnik napacen rezultat. Slika 1
prikazuje plan za obsevanje raka zgornje ¢eljusti.
Dozanao€esnole€o pod svinceno zascito znasa
le 5% tumorske doze. To dozo smo preverili z in
vivo meritvijo s termoluminiscentnim dozimetrom

6060 FKD = 80 cm
Polje Kot Velikost Klinasti Jtez
cm x cm filter
1 0© 9,5x 10 150 190
2 -90° 6 x 10 45° 20
3 +90° 6 x 10 45° 20

NORM PLANE
H.J. CA.MAAIL.DEX. 69338

+0.9 1S00. 100=200 RAD PLANE MAX.= 115 OATE 25 18 @5 S173367

DHKO-L JUEL. W8t PEe CODE 44 TELE-TH

Slika 1 — Plan za obsevanje karcinoma zgornje ¢eljusti. Doza na o¢esno le¢o pod svin¢eno zas€ito znada 5% tu-
morske doze.

Fig. 1 — Treatment plan for maxillary carcinoma. The eye lense under the lead shield recieves 5% of tumor dose.

*Rad predlozen na simpozijumu »Upotreba kompjutera u planiranju radioterapije«. VIl Kongres kancero-

loga Jugoslavije, Novi Sad, 14.—17. oktobar, 1987.
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ki je pokazal, da je doza na le¢o skoraj stirikrat
vetja od tiste, ocenjene s planom. Ocena racu-
nalnika o¢itno ni bila pravilna.

Zanimiva je razdelitev planov, kismo jih izdelali
s pomocjo ra¢unalnika po lokalizacijah, za katere
so bili narejeni (tabela I1). Dve tretjini planov smo

Podrogje Delez planov (%)
Site Percentage of plans
glava in vrat

(head and neck) 64

dojka

(breast) 14

mehur in prostata

(bladder and prostata) 7

kolon in rektum

(colon and rectum) 6.5

poziralnik

(oesophagus) 25

centr. Ziv. sistem

(cent. nerv. system) 1.5

ginekol. podrocje

(gynaecol. site) 1.5

ostalo

others 3

Skupaj 100

Tabela2 — Delez obs. planov po posameznih podrogjih,
ki so bili izdelani s TPS-om od leta 1979 do leta 1987.

Table 2 — Percentage of treatment plans made by com-
puter from 1979 to 1987 by localizations

izdelali za obsevanje tumorjev v podro€ju glave in
vratu kar je razumljivo, zaradi pestre konfiguracije
tega predela telesa. Za tovrstne bolnike je navad-
no potrebno izdelati najmanj dva obsevalna
plana.

Racunalnika zaradi narave nasega dela do se-
daj nismo uporabljali za planiranje brahiterapije
niti pri obsevanju z nepravilno oblikovanimi polji,
kot npr. pri terapiji Hodgkinove bolezni. Slednjo iz-
vajamo po lastni metodi za izradun obsevalnih
parametrov pa smo izdelali poseben program za
hiSni raCunalnik Spectrum. Programizra¢una do-
zo v posameznih referenénih to¢kah, obsevalni
¢as, ¢as zascite posameznih predelov telesa in
rezultate v obliki formularja izpiSe na tiskalnik. Ta
formular izro€imo obsevalnim tehnikom, ki izvaja-
jo terapijo. Le ta je mozna tako na kobaltovem
aparatu, kot na linearnem pospesevalniku.

Prihodnje leto bomo pri¢eli uporabljati novi Phi-
lipsov planirni sistem OSS (Oncology Suport
System), ki sluzi obdelavi CT posnetkov in plani-
ranju obsevanja. Glavne prednosti tega sistema
sO:

— obsevalni plan lahko izdelamo na preseku
bolnikovega telesa, ki smo ga posnelis CT-jem, ki
prikaze realno geometrijo in sestavo (gostoto)
bolnikovega telesa,
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— plan je izdelan v tridimenzionalni tehniki,

— planiramo lahko obsevanje z elektroni vi-
sokih energij, kar prej ni bilo mogoce,

— kombiniramo lahko poljubne vrste zarkov
npr. elektrone in kobaltove zarke,

— z uporabo Elisovih formul je mozno uposte-
vati frakcionacijo obsevanja.

To je le nekaj, za nas bistvenih odlik tega siste-
ma, s katerim bomo terapijo z obsevanjem e bolj
izpopolnili.

Racunalnik pomeni bistven napredek pri plani-
ranju obsevalne terapije. Njegova osnovna odlika
je hitrost, iz te pa potem sledijo vse ostale predno-
sti planiranja z racunalnikom. Zavedati se mora-
mo, da tudi racunalnik ni vedno zanesljiv in da je
njegova moc¢ odvisna od kvalitete programa, s ka-
terim obsevanje planiramo. V dvomljivih situacijah
si moramo pomagati z merjenjem in vivo, da bi
dobili zanesljive podatke o dozi na dolo¢enem
mestu bolnikovega telesa. Ce nimamo na razpo-
lago vecjega planirnega sistema, si v mnogih pri-
merih lahko pomagamo z uporabo hiSnega ali
osebnega racunalnika, kar pa je odvisno od
spretnosti pri njegovi uporabi.

Abstract — Development of radiation treatment
planning at the Institute of Oncology in Ljubljana
from 1965 to 1987 is presented. Our experience in
using the computer (TPS, Philips), its advantages
and disadvantages are discussed together with
the possibillity of using a house computer for this
purpose.
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UPUTSTVA AUTORIMA

Radiologia lugoslavica objavljuje originalne
naucne radove, stru¢ne radove, pregledne radove,
prikaze sluCajeva i varia (recenzije, saopstenja,
struéne obavestii drugo) sa podru¢ja rendgendija-
gnostike, radioterapije, onkologije, nuklearne me-
dicine, radiofizike, radiobiologije, zastite od ionizi-
rajuéih zracenja i srodnih podrucja.

Radove upudivati redakciji preporuceno u 3 pri-
meraka na naslov: Redakcija revije »Radiologia
lugoslavica«, Onkoloski institut, ZaloSka c.2,
61000 Ljubljana. Radovi se objavljuju na jednom
od jezika naroda i narodnosti SFRJ i engleskom
jeziku. :

Rukopisi, koji nisu napisani prema uputama bice
odmah vraéeni autorima radi ispravke. Svi prim-
lieni radovi Salju se na recenziju.

Redakcija si pridrzava pravo, da trazi od autora
dopune i izmenu sadrzaja, te jezicne i stilske is-
pravke. Sve troSkove dodatne obrade rada sa
strane redakcije (prevodenije, lektorisanje, dodatna
obrada grafickog materijala, posebne zelje autora)
snosi autor rada.

Izbor i redosled objavljivanja su iskljucivo pravo
redakcionog odbora uz suradnju izdavackog sa-
veta revije.

Autorima se preporucuje upotreba domacih iz-
raza, osim za pojmove koji su neprevodivi. Skrace-
nice u tekstu nisu dozvoljene, ukoliko nisu zva-
nic¢ne i tekstom objasnjenje. Svi tehnicki podaci
moraju biti navedeni prema Sl sistemu.

- Za sve navode u svojim radovima odgovaraju
autori.

Radovi ne smeju biti duzi od 8 masinom pisanih
stranica (ukupno sa grafickim materijalom i litera-
turom), sa proredom broj 2, levi rub mora biti
40mm, gornji i donji rubovi 40mm, desni rub
25mm. Sve strane moraju biti numerisane araps-
kim brojevima.

Prva strana rukopisa sadrZi naziv ustanove i
radne jedinice, naslovrada (i na engleskom jeziku),
ime(na) autora, abstract (do 200 reci) i tekuéi naslov
(runningtitle). Redosled i oblik prve strane je prika-
zan na primeru:

UNIVERZITETSKO MEDICINSKI CENTAR
SARAJEVO
RO INSTITUT ZA RADIOLOGIJU
I ONKOLOGIJU

SEMINOMA — DIJAGNOSTICKI
| TERAPIJSKI PRISTUP
SEMINOMA — DIAGNOSTIC
AND THERAPEUTIC MANAGEMENT
Kosti¢-Radovi¢ F., KariSik M., Dordevic J.

Abstract — U abstractu (na engleskom jeziku)
moraju biti navedeni svi podaci, koji u dovoljnoj
meri prikazuje glavne navode rada.

Running title (skraéeni naslov): Kosti¢-Radovi¢
F. et al.: Seminoma, dijagnostika, terapija.

UDC i Key words: odreduje redakcija.

Tekst podeliti na: Uvod, Materijal i metode, Re-
zultati, Diskusija, Zakljucak, Sazetak, Literatura,
Adresa autora.

Graficki materijal (slike, tabele, grafikoni) slati u 2
primerka. Slike moraju biti Ciste i kontrastne, tekst u
slikama mora biti vidljiv i razumljiv i kod smanjenja
na polovinu veli¢ine. Na poledini mora biti olovkom
oznacen arapski broj, prezime prvog autora i prve
dve reci naslova rada te strelicom oznacen gornji
rub. Tabele obavezno kucati na masini bez verti-
kalnih linija. Grafikone i crteze crtati na belom teh-
nickom papiru formata A4 i jednako kao slike oz-
naciti na poledini. Na grafickom materijalu nisu
dozvoliene naknadne popravke. Tekst uz slike i
grafiCki materijal pisati na posebnom listu dvoje-
zi¢no, na jeziku radaina engleskom. Isto tako mora
biti dvojezicno ispisan i tekst u grafickom materi-
jalu. Tekst mora objasniti prikazane pojedinosti.

Sazetak — je identiCan abstractu, napisan na
jeziku Clanaka.

Literaturu otkucati na posebnom listu prema
abecednom redu (prvog) autora. U tekstu citirati
autore sa spiska literature sa arapskim brojem u
zagradi.

— Za citat ¢lanaka iz revije:

1. Dent. R. G., Cole P.: In vitro maturation of
monocytes in squamous carcinoma of the lung. Br.
J. Cancer 43 (2) 486—495, 1981.

2. Bull J., McKissock W.: An atlas of positive
contrast myelography. Grine & Stratton, New York,
1962 (23—41).

— za citiranje poglavlja iz knjige:

3. Evans R,, Alexander P.: Mechanisms of extra-
cellular killing of nucleated mammalian cells by
macrophages. U: Immunobiology of macrophage
(Nelson D. S., ed.), Academic Press, New York,
1976 (45—74).

Referati se ne citiraju.

Iz radova koji se odnose na klini¢ka istrazivanja
mora biti razvidno,da su se autori pridrzavali Ko-
deksa etike zdravstvenih radnika SFRJ i Deklara-
cije Helsinki-Tokio.

Poslani radovi ne smeju biti publikovani ili u pri-
premi za tisk u bilo kojem drugom ¢asopisu. Objav-
lieni radovi ili njihovi delovi mogu biti objavljeni u
drugim revijama ili knjigama samo sa pismenom
dozvolom redakcije.

Rukopisa i grafickog materijala ne vra¢amo.

Redakcija revije
»RADIOLOGIA IUGOSLAVICA«




Izdavanje revije potpomaze Savez R/P SIZ za nauc¢ni rad u SFRJ i Raziskovalna skupnost
Slovenije — The publication of the review is subsidized by the Assembly of the Self managing
Communities for Research Work of the Republics and Provinces of Yugoslavia, and the
Research Community of Slovenia.
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Tovarna VAN MULLEKOM NUCLEAR FIELDS B. V.
iz Vortum-Mullem-a na Nizozemskem
je razvila in uvedla dva nova tipa mikrokast kolimatorjev
za uporabo v nuklearni medicini.
Namenjeni so posebej za radioizotopni prikaz moZgan.




VAN MULLEKOM NUCLEAR FIELDS PREDSTAVLJA NOVE
KOLIMATORJE ZA GAMA KAMERE ZA PRIKAZ MOZGAN

Tovarna VAN MULLEKOM NUCLEAR FIELDS B.V. iz Vortum-Mullem-a na
Nizozemskem® je razvila in uvedla dva nova tipa mikrokast kolimatorjev, ki so
namenjeni uporabi v nuklearni medicini. Ti novi kolimatorji so oblikovani
posebej za prikaz mozgan.
Enega novih tipov predstavlja serija kolimatorjev z vzdolznimi kanali in vzpo-
redno razporeditvijo izvrtin; na razpolago so v debelinah od 100—120mm in
imajo heksagonalne luknje.
Novi mikrokast kolimatorji z vzdolznimi kanali proizvajalca VAN MULLEKOM
NUCLEAR FIELDS so namenjeni za nizke energije v razponu do 160 keV.
Novost predstavlja tudi serija kolimatorjev z linijskim zaris¢em (linefocus coli-
" mators) in pahljagasto razporeditvijo zarkov. Ti so na razpolago v vseh zeljenih
dimenzijah in so primerni za energije v razponu od 100 do 300keV (nizke in
srednje energije).
VAN MULLEKOM kolimatorji so izdelani po posebni mikrokast tehnologiji.
Na tem podro¢ju ima proizvajalec VAN MULLEKOM NUCLEAR FIELDS v
svetu najdaljSo tradicijo.

Razlicni modeli

VAN MULLEKOM NUCLEAR FIELD nudi Sirok izbor razli¢nih kolimatorjev s
Sesterokotnimi, trikotnimi, kvadratastimi ali okroglimi izvrtinami, s presekom
1,5mm ali vec.

Glede na nacin uporabe VAN MULLEKOM izdeluje kolimatorje z vzporedno,
konvergentno, divergentno ali vzporedno-divergentno razporeditvijo izvrtin.
Poleg tega pa izdelujejo tudi »seven-pinhole« ter enojne, dvojne in vrtljive
»slant-hole« kolimatorje.

Glede na vrsto se kolimatorjirazlikujejo po debelini, ki se giblje v razponu od 16
do 120mm. To omogoca izdelavo kolimatorjev selektivno za dolocen izotop,
kar zagotavlja optimalno ucinkovitost.

Cenaroc¢nik v standardnem izboru ne najde kolimatorja, ki bi ustrezal njegovim
specificnim potrebam, je proizvajalec VAN MULLEKOM vedno pripravljen
ustrecitem posebnim zahtevam in svoj proizvod prilagoditi v skladu z naro¢ni-
kovo specifikacijo.

Glavno prednost tako za proizvajalca kamer kot za radiologa predstavlja
vsestranski proizvodni program, kratek dobavni rok, velika raznolikost proiz-
vodov in izjemno visoka kvaliteta mikrokast kolimatorjev.

Kolimatorje kot tudi druge izdelke iz svinca namenjene uporabi v nuklearni
medicini, kot so svinceni predali, celice, opeke, vsebniki, sefi lonci, plosce,
omarice za shranjevanje radioaktivnih snovi, zaslone ipd. izdeluje VAN MUL-
LEKOM NUCLEAR FIELDS B. V., Vortum-Mullem, Nizozemska, in VAN MUL-
LEKOMNUCLEARFIELDS Pty. Ltd. at St Mary's, New South Wales, Avstralija.

* Naslov: Akkervoortweg 7—11 (Postal code 5827 AP); Tel.: (0) 8855-73544




Trijodno kontrastno sredstvo za urografije, angiografije
i druge pretrage

U ROT RAST © 60 0/0 (diatrizoat)
U ROTRAST ® 7 5 0/0 (diatrizoat)

ampule, boce

@® odliéna kontrastnost

@® niska viskoznost

@ optimalno podnosenje

@ brzo izlucivanje preko bubrega
@ vlastita sinteza Krke

Indikacije

UROTRAST 60 %: intravenska urografija i retrogradna pijelografija, selektivne
angiografije, za prikaz Supljina i Supljih organa

UROTRAST 75 %: intravenska urografija, angiokardiografije; artrografije,
splenooportografije i aortografije

Kontraindikacije

Preosetljivost na Urotrast, teSka osStecenja bubrega, jetre i sranog misi¢a;
mb. Basedow.

Potreban je oprez kod bolesnika sa visokom hipertenzijom.

Pakovanje

5 ampula od 20 ml Urotrasta 60 %
1 boca od 100 ml Urotrasta 60 %

5 ampula od 20 m! Urotrasta 75 %
1 boca od 100 ml Urotrasta 75 %

Za detaljnije informacije i literaturu obratite se proizvodacu.

@ Krka, tovarna zdravil, n. sol. 0., Novo mesto




Za potrebe medicinskih snimanja proizvodimo:

— medicinski rendgen film »SANIX RF-90«, za brzu strojnu obradu

— medicinski rendgen film »HS-90-2«, za brzu strojnu i ruénu obradu

— medicinski rendgen film za mamografiju »SANIX M, za strojnu i ru¢nu obradu
— medicinski rendgen film — zubni »SANIX DENT«

— medicinski rendgen film za panoramska snimanja €eljusti »STATUS«

— film za koronarografiju

— EFKE FNM-1 za sve metode snimanja kod kojih se slika dobiva opti¢kim
preslikavanjem sa katodne cijevi

Za potrebe fotomikrografiranja:
— mikrofilm NF sa kemikalijama za obradu, podesan za razne sisteme

Kemikalije za ru¢nu i strojnu obradu medicinskih filmova u prasku i tekuc€inski
koncentrati

Za potrebe fotolaboratorija:

— za snimanja u crno-bijeloj tehnici KB filmove osjetljivosti 14, 17 i 21 DIN

— za izradu crno-bijelin fotografija fotografske papire EFKEBROM, EMAKS i
EMAKS PE

— za snimanje u kolor tehnici kolor-negativ film ARSCOLOR i diapozitiv film
ARSCHROME

Za sve detaljne obavijesti i primjenu na raspolaganju vam stoje nasi struc¢njaci

folokiemitia

Radna organizacija za proizvodnju
fotografskih materijala i opreme,
video audio traka s p.o.
ZAGREB, Hondlova 2
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Rontgentitm HS 90

Standardni rentgen film za medicinsku rentgen dijagnostiku.
Razvija se zajedno sa folijom za pojacanje.
Prilagoden za brzu obradu kao i za sporiju obradu
u automatima za razvijanje rentgen filmova
i za ruénu obradu.

Visoki sjaj
Optimalni sadrzaj informacije
Konstantni parimetri kvaliteta

Rentgen filmovi iz Nemaéke Demokratske Republike

Generalni zastupnik za SFRJ Interimpex-promet, Skopje
Za vreme Lajpciskog sajma (prolecnog i fesenjeg) posetite nas u sajamskoj zgradi »Bugra«-Gutenbergplatz
gde Cete dobiti kompletne informacije.

ves FotocemscHe werke Berun (R ORWO-ExPORT-IMPORT
Preduzece u VEB Narodno preduzece za spoljnu trgovinu
Fotohemijskom kombinatu Woifen m Nemacke Demokratske Republike
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